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Welcome to the ninth edition of Mader’s Understanding Human 
Anatomy and Physiology! It is a joy and a privilege to work on this 
project, which is so fulfilling to me as a scientist, educator, and 
creative artist. I am honored to continue the vision of the book’s 
original author, Dr. Sylvia Mader, who introduced the book almost 
two decades ago. We believe that a book designed to introduce the 
fascinating workings of the human body should be creative, infor-
mative, accurate, and most important, relevant to today’s students. 
This book is tailored to appeal to a wide audience, from students in 
pre-nursing and allied health fields, to non-science majors who 
want a clear and concise explanation of how their bodies work. As 
soon as the student opens the book for the very first time, I want to 
capture that student’s interest. Then, I want to keep the reader’s 
attention as he or she learns something new about how we humans 
work.

Mader’s Understanding Human Anatomy and Physiology con-
tinues to be the perfect text for a one-semester course. Each chapter 
begins with a brief introduction, designed to seize attention and 
stimulate curiosity, while drawing the reader in for a more detailed 
exploration. For example, the introduction for Chapter 6 on the 
skeletal system answers an age-old and commonly asked question: 
Does repeatedly cracking one’s knuckles result in arthritis? And 
who among us has not experienced a “brain-freeze” headache when 
eating very cold foods too rapidly? The introduction for Chapter 7 
on the nervous system explains why it occurs. Historical anecdotes 
will also intrigue the reader. The brief story of Henrietta Lacks that 
begins Chapter 4 is a fascinating account of how one woman’s can-
cer cells continue to benefit humanity. The profile of retired astro-
naut and Senator John Glenn in Chapter 12 gives a fascinating 
insight to the very beginning of America’s space program, and 
some of the medical issues that arose when humans were put into 
space for the first time.

Next, each chapter’s Learning Outcomes are carefully con-
structed to be achievable to students with no prior training in anat-
omy and physiology. These Learning Outcomes are repeated as 
each new section begins, so that the reader never loses sight of what 
he or she is expected to learn. At the conclusion of each topic, the 
Content Check-Up feature allows the reader to test comprehension 
before continuing. Students who use the wonderful McGraw-Hill 
Connect® software with this text will be able to use this text’s 
Learning Outcomes to check their progress. McGraw-Hill Learn-
Smart® is the most widely used and intelligent adaptive learning 
resource that is proven to strengthen memory recall, improve course 
retention, and boost grades.

Throughout the text, the Begin Thinking Clinically feature asks 
a student to do exactly that: start thinking as though he or she was 
already working in a clinic or hospital setting. Each question fosters 
critical thinking skills by requiring the student to conduct further 
investigation into the chapter’s subject matter. A great deal of 
thought and attention have gone into the conclusion of each chapter. 

First, the Learning Outcomes are briefly summarized, and Key 
Terms and Clinical Key Terms are included, along with a pronun-
ciation guide. Study Questions can be used as a checklist to ensure 
that important concepts are well understood. Each asks the student 
to craft a short essay. Learning Outcome Questions allow the stu-
dent to “take the test” because they replicate the types of short 
answer questions often used in the classroom (matching, true-false, 
multiple choice, and the like). Finally, a Medical Terminology 
Exercise that concludes the chapter helps to build a working 
vocabulary, thus facilitating comprehension and increasing student 
confidence.

My own students love to relate examples about anatomy, phys-
iology, and pathophysiology that they’ve seen in the media or come 
across on the job. For this reason, the many features in each chapter 
of this text are tailored toward the varied interests of today’s stu-
dents. The Focus on Forensics articles relate anatomy and physiol-
ogy principles to the process of solving a crime. Every In Case of 
Emergency feature will be particularly relevant to those training to 
be first responders (emergency medical technicians and paramed-
ics, for example), though everyone can benefit from knowing how 
to respond in a medical crisis situation. Each What’s New reading 
describes a cutting-edge development in medicine and/or biotech-
nology. For example, you may have read in the popular media about 
the many uses of 3-D printers—but did you know that they can be 
used to craft a scaffolding to grow tissues, and may one day make it 
possible to grow entire organs? You can read about it in Chapter 4! 
New Medical Focus articles can be found throughout the book as 
well, and each existing Medical Focus article has been carefully 
researched and updated for this edition. However, perhaps the most 
important thing you’ll notice throughout the book is the quality of 
the artwork. The new line drawings are realistic, detailed, and color-
ful; photographs are fresh and up-to-date. In addition, this ninth 
edition has been enriched by the incorporation of many fine images 
from McGraw-Hill Education’s outstanding resource, Anatomy & 
Physiology REVEALED®. You’ll find some of the best artwork in 
the industry in this edition of Mader’s Understanding Human Anat-
omy and Physiology. Couple this with a completely redesigned lay-
out, and I trust you’ll find this book to be visually pleasing as well 
as accurate and informative.

I have been blessed to have the best job in the world—being a 
college professor teaching the biological sciences—for over 30 years. 
Being in the classroom daily helps me to understand the ways my 
students think, as well as what’s happening in their world. Each 
semester’s new batch of students has something to teach me, and  
I am fortunate to be able to learn something new every day. Further, 
I am privileged to work with a fine group of colleagues who are 
generous with both their expertise and their advice. I continue to 
develop new strategies to describe anatomical and physiological 
concepts, using more and better examples and analogies. In this 
book, it’s my goal to share the ideas that work for me with both 

Preface

viii
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students and teachers. I know that this text will help you, the in-
structor, to engage and excite your students in the fascinating study 
of the human body.
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Accessible Writing Style More important than any other component of a 
textbook, the writing must be appropriate for the level of the reader. Mader’s Under-
standing Human Anatomy and Physiology features the perfect writing style for the 
one-semester course. It has always been written and designed for the one-semester 
course, not adapted from a two-semester textbook. Paragraph introductions, explana-
tions, comparisons, and relevant, everyday examples are used with these students in 
mind. The flow of the text is logical and accessible without being overly “chatty” 
and consistently makes use of relevant examples and analogies.

Easy-to-Understand Art covers what’s important but leaves out unnecessary, 
confusing detail. 
 Good examples of this are the homeostasis illustrations – instead of lots of 
various colored arrows and boxes with explanations, these simple visual pieces 
get the message across beautifully.

the thyroid gland because other tissues incorporate so little iodine in 
their cells. Hyperthyroidism can also be caused by a thyroid tumor, 
which is usually detected as a lump during physical examination. 
Again, the treatment is surgery in combination with administration 
of radioactive iodine. The prognosis for most patients is excellent.

Calcitonin
Calcium (Ca21) plays a significant role in both nervous conduc-
tion and muscle contraction. It is also necessary for coagulation 
(clotting) of blood. The blood calcium level is regulated in part 
by calcitonin, a hormone secreted by the thyroid gland when the 
blood calcium level rises (Fig. 10.9). The primary effect of calci-
tonin is to bring about the deposit of calcium in the bones. It does 
this by temporarily reducing the activity and number of osteoclasts. 
Recall from Chapter 6 that these cells break down bone. When 
the blood calcium lowers to normal, the release of calcitonin by 
the thyroid is inhibited, but a low calcium level stimulates the re-
lease of parathyroid hormone (PTH) by the parathyroid glands. 
Calcitonin is an important hormone in children, whose skeleton 
is undergoing rapid growth. By contrast, calcitonin is of minor 
importance in adults because parathyroid hormone is the major 
controller of calcium homeostasis. However, calcitonin can be used 
therapeutically in adults to reduce the effects of osteoporosis (see 
the Medical Focus on page xxx).

Parathyroid Glands
Parathyroid hormone (PTH), the hormone produced by the 
parathyroid glands, causes the blood phosphate (HPO4

22) level 
to decrease and the ionic blood calcium (Ca21) level to increase. 
The antagonistic actions of calcitonin, from the thyroid gland, and 
parathyroid hormone, from the parathyroid glands, maintain the 
blood calcium level within normal limits.

Note in Figure 10.9 that after a low blood calcium level stimu-
lates the release of PTH,  the hormone promotes release of calcium 
from the bones. (It does this by promoting osteoclast activity.) PTH 
promotes the reabsorption of calcium by the kidneys, where it also 
activates a form of vitamin D called calcitriol. Calcitriol, in turn, 

high blood Ca2+

low blood Ca2+

Thyroid gland 
secretes  
calcitonin 
into blood. Bones  

take up Ca2+ 

from blood. 

Blood Ca2+  

lowers. 

Blood Ca2+  

rises. 

Intestines  
absorb Ca2+ 

from digestive 
tract. 

Kidneys  
reabsorb Ca2+ 

from kidney 
tubules. 

Bones  
release Ca2+ 

into blood. 

parathyroid  
hormone  
(PTH)   

Parathyroid 
glands 

release PTH
into blood. 

activated 
vitamin D 

calcitonin 

Homeostasis (normal blood Ca2+) 
 

Figure 10.9 Regulation of blood calcium level. 
Top: When the blood calcium (Ca21) level is high, the thyroid 
gland secretes calcitonin. Calcitonin promotes the uptake of 
Ca21 by the bones, and therefore the blood Ca21 level  returns 
to normal. Bottom: When the blood Ca21 level is low, the 
 parathyroid glands release parathyroid hormone (PTH). PTH 
causes the bones to release Ca21. It also causes the kidneys 
to reabsorb Ca21 and activate vitamin D; thereafter, the intes-
tines  absorb Ca21. Therefore, the blood Ca21 level returns to 
normal.

Figure 10.8  
Congenital hypothyroid-
ism.  Individuals who have 
hypothyroidism since 
 infancy or childhood do not 
grow and develop as oth-
ers do. Unless medical 
treatment is begun, the 
body is short and stocky. 
Developmental  delay is 
also likely.

226 PART III Integration and Coordination

Learning Outcomes 
at the beginning of every chapter will 
help students understand what they 
should know after studying the chapter.

Will you please quit doing that?! Keep it up and you’ll get arthritis!” Habitual knuckle-
crackers might stop their annoying habit when confronted with this threat, but is there any 

truth to it? Knuckles are freely moving synovial joints (see page 118). In a synovial joint, ligaments 
join bones and create a fuid-flled capsule. Stretching the ligaments suddenly creates an air 
bubble in the fuid. Popping the bubble causes the “crack” noise. Any synovial joint—toes, 
ankles, fngers—can crack, but numerous studies have shown that arthritis doesn’t result from it. 
However, ligaments will weaken with habitual cracking, and the bones at a joint can then be 
dislocated more easily. If you’re tempted to crack those stif joints, massage and gently stretch 
them instead.

6.1 Skeleton: Overview
 1. Name at least fve functions of the 

 skeleton.
 2. Explain a classifcation of bones 

based on their shapes.
 3. Describe the anatomy of bone. 

Describe long bone structure, and 
compare/contrast compact bone 
and spongy bone.

 4. Describe the physiology of bone, 
including the cells involved in growth 
and repair, and the process of bone 
growth,  development, and 
remodeling.

 5. Name and describe six types of 
 fractures, and state the four steps in 
fracture repair.

 6. List the surface features of bones, 
and give examples where each can 
be found.

6.2 Axial Skeleton
 7. Distinguish between the axial and 

 appendicular skeletons.
 8. Name the bones of the skull, and state 

the important features of each bone.
 9. Describe the structure and function 

of the hyoid bone.

 10. Name the bones of the vertebral 
column and the thoracic cage. Be 
able to label diagrams of them.

 11. Describe a typical vertebra, the atlas 
and axis, and the sacrum and 
coccyx.

 12. Name the three types of ribs and the 
three parts of the sternum.

6.3 Appendicular Skeleton
 13. Name the bones of the pectoral 

girdle and the pelvic girdle. Be able 
to label diagrams of them.

 14. Name the bones of the upper limb 
(arm and forearm) and the lower limb 
(thigh and leg). Be able to label 
diagrams that include surface 
features.

 15. Cite at least fve diferences between 
the female and male pelvises.

6.4 Joints (Articulations)
 16. Explain how joints are classifed, and 

give examples of each type of joint.
 17. List the types of movements that 

occur at synovial joints.
 18. Explain how damage and 

degeneration occurs at joints and 
how it can be treated. Outline 

possible steps for 
damage prevention.

6.5 Efects of Aging
 19. Describe the anatomical and 

 physiological changes that occur in  
the skeletal system as we age.

6.6 Homeostasis
20. List and discuss six ways the skeletal 

system contributes to homeostasis. 
Discuss ways the other systems 
assist the skeletal system.

I.C.E.—In Case of Emergency
Broken Bones 

Medical Focus
Osteoporosis
Oh, My Aching Back: Surgical Options for Back 
 Injuries 

Focus on Forensics
Skeletal Remains

Human Systems Work Together
Skeletal System

6 The Skeletal System

Learning Outcomes After you have studied this chapter, you should be able to:
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Another example is stepped-out art, which shows key stages 
of an illustration identified by numbered circles. This type 
of explanation builds comprehension sequentially.

Learning Outcomes are 
listed within the chapter! 
Students will know what 
that specific section is 
covering.

