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The insights gained from this experience are distilled in this thoroughly
revised sixth edition of Human Anatomy—a book that aims to address the
problems students encounter in this course.

Elaine N. Marieb

For Elaine N. Marieb, taking the student’s perspective into account has
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teaching career at Springfield College, where she taught anatomy and physi-
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Biological Science Division of Holyoke Community College after receiving
her Ph.D. in zoology from the University of Massachusetts at Amherst.
While teaching at Holyoke Community College, where many of her students
were pursuing nursing degrees, she developed a desire to better understand
the relationship between the scientific study of the human body and the clin-
ical aspects of the nursing practice. To that end, while continuing to teach
full time, Dr. Marieb pursued her nursing education, which culminated in a
Master of Science degree with a clinical specialization in gerontology from
the University of Massachusetts. It is this experience, along with stories from
the field—including those of former students now in health careers—that has
informed the development of the unique perspective and accessibility for
which her texts and laboratory manuals are known.
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challenges they face, Dr. Marieb has given generously to provide opportuni-
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college after a hiatus or attending college for the first time and would be
unable to continue with their studies without financial support. She funds the
E. N. Marieb Science Research Awards at Mount Holyoke College, which
promotes research by undergraduate science majors, and provided monies for
updating a “baby” zoology laboratory at that institution. Dr. Marieb is also a
contributor to the University of Massachusetts at Amherst, where she gener-
ously provided funding for reconstruction and instrumentation of a cutting-
edge cytology research laboratory that bears her name.
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Grasp tough topics in anatomy

NEW! Focus figures help you grasp tough topics

in anatomy by walking you through carefully developed
illustrations that use a big-picture layout and dramatic art
to provide a context for understanding the process.

FOCUS Blood Flow Through the Heart

FIGURE 19.10
P> Oxygen-poor blood enters the right side of the

heart and is pumped to the lungs where gas e S . . . Overview provides a quick
exchange occurs. Oxygen-rich blood returns to .

the left side of the heart and is pumped to the summary of the key idea of
body tissues. Il Oxygen-ich biood the figure.

. Oixygen-poor blood

Tricuspid Pulmenary
Right valve Right semilunar valve Pulmonary
atrium ventricle trunk

Pulmonary
semilunar
valve
Oxygen-poor blood Two pulmonary arteries
To heart | returns from the body carry the blood to the To lungs
tissues back to the heart. lungs (pulmonary circuit)
to be oxygenated.

PUIMONATY g eesnss Explanatory text walks
you through the process
step-by-step.

To body | Oxygen-rich blood is Oxygen-rich blood returns | To heart
delivered to the body to the heart via the four
tissues (systemic circuit). pulmonary veins,

veins
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Visualize structures

NEW! Stunning 3-D anatomy art

is rendered in a dramatically more dynamic,
realistic style with vibrant, saturated colors to
help you visualize key anatomical structures.

EXPANDED! More cadaver photos

side-by-side with illustrations.
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FIGURE 24.1 Organs of the urinary system. (a) Anterior view of the urinary organs
in a female. (b) Dissection of a view similar to (a) in a male. (See A Brief Atlas of the
Human Body, Second Edition, Figure 70.)

EXPANDED! More clinical photos

showing medical disorders.

(a) Scoliosis (b) Kyphosis (c) Lordosis

FIGURE 7.27 Abnormal spinal curvatures.
T
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438 Chapter 14 The Periphersl Nervous System

sensory information to sensory newrons, Free perve endings
monitor most ypes of general swnsory information (such as

touch, pain, pressure, temp and  propriocep
wheneas specialized receptor cells monitor most types of special
sensary information (Easte, vision, hearing. and equilibrium),
Sensory receplors may also be classified according 1o lo-
‘e cation, the type of stimulus they detect, and their strocture.
The mext sections examine these different classification
'-_ schemes in tum,

’-,Flessificetion by Location

Sansory receptors are divided into three classes based either
onTbgir location in the body or the location of the stimuli 1o
whichehey respond,

L h'm:wn (ks ter-o-sep'long) are sensitive 1o stin-
ulli arisifg outside the body, Accordingly, most exterocep-
tors are ktgted at or near the body surface and include
receptons forwgeh, pressure, pain, and temperatare in the
skin undnmuxcpmnm the special sense organs.

2 {in"ter-0-sep'torz), also called viscemeep
Tors. receive stimuli from the internal viscera, such as the
digestive lube, bladder, and lungs. Different

hair movement)

monitor a variety of stimuli. including changes in chemical
concentration, taste stimuli, the stretching of tissues, and
temperature. Their activation causes us 1o feel visceral
pain, nausea, hunger, or fullness,

3, Proprioceptors are located in the musculoskeletal or-
gans such as skeletal muscles. wendons. joints. and liga-
ments, Recall that rioceplors monitor the degree of

Word roots listed on the inside back
cover will help you learn the special
vocabulary of anatomy.

prory organs and send input on

[INS (see p, 3501,

Word Roots, Prefixes, Suffixes, timulus Detected

and Combining Forms hsory receptors is by the kinds of
ate them,

pond 10 mechanical forces such
th. vibrations, and itch. One type
lled a baroreceptor, monitors

| 10 temperature changes.
pd 10 chemacals in solution {such
pmelled) and to changes in blood

¢ respond 1o light.
torz) respond to harmful stimuli
|¢ harm).

tructure

sOry receptons is by their stnsc-
liscussed in Chaper 16, so this
peneral sensory receptors. All
plors are perve endings of sen-
uch, pressure, vibration, stretch,
rivception. Stucturally, sensory

FIGURE 14.2 Structure of free and encapsulated general
sensory receptors. Tactile cospuscles are not comman in hawry
skin but are included here for illustrative purposes.

receptors are divided into two broad groups: (1) free nerve
endings and (2) encapsidated nerve endings surmounded by a
capsule of conmective lissue, These general sensory receplors
are summarized in Table 14.1.

It is important to note that there is no perfect “one receptar-
one function” relationship. Instead. one receplor type can
respond to several differemt kinds of stimuli, and different
receptor types can respond bo similar stimuli.

Free Nerve Endings

Free nerve endings of sensory fibers invade almost all tis-
sues of the body but are panticularly abundant in epitbelia and
in the connective tissue that underlics epithelin (Figure 14.2),
These receplors respond chiefly o pain and 1emperature
{though some respond 10 fissse movements caused by pres-
sure). One way 1o characterize free nerve endings function-
ally is 1o say that they monitor the afective senses, those to
which people have an emotional response—and people cer-
tainly respond emotionally to pain!

Cenain free nerve endings contribule o epithelial tactile
complexes (Merkel dises), which lie in the epidermis of the
skin. Each consists of a disc-shaped tactile epithelial cell (see
p. 103} innervated by a sensory perve ending. These com-
plexes are slowly adapting receptors for light 1ouch; that is,
they consinue 10 respond and send out action podentials even
after a long period of continual stinulstion. Halr follicle re-
ceptors, free nerve endings that wrap around hair folliches, ane
receptors for light touch that menitor the bending of hairs.
Unlike epithelial tactibe complexes, they are rapddly sdapting,

Review what
you’'ve learned

Review questions at the end
of each chapter, including Multiple
Choice/Matching, Short Answer,
and Ciritical Thinking and Clinical
Application questions, help you
evaluate your progress.

Chapter summaries with page
references provide excellent study aids.

Answers to Check Your
Understanding, and end-of-chapter
Multiple Choice/Matching questions
can be found in Appendix B.
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1. The appendicular skeleton comsists of the pectoral and pelvic gir-

dles and the bones of the upper and kower linbs.
The Pectoral Girdle (pp. 183-185)

2. The pectoral girdles ane specialized for mobility. Each consists of
a clavicle and a scapula and attaches am upper Bink 1o the bony
thorax,

3 The clavicks hald the arms lterally away from the thorax and
transmit pushing forces from the upper limhs to the thorax.

4. Each trisngular scapuln articulaies with a clavicle and a humens.
The boeders, angles, and feansres of the scapul arc summarized in
Table 8.1 om p. 156,

The Upper Limb (pp. 184-191)

& Each upper limb consists of 30 bones and is specializeed for mobil-
ity See Table 8.1

1. The iliwm i the superior Raring part of the hip bone. Each ilum
forms @ secun: joint with the sacrum, The ischium is a curved har
of bome: when o person sits, the welght i bome by the ischial
tuberositics. The V-shaped pubic bones join antericdly at the pubic
symphysis.

12 The pelvic inlet or pelvic brim, an oval ridge that includes the

pribic crest, ascuate line of the ilism, and sacral promontory, sepa-
Faties the superior false pelvis from the inferioe s pelvis

13, The male pelvis is relutively deep and narrow, with larger, heavier

Banes: the female pelvis, which forms the berth canal, 1s compara-
tively shallower and wider (see Table 8.2, p. 195).

The Lower Limb (pp. 194-201)
14,

. The lower limh consists af the thigh. leg, and food, and is special-
el for weight bearing and Jocomotion, Sce Tabke 8.3, p, 196, for
a sammary,

. The long, thick Femur is the anly bose f the thigh. his hall-shaped
bl articuslates with the acetabubum.

16, The bones of the leg are the tibia (which participates in both the
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Preface

he general philosophy behind this Sixth Edition of
Human Anatomy remains the same as in the
previous editions. As an instructor, you know that
teaching anatomy is not just the presentation of facts. You
must provide information in a framework that encourages
genuine understanding, devise new presentations to help
students remember large amounts of material, and help
students apply what they have learned to new situations. All
the while you hope that you inspire in the students a love of
the subject.
After many years of teaching human anatomy, we
became convinced that new approaches to the subject

could excite and challenge the students’ natural curiosity.
That is why we decided to write this book. We are fortunate
to have collaborated with Pearson Benjamin Cummings, a
publisher that shares our goal: to set a new standard for
pedagogical and visual effectiveness in an anatomy text.

This book is designed for one-semester or
one-quarter introductory anatomy courses that serve
students in prenursing, premedical, pre-physical therapy,
radiological technology, physician assistant training,
predentistry, pharmacy, and other allied-health fields, as well
as physical education, athletic training, and nutrition.

Unique Approach to Anatomy

Since its inception, we have worked diligently to distinguish
Human Anatomy from the many other anatomy books cur-
rently available. This book explains anatomy thoroughly, and
its discussions are not merely brief summaries of the art. We
have striven to present the basic concepts of anatomy—
gross, microscopic, developmental, and clinical—in a man-
ner that is clearly written, effectively organized, up to date,
and well illustrated. We realize that learning anatomy
involves assimilating gargantuan amounts of material, and
we have tried to make our presentation as logical and acces-
sible as possible. To this end, we present anatomy as a
“story” that can be explained and understood—convincing
the students that the structure of the body makes sense.

Although descriptive gross anatomy is a relatively static
science, knowledge is growing quickly in the subfields of
functional anatomy, neuroanatomy, developmental anato-
my, and the functional aspects of tissue and cellular
anatomy. This text strives to keep up with the knowledge
explosion in these subfields and to present anatomy in a
way that allows modern biology students, whose training is
becoming ever more molecular and cellular, to anchor their
biochemical and medical training in the physical context of
the human body.

Functional Approach

We strongly emphasize the functional anatomy theme,
giving careful consideration to the adaptive characteristics
of the anatomical structures of the body. Wherever possible,
we explain how the shape and composition of the anato-
mical structures allow them to perform their functions.
Such functional anatomy is not physiology (which focuses on
biological mechanisms), but is more akin to “design
analysis.” This approach is unique for a text at this level.

X

Microscopic Anatomy

We have worked to provide an especially effective treatment
of microscopic anatomy. Many undergraduate texts treat
histology as a specialized and minor subfield that takes a back
seat to gross anatomy. This is unfortunate, because most
physiological and disease processes take place at the cell and
tissue level, and most allied-health students require a solid
background in histology and subcellular structure to prepare
them for their physiology courses.

Embryology

Our text is designed to present embryology in the most
effective and logical way. We are convinced that the
fundamentals should be presented early in the text, before the
more advanced discussions of the developing organ systems in
the relevant chapters. Therefore, we wrote Chapter 3 as a
basic introduction to embryology. Because a comprehensive
presentation of embryology early in the book could be
intimidating to some students, we have used a “velvet glove
approach,” providing only the most important concepts in a
concise, understandable way, and visually reinforced with
exceptionally clear art.

Life Span Approach

Most chapters in this book close with a “Throughout Life"”
section that first summarizes the embryonic development of
organs of the system and then examines how these organs
change across one’s life span. Diseases particularly common
during certain periods of life are pointed out, and effects of
aging are considered. The implications of aging are
particularly important to students in the health-related
curricula because many of their patients will be in the senior

age group.
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Helpful Presentation
of Terminology

The complex terminology of anatomy is one of the most
difficult aspects of the subject to make interesting and
accessible. To this end, we highlight important terms in
boldfaced type, and we provide the pronunciations of more
terms than do many competing texts. Also, we include the
Latin or Greek translations of almost every term at the point
where the term is introduced in the text. This promotes
learning by showing students that difficult terms have
simple, logical derivations. The anatomical terms used in this
text are consistent with the terms accepted by the
International Federation of Associations of Anatomists
(IFAA). Clinical terminology is also presented in the Related
Clinical Terms section found at the conclusion of most
chapters. A helpful glossary and pronunciation guide is
located at the end of the text. For this edition, we have
doubled the length of our comprehensive list of word roots
and suffixes, found on the end papers of the book.

NEW TO THE SIXTH EDITION

The Sixth Edition represents a monumental revision with an
entirely new art program and text presentation that build
upon the hallmark strengths of the previous five editions.
With every edition, our goal is powerful but simple—to
make anatomy as visually engaging, accessible, and relevant
as possible for both you and your students. The changes to
the Sixth Edition are all driven by the needs of today's
students, as we seek to make the learning of key concepts in
anatomy as easy as possible for them. Key concepts are
important because of the overwhelming amount of material
in this course. Mastering this material gives students an
anchor and structure for managing this wealth of
information. Below are the ways in which we've revised the
Sixth Edition to make this book the most accessible on the
market for today’s student, followed by a detailed list of
specific chapter-by-chapter content changes.

A Whole New Art Program

Flipping through the Sixth Edition, you can see that our new
art is dynamic, three-dimensional, and realistic, with dramat-
ic views and perspectives that use vibrant, saturated colors.
We targeted critical figures in anatomy and worked closely
with the artistic team on making these figures
superior in rendering and in conveying the key pedagogical
information and structures that students need to learn from
the figure, striking a perfect balance between realism and
teaching effectiveness.

We've also added a new feature called Focus Figures
that are one- to two-page spreads that teach key concepts
in anatomy that students have trouble visualizing and under-
standing. These key figures do a superior job of conveying

these difficult topics by presenting tough-to-visualize infor-
mation in an easy-to-follow layout and presentation.

We've added a wealth of new cadaver photos to help
students better see and learn structures of the human body,
especially in side-by-side layouts with illustrations.

We've also expanded our photos of clinical disorders.
Many of these new photos are listed below. This Sixth
Edition features all-new surface anatomy photos showing
superb muscle definition and clear surface landmarks for
skeletal, muscular, and vascular structures.

We also revised and reconceptualized many of the
process figures in the book to make them easier to follow
and to learn from. Where appropriate we have added blue
step text that serves as our author voice guiding students
step-by-step through complex processes. The blue text
clearly separates the process steps from the labels, making
the figures easy to navigate.

Improved Text Presentation
and Organization

New text features also serve to focus students on key
concepts. We have integrated the student objectives to fall
within the chapter, giving students a preview in smaller
chunks of what they are expected to learn in a given section.
We've also added new Check Your Understanding questions
that ask students to stop, think, and check their
understanding of key concepts at the end of major sections.
These changes along with a brand-new design make the
book easier than ever to study from and navigate. These
changes make the text easier for students to manage as
they face the challenging amount of information in this
course. We have moved Chapter 25, The Endocrine System,
from the end of the book to directly follow Chapter 16,
The Special Senses.

Chapter-by-Chapter Changes

Chapter 1 The Human Body: An Orientation

¢ New photo of a mammogram showing a tumor
(Figure 1.10)

¢ New photo of a CT scan through the abdomen and
new photo of a CT scan machine (Figure 1.11)

Chapter 2 Cells: The Living Units
New Figure 2.3: Membrane transport mechanisms

e New Figure 2.4: The three types of endocytosis,
covers phagocytosis, pinocytosis, and
receptor-mediated endocytosis

e New electron micrographs of smooth and rough ER
(Figure 2.6), Golgi apparatus (Figure 2.7), and a
mitochondrion (Figure 2.10)

e Three new freeze-fracture transmission electron
micrographs: surface of nuclear envelope, nuclear
pore complexes, and nuclear lamina (Figure 2.13)

* New Focus Figure 2.17: Focus on Mitosis

xi
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Chapter 3 Basic Embryology
¢ New Clinical Application on neural tube defects,
covering spinal bifida and anencephaly

Chapter 4 Tissues

¢ New photomicrographs of goblet cell (Figure 4.4)
and smooth muscle (Figure 4.12c)

¢ New photo of a colon polyp (A Closer Look box)

Chapter 5 The Integumentary System

¢ New photomicrograph showing the four major
epidermal layers (Figure 5.3)

¢ New Figure 5.5: The two regions of the dermis,
with one micrograph and two SEMs

* New Figure 5.6: Dermal modifications, with SEM
of epidermal ridges

¢ New photos: a partial- and full- thickness burns
(Figure 5.10)

Chapter 6 Bones and Skeletal Tissues

* New Figure 6.2: Types of cartilage tissue, with three
new photomicrographs: hyaline cartilage, elastic
cartilage, and fibrocartilage

¢ New photomicrograph of spongy bone (Figure 6.5)

* New SEM of cross section of an osteon included
in figure on compact bone (Figure 6.7)

¢ New photomicrograph showing growth of a long
bone (Figure 6.12)

Chapter 7 Bones, Part 1: The Axial Skeleton
New Figure 7.2: Cranial and facial divisions and
fossae

* New Figure 7.3: Major cavities of the skull, frontal
section

e New photo of lateral aspect of the skull, side-by-side
with illustration (Figure 7.4)

e New photo of anterior view of skull, side-by-side with
illustration (Figure 7.6)

e New photo of floor of the cranial cavity, side-by-side
with illustration (Figure 7.9)

* New CT scans added side-by-side with illustrations
showing anterior and sagittal view of the paranasal
sinuses (Figure 7.15)

e New Figure 7.27: Abnormal spinal curvatures, with
photos of scoliosis, kyphosis, and lordosis

Chapter 8 Bones, Part 2:

The Appendicular Skeleton
New Figure 8.7: Carpal tunnel, showing MRI

* New X ray showing fracture of tibia and fibula
(Figure 8.11)

* New X ray of medial aspect of the foot added (Figure
8.13)

e New Figure 8.14: Congenital disorders of the lower
limb, showing club foot, and X rays of normal and
dysplasic hip

Chapter 9 Joints
New Figure 9.4: Dissection of the knee, cadaver
photo

e New Focus Figure 9.8: Focus on Types of Synovial
Joints

e New Figure 9.19: Arthroscopic photograph of a torn
medial meniscus

e New Figure 9.20: Osteoarthritis of the knee, with two
X rays comparing normal and osteoarthritic knee, and
X ray of knee with replacement prosthesis

xii

Chapter 10 Skeletal Muscle Tissue

e New Figure 10.12: Duchenne muscular dystrophy,
comparing cross-sectional micrographs for normal
skeletal muscle and Duchenne muscular dystrophy

e New Figure 10.13: Formation of multinucleate skeletal
muscle fiber by fusion of myoblasts, with blue step text

Chapter 11 Muscles of the Body
New Focus Figure 11.5: Focus on Muscle Actions and
Interactions

* New cadaver photo side-by-side with illustration of
superficial and deep thoracic muscles added to Figure
11.16: Superficial muscles of the anterior and posteri-
or thorax and shoulder acting on the scapula and arm

e New Figure 11.20: Cadaver photo of cross section
through the proximal forearm

e New cadaver photo side-by-side with illustration
added to Figure 11.23: Posterior muscles of the right
hip and thigh

e New Figure 11.24: Cadaver photo of cross section
through the mid-thigh

e All new surface anatomy photos (Figures 11.29-11.40)

Chapter 12 Fundamentals of the Nervous

System and Nervous Tissue

e New illustrated Table 12.1: Types of Sensory and
Motor Fibers of the PNS

e New illustrated Table 12.2: Comparison of Structural
Classes of Neurons

e New Figure 12.3: Schematic of levels of organization
in the nervous system

* New photomicrograph of longitudinal section of a
nerve (Figure 12.8)

e New Figure 12.10: Cross section through the spinal
cord

e New Focus Figure 12.13: Focus on Neuronal
Organization

e New Figure 12.14: Multiple sclerosis, showing an MRI
of patient with MS

Chapter 13 The Central Nervous System
New Clinical Application on amyotrophic lateral
sclerosis

e New photo of ventral view of the brain (Figure 13.10)

¢ New cadaver photo of the brain stem and dien-
cephalon, side-by-side with illustration (Figure 13.11)

¢ New cadaver photo of midsagittal section of the
cerebellum, side-by-side with illustration (Figure
13.13)

* New cadaver photo of midsagittal section of the
brain, side-by-side with illustration (Figure 13.14)

e New Figure 13.15: Nuclei of the thalamus and
hypothalamus

¢ New photo of the left lateral view of the brain
(Figure 13.16)

e New Figure 13.21: Auditory pathways to multimodal
association areas

e New cadaver photo of parasaggital of brain, side-by-
side with illustration (Figure 13.22)

Chapter 14 The Peripheral Nervous System
e Formina highlighted in blue in the cranial nerve table
e New Figure 14.6: The functional components of a
spinal nerve
e New Focus Figure 14.10: Innervation of the
Upper Limb
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New Focus Figure 14.15: Innervation of the
Lower Limb
New photo of iron lungs for A Closer Look box

Chapter 15 The Autonomic Nervous
System and Visceral Sensory Neurons

New Figure 15.2: Comparison of somatic and
autonomic nervous systems

New Figure 15.6: Sympathetic trunk, showing
three pathways

New Figure 15.11: Baroreceptor reflex

Chapter 16 The Special Senses

New Clinical Application on focusing disorders
Blue step text added to Figure 16.11: Anterior seg-
ment of the eye and circulation of aqueous humor
Blue step text added to Figure 16.21: Role of the
cochlea in hearing

New SEM of a crista ampullaris (Figure 16.23)

Chapter 17 The Endocrine System

New Table 17.1: Pituitary Hormones: Summary of
Regulation and Effects, with illustrations

New Figure 17.2: Three types of endocrine gland
stimuli, compares humoral, neural, and hormonal
stimuli

New Figure 17.4: Relationships of the pituitary gland
and hypothalamus

New Figure 17.8: Stress and the adrenal gland, com-
pares short-term and long-term stress

Chapter 18 Blood

New Clinical Application on abnormal numbers of
immature blood cells

Chapter 19 The Heart

New Focus Figure 19.6: Focus on Blood Flow Through
the Heart

New photomicrograph of cardiac muscle in Figure
19.12: Microscopic anatomy of cardiac muscle

Chapter 20 Blood Vessels

New Table 20.1: Summary of Blood Vessel Anatomy,
with illustrations

New photomicrograph showing an artery and vein

in Figure 20.1: General structure of arteries, veins,
and capillaries

New light micrograph of red blood cells passing
through a capillary (Figure 20.3)

New cadaver photo of superficial veins of the upper
limb, side-by-side with surface anatomy photo (Figure
20.19)

New cadaver photo of veins of the right lower limb,
side-by-side with illustration (Figure 20.22)

New Figure 20.23: Sixty-four-slice CT angiogram of an
abdominal aortic aneurysm.