Golgi apparatuslysosomes

incoming vesicle

lysosome
contains digestive enzymes 
that break down macromolecules
entering by vesicles

transport vesicle
takes lipids to
Golgi apparatus

transport vesicle
takes proteins to 
Golgi apparatus

protein

enzyme

Golgi apparatus
modifies lipids and proteins
from the ER; sorts and packages
them in vesicles

rough endoplasmic 
reticulum
synthesizes proteins and
packages them in vesicles

smooth endoplasmic 
reticulum
synthesizes lipids and has
various other functions

plasma 
membrane

ribosome

lipid

secretion

Nucleus

1

1

2

3

2

3

secretory
vesicle

a. Endocytosis b. Exocytosis

lysosomes

 Figure 3.5 The endomembrane system. (a) Endocytosis and lysosome function. (1) A vesicle formed by endocytosis, 
containing macromolecules, fuses with (2) the lysosome made at the Golgi apparatus, and (3) lysosome enzymes digest the macro-
molecules in the vesicle. (b) Exocytosis and the secretory vesicle. (1) Transport vesicles from the ER bring proteins and lipids to the 
Golgi apparatus, where (2) the molecules are packaged in a secretory vesicle, which (3) travels to the plasma membrane, releasing 
its  contents by exocytosis.
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Myofbrils and Sarcomeres
Myofibrils are cylindrical and run the length of the muscle fiber. 
Each myofibril is composed of numerous sarcomeres, which are 
microscopic repeating units (Fig. 7.3). Each sarcomere extends 
between two dark, vertical lines called Z lines. The horizontal 

stripes, or striations, of skeletal muscle fibers are formed by the 
placement of  myofilaments within the sarcomeres. A sarcomere 
contains two types of protein myofilaments: The thick filaments 
are made up of a single protein called myosin. Thin filaments are 
made up of three proteins: a globular protein called actin, plus 

a. Muscle fiber has
  many myofibrils.

c. Sarcomeres are relaxed.

fascicle of muscle cells (fibers)
surrounded by perimysium

tendon

deep fascia

epimysium

T tubule nucleus calcium
storage site

sarcoplasm

sarcolemma

myosin head

thick
filament

thin
filament

sarcoplasmic
reticulum

Z line Z line

H zone

Z line

skeletal
muscle
cell 
(fiber)

one myofibril

myofilament

A band I band

 6,0003

myofibril

muscle fiber surrounded
by endomysium

mitochondrion

b. A myofibril has many sarcomeres.

one sarcomere

d. Sarcomeres are contracted.

Figure 7.3 Anatomy of a muscle fber. (a) A muscle 
fber contains many myofbrils with the components shown. (b) A 
myofbril has many sarcomeres that contain myosin and actin fla-
ments whose arrangement gives rise to the striations so charac-
teristic of skeletal muscle. (c), (d) Muscle contraction occurs when 
sarcomeres contract and thin flaments slide past thick flaments.

Visual FocusVisual FocusVisual Focus
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Macro to micro figures give the students an overall 
perspective.

 6.2  Axial Skeleton
 7. Distinguish between the axial and appendicular skeletons.
 8. Name the bones of the skull, and state the important features of each 

bone.
 9. Describe the structure and function of the hyoid bone.

 10. Name the bones of the vertebral column and the thoracic cage. Be 
able to label diagrams of them.

 11. Describe a typical vertebra, the atlas and axis, and the sacrum and coccyx.
 12. Name the three types of ribs and the three parts of the sternum.

The skeleton is divided into the axial skeleton and the appendicular 
skeleton. The tissues of the axial and appendicular skeletons are 
bone (both compact and spongy), cartilage (hyaline, fibrocartilage, 
and elastic cartilage), and dense connective tissue, a type of fibrous 
connective tissue. (The various types of connective tissues were 
extensively discussed in Chapter 4.)

In Figure 6.4, the bones of the axial skeleton are colored gray, 
and the bones of the appendicular skeleton are colored tan for easy 
distinction. Notice that the axial skeleton lies in the midline of 
the body and contains the bones of the skull, the hyoid bone, the 

Content CHECK-UP!

 1. The term for the expanded portions at the ends of a long  
bone is:

 a. diaphysis. c. periosteum.

 b. epiphysis. d. articular cartilage.

 2. Osteons are associated with _____ bone. 

 3. Which type of bone cell breaks down bone and deposits 
calcium into the blood?

 a. osteoblast c. osteoprogenitor

 b. osteocyte d. osteoclast

 4. The region in a long bone where growth occurs is 
the ____________.

 5. Imagine that an artery has to pass through bone to enter the 
skull. What is the feature through which the artery will pass? 
(Refer to Table 6.1.)

Answers in Appendix A.

Skull:
frontal bone

zygomatic bone

maxilla
mandible

hyoid bone

Pectoral girdle:
clavicle
scapula

Rib cage:
sternum
ribs
costal cartilages

vertebral column

sacrum
coccyx

carpals

metacarpals

phalanges

patella

tarsals

parietal bone

temporal bone
occipital bone

scapula

humerus

ulna

radius

femur

metatarsals

phalanges

Skull:

a. b.

clavicle

�bula

tibia

Pelvic girdle:
coxal bones

Figure 6.4 Major bones of the skeleton. (a) Anterior view. (b) Posterior view. The bones of the axial skeleton are shown in 
blue-gray, and those of the appendicular skeleton are shown in tan.
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Several Anatomy & Physiology REVEALED® images have been 
added with icons from APR.

 6.3  Appendicular Skeleton
 13. Name the bones of the pectoral girdle and the pelvic girdle. Be able 

to label diagrams of them.
 14. Name the bones of the upper limb (arm and forearm) and the lower limb 

(thigh and leg). Be able to label diagrams that include surface features.
 15. Cite at least fve diferences between the female and male pelvises.

The appendicular skeleton contains the bones of the pectoral girdle, 
upper limbs, pelvic girdle, and lower limbs.

Pectoral Girdle
The pectoral girdle (shoulder girdle) contains four bones: two 
clavicles and two scapulae (Fig. 6.12). It supports the arms and 
serves as a place of attachment for muscles that move the arms. 
The bones of this girdle are held in place by ligaments and muscles. 
This arrangement allows great flexibility but means that the arm is 
prone to dislocation at the shoulder joint.

Clavicles
The clavicles (collarbones) are slender and S-shaped (Fig. 6.12a). 
Each clavicle articulates medially with the manubrium of the ster-
num. This is the only place where the pectoral girdle is attached to 
the axial skeleton.

Each clavicle also articulates with a scapula. The clavicle 
serves as a brace for the scapula and helps stabilize the shoulder. It 
is structurally weak, however, and if undue force is applied to the 
shoulder, the clavicle will fracture.

Scapulae
The scapulae (sing., scapula), also called the shoulder blades, are 
broad bones that somewhat resemble triangles (Figs. 6.12b and c). 
One reason for the pectoral girdle’s flexibility is that the scapulae 
are not joined to each other (see Fig. 6.4).

Each scapula has a spine, a thick ridge of bone found on its 
posterior surface. Note the following features as well: 

 ∙ acromion process, which articulates with a clavicle and 
provides a place of attachment for arm and upper back 
muscles;

 ∙ coracoid process, which serves as a place of attachment for 
arm and chest muscles;

 ∙ glenoid cavity, which articulates with the head of the arm 
bone (humerus). The arm joint’s flexibility is also a result 
of the glenoid cavity being smaller than the head of the 
humerus.

Upper Limb
The upper limb includes the bones of the arm (humerus), the fore-
arm (radius and ulna), and the hand (carpals, metacarpals, and 
phalanges).1

1 The term upper extremity is used to include a clavicle and scapula (of the pectoral 
girdle), an arm, forearm, wrist, and hand.

clavicle

acromion
process

glenoid
cavity

coracoid
process

scapula

humerus

ulna
radius

a. Pectoral girdle, frontal view

rib

costal
cartilage

sternum

Figure 6.12 The pectoral girdle. (a) Frontal view of 
the pectoral girdles with the upper limbs attached. (b) Posterior 
view of the right scapula. (c) Anterior view of the right scapula.

glenoid
cavity

coracoid
process

acromion
process

spine of
scapula

b. Right scapula, posterior view

c. Right scapula, anterior view

glenoid
cavity

coracoid
process

acromion
process
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Built-in Study Aids such as the Content Check-
Up and the Begin Thinking Clinically features allow 
students to test themselves over major sections of text 
before continuing. Content Check-Up questions will 
now be found after each major heading.

End of Chapter
The end-of-chapter material has been newly 
organized with the Summary updated for 
every chapter. Key terms are divided into basic 
and clinical terms. Two levels of additional 
questions, along with exercises that reinforce 
medical terminology, are also included with 
every chapter.

 6.2  Axial Skeleton
 7. Distinguish between the axial and appendicular skeletons.
 8. Name the bones of the skull, and state the important features of each 

bone.
 9. Describe the structure and function of the hyoid bone.

 10. Name the bones of the vertebral column and the thoracic cage. Be 
able to label diagrams of them.

 11. Describe a typical vertebra, the atlas and axis, and the sacrum and coccyx.
 12. Name the three types of ribs and the three parts of the sternum.

The skeleton is divided into the axial skeleton and the appendicular 
skeleton. The tissues of the axial and appendicular skeletons are 
bone (both compact and spongy), cartilage (hyaline, fibrocartilage, 
and elastic cartilage), and dense connective tissue, a type of fibrous 
connective tissue. (The various types of connective tissues were 
extensively discussed in Chapter 4.)

In Figure 6.4, the bones of the axial skeleton are colored gray, 
and the bones of the appendicular skeleton are colored tan for easy 
distinction. Notice that the axial skeleton lies in the midline of 
the body and contains the bones of the skull, the hyoid bone, the 

Content CHECK-UP!

 1. The term for the expanded portions at the ends of a long  
bone is:

 a. diaphysis. c. periosteum.

 b. epiphysis. d. articular cartilage.

 2. Osteons are associated with _____ bone. 

 3. Which type of bone cell breaks down bone and deposits 
calcium into the blood?

 a. osteoblast c. osteoprogenitor

 b. osteocyte d. osteoclast

 4. The region in a long bone where growth occurs is 
the ____________.

 5. Imagine that an artery has to pass through bone to enter the 
skull. What is the feature through which the artery will pass? 
(Refer to Table 6.1.)

Answers in Appendix A.

Skull:
frontal bone

zygomatic bone

maxilla
mandible

hyoid bone

Pectoral girdle:
clavicle
scapula

Rib cage:
sternum
ribs
costal cartilages

vertebral column

sacrum
coccyx

carpals

metacarpals

phalanges

patella

tarsals

parietal bone

temporal bone
occipital bone

scapula

humerus

ulna

radius

femur

metatarsals

phalanges

Skull:

a. b.

clavicle

�bula

tibia

Pelvic girdle:
coxal bones

Figure 6.4 Major bones of the skeleton. (a) Anterior view. (b) Posterior view. The bones of the axial skeleton are shown in 
blue-gray, and those of the appendicular skeleton are shown in tan.
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 ∙ mastoid process, which provides a place of attachment for 
certain neck muscles;

 ∙ styloid process, which provides a place of attachment for 
muscles associated with the tongue and larynx;

 ∙ zygomatic process, which projects anteriorly and helps form 
the cheekbone.

Sphenoid Bone The sphenoid bone helps form the sides and floor 
of the cranium and the rear wall of the orbits. The sphenoid bone 
is shaped like a butterfly. Its complex shape allows it to articulate 
with and hold together the other cranial bones (Fig. 6.7). Within 
the cranial cavity, the sphenoid bone has a saddle-shaped midpor-
tion called the sella turcica (Fig. 6.7b), which houses the pituitary 
gland in a depression.

Ethmoid Bone The ethmoid bone is anterior to the sphenoid bone 
and helps form the floor of the cranium. It contributes to the medial 
sides of the orbits and forms the roof and sides of the nasal cavity 
(Figs. 6.5, 6.6, and 6.7). Important components of the ethmoid 
bone include: 

 ∙ crista galli (cock’s comb, Fig. 6.7), a triangular process that 
serves as an attachment for membranes that enclose the brain;

 ∙ cribriform plate (Fig. 6.7), with tiny holes that serve as pas-
sageways for nerve fibers from the olfactory receptors (nerve 
endings that give us our sense of smell);

 ∙ perpendicular plate (Fig. 6.5), which projects downward to 
form the superior part of the nasal septum;

 ∙ superior and middle nasal conchae, which project toward 
the perpendicular plate. These increase the surface area of 
the nasal cavity. Projections support mucous membranes that 
line the nasal cavity.

Bones of the Face
Maxillae The two maxillae form the upper jaw. Aside from con-
tributing to the floors of the orbits and to the sides of the floor of 
the nasal cavity, each maxilla has the following processes:

 ∙ alveolar process (Fig. 6.6a). The alveolar processes contain 
the tooth sockets for teeth: incisors, canines, premolars, and 
molars.

 ∙ palatine process (Fig. 6.7a). The left and right palatine pro-
cesses form the anterior portion of the hard palate (roof of 
the mouth).

Palatine Bones The two palatine bones contribute to the floor and 
lateral wall of the nasal cavity (Fig. 6.5). The horizontal plates of 
the palatine bones form the posterior portion of the hard palate 
(Fig. 6.7a).

Notice that the hard palate consists of (1) portions of the max-
illae (i.e., the palatine processes) and (2) horizontal plates of the 
palatine bones. A cleft palate results when either (1) or (2) have 
failed to fuse.

Zygomatic Bones The two zygomatic bones form the sides of the 
orbits (Fig. 6.7a). They also contribute to the “cheekbones.” Each 
zygomatic bone has a temporal process. A zygomatic arch, the 
most prominent feature of a cheekbone, consists of a temporal 

process connected to a zygomatic process (a portion of the tem-
poral bone).

Lacrimal Bones The two small, thin lacrimal bones are located on 
the medial walls of the orbits (Fig. 6.6). A small opening between 
the orbit and the nasal cavity serves as a pathway for a duct that 
carries tears from the eyes to the nose.

Nasal Bones The two nasal bones are small, rectangular bones 
that form the bridge of the nose (see Fig. 6.5). The anterior distal 
portion of the nose is cartilage, which explains why the nose is not 
seen on a skull.

Vomer Bone The vomer bone joins with the perpendicular plate of 
the ethmoid bone to form the nasal septum (see Figs. 6.5 and 6.6a).

Inferior Nasal Conchae The two inferior nasal conchae are thin, 
curved bones that form a part of the inferior lateral wall of the nasal 
cavity (see Fig. 6.6a). Like the superior and middle nasal conchae, 
they project into the nasal cavity and support the mucous mem-
branes that line the nasal cavity.

Mandible The mandible, or lower jaw, is the only movable portion 
of the skull. The horseshoe-shaped front and horizontal sides of the 
mandible, referred to as the body, form the chin. The body has an 
alveolar process (see Fig. 6.6a), which contains tooth sockets. 
Superior to the left and right angle of the mandible are upright 
projections called rami. Each ramus has detailed features:

 ∙ mandibular condyle (see Fig. 6.6b), which articulates with 
a temporal bone;

 ∙ coronoid process (see Fig. 6.6b), which serves as a place of 
 attachment for the muscles used for chewing.

Begin Thinking Clinically
You’re treating an 11-year-old patient in the emergency 
room. His right eye was struck by a baseball bat, and he’s 
rapidly developing a nasty black eye. What bones might 
have been broken by the injury?
Answer and discussion in Appendix A.

Hyoid Bone
The U-shaped hyoid bone (see Fig. 6.4) is located superior to the 
larynx (voice box) in the neck. It Is the only bone in the body that 
does not articulate (form a joint) with another bone. Instead, it is 
suspended from the styloid processes of the temporal bones by 
the stylohyoid muscles and ligaments. It anchors the tongue and 
serves as the site for the attachment of several muscles associated 
with swallowing.

Vertebral Column (Spine)
The vertebral column extends from the skull to the pelvis. It con-
sists of a series of separate bones, the vertebrae, separated by pads 
of fibrocartilage called the intervertebral disks (Fig. 6.8). The 
vertebral column is located in the posterior region of the body at 
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Basic Key Terms 
abduction (ăb-dŭk9shŭn), p. 124
adduction (ăd-dŭk9shŭn), p. 124
amphiarthrosis (ămfē-ăr-thrō9sĭs), p. 123
appendicular skeleton (ăpĕn-dĭk9yū-lĕr 

skĕl9ĕ-tŭn), p. 110
appositional growth (ăpŭh-zĭsh9ŭn-ŭl grōth),  

p. 107
articular cartilage (ăr-tĭk9yū-lĕr kăr9tĭ-lĭj), p. 103
articulation (ăr-tĭkyū-lā9shŭn), p. 103
atlas (ăt-lŭhs), p. 115
axial skeleton (ăk9sē-ăl skĕl9ĕ-tŭn), p. 109
axis (ăk9sĭs), p. 115
ball-and-socket joint (băwl and sŏk9ĭt 

jōynt), p. 124
bony pelvis (bō9nē pĕl9vĭs), p. 120
bursae (bŭr9sā), p. 123
calcaneus (kăl-kā9nē-ŭhs), p. 123
cartilaginous joints (kăr9tŭl-ăj9ŭh-nŭs jōyntz), p. 123
circumduction (sĕrkŭm-dŭk9shŭn), p. 124
clavicles (klăv9ĭ-kŭls), p. 118
coccyx (kŏk9sĭks), p. 116
compact bone (kŏm9păkt bōn), p. 103
condyloid joint (kŏn9dīl-ōyd jōynt), p. 124
coxal bone (kŏk9săl bōn), p. 120
depression (dĭ-prĕsh9ŭn), p. 125
diaphysis (dī-ăf9ĭ-sĭs), p. 103
diarthrosis (dī-ăr-thrō9sĭs), p. 123
elevation (ĕlŭh-vā9shŭn), p. 125
endochondral ossifcation (ĕndō-kŏn9drŭl 

ŏsŭh-fĭ-kā9shŭn), p. 105
epiphyseal plate (ĕpĭ-fĭz9ē-ăl plāt), p. 106
epiphysis (ĕ-pĭf9ĭ-sĭs), p. 103
eversion (ē-vĕr9zhŭn), p. 125
extension (ĕk-stĕn9shŭn), p. 124
femur (fē9mŭr), p. 121
fbrous joints (fī9brŭs jōyntz), p. 123
fbula (fĭb9yŭ-lŭh), p. 121

rib cage (rĭb kāj), p. 116
rotation (rō-tā9shŭn), p. 125
sacrum (sā9krŭm), p. 116
saddle joint (săd9ĕl jōynt), p. 124
scapulae (skăp9yŭh-lā), p. 118
sella turcica (sĕl9ŭh tŭr9sĭk-ŭh), p. 113
sinus (sī9nŭs), p. 110
spongy bone (spŭnj9ē bōn), p. 103
sternum (stŭr9nŭm), p. 116
supination (sūpĭ-nā9shŭn), p. 125
suture (sū9chĕr), p. 110
synarthrosis (sĭn-ăr-thrō9sĭs), p. 123
synovial fuid (sĭ-nō9vē-ăl fū9ĭd), p. 123
synovial joint (sĭ-nō9vē-ăl jōynt), p. 123
synovial membrane (sĭ-nō9vē-ăl mĕm9brān), p. 123
talus (tă9lŭs), p. 123
tarsal bones (tăr9sŭl bōns), p. 123
temporal process (tĕm9pō-rŭl prŏh9sĕs), p. 113
tibia (tĭb9ē-ŭh), p. 121
ulna (ŭl9nŭh), p. 119
vertebrae (vĕr9tŭh-brā), p. 113
vertebral column (vĕr9tĕ-brăl kŏh9lŭm), p. 113

Clinical Key Terms
arthritis (ăr-thri9 tĭs), p. 126
bursitis (bŭr-sī9tĭs), p. 123
fracture (frăk9chĕr), p. 108
gout (gŏwt), p. 126
herniated disk (hĕr9nē-ā-tĕd dĭsk), p. 114
kyphosis (kī-fō9sĭs), p. 114
lordosis (lŏr-dō9sĭs), p. 114
mastoiditis (măstōy-dī9tĭs), p. 110
osteoarthritis (ŏstē-ō-ăr-thri9 tĭs), p. 126
osteoporosis (ŏstē-ō-pō-rō9sĭs), p. 107
reduction (rĭ-dŭk9shŭn), p. 108
rheumatoid arthritis (RA), p. 126
scoliosis (skōlē-ō9sĭs), p. 114
sinusitis (sīnŭh-sī9tĭs) p. 110

fexion (fĕk9shŭn), p. 124
fontanel (fŏntŭh-nĕl9), p. 110
foramen magnum (fŏr-ā9-mĕn măg9nŭm), p. 110
gliding joint (glīd9ĭng jōynt), p. 124
hard palate (hărd păl9ut), p. 113
hematopoiesis (hēmăh-tō-pōy-ĕ9sĭs), p. 103
hinge joint (hĭnj jōynt), p. 124
humerus (hyū9mŭr-ŭs), p. 119
ilium (ĭl9ē-ŭm), p. 120
intervertebral disk (ĭntĕr-vĕr9tĕ-brŭl dĭsk), p. 113
intramembranous ossifcation (ĭntrŭh-

mĕm9brān-ŭs ŏsŭ-fĭ-kā9shŭn), p. 105
inversion (ĭn-vĕr9zhŭn), p. 125
ischium (ĭs9kē-ŭm), p. 120
ligament (lĭg9ŭh-mĕnt), p. 123
medullary cavity (mĕd9ū-lārē kăv9ĭ-tē), p. 103
menisci (mĕ-nĭs9kī), p. 123
metatarsal bones (mĕt9ŭh-tăr9sŭl bōnz), p. 123
occipital condyle (ŏk9sĭp-ĭ-tŭl kŏn-dīl), p. 110
ossifcation (ŏs99ĭ-fĭ-kā9shŭn), p. 105
osteoblast (ŏs9tē-ō-blăst), p. 105
osteoclast (ŏs9tē-ō-klăst), p. 105
osteocyte (ŏs9tē-ō-sīt), p. 105
osteon (ŏ9stē-ŏn), p. 103
osteoprogenitor cells (ŏstē-ō-prō-jĕn9ĭ-tŭr 

sĕlz), p. 105
patella (pŭh-tĕl9 ŭh), p. 121
pectoral girdle (pĕk9tō-rŭl gĕr9dŭl), p. 118
pelvic girdle (pĕl9vĭk gĕr9dŭl), p. 120
pelvis (pĕl9-vĭs), p. 120
periosteum (pĕrē-ŏs9tē-ŭm), p. 103
phalanges (fŭh-lăn9jēz), p. 123
pivot joint (pĭv9ŭt jōynt), p. 124
pronation (prō-nā9shŭn), p. 125
pubic symphysis (pyū9bĭk sĭm9fĭ-sĭs), p. 120
pubis (pyū9bĭs), p. 120
radius (rā9dē-ŭs), p. 119
red bone marrow (rĕd bōn măh9-rō), p. 103

Selected New Terms

 I. Skeleton: Overview
A. The skeleton supports and pro-

tects the body; produces red 
blood cells; serves as a store-
house for inorganic calcium and 
phosphate ions and fat; and 
permits fexible movement.

B. A long bone has a shaft (diaphy-
sis) and two ends (epiphyses), 
which are covered by articular 
cartilage. The diaphysis contains 

a medullary cavity with yellow 
marrow and is bounded by com-
pact bone. The epiphyses con-
tain spongy bone with red bone 
marrow that produces red blood 
cells. Bone is a living tissue. It 
develops, grows, remodels, and 
repairs itself. In all these pro-
cesses, osteoclasts break down 
bone, and osteoblasts build 
bone.

C. Table 6.1 describes the diferent 
surface features of bones.

 II. Axial Skeleton
The axial skeleton lies in the midline 
of the body and consists of the skull, 
the hyoid bone, the vertebral 
column, and the thoracic cage.
A. The skull is formed by the 

cranium and the facial bones. 
The cranium includes the frontal 
bone, two parietal bones, one 

Summary
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permits fexible movement.
A long bone has a shaft (diaphy
sis) and two ends (epiphyses), 
which are covered by articular 
cartilage. The diaphysis contains 

develops, grows, remodels, and 
repairs itself. In all these pro

column, and the thoracic cage.
A. The skull is formed by the 

 1. What are fve functions of the skeleton? 
(p. XX)

 2. What are fve major categories of 
bones based on their shapes? (p. 98)

 3. What are the parts of a long bone?  
What are some diferences between 
compact bone and spongy bone? 
(pp. XX–XX)

 4. How does bone grow in children, and 
how is it remodeled in all age groups? 
(pp. XXX–XXX)

 5. What are the various types of frac-
tures? Outline the four steps that are 
required for fracture repair. (p. XXX)

 6. List the bones of the axial and appen-
dicular skeletons. (p.103 and Fig. 6.4,  
p. XXX)

 7. What are the bones of the cranium and 
the face? Describe the special features 
of the temporal bones, sphenoid bone, 
and ethmoid bone. (pp. XXX–XXX)

 8. What are the parts of the vertebral col-
umn, and what are its curvatures? Dis-
tinguish between the atlas, axis, 
sacrum, and coccyx. (pp. XXX–XXX)

 9. What are the bones of the rib 
cage? List several functions of the rib 
cage. (pp. XXX–XXX)

 10. What are the bones of the pectoral 
girdle? Give examples to demon-
strate the flexibility of the pectoral 
girdle. What are the special features 
of a scapula? (p. XXX)

 11. Name the bones of the upper limb, 
then outline the special features of 
these bones. (pp. XXX–XXX)

 12. What are the bones of the pelvic girdle, 
and what are their functions? (p. XXX)

 13. What are the false and true pelvises, 
and what are several diferences 
between the male and female pel-
vises? (p. XXX)

Study Questions

occipital bone, two temporal 
bones, one sphenoid bone, and 
one ethmoid bone. The facial 
bones include two maxillae, two 
palatine bones, two zygomatic 
bones, two lacrimal bones, two 
nasal bones, the vomer bone, 
two inferior nasal conchae, and 
the mandible.

B. The U-shaped hyoid bone is lo-
cated in the neck. It anchors the 
tongue and does not articulate 
with any other bone.

C. The typical vertebra has a body, 
a vertebral arch surrounding the 
vertebral foramen, and a spinous 
process. The frst two vertebrae 
are the atlas and axis. The verte-
bral column has four curvatures 
and contains the cervical, tho-
racic, lumbar, sacral, and coccy-
geal vertebrae. Cervical, 
thoracic, and lumbar vertebrae 
are separated by intervertebral 
disks.