Chapter 21 The Lymphatic
and Immune Systems

New Figure 21.1: Distribution and special features of
lymphatic capillaries

New cadaver photo of the thymus side-by-side with
photomicrograph (Figure 21.9)

Chapter 22 The Respiratory System

New Clinical Application on tracheotomy
New Figure 22.4: Nasal conchae and paranasal sinus-
es, with cadaver frontal section through the face

e New SEM of cilia in the trachea (Figure 22.7)
e New SEM of pulmonary capillary casts (Figure 22.10)
e New cadaver photo of the thoracic cavity and new

cadaver cross section through the thorax (Figure 2.11)
New Figure 22.15: Ventilation
New Figure 22.18: The pathogenesis of COPD

Chapter 23 The Digestive System

New Clinical Applications on impacted tooth

and peptic ulcers

New Table 23.2: Overview of the Functions of the
Gastrointestinal Organs, with illustrations and four
new photomicrographs showing histology of the
mucosa

New cadaver photo of the mesenteries of the
abdominal digestive organs (Figure 23.6)

New photomicrograph of cross section through
the small intestine (Figure 23.7)

New photomicrographs of longitudinal and circular
layers of smooth muscle (Figure 23.8)

New X ray of the mouth of a child of 7 years showing
permanent teeth forming (Figure 23.13)

New cadaver photo of the external aspect of the
stomach (Figure 23.17)

New photomicrograph of small intestine mucosa,
showing villi (Figure 23.20)

New photomicrograph of the normal lobular pattern
of the liver (Figure 23.26)

New photomicrograph of the exocrine acinar cells
of the pancreas (Figure 23.27)

New Figure 23.28: Peptic ulcers, with two new
photos, a gastric ulcer lesion and H. pylori bacteria

Chapter 24 The Urinary System

New side-by-side of cadaver photo with illustration
of the organs of the urinary system (Figure 24.1)
New cadaver photo of the internal anatomy of the
kidney, side-by-side with illustration (Figure 24.3)
New illustration showing blood vessels of the kidney
(Figure 24.4)

New photomicrograph of renal cortical tissue
(Figure 24.8)

New pyelogram showing ureters, kidneys, and
bladder (Figure 24.11)

New Figure 24.13 showing the position of the urinary
bladder in reference to the pelvic organs

Chapter 25 The Reproductive System

New SEM of seminiferous tubule (Figure 25.9)

New SEM of mature sperm (Figure 25.10)

New photomicrograph of the endometrium and its
blood supply (Figure 25.16)

New Figure 25.17 showing the ovarian cycle with six
new photomicrographs showing stages of follicular
development

New Figure 25.23 showing fertilization with micro-
graph of an oocyte side-by-side with illustration
New photo of microscopic view of implantation of
blastocyst (Figure 25.24)

New Figure 25.28 with three photos showing mam-
mogram procedure, film of a normal breast and film
of a breast with tumor.

xiii



Supplements for the Instructor

NEW! Instructor Resource DVD

(0-321-65130-8)

This media tool organizes all instructor media resources by chapter into
one convenient package that allows you to easily and quickly pull together
a lecture and to show animations, including brand-new A&P Flix, from your
PowerPoint® presentations. The IRDVD contains:

0 AP FLIX  eervvveeeeerrrreeeeeireeeeeeisreeeeeessssaeeseasssseesasssssesesassssessassssssesesssssssesssssseeesnnnnn
Full 3-D, movie-quality animations of key anatomical actions and move-
ments invigorate classroom lectures. These animations cover origins,
insertions, actions, and innervations of over 65 individual muscles as
well as group muscle actions and joint movements. These animations
can be launched directly from your PowerPoint presentations.

Note: these animations are available on the myA&P™ companion
website with gradable quizzes.

« All art, photos, and tables from the book in JPEG and ~ ==ssseeeerresseessseeeeeeeeees >
PowerPoint format, including Label-Edit Art with editable leaders and
labels and Step-Edit Art that walks through multistep figures step-by-
step. All photos from A Brief Atlas of the Human Body, Second Edition
are also available.

1. Opon the Label Edit At PPT 2. Soloct the label andior leader 3. Modify tho text andior delete
e for the chapter. ¥ou want to delete or modify. the leader and labal.

 Instructor Resource Guide

« Test Bank

* Quiz Show Game chapter reviews that encourage
student interaction

Fibrosed area

Fingerprints are coples of

« Active Lecture Questions (for use with or without clickers ) that

stimulate effective classroom discussions and check comprehension ................ B 5. dermal papilas
b. epidermal papillae
- - . dermal ridges
« IRDVD includes Practice Anatomy Lab 2.0 Instructor . opidormal idgos

Resource DVD with Updated Test Bank This DVD includes
everything you need to present and assign PAL 2.0 in your lecture and
lab. Whether it's used for lecture presentation, pre-lab assignments, or
testing, this invaluable resource makes it easy for you to use PAL 2.0 to
fit your course.

NEW! IRDVD with Test Bank for Practice Anatomy Lab 3.0 available with Media Update

(see inside front cover for details.) The IRDVD includes images in PowerPoint with editable labels and
leader lines, labeled and unlabeled images in JPEG and PowerPoint format, JPEGs with single structure highlight
and leader for quizzing and testing, and PowerPoint image slides featuring embedded links to relevant 3D anatomy
animations and bone rotations. Test Bank includes more than 4000 multiple-choice quiz and fill-in-the-blank lab
practical questions available in PDF and TestGen format.

Xiv
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MasteringA&PTM is an online learning and
assessment system proven to help students learn. It helps
instructors maximize lab time with customizable, easy-to-
assign, automatically graded assessments that motivate
students to learn outside of class and arrive prepared for lab.

» Get Ready for A&P, Second Edition helps stu-
dents prepare for the course through Pre-Tests, Post-
Tests with Study Plans, tutorials, animations, activities,
and an integrated Pearson eText.

e Chapter-specific resources include Chapter Quizzes and
brand new Chapter Practice Tests; Games and Activities,
featuring Art Labeling Exercises, Memory Games, and
Crossword Puzzles; Histology, Bone, and Muscle
Reviews; Flashcards; a Glossary; and more!

» Practice Anatomy Lab™ 3.0 is an indispensable
virtual anatomy practice tool that gives students 24/7
access to the most widely used lab specimens (includes
self-study quizzes and gradable lab practicals). PAL 3.0
features a whole new interactive cadaver that allows
students to peel back layers of the human cadaver and
view hundreds of brand new dissection photographs
specially commissioned for version 3.0. It also features a
new interactive histology module that allows the students
to view the same tissue slide at varying magnifications,
thereby helping the student identify structures and their
characteristics. Students get more opportunity to practice
via the new question randomization feature (each time
the student retakes a quiz or lab practical a new set of
questions is generated). PAL 3.0 retains all of the key
advantages of 2.0 including the simplicity and ease-of-use
and simulated fill-in-the-blank lab practicals. PAL 3.0 is
delivered in the Study Area of MasteringA&P™ and the
PAL 3.0 Test Bank is fully assignable through MasteringA&P.

» Instructor Gradebook provides unique insight into
student and class performance, even before the first lab
exam. As a result, instructors can spend valuable lab
time where students need it most.

» Instructor Resource Section includes items
from the IRDVD, including JPEG images (labeled and
unlabeled sets), Label-Edit Art and Step-Edit Art, Active
Lecture Questions, and Quiz Show Game Questions.

Course Management

CourseCompass

This nationally hosted, dynamic, interactive online course
management system is powered by Blackboard, the
leading platform for Internet-based learning tools. This
easy-to-use and customizable program enables professors
to tailor content to meet individual course needs. Includes
all of the content from the MasteringA&P study area.

Blackboard

This open-access cartridge is loaded with rich content, in-
cluding self-study quizzes, case studies, a histology tutorial,
reference tools, and hundreds of fun crossword puzzles,
animations, and art labeling activities.

New! New assessment items in the course
management system of your choice, including
CourseCompass, Blackboard, WebCT, and others.

In addition to the Test Bank, you will now have access
to Instructor Test Item assessments for:

¢ Get Ready for A&P (Diagnostic and Cumulative Tests
and Chapter Pre- and Post-Tests).

¢ Quizzes and lab practicals from Practice Anatomy Lab™
2.0, including images and questions not available in the
student product. Instructors can modify the questions to
reflect the content they want their students to be quizzed
and tested on.

e Post-Test versions of the new Chapter Practice Tests on
the myA&P Website.

Instructor Resource Guide

(0-321-65131-6)

The Instructor Guide to the Sixth Edition of Human Anatomy
offers an innovative Teaching with Art feature that explains how
to interpret a key illustration in each chapter during lecture.
This feature also provides an art-related exercise and a visual
critical reasoning challenge for students. As before, the
Instructor Guide offers a host of useful features such as student
objectives, suggested lecture outlines, and lecture hints. Each
chapter lists the available transparencies and provides lists of
media resources, suggested readings, and classroom discus-
sion topics and activities. You will also find answers to the text's
short answer and essay questions and critical reasoning ques-
tions. Each chapter concludes with a Supplementary Student
Materials section containing study-tips pages that you may
elect to photocopy and distribute to your students.

Printed Test Bank

(0-321-65129-4)

This Test Bank has been updated with new and revised ques-
tions that cover all major topics at a range of difficulty levels.
All questions in the printed Test Bank are available in Word
and TestGen formats on the IRDVD. Both electronic options
are cross-platform and allow instructors to easily generate
and customize tests.

Transparency Acetates

(0-321-68315-3)

This package includes all illustrations, photos, and tables from
the text—approximately 800 images—with labels that have
been enlarged for easy viewing in the classroom or lecture hall.

Human Anatomy

Laboratory Manual

(0-321-66706-9)

Elaine N. Marieb’s widely used Human Anatomy Laboratory
Manual with Cat Dissections, Sixth Edition, accompanies this
text. The manual contains 30 gross anatomy and histology
exercises for all major body systems, featuring 24 cat
dissection photos. lllustrated in full color, with a convenient
spiral binding, the lab manual has an accompanying
Instructor’s Guide.
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Supplements for the Student

Practice Anatomy Lab™ 3.0 DVD

(0-321-68211-4)

practice
anatomy
lab

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

PAL 3.0 features:

o A whole new interactive cadaver that allows you to peel
back layers of the human cadaver and view hundreds of
brand new dissection photographs.

o A new interactive histology module that allows you to view
the same tissue slide at varying magpnifications, thereby
helping you identify structures and their characteristics.

° More opportunity to practice via the new question
randomization feature. Each time you retake a quiz
or lab practical a new set of questions is generated.

MasteringA&P™

Please see How to Use MasteringA&P™ for a
description (p. ix).

A Brief Atlas of the Human Body,
Second Edition (0-321-66261-x)

This full-color atlas is bundled with every new copy of the text,
and includes 107 bone and 47 soft-tissue photographs with easy-
to-read labels. This new edition of the atlas contains a brand-new,
comprehensive histology photomicrograph
section with more than 50 slides of basic tissue
and organ systems. Featuring photos taken by
renowned biomedical photographer Ralph
Hutchings, this high-quality photographic atlas
makes an excellent resource for the classroom
and laboratory, and is referenced in appropriate
figure legends throughout the text.

Get Ready for A&P, Second Edition

(0-321-55695-X)

This book and online component was created to help you be
better prepared for your A&P course. This hands-on book helps
you get up to speed in your knowledge of basic study skills, math

review, basic chemistry, cell biology,
anatomical terminology, and the human
body. Features include pre-tests, guided
explanations followed by interactive
quizzes and exercises, and end-of-
chapter cumulative tests. The online
component includes a gradable
diagnostic pre-test and post-test, self-
study quizzes with feedback, animations
and links, a glossary, and flashcards. It is
available via myA&P™.

A.D.A.M.® Interactive
Anatomy Student Package

A.D.A.M.® Interactive Anatomy Student Lab Guide,
Third Edition (0-8053-5911-7)

A.D.A.M.® Interactive Anatomy Student Package,
Third Edition, with Windows DVD (0-8053-7232-6)
or Windows CD-ROM (0-8053-9574-1)

AD.AM.® Interactive Anatomy (AlA), version 4.0, is available
packaged with Lafferty and Panella’s A.D.A.M.® Interactive
Anatomy Student Lab Guide, Third Edition, for a special price and
is now available on DVD as well as CD-ROM. With over 20,000
dissectible, atlas, and 3-D anatomy images, AIA also features
female and male anatomical structures, cadaver dissections, and
3-D models of the heart, skull, and lungs. Special icons appearing
within most of the end-of-chapter summaries provide specific
directions for locating related images on the A.D.A.M.® Interactive
CD-ROM. What is more, AlA-related anatomy review questions are
located at the conclusion of most chapters of the text.

Additional Supplements Available
from Benjamin Cummings

The Anatomy Coloring Book, Third Edition
By Wynn Kapit and Lawrence M. Elson

Human Cadaver Dissection Videos by Rose Leigh Vines, et al.
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2 Chapter 1

s you read this book, you will learn about a subject
Athat has fascinated people forever—their own bodies.

The study of human anatomy is not only an interest-
ing and highly personal experience, but also a timely one.
Almost every week, the news media report advances in med-
ical science. Understanding how your body is built and how it
works allows you to appreciate newly developed techniques
for detecting and treating disease and to apply guidelines for
staying healthy. If you are preparing for a career in the health
sciences, your knowledge of human anatomy is the founda-
tion of your clinical practice.

The Human Body: An Orientation

AN OVERVIEW OF ANATOMY

» Define anatomy and physiology, and describe the
subdivisions of anatomy.

» Use the meaning of word roots to aid in understanding
anatomical terminology.

» Name the levels of structural organization in the human
body, and explain their relationships.

» List the organ systems of the body, and briefly state
their functions.

» Classify the levels of structural organization in the body
according to relative and actual size.

Anatomy is the study of the structure of the human body.
It is also called morphology (mor”fol’o-je), the science of
form. An old and proud science, anatomy has been a field of
serious intellectual investigation for at least 2300 years. It
was the most prestigious biological discipline of the 1800s
and is still dynamic.

Anatomy is closely related to physiology, the study of
body function. Although you may be studying anatomy and
physiology in separate courses, the two are truly inseparable,
because structure supports function. For example, the lens of
the eye is transparent and curved; it could not perform its
function of focusing light if it were opaque and uncurved.
Similarly, the thick, long bones in our legs could not support
our weight if they were soft and thin. This textbook stresses
the closeness of the relationship between structure and func-
tion. In almost all cases, a description of the anatomy of a
body part is accompanied by an explanation of its function,
emphasizing the structural characteristics that contribute to
that function. This approach is called functional anatomy.

Branches of Anatomy

Anatomy is a broad field of science consisting of several sub-
disciplines or branches. Each branch of anatomy studies the
body’s structures in a specialized way.

Gross Anatomy

Gross anatomy (gross = large) is the study of body struc-
tures that can be examined by the naked eye—the bones,
lungs, and muscles, for example. An important technique for
studying gross anatomy is dissection (di-sek’shun; “cut
apart”), in which connective tissue is removed from between

the body organs so that the organs can be seen more clearly.
Then the organs are cut open for viewing. The term anatomy
is derived from Greek words meaning “to cut apart.”

Studies of gross anatomy can be approached in several
different ways. In regional anatomy, all structures in a single
body region, such as the abdomen or head, are examined as a
group. In systemic (sis-tem’ik) anatomy, by contrast, all the
organs with related functions are studied together. For exam-
ple, when studying the muscular system, you consider the
muscles of the entire body. The systemic approach to
anatomy is best for relating structure to function. Therefore, it
is the approach taken in most college anatomy courses and in
this book. Medical schools, however, favor regional anatomy
because many injuries and diseases involve specific body re-
gions (sprained ankle, sore throat, heart disease); further-
more, surgeons need extensive and detailed knowledge of
each body region.

Another subdivision of gross anatomy is surface
anatomy, the study of shapes and markings (called land-
marks) on the surface of the body that reveal the underlying
organs. This knowledge is used to identify the muscles that
bulge beneath the skin in weight lifters, and clinicians use it
to locate blood vessels for placing catheters, feeling pulses,
and drawing blood. Clinically useful surface landmarks are
described throughout the text in reference to the organ system
that they relate to. The end of Chapter 11 integrates the
anatomical relationships between skeletal and muscular
structures through the study of surface anatomy.

Microscopic Anatomy

Microscopic anatomy, or histology (his-tol’o-je; “tissue
study”), is the study of structures that are so small they can be
seen only with a microscope. These structures include cells
and cell parts; groups of cells, called tissues; and the micro-
scopic details of the organs of the body (stomach, spleen, and
so on). A knowledge of microscopic anatomy is important
because physiological and disease processes occur at the
cellular level.

Other Branches of Anatomy

Two branches of anatomy explore how body structures form,
grow, and mature. Developmental anatomy traces the struc-
tural changes that occur in the body throughout the life span
and the effects of aging. Embryology is the study of how
body structures form and develop before birth. A knowledge
of embryology helps you understand the complex design of
the adult human body and helps to explain birth defects,
which are anatomical abnormalities that occur during embry-
onic development and are evident after birth.

Some specialized branches of anatomy are used primarily
for medical diagnosis and scientific research. Pathological
(pah-tho-loj’i-kal) anatomy deals with the structural changes
in cells, tissues, and organs caused by disease. (Pathology
is the study of disease.) Radiographic (ra”de-o’graf’ic)
anatomy is the study of internal body structures by means of
X-ray studies and other imaging techniques (see pp. 15-19).
Functional morphology explores the functional properties of
body structures and assesses the efficiency of their design.
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Organelle

s Smooth muscle cell

@ Cellular level
Cells are made up of molecules.

Smooth muscle tissue

@ Tissue level
Tissues consist of similar types of cells.
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@ Organ level
Organs are made up of different types of tissues.

@ Organ system level
Organ systems consist of different
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@ Organismal level
The human organism is made up of many
organ systems.

FIGURE 1.1 Levels of structural complexity in the cardiovascular system.

book, and the list of word roots in the inside covers of the

Anatomical Terminology
book.*

Most anatomical terms are based on ancient Greek or Latin
words. For example, the arm is the brachium (bra’ke-um;
Greek for “arm”), and the thigh bone is the femur (fe'mer;
Latin for “thigh”). This terminology, which came into use
when Latin was the official language of science, provides a
standard nomenclature that scientists can use worldwide, no
matter what language they speak. Learning anatomical
terminology can be difficult, but this text will help you by
explaining the origins of selected terms as you encounter
them. For further help, see the Glossary in the back of the

The Hierarchy of Structural
Organization

The human body has many levels of structural complexity
(Figure 1.7). At the chemical level, atoms, the tiny building
blocks of matter, combine to form small molecules, such

*For a guide to pronunciation, see the Glossary.
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(a) Integumentary System
Forms the external body covering, and
protects deeper tissues from injury.
Synthesizes vitamin D and houses
cutaneous (pain, pressure, etc.) receptors
and sweat and oil glands.

Thyroid
gland

Thymus

Adrenal
gland

Pancreas

(d) Nervous System
As the fast-acting control system of the
body, it responds to internal and external
changes by activating appropriate
muscles and glands. cells.

(b) Skeletal System
Protects and supports body organs and
provides a framework the muscles use
to cause movement. Blood cells are
formed within bones. Bones store minerals.

=

=% A

(e) Endocrine System
Glands secrete hormones that regulate
processes such as growth, reproduction,
and nutrient use (metabolism) by body

Skeletal
muscles

(c) Muscular System
Allows manipulation of the environment,
locomotion, and facial expression.
Maintains posture and produces heat.

Pineal glan |
)

Pituitary { |

gland ’ ) \

J

Blood
vessels /

(f) Cardiovascular System
Blood vessels transport blood, which
carries oxygen, carbon dioxide,
nutrients, wastes, etc. The heart pumps
blood.

The body’s organ systems and their major functions.

as carbon dioxide (CO,) and water (H,0O), and larger
macromolecules (macro = big). Four classes of macromol-
ecules are found in the body: carbohydrates (sugars), lipids
(fats), proteins, and nucleic acids (DNA, RNA). These
macromolecules are the building blocks of the structures at
the cellular level: the cells and their functional subunits,
called cellular organelles. Cells are the smallest living things
in the body, and you have trillions of them.

The next level is the tissue level. A tissue is a group of cells
that work together to perform a common function. Only four
tissue types make up all organs of the human body: epithelial

tissue (epithelium), connective tissue, muscle tissue, and ner-
vous tissue. Each tissue plays a characteristic role in the body
(see Chapter 4). Briefly, epithelium (ep”i-the’le-um) covers the
body surface and lines its cavities; connective tissue supports
the body and protects its organs; muscle tissue provides move-
ment; and nervous tissue provides fast internal communication
by transmitting electrical impulses.

Extremely complex physiological processes occur at the
organ level. An organ is a discrete structure made up of more
than one tissue. Most organs contain all four tissues. The
liver, brain, femur, and heart are good examples. You can
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Lymphatic
vessels

Thoracic

(g9) Lymphatic System/Immunity
Picks up fluid leaked from blood vessels
and returns it to blood. Disposes
of debris in the lymphatic stream.
Houses white blood cells (lymphocytes)
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\EEY:]
cavity

Pharynx

Larynx
Trachea

Lung

(h) Respiratory System
Keeps blood constantly supplied with
oxygen and removes carbon dioxide.
The gaseous exchanges occur through
the walls of the air sacs of the lungs.

Chapter 1 The Human Body: An Orientation

Oral cavity

Esophagus

Larges
intestine

(i) Digestive System
Breaks down food into absorbable units
that enter the blood for distribution to
body cells. Indigestible foodstuffs are
eliminated as feces.

involved in immunity. The immune
response mounts the attack against
foreign substances within the body.

Mammary
glands (in
breasts)

Prostate

Urinary o °

bladder
Urethra

Testis
Scrotum

(i) Urinary System
Eliminates nitrogenous wastes from the
body. Regulates water, electrolyte and
acid-base balance of the blood.

(k) Male Reproductive System

(I) Female Reproductive System

Overall function is production of offspring. Testes produce sperm and male sex hormone,
and male ducts and glands aid in delivery of sperm to the female reproductive tract. Ovaries
produce eggs and female sex hormones. The remaining female structures serve as sites for
fertilization and development of the fetus. Mammary glands of female breasts produce

milk to nourish the newborn.

The body’s organ systems and their major functions, continued.

think of each organ in the body as a functional center respon-
sible for an activity that no other organ can perform.

Organs that work closely together to accomplish a com-
mon purpose make up an organ system, the next level. For ex-
ample, organs of the cardiovascular system—the heart and
blood vessels (Figure 1.1)—transport blood to all body tissues.
Organs of the digestive system—the mouth, esophagus, stom-
ach, intestine, and so forth—break down the food we eat so
that we can absorb the nutrients into the blood. The body’s

organ systems are the integumentary (skin), skeletal, muscu-
lar, nervous, endocrine, cardiovascular, lymphatic, immune,
respiratory, digestive, urinary, and reproductive systems.*

gives a brief overview of the organ systems and
their basic functions.

*The cardiovascular and lymphatic systems are collectively known as the circulatory system
because of their interrelated roles in circulating fluids (blood and lymph) through the body.
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The highest level of organization is the organismal
level; for example, the human organism is a whole living per-
son (see Figure 1.1). The organismal level is the result of all
of the simpler levels working in unison to sustain life.

Scale: Length, Volume, and Weight

To describe the dimensions of cells, tissues, and organs,
anatomists need a precise system of measurement. The
metric system, described in detail in Appendix A, provides
such precision. Familiarity with this system lets you under-
stand the sizes, volumes, and weights of body structures.

An important unit of length is the meter (m), which is a
little longer than a yardstick. If you are 6 feet tall, your height
is 1.83 meters. Most adults are between 1.5 and 2 meters tall.
A centimeter (cm) is a hundredth of a meter (cent =
hundred). You can visualize this length by remembering that a
nickel is about 2 cm in diameter. Many of our organs are sev-
eral centimeters in height, length, and width. A micrometer
(um) is a millionth of a meter (micro = millionth). Cells, or-
ganelles (structures found inside cells), and tissues are mea-
sured in micrometers. Human cells average about 10 um in
diameter, although they range from 5 ym to 100 wm. The
human cell with the largest diameter, the egg cell (ovum), is
about the size of the tiniest dot you could make on this page
with a pencil.

The metric system also measures volume and weight
(mass). A liter () is a volume slightly larger than a quart; soft
drinks are packaged in 1-liter and 2-liter bottles. A milliliter
(ml) is one-thousandth of a liter (milli = thousandth). A
kilogram (kg) is a mass equal to about 2.2 pounds, and a
gram (g) is a thousandth of a kilogram (kilo = thousand).

check your understanding

1. What is the difference between histology and
radiography?

2. Use the word root definitions located in the end
pages of this text to define each of the terms listed:
pathology, hepatitis, brachial, leukocyte, pneumonia.

3. Define a tissue. List the four types of tissues in the
body, and briefly state the function of each.

4. Name the organ system described in each of the
following: (a) eliminates wastes and regulates water
and ion balance; (b) fast-acting control system that
integrates body activities; (c) supplies blood with
oxygen and removes carbon dioxide.