D. The rib cage contains the tho-
racic vertebrae, ribs and associ-
ated cartilages, and the sternum.

 III. Appendicular Skeleton
The appendicular skeleton consists 
of the bones of the pectoral girdle, 
upper limbs, pelvic girdle, and lower 
limbs.
A. Each pectoral girdle (shoulder) is 

formed by the clavicle and the 
scapula.

B. The upper limb contains the 
humerus, the radius, the ulna, 
and the bones of the hand (the 
carpals, metacarpals, and 
phalanges).

C. The pelvic girdle contains two 
coxal bones, and forms the pel-
vis when joined to the sacrum 
and coccyx. The female pelvis is 
generally wider and more shal-
low than the male pelvis.

D. The lower limb contains the femur, 
the patella, the tibia, the fbula, 
and the bones of the foot (the tar-
sals, metatarsals, and phalanges).

 IV. Joints (Articulations)
Joints are regions of articulation be-
tween bones. They are classifed ac-
cording to their structure and/or 
degree of movement. Fibrous joints 
are typically immovable, cartilagi-
nous joints are generally slightly 
movable, and synovial joints usually 
are freely movable. 
A. Fibrous joints include sutures 

and the joints between teeth and 
their sockets.

B. Cartilaginous joints occur where 
bones are connected by hyaline 
or fbrocartilage.

C. The diferent kinds of synovial 
joints are ball and socket, hinge, 
condyloid, pivot, gliding, and sad-
dle. Movements at joints are 
broadly classifed as angular 
(fexion, extension, adduction, ab-
duction), circular (circumduction, 
rotation, supinatin, pronation), 
and special (inversion, eversion, 
elevation, and depression).

D. The most common types of ar-
thritis are osteoarthritis, rheuma-
toid arthritis, and gout.

 V. Efects of Aging
Two fairly common efects of aging 
on the skeletal system are arthritis 
and osteoporosis.

 VI. Homeostasis
A. The bones protect the internal 

organs: The rib cage protects the 
heart, lungs, and kidneys; the skull 
protects the brain; and the verte-
brae protect the spinal cord. The 
bones assist all phases of respira-
tion. The rib cage assists the 
breathing process, and red bone 
marrow produces the red blood 
cells that transport oxygen. The 
bones store and release calcium. 
Calcium ions play a major role in 
muscle contraction and nerve 
conduction. Calcium ions also 
help regulate cellular metabolism. 
The bones assist the lymphatic 
system and immunity. Red bone 
marrow produces not only the red 
blood cells but also the white 
blood cells. The bones assist di-
gestion. The bones used for 
chewing break food into pieces 
small enough for chemical diges-
tion. The skeleton is necessary for 
locomotion. Humans have a 
jointed skeleton for the attach-
ment of muscles that move the 
bones. 

B. The integumentary and muscular 
systems help the skeletal system 
protect organs. The digestive 
system absorbs calcium that is 
stored in the skeleton. The endo-
crine system regulates calcium 
storage and growth of bones. 
The cardiovascular system trans-
ports calcium to the skeleton, 
and muscles aid the skeleton in 
movement.
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What are the bones of the pectoral 
girdle? Give examples to demon-
strate the flexibility of the pectoral 
girdle. What are the special features 
of a scapula? (p. XXX)
Name the bones of the upper limb, 
then outline the special features of 
these bones. (pp. XXX–XXX)
What are the bones of the pelvic girdle, 
and what are their functions? (p. XXX)
What are the false and true pelvises, 
and what are several diferences 
between the male and female pel-
vises? (p. XXX)

movement.

 I. Match the items in the key to the 
bones listed in questions 1–6.

  Key:
a. forehead
b. chin
c. cheekbone
d. elbow
e. shoulder blade
f. hip
g. leg

 1. temporal and zygomatic bones
 2. tibia and fbula
 3. frontal bone
 4. ulna
 5. coxal bone
 6. scapula

 II. Match the items in the key to the 
bones listed in questions 7–13.

  Key:
a. external acoustic meatus
b. cribriform plate
c. xiphoid process
d. glenoid cavity

e. olecranon process
f. acetabulum
g. greater and lesser trochanters

 7. scapula
 8. sternum
 9. femur
 10. temporal bone
 11. coxal bone
 12. ethmoid bone
 13. ulna

 III. Fill in the blanks.
 14. Long bones are ________ than 

they are wide.
 15. The epiphysis of a long bone con-

tains ________ bone, where red 
blood cells are produced.

 16. The ________ are the air-flled 
spaces in the cranium.

 17. The sacrum is a part of the 
________, and the sternum is a 
part of the ________.

 18. The pectoral girdle is specialized 
for ________, while the pelvic  

girdle is specialized  
for ________.

 19. The term phalanges is used for the 
bones of both the ________ and 
the ________.

 20. The knee is a freely movable (syno-
vial) joint of the ________ type.

 IV.  Match the movement with the descrip-
tion in questions 21–25.

a. extension
b. circumduction
c. adduction
d. fexion
e. abduction

 21.  moving a body part toward the 
midline

 22.  moving a body part away from the 
midline

 23.  moving a body part in a circle
 24.  decreasing the angle of a joint
 25.  increasing the angle of the joint

Learning Outcome Questions

Medical Terminology Exercise

After studying this chapter, see if you can 
derive the defnitions for the medical terms 
listed below. Many of the prefxes and 
sufxes used to create these terms can be 
found throughout the chapter. For addi-
tional help, use McGraw-Hill Connect™ at 
www.mcgrawhillconnect.com and consult 
Appendix B. 

 1. chondromalacia (kŏndrō-mŭh-
lā9shē-ŭh)

 2. osteomyelitis (ŏstē-ō-mīŭh-lĭ9tĭs)
 3. craniosynostosis (krānē-ō-sīnōs-tō9sĭs)
 4. myelography (mīě-lŏg9rŭh-fē)
 5. acrocyanosis (ăkrō-sīŭh-nō9sĭs)
 6. syndactylism (sĭn-dăk9tĭ-lĭzm)
 7. orthopedist (ŏrthō-pē9dĭst)

 8. prognathism (prŏg9năh-thĭzm)
 9. micropodia (mīkrō-pō9dē-ŭh)
 10. arthroscopic (ărthrō-skŏp9ĭk)
 11. bursectomy (bĕr-sĕk9tō-mē)
 12. synovitis (sīn-ō-vī9tĭs)
 13. acephaly (ā-sĕf9ŭh-lē)
 14. sphenoidostomy (sfē-nōy-dŏs9tō-mē)
 15. acetabuloplasty (ăs-ě-tăb9yū-lō-plăs-tē)

Anatomy & Physiology REVEALED in-
cludes cadaver photos that allow you to  
peel away layers of the human body to 
reveal structures beneath the surface. This program also includes 
animations, radiologic imaging, audio pronunciations, and practice 
quizzing. To learn more visit www.aprevealed.com 

APROnline Study Tools

 14. What are the bones of the lower limb? 
Describe the special features of these 
bones. (pp. XXX–XXX)

 15. How are joints classifed? Give examples 
of each type of joint. (pp. XXX–XXX)

 16. How can joint movements permitted 
by synovial joints be categorized? 
Give an example of each category. 
(pp. XXX–XXX)

 17. How does aging afect the skeletal sys-
tem? (p. XXX)

 18. What functions of the skeletal system 
are particularly helpful in maintaining 
homeostasis? (pp. XXX–XXX)
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MEDICAL FOCUS

Alzheimer disease (AD) is an irreversible, fatal disorder characterized 
by a gradual loss of reason that begins with memory lapses and ends with 
the inability to perform any activities. Personality changes such agitation 
and hostility, and memory deficits that affect daily routines often signal 
the onset of AD. For example, a normal 60- to 70-year-old might forget 
the name of a friend not seen for years, but someone with AD forgets the 
name of a neighbor who visits daily. Likewise, a healthy senior might 
forget where he placed his car keys, while a person with AD will forget 
what those keys are for. People afflicted with AD become confused and 
tend to repeat the same question. Signs of mental disturbance eventually 
appear, and patients gradually become bedridden and die of a complica-
tion, such as pneumonia. At the cellular level, AD is characterized by the 
presence of abnormally structured neurons and a reduced amount of the 
neurotransmitter acetylcholine (see p. xxx). These defective neurons are 
especially seen in the portions of the brain involved in reason and mem-
ory. The AD neuron has two pathological features. The first consists of 
bundles of fibrous protein, called neurofibrillary tangles, which surround 
the nucleus in the cells. The tangles are due to an abnormal form of tau, a 
protein molecule that normally helps to stabilize microtubules that form 
the cell’s cytoskeleton. In addition to these tangles, protein-rich accumu-
lations, called amyloid plaques, envelop the axon branches. Over time, 
affected neurons will die. The cortex and hippocampus shrivel, the brain 
shrinks in volume, and the ventricles become enlarged.

Research Regarding Its Causes
As techniques for genetic study continue to improve, several genetic muta-
tions specific to Alzheimer have been identified. One set, designated by 
the acronyms APP, PS1, and PS2, are termed deterministic. People who 
inherit one of these three mutated genes will always develop the disease, 
called autosomal dominant Alzheimer disease (ADAD). It’s interesting to 
note that APP, the first of these defective genes to be discovered, is found 
on chromosome 21. Down syndrome results from the inheritance of three 
copies of chromosome 21, and people with Down syndrome tend to 
develop AD. (You will learn more about autosomal dominant disorders in 
Chapter 19.) Mutation of a fourth gene, designated APO, puts patients at 
risk but does not always result in disease. Scientists are now studying vic-
tims with mutations to try to discover the exact cause for the disease. 
Recent findings have led researchers to believe that the neuron deteriora-
tion seen in Alzheimer disease patients may be caused by the spread of the 
tau protein from one cell to the next, much as a virus is spread from one 
infected cell to another. Other studies have implicated a second protein, 
striatal-enriched tyrosine phosphatase, or STEP, in the cell destruction 
found in Alzheimer sufferers. Further, other investigators are exploring the 
role of cell lysosomes in AD, suspecting that these essential organelles 
may be failing to destroy the abnormal proteins found in diseased cells.

Research into Its Treatment
Each new finding about what causes Alzheimer disease creates new pos-
sibilities for its treatment as well. Researchers are now conducting clini-
cal testing on antibodies that block cell-to-cell transmission of the tau 
protein. (You can read more about antibodies in Chapter 13.) A second 
treatment might involve the creation of drugs that block formation of the 
STEP protein. Boosting lysosomal degradation of the abnormal 
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Alzheimer cell protein is another possible avenue for research. At this 
time, only five drugs are accepted for disease treatment. One category, 
cholinesterase inhibitors (Aricept®, Razadyne®, Exelon®, Reminyl®), 
works at neuron synapses in the brain, slowing the activity of the enzyme 
that breaks down acetylcholine (ACh). Allowing ACh to accumulate in 
synapses keeps memory pathways in the brain functional for a longer 
period of time. The newest drug, memantine (Namenda®), blocks excito-
toxicity: the tendency of diseased neurons to self-destruct. This medica-
tion is used only in moderately to severely affected patients. Using the 
drug allows neurons involved in memory pathways to survive longer in 
affected patients. However, it’s important to note that neither category of 
medication cures AD. Both merely slow the progress of disease symp-
toms, allowing the patient to function independently for a longer period 
of time. Additional research is currently underway to test the effective-
ness of anticholesterol statin drugs, as well as anti-inflammatory medica-
tions, in slowing the progress of the disease. 

Research on Prevention
Much of current research on AD focuses on prevention. Early findings 
have shown that risk factors for cardiovascular disease—heart attacks and 
stroke—also contribute to an increased incidence of AD. These include 
elevated blood cholesterol and blood pressure, smoking, obesity, seden-
tary lifestyle, and diabetes mellitus (see Chapter 12). Low-level infection 
caused by gum disease has also been shown to increase the probability of 
developing heart disease, and by extension, Alzheimer disease. Thus, 
evidence suggests that a lifestyle tailored for good cardiovascular health 
may also prevent AD. Slight changes in diet may also lessen the threat of 
developing AD: boosting vitamins B and D, eating fatty fish such as 
salmon, and drinking coffee. Further, younger people must try to prevent 
blows to the head. It’s been shown that head injuries (such as those expe-
rienced by football players) can increase the risk of developing AD in 
later life 19-fold. Wearing seat belts and helmets and taking steps to pre-
vent falls are commonsense, easy ways to prevent head injury. Finally, 
staying mentally, physically, and socially active—as long as possible—
will help to slow the course of mental impairment for AD sufferers.

Early Detection and Hope for a Cure
Currently, researchers are testing vaccines for AD that would target the 
patient’s immune system to destroy amyloid protein. Early study results 
show some promising outcomes of this treatment in early-stage patients. 
However, scientists believe that curing AD will require an early diagnosis 
because it’s thought that the disease may begin in the brain 15 to 20 years 
before symptoms ever develop. At present, diagnosis can’t be made with 
absolute certainty until the brain is examined at autopsy. In the future, 
cerebrospinal fluid testing may allow amyloid proteins to be detected 
before disease symptoms appear. Researchers are also developing ways 
to tag the amyloid protein with radioactive molecules, which will allow 
detection of the protein using a PET scan. (You learned about PET and 
other imaging techniques in Chapter 1.) The Medical Focus reading in 
Chapter 9 describes an eye scan technique that might allow an earlier 
diagnosis, and the What’s New reading on page XXX describes an 
exciting breakthrough in cell culture that will create new options for 
studying neurons and drug therapies in the laboratory.

Unsurpassed Clinical Coverage is evident 
all through this text. What’s New, Medical Focus, 
Begin Thinking Clinically, I.C.E.: In Case of 
Emergency, and Focus on Forensics readings and 
study aids to relate the very latest research and devel-
opments in applied aspects of anatomy and physiol-
ogy to important concepts in the text. Examples 
include “Novel Stent for the Severest Strokes,” “Brain 
in a Petri Dish: A Human Model for Alzheimer 
Research,” “Improvements in Transfusion Technology,” 
“Necrotizing Fasciitis,” and “Influenza: A Constant 
Threat of Pandemic.” The Focus on Forensics and 
I.C.E.: In Case of Emergency readings engage stu-
dents in real-life scenarios that challenge them to use, 
and expand upon, their recently acquired knowledge.

Limbic System
The limbic system (illustrated in purple in the following figure) 
is a collection of structures from both the cerebrum and the dien-
cephalon. It lies just inferior to the cerebral cortex and contains 
neural pathways that connect portions of the cerebral cortex and 
the temporal lobes with the thalamus and the hypothalamus:

Stimulation of different areas of the limbic system causes the 
subject to experience rage, pain, pleasure, or sorrow. By causing 
pleasant or unpleasant feelings about experiences, the limbic sys-
tem apparently guides the individual into behavior that is likely to 
increase the chance of survival.

The limbic system is also involved in learning and memory. 
In particular, the most inferior structure of the limbic system, 
the hippocampus, is vital in processing of short-term memory 
to become long-term memory. Learning requires memory, and 
memory is stored in the sensory regions of the cerebrum, but 
just what permits memory development is not definitely known. 
The involvement of the limbic system in memory explains why 
emotionally charged events result in our most vivid memories. 
The fact that the limbic system communicates with the sen-
sory areas for touch, smell, vision, and so forth accounts for the 
 ability of any particular sensory stimulus to awaken a complex 
memory.

The Cerebellum
The cerebellum is separated from the brain stem by the 
fourth ventricle (see Fig. 8.8a). The cerebellum has two 
hemispheres, which are joined by a narrow median portion. 
Each portion is primarily composed of white matter, which 
in longitudinal section has a treelike pattern. Overlying the 

Brain in a Petri Dish: A Human Model for Alzheimer Research

Recently, researchers successfully developed a technique for 
creating a human study model. First, neural stem cells were geneti-
cally engineered to be immortal in cell culture (like the HeLa cells 
described in the Chapter 4 opening reading). Next, these cells were 
successfully grown in a gel medium, where they formed three-
dimensional neural networks, much like those of a human brain.  
Researchers then induced the same gene mutations found in auto-
somal dominant Alzheimer disease (ADAD). For the first time, the 
neurons grown in these cell cultures formed complex networks 
that showed the two distinct pathological changes of Alzheimer 
disease: first, amyloid plaques and then the resulting neurofibril-
lary tangles. Thus, this cell culture technique has created a power-
ful new research tool: a working reproduction of an “Alzheimer 
brain” in a petri dish. Scientists hope that having this replica will 
allow possible drugs for Alzheimer disease to be rapidly tested. In 
addition, this 3-D neural network “brain” could also be used to 
investigate other neurodegenerative disorders such as Parkinson’s 
disease. 

What's New

As you know from page 170, Alzheimer disease results from a 
complex biochemical process in neurons. Two proteins—the amy-
loid that causes plaques to form between neuron synapses, and the 
tau that causes neurofibrils to tangle—are known to be involved in 
the disease process. However, hundreds of questions about the pro-
cess remain. Why do some people form the proteins, but show no 
signs of disease? Does plaque formation cause tangle formation? 
Do the proteins themselves cause the disease symptoms, or do they 
result when the immune system destroys damaged cells? Why do 
specific mutations always doom some people to die from the dis-
ease? Why does disease risk increase with age? To date, research 
into these and other questions has used mice equipped with human 
Alzheimer genes as the mammalian study model. However, this 
type of study has had serious limitations. Obviously, mice aren’t 
humans. The animal brains grow amyloid plaques, but not the 
resulting neurofibrillary tangles seen in human brains. Further, 
experimental drugs that cured mice failed to show any benefits in 
humans. 

hypothalamus

hippocampus

amygdala

olfactory bulb
and tract

thalamus
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Alzheimer cell protein is another possible avenue for research. At this 
time, only five drugs are accepted for disease treatment. One category, 
cholinesterase inhibitors (Aricept®, Razadyne
works at neuron synapses in the brain, slowing the activity of the enzyme 
that breaks down acetylcholine (ACh). Allowing ACh to accumulate in 
synapses keeps memory pathways in the brain functional for a longer 
period of time. The newest drug, memantine (Namenda
toxicity: the tendency of diseased neurons to self-destruct. This medica
tion is used only in moderately to severely affected patients. Using the 
drug allows neurons involved in memory pathways to survive longer in 
affected patients. However, it’s important to note that neither category of 
medication cures AD. Both merely slow the progress of disease symp
toms, allowing the patient to function independently for a longer period 
of time. Additional research is currently underway to test the effective
ness of anticholesterol statin drugs, as well as anti-inflammatory medica
tions, in slowing the progress of the disease. 

Much of current research on AD focuses on prevention. Early findings 
have shown that risk factors for cardiovascular disease—heart attacks and 
stroke—also contribute to an increased incidence of AD. These include 
elevated blood cholesterol and blood pressure, smoking, obesity, seden
tary lifestyle, and diabetes mellitus (see Chapter 12). Low-level infection 
caused by gum disease has also been shown to increase the probability of 
developing heart disease, and by extension, Alzheimer disease. Thus, 
evidence suggests that a lifestyle tailored for good cardiovascular health 
may also prevent AD. Slight changes in diet may also lessen the threat of 
developing AD: boosting vitamins B and D, eating fatty fish such as 
salmon, and drinking coffee. Further, younger people must try to prevent 
blows to the head. It’s been shown that head injuries (such as those expe

white matter is a thin layer of gray matter that forms a series of 
complex folds.

The cerebellum receives sensory input from the eyes, ears, 
joints, and muscles about the present position of body parts. 
It also receives motor output from the cerebral cortex about 
where these parts should be located. After integrating this in-
formation, the  cerebellum sends motor signals by way of the 
brain stem to the skeletal muscles. In this way, the cerebel-
lum maintains posture and balance. It also ensures that all of 
the muscles work together to produce smooth, coordinated 
 voluntary movements. In addition, the cerebellum assists the 
learning of new motor skills, such as playing the piano or hit-
ting a baseball.

The Brain Stem
The brain stem is the structure that joins the upper brain re-
gions to the spinal cord. The brain stem contains the mid-
brain, the pons, and the medulla oblongata (see Fig. 8.8a). 
Running through all of these structures is a web of gray matter 
called the reticular formation. The midbrain acts as a relay 
station for tracts passing between the cerebrum and the spi-
nal cord or cerebellum. It also has reflex centers for visual, 

auditory, and tactile responses. These include centers that con-
trol head movements in response to visual and auditory stim-
uli (for example, when you turn your head in the direction of 
a loud sound). The word pons means “bridge” in Latin, and 
true to its name, the pons contains bundles of axons traveling 
between the cerebellum and the rest of the CNS. In addition, the  
pons functions with the medulla oblongata to regulate breath-
ing rate.

The medulla oblongata contains a number of reflex cen-
ters for regulating heartbeat, breathing, and vasoconstriction. 
It also contains the reflex centers for vomiting, coughing, 
sneezing, hiccupping, and swallowing. The medulla oblongata 
lies just superior to the spinal cord, and it contains tracts that 
ascend or descend between the spinal cord and higher brain 
centers. 

The entire brain stem is critically important for control of the 
parasympathetic division of the autonomic motor nervous system. 
Cranial nerves whose neuron cell bodies are found in this area 
travel to the eyes, facial glands, and internal organs in both the 
thorax and abdominopelvic regions. 

The reticular formation assists the cerebellum in main-
taining muscle tone; it also assists the pons and medulla in regu-
lating  respiration, heart rate, and blood pressure. The sensory 

Traumatic Brain Injury

I.C.E. — IN CASE OF EMERGENCY

Patients who have had a concussion should always be examined 
by an emergency room physician to rule out a critical injury. Before 
first responders transport the person to the hospital, they should 
quickly assess whether the patient is alert and able to respond to per-
son, place, and time—in the language of the emergency room, “ori-
ented times three.” The individual should be able to identify himself 
(person), tell where he is (place), and correctly name the day of the 
week (time). Next, the victim’s pupillary reflex is tested to ensure that 
both pupils react similarly and quickly in response to light. Emergency 
care providers and family members must be aware of the signs of brain 
damage: severe headache, nausea and vomiting, slow heartbeat and 
breathing rate, and decreasing consciousness. In babies and small chil-
dren, the early signs of TBI include crying inconsolably and refusal to 
nurse or eat. In these situations, immediate medical and surgical treat-
ment will hopefully lessen or prevent brain damage.

Athletes (and their parents and coaches) must be aware that no con-
cussion should be considered minor; each is a traumatic brain injury. Fur-
ther, repeated concussions in young people can result in permanent brain 
damage and predispose the victim to neurodegenerative diseases, includ-
ing Alzheimer and Parkinson’s disease. Under no circumstances should an 
athlete be returned to play in that day’s game following a concussion.

In March 2009, Natasha Richardson, actress and wife of actor Liam 
Neeson, lost consciousness while she was on the beginner slope of a 
Montreal ski resort, after a seemingly minor fall. After regaining con-
sciousness, she insisted that she was fine, even turning away EMS per-
sonnel. However, she complained of a severe headache hours later, and 
her condition rapidly deteriorated. After being declared brain dead, 
Richardson died in a New York hospital two days later.

Richardson’s accident focused attention on the need for immedi-
ate medical attention when a traumatic brain injury (TBI) is suspected. 
Traumatic brain injuries cause swelling of the brain and meninges, 
which reduces blood supply to the brain. Concussion is often the first 
symptom of TBI. Patients who suffer a concussion become dizzy, con-
fused or disoriented, suffer short-term memory loss, or lose conscious-
ness. Bleeding inside the brain or skull, called hematoma, or bruising 
of the brain, called a contusion, may follow concussion. These are 
life-threatening and often fatal injuries that may not be immediately 
evident, but develop in the hours to days after the initial loss of con-
sciousness. In Ms. Richardson’s case, her fall resulted in an epidural 
hematoma: bleeding between the skull and dura mater. Had she re-
ceived prompt medical treatment, the hematoma could have been sur-
gically repaired.
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rienced by football players) can increase the risk of developing AD in 
later life 19-fold. Wearing seat belts and helmets and taking steps to pre-
vent falls are commonsense, easy ways to prevent head injury. Finally, 
staying mentally, physically, and socially active—as long as possible—

Currently, researchers are testing vaccines for AD that would target the 
patient’s immune system to destroy amyloid protein. Early study results 
show some promising outcomes of this treatment in early-stage patients. 
However, scientists believe that curing AD will require an early diagnosis 
because it’s thought that the disease may begin in the brain 15 to 20 years 
before symptoms ever develop. At present, diagnosis can’t be made with 
absolute certainty until the brain is examined at autopsy. In the future, 
cerebrospinal fluid testing may allow amyloid proteins to be detected 
before disease symptoms appear. Researchers are also developing ways 
to tag the amyloid protein with radioactive molecules, which will allow 
detection of the protein using a PET scan. (You learned about PET and 
other imaging techniques in Chapter 1.) The Medical Focus reading in 
Chapter 9 describes an eye scan technique that might allow an earlier 
diagnosis, and the What’s New reading on page XXX describes an 
exciting breakthrough in cell culture that will create new options for 

salmon, and drinking coffee. Further, younger people must try to prevent 
blows to the head. It’s been shown that head injuries (such as those expe-

which extends from each middle ear to the nasopharynx (area at 
the back of the throat, which joins the nasal cavity), allows us to 
equalize air pressure. Chewing gum, yawning, and swallowing in 
elevators and on airplanes help to move air through the auditory 
tubes upon ascent and descent. As this occurs, we often hear our 
ears “pop.”

The inner ear lies in the bony labyrinth, a delicately carved 
cavity within the temporal bone of the skull. Lining the bone is 
a tube of tissue called the membranous labyrinth. Two distinct 
fluids are found in the inner ear: The space between the bony 
labyrinth and the membranous labyrinth contains perilymph (a 
fluid similar to cerebrospinal fluid) and the membranous laby-
rinth is filled with endolymph. The inner ear is divided into three 
areas: the semicircular canals, the vestibule, and the cochlea. The 
semicircular canals and the vestibule are both concerned with 
equilibrium and the cochlea is involved with hearing. The cochlea 
resembles the shell of a snail because it spirals.

Sound Pathway
Sound waves pass through the auditory canal and middle ear to the 
cochlea in the inner ear, which transforms them into nerve signals 
conducted in the auditory nerve to the brain.