For answers, see Appendix B.

GROSS ANATOMY:
AN INTRODUCTION

» Define the anatomical position.

» Use anatomical terminology to describe body directions,
regions, and planes.

» Describe the basic structures that humans share with
other vertebrates.

» Locate the major body cavities and their subdivisions.

» Name the nine regions and four quadrants of the
abdomen, and name the visceral organs associated with
these regions.

Regional and Directional Terms

To accurately describe the various body parts and their loca-
tions, you need to use a common visual reference point. This
reference point is the anatomical position (Figure 1.3a). In
this position, a person stands erect with feet together and eyes
forward. The palms face anteriorly with the thumbs pointed
away from the body. It is essential to learn the anatomical po-
sition because most of the directional terminology used in
anatomy refers to the body in this position. Additionally, the
terms right and left always refer to those sides belonging to
the person or cadaver being viewed—not to the right and left
sides of the viewer.

Regional terms are the names of specific body areas.
The fundamental divisions of the body are the axial and
appendicular (ap”en-dik'u-lar) regions. The axial region, so
named because it makes up the main axis of the body, con-
sists of the head, neck, and trunk. The trunk, in turn, is di-
vided into the thorax (chest), abdomen, and pelvis; the trunk
also includes the region around the anus and external genitals,
called the perineum (per”i-ne’um; “around the anus”). The
appendicular region of the body consists of the limbs,
which are also called appendages or extremities. The funda-
mental divisions of the body are subdivided into smaller re-
gions, as shown in Figure 1.3.

Standard directional terms are used by medical personnel
and anatomists to explain precisely where one body structure
lies in relation to another. For example, you could describe
the relationship between the eyebrows and the nose infor-
mally by stating, “The eyebrows are at each side of the face to
the right and left of the nose and higher than the nose.” In
anatomical terminology, this is condensed to, “The eyebrows
are lateral and superior to the nose.” Clearly, the anatomical
terminology is less wordy and confusing. The standardized
terms of direction are defined and illustrated in Table 1.7,
p- 8. Most often used are the paired terms superior/inferior,
anterior (ventral)/posterior (dorsal), medial/lateral, and
superficial/deep.

Body Planes and Sections

In the study of anatomy, the body is often sectioned (cut)
along a flat surface called a plane. The most frequently used
body planes are sagittal, frontal, and transverse planes, which
lie at right angles to one another (Figure 1.4). A section
bears the name of the plane along which it is cut. Thus, a cut
along a sagittal plane produces a sagittal section.

A frontal (coronal) plane lies vertically and divides
the body into anterior and posterior parts (Figure 1.4a).
A transverse (horizontal) plane runs horizontally from right
to left, dividing the body into superior and inferior parts
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Cephalic
Otic
Occipital (back
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Cephalic (head)
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Olecranal

Acromial
Antecubitx

Thoracic -
Sternal ) Back (dorsal)
Axillary Antebrachial Scapular
Mammary (forearm)
Carpal (wrist) Vertebral
Abdominal 1 '
Umbilical Lumbar
Manus (hand)
Pelvic Pollex Sacral
Inguinal Metacarpal
(groin) Palmar Gluteal

Digital

Lower limb
Coxal (hip)
Femoral (thigh)
Patellar

Pubic (genital)

. Thorax
- Abdomen

. Back (Dorsum)

Plantar

Tarsal (ankle)

Perineal (between
anus and external
genitalia)

Hallux

i
o

(a) Anterior/Ventral

FIGURE 1.3 Anatomic position and regional terms.

(Figure 1.4b). A transverse section is also called a cross
section. Sagittal planes (sag'i-tal; “arrow”) are vertical, like
frontal planes, but divide the body into right and left parts
(Figure 1.4c). The specific sagittal plane that lies exactly
in the midline is the median plane, or midsagittal plane.
All other sagittal planes, offset from the midline, are
parasagittal (para = near).

Cuts made along any plane that lies diagonally between
the horizontal and the vertical are called oblique sections.
Not frontal, transverse, or sagittal, such oblique sections are
difficult to interpret because the orientation of the view is not
obvious. For this reason, oblique sections are seldom used.

The ability to interpret sections through the body, espe-
cially transverse sections, is increasingly important in the
clinical sciences. New medical imaging devices described
on pp. 16-19 produce sectional images rather than three-
dimensional images. It can be difficult, however, to decipher

Popliteal
Crural (Ieg)\.
Sural (calf)
Fibular or peroneal \
Pedal (foot)
Calcaneal
Metatarsal

(b) Posterior/Dorsal

an object’s overall shape from a sectional view alone. A cross
section of a banana, for example, looks like a circle and gives no
indication of the whole banana’s crescent shape. Sometimes,
you must mentally assemble a whole series of sections to un-
derstand the true shape of an object. With practice, you will
gradually learn to relate two-dimensional sections to three-
dimensional shapes.

Anatomical Variability

You know from looking at the faces and body shapes of the
people around you that humans differ in their external
anatomy. The same kind of variability holds for internal or-
gans as well. Thus, not every structural detail described in an
anatomy book is true of all people or of all the cadavers
(dead bodies) you observe in the anatomy lab. In some bod-
ies, for example, a certain blood vessel may branch off
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@ Orientation and Directional Terms

Term Definition

Superior (cranial)

Inferior (caudal)

below

Anterior (ventral)*
in front of

Posterior (dorsal)*

Medial Toward or at the midline of the body; on

the inner side of

Lateral Away from the midline of the body; on the

outer side of

Toward the head end or upper part of a A
structure or the body; above

Away from the head end or toward the
lower part of a structure or the body;

Toward or at the front of the body;

Toward or at the back of the body; behind

==

-

the point of attachment of a limb to the

Proximal Closer to the origin of the body part or f \

body trunk

Distal Farther from the origin of a body part or
the point of attachment of a limb to the

body trunk

Superficial (external)

Deep (internal)

Ipsilateral On the same side

Contralateral On opposite sides

Toward or at the body surface

Away from the body surface; more internal

-— S~ —
-

e

*Whereas the terms ventral and anterior are synonymous in humans, this is not the case in four-
legged animals. Ventral specifically refers to the “belly” of a vertebrate animal and thus is the

inferior surface of four-legged animals. Likewise, although the dorsal and posterior surfaces are the
same in humans, the term dorsal specifically refers to an animal’s back. Thus, the dorsal surface of

four-legged animals is their superior surface.

Example

The head is superior to the abdomen.

The navel is inferior to the chin.

The breastbone is anterior to the spine.

The heart is posterior to the breastbone.

The heart is medial to the arm.

The arms are lateral to the chest.

The elbow is proximal to the wrist.

The knee is distal to the thigh.

The skin is superficial to the skeletal muscles.

The lungs are deep to the skin.

The right hand and right foot are ipsilateral.

The right hand and left foot are contralateral.
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Frontal plane—\

Median (midsagittal) plane
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% Transverse plane

(a) Frontal section (through torso) (b) Transverse section (through torso, inferior view) (c) Median section (midsagittal)

Leftand  Liver Heart Spleen Liver | Spinal cord Aorta | Pancreas Spleen Rectum Vertebral Intestines

right lungs column
Stomach Arm Subcutaneous fat layer Body wall

FIGURE 1.4 Planes of the body with corresponding magnetic resonance imaging
(MRI) scans.
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Pharyngeal
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(b) Human embryo; 5 weeks postconception

FIGURE 1.5 Basic human body plan, indicated by structures shared among all
vertebrates. The bodies are shown as semitransparent to reveal the internal organs.

higher than usual, a nerve or vessel may be somewhat “out of
place,” or a small muscle may be missing. Such minor varia-
tions are unlikely to confuse you, however, because well
over 90% of all structures present in any human body match
the textbook descriptions. Extreme anatomical variations are
seldom seen, because they are incompatible with life. For ex-
ample, no living person could be missing the blood vessels
to the brain.

The Human Body Plan

Humans belong to the group of animals called vertebrates.
This group also includes cats, rats, birds, lizards, frogs, and
fish. All vertebrates share the following basic features
(Figure 1.5):

1. Tube-within-a-tube body plan. The inner tube extends
from the mouth to the anus and includes the respiratory
and digestive organs (yellow structures in Figure 1.5).
The outer tube consists of the axial skeleton and associ-
ated axial muscles that make up the outer body wall, and
nervous structures.

Muscle segments
(myotomes)

Notochord

Muscle segments Digestive
(myotomes)

Muscle
segments
(muscles
between
ribs) — "
fo . PR Spinal
Heart f :
. Vertebrae
- === Disc
T A between

\ % vertebrae

tube

(c) Adult human

|:| Inner tube

D Dorsal hollow nerve tube
- Segmented outer tube
|:| Notochord

Bilateral symmetry. The left half of the body is essentially
a mirror image of the right half. Most body structures,
such as the right and left hands, eyes, and ovaries, occur
in pairs. Structures in the median plane are unpaired, but
they tend to have identical right and left sides (the nose is
an example).

Dorsal hollow nerve cord. All vertebrate embryos have a
hollow nerve cord running along their back in the median
plane. This cord develops into the brain and spinal cord.

Notochord and vertebrae. The notochord (no’to-kord;
“back string”) is a stiffening rod in the back just deep to
the spinal cord. In humans, a complete notochord forms
in the embryo, although most of it is quickly replaced by
the vertebrae (ver'té-bre), the bony pieces of the verte-
bral column, or backbone. Still, some of the notochord
persists throughout life as the cores of the discs between
the vertebrae (see “nucleus pulposus,” p. 169).

Segmentation. The “outer tube” of the body shows evi-
dence of segmentation. Segments are repeating units of
similar structure that run from the head along the full
length of the trunk. In humans, the ribs and the muscles
between the ribs are evidence of segmentation, as are the
many nerves branching off the spinal cord. The bony
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(contains urinary
bladder, reproductive
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(b) Anterior view

FIGURE 1.6 Dorsal and ventral body cavities and their subdivisions.

vertebral column, with its repeating vertebrae, is also
segmented.

6. Pharyngeal pouches. Humans have a pharynx (far'-
ingks), which is the throat region of the digestive and res-
piratory tube. In the embryonic stage, the human pharynx
has a set of outpocketings called pharyngeal (far-rin’je-
al) pouches that correspond to the clefts between the gills
of fish. Such pouches give rise to some structures in the
head and neck. An example is the middle ear cavity,
which runs from the eardrum to the pharynx.

Body Cavities and Membranes

Within the body are two large cavities called the dorsal and
ventral cavities (Figure 1.6). These are closed to the outside,
and each contains internal organs. Think of them as filled
cavities, like toy boxes containing toys.

Dorsal Body Cavity

The dorsal body cavity is subdivided into a cranial cavity,
which lies in the skull and encases the brain, and a vertebral
cavity, which runs through the vertebral column to enclose
the spinal cord. The hard, bony walls of this cavity protect the
contained organs.

Ventral Body Cavity

The more anterior and larger of the closed body cavities is the
ventral body cavity (see Figure 1.6). The organs it contains,

such as the lungs, heart, intestines, and kidneys, are called
visceral organs or viscera (vis'er-ah). The ventral body
cavity has two main divisions: (1) a superior thoracic cavity,
surrounded by the ribs and the muscles of the chest wall;
and (2) an inferior abdominopelvic (ab-dom”i-no-pel’vic)
cavity surrounded by the abdominal walls and pelvic girdle.
The thoracic and abdominal cavities are separated from each
other by the diaphragm, a dome-shaped muscle used in
breathing.

The thoracic cavity has three parts: (a) two lateral parts,
each containing a lung surrounded by a pleural cavity (ploo’
ral; “the side, a rib”), and (b) a central band of organs called
the mediastinum (me” de-ah-sti’'num; “in the middle”). The
mediastinum contains the heart surrounded by a pericardial
(per”i-kar’de-al; “around the heart”) cavity. It also houses
other major thoracic organs, such as the esophagus and tra-
chea (windpipe).

The abdominopelvic cavity is divided into two parts. The
superior part, called the abdominal cavity, contains the liver,
stomach, kidneys, and other organs. The inferior part, or
pelvic cavity, contains the bladder, some reproductive or-
gans, and the rectum. These two parts are continuous with
each other, not separated by any muscular or membranous
partition. Many organs in the abdominopelvic cavity are sur-
rounded by a peritoneal (per”i-to-ne’al) cavity.
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(d) Model of the serous membranes and serous cavity

FIGURE 1.7 The serous cavities and their associated membranes.

Serous Cavities

The previous section mentioned the pleural cavity around the
lung, the pericardial cavity around the heart, and the
peritoneal cavity around the viscera in the abdominopelvic
cavity. As shown in Figure 1.7, each of these serous cavities
is a slitlike space lined by a serous (se’rus) membrane, or
serosa (se-ro’sah; plural, serosae). Indicated by the red lines
in Figure 1.7, these serous membranes are named pleura,
serous pericardium, and peritoneum, respectively. The part
of a serosa that forms the outer wall of the cavity is called the
parietal (pah-ri’é-tal; “wall”) serosa. The parietal serosa is
continuous with the inner, visceral serosa, which covers the
visceral organs. You can visualize this relationship by push-
ing your fist into a limp balloon (Figure 1.7d). The part of the
balloon that clings to your fist represents the visceral serosa
on the organ’s (your fist’s) outer surface, the outer wall of the
balloon represents the parietal serosa, and the balloon’s thin
airspace represents the serous cavity itself. Serous cavities do

not contain air, however, but a thin layer of serous fluid
(serous = watery). This fluid is secreted by both serous
membranes.

The slippery serous fluid allows the visceral organs to
slide with little friction across the cavity walls as they carry
out their routine functions. This freedom of movement is ex-
tremely important for organs that move or change shape, such
as the pumping heart and the churning stomach.

Abdominal Regions and Quadrants

Because the abdominopelvic cavity is large and contains many
organs, it is helpful to divide it into smaller areas for study. In
one method of division, two transverse planes and two
parasagittal planes divide the abdomen into nine regions
(Figure 1.8): the right and left hypochondriac regions, the epi-
gastric region, the right and left lumbar regions, the umbilical
region, the right and left iliac regions, and the hypogastric re-
gion. These nine regions are discussed in more detail in
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(c) The four abdominopelvic quadrants

Chapter 23. For localizing organs in a more general way, an al-
ternative scheme divides the abdomen into just four quadrants
(“quarters”) by drawing one vertical and one horizontal plane
through the navel (Figure 1.8c). You can use Figure 1.8b and ¢
to become familiar with the locations of some of the major vis-
cera, such as the stomach, liver, and intestines.

The rib cage is commonly thought of as protection for the
thoracic organs, but you can see from Figure 1.8b that the
organs in the most superior part of the abdomen are also pro-
tected. The liver and the spleen, two blood-rich organs partic-
ularly vulnerable to injury, are protected by the surrounding
rib cage on the right and left sides, respectively.

Gallbladder

Ascending colon of
large intestine

Small intestine
Cecum

Appendix

13

Chapter 1

The Human Body: An Orientation

Diaphragm
Spleen
Stomach

Transverse colon
of large intestine

Descending colon
of large intestine

Initial part of
sigmoid colon

Urinary bladder

(b) Anterior view of the nine regions showing the superficial organs

FIGURE 1.8 Abdominal regions and quadrants. In (a), the
superior transverse plane is just inferior to the rib cage; the inferior
transverse plane is near the top of the hip bones. The two
parasagittal planes lie just medial to the nipples. In (c), the two
planes through the abdominopelvic cavity, one horizontal and one
vertical, intersect at the navel.

check your understanding

5. Use Figure 1.8 and the directional terms in Table 1.1
to describe the location of the liver in reference to the
heart.

6. Which tube of the body shows evidence of
segmentation, the outer tube or the inner tube?

7. What is the outer layer of serous membrane that lines
the pleural cavity called?

For answers, see Appendix B.
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Cytoplasm

(c) Scanning electron micrograph, artificially colored (2900 x)

FIGURE 1.9 Cells viewed by three types of microscopy.
(a) Light micrograph of ciliated epithelium. (b) Transmission
electron micrograph showing enlarged area of the cell region
that is indicated in the box in part (a). (c) Scanning electron
micrograph: surface view of cells lining the trachea, or windpipe.
The long, grasslike structures on the surfaces of these cells

are cilia, and the tiny knoblike structures are microvilli

(see Chapter 4, p. 76).

MICROSCOPIC ANATOMY:
AN INTRODUCTION

» Explain how human tissue is prepared and examined for
its microscopic structure.

» Distinguish tissue viewed by light microscopy from that
viewed by electron microscopy.

Light and Electron Microscopy

Microscopy is the examination of small structures with a
microscope. When microscopes were introduced in the early
1600s, they opened up a tiny new universe whose existence
was unsuspected before that time. Two main types of micro-
scopes are now used to investigate the fine structure of
organs, tissues, and cells: the light microscope (LM) and
the transmission electron microscope (TEM or just EM).
Light microscopy illuminates body tissue with a beam of light,
whereas electron microscopy uses a beam of electrons. LM is
used for lower-magnification viewing; EM, for higher magni-
fication (Figure 1.9a and b, respectively). Light microscopy
can produce sharp, detailed images of tissues and cells, but
not of the small structures within cells (organelles). A light
microscope’s low resolution—its inability to reveal small
structures clearly—remains its basic limitation, despite tech-
nical advances that have greatly improved the quality of LM
images. EM, by contrast, uses electron beams of much
smaller wavelength to produce sharp images at much greater
magnification, thus revealing the fine details of cells and
tissues.

Elaborate steps are taken to prepare tissue for micro-
scopic viewing. The specimen must be fixed (preserved) and
then cut into sections (slices) thin enough to transmit light or
electrons. Finally, the specimen must be stained to enhance
contrast. The stains used in light microscopy are beautifully
colored organic dyes, most of which were originally devel-
oped by clothing manufacturers in the mid-1800s (Figure
1.9a). These dyes helped to usher in the golden age of
microscopic anatomy from 1860 to 1900. The stains come in
almost all colors. Many consist of charged molecules (nega-
tive or positive molecules) of dye that bind within the tissue
to macromolecules of the opposite charge. This electrical
attraction is the basis of staining. Dyes with negatively
charged molecules are called acidic stains. Positively
charged dyes, by contrast, are called basic stains. Because
different parts of cells and tissues take up different dyes, the
stains distinguish the different anatomical structures.

One of the most commonly used histological stains is
a combination of two dyes, hematoxylin and eosin (H&E
stain). Hematoxylin is a basic stain that binds to the acidic
structures of the cell (the nucleus, ribosomes, rough ER) and
colors them a dark blue to purple hue. Eosin, an acidic stain,
binds to basic cytoplasmic structures and extracellular com-
ponents, coloring them red to pink. Many of the micrographs
throughout this text show tissues stained with H&E. In Figure
1.9a, for example, the dark, almost black, spots are the cell
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nuclei, the cellular cytoplasm is magenta, and the extracellu-
lar material in the bottom half of the image is stained a lighter
pink. A variety of other stains can be used to illuminate spe-
cific structures. Some of these stains create strikingly beauti-
ful images of detailed histological structure.

For transmission electron microscopy, tissue sections are
stained with heavy-metal salts. These metals deflect electrons
in the beam to different extents, thus providing contrast in the
image. Electron-microscope images contain only shades of
gray because color is a property of light, not of electron
waves. The image may be artificially colored to enhance con-
trast (Figure 1.9b).

Scanning Electron Microscopy

The types of microscopy introduced so far are used to view
cells and tissue that have been sectioned. Another kind of
electron microscopy, scanning electron microscopy (SEM),
provides three-dimensional pictures of whole, unsectioned
surfaces with striking clarity (Figure 1.9c). First, the
specimen is preserved and coated with fine layers of carbon
and gold dust. Then, an electron beam scans the specimen,
causing other, secondary electrons to be emitted from its sur-
face. A detector captures these emitted electrons and assem-
bles them into a three-dimensional image on a video screen
(cathode ray tube), based on the principle that more electrons
are produced by the higher points on the specimen surface
than by the lower points. Although artificially constructed,
the SEM image is accurate and looks very real. Like all elec-
tron-microscopy images, the original is in black and white,
although it can be colored artificially to highlight structural
details (Figure 1.9c).

Artifacts

The preserved tissue seen under the microscope has been ex-
posed to many procedures that alter its original condition.
Because each preparatory step introduces minor distortions,
called artifacts, most microscopic structures viewed by
anatomists are not exactly like those in living tissue.
Furthermore, the human and animal corpses studied in the
anatomy laboratory have also been preserved, so their organs
have a drabber color and a different texture from living or-
gans. Keep these principles in mind as you look at the micro-
graphs (pictures taken with a microscope) and the photos of
human cadavers in this book.

check your understanding

8. In tissue stained with H&E stain, what color are the
cellular nuclei?

9. Which type of microscopy produces detailed
three-dimensional images of the surface features
of a structure?

For answers, see Appendix B.
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CLINICAL ANATOMY: AN
INTRODUCTION TO MEDICAL
IMAGING TECHNIQUES

» Describe the medical imaging techniques that are used
to visualize structures inside the body.

Physicians have long sought ways to examine the body’s
internal organs for evidence of disease without subjecting the
patient to the risks of exploratory surgery. Physicians can iden-
tify some diseases and injuries by feeling the patient’s deep or-
gans through the skin or by using traditional X rays. Powerful
new techniques for viewing the internal anatomy of living peo-
ple continue to be developed. These imaging techniques not
only reveal the structure of functioning internal organs but also
can yield information about the workings of molecules. The
new techniques all rely on powerful computers to construct im-
ages from raw data transmitted by electrical signals.

X-Ray Imaging

Before considering the new techniques, you need to under-
stand traditional X-ray images, because these still play the
major role in medical diagnosis (Figure 1.10a). Discovered
quite by accident in 1895 and used in medicine ever since, X
rays are electromagnetic waves of very short wavelength.
When X rays are directed at the body, some are absorbed. The
amount of absorption depends on the density of the matter en-
countered. X rays that pass through the body expose a piece of
film behind the patient. The resulting image (radiograph) is a
negative: The darker, exposed areas on the film represent soft
organs that are easily penetrated by X rays, whereas light, un-
exposed areas correspond to denser structures, such as bones,
that absorb most X rays.

X-ray images are best for visualizing bones and for locat-
ing abnormal dense structures, such as some tumors and tu-
berculosis nodules in the lungs. Mammography (“breast
image”) uses low-dose X rays to screen for tumors in the
breast (Figure 1.10b), and bone density scans use X rays of
the lower back and hip to screen for osteoporosis (“porous
bone”). X-ray examination of hollow soft tissue organs is en-
hanced by the use of a contrast medium, a liquid that con-
tains atoms of a heavy element such as barium that absorb
more passing X rays. The contrast medium is injected or
ingested, depending on the structure to be examined, to fill
organs of interest and allow better visualization of these soft
tissue structures. The gastrointestinal (“stomach intestine”)
tract is commonly examined using this procedure (upper and
lower GI imaging) to screen for ulcers or tumors.

In many instances, conventional X-ray images are very
informative; however, conventional X-ray studies have sev-
eral limitations that have prompted clinicians to seek more
advanced imaging techniques. First, X-ray images, especially
those of soft tissues, can be blurry. Second, conventional X-
ray images flatten three-dimensional body structures into two
dimensions. Consequently, organs appear stacked one on top
of another. Even more problematic, denser organs block the
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FIGURE 1.10 X-ray images.

less dense organs that lie in the same path. For improved
images, particularly of soft tissues, clinicians use computer-
assisted imaging techniques that produce sectional images of
the body’s interior.

Advanced X-Ray Techniques
Computed Tomography

One of the more useful modern imaging techniques is a re-
fined X-ray technology called computed tomography (CT),
or computed axial tomography (CAT) (Figure 1.11). ACT
scanner is shaped like a square metal nut (as in “nuts and
bolts”) standing on its side. The patient lies in the central
hole, situated between an X-ray tube and a recorder, both of
which are in the scanner. The tube and recorder rotate to take
about 12 successive X-ray images around the person’s full
circumference. Because the fan-shaped X-ray beam is thin,
all pictures are confined to a single transverse body plane
about 0.3 cm thick. This explains the term axial tomography,
which literally means “pictures of transverse sections taken
along the body axis.” Information is obtained from all around
the circumference so that every organ is recorded from its
best angle, with the fewest structures blocking it. The com-
puter translates all the recorded information into a detailed
picture of the body section, which it displays on a viewing
screen. CT produces superb images of soft tissue as well as of
bone and blood vessels. CT is a fast and relatively inexpen-
sive test. It can be used quickly and readily in trauma situa-
tions to assess internal injury. CT does use X rays to produce
images, so it does pose some, although minimal, concern
about radiation exposure. CT is less useful for nervous tissue
structures and for joint images, particularly the knee and
shoulder, because bone can obscure the joint details.
However, because it is less costly than magnetic resonance
imaging (MRI, described on p. 18), and its use less restric-
tive, CT is an essential diagnostic tool for clinicians.

(b) Mammogram (cancerous tumor at
arrow)

Angiography

Angiography (“vessel image”) is a technique that produces
images of blood vessels. A contrast medium is injected into a
vessel and distributed via the vascular system. Images of the
vessels of interest are recorded using either conventional
radiography or a digitally assisted imaging technique such as
a CT scan or an MRI. The contrast medium highlights the
vessel structure and allows for clear visualization of blood
vessels. This procedure is used for diagnosing aneurisms
(ballooning out of a vessel due to weakening of the vessel
wall) and atherosclerosis (narrowing of blood vessels due to
the buildup of fatty plaques) and for identifying a source of
internal bleeding.

An extension of angiography, digital subtraction an-
giography (DSA) provides an unobstructed view of small ar-
teries (Figure 1.12). In this procedure, images of the vessel
are taken before and after the injection of contrast medium.
The computer subtracts the “before” image from the “after”
image, eliminating all traces of body structures that obscure
the vessel. DSA is often used to identify blockage of the ar-
teries that supply the heart wall and the brain.

Positron Emission Tomography

Positron emission tomography (PET) (Figure 1.13) is an
advanced procedure that produces images by detecting
radioactive isotopes injected into the body. The special ad-
vantage of PET is that its images indicate regions of cellular
activity. For example, radioactively tagged sugar or water
molecules are injected into the bloodstream and traced to
the body areas that take them up in the greatest quantity.
This procedure identifies the body’s most active cells and
pinpoints the body regions that receive the greatest supply of
blood. As the radioactive material decays, it gives off energy
in the form of gamma rays. Sensors within the doughnut-
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FIGURE 1.11 Computed tomography (CT). CT scan through the upper abdomen. CT
sections are conventionally oriented as if viewed from an inferior direction, with the
posterior surface of the body directed toward the inferior part of the picture; therefore,
the patient’s right side is at the left side of the picture.
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FIGURE 1.13 Positron emission tomography (PET). A PET

FIGURE 1.12 Digital subtraction angiography (DSA). A scan of the brain, in transverse section, shows an area with no

DSA image of the arteries that supply the heart. neural activity (the frontal region of the brain at upper left).
This area was destroyed by a stroke.
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FIGURE 1.14 Ultrasound image of a fetus in the uterus.

shaped scanner pick up the emitted gamma rays, which are
translated into electrical impulses and sent to the computer. A
picture of the isotope’s location is then constructed on the
viewing screen in vivid colors (Figure 1.13).

PET is used to assess the functional flow of blood to the
heart and brain. By mapping increases in blood flow, it can
depict which areas of the normal brain are most active during
certain tasks (speech, seeing, comprehension), thereby pro-
viding direct evidence for the functions of specific brain re-
gions. The resolution of a PET image is low, however, and the
image takes a relatively long time to form, so PET cannot
record fast changes in brain activity. PET is gradually being
eclipsed by functional MRI.

Sonography

In sonography, or ultrasound imaging (Figure 1.14), the
body is probed with pulses of high-frequency (ultrasonic)
sound waves that reflect (echo) off the body’s tissues. A com-
puter analyzes the echoes to construct sectional images of the
outlines of organs. A handheld device that looks something
like a microphone emits the sound and picks up the echoes.
The device is moved across the surface of the body, allowing
organs to be examined from many different body planes.
Sonography has two distinct advantages over other imag-
ing techniques. First, the equipment is relatively inexpensive.
Second, ultrasound seems to be safer than ionizing forms of
radiation, with fewer harmful effects on living tissues.
Because of its apparent safety, ultrasound is the imaging
technique of choice for determining the age and health of a
developing fetus. It is also used to visualize the gallbladder
and other viscera and, increasingly, the arteries to detect ath-
erosclerosis (thickening and hardening of the arterial walls).
Ultrasound images are somewhat blurry, although their
sharpness is being improved by using higher-frequency sound
waves. Liquid contrast media containing sound-reflecting
bubbles can be injected into the bloodstream to better reveal

the vessels and heart. Sonography is of little value for view-
ing air-filled structures (lungs) or structures surrounded by
bone (brain and spinal cord) because sound waves do not
penetrate hard objects well and rapidly dissipate in air.
However, special gases that do reflect sound are beginning to
be used. When breathed into the lungs, the gases yield im-
proved images.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is a technique with
tremendous appeal because it produces high-contrast images
of soft tissues (Figure 1.15), an area in which X-ray imaging
is weak. MRI also does not use radiation for generating an
image. MRI primarily detects the levels of the element hydro-
gen in the body, most of which is in water. Thus, MRI tends
to distinguish body tissues from one another on the basis of
differences in water content. For example, MRI can distin-
guish the fatty white matter from the more watery gray matter
of the brain. Because bones contain less water than other tis-
sues do, they don’t show up at all. For this reason, MRI peers
easily through the skull to reveal the brain. The joints are also
visualized well. Many tumors show up distinctly, and MRI
has even revealed brain tumors missed by direct observation
during exploratory surgery.

The technique subjects the patient to magnetic fields up
to 60,000 times stronger than that of the earth. The patient
lies in a chamber, with his or her body surrounded by a huge
magnet. When the magnet is turned on, the nuclei of the
body’s hydrogen atoms—single protons that spin like tops—
line up parallel to the strong magnetic field. The patient is
then exposed to a brief pulse of radio waves just below the
frequency of FM radio, which knock the spinning protons out
of alignment. When the radio waves are turned off, the
protons return to their alignment in the magnetic field, emit-
ting their own faint radio waves in the process. Sensors detect
these waves, and the computer translates them into images.
With the use of advanced volume-rendering techniques, mul-
tiple MRI scans can be assembled into three-dimensional
reconstructions (Figure 1.15b). The images produced are dra-
matic views into the body’s organs.

In the early 1990s, MRI technology leaped forward with
the development of functional MRI (fMRI). This technique
measures blood oxygen, so it reveals the amount of oxy-
genated blood flowing to specific body regions. It can there-
fore show which parts of the brain are active during various
mental tasks. Functional MRI can pinpoint much smaller
brain areas than PET can, works faster, and requires no messy
radioactive tracers. For these reasons, it is replacing PET in
the study of brain function.

Despite the advantages of MRI, there are limitations to
its use. MRI does not use X rays, so it poses no concern about
radiation exposure; however, the large magnets can cause im-
planted metallic devices to malfunction. MRIs require a
longer time to produce an image than a CT scan, and medical
devices, such as traction or life support equipment, cannot be
used during MRI imaging. For these reasons, MRI is not use-
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(a) MRI of the head; sagittal section, artificially colored

(b) Volume rendering of an MRI of the head

FIGURE 1.15 Magnetic resonance image (MRI). The flat surfaces in (b) show the

original MRI data.

ful in trauma situations. MRI is also more sensitive to patient
movement during the scan, and it does not visualize bone or
other tissues with low water content.

In conclusion, the images formed by computerized imag-
ing techniques can be quite stunning. Keep in mind, however,
that the images are abstractions assembled within a computer.
They are artificially enhanced for sharpness and artificially
colored to increase contrast or to highlight areas of interest.
Although computer-based images are not inaccurate, they are
several steps removed from direct visual observation.

check your understanding

10. What imaging technique is best suited for each of
the clinical situations described? (a) Examining
gallbladder for possible gallstones in response to a
patient's complaints of sharp pain in the right
hypochondriac region of the abdomen; (b) ruling out
a broken bone in a patient complaining of wrist and
forearm pain; (c) examining of the knee of a patient
complaining of persistent pain following an injury on
the athletic field; (d) assessing possible damage to
abdominal viscera resulting from a car accident.

For answers, see Appendix B.

CHAPTER SUMMARY

An Overview of Anatomy (pp. 2-6)
1. Anatomy is the study of body structure. In this book, structures are
considered in terms of their function.

Branches of Anatomy (p. 2)
2. Branches of anatomy include gross anatomy, microscopic anatomy
(histology), and developmental anatomy.

Anatomical Terminology (p. 3)
3. Because most structures in the body have formal Greek and Latin
names, learning the meaning of word roots will help you under-
stand anatomy.

The Hierarchy of Structural Organization (pp. 3-6)
4. The levels of structural organization of the body, from simplest to
most complex, are chemical, cellular, tissue, organ, organ system,
and the human organism itself.

5. The organ systems in the body are the integumentary (skin), skele-
tal, muscular, nervous, endocrine, cardiovascular, lymphatic, im-
mune, respiratory, digestive, urinary, and reproductive systems.

Scale: Length, Volume, and Weight (p. 6)
6. Important units of length measurement are meters (m) for the or-
ganism, centimeters (cm) for the organs, and micrometers (um) for
cells. For other units of size, see Appendix A.
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Gross Anatomy: An Introduction (pp. 6-13)

Regional and Directional Terms (p. 6)
7. In the adult anatomical position, the body stands erect, facing forward
with legs together. The arms are at the sides, with the palms forward.

8. Regional terms are used to designate specific areas of the body
(see Figure 1.3).

9. Directional terms allow anatomists to describe the location of
body structures with precision. Important terms include superior/
inferior; anterior/posterior (or ventral/dorsal); medial/lateral; prox-
imal/distal; and superficial/deep (see Table 1.1).

Body Planes and Sections (pp. 6-7)

10. The body or its organs may be cut along planes to produce differ-
ent types of sections. Frequently used are sagittal, frontal, and
transverse planes.

The Human Body Plan (pp. 10-11)

11. The basic structures we share with all other vertebrate animals are
the tube-within-a-tube body plan, bilateral symmetry, a dorsal hol-
low nerve cord, notochord and vertebrae, segmentation, and pha-
ryngeal pouches.

Body Cavities and Membranes (pp. 11-12)

12. The body contains two major closed cavities: the dorsal cavity,
subdivided into the cranial and vertebral cavities; and the ventral
body cavity, subdivided into the thoracic and abdominopelvic
cavities.

13. Within the ventral cavity are the visceral organs (such as the heart,
lungs, intestines, and kidneys) and three serous cavities: pleural,
pericardial, and peritoneal cavities. These slitlike cavities are lined
by thin membranes, the parietal and visceral serosae (see Figure
1.7). The serosae produce a thin layer of lubricating fluid that de-
creases friction between moving organs.

Abdominal Regions and Quadrants (pp. 12-13)
14. To map the visceral organs in the abdominopelvic cavity, clinicians
divide the abdomen into nine regions or four quadrants.

Microscopic Anatomy: An Introduction (pp. 14-15)

Light and Electron Microscopy (pp. 14-15)

15. To illuminate cells and tissues, the light microscope (LM) uses
light beams and the transmission electron microscope (TEM or
EM) uses electron beams. EM produces sharper images than LM at
higher magnification.

16. The preparation of tissues for microscopy involves preservation
(fixation), sectioning, and staining. Stains for LM are colored dyes,
whereas stains for TEM are heavy-metal salts.

Scanning Electron Microscopy (p. 15)
17. Scanning electron microscopy (SEM) provides sharp, three-
dimensional images at high magnification.

Clinical Anatomy: An Introduction to Medical

Imaging Techniques (pp. 15-19)

X-Ray Imaging (pp. 15-16)

18. In conventional radiographs, X rays are used to produce negative
images of internal body structures. Denser structures in the body
appear lighter (whiter) on the X-ray film.

Advanced X-Ray Techniques (p. 16)

19. Computed tomography (CT) produces improved X-ray images that
are taken in cross section to avoid overlapping images of adjacent
organs and computer enhanced for clarity. Angiography produces
sharp X-ray images of blood vessels injected with a contrast
medium.

Positron Emission Tomography (PET) (pp. 16-18)
20. PET tracks radioisotopes in the body, locating areas of high energy
consumption and high blood flow.

Sonography (p. 18)
21. Ultrasonography provides sonar images of developing fetuses and
internal body structures.

Magnetic Resonance Imaging (pp. 18-19)
22. MRI subjects the body to strong magnetic fields and radio waves,
producing high-contrast images of soft body structures.

REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1. The correct sequence of levels forming the body’s structural
hierarchy is (a) organ, organ system, cellular, chemical, tissue;
(b) chemical, tissue, cellular, organismal, organ, organ system;
(c) chemical, cellular, tissue, organ, organ system, organismal;
(d) organismal, organ system, organ, chemical, cellular, tissue.

2. Using what you learned about scale in this chapter, choose one of
the values in Column B as an appropriate height or diameter for
each object listed in Column A.

Column A Column B
— (1) white blood cell (a)2m
—(2) stomach (b) 25 cm

— (3) professional basketball player (c¢) 1 micrometer

(d) 10 micrometers

3. Using the terms listed below, fill in the blank with the proper term.

anterior superior medial proximal superficial
posterior inferior lateral distal deep

(a) The heart is located to the diaphragm.

(b) The muscles are to the skin.

(c) The shoulder is to the elbow.

(d) In anatomical position, the thumb is to the index finger.

(e) The vertebral region is to the scapular region.

(f) The gluteal region is located on the surface of the body.

(g) The hip bone is to the navel.

(h) The nose is

to the chin.

(i) The toes are to the heel.

to the skull.

(j) The scalp is
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4. Match each anatomical term for body regions listed in column B
with the common name listed in column A.

Column A Column B
—— (1) armpit (a) inguinal
— (2) buttocks (b) frontal
— (3) back (c¢) dorsal
— (4) shoulder blade (d) axilla
— (5) front of elbow (e) lumbar
— (6) hand (f) gluteal
— (7) groin (g) antecubital
— (8) forehead (h) plantar
— (9) lower back (i) manus
— (10) sole of foot (j) scapular

5. Which of these organs would not be cut by a section through the
midsagittal plane of the body? (Hint: See Figure 1.8) (a) urinary
bladder, (b) gallbladder, (c) small intestine, (d) heart.

6. State whether each structure listed below is part of the inner tube
(I) or outer tube (O).

— (1) intestines — (5) abdominal muscles
—(2) lungs —(6) esophagus
—(3) ribs ——(7) spinal cord

— (4) backbone (vertebra)

7. Indicate whether each of the following conditions or statements
applies to the dorsal body cavity (D) or the ventral body cavity (V).
— (1) surrounded by the skull and the vertebral column
— (2) includes the thoracic and abdominopelvic cavities
— (3) contains the brain and spinal cord
— (4) located more anteriorly
— (5) contains the heart, lungs, and many digestive organs

8. Radiographs. List the following structures, from darkest (black) to
lightest (white), as they would appear on an X-ray film. Number
the darkest one 1, the next darkest 2, and so on.

(a) soft tissue
— (b) femur (bone of the thigh)
(c) air in lungs
— (d) gold (metal) filling in a tooth

9. The ventral surface of the body is the same as its surface.
(a) medial, (b) superior, (c) superficial, (d) anterior, (e) distal.

10. Match each serous membrane in column B with its description in
column A.
Column A Column B

— (1) covers the surface of the heart

— (2) forms the outer lining of the

— (3) lines the wall of the thoracic cavity

— (4) covers the outer surface of the small

(a) parietal pericardium

(b) parietal pleura
pericardium

(c) visceral pericardium

(d) visceral peritoneum
intestine

11.

12.
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Which microscopic technique provides sharp pictures of three-
dimensional structures at high magnification? (a) light microscopy,
(b) X-ray microscopy, (c) scanning electron microscopy, (d) trans-
mission electron microscopy.

Histology is the same as (a) pathological anatomy, (b) ultrastruc-
ture, (c) functional morphology, (d) surface anatomy, (e) micro-
scopic anatomy.

Short Answer Essay Questions

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

Describe the anatomical position, and then assume this position.

Identify the organ system that each group of organs listed here is
part of:

(a) thymus, thyroid, ovary, pancreas

(b) nasal cavity, larynx, bronchi, lungs

(c) kidney, ureter, urethra

(a) Define bilateral symmetry. (b) Although many body structures
are bilaterally symmetrical, much of the abdomen is not. Find a
picture that demonstrates this lack of symmetry, and name some
abdominal organs that are not symmetrical.

The following advanced imaging techniques are discussed in the
text: CT, angiography, PET, sonography, and MRI. (a) Which of
these techniques uses X rays? (b) Which uses radio waves and
magnetic fields? (c) Which uses radioactive isotopes? (d) Which
displays body regions in sections? You may have more than one
answer to each question.

Give the formal regional term for each of these body areas: (a)
arm, (b) chest, (c) thigh, (d) navel, (e) limbs.

Look ahead in this book to Figure 4.3 (pp. 68-71). Do you think
that the micrographs in the figure are viewed by light microscopy,
transmission electron microscopy, or scanning electron mi-
croscopy? Please explain your answer as fully as possible.

Construct sentences that use the following directional terms: supe-
rior/inferior; dorsal/ventral; medial/lateral; and superficial/deep.
Table 1.1 gives examples such as “The forehead is superior to the
nose,” but please use different examples from those in the table.
For ideas, look at whole-body diagrams that show many structures,
such as Figures 1.3 and 1.8.

The main cavities of the body include the abdominal and pelvic
cavities. List three organs in each of these cavities.

Where would you be injured if you pulled a muscle in your axil-
lary region, cracked a bone in your occipital region, or received a
cut on a digit?

(a) The human body is designed as a tube within a tube. List three
organs that are part of the inner tube and three structures that are
components of the outer tube. (b) Give an example of segmenta-
tion in the human body.
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CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

Dominic’s doctors strongly suspect he has a tumor in his brain.
Which of the following medical imaging techniques—conventional
X-ray imaging, angiography, PET, sonography, or MRI—would
probably be best for precisely locating the tumor?

The Nguyen family was traveling in their van and had a minor acci-
dent. The children in the back seat were wearing lap belts, but they still
sustained bruises around the abdomen and had some internal injuries.
Why is the abdominal area more vulnerable to damage than others?

A patient had a hernia in his inguinal region, pain from an infected
kidney in his lumbar region, and hemorrhoids in his perineal re-
gion. Explain where each of these regions is located.

A woman fell off a motorcycle. She tore a nerve in her axillary re-
gion, and she broke bones in her coxal, sacral, acromial, and fibu-
lar regions. Explain where each of these regions is located.

New anatomy students often mix up the terms spinal cord, spinal
column, and spine. Look up these words in the index of this book
or in a medical dictionary, define each one, and explain whether
they are the same or different.

Using the list of word roots located in the inside covers of the text:
(1) Look up the meaning of each root listed below. (2) Identify one

anatomical term used in this chapter that is derived from each root.
(3) Define the anatomical term from your knowledge of the mean-

ing of the word root.

super- , contra- , para- , ante- , mamm- , epi- , peri- , -graph , trans-

.q ™
Masterin
FNINgA&P

Access everything you need to practice, review, and self-
assess for both your anatomy lecture and lab courses at
MasteringA&P™ (www.masteringaandp.com). There, you'll
find powerful online resources—including chapter quizzes
and tests, games and activities, A&P Flix animations with
quizzes, Practice Anatomy Lab™, and more—to help you
get a better grade in your course.



www.masteringaandp.com

www.konkur.in

Cells:
The Living Units

Overview of Cells 24

The Plasma Membrane 25

Structure 26
Functions 26
Membrane Transport 27

The Cytoplasm 30

Cytosol 30
Cytoplasmic Organelles 30
Cytoplasmic Inclusions 35

The Nucleus 35

Nuclear Envelope 36
Nucleolus 37
Chromatin and Chromosomes 37

The Cell Life Cycle 38

Interphase 38
Cell Division 39

Developmental Aspects of Cells 39

Cell Differentiation 39
Aging 42

( Liver cell (colored TEM).



www.konkur.in

24 Chapter 2 Cells: The Living Units

Chromatin

Nucleolus

Smooth endoplasmic
reticulum

Cytosol

Mitochondrion

Lysosome

Centrioles

Centrosome
matrix

Cytoskeletal
elements

Microtubule

Intermediate
filaments

Nuclear envelope

Nucleus

Plasma
membrane

Rough
endoplasmic
reticulum

Ribosomes

Golgi apparatus

Secretion being released
from cell by exocytosis

Peroxisome

FIGURE 2.1 Structure of a generalized cell. No cell type is exactly like this one, but
this composite illustrates features common to animal cells. Not all of the organelles are

drawn to the same scale in this illustration.

1l living organisms are cellular in nature, from one-
Acelled “generalists” such as amoebas to complex mul-

ticellular organisms such as trees, dogs, and humans.
Just as bricks and timbers are the structural units of a house,
cells are structural units of all living things. The human body
has about 50 fo 100 trillion cells. This chapter examines the
structures and functions that are common to the different cells
of the body. Specialized cells and their unique functions are
addressed in detail in later chapters.

OVERVIEW OF CELLS

» Define a cell, its basic activities, and its three major regions.

The scientist Robert Hooke first observed plant cells with
a crude microscope in the late 1600s. However, it was not until

the 1830s that two scientists, Matthias Schleiden and Theodor
Schwann, boldly asserted that all living things are composed of
cells. Shortly thereafter, the pathologist Rudolf Virchow ex-
tended this idea by contending that cells arise only from other
cells. Virchow’s thesis was revolutionary because it challenged
the prevailing theory of spontaneous generation, which held
that organisms can arise from nonliving matter. Since the late
1800s, cell research has been exceptionally fruitful. Currently,
scientific knowledge about the cell is increasing exponentially.

Cells are the smallest living units in the body. Each
cell performs all the functions necessary to sustain life. It can
obtain nutrients and other essential substances from the
surrounding body fluids and use these nutrients to make the
molecules it needs to survive. Each cell also disposes of its
wastes and maintains its shape and integrity. Finally, cells can
replicate themselves. These functions are carried out by the
cell’s many subunits, most of which are called organelles
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(“little organs”). Although different cell types perform differ-
ent functions, virtually all human cells contain the same basic
parts and can be described in terms of a generalized cell
(Figure 2.1). Human cells have three main parts: the plasma
membrane, the cytoplasm, and the nucleus. The plasma
membrane is the outer boundary. Internal to this membrane is
the cytoplasm (si'to-plazm), which makes up the bulk of the
cell, contains most of the cellular organelles, and surrounds
the nucleus. The nucleus (nu'kle-us) controls cellular activities
and lies near the cell’s center. To understand the functions of a
cell and its diverse cellular organelles, you can think of the cell
as a manufacturing plant. The cell, like the manufacturing
plant, has many divisions with specific functions. This analogy
will be extended throughout this chapter. These cell structures
are discussed next and summarized in Table 2.1 on p. 29.

Cytoplasm
(watery environment)

Chapter 2 Cells: The Living Units 25

check your understanding

1. What are the three general regions of a cell?

For the answer, see Appendix B.

Integral
proteins

THE PLASMA MEMBRANE

» Describe the composition and basic functions of the
plasma membrane.

» Explain the different processes used to move molecules
across the plasma membrane.

The outer cell membrane (Figure 2.2) is called the
plasma membrane or plasmalemma (plaz'mah-lem’ah;

Filament of
cytoskeleton

Peripheral
proteins

FIGURE 2.2 The plasma membrane according to the fluid mosaic model.
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molecules
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(a) Simple diffusion of
fat-soluble molecules
directly through the
phospholipid bilayer.

bilayer.

FIGURE 2.3 Membrane transport mechanisms.

lemma = sheath, husk). This thin, flexible layer defines the
extent of the cell, thereby separating two of the body’s major
fluid compartments: the intracellular fluid within the cells
and the extracellular fluid that lies outside and between cells.
You can think of the plasma membrane as a security fence
surrounding the manufacturing plant (cell). This boundary
contains specific checkpoints (receptors) that influence cellu-
lar activity in various ways.

Structure

The fluid mosaic model of membrane structure depicts the
plasma membrane as a double layer, or bilayer, of lipid mole-
cules with protein molecules dispersed within it (Figure 2.2).
The most abundant lipids in the plasma membrane are phos-
pholipids. Like a lollipop on two sticks, each phospholipid
molecule has a polar “head” that is charged, and an un-
charged, nonpolar “tail” made of two chains of fatty acids.
The polar heads are attracted to water—the main constituent
of both the cytoplasm and the fluid external to the cell—so
they lie along the inner as well as the outer face of the mem-
brane. The nonpolar tails avoid water and line up in the center
of the membrane. The result is two parallel sheets of phospho-
lipid molecules lying tail to tail, forming the membrane’s
basic bilayered structure.