Through the Auditory Canal and Middle Ear The process of 
hearing begins when sound waves enter the auditory canal. Just as 
ripples travel across the surface of a pond, sound waves travel by 
the successive vibrations of air molecules. Sound waves do not 
usually carry much energy, but when a large number of waves 
strike the tympanic membrane, it moves back and forth (vibrates) 
ever so slightly. The malleus then vibrates from the pressure wave 
from the inner surface of the tympanic membrane, in turn vibrating 
the incus and then the stapes. The slight pressure wave is multiplied 

 9.4  Sense of Hearing
 10. Detail the anatomy of the ear, and give a function of each part.
 11. Describe the sensory receptors for hearing and their mechanism 

of action.

The ear has two sensory functions: hearing and equilibrium (bal-
ance). The sensory receptors for both of these are located in the inner 
ear, and each consists of hair cells with stereocilia (long micro-
villi) that are sensitive to mechanical stimulation. The hair cells are 
mechanoreceptors, which respond to pressure or body movement.

Anatomy and Physiology of the Ear
Figure 9.12 shows that the ear has three divisions: outer, middle, 
and inner. The outer ear consists of the pinna (external flap) and 
the external auditory canal. The opening of the auditory canal is 
lined with fine hairs and sweat glands. Modified sweat glands are 
located in the upper wall of the canal. There, they secrete cerumen, 
or earwax, a substance that helps guard the ear against the entrance 
of foreign materials, such as air pollutants.

The middle ear is carved into the temporal bone of the 
skull. It begins at the tympanic membrane (eardrum). Three 
tiny bones, collectively called the auditory ossicles, are found in 
the middle ear. Individually, they are the malleus (hammer), the 
 incus (anvil), and the stapes (stirrup) because their shapes re-
semble these objects. The malleus attaches to the tympanic mem-
brane, then forms a joint with the incus. In turn, the incus then 
connects to the stapes. The stapes fastens to the oval  window—a 
small, membrane-covered opening in the bone of the inner ear. 
Another, even smaller membrane, the round  window, is also 
located in this bone. The round window helps to diminish pres-
sure waves in the inner ear. An auditory tube (Eustachian tube), 

It’s one of the fastest-growing epidemics in children in North 
America, and the fifteenth-leading cause of death to young children—
child abuse. Approximately 1,600 American children die every year 
at the hands of a parent or other caregiver, and 75% of those fatalities 
occur in children four years old or younger. In babies up to a year old, 
the leading cause of child abuse death is a phenomenon called “shaken 
baby syndrome,” or SBS. As the name implies, the affected infant has 
been shaken violently by a caregiver. As little as 5 seconds of violent 
shaking can permanently injure or kill a baby.

Shaking an infant produces the same effect as whiplash in an 
adult because an infant’s head is very large in proportion to the rest of 
its body and the neck muscles are weak. However, in the infant the 
whiplash effect occurs over and over. Like an adult whiplash injury, a 
shaken baby’s brain slams back and forth inside the skull. This 
extreme force damages nerve tissue and tears delicate blood vessels 
throughout the brain and in the eyes.

One key to making a correct diagnosis of SBS is a retinal exam. 
The retina is a highly vascular tissue with a complex system of blood 
vessels. A healthy retina shows distinct blood vessels in a lacy net-
work. The retina of an infant with SBS shows irregular, blotchy areas 
of hemorrhaged blood. Evidence of retinal hemorrhage should 
always lead to suspicion of abuse—this injury does not occur in a 
typical accidental fall.

Studies of adult abusers have shown that child abuse is rarely 
premeditated; the adult simply loses control while trying to stop a 
particular behavior, such as excessive crying. Because adult caregiv-
ers routinely deny involvement in a child’s injury, health-care workers 
must be vigilant and observant to detect and stop SBS. Unexplained 
drowsiness, unconciousness, or seizures in an infant should always be 
investigated with an eye exam, using eye drops to dilate the pupil and 
examine the retina.

It’s one of the fastest-growing epidemics in children in North 

Retinal Hemorrhage in Shaken Baby Syndrome

F O C U S  o n  F O R E N S I C S
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Each chapter contains updated and improved line art and new, 
more current photos. Images from McGraw-Hill Education’s 
award-winning interactive learning software, Anatomy and Phys-
iology REVEALED®, have been incorporated throughout the text.

All information regarding signs, symptoms, diagnosis, and 
treatment of disease has been carefully investigated using Up To 
Date®, a professional peer-reviewed overview of current research in 
each respective field. This service is utilized throughout the nation 
by many universities and hospitals, including the Mayo Clinic.

Each section of a chapter ends with a Content Check-Up!
to test student knowledge. In response to reviewer requests, 
selected Content Check-Up! questions throughout the chapters 
have been replaced with higher-level questions requiring critical 
thinking and assimilation of ideas.

Chapter 1:
∙ Updated Medical Focus: Imaging the Body to include latest 

technologies used for imaging, including functional magnetic 
resonance imaging and diffusion tensor imaging.

Chapter 2:
∙ New chapter opener about toxins as medication, with new 

photographs.
∙ Updated Medical Focus: Prions: Malicious Proteins? to 

incorporate latest diagnostic technology.
∙ Updated Medical Focus: The Deadly Effects of High-Level 

Radiation to contain current information regarding the 
effects of radiation on cell-cell junctions.

∙ In response to reviewer commentary: revised explanations 
for mass number; low levels of radiation; atomic structure, 
ionization, buffers.

∙ Based on heat map analysis, revised discussion of dehydration 
reaction, cation and anion structure, disaccharides, glycogen 
storage, phospholipid cell membrane structure, protein 
function.

Chapter 3:
∙ Based on heat map analysis: revised description of chromatin 

and chromosomes, simple diffusion.

Chapter 4:
∙ Updated What’s New: Targeting the Traitor Inside, which 

now features the most current available information 
regarding cancer therapies.

∙ New Reading: What’s New: 3-D Printing to Create 
Complex Tissues.

∙ Updated the story of Henrietta Lacks, the subject of the 
chapter introduction. Her gravesite has recently been located, 
and after many decades has been permanently identified with 
an appropriate grave marker.

∙ Based on heat map analysis, revised description of epithelial 
tissues to make it more complete.

Chapter 5:
∙ New chapter opener, featuring new photos.
∙ Per reviewer request, relocated and revised the section on 

Functions of the Skin.
∙ Completely revised sections on homeostasis to improve 

readability.
∙ Based on heat map analysis, revised description of sebaceous 

gland function.
∙ Based on heat map analysis, revised descriptions of 

temperature regulation.

Chapter 6:
∙ New artwork throughout, incorporating multiple images from 

Anatomy and Physiology REVEALED®.
∙ Updated Medical Focus: Osteoporosis to reflect state-of-

the-art knowledge about medical research in the field.
∙ Reviewed current findings on causes and therapies to update 

Medical Focus: Oh, My Aching Back—Options for Back 
Injuries.

∙ Based on heat map analysis, revised description of lacunae 
and canaliculi.

∙ Based on heat map analysis, revised description of transverse 
foramina.

Chapter 7:
∙ Completely reworked Figure 7.6.
∙ Researched current findings and professional recommendations 

to overhaul Medical Focus: Benefits of Exercise. The article 
features a table of practical, real-world recommendations about 
incorporating exercise into daily living.

∙ Based on reviewer feedback, updated discussion of all-or-
none law, recruitment, muscle tone.

∙ Based on reviewer feedback, updated discussion of twitch, 
tetanus, fatigue.

Changes to This Edition

xiv
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∙ Based on heat map analysis, revised description of the 
neuromuscular junction.

∙ Based on heat map analysis, revised discussion of myosin 
power stroke.

Chapter 8:
∙ Updated articles: Medical Focus: Research on Alzheimer 

Disease, and In Case of Emergency: Traumatic Brain 
Injury. Both readings now feature current research and 
recommendations from the Alzheimer’s Association and the 
American Heart Association, respectively.

∙ Two new articles added:  
What’s New: Epidural Stimulation in Spinal Cord 
Injuries: Cause for Hope What’s New: Brain in a Petri 
Dish: A Human Model for Alzheimer Research

∙ New figures added: Figure 8.4, 8.15.
∙ Based on heat map analysis, added more detail to description 

of peripheral nervous system, neuron structure, all-or-none 
property of the neuron, meninges, pia mater, ventricles, 
brainstem functions.

Chapter 9:
∙ Updated statistics for child abuse, hearing loss, and 

ototoxicity.

Chapter 10:
∙ Updated all statistics regarding diabetes mellitus.
∙ New reading: What’s New: Options for Type I Diabetics: 

The Artificial Pancreas System, Beta Cell Transplants, 
and the BioHub

∙ Updated Medical Focus: Side Effects of Anabolic 
Steroids.

∙ Based on heat map analysis, added more detail regarding 
Cushing’s syndrome, ketoacidosis.

Chapter 11:
∙ Updated What’s New: Improvements in Transfusion 

Technology to reflect new developments in this field.
∙ Based on heat map analysis, added more detail to the 

discussion of hemoglobin breakdown; positive feedback in 
blood clotting.

Chapter 12:
∙ In response to reviewer feedback: updated and revised 

discussion of intercalated disks and gap junctions.
∙ Updated Medical Focus: Arteriosclerosis, Atherosclerosis, 

and Coronary Artery Disease to contain up-to-date 
findings in diagnosis and therapy.

∙ Updated I.C.E.—IN CASE OF EMERGENCY: 
Cardiopulmonary Resuscitation and Automated External 
Defibrillation to include most current recommendations 
from the American Heart Association.

∙ New article: What’s New: Novel Stent for the Severest 
Strokes.

Chapter 13:
∙ Updated Medical Focus: AIDS Epidemic.
∙ Updated Medical Focus: Immunization: The Great 

Protector.
∙ Updated Medical Focus: Influenza: A Constant Threat of 

Pandemic.
∙ Updated What’s New: Parasite Prescription for 

Autoimmune Disease.
∙ Based on heat map analysis, added more detail about first, 

second and third lines of defense against infection, and 
antibody actions.

Chapter 14:
∙ Updated Medical Focus: The Most-Often-Asked Questions 

About Tobacco and Health to include current statistics and 
information about electronic cigarettes.

∙ Based on heat map analysis, added more detail about 
paranasal sinuses, muscles of forced expiration, respiratory 
volumes and capacities.

Chapter 15:
∙ New article: Medical Focus: Disorders of the Digestive 

Tract presents information about causes, signs and 
symptoms, and treatment of gastrointestinal disease.

∙ Revised and updated Medical Focus: Tips for Effectively 
Using Nutrition Labels.

∙ Researched and incorporated information about the most 
current pharmaceutical treatments for obesity.

xv
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∙ Researched and incorporated the latest statistics regarding 
obesity rates in the United States.

∙ Based on heat map analysis, improved explanations about 
salivary enzymes and lysozyme and anatomy of the 
esophagus.

Chapter 16:
∙ New chapter opener, featuring a fascinating historical account 

of the first renal dialysis machine and its developer.
∙ Based on reviewer request, included a section on lifetime 

renal function.
∙ In response to reviewer feedback, added greater detail 

regarding the two types of nephrons and the juxtaglomerular 
apparatus.

Chapter 17:
∙ In response to reviewer feedback, added more details to the 

explanation of the process of meiosis.
∙ Researched and updated diagnostic criteria for ovarian 

cancer, incorporating findings and recommendations by the 
American Cancer Society.

∙ Thorough review and revision of all information regarding 
contraceptive methods available in the United States, 
including statistics about success/failure rates and health 
precautions for each one.

∙ Incorporated up-to-date descriptions of the proper techniques 
for breast and testicular self-examination, using information 
from the American Cancer Society.

∙ Investigated newest research regarding endocrine-disrupting 
contaminants, and included novel recommendations from the 
United States Environmental Protection Agency (EPA).

∙ Revised information regarding causes and treatment of 
infertility to include contemporary findings and 
recommendations.

Chapter 18:
∙ Updated information regarding prevention of birth defects, 

utilizing information from the March of Dimes U.S.A.©

∙ Based on reviewer recommendation, revised description of 
implantation and the basis for a positive pregnancy test.

Chapter 19:
∙ NEW article: What’s New: A Profound Dilemma: 

Bioengineered Babies.
∙ Added information about cell-free DNA analysis to the 

explanation of karyotyping.
∙ Revised Medical Focus: Preimplantation Genetic Studies 

to include information regarding polar body testing.
∙ Updated statistics for Focus on Forensics: The Innocence 

Project.
∙ Incorporated information about DNA repair into the section 

on Gene Therapy.

xvi
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McGraw-Hill Education Teaching and 
Learning Tools

Ph.I.L.S. 4.0 has been updat-
ed! Users have requested and we 
are providing five new exercises 
(Respiratory Quotient, Weight & 
Contraction, Insulin and Glucose 
Tolerance, Blood Typing, and Anti-
Diuretic Hormone). Ph.I.L.S. 4.0 is 
the perfect way to reinforce key 
physiology concepts with powerful 
lab experiments. Created by Dr. 
Phil Stephens at Villanova 
University, this program offers 42 
laboratory simulations that may be 
used to supplement or substitute 

for wet labs. All 42 labs are self-contained experiments—no 
lengthy instruction manual required. Users can adjust variables, 
view outcomes, make predictions, draw conclusions, and print 
lab reports. This easy-to-use software offers the flexibility to 
change the parameters of the lab experiment. There is no limit!