The inner and outer layers of the membrane differ some
what in the kinds of lipids they contain. Sugar groups are at-
tached to about 10% of the outer lipid molecules, making
them “sugar-fats,” or glycolipids (gli”ko-lip'ids). The plasma
membrane also contains substantial amounts of cholesterol,
another lipid. Cholesterol makes the membrane more rigid
and increases its impermeability to water and water-soluble
molecules.

(b) Osmosis, diffusion of
water through the lipid

Solutes

(c) Transport via integral proteins
A protein (left) that spans the
membrane may provide a
channel across the membrane
that is selective for a particular
solute. Some transport proteins
(right) use ATP as an energy
source to actively pump sub-
stances across the membrane.

Proteins make up about half of the plasma membrane by
weight. The membrane proteins are of two distinct types:
integral and peripheral (Figure 2.2). Integral proteins are
firmly embedded in or strongly attached to the lipid bilayer.
Some integral proteins protrude from one side of the mem-
brane only, but most are transmembrane proteins that span the
whole width of the membrane and protrude from both sides
(trans = across). Peripheral proteins, by contrast, are not
embedded in the lipid bilayer at all. Instead, they attach rather
loosely to the membrane surface. The peripheral proteins in-
clude a network of filaments that helps support the membrane
from its cytoplasmic side. Without this strong, supportive base,
the plasma membrane would tear apart easily.

Short chains of carbohydrate molecules attach to the
integral proteins to form glycoproteins. These sugars project
from the external cell surface, forming the glycocalyx (gli"ko-
kal'iks; “sugar covering”), or cell coat. Also contributing to the
glycocalyx are the sugars of the membrane’s glycolipids. You
can therefore think of your cells as “sugar-coated.” The glyco-
calyx is sticky and may help cells to bind when they come to-
gether. Because every cell type has a different pattern of sugars
that make up its glycocalyx, the glycocalyx is also a distinctive
biological marker by which approaching cells recognize each
other. For example, a sperm recognizes the ovum (egg cell) by
the distinctive composition of the ovum’s glycocalyx.

Functions

The functions of the plasma membrane relate to its location at
the interface between the cell’s exterior and interior:

1. The plasma membrane provides a protective barrier
against substances and forces outside the cell.
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2. Some of the membrane proteins act as receptors; that is,
they have the ability to bind to specific molecules arriv-
ing from outside the cell. After binding to the receptor,
the molecule can induce a change in the cellular activity.
Membrane receptors act as part of the body’s cellular
communication system.

3. The plasma membrane controls which substances can enter
and leave the cell. The membrane is a selectively permeable
barrier that allows some substances to pass between the in-
tracellular and extracellular fluids while preventing others
from doing so. The processes involved in moving sub-
stances across the plasma membrane are described next.

Membrane Transport

Small, uncharged molecules, such as oxygen, carbon dioxide,
and fat-soluble molecules, can pass freely through the lipid
bilayer of the plasma membrane through a process called
simple diffusion. Diffusion is the tendency of molecules in a
solution to move down their concentration gradient; that is,
the molecules move from a region where they are more con-
centrated to a region where they are less concentrated (Figure
2.3a). Water, like other molecules, diffuses down its concen-
tration gradient. The diffusion of water molecules across a
membrane is called osmosis (0z-mo’sis, Figure 2.3b).

However, most water-soluble or charged molecules, such as
glucose, amino acids, and ions, cannot pass through the lipid bi-
layer by simple diffusion. Such substances can cross the plasma
membrane only by means of specific transport mechanisms that
use the integral proteins to carry or pump molecules across the
membrane or to form channels through which specific molecules
pass. Some of these molecules move down their concentration
gradient, diffusing through the plasma membrane by moving
through a specific integral protein. This transport process is
called facilitated diffusion (Figure 2.3c, left side). Other integral
proteins move molecules across the plasma membrane against
their concentration gradient, a process called active transport,
which requires the use of energy (Figure 2.3c, right side).

The largest molecules (macromolecules) and large solid
particles are transported through the plasma membrane by
another set of processes, called vesicular or bulk transport.
Knowledge of the two general types of bulk transport,
exocytosis and endocytosis, is essential to the understanding
of basic functional anatomy.

Endocytosis (en” do-si-to’sis; “into the cell”) is the mech-
anism by which large particles and macromolecules enter
cells (Figure 2.4). The substance to be taken into the cell is
enclosed by an infolding part of the plasma membrane. In the
region of invagination, specific proteins may cover the inner
surface of the plasma membrane (the purple, tack-shaped
structures shown in Figure 2.4c). This protein coat aids in the
selection of the substance to be transported and deforms the
membrane to form a membrane-walled sac called a vesicle.
The membranous vesicle is pinched off from the plasma mem-
brane and moves into the cytoplasm, where its contents are
digested. Three types of endocytosis are recognized: phagocy-
tosis, pinocytosis, and receptor-mediated endocytosis.

Phagocytosis (fag”o-si-to’sis) is literally “cell eating.” In
this process, pseudopods (parts of the plasma membrane and
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(a) Phagocytosis
The cell engulfs a large
particle by forming pro-
jecting pseudopods (“false
feet”) around it and en-
closing it within a membrane
sac called a phagosome.
The phagosome then
combines with a lysosome,
and its contents are
digested. Vesicle may or
may not be protein-
coated but has receptors
capable of binding to
microorganisms or solid
particles.

o (b) Pinocytosis

A The cell “gulps” drops of
extracellular fluid containing
solutes into tiny vesicles. No
receptors are used, so the
process is nonspecific. Most
vesicles are protein-coated.

(c) Receptor-mediated
endocytosis
Extracellular substances
bind to specific receptor
proteins in regions of
protein-coated pits, enabling
the cell to ingest and
concentrate specific
substances in protein-coated
vesicles. The ingested
substance may simply be
released inside the cell, or
combined with a lysosome to
digest contents. Receptors
are recycled to the plasma
membrane in vesicles.

%]
* ] 00 [+

Receptor recycled
to plasma membrane

FIGURE 2.4 The three types of endocytosis.

cytoplasm) protrude and flow around some relatively large
material, such as a clump of bacteria or cellular debris, and en-
gulf it (Figure 2.4a). The membranous vesicle thus formed is
called a phagosome (fag’'o-som; ‘“eaten body”). In most
cases, the phagosome then fuses with lysosomes (1i'so-somz),
organelles containing digestive enzymes that break down the
contents of the phagosome. (For more on lysosomes, see p. 32.)
Some cells—most white blood cells, for example—are experts
at phagocytosis. Such cells help to police and protect the body
by ingesting bacteria, viruses, and other foreign substances.
They also “eat” the body’s dead and diseased cells.

Just as cells eat in a manner of speaking, they also drink.
Pinocytosis (pin”o-si-to’sis) is “cell drinking.” In pinocyto-
sis, a bit of infolding plasma membrane surrounds a tiny
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(a) The process of
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FIGURE 2.5 Exocytosis.

quantity of extracellular fluid containing dissolved molecules
(Figure 2.4b). This fluid enters the cell in a tiny membranous
vesicle. Pinocytosis, a routine activity of most cells, is an un-
selective way of sampling the extracellular fluid. This process
is particularly important in cells that function in nutrient ab-
sorption, such as cells that line the intestines.

Some molecules, such as insulin and other hormones,
enzymes, and low-density lipoproteins (LDLs, the molecules that
carry cholesterol through the bloodstream to the body’s cells) are
brought into cells through receptor-mediated endocytosis,
an exquisitely selective transport process (Figure 2.4c). These
substances bind to specific receptors on the cell membrane.
Upon binding, the portion of the plasma membrane bearing the
molecules and attached receptors invaginates and is pinched off,
bringing into the cell the membrane-bound vesicle containing
the molecules. The vesicle binds with a lysosome, and the con-
tents of the vesicle are released to be used by the cell. The recep-
tors are recycled back to the plasma membrane. Unfortunately,
harmful substances such as some toxins and viruses also use
receptor-mediated endocytosis to enter and attack cells.

HYPERCHOLESTEROLEMIA 1In an inherited disease
called familial hypercholesterolemia, the body’s cells lack
the protein receptors that bind to cholesterol-delivering
LDLs. As a result, cholesterol cannot enter the cells and
accumulates in the blood. If untreated, hypercholes-
terolemia causes atherosclerosis, also known as
“hardening of the arteries,” a condition that

places the individual at high risk of stroke

(blockage of a blood vessel in the brain) or of

coronary artery disease and heart attack

Exocytosis (ek”so-si-to’sis; “out of the cell”) is a mech-
anism by which substances move from the cytoplasm to the
outside of the cell (Figure 2.5). Exocytosis accounts for
most secretion processes, such as the release of mucus or
protein hormones from the gland cells of the body. In exocy-
tosis the substance or cell product to be released from the
cell is first enclosed in a membrane-bound vesicle in the
cytoplasm. The vesicle migrates to the plasma membrane.
Proteins extending from the vesicle membrane, v-SNAREs
(v for vesicle), bind with distinct plasma membrane proteins,
t-SNARE:s (¢ for target). These proteins cause the lipid layers
from both membranes to join together, thus inserting the
vesicle membrane into the plasma membrane and releasing
the contents of the sac into the space outside the cell.

check your understanding
2. What types of macromolecules compose the plasma
membrane?
3. By what process does water enter and leave the cell?
4. Which transport process carries large macromolecules
out of the cell?

For answers, see Appendix B.




Cell Part

PLASMA MEMBRANE
(Figure 2.2)
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Parts of the Cell: Structure and Function

Structure

Membrane made of a double layer of lipids
(phospholipids, cholesterol, etc.) within which proteins
are embedded; proteins may extend entirely through
the lipid bilayer or protrude on only one face; externally
facing proteins and some lipids have attached sugar
groups
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Functions

Serves as an external cell barrier; acts in
transport of substances into or out of the cell;
externally facing proteins act as receptors (for
hormones, neurotransmitters, etc.) and in
cell-to-cell recognition

CYTOPLASM

Cytoplasmic organelles

® Ribosomes
(Figure 2.6)

® Rough endoplasmic
reticulum
(Figure 2.6)

® Smooth endoplasmic

reticulum
(Figure 2.6)

e Golgi apparatus
(Figures 2.7, 2.8)

® |Lysosomes
(Figure 2.9)

e Mitochondria
(Figure 2.10)

® Peroxisomes
(Figure 2.1)

® Microfilaments
(Figure 2.11a)

® |ntermediate filaments

(Figure 2.11b)

¢ Microtubules
(Figure 2.11¢)

e Centrioles
(Figure 2.12)

Cellular region between the nuclear and plasma membranes; consists of fluid cytosol containing dissolved
solutes, inclusions (stored nutrients, pigment granules), and organelles, the metabolic machinery of the

cytoplasm

Dense particles consisting of two subunits, each
composed of ribosomal RNA and protein; free or
attached to rough ER

Membrane system enclosing a cavity, the cisterna,
and coiling through the cytoplasm; externally studded
with ribosomes

Membranous system of sacs and tubules; free of
ribosomes

A stack of smooth membrane sacs close to the
nucleus

Membranous sacs containing acid hydrolases
Rodlike, double-membrane structures; inner

membrane folded into projections called cristae

Membranous sacs of oxidase enzymes

Fine filaments of the contractile protein actin

Protein fibers; composition varies

Cylindrical structures made of tubulin proteins

Paired cylindrical bodies, each composed of nine
triplets of microtubules

The sites of protein synthesis

Makes proteins that are secreted from the cell;
makes the cell’'s membranes

Site of lipid and steroid synthesis, lipid
metabolism, and drug detoxification

Packages, modifies, and segregates proteins for
secretion from the cell, inclusion in lysosomes,
and incorporation into the plasma membrane

Sites of intracellular digestion
Site of ATP synthesis; powerhouse of the cell

The enzymes detoxify a number of toxic
substances; the most important enzyme,
catalase, breaks down hydrogen peroxide

Involved in muscle contraction and other types
of intracellular movement; help form the cell’s
cytoskeleton

The stable cytoskeletal elements; resist tension
forces acting on the cell

Support the cell and give it shape; involved in
intracellular and cellular movements; form
centrioles

Organize a microtubule network during mitosis
to form the spindle and asters; form the bases of
cilia and flagella

NUCLEUS
(Figure 2.13)

e Nuclear envelope
(Figure 2.13)

® Nucleoli
(Figure 2.13)

e Chromatin
(Figures 2.13, 2.15)

Surrounded by the nuclear envelope; contains fluid
nucleoplasm, nucleoli, and chromatin

Double-membrane structure; pierced by the pores;
continuous with the cytoplasmic ER

Dense spherical (non-membrane-bounded) bodies

Granular, threadlike material composed of DNA and
histone proteins

Control center of the cell; responsible for
transmitting genetic information and providing
the instructions for protein synthesis

Separates the nucleoplasm from the cytoplasm
and regulates passage of substances to and
from the nucleus

Site of ribosome subunit manufacture

DNA constitutes the genes
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Cisternae

(a) Diagrammatic view of smooth and rough ER

FIGURE 2.6 The endoplasmic reticulum (ER) and ribosomes.

THE CYTOPLASM

» Describe the structure and cellular activity of each
organelle: ribosomes, endoplasmic reticulum, Golgi
apparatus, lysosomes, peroxisomes, mitochondria,
cytoskeleton, centrosome, and centrioles.

» Explain the structure of glycosomes and lipid droplets.

Cytoplasm, literally “cell-forming material,” is the part
of the cell that lies internal to the plasma membrane and ex-
ternal to the nucleus. Most cellular activities are carried out
in the cytoplasm, which consists of three major elements:
cytosol, organelles, and inclusions.

Cytosol

The cytosol (si'to-sol), is the jellylike, fluid-containing sub-
stance within which the other cytoplasmic elements are sus-
pended (see Figure 2.1). It consists of water, ions, and many
enzymes. Some of these enzymes start the breakdown of nu-
trients (sugars, amino acids, and lipids) that are the raw mate-
rials and energy source for cell activities. In many cell types,
the cytosol makes up about half the volume of the cytoplasm.

Cytoplasmic Organelles

Typically, the cytoplasm contains about nine types of or-
ganelles, each with a different function that is essential to the
survival of the cell. As separate units, the organelles compart-
mentalize the cell’s biochemical reactions, thus preventing
reactions from interfering with one another and promoting
functional efficiency. The organelles include mitochondria,

Smooth ER

Nuclear
envelope

Rough ER

Ribosomes

(b) Electron micrograph of smooth and rough ER (85,000 %)

ribosomes, rough and smooth endoplasmic reticulum, Golgi
apparatus, lysosomes, peroxisomes, the cytoskeleton, and
centrioles (see Figure 2.1). As you will learn, most organelles
are bounded by a membrane that is similar in composition to
the plasma membrane but lacks a glycocalyx.

With very few exceptions, all cells of the human body
share the same kinds of organelles. However, when a cell type
performs a special body function, the organelles that contribute
to that function are especially abundant in that cell. Thus,
certain organelles are better developed in some cells than in
others. You will see examples of this principle as you explore
the organelles and their roles.

Ribosomes

Ribosomes (ri'bo-somz) are the assembly line of the manu-
facturing plant, producing proteins for cellular or extracellular
function. They are small, dark-staining granules (Figure 2.6).
Unlike most organelles, they are not surrounded by a mem-
brane, but are constructed of proteins plus ribosomal RNA
(RNA = ribonucleic acid). Each ribosome consists of two
subunits that fit together like the body and cap of an acorn.

Almost all cells make large amounts of protein, and
ribosomes are the site of protein synthesis. On the ribosomes,
building blocks called amino acids are linked together to
form protein molecules. This assembly process is called
translation. 1t is dictated by the genetic material in the cell
nucleus (DNA), whose instructions are carried to the
ribosomes by messenger molecules called messenger RNA
(mRNA).

Many ribosomes float freely within the cytosol. Such
free ribosomes make the soluble proteins that function
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Cis face—
“receiving” side of
Golgi apparatus

Transport vesicle
from rough ER
Cisternae

forming

Trans face—
“shipping” side of
Golgi apparatus

(a) Many vesicles in the process of pinching off from the membranous

Golgi apparatus
FIGURE 2.7 Golgi apparatus.

within the cytosol itself. Ribosomes attached to the mem-
branes of the rough endoplasmic reticulum, as shown in
Figure 2.6, make proteins that become part of the cell mem-
brane or that are exported out of the cell.

Endoplasmic Reticulum

The endoplasmic reticulum (en”do-plaz’mik ret-tik"u-lum),
or ER, is literally the “network within the cytoplasm.” As
shown in Figure 2.6, the ER is an extensive system of mem-
brane-walled envelopes and tubes that twists through the cy-
toplasm. It accounts for more than half of the membranous
surfaces inside an average human cell. There are two distinct
types of ER: rough ER and smooth ER. Either type may pre-
dominate in a given cell type, depending on the specific func-
tions of the cell.

Rough Endoplasmic Reticulum The rough endo-
plasmic reticulum (rough ER) consists mainly of stacked
envelopes called cisternae (sis-ter'ne; “fluid-filled cavities™).
Ribosomes stud the external faces of the membranes of the
rough ER, assembling proteins. The ribosomes attach to the
membrane when the protein is being made, then detach when
the protein is completed.

The rough ER has several functions. Its ribosomes make
all proteins that are secreted from cells; thus, rough ER is espe-
cially well developed in gland cells that secrete a large amount
of protein (mucous cells, for example). It makes the digestive
enzymes that will be contained in lysosomes. The rough ER
also makes both the integral proteins and the phospholipid

New vesicles

— Transport
y vesicle
from

trans face
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New vesicles forming

Transport vesicle
from the Golgi apparatus

Golgi apparatus

(b) Electron micrograph of the Golgi apparatus (90,000 x)

molecules of the cell’s membranes. In other words, all cell
membranes start out as rough ER membrane. The rough ER
can therefore be considered the cell’s “membrane factory.”

Smooth Endoplasmic Reticulum The smooth endo-
plasmic reticulum (smooth ER) is continuous with the rough
ER (Figure 2.6). It consists of tubules arranged in a branching
network. Because no ribosomes are attached to its membranes,
the smooth ER is not a site of protein synthesis. It performs dif-
ferent functions in different cell types, but most of these relate
to lipid metabolism, the making or breaking down of fats.
Smooth ER is abundant in cells that make lipid steroid hor-
mones from cholesterol and in liver cells that detoxify lipid-
soluble drugs. Most cell types, however, have little smooth ER.

Another important function of smooth ER is storing cal-
cium ions. lonic calcium is a signal for the beginning of many
cellular events, including muscle contraction and glandular
secretion. The calcium concentration in the cytosol is kept
low when such events are not occurring, because most cal-
cium ions are pumped into the ER and held there until the cell
needs them. The ER in muscle cells is very extensive, reflect-
ing this essential function.

Golgi Apparatus

The Golgi (gol’je) apparatus is a stack of three to ten disc-
shaped envelopes (cisternae), each bound by a membrane
(Figure 2.7). It resembles a stack of hollow saucers, one
cupped inside the next. The products of the rough ER move
through the Golgi stack from the convex (cis) to the concave
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@ Protein-containing
vesicles pinch off rough
ER and migrate to fuse
with membranes of
Golgi apparatus.

@ Proteins are
modified within the
Golgi compartments.

@ Proteins are then
packaged within
different vesicle types,
depending on their
ultimate destination.

Pathway A:
Vesicle contents
ined for

(

ER membrane Phagosome Plasma

membrane

Pathway C:
Lysosome g
containing acid
hydrolase /
enzymes

Vesicle becomes
lysosome S

Secretory
vesicle -

7

Pathway B:
Vesicle membrane
to be incorporated
into plasma
membrane

Extracellular fluid

FIGURE 2.8 The sequence of events from protein synthesis on the rough ER to

the final distribution of these proteins.

(trans) side. More specifically, the cis face receives spherical,
membranous transport vesicles from the rough ER; new vesi-
cles bud off a trans face to leave the apparatus.

The Golgi apparatus sorts, processes, and packages the
proteins and membranes made by the rough ER. For example,
the Golgi apparatus distinguishes which newly made mem-
branes will become part of the lysosomes (discussed shortly),
and which ones are destined for the plasma membrane. It then
sends these membranes to their correct destinations in the
vesicles that leave the trans face. Thus, the Golgi apparatus is
the packaging and shipping division of the manufacturing
plant. It receives product produced by the rough ER, pack-
ages it, and ships it to its appropriate destination.

Figure 2.8 illustrates the activities of the Golgi apparatus
and shows the pathways traveled by products leaving the
Golgi apparatus. In pathway A, which occurs in gland cells,
the protein product is contained in secretory vesicles; these
vesicles ultimately release their contents to the cell’s exterior
by exocytosis. In pathway B, common in all cells, the mem-
brane of the vesicle fuses to and contributes to the plasma
membrane, whose components are constantly being renewed
and recycled. In pathway C, also common in all cells, the
vesicle leaving the Golgi apparatus is a lysosome, a sac filled
with digestive enzymes, that remains inside the cell.

Lysosomes

Lysosomes are spherical, membrane-walled sacs containing
many kinds of digestive enzymes (Figure 2.9). These en-
zymes, called acid hydrolases, can digest almost all types of
large biological molecules. Lysosomes can be considered the

cell’s “demolition crew,” because they break apart and digest
unwanted substances. For example, they fuse with phago-
somes, emptying their enzymes into these vesicles and break-
ing down their contents (Figure 2.8, pathway C).

When a cell’s own internal membranes, proteins, or or-
ganelles are damaged or wear out, they are encircled by a new
membrane from the rough ER, forming a vesicle. Then,
nearby lysosomes fuse with this vesicle to digest its contents.
Within such vesicles, digestion can proceed safely, because
the enclosing membrane keeps the destructive enzymes away
from other cell components. Phagocytic cells, such as some
white blood cells, have an exceptional number of lysosomes
to degrade ingested bacteria and viruses.

TAY-SACHS DISEASE In an inherited condition called
Tay-Sachs disease, an infant’s lysosomes lack a specific
enzyme that breaks down certain glycolipids in the normal
recycling of worn-out cellular membranes. Such glycolipids
are especially abundant in the membranes of nerve cells.
Accumulation of undigested glycolipids in the lysosomes
interferes with nerve cell function, resulting

in mental retardation, blindness, spastic

movements, and death of the child within a

year and a half of birth.

Mitochondria

Mitochondria (mi’to-kon”dre-ah) are analogous to the
power plant of the manufacturing company. These or-
ganelles produce the energy for cellular function. They
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Lysosomes

Light areas are regions
where materials are
being digested.

FIGURE 2.9 Electron micrograph of a cell containing
lysosomes (93,000X), artificially colored.

usually are depicted as bean-shaped structures because of
their appearance in sections under the microscope (Figure
2.10). In reality, mitochondria are long and threadlike
(mitos = thread). In living cells, they squirm about and
change shape as they move through the cytoplasm. Most or-
ganelles are surrounded by a membrane, but mitochondria
are enclosed by two membranes: The outer membrane is
smooth and featureless, and the inner membrane folds in-
ward to produce shelflike cristae (kri’ste; “crests”). These
protrude into the matrix, the jellylike substance within the
mitochondrion.

Mitochondria generate most of the energy the cell uses to
carry out work. They do this by systematically releasing the
energy stored in the chemical bonds of nutrient molecules
and then transferring this energy to produce adenosine
triphosphate (ATP), the high-energy molecules that cells
use to power chemical reactions. Within the mitochondrion,
the ATP-generating process starts in the matrix (by a process
called the citric acid cycle) and is completed on the inner
membrane of the cristae (by the processes called oxidative
phosphorylation and electron transport). Cell types with high
energy requirements, muscle cells for example, have large
numbers of mitochondria in their cytoplasm. These types
of cells also have large numbers of cristae within their
mitochondria.
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Quter
mitochondrial
membrane

Inner
mitochondrial
membrane

Cristae

Matrix

(c)

(b)

FIGURE 2.10 Mitochondria. (a) Diagram of a longitudinally
sectioned mitochondrion. (b) Enlargement of crista showing
enzymes involved in ATP production. (c) Electron micrograph of
a mitochondrion (6000X).

Mitochondria are far more complex than any other or-
ganelle. They even contain some maternally inherited genetic
material (DNA) and divide to form new mitochondria, as if
they were miniature cells themselves. Intriguingly, mitochon-
dria are very similar to a group of bacteria, the purple bacteria
phylum. It is now widely believed that mitochondria arose
from bacteria that invaded the ancient ancestors of animal and
plant cells.

Peroxisomes

Peroxisomes (pé-roks’i-somz; “peroxide bodies”) are like
the toxic waste removal system of the manufacturing plant.
They are membrane-walled sacs that resemble small lyso-
somes (see Figure 2.1). They contain a variety of enzymes,
most importantly oxidases and catalases. Oxidases use oxy-
gen to neutralize aggressively reactive molecules called free
radicals, converting these to hydrogen peroxide. Free
radicals are normal by-products of cellular metabolism, but if
allowed to accumulate they can destroy the cell’s proteins,
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(a) Microfilaments

Strands made of spherical protein
subunits called actins

Actin subunit

:|—7nm

Microfilaments form the blue network
surrounding the pink nucleus in this photo.

(b) Intermediate filaments

Tough, insoluble protein fibers
constructed like woven ropes

}{(— Fibrous subunits

Intermediate filaments form the purple
batlike network in this photo.

(c) Microtubules

Hollow tubes of spherical protein
subunits called tubulins

/K Tubulin subunits
Leees

25 nm

Microtubules appear as gold networks
surrounding the cells’ pink nuclei in this photo.

FIGURE 2.11 Cytoskeletal elements. Diagrams (above) and photos (below) of cells

treated to fluorescently tag the structure of interest.

membranes, and DNA. Hydrogen peroxide is also reactive
and dangerous, but it is converted by catalase into water and
oxygen. This catalase-driven reaction breaks down poisons
that have entered the cell, such as alcohol, formaldehyde, and
phenol. Peroxisomes are numerous in liver and kidney cells,
which play a major role in removing toxic substances from
the body. Peroxisomes also perform other metabolic reac-
tions, such as breaking down long chains of fatty acids in
lipid metabolism.

Cytoskeleton

The cytoskeleton, literally “cell skeleton,” is an elaborate
network of rods running throughout the cytosol (the frame-
work of the manufacturing building, Figure 2.17). This net-
work acts as a cell’s “bones,” “muscles,” and “ligaments” by
supporting cellular structures and generating various cell
movements. The three types of rods in the cytoskeleton are
microfilaments, intermediate filaments, and microtubules,
none of which is covered by a membrane.

Microfilaments, the thinnest elements of the cytoskele-
ton, are strands of the protein actin (ak’tin) (Figure 2.11a).
Also called actin filaments, they concentrate most heavily in
a layer just deep to the plasma membrane. Actin filaments
interact with another protein called myosin (mi’'o-sin) to gen-
erate contractile forces within the cell. The interaction of
actin and myosin squeezes one cell into two during cell divi-
sion (cytokinesis, p. 39), causes the membrane changes that

accompany endocytosis and exocytosis, and enables some
cells to send out and then retract extensions called
pseudopods (soo’do-pods; “false feet”), in a crawling action
called amoeboid motion (ah-me’boid; “changing shape”).
Additionally, myosin acts as a motor protein to move some
organelles within the cell. Except in muscle cells, where they
are stable and permanent, the actin microfilaments are unsta-
ble, constantly breaking down and re-forming from smaller
subunits.

Intermediate filaments (Figure 2.11b) are tough, insolu-
ble protein fibers, with a diameter between those of microfila-
ments and microtubules. Intermediate filaments are the most
stable and permanent of the cytoskeletal elements. Their most
important property is high tensile strength; that is, they act like
strong guy-wires to resist pulling forces that are placed on the
cell. They also function to link adjacent cells together by
attaching to specific cell junctions called desmosomes (p. 75).

Microtubules, the elements with the largest diameter, are
hollow tubes made of spherical protein subunits called tubulins
(Figure 2.11c). They are stiff but bendable. All microtubules
radiate from a small region of cytoplasm near the nucleus
called the centrosome (“center body”; see Figure 2.1). This ra-
diating pattern of stiff microtubules determines the overall
shape of the cell, as well as the distribution of cellular or-
ganelles. Mitochondria, lysosomes, and secretory granules at-
tach to the microtubules like ornaments hanging from the limbs
of a Christmas tree. Organelles move within the cytoplasm,



www.konkur.in

pulled along the microtubules by small motor proteins, ki-
nesins (ki-ne’sinz) and dyneins (di'ne-inz), that act like train
engines on the microtubular railroad tracks. Microtubules are
remarkably dynamic organelles, constantly growing out from
the cell center, disassembling, then reassembling.

Centrosome and Centrioles

The centrosome (sen’tro-som) is a spherical structure in the
cytoplasm near the nucleus (Figure 2.12). It contains no
membranes. Instead, it consists of an outer cloud of protein
called the centrosome matrix and an inner pair of
centrioles (sen’tre-0lz). The matrix protein seeds the growth
and elongation of microtubules, which explains why the long
microtubules of the cytoskeleton radiate from the centro-
some in nondividing cells (see Figure 2.11c), and why a mi-
totic spindle of microtubules radiates from it in dividing cells
(see Figure 2.17, p. 40).

In the core of the centrosome, the two barrel-shaped
centrioles lie perpendicular to one another. The wall of each
centriole consists of 27 short microtubules, arranged in nine
groups of three. Unlike most other microtubules, those in
centrioles are stable and do not disassemble. Functionally,
centrioles act in forming cilia and flagella (p. 76 in Chapter 4)
and the mitotic spindle (Figure 2.17).

Cytoplasmic Inclusions

Inclusions are temporary structures in the cytoplasm that may
or may not be present in a given cell type. Inclusions include
pigments, crystals of protein, and food stores. The food
stores, by far the most important kind, are lipid droplets and
glycosomes. Lipid droplets are spherical drops of stored fat.
They can have the same size and appearance as lysosomes but
can be distinguished by their lack of a surrounding mem-
brane. Only a few cell types contain lipid droplets: Small
lipid droplets are found in liver cells, large ones in fat cells.
Glycosomes (‘“‘sugar-containing bodies”) store sugar in the
form of glycogen (gli'ko-jen), which is a long branching
chain of glucose molecules, the cell’s main energy source.
Glycosomes also contain enzymes that make and degrade the
glycogen into its glucose subunits. Structurally, glycosomes
are dense, spherical granules. They resemble ribosomes, but
their diameter is twice as large.

check your understanding

5. What cellular organelles are involved with protein
synthesis and packaging?

6. What organelle produces the energy needed for
cellular activity?

7. What organelle would be prevalent in a cell that
specialized in phagocytosis?

8. Which cytoskeletal element functions to resist tension
and thus helps to keep the cell intact?

For answers, see Appendix B.
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Centrosome matrix

Centrioles

(a) Microtubules

(b)

FIGURE 2.12 Centrosome and centrioles. (a) A centrosome.
(b) Electron micrograph of a centriole in cross section. Its wall
consists of nine groups of three microtubules (124,000 X).

THE NUCLEUS

» Describe the role of each of the three parts of the
nucleus in the control of cellular activities: the nuclear
envelope, the nucleolus, and chromatin.

The nucleus, literally a “little nut,” is the control center of
the cell. Its genetic material, deoxyribonucleic acid (DNA),
directs the cell’s activities by providing the instructions for pro-
tein synthesis. In our manufacturing analogy, the nucleus can
be compared to a central library, design department, construc-
tion superintendent, and board of directors all rolled into one.
Whereas most cells have only one nucleus, some, including
skeletal muscle cells, have many; that is, they are multinucleate
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Nuclear envelope

Chromatin (condensed)

Nucleolus

Cisternae of rough ER

(@)

FIGURE 2.13 The nucleus. (a) Three-dimensional illustration of the nucleus, showing
the continuity of the nuclear envelope with the rough ER. (b) Freeze-fracture micrograph

transmission electron micrographs (TEMs).

(mul”ti-nu’kle-at; multi = many). The presence of more than
one nucleus usually signifies that a cell has a larger-than-usual
amount of cytoplasm to regulate. One cell type in the body, the
mature red blood cell, is anucleate; that is, it has no nucleus at
all. Its nucleus normally is ejected before this cell first enters
the bloodstream.

The nucleus, which averages 5 uwm in diameter, is larger
than any of the cytoplasmic organelles (see Figure 2.1).
Although it is usually spherical or oval, it generally conforms
to the overall shape of the cell. If a cell is elongated, for ex-
ample, the nucleus may also be elongated. The main parts of

Surface of nuclear envelope.

Fracture
line of outer
membrane

Nuclear
pores

Nucleus

Nuclear pore complexes. Each pore is ringed
by protein particles.

Nuclear lamina. The netlike lamina
composed of intermediate filaments formed by
lamins lines the inner surface of the nuclear
envelope.

(b)

the nucleus are the nuclear envelope, nucleolus, and
chromatin and chromosomes (Figure 2.13).

Nuclear Envelope

The nucleus is surrounded by a nuclear envelope that consists
of two parallel membranes separated by a fluid-filled space
(Figure 2.13a). The outer membrane is continuous with the
rough ER and has ribosomes on its external face. It forms
anew from rough ER after every cell division, so it is evidently
a specialized part of the rough ER. The inner membrane is
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lined by protein filaments, the nuclear lamina, which main-
tain the shape of the nucleus (Figure 2.13b).

At various points, the two layers of the nuclear envelope
fuse, and nuclear pores penetrate the fused regions (Figure
2.13a and b). Each pore is formed by a bracelet-shaped com-
plex of more than 22 proteins, and there are several thousand
pores per nucleus. Like other cellular membranes, the mem-
branes of the nuclear envelope are selectively permeable, but
the pores allow large molecules to pass in and out of the nu-
cleus as necessary. For example, protein molecules imported
from the cytoplasm and RNA molecules exported from the
nucleus routinely travel through the pores.

The nuclear envelope encloses a jellylike fluid called
nucleoplasm (nu'kle-o-plazm”), in which the chromatin and
nucleolus are suspended. Like the cytosol, the nucleoplasm
contains salts, nutrients, and other essential chemicals.

Nucleolus

The nucleolus (nu-cle’o-lus, “little nucleus”) is a dark-staining
body in the cell nucleus (Figure 2.13). There may be one or
several within a cell nucleus. A nucleolus contains parts of sev-
eral different chromosomes and serves as the cell’s “ribosome-
producing machine.” Specifically, it has hundreds of copies of
the genes that code for ribosomal RNA and serves as the site
where the large and small subunits of ribosomes are assembled.
These subunits leave the nucleus through the nuclear pores and
join within the cytoplasm to form complete ribosomes.

Chromatin and Chromosomes

DNA is a long double helix that resembles a spiral staircase
(Figure 2.14). This double helix is in turn composed of four
kinds of subunits called nucleotides, each of which contains a
distinct base. These bases—thymine (T), adenine (A), cyto-
sine (C), and guanine (G)—bind to form the “stairs” of the
“staircase” and to hold the DNA helix together.

The double helix of DNA (Figure 2.15 (1)) is packed
with protein molecules and coiled in strands of increasing
structural complexity and thickness. The DNA molecule plus
the proteins form chromatin. Each two turns of the DNA
helix is packed with eight disc-shaped protein molecules
called histones (his'tonz, Figure 2.15 (2)). Each cluster of
DNA and histones is called a nucleosome. In an electron mi-
crograph of chromatin, the nucleosomes have the appearance
of beads on a string. Chromatin in this form is called
extended chromatin. Further coiling of the nucleosomes
forms a tight helical fiber, as shown in Figure 2.15 (3). These
thick fibers of chromatin are called condensed chromatin.

During a cell’s nondividing phase, when it is performing its
normal activities, the chromatin is in either its extended or con-
densed form. The tightly coiled DNA of condensed chromatin
is inactive. The extended chromatin is the active region of the
DNA, directing the synthetic activities of the cell. Specifically,
extended chromatin is the site where DNA’s genetic code is
copied onto messenger RNA molecules in a process called
transcription. The most active cells in the body have a large
amount of extended chromatin and little condensed chromatin.

During cell division, the chromatin is further packed: The
helical fibers of nucleosomes are looped (Figure 2.15 (8)) and
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FIGURE 2.14 Molecular structure of DNA. DNA is a double
helix constructed of chains of nucleotide molecules. Each
nucleotide consists of a sugar, phosphate, and one of four bases:
thymine (T), adenine (A), cytosine (C), or guanine (G).

then packed further into the most complex structure, the chro-
matid (Figure 2.15 (5)) of a chromosome (kro’mo-som; “col-
ored body”). Each chromosome contains a single, very long
molecule of DNA, and there are 46 chromosomes in a typical
human cell. When a cell is dividing, its chromosomes are
maximally coiled, so they appear as thick rods (see state (5)
in Figure 2.15). Chromosomes move extensively during cell
division (pp. 40-41), and their compact nature helps to keep
the delicate chromatin strands from tangling and breaking as
the chromosomes move. When cell division stops, many parts
of the chromosome uncoil to form the extended chromatin,
thereby allowing transcription to occur.

check your understanding

9. What does the nucleolus produce?
10. What cytoplasmic organelle is continuous with the
nuclear envelope?

11. How does the appearance of extended chromatin
differ from that of condensed chromatin? What is the
difference in function between these forms of
chromatin?

For answers, see Appendix B.
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FIGURE 2.15 Chromatin and chromosome structure.

(a) Electron micrograph of extended chromatin (36,500X).

(b) The arrangement of DNA and histones in chromatin, from its
most extended state (1) to its most condensed state (), in a
chromosome.

THE CELL LIFE CYCLE

» List the phases of the cell life cycle, and describe a key
event of each phase.

The cell life cycle is the series of changes a cell under-
goes from the time it forms until it reproduces itself. This
cycle can be divided into two major periods (Figure 2.16):
interphase, in which the cell grows and carries on its usual

Nie e
Z7 2

G, checkpoint
(restriction point)

Growth and DNA
synthesis

Growth and final
preparations for
division

. ; G, checkpoint

FIGURE 2.16 The cell cycle. The two basic phases in the life
and reproduction of each cell are interphase and the mitotic
(M) phase. The length of the cell cycle varies in different cell
types, but the G, stage of interphase tends to be the longest
and the most variable in duration. See the text for details.

activities; and cell division, or the mitotic phase, during
which it divides into two cells.

Interphase

In addition to carrying on its life-sustaining activities, a cell in
interphase prepares for the next cell division. Interphase is di-
vided into Gy, S, and G, subphases. During Gy (gap 1), the first
part of interphase, cells are metabolically active, make proteins
rapidly, and grow vigorously. This is the most variable phase in
terms of duration. In cells with fast division rates, G lasts sev-
eral hours; in cells that divide slowly, it can last days or even
years. Near the end of Gy, the centrioles start to replicate in
preparation for cell division. During the next stage, the S
(synthetic) phase, DNA replicates itself, ensuring that the two
daughter cells will receive identical copies of the genetic mate-
rial. The final part of interphase, called G, (gap 2), is brief. In
this period, the enzymes needed for cell division are synthe-
sized. Centrioles finish copying themselves at the end of G,.
The cell is now ready to divide. Throughout all three subphases,
the cell continues to grow, producing proteins and cytoplasmic
organelles, and to carry out its normal metabolic activities.
Checkpoints that evaluate cellular activities such as cell
growth, DNA replication, and mitotic spindle formation occur
throughout the cell cycle. Two of these checkpoints are shown
in Figure 2.16: The G; checkpoint assesses cell size before
DNA synthesis, and the G, checkpoint checks for DNA damage
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and accuracy of replication. Mitosis can be halted at these
checkpoints, thus preventing damaged cells from dividing.

Cell Division

Cell division is essential for body growth and tissue repair.
Short-lived cells that continuously wear away, such as cells of
the skin and the intestinal lining, reproduce themselves al-
most continuously. Others, such as liver cells, reproduce
slowly (replacing those cells that gradually wear out), but can
divide quickly if the organ is damaged. Cells of nervous tis-
sue and for the most part skeletal muscle are unable to divide
after they are fully mature; repair is carried out by scar tissue
(a fibrous connective tissue).

Cells divide in the M (mitotic) phase of their life cycle,
which follows interphase (see Figure 2.16). In most cell
types, division involves two distinct events: mifosis (mi-to’-
sis), or division of the nucleus, and cytokinesis (si”to-ki-ne’-
sis), or division of the entire cell into two cells.

Mitosis

Mitosis is the series of events during which the replicated
DNA of the original cell is parceled out into two new cells,
culminating in the division of the nucleus. Throughout these
events, the chromosomes are evident as thick rods or threads.
Indeed, mitosis literally means “the stage of threads.” Mitosis
is described in terms of four consecutive phases: prophase,
metaphase, anaphase, and telophase. However, it is actually a
continuous process, with each phase merging smoothly into
the next. Its duration varies according to cell type, but it typi-
cally lasts about 2 hours. Mitosis is described in detail in
Focus on Mitosis (Figure 2.17).

Cytokinesis

The separation of one cell into two at the end of the cell cycle
is called cytokinesis, literally “cells moving (apart).” It be-
gins during anaphase and is completed after mitosis ends
(Figure 2.17). Essentially, a ring of contractile actin and
myosin filaments in the center of the original cell constricts to
pinch that cell in two. The two new cells, called daughter
cells, then enter the interphase part of their life cycle.

check your understanding

12. In what basic phase of the cell life cycle does the cell
spend most of its life?

13. What is the meaning of the root words that form the
terms anaphase, metaphase, and telophase? What is
happening during each of these phases of mitosis?

For answers, see Appendix B.

DEVELOPMENTAL ASPECTS
OF CELLS

» Name some specific cell types, and relate their overall
shape to their special functions.

» Compare theories of cell differentiation and aging.
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Cell Differentiation

All humans begin life as a single cell, the fertilized egg, from
which all the cells in the body arise. Early in embryonic devel-
opment, the cells begin to specialize: Some become liver cells;
some become nerve cells; others become the transparent lens
of the eye. Every cell in the body carries the same genes. (A
gene, simply speaking, is a segment of DNA that dictates a
specific cell function, usually by coding for a specific protein.)
If all our cells have identical genes, how do cells differentiate
and take on specialized structures and functions?

Cells in various regions of the developing embryo are ex-
posed to different chemical signals that channel the cells into
specific pathways of development. The cytoplasm of a fertilized
egg contains gradients of maternally produced messenger RNA
(mRNA) molecules and proteins. In the early days of develop-
ment as the fertilized egg divides, the cytoplasm of each daugh-
ter cell receives a different composition of these molecules.
These maternally derived molecules in the cytoplasm influence
the activity of the embryonic genome. In this way, different
genes are activated in each cell, leading to cellular differentia-
tion. Once the cell-specific gene expression begins, a cell may
produce signaling molecules that influence the development of
neighboring cells by switching some of their genes “on” or “off.”
Some genes are active in all cells; for example, all cells must
carry out protein synthesis and make ATP. However, the genes
for the synthesis of specialized proteins, such as hormones or
mucus, are activated only in certain cell populations. The key to
cell specialization lies in the kinds of proteins made and reflects
differential gene activation in the different cell types.

Cell specialization, also called cell differentiation, leads
to structural variation among the cell types in the body.
Different organelles come to predominate in different cells.
For example, muscle cells make tremendous quantities of
actin and myosin proteins, and lipid accumulates in fat cells.
Phagocytic cells produce more lysosomal enzymes and con-
tain many lysosomes. There are about 200 different cell types
in the body, which vary greatly in size, shape, and function.
They include sphere-shaped fat cells, disc-shaped red blood
cells, branching nerve cells, and cube-shaped cells of kidney
tubules. Figure 2.18 illustrates how the shapes of cells and
their arrangement of organelles relate to the specialized func-
tion of these cells. Cells fall into these functional groups:

(a) Cells that connect body parts or cover and line organs

Fibroblast. The elongated shape of this cell extends
along the cablelike fibers that it secretes. It also has an
abundant rough ER and a large Golgi apparatus to make
and secrete the protein components of these fibers.

Erythrocyte (red blood cell). This cell carries the respira-
tory gases, oxygen and carbon dioxide. Its concave disc
shape provides extra surface area for the uptake of respi-
ratory gases. This streamlined shape also allows the cell
to flow easily through the bloodstream. So much oxygen-
carrying pigment is packed in erythrocytes that all other
organelles have been shed to make room.

Epithelial cell. The shape of these cells allows the maxi-
mum number of epithelial cells to be packed together in a
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Mitosis is the process of nuclear division in which the chromosomes
are distributed to two daughter nuclei. Together with cytokinesis, it

produces two identical daughter cells.

Interphase

Centrosomes (each
has 2 centrioles)

Nucleolus

Nuclear
envelope

Interphase

* Cell is carrying out its normal metabolic
activities.

e Chromatin in extended and condensed forms.

* Three phases (as shown in Figure 2.16).

G4 phase — centrioles begin replication.

S phase — DNA is replicated.

G, phase — the final preparations for mitosis;
centriole replication complete.

The light micrographs show dividing lung cells from
a newt. The chromosomes appear blue and the
microtubules green. (The red fibers are intermediate
filaments.) The schematic drawings show details not
visible in the micrographs. For simplicity, only four
chromosomes are drawn.

Plasma
/ membrane

Chromatin

Early Prophase

Early mitotic
spindle

Chromosome
consisting of two
sister chromatids

Early prophase — first phase of mitosis

¢ Chromatin condenses to form chromosomes.

Each chromosome consists of two identical
chromatids, called sister chromatids, held
together at the centromere.

* Nucleoli and cytoskeletal microtubules
disassemble.

* Mitotic spindles form from microtubules
surrounding the centrosomes and push the

centrosomes toward opposite ends of the cell.

* Microtubule arrays called asters extend from
the centrosome matrix.
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Spindle pole

Aster

Centromere

Late Prophase

Polar microtubule

Fragments
of nuclear
envelope

Kinetochore
microtubule

Kinetochore

Late prophase

* Nuclear envelope disassembles, and its
components are stored in ER.

* Mitotic spindle microtubules extend from each
centrosome and attach to the centromere of
each chromosome. Each chromosome is pulled
by the spindle microtubules toward opposing
poles of the cell, resulting in the chromosomes
clustering in the center of the cell.



Metaphase

Metaphase
plate

Metaphase — second phase of mitosis

* Chromosomes align at the middle of the cell
along the metaphase plate.

* Chromatids are separated from each other by
enzyme action.
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Anaphase

Daughter
chromosomes

Anaphase — third phase of mitosis

» Centromeres split apart; each chromatid is
now considered a chromosome.

 Spindle fibers, moved by motor proteins, pull
the chromosomes toward opposite poles.

» Other spindle fibers that are not attached to
chromosomes lengthen and push the poles of
the cells apart, thus elongating the cell.

¢ |[n anaphase, the chromosomes look
V-shaped as they are pulled away from the
metaphase plate.

Telophase and Cytokinesis

Nuclear Nucleolus forming Contractile
envelope ring at
forming cleavage

furrow

Telophase — final phase of mitosis

¢ |dentical sets of chromosomes at opposite
poles uncoil and resume their threadlike form
as extended chromatin.

* Nuclear envelope reassembles around each
chromatin group.

* Nucleoli reappear within the nuclei.
» Mitotic spindle breaks down.

Cytokinesis

e A ring of contractile microfilaments forms at
the cleavage furrow and then squeezes the
cells apart. Division of the cytoplasm actually
begins during late anaphase and continues
through and beyond telophase.

41
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FIGURE 2.18 Cellular diversity. (Note that cells are not
drawn to the same scale.)

sheet called epithelium. An epithelial cell has abundant
intermediate filaments that resist tearing when the epithe-
lium is rubbed or pulled. Some epithelial cells are gland
cells, with an abundant rough ER, Golgi apparatus, and
secretory granules.

(b) Cells that produce movement and move body parts

Skeletal muscle and smooth muscle cells. These cells are
elongated and filled with abundant actin and myosin fila-
ments, so they can shorten forcefully.

(¢) Cell that stores nutrients

Fat cell. The huge spherical shape of a fat cell is pro-
duced by a large lipid droplet in its cytoplasm.

(d) Cell that fights disease

Macrophage (a phagocytic cell). This cell extends long
pseudopods to crawl through tissue to reach infection
sites. The many lysosomes within the cell digest the
infectious microorganisms it takes up.