LearnSmart® Prep is an adaptive learning tool that prepares 
students for college-level work in Anatomy & Physiology. Prep for 
Anatomy & Physiology now comes standard to students with 
Connect. The tool individually identifies concepts the student does 
not fully understand and provides learning resources to teach 
essential concepts so he or she enters the classroom prepared. Data-
driven reports highlight areas where students are struggling, help-
ing to accurately identify weak areas.

Anatomy & Physiology REVEALED® is now Mobile! 
Also, available in Cat and Fetal Pig versions.

xvii
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Required=Results

®

McGraw-Hill Connect®   

Learn Without Limits
Connect is a teaching and learning platform that is 
proven to deliver better results for students and 
instructors. 

Connect empowers students by continually adapting 
to deliver precisely what they need, when they need 
it, and how they need it, so your class time is more 
engaging and effective.

Mobile

Connect Insight®
 

Connect Insight is Connect’s new one-of-a-kind visual analytics 
dashboard—now available for both instructors and students—
that provides at-a-glance information regarding student 
performance, which is immediately actionable. By presenting assignment, 
assessment, and topical performance results together with a time metric that is 
easily visible for aggregate or individual results, Connect Insight gives the user 
the ability to take a just-in-time approach to teaching and learning, which was 
never before available. Connect Insight presents data that empowers students 
and helps instructors improve class performance in a way that is efficient and 
effective.

88% of instructors who use Connect 
require it; instructor satisfaction increases 

by 38% when Connect is required.

Students can view  
their results for any 

Connect course.

Analytics

Using Connect improves passing rates  
by 10.8% and retention by 16.4%.

Connect’s new, intuitive mobile interface gives students and instructors 
flexible and convenient, anytime–anywhere access to all components of 
the Connect platform.
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SmartBook® 

Proven to help students improve grades and study more 
efficiently, SmartBook contains the same content within 
the print book, but actively tailors that content to the 
needs of the individual. SmartBook’s adaptive technology 
provides precise, personalized instruction on what the 
student should do next, guiding the student to master and 
remember key concepts, targeting gaps in knowledge and 
offering customized feedback, and driving the student 
toward comprehension and retention of the subject matter. 
Available on smartphones and tablets, SmartBook puts 
learning at the student’s fingertips—anywhere, anytime.

Adaptive

Over 4 billion questions have been 
answered, making McGraw-Hill 

Education products more intelligent, 
reliable, and precise.

THE FIRST AND ONLY
ADAPTIVE READING
EXPERIENCE DESIGNED
TO TRANSFORM THE
WAY STUDENTS READ

More students earn A’s and B’s 
when they use McGraw-Hill 

Education Adaptive products.
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Learning Outcomes After you have studied this chapter, you should be able to:

PA
R

T 
I

Recognize anything familiar? The little face, chest, and hands shown here 
belong to a baby in the womb, detailed using ultrasound, one of several 

imaging techniques described on page 16. All modern imaging methods have 
evolved from simple two-dimensional X rays, invented in 1895. The three-
dimensional ultrasound procedure used to create this photo reveals structures 
with great detail and clarity. Ultrasound technology can monitor the infant’s 
development and help to ensure a safe delivery for baby and mother. It can 
even enable physicians to diagnose fetal abnormalities and treat the baby 
while still in the womb!

1.1 The Human Body
1. Define anatomy and physiology, and 

explain how they are related.
2. Describe and give examples for each 

level of organization of the body.

1.2 Anatomical Terms
3. Use anatomical terms to describe 

the relative positions of the body 
parts, the regions of the body, and 
the planes that can be used to 
section the body. 

1.3 Body Cavities and Membranes
4. List the cavities of the body, and 

state their locations.
5. Name the organs located in each of 

the body cavities.
6. Name the membranes that line each 

body cavity, and the membranes that 
cover the organs. 

1.4 Organ Systems
7. List the organ systems of the body, 

and state the major organs 
associated with each.

8. Describe in general the functions of 
each organ system.

1.5 Homeostasis
9. Describe how a feedback system 

maintains homeostasis.
10.  Describe the role of each body 

system in the maintenance of 
homeostasis.

Medical Focus
Meningitis and Serositis
Imaging the Body

1 Organization of the Body

1
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acids join to form macromolecules called proteins. Different pro-
teins make up the bulk of our muscles.

Macromolecules compose the cellular organelles, which are 
found within all cells. Organelles are tiny structures that perform 
cellular functions. For example, the organelle called the nucleus 
acts as a “control center” by directing cellular activity. Another 
organelle, called the mitochondrion, supplies the cell with energy. 
Cells are the basic units of living things.

Tissues are the next level of organization. A tissue is com-
posed of similar types of cells and performs a specific function. 
An organ is composed of several types of tissues and performs 
a particular function within an organ system. For example, the 
stomach is an organ that is a part of the digestive system. It has a 
specific role in this system, whose overall function is to supply the 
body with the nutrients needed for growth and repair. The other 
systems of the body (see pages 12–15) also have specific functions.

All of the body systems together make up the organism—for 
 example, a human being. Human beings are complex animals, but this 
complexity can be broken down and studied at ever simpler levels. 
Each simpler level is organized and constructed in a particular way.

A

T

A

T

C

G
G

C

atom

molecule

macromolecule

organelle

cell

tissue

organ

organism

organ system

Figure 1.1 Levels of organization of the human body. Each level is more complex than the previous level.

Content CHECK UP!

1. Which would an anatomy student be studying: the structural 
organization of the skin, or functions of the skin?

2. Groups of organs are organized into _____.

3. Cells contain small structures called _____ that each perform 
a specific function.

Answers in Appendix A.

1.1  The Human Body
 1. Define anatomy and physiology, and explain how they are related.

 2. Describe and give examples for each level of organization of the body.

Anatomy and physiology both involve the study of the human body. 
Anatomy is concerned with the structure of a part, as well as its 
relationship with other structures. For example, the stomach is a 
J-shaped, pouchlike organ, found between the esophagus and the 
small intestine, two other digestive system structures (Fig. 1.1). The 
stomach wall has thick folds, which disappear as the stomach  expands 
to increase its capacity. Physiology is concerned with a body part’s 
function, both individually and as a component of an entire system. 
For example, the stomach receives food from the esophagus, tempo-
rarily stores it and secretes digestive juices, then passes on partially 
digested food to the small intestine. Signals from the nervous system 
and the endocrine, or hormone system, direct stomach activities.

Anatomy and physiology are closely connected because the struc-
ture of an organ suits its function. For example, the stomach’s pouch-
like shape and ability to expand are well-suited to its function of storing 
food. In addition, the microscopic structure of the stomach wall is suit-
able to its secretion of digestive juices, as we will see in Chapter 15.

The Body's Organization Levels
The structure of the body can be studied at different levels of orga-
nization (Fig. 1.1). Initially, all substances, including body parts, 
are composed of chemicals made up of submicroscopic particles 
called atoms. Atoms join to form molecules, which can in turn join 
to form macromolecules. For example, molecules called amino 

2 PART I Human Organization
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Directional Terms
Directional terms are used to describe the location of one body part 
in relation to another (Fig. 1.2):

Anterior (ventral)—a body part is located toward the front. The 
windpipe (trachea) is anterior to the esophagus.

Posterior (dorsal)—a body part is located toward the back. The 
heart is posterior to the sternum (breastbone).

Superior—a body part is located above another part, or toward 
the head. The face is superior to the neck.

Inferior—a body part is below another part, or toward the feet. 
The navel is inferior to the chin.

Medial—a body part is nearer than another part to an imaginary mid-
line of the body. The bridge of the nose is medial to the eyes.

superior

inferior

medial

lateral

proximal

distal

superficial

deep

posterior
(dorsal)

anterior
(ventral)

ipsilateral contralateral

 Figure 1.2 Directional terms. Directional terms tell us where body parts are located with reference to the body in 
anatomical position.

1.2  Anatomical Terms
 3. Use anatomical terms to describe the relative positions of the body 

parts, the regions of the body, and the planes that can be used to 
section the body.

Certain terms are used to describe the location of body parts, 
regions of the body, and imaginary planes that can be used to sec-
tion the body. You should become familiar with these terms before 
your study of anatomy and physiology begins. Anatomical terms 
are useful only if everyone has in mind the same position of the 
body and is using the same reference points. Therefore, we will 
assume that the body is in the anatomical position: standing erect, 
with face forward, arms at the sides, and palms and toes directed 
forward, as illustrated in Figure 1.2.

Chapter 1 Organization of the Body 3
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Lateral—a body part is farther away from the midline. The eyes 
are lateral to the nose.

Proximal—a body part is closer to a specific point of origin or 
attachment, or closer to the trunk of the entire body. For 
example, if the point of attachment is the shoulder, it is 
correct to say the elbow is proximal to the hand.

Distal—a body part is farther from a specific point of origin or 
attachment, or farther from the trunk of the entire body. For 
example, if the point of attachment is the hip, it is correct to 
say the foot is distal to the knee.

Superficial (external)—a body part is located closer to the 
surface than another. The skin is superficial to the 
muscles.

Deep (internal)—a body part is located farther from the surface 
than another. The intestines are deep to the spine.

Central—a body part is situated at the center of the body or an 
organ. The central nervous system is centrally located along 
the main axis of the body.

Peripheral—a body part is situated away from the center of the 
body or an organ. The peripheral nervous system is located 
outside the central nervous system.

Ipsilateral—a body part is on the same side of the body as an-
other body part. The right hand is ipsilateral to the right foot.

Contralateral—a body part is on the opposite side of the body from 
another body part. The right hand is contralateral to the left hand.

Regions of the Body
The human body can be divided into axial and appendicular por-
tions. The axial portion includes the head, neck, spinal column, 
and ribs. The trunk can be divided into the thorax, abdomen, and 
pelvis. The pelvis is that part of the trunk associated with the 
hips. The appendicular portion of the human body includes the 
limbs—that is, the upper limbs and the lower limbs.

The human body is further divided as shown in Figure 1.3. The 
labels in Figure 1.3 don’t include the word “region.” It is understood 
that you will supply the word region in each case. The anatomi-
cal term for each region is followed by the common name for that 
 region. For example, the cephalic region is commonly called the head.

Notice that the upper limb includes (among other parts) the 
brachial region (arm) and the antebrachial region (forearm). Simi-
larly, the lower limb includes the femoral region (thigh), the crural 

cranial 
(surrounding the brain)

auricular, otic (ear) occipital (back of head)

deltoid
(shoulder)thoracic

vertebral
(spinal
column)

brachial (arm)

abdominal

antebrachial

manus
(hand)

cubital,
olecranal
(elbow) lumbar

(lower back)
sacral

gluteal
(buttock)
dorsum
of the
hand

perineal (rectum, anus)femoral (thigh)

popliteal (back of knee)

sural (calf)

calcaneal (heel)
plantar (sole of foot)

cephalic (head)
frontal (forehead)
orbital (eye cavity)
buccal (cheek)
mental (chin)

sternal (sternum)
pectoral (chest)

inguinal (groin)coxal (hip)

pubic, genital
(reproductive organs)

pelvic

nasal (nose)

ophthalmic (eye)

oral (mouth)
cervical (neck)

acromial,
deltoid (shoulder)

axillary (armpit) mammary (breast)

brachial (arm)

antecubital
(front of elbow) abdominal (abdomen)

umbilical (navel)
antebrachial
(forearm)

carpal (wrist)

palmar (palm)

digital (finger)

femoral (thigh)

patellar (kneecap)

crural (leg)

     pes, pedal (foot)

tarsal (ankle)
dorsum of the foot
digital (toe)

a. Anterior view b. Posterior view         

 Figure 1.3 Terms for body parts and areas. (a) Anterior. (b) Posterior.
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 Content CHECK-UP!

4. Choose the correct directional term and finish the sentence:  
The chin is _______ to the navel.

5. If you point to your cheek, what region of the body are you 
identifying?

6. Suppose a CT scan creates images showing transverse sec-
tions of the head in a migraine headache patient. Are these 
horizontal or vertical images?

Answers in Appendix A.

region (leg), and the pedal region (foot). In other words, contrary 
to common usage, the terms arm and leg refer only to a part of the 
upper limb and lower limb, respectively.

Most likely, it will take practice to learn the terms in Figure 1.3, 
but you’ll be glad you did. Try pointing to various regions of your 
own body and see if you can give the scientific name for that 
region. Check your answer against the figure.

Planes and Sections of the Body
To observe the structure of an internal body part, it is customary 
to section (cut) the body along a plane. A plane is an imaginary 
flat surface passing through the body. The body is customarily 
sectioned along the following planes (Fig. 1.4):

A sagittal (median) plane extends lengthwise and divides the 
body into right and left portions. A midsagittal plane passes 
exactly through the midline of the body. The head and  
neck are shown in a midsagittal section (Fig. 1.4a). Sagittal 
cuts that are not along the midline are called parasagittal 
(paramedian) sections.

A frontal (coronal) plane also extends lengthwise, but it is 
perpendicular to a sagittal plane and divides the body or an 
organ into anterior and posterior portions. Here, the knee 
joint is shown in frontal section (Fig. 1.4b).