(e) Cell that gathers information and controls body
functions

Nerve cell (neuron). This cell has long processes for re-
ceiving messages and transmitting them to other structures
in the body. The processes are covered with an extensive
plasma membrane, whose components are continually
recycled; a large rough ER is present to synthesize mem-
brane components.

(f) Cell of reproduction

Sperm (male). This cell is long and streamlined for
swimming to the egg for fertilization. The swimming tail
is a motile whip called a flagellum (p. 76 in Chapter 4).

Most organs are well formed and functional long be-
fore birth, but the body continues to grow by forming more
cells throughout childhood and adolescence. Once adult
size is reached, cell division slows considerably and occurs
primarily to replace short-lived cell types and to repair
wounds.

Aging

There is no doubt that cellular aging occurs and that it ac-
counts for most problems associated with old age. Although
aging is complex and certainly the result of many mecha-
nisms, the best-documented theory proposes that free radicals
play the major role. These highly reactive and thus destruc-
tive molecules are primarily by-products of normal cellular
metabolism, although they also form in response to external
insults, such as radiation and chemical pollutants. The theory
proposes that free radicals build up and progressively damage
the essential cell molecules. Most evidence for this comes
from experiments on less complex animals such as worms
and fruit flies, where neutralizing the free radicals and repair-
ing their damage have been shown to increase life span.
Vitamins E and C appear to act as antioxidants in the
human body and may help to prevent excessive free-radical
formation.

Most free radicals are produced in the mitochondria, the
organelle with the highest rate of metabolism. Scientists pro-
pose that a decrease in energy production by free-radical-
damaged mitochondria weakens and ages the cells. This is
called the mitochondrial theory of aging. It has long been
known that when laboratory rats and mice are slightly under-
nourished, their life span increases by up to 30%. The same
finding has also been demonstrated in primates. Because
caloric restriction lowers the metabolic rate and makes me-
tabolism more efficient, fewer of the destructive free radicals
are produced, and aging slows.
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Genetic theories of aging propose that aging is pro-
grammed into our genes. These theories originated from the
observation that the body ages in a predictable pattern, as if
aging were a normal part of human development (and devel-
opment is known to be controlled by genes). Rats and fruit
flies can be bred to live longer than usual, and genes that in-
crease and decrease longevity have been identified in ani-
mals. Although some of these genes work by influencing free
radicals, others act in less understood ways.

The best evidence for planned senescence (programmed
aging) involves telomeres, structures that limit the maximum
number of times cells can divide. Telomeres are repeating,
seemingly nonsensical stretches of DNA that cap the ends of
chromosomes (telo = end; mere = piece). Although they
carry no genes, they appear to be vital for chromosomal sur-
vival: Each time DNA is replicated, 50 to 100 of the end nu-
cleotides are lost, and the telomeres get a bit shorter. When the
telomeres reach a certain minimum length, the “stop-division”
signal is given. The idea that cell longevity depends on telo-
mere length was supported by the 1994 discovery of
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telomerase, an enzyme that prevents telomeres from degrad-
ing by adding more repeating DNA to the ends. Pegged as the
“immortality enzyme,” telomerase occurs in our endlessly
replicating germ-line cells and in cancer cells, but not in other
cell types. Great excitement was generated in 1998 when it
was reported that adding telomerase to laboratory-grown
human cells greatly increased the number of times these cells
could divide, without showing any signs of senescence.

check your understanding

14. What cellular structures would be abundant in cells
that specialize in producing movement, such as
muscle cells?

15. What organelles would be abundant in cells that
produce and secrete hormones?

16. According to which aging theory presented here can
the aging process be altered by individual behavior?

For answers, see Appendix B.

RELATED CLINICAL TERMS

APOPTOSIS (ap”op-to’sis; “falling away”) Programmed cell death.
This process of controlled cellular suicide eliminates cells that are
stressed, unneeded, excessive, or aged. In response to damaged
macromolecules within the cell or to some extracellular signal, a se-
ries of intracellular enzymes is activated that destroy the cell's DNA,
cytoskeleton, and other structures, producing a quick, neat death.
The apoptotic cell shrinks without leaking its contents into the
surrounding tissue. It detaches from other cells and is immediately
consumed by nearby cells. This tidy sequence avoids inflammation
(p- 93), and therefore minimizes tissue injury. Cancer cells fail to un-
dergo apoptosis, but oxygen-starved cells do so excessively (heart-
muscle and brain cells during heart attacks and strokes, for example).

DYSPLASIA  (dis-pla’ze-ah) (dys = abnormal) A change in cell size,
shape, or arrangement due to long-term irritation or inflammation
(from infections, for example).

HYPERPLASIA  (hi"per-pla’ze-ah; “excess shape”) Excessive cell
proliferation. Unlike cancer cells, hyperplastic cells retain their
normal form and arrangement within tissues.

HYPERTROPHY  (hi-per’tro-fe; “excess growth”) Growth of an organ
or tissue due to an increase in the size of its cells. Hypertrophy is a
normal response of skeletal muscle cells to exercise. Hypertrophy
differs from hyperplasia, the condition in which cells increase in num-
ber but not in size.

NECROSIS  (ne-kro’sis) (necros = death; osis = process; condition)
Death of a cell or group of cells due to injury or disease. Acute injury
causes the cells to swell and burst, and they induce an inflammatory
response. This is accidental, uncontrolled cell death, in contrast to
apoptosis.

CHAPTER SUMMARY

Overview of Cells (pp. 24-25)
1. Cells are the basic structural and functional units of life.

2. There are 50 to 100 trillion cells in the human body. This chapter
emphasizes the features common to all cells.

3. Each cell has three main regions: plasma membrane, cytoplasm,
and nucleus.

The Plasma Membrane (pp. 25-28)

Structure (p. 27)

4. The plasma membrane defines the cell’s outer boundary. The fluid
mosaic model interprets this membrane as a flexible bilayer of
lipid molecules (phospholipids, cholesterol, and glycolipids) with
embedded proteins. When viewed by electron microscopy, the
membrane has two dark layers (phospholipid heads) that sandwich
an inner, light layer (phospholipid tails).

5. Most proteins in the membrane are integral proteins and extend en-
tirely through the membrane. Peripheral proteins, by contrast, are
attached to the membrane surface, helping to support the mem-
brane along with other functions.

6. Sugar groups of membrane glycoproteins and glycolipids project
from the cell surface and contribute to the cell coat (glycocalyx),
which functions in cell-to-cell binding and recognition.

Functions (p. 27)

7. The plasma membrane functions as a fragile barrier to protect the
cell contents. It determines what enters and leaves the cell, and
some proteins in the plasma membrane function as receptors for
extracellular signal molecules.
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Membrane Transport (pp. 27-29)

8. Small uncharged molecules pass through the membrane by simple
diffusion; water enters and leaves by osmosis; larger or charged
molecules pass through by transport mechanisms that involve the
integral proteins. The movement of molecules down their concen-
tration gradient by way of an integral protein is called facilitated
diffusion. Movement against the concentration gradient is active
transport, a process that requires the use of energy.

9. Large particles and macromolecules pass through the membrane by
endocytosis and exocytosis. Endocytosis brings large substances
into the cell as packets of plasma membrane fold in to form cytoplas-
mic vesicles. If the substance is a particle, the process is called
phagocytosis; if the substance is dissolved molecules in the extracel-
lular fluid, the process is known as pinocytosis. Receptor-mediated
endocytosis is selective: Specific molecules attach to receptors on the
membrane before being taken into the cell in protein-coated vesicles.

10. In exocytosis, membrane-lined cytoplasmic vesicles fuse with the
plasma membrane and release their contents to the outside of the cell.

The Cytoplasm (pp. 30-35)

Cytosol (p. 30)

11. The cytosol, or cytoplasmic matrix, is the viscous, fluid-containing
substance in which cytoplasmic organelles and inclusions are em-
bedded.

Cytoplasmic Organelles (pp. 30-35)
12. Each organelle performs specific functions. The various cell types
in the body have different numbers of each organelle type.

13. Ribosomes are dark-staining granules that consist of two subunits,
each made of protein and ribosomal RNA. Ribosomes are the sites
of protein synthesis (translation). Free ribosomes make proteins
used in the cytosol.

14. The rough endoplasmic reticulum is a ribosome-studded system of
membrane-walled envelopes (cisternae). Its ribosomes make proteins,
which enter the cisternae and which may ultimately be secreted by the
cell. The rough ER also makes all the cell’s membranes.

15. The smooth endoplasmic reticulum, a network of membrane-
walled tubes containing no ribosomes, is involved in the metabo-
lism of lipids. All ER stores calcium ions.

16. The Golgi apparatus is a stack of disc-shaped envelopes that has a
cis (convex) and a trans (concave) face. It sorts the products of the
rough endoplasmic reticulum and then sends these products, in
membrane-bound vesicles, to their proper destination. Lysosomes
and secretory granules arise from the Golgi apparatus.

17. Lysosomes are spherical, membrane-walled sacs of digestive
enzymes. They digest deteriorated organelles and substances
brought into the cell in membrane-bound vesicles.

18. Mitochondria are threadlike organelles covered by two membranes,
the inner of which forms shelflike cristae. Mitochondria are the
main sites of ATP synthesis, the cell’s main energy generators.

19. Peroxisomes are membrane-walled, enzyme-containing sacs that
perform several metabolic processes. They protect the cell from
free radicals and hydrogen peroxide. They also use hydrogen
peroxide to break down some organic poisons and carcinogens.

20. The cytoskeleton includes protein rods of three distinct types—
actin microfilaments, intermediate filaments, and microtubules—
all in the cytosol. Actin microfilaments interact with myosin to
produce contractile forces. Intermediate filaments, which act to re-
sist tension placed on the cell, are stable. Microtubules, which ra-

diate out from the centrosome region, give the cell its shape; they
also organize the distribution and the transport of various or-
ganelles within the cytoplasm. Both microtubules and microfila-
ments tend to be unstable, breaking down and re-forming.

21. The centrosome is a spherical region of cytoplasm near the nu-
cleus. It consists of a cloudlike matrix surrounding a pair of centri-
oles. Proteins in the matrix anchor long microtubules of the
cytoskeleton and mitotic spindle. The centrioles are barrel-shaped
structures with walls of short microtubules.

Cytoplasmic Inclusions (p. 35)

22. Inclusions are impermanent structures in the cytoplasm. Examples
include food stores, such as lipid droplets and glycogen-containing
glycosomes.

The Nucleus (pp. 35-38)

23. The nucleus contains genetic material (DNA) and is the control
center of the cell. Most cells have one centrally located nucleus
shaped like a sphere or an egg.

Nuclear Envelope (pp. 36-37)

24. The nucleus is surrounded by a selectively permeable nuclear en-
velope, which is penetrated by nuclear pores. These pores allow
the passage of large molecules such as RNA and proteins into and
out of the nucleus. The nuclear envelope is continuous with the
rough endoplasmic reticulum.

Nucleolus (p. 37)

25. A nucleolus is a dark-staining body within the nucleus, associated
with parts of several chromosomes. Nucleoli make the subunits of
ribosomes.

Chromatin and Chromosomes (pp. 37-38)
26. The DNA molecule is a double helix consisting of four types of nu-
cleotides, with bases of thymine, adenine, cytosine, and guanine.

27. Chromatin is strandlike material (DNA and histones) in the nu-
cleus that forms chromosomes. During cell division, all chromatin
is highly coiled, making the chromosomes appear as thick rods. In
nondividing cells, the chromatin is a mixture of inactive, coiled
regions (condensed chromatin) and active, uncoiled regions
(extended chromatin).

The Cell Life Cycle (pp. 38-39, 40-41)
28. The cell life cycle is the series of changes a cell experiences from
the time it forms until it divides.

Interphase (pp. 38-39)

29. Interphase is the nondividing phase of the cell life cycle. It consists
of the subphases Gy, S, and G,. During Gy, the cell grows; during
S, DNA replicates; and during Gy, the final preparations for divi-
sion are made.

Cell Division (pp. 39, 40-41)

30. Cell division, essential for growth and repair of the body, occurs
during the M (mitotic) phase. Cell division has two distinct as-
pects: mitosis and cytokinesis.

31. Mitosis, the division of the nucleus, has four stages: (1) prophase,
when chromatids appear, the nuclear membrane is lost, and the mi-
totic spindle forms; (2) metaphase, when the chromatids line up at
the cell’s equator; (3) anaphase, when the V-shaped chromatids are
pulled apart; and (4) telophase, when the chromatin extends and the
nucleus reassembles. Mitosis parcels out the replicated chromosomes
to two daughter nuclei. Cytokinesis, completed after mitosis, is the
division of the cell into two cells.
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Developmental Aspects of Cells (pp. 39, 42-43)

Cell Differentiation (pp. 39, 42)

32. The first cell of a human is the fertilized egg. Cell differentiation
begins early in development and is thought to reflect differential
gene activation.

33. There are about 200 different cell types in the human body. These
cells have a variety of shapes, which reflect their functions; differ-
ent organelles dominate in different cell types (see Figure 2.18).
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34. During adulthood, cell numbers remain fairly constant, and cell di-
vision occurs primarily to replace lost cells.

Aging (pp. 42-43)

35. Aging of cells (and of the whole body) may reflect accumulated
damage from free radicals, or it may be a genetically influenced
process, or both. It may also reflect a loss of the capacity for cell
division over time.

REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1. The endocytotic process in which particulate matter is brought into
the cell is called (a) phagocytosis, (b) pinocytosis, (c) exocytosis.

2. The nuclear substance composed of histone proteins and DNA is
(a) chromatin, (b) the nuclear envelope, (c) nucleoplasm, (d) nuclear
pores.

3. Final preparations for cell division are made during this stage of
the cell life cycle: (a) Gy, (b) Gy, (c) M, (d) S.

4. The fundamental bilayered structure of the plasma membrane is
determined almost exclusively by (a) phospholipid molecules, (b)
peripheral proteins, (c) cholesterol molecules, (d) integral proteins.

5. Identify the cell structure or organelle described by each of the fol-

lowing statements.

(a) A stack of 3—10 membranous discs, with vesicles.

(b) A continuation of the nuclear envelope forms this ribosome-
covered cytoplasmic organelle.

(c) In nondividing cells, the highly coiled parts of chromosomes
form this type of chromatin.

(d) This type of endoplasmic reticulum is a network of hollow
tubes involved in lipid metabolism.

(e) This is a cluster of eight histone molecules and the DNA strand
that wraps them.

(f) These are the cytoskeletal rods with the thickest diameter (choose
from microtubules, microfilaments, intermediate filaments).

(g) The only organelle with DNA and cristae.

(h) This energy-producing organelle is probably descended from
bacteria.

(i) Protein synthesis occurs at this organelle.

6. Circle the false statement about centrioles. (a) They start to dupli-
cate in Gy. (b) They lie in the centrosome. (c) They are made of
microtubules. (d) They are membrane-walled barrels lying parallel
to each other.

7. The trans face of the Golgi apparatus (a) is its convex face, (b) is
where products leave the Golgi apparatus in vesicles, (c) receives
transport vesicles from the rough ER, (d) is in the very center of
the Golgi stack, (e) is the same as the cis face.

8. Circle the false statement about lysosomes. (a) They have the same
structure and function as peroxisomes. (b) They form by budding off
the Golgi apparatus. (c) Lysosomal enzymes do not occur freely in
the cytosol in healthy cells. (d) They are abundant in phagocytic cells.

9. Name the appropriate stage of mitosis (prophase, metaphase,
anaphase, telophase) for each of the following.
(a) The chromosomes are lined up in the middle of the cell.
(b) The nuclear membrane fragments.

(¢) The nuclear membrane re-forms.
(d) The mitotic spindles form.
(e) The chromosomes (chromatids) are V-shaped.

10. Name the cytoskeletal element (actin microfilaments, intermediate
filaments, or microtubules) for each of the following.
(a) give the cell its shape
(b) resist tension placed on a cell
(c) radiate from the centrosome
(d) interact with myosin to produce contraction force
(e) are the most stable
(f) associated with kinesins and dyneins
(g) associated with the motor protein myosin

11. Different organelles are abundant in different cell types. Match the
cell types with their abundant organelles by placing the correct let-
ter from column B into each blank in column A. Follow the hints
provided in parentheses.

Column A Column B

—— (1) cell lining the small intestine (a) mitochondria

(assembles fats)
— (2) white blood cell (phagocytic) (b) smooth ER
—— (3) liver cell (detoxifies carcinogens) (c) peroxisomes
— (4) muscle cell (highly contractile) (d) microfilaments

— (5) mucous cell (secretes protein
product)

(e) rough ER

— (6) epithelial cell in the outer layer of (f) intermediate filaments

skin (withstands tension)

— (7) kidney tubule cell (makes and uses
large amounts of ATP)

(g) lysosomes

12. Which of these processes involves specific membrane receptors?
(a) phagocytosis, (b) receptor-mediated endocytosis, (c) exocytosis,
(d) pinocytosis.

Short Answer Essay Questions

13. List all the cytoplasmic organelles that are composed (at least in
part) of lipid-bilayer membranes. Then list all the cytoplasmic
organelles that are not membranous.

14. Martin missed a point on his anatomy test because he thought
nucleus and nucleolus were the same word and the same structure.
Distinguish the nucleus from the nucleolus.

15. In this chapter, we claimed that mitochondria are the most complex
organelles in the cytoplasm. What evidence supports this claim?

16. Define chromosome. Then compare the arrangement of the chro-
matin in a dividing versus a nondividing cell.
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CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

Chrissy, who is 30 years old, stays 5 kg (11 pounds) underweight
because she thinks being thin will slow her aging process. After
warning her not to lose any more weight or to become anorectic,
her doctor admitted that there is at least some scientific evidence to
support her view. What is that evidence?

Kareem had a nervous habit of chewing on the inner lining of his lip
with his front teeth. The lip grew thicker and thicker from years of
continual irritation. Kareem’s dentist noticed his greatly thickened
lip, then told him to have it checked to see if the thickening was a
tumor. A biopsy revealed hyperplasia and scattered areas of dyspla-
sia, but no evidence of tumor. What do these terms mean? Did
Kareem have cancer of the mouth?

The normal function of one tumor-suppressor gene acting at the G,
checkpoint is to prevent cells with damaged chromosomes and
DNA from “progressing from G to S.” Another tumor-suppressor
gene, acting at the G, checkpoint, prevents “passage from G, to
M.” When these tumor-suppressor genes fail to work, cancer can
result. Explain what the phrases in quotations mean.

In their anatomy labs, many students are exposed to the chemical
preservatives phenol, formaldehyde, and alcohol. Our cells break
down these toxins very effectively. What cellular organelle is
responsible for this?

The sedative phenobarbital is a lipid-soluble drug. What may
happen to the smooth ER in liver cells of people who use this drug
for a period of time?

6. The drug vinblastine is used in cancer therapy to stop the runaway

division of cancer cells. Vinblastine inhibits the assembly and
growth of microtubules. Referring to Figure 2.17, explain how the
action of this drug prevents mitosis.

. Use the analogy of the cell as a manufacturing factory to describe

the function of the following cellular structures: plasma mem-
brane, mitochondria, nucleus, Golgi apparatus, ribosomes, lyso-

somes, peroxisomes.
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cell develops into a fully formed human being. The body will not

change this much again during its remaining life span of 70 to 90
years. This chapter introduces you to human embryology, the
study of the origin and development of an individual person.
A knowledge of basic embryological events and structures is
especially valuable as you begin your study of human anatomy. By
knowing how the body methodically assembles itself, you will
better understand adult anatomy. Moreover, embryology helps to
explain the origin of many birth defects, anatomical abnormalities
that are evident in about 3% of live births.

I n just 38 weeks, from conception to birth, a single fertilized egg

( Eight-cell embryo (colored SEM).
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Embryo
+ —>»> o0 —> [ > *f >

Fertilization 1-week 3-week
conceptus  embryo
(3 mm)

5-week embryo
(10 mm)

-

8-week embryo \ /‘

(22 mm)

I Embryonic period

Duration: First 8 weeks postfertilization

Major events: Organs form from three primary germ layers.

The basic body plan emerges.

FIGURE 3.1 The prenatal period: All embryos and the fetus
are shown in actual size.

STAGES OF PRENATAL
DEVELOPMENT

» List the practical and clinical reasons for studying
embryology.

» Distinguish the embryonic period from the fetal period
of development.

The prenatal period (pre-na’tal; “before birth”) is the
time between conception (the union of an egg and a sperm cell)
and birth. It is divided into two stages (Figure 3.1): The
embryonic period spans the first 8 weeks, and the fetal (fe'tal)
period encompasses the remaining 30 weeks. The embryonic
period is an exceptionally busy one. By its end, all major or-
gans are in place, and the embryo,* the early form of the body,
looks distinctly human. In the longer fetal period that follows,
the organs of the fetus (fe'tus; “the young in the womb”) grow
larger and more complex.

THE BASIC BODY PLAN

» Sketch the basic structural plan of the adult body, which is
established during the embryonic period.

“Technically, the embryo is the stage in prenatal development between the third or fourth and
eighth weeks, inclusive. However, the term embryo can be used informally to encompass all
stages in the embryonic period.

12-week fetus
(90 mm)
. 38
P >
Fetal period weeks

Duration: Weeks 9-38 (or birth)
Major events: Organs grow in size and complexity.

To simplify the treatment of embryology, this chapter lim-
its the discussion to the derivation of the basic adult body plan.
Recall that in Chapter 1, pp. 10-11, the basic body plan was
described as a tube within a tube. This basic plan, which is ev-
ident by month 2 of development, is illustrated in Figure 3.2;
the outer body wall makes up the outer tube and the inner tube
in this section through the abdomen is the digestive tube.
These two tubes are separated by a serous cavity. In the ab-
domen, this cavity is the peritoneal cavity. In the figure, note
the following adult structures:

1. Skin. The skin has two layers: an outer layer called the
epidermis and an inner, leathery layer called the dermis.

2. Outer body wall. The outer body wall consists mostly of
trunk muscles. Dorsally, it also contains the vertebral col-
umn, through which the spinal cord runs. Ribs attach to
each bony vertebra in the thoracic region of the trunk wall.

3. Body cavity and inner tube. The inner tube is composed

of the respiratory and digestive structures (see Figure 1.5,

p. 10). This section through the abdomen shows the peri-

toneal cavity, lined by visceral and parietal serosae, sur-

rounding the digestive tube (stomach, intestines, and so

on). The digestive tube has a muscular wall and is lined

internally by a sheet of cells. This lining is shown in yel-
low in Figure 3.2.

In the thoracic region the body plan is similar. The res-

piratory structures form from the inner tube. The body
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Spinal
cord

Vertebral
column

. Skin
Kidney
Bone
Rib Muscle

Limb
Outer body wall

Trunk muscles
Parietal serosa

FIGURE 3.2 The adult human body plan (simplified cross section). The
development of this body plan is traced in this chapter. The blue, red, and yellow colors
denote derivation from the three basic embryonic germ layers. See the discussion on

p. 56 and Figure 3.9 for more information.

cavities in the thorax are the pleural cavity around the
lungs and the pericardial cavity surrounding the heart.
Parietal and visceral serosae line these cavities as well.
These relationships were introduced in Chapter 1, p. 12.

4. Kidneys and gonads. The kidneys lie directly deep to the
dorsal body wall, in the lumbar region of the back poste-
rior to the parietal serosa. The gonads (testes or ovaries)
originate in a similar position but migrate to other parts of
the body during the fetal period.

5. Limbs. The limbs consist mostly of bone, muscle, and skin.

You can see how this adult body plan takes shape by following
the events of month 1 of human development.

check your understanding

1. During which prenatal period is the basic body plan
established?

2. What abdominal structures form from the inner tube?

3. Using the directional terms introduced in Chapter 1
(Table 1.1, p. 8), describe the position of the kidneys in
reference to the peritoneal cavity.

For answers, see Appendix B.

THE EMBRYONIC PERIOD
Week 1: From Zygote to Blastocyst

» Describe the earliest stage of development, from zygote
to blastocyst (week 1).

Each month, one of a fertile woman’s two ovaries releases
an immature egg, called an oocyte (Figure 3.3). This cell is

normally drawn into a uferine tube (fallopian tube), which
provides a direct route to the uterus (womb). Fertilization of
an oocyte by a sperm generally occurs in the lateral third of
the uterine tube. The fertilized oocyte, now called a zygote
(zi'got; “a union”), is moved toward the uterus. Along the
way, it divides repeatedly to produce two cells, then four cells,
then eight cells, and so on. Because there is not much time for
cell growth between divisions, the resulting cells become
smaller and smaller. This early division sequence, called
cleavage, provides the large number of cells needed as build-
ing blocks for the embryo.