A transverse (horizontal) plane is perpendicular to the body’s 
long axis and therefore divides the body horizontally to 
produce a cross section. A transverse cut divides the body 
or an organ into superior and inferior portions. Figure 1.4c 
is a transverse section of abdomen at the level of the 
umbilicus (navel).

The terms longitudinal section and cross section are often 
applied to individual body parts that have been removed and cut 
either lengthwise or straight across, respectively.

b. A section along a frontal
plane

c. A section along a transverse
plane

a. A section along the
median plane

Transverse
(horizontal)
plane

Frontal
(coronal)
plane

Parasagittal
plane

Median
(midsagittal)
plane

 Figure 1.4 Body planes and sections. Observation of internal parts requires sectioning the body along various planes.
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brain; (2) the vertebral canal, enclosed by vertebrae, contains the 
spinal cord (Fig. 1.5a).

The posterior body cavity is lined by three membranous 
layers collectively called the meninges (sing., men´inx). The 
innermost, or deepest, of the meninges is tightly bound to the 
surface of the brain and the spinal cord. The space between this 
layer and the next layer is filled with cerebrospinal fluid. Cere-
brospinal fluid supports and nourishes the brain and the spinal 
cord and enables their cells to transmit electrical signals. In the 
skull, the most superficial of the three meninges lies directly 
under the skull bone. In the  vertebral column, the  outermost 
meninx is deep to a layer of fat and connective tissue, as you’ll 
see in Chapter 8.

posterior
(dorsal) body
cavity

anterior
(ventral)

body
cavity

abdominopelvic
cavity

cranial 
cavity:
contains brain

vertebral 
canal:
contains
spinal cord

diaphragm

spinal cord

thoracic
cavity:
contains heart, 
lungs, and 
esophagus

abdominal
cavity:
contains stomach, 
liver, spleen, 
pancreas,
gallbladder,
and intestines

pelvic
cavity:
contains
reproductive
and other 
organs

a.

thoracic cavity:
contains esophagus,
heart, and lungs

pleural cavity

pericardial cavity

mediastinum

parietal
pleura

parietal
pericardium

parietal
peritoneum

b.

abdominal cavity:
contains digestive 
and other organs

pelvic cavity:
contains
reproductive and
other organs

abdominopelvic
cavity

 Figure 1.5 The two major body cavities and their subdivisions. (a) Left lateral view (b) Frontal view.

1.3  Body Cavities and Membranes
 4. List the cavities of the body, and state their locations.
 5. Name the organs located in each of the body cavities.

 6. Name the membranes that line each body cavity, and the 
membranes that cover the organs. 

During embryonic development, the body is first divided into two 
internal cavities: the posterior (dorsal) body cavity and the anterior 
(ventral) body cavity. Each of these major cavities is then subdi-
vided into smaller cavities. The cavities, as well as the organs in the 
cavities (called the viscera), are lined by membranes.

Posterior (Dorsal) Body Cavity
The posterior body cavity is subdivided into two parts: (1) The 
cranial cavity, enclosed by the bony cranium, contains the 
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Anterior (Ventral) Body Cavity
The large anterior body cavity is subdivided into the superior thoracic 
cavity and the inferior abdominopelvic cavity (Fig. 1.5a). A muscu-
lar partition called the diaphragm separates the two cavities. Mem-
branes that line these cavities are called serous membranes because 
they  secrete a fluid that is similar to blood serum. Serum is the fluid 
that remains if all of the clotting proteins are removed from the blood. 
Serous fluid between the smooth serous membranes reduces friction 
when the viscera rub against each other or against the body wall.

To understand the relationship among serous membranes, the 
outer body wall, and an organ, consider the following example: 
Imagine a soft, pliable balloon (the serous membrane) filled with 
a small amount of fluid (serous fluid). The balloon sits inside a 
container (the inner body wall), tightly pressed to all sides of the 
container. An organ (the lung, for example) is pushed into this bal-
loon and is then covered by the balloon (Fig. 1.6). As a result, two 
layers of serous membrane are created, separated from each other 
by the serous fluid. The balloon’s outermost layer (lining the inner 
body wall) is termed the parietal serous membrane. The inner 
layer covering the organ is the visceral serous membrane. Thus, 
the parietal membrane is a cavity lining, and the visceral mem-
brane is an organ covering. Inflammation of the serous membrane 
or infection of the serous fluid in the body cavities causes serious 
and potentially fatal illness (see Medical Focus, p. 9).

Thoracic Cavity
The thoracic cavity is enclosed by the rib cage and has three por-
tions: the left, right, and medial portions. The medial portion, 
called the mediastinum, contains the heart, thymus gland, trachea, 
esophagus, and other structures (Fig. 1.5b).

The right and left portions of the thoracic cavity contain the 
lungs. The lung tissue is covered by a serous membrane—the 
visceral pleura. The parietal pleura lines the thoracic cavity. In be-
tween these two pleurae is the pleural cavity, which contains a small 
amount of pleural fluid. Similarly, in the medial thoracic cavity, the 

heart is covered by the visceral pericardium. The  visceral pericar-
dium contributes to the outermost connective  tissue layer of the heart. 
Forming a tough connective tissue sac around the heart is the fibrous 
pericardium, whose inner lining is the parietal pericardium. To-
gether, these structures create the   pericardial cavity. The heart, 
inside its visceral pericardial sac, is separated from the outer parietal 
pericardium by a small amount of pericardial fluid.

Abdominopelvic Cavity
The abdominopelvic cavity has two portions: the superior 
abdominal cavity and the inferior pelvic cavity. The stomach, 
liver, spleen, gallbladder, and most of the small and large intestines 
are in the abdominal cavity. The pelvic cavity contains the rectum, 
the urinary bladder, the internal reproductive organs, and the rest of 
the large intestine. Males have an external extension of the abdomi-
nal wall, called the scrotum, where the testes are located.

Many of the organs of the abdominopelvic cavity are covered 
by the visceral peritoneum, whereas the wall of the abdominal 
cavity is lined with the parietal peritoneum. Peritoneal fluid fills 
the cavity between the visceral and parietal peritoneum. Table 1.1 
summarizes our discussion of body cavities and membranes.

inner balloon wall
(visceral serous
membrane)

body cavity filled 
with serous fluid

body wall

outer balloon wall
(parietal serous
membrane)

 Figure 1.6 Relationship between the body wall, 
serous membranes, and organs.

Name of Cavity Contents of Cavity Membranes

POSTERIOR BODY CAVITY

Cranial cavity
Vertebral canal

Brain
Spinal cord

Meninges
Meninges

ANTERIOR BODY CAVITY

Thoracic Cavity

Pleural cavity
Pericardial cavity

Abdominopelvic Cavity

Abdominal cavity
Pelvic cavity

Lungs, serous fluid
Heart, serous fluid

Stomach, intestines, liver
Reproductive organs, urinary 

bladder, rectum

Parietal Membrane

Parietal pleura
Fibrous pericardium and  

parietal pericardium

Parietal peritoneum
Parietal peritoneum

Visceral Membrane

Visceral pleura
Visceral pericardium  

(epicardium)

Visceral peritoneum
Visceral peritoneum

TABLE 1.1 Body Cavities and Membranes
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It’s important that clinicians use the same terminology to 
reference various regions of the abdominopelvic cavity. Either 
of two systems can be used. The first uses nine regions (imag-
ine a “tic-tac-toe” grid, with the umbilicus [navel] in the center 
square). The upper regions are right hypochondriac, epigastric, 
and left hypochondriac. The center regions are right lumbar, 
umbilical, and left lumbar. The lower regions are right inguinal 
(iliac), pubic, and left inguinal (iliac) (Fig. 1.7a). Note that 
the terms used are those for each body area, as illustrated in 
Figure 1.3.

Alternatively, the abdominopelvic cavity can be divided into 
four quadrants by running a horizontal plane across the median 
plane at the point of the navel (Fig. 1.7b).

 Content CHECK-UP!

7. Match each of the serous membranes to its function.

parietal pleura ______ A. covers the heart

visceral pericardium ______ B.  lines walls of right and left 
portions of thoracic cavity

visceral peritoneum ______ C. covers the abdominal organs

8. Pleurisy refers to infection or inflammation of the pleurae. You 
might expect a common symptom of pleurisy to be ______.

Answers in Appendix A.

 1.4  Organ Systems
 7. List the organ systems of the body, and state the major organs asso-

ciated with each.
 8. Describe in general the functions of each organ system.

The organs of the body work together in systems. The reference 
figures found on pages 14 and 15 summarize the functions of each 
of these systems. Corresponding figures that complete each organ 
system chapter show how that particular system interacts with all 
the other systems. In this text, the  organ systems of the body have 
been divided into four categories, as discussed next.

Support, Movement, and Protection
The integumentary system, discussed in Chapter 5, includes the 
skin and accessory organs, such as the hair, nails, sweat glands, and 
sebaceous glands. The skin protects underlying tissues, prevents 

liver

stomach

small intestine

urinary bladder

epigastric 
region

umbilical 
region

left 
lumbar 
region

right
iliac 

region
hypogastric

region

left 
iliac 

region

right 
lumbar 
region

right 
hypochondriac 

region

left 
hypochondriac 

region

right upper
quadrant (RUQ)

right lower
quadrant (RLQ)

left upper
quadrant (LUQ)

left lower
quadrant (LLQ)

a. Abdominopelvic regions b. Abdominopelvic quadrants

 Figure 1.7 The abdominopelvic cavity. The abdominopelvic cavity can be subdivided into (a) nine regions or (b) four quadrants.

Physicians commonly use these quadrants to identify the 
locations of patients’ symptoms. The four quadrants are: (1) right 
upper quadrant, (2) left upper quadrant, (3) right lower quadrant, 
and (4) left lower quadrant.

Figure 1.7 compares the two methods of referencing the 
abdominopelvic region and shows the organs within each region.

Begin Thinking Clinically
Imagine that you are caring for a small child, who tells you 
that his stomach hurts. However, he points to his umbilical 
region, immediately below his navel. What organ is more 
likely the source of his pain?
Answer and discussion in Appendix A.
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MEDICAL FOCUS

The anterior and posterior body cavities are enclosed areas that are 
protected by bone, muscle, connective tissues, and skin. Inflammation of 
the membranes lining these cavities is a fairly rare, but serious, illness. If 
body defenses are overcome by bacteria, viruses, or other microbes, the 
result is a serious, potentially fatal infection and inflammation of the 
meninges (meningitis) or the serous membranes (serositis). Pleurisy, 
pericarditis, and peritonitis are all forms of serositis.

Meningitis is the term for inflammation of the meninges—
linings of the posterior body cavity that cover the brain and spinal 
cord. The most dangerous form is caused by bacteria that commonly 
inhabit the nose. In the bacterial meningitis patient, a previous viral 
infection (which may be a simple common cold) allows these bacteria 
to enter the bloodstream and infect the meninges. Symptoms of bacte-
rial meningitis include a severe headache and stiff neck, sensitivity to 
light, fever, weakness, and fatigue. Even with aggressive antibiotic 
treatment, bacterial meningitis is fatal in 25% of adults. The best treat-
ment is prevention by immunization—especially important for young 
college students living in the close quarters of a college dorm.

Meningitis and Serositis

Pleurisy is an inflammation of the pleurae—linings of the tho-
racic cavity that also cover the lungs. It is often caused by a cold virus, 
although it can signal the presence of more serious infections or even 
lung cancer. Its symptoms include chest pain that worsens with deep 
breathing, and pleural friction rub—a rough, grating sound in the chest 
that can be heard with a stethoscope placed over the painful area. Treat-
ment for pleurisy depends on its cause; most often, pleurisy that results 
from a common cold requires only pain medication such as aspirin or 
ibuprofen. Treatment for bacterial infection requires antibiotics.

Pericarditis affects the linings surrounding the heart. Like menin-
gitis, it often results from previous infections and can be extremely dan-
gerous. It is a common complication in drug abusers who use dirty needles 
for injections. Symptoms include severe chest pain (which may be mis-
taken for a heart attack), fever, and weakness. Physicians can hear pericar-

dial friction rub by placing a stethoscope over the patient’s heart. Fluid 
accumulation inside the pericardial sac surrounding the heart may inter-
fere with blood flow to and from the heart. Bacterial pericarditis is treated 
with antibiotics, pain medications, and drugs that reduce swelling.

Peritonitis affects the lining of the abdominopelvic cavity. It 
usually results from bacterial infection; a common cause of infection 
is a ruptured appendix from appendicitis. Severe pain, fever, elevated 
white blood cell counts, and tenderness are common symptoms. 
Aggressive treatment with antibiotics is necessary to prevent bacteria 
from invading the blood.

pelvic cavity

site for possible
peritonitis

diaphragm

site for possible
pericarditis

site for possible
pleurisy

 b. Coronal (frontal) view

site for possible
meningitis

diaphragm

a. Midsagittal view

Figure 1A Meningitis and serositis. (a) Meningitis is infection or inflammation of the linings of the cranial cavity and vertebral 
canal. (b) Serositis is infection or inflammation of the ventral body cavities. Pleurisy affects the pleural cavities, pericarditis affects 
the pericardial cavity, and peritonitis affects the abdominopelvic cavities.
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