About 72 hours* after fertilization, cleavage has generated
a solid cluster of 12-16 cells called a morula (mor’u-lah; “mul-
berry”). During day 4, the late morula—now consisting of
about 60 cells—enters the uterus. It takes up fluid, which gath-
ers into a central cavity. This new fluid-filled structure is called
a blastocyst (blas’to-sist; blasto = bud or sprout; cyst = bag).

Two distinct types of cells are obvious in the blastocyst
stage (Figure 3.3e). A cluster of cells on one side of the
blastocyst cavity is called the inner cell mass, and the layer
of cells surrounding the cavity is called the trophoblast (trot’
o-blast; tropho = nourishment). The inner cell mass will
form the embryo, and the trophoblast will help form the pla-
centa, the structure that transfers nutrients from the mother to
the fetus. This chapter focuses on the inner cell mass and the
embryo; the trophoblast and placenta are discussed along
with the female reproductive system in Chapter 25.

The blastocyst stage lasts about 3 days, from day 4 to day 7.
For most of this time, the blastocyst floats freely in the cavity of
the uterus, but on day 6, it starts to burrow into the wall of the

*All dates given for the developmental events in this chapter are average times. Actual dates
vary by 1-2 days or more among different pregnancies.
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(a) Zygote (b) 4-cell stage (c) Morula (a solid ball (d) Early blastocyst
(fertilized egg) 2 days of cells). (morula hollows out
3 days and fills with fluid).

(e) Implanting blastocyst
(consists of a sphere
of trophoblast cells and

Uterine an eccentric cell cluster
tube called the inner cell
Fertilization mass). 7 days

(sperm

meets and

enters egg)

Oocyte
(egg)

N Blastocyst
Ovulation cavity
! \ B/ 1
Endometrium . - W/ Ve Inner cell
\ ) f 7 mass
Cavity of | R /
uterus

FIGURE 3.3 Fertilization and the events of the first 6 days of development. The ovary,
uterus, and uterine tubes, which lie in the mother’s pelvis, are shown in posterior view. An egg
(oocyte) is released into the peritoneal cavity (ovulation) and taken up by the uterine tube,
where it undergoes fertilization to become a zygote (a). Then, as it moves through the uterine
tube and into the uterus, it passes through the four-cell stage (b) and the morula (c) and
blastocyst (d) stages. Finally, the blastocyst implants into the wall of the uterus (e), as shown
in detail in the next figure. Parts (d) and (e) show the blastocyst cut in half to reveal the inside.

uterus (Figure 3.4). This process, called implantation, takes
about a week to complete. In implantation, the trophoblast layer
erodes inward until the entire blastocyst is embedded in the
uterine wall.

In some pregnancies, the inner cell mass of a single blasto-
cyst splits into two during the early stages of cleavage of week 1
or week 2. This produces identical twins, also called monozy-
gotic twins (monozygotic = from one zygote). Worldwide, the
birth rate for identical twins is approximately 4 per 1000 births.

Week 2: The Two-Layered Embryo

» Describe how the embryo becomes a two-layered disc
(week 2).

Figure 3.4d shows the embryo about 9 days after fertil-
ization. The inner cell mass has now divided into two sheets
of cells, the epiblast (ep’i-blast; epi = over, upon) and the
hypoblast (hi'po-blast; ~ypo = under, beneath). Extensions
of these cell sheets form two fluid-filled sacs (Figure 3.4d—e)
resembling two balloons touching one another, with the epi-
blast and hypoblast at the area of contact. Together, the epi-
blast and hypoblast make up the bilaminar (‘“two-layered”)
embryonic disc, which will give rise to the whole body.

The sac formed by an extension of the epiblast is the
amniotic (am”"ne-ot'ik) sac. The outer membrane of the am-
niotic sac is called the amnion, and the internal amniotic sac
cavity is filled with amniotic fluid. This fluid buffers the
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FIGURE 3.4 Implantation of the blastocyst during

week 2 of development. The embryos are shown in section
(cut in half).
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developing embryo and fetus from physical shock until the
time of birth. You may have heard the expression, “The
mother’s water broke just before she gave birth.” This refers
to the rupture of the amniotic sac and release of its amniotic
fluid near the start of labor, the process that expels the mature
fetus from the uterus.

The yolk sac, formed by an extension of the hypoblast,
holds a very small amount of yolk, which is insignificant as a
food source. The human yolk sac, however, is important be-
cause the digestive tube forms from part of it (see p. 55).
Furthermore, tissue around the yolk sac gives rise to the earli-
est blood cells and blood vessels (see Chapter 18, “The Blood
Throughout Life” section).

Week 3: The Three-Layered Embryo

» Explain gastrulation and the formation of the three germ
layers (week 3).

The Primitive Streak and the Three
Germ Layers

During week 3, the embryo grows from a two-layered disc
to a three-layered (trilaminar) disc. This process, called
gastrulation (gas”troo-la’shun), forms the three primary
germ layers—ectoderm, mesoderm, and endoderm—the lay-
ers from which all body tissues develop. The germ layer be-
gins to form on days 14-15, when a raised groove called the
primitive streak appears on the dorsal surface of the epiblast
(Figure 3.5). Epiblast cells migrate inward at this streak. On
days 14-15 the first cells that migrate through the primitive
streak displace the cells of the underlying hypoblast to be-
come the endoderm. Then, starting on day 16, the ingressing
epiblast cells form a new layer between epiblast and endo-
derm, the mesoderm. The epiblast cells that remain on the
embryo’s dorsal surface make up the ectoderm. In this way,
the three primary germ layers of the body are established, all
derived from epiblast cells. The structures formed from each
germ layer are color-coded in the figures throughout this
chapter: Structures formed from ectoderm are colored blue;
those derived from mesoderm are red; and structures formed
from endoderm are yellow.

The three germ layers differ in their tissue structure.
(Recall from Chapter 1 that a tissue is a collection of similar
cells that perform a common function.) Ectoderm and endo-
derm are epithelial tissues, or epithelia—sheets of tightly
joined cells (p. 4). Mesoderm, by contrast, is a mesenchyme
tissue (mes’eng-kim; mesen = middle; chyme = fluid). A
mesenchyme is any embryonic tissue with star-shaped cells
that do not attach to one another. Thus, mesenchyme cells are
free to migrate widely within the embryo.

The Notochord

At one end of the primitive streak is a swelling called
the primitive node (Figure 3.5¢). The epiblast cells that
move through the primitive node migrate straight anteriorly.
These mesodermal cells, along with a few cells from the
underlying endoderm, form a rod called the notochord
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(f) 14-15 days: Migrating epiblast cells displace the
hypoblast and form endoderm.

Hypoblast

Ectoderm

Endoderm

Mesoderm

(g9) 16 days: Ingressing epiblast cells form mesoderm
between the endoderm and overlying epiblast.
Surface epiblast cells form ectoderm.

FIGURE 3.5 The primitive streak stage. Diagrams (a) through (d) show orientation
of the bilaminar disc shown in (e). (e) The primitive streak appears on the epiblast on
about day 14. (f, g) Sections through the embryonic disc at the location shown in (e).

(Figure 3.6a). The notochord defines the body axis (the
midline that divides the left and right sides of the body). It
extends the length of the body and is the site of the future
vertebral column. The notochord appears on day 16, and by
day 18 it reaches the future head region.

Neurulation

As the notochord develops, it signals the overlying ecto-
derm to start forming the spinal cord and brain, an event
called neurulation (nu”roo-la’shun) (central column of
Figure 3.7). Specifically, the ectoderm in the dorsal midline
thickens into a neural plate, and then starts to fold inward
as a neural groove. This groove deepens until a hollow
neural tube is pinched off into the body. Closure of the
neural tube begins at the end of week 3 in the region that
will become the neck and then proceeds both cranially (to-
ward the head or crown) and caudally (toward the tail or
rump). Complete closure occurs by the end of week 4. The

cranial part of this neural tube becomes the brain, and the
rest becomes the spinal cord.

As shown in Figure 3.7b, neural crest cells are pulled
into the body along with the invaginating neural tube. The
neural crest cells originate from ectodermal cells on the lat-
eral ridges (neural folds) of the neural plate, and they come to
lie just external to the closed neural tube. The neural crest
forms the sensory nerve cells and some other important struc-
tures, as described on p. 56.

The ability of one group of cells to influence the develop-
mental direction of other cells is called induction. The influ-
ence of the notochord on the formation of the neural tube is
an example of induction. In fact, the notochord initiates a
chain reaction of inductions that continue throughout devel-
opment. Disruption in any of these inductive processes can
result in developmental abnormalities. The genes and mole-
cules that signal these inductive events are currently being
identified.
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FIGURE 3.6 Formation of the mesoderm

and the notochord in a 16-day embryo. (a) The
three-layered embryonic disc sectioned in side
view (see the inset above for orientation).

(b) Cross-sectional view of the embryonic disc,
through the primitive streak. (c) Cross section
taken anterior to the primitive streak, in the future
thorax.
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NEURAL TUBE DEFECTS Neural tube defects result
from failure of the neural tube to close completely. The
most common neural tube defects are spina bifida and
anencephaly. Spina bifida results when the neural tube
does not close completely, causing malformation of

the spinal cord, spine, and spinal nerves. Depending

on the location and extent of the defect, resulting
disabilities range from mild (lower body weakness and
pain, bowel and bladder dysfunction) to severe (paralysis
below the area of defect and complications from
hydrocephalus, excessive fluid buildup on the brain).
Anencephaly results when the neural tube fails to close
in the head. The brain does not develop, and the baby is
either stillborn or dies within a few hours after birth.

Up to 70% of neural tube defects have been linked to
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low maternal levels of folic acid. It is recommended that
women of childbearing age consume 400 micrograms
(0.4 mg) of folic acid daily. In addition to vitamin
supplementation, good sources of folic acid include green
leafy vegetables, whole-grain cereals, and nuts. Taking
supplements prior to pregnancy is important

because the neural tube forms in the third week

of development, often before a woman knows

she is pregnant.

The Mesoderm Begins to Differentiate

In the middle of week 3, the mesoderm lies lateral to the
notochord on both sides of the body (Figure 3.7a) and extends
cranially to caudally (from head to tail, or crown to rump).
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(a) 17 days. The flat three-layered
embryo has completed
gastrulation. Notochord and
neural plate are present.

Somite

(b) 20 days. The neural folds form
by folding of the neural plate
and then deepen, producing
the neural groove. Neural fold
cells migrate to form the neural
crest. Three mesodermal
aggregates form on each side
of the notochord (somite,
intermediate mesoderm, and
lateral plate mesoderm).
Lateral plate mesoderm splits.
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layers.
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(c) 22 days. The neural folds have
closed, forming the neural tube
which has detached from the
surface ectoderm and lies
between the surface ectoderm
and the notochord. Embryonic
body is beginning to undercut.

FIGURE 3.7 Neurulation and mesoderm differentiation, week 3. (a—c) At left,
dorsal surface views of the embryo. At right, transverse sections through the entire
embryo showing formation of the neural tube and mesoderm differentiation.

By the end of this week, the mesoderm has divided into three
regions.

1.

Somites (so’'mitz; “bodies”). The mesoderm closest to the
notochord begins as paraxial mesoderm (par”ak’se-al;
“near the body axis”). Starting cranially and proceeding
caudally, the paraxial mesoderm divides into a series of
blocks called somites (Figure 3.7b). The somites are vis-
ible in surface view as a row of subectodermal bulges on
each side of the back (see the dorsal views on the left side
of Figure 3.7b and c). The somites are the first body seg-
ments, and about 40 pairs develop by the end of week 4.

2.

3.

Intermediate mesoderm. This begins as a continuous strip
of tissue just lateral to the paraxial mesoderm. Influenced
by the segmentation of the somites, the intermediate meso-
derm divides into spherical segments in a cranial-to-caudal
sequence (Figure 3.7b). Each segment of intermediate
mesoderm attaches to a somite.

Lateral plate. This, the most lateral part of the mesoderm,
never divides into segments (Figure 3.7b and c). The lat-
eral plate begins as one layer, but soon splits into two. A
wedge of space is formed between these two sheets. This
space is called the coelom (se'lum; “cavity”). The two
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resulting divisions of the lateral plate are the somatic
mesoderm (so-mat’ik; “body”), next to the ectoderm, and
the splanchnic mesoderm (splangk’nik; “viscera”), next
to the endoderm. The coelom that intervenes between the
splanchnic and somatic mesoderm will become the serous
cavities of the ventral body cavity, namely the peritoneal,
pericardial, and pleural cavities (see Figure 1.7).

When you compare the cross sections in Figure 3.7 with
the adult body plan in Figure 3.2, you might begin to see a
few similarities, especially if you match structures according
to their colors. For example, the blue ectoderm becomes the
epidermis of the skin, the neural tube becomes the spinal
cord, and the yellow endoderm becomes the lining of the di-
gestive tube. The main difference between the 3-week em-
bryo and the adult body is that the embryo is still a flat disc.
The three-dimensional, cylindrical body shape forms during
week 4.

check your understanding

4. Describe gastrulation. During what week of embryonic
development does it occur?

5. What structure induces the formation of the neural tube?

6. What type or types of mesoderm cluster into segments
along the body axis?

For answers, see Appendix B.

Week 4: The Body Takes Shape

» Discuss how the body folds from a flat disc into its
three-dimensional, tubular shape (week 4).

» In the week 4 embryo, clearly differentiate between the
outer tube, the inner tube, and the coelom.

» List the main derivatives of ectoderm and endoderm.

» |dentify the five regions of mesoderm and list the main
derivatives of each region.

Folding

The embryo takes on a cylindrical shape when its sides fold
medially and it lifts off the yolk sac and protrudes into the am-
niotic cavity (Figure 3.8). This process resembles the folding
of three stacked sheets of paper into a tube. At the same time,
the head and tail regions fold under, as shown in Figure 3.8c.
The embryonic disc bulges upward because it is growing so
much faster than the yolk sac below it. Its lateral folding is
caused by the fast growth of the somites. The folding at the
head and tail is caused by expansion of the brain and lengthen-
ing of the spinal cord.

As a result of this folding, the embryo acquires a tadpole
shape by day 24. As the embryo becomes cylindrical, it en-
closes a tubular part of the yolk sac, called the primitive gut
(future digestive tube and respiratory structures: Figure 3.8d
and Figure 1.5 on p. 10). This tube is lined by endoderm. The
embryo remains attached to the yolk sac below by a duct lo-
cated at the future navel. This duct becomes incorporated into
the umbilical cord.
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FIGURE 3.8 Folding of the embryo, lateral views.

(a) Model of the flat three-layered embryo as three sheets of
paper. (b, c) Folding begins with lateral folds, and then head
and tail folds appear. (d) A 24-day embryo in sagittal section.
Notice the primitive gut, which is derived from the yolk sac,
and the dorsal notochord and neural tube.
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Derivatives of the Germ Layers

By day 28, the basic human body plan has been attained
(Figure 3.9). Figure 3.9b is a cross section through the trunk
of a 1-month-old embryo, which you can compare directly to
the adult body section (Figure 3.9c). This comparison will help

FIGURE 3.9 The germ layers in week 4 and their adult
derivatives. The basic adult body plan (c) is established in
week 4 (a-b). (a) Folding continues as the embryo forms into a
cylinder and lifts up off the yolk sac. The right and left lateral
folds will join ventrally. (b) The cylindrical human body plan on
day 28. This cross section is taken from the trunk region, where
the posterior limb buds (future legs) attach. (c) Simplified cross
section through the abdomen of an adult.

you understand the adult derivatives of the germ layers. These
derivatives are summarized in Figure 3.70.

Derivatives of Ectoderm The ectoderm becomes the
brain, spinal cord, and epidermis of the skin. The early epi-
dermis, in turn, produces the hair, fingernails, toenails, sweat
glands, and the oil glands of the skin. Neural crest cells, from
ectoderm, give rise to the sensory nerve cells. Furthermore,
much of the neural crest breaks up into a mesenchyme tissue,
which wanders widely through the embryonic body. These
wandering neural crest derivatives produce such varied struc-
tures as the pigment-producing cells in the skin (melanocytes)
and the bones of the face.

Derivatives of Endoderm The endoderm becomes the
inner epithelial lining of the gut tube and its derivatives: the
respiratory tubes, digestive organs, and the urinary bladder. It
also gives rise to the secretory cells of glands that develop
from gut-lining epithelium, such as the liver and pancreas.

Derivatives of the Mesoderm and Notochord The
mesoderm has a complex fate, so you may wish to start by
reviewing its basic parts in Figure 3.9: the somites, intermediate
mesoderm, and somatic and splanchnic lateral plate mesoderm.
Also note the location of the notochord.

The notochord gives rise to an important part of the
spinal column, the springy cores of the discs between the ver-
tebrae. These spherical centers, each called a nucleus pulpo-
sus (pul-po’sus), give the vertebral column some bounce as
we walk.

Each of the somites divides into three parts (Figure 3.9b).
One part is the sclerotome (skle'ro-tom; “hard piece”). Its
cells migrate medially, gather around the notochord and the
neural tube, and produce the vertebra and rib at the associated
level. The most lateral part of each somite is a dermatome
(“skin piece”). Its cells migrate externally until they lie di-
rectly deep to the ectoderm, where they form the dermis of
the skin in the dorsal part of the body. The third part of each
somite is the myotome (mi'o-tom; “muscle piece”), which
stays behind after the sclerotome and dermatome migrate
away. Each myotome grows ventrally until it extends the en-
tire dorsal-to-ventral height of the trunk. Myotomes become
the segmented trunk musculature of the body wall (Figures
1.5b and 3.10). Additionally, the ventral parts of myotomes
grow into the limb buds and form the muscles of the limbs.

The intermediate mesoderm, lateral to each somite, forms
the kidneys and the gonads. By comparing Figures 3.9b and
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joints, and Heart
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FIGURE 3.10 Flowchart showing major derivatives of embryonic germ layers.

3.9¢, you can see that the intermediate mesoderm lies in the
same relative location as the adult kidneys, outside the peri-
toneal cavity, or retroperitoneal.

The splanchnic and somatic lateral plate mesoderm are
separated by the coelom body cavity. By now, the splanchnic
mesoderm surrounds the endodermally derived gut tube lining
(Figure 3.9b). The splanchnic mesoderm gives rise to the entire
wall of the digestive and respiratory tubes, except the inner
epithelial lining; that is, it forms the musculature, connective
tissues, and the slippery visceral serosae of the digestive and
respiratory structures. Splanchnic mesoderm also gives rise to
the heart and most blood vessels.

Somatic mesoderm (Figure 3.9b), just external to the
coelom, produces the parietal serosa and the dermal layer of
the skin in the ventral body region. Its cells migrate into the
forming limbs and produce the bone, ligaments, and dermis
of each limb.

check your understanding
7. After folding takes place, what embryonic germ layer
forms the outer covering of the embryo?

8. Does endoderm form the inner lining of the inner tube
or the outer tube?

9. What part of the somite forms the vertebrae and ribs?
10. What does the splanchnic lateral plate mesoderm form?

For answers, see Appendix B.

Weeks 5-8: The Second Month
of Embryonic Development

» Describe the main events of the second month of
development.

Figure 3.11 shows an embryo at the start of the second
month. At this time, the embryo is only about a half centimeter
long. Around day 28, the first rudiments of the limbs appear as
limb buds. The upper limb buds appear slightly earlier than the
lower limb buds.

You can think of month 2 as the time when the body be-
comes less tadpole-like and starts to become recognizably
human (see Figure 3.1). The limbs grow from rudimentary
buds to fully formed extremities with fingers and toes. The
head enlarges quickly and occupies almost half the volume of
the entire body. The eyes, ears, and nose appear, and the face
gains a human appearance as the embryonic period draws to a
close. The protruding tail of the I-month-old embryo disap-
pears at the end of week 8. All major organs are in place by the
end of month 2, at least in rudimentary form. Successive chap-
ters discuss the development of each organ system, so you will
often return to the events of month 2.
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FIGURE 3.11 A 29-day embryo. (a) Diagram. (b) Fiber-optic photograph. Note the
limb buds. Also note the segmented somites, which soon give rise to segmented
myotomes.

THE FETAL PERIOD that were established in the embryo. The fetal period is more

than just a time of growth, however. During the first half of this
» List the major events of fetal development. period, cells are still differentiating into specific cell types to
form the body’s distinctive tissues and complete the fine details
of body structure. The fetus at 3 months and 5 months is shown
in Figure 3.12.

The main events of the fetal period—weeks 9 through
38—are listed chronologically in Table 3.1. The fetal period is
a time of maturation and rapid growth of the body structures

(a) Fetus in month 3, about 6 cm long (b) Fetus late in month 5, about 19 cm long

FIGURE 3.12 Photographs of a developing fetus.
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@ Developmental Events of the Fetal Period

Time After Fertilization

8 weeks (end of
embryonic period)

8 weeks

Events

Eyes and ears first look human; neck region first becomes evident.

All major divisions of the brain are present;
first brain waves occur in brain stem.

Liver is disproportionately large.

Bone formation has just begun; weak muscle contractions occur.

Limbs are complete; digits are initially webbed, but fingers and toes are free by end of week 8.
The cardiovascular system is fully functional; the heart has been pumping blood since week 4.

Approximate crown-to-rump length: 3 cm (1.2 inches); weight: 2 g (0.06 ounce).

9-12 weeks (month 3)

12 weeks

Body is elongating; brain continues to enlarge; retina of eye is present.
Skin epidermis and dermis are differentiated.

Right and left halves of palate (roof of mouth) are fusing;
walls of hollow visceral organs are gaining smooth muscle; intestines move into body cavity.

Blood cell formation begins in bone marrow (also occurs in liver and spleen).
Notochord is degenerating and bone formation is accelerating.
Sex can be determined from the genitals.

Approximate crown-to-rump length at end of 12 weeks: 6 cm.

13-16 weeks (month 4)

17-20 weeks (month 5)

Sucking motions of the lips occur, and eyes can flinch if stimulated.

Body begins to outgrow head; limbs are no longer so disproportionately small.
Hard palate is fused.

Kidneys attain their typical structure.

Most bones are now distinct, and joint cavities are apparent.

Approximate crown-to-rump length at end of 16 weeks: 11 cm.

16 weeks

Eyelashes and eyebrows are present; a fatty skin secretion covers the body;
silklike hair, called lanugo, covers the skin.

Quickening occurs (mother feels fetus moving).

Body first bends forward into the fetal position because of space restrictions in the uterus.
Limbs achieve near-final proportions.

Rapid brain growth begins; hearing is functioning.

Approximate crown-to-rump length at end of 20 weeks: 16 cm.

21-30 weeks (months 6 and 7)

30-38 weeks (months 8 and 9)

Body size and weight substantially increase; eyes open.
Fingernails and toenails are complete.

Skin is wrinkled and red; the fatty layer under the skin (hypodermis) is just starting to gain
fat, so body is lean.

Bone marrow becomes the only site of blood cell formation.
Cerebrum grows; convolutions develop on brain surface.
Testes reach the scrotum in month 7 (males).

Lungs develop.

Approximate crown-to-rump length at end of 30 weeks: 38 cm.

At birth

Fat accumulates in hypodermis below skin.

Approximate crown-to-rump length at end of 38 weeks: 47 cm; weight 2.7-4.5 kg (6-10
pounds).
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a closer look

Focus on Birth Defects

About 3% of all newborns exhibit a
significant birth defect, or congenital
abnormality (congenital = present at
birth). This figure increases to 6% by 1
year of age, when initially unrecog-
nized conditions become evident.
Birth defects have many causes,
including defective chromosomes or
genes, exposure to chemicals and
harmful radiation, and viruses passed
from the mother to the embryo.
Chemical, physical, and biological
factors that disrupt development and
cause birth defects are called
teratogens (ter’ah-to-jenz; “monster
formers”). Teratogens include many
drugs, some organic solvents and
pollutants, toxic metals, various forms
of radiation such as X rays, and infec-
tious agents, particularly rubella
(German measles). Although many
teratogens have been identified, it
must be emphasized that most birth
defects cannot be traced to any
known teratogen or genetic disorder.
Most are caused by several factors.
When a pregnant woman drinks
alcohol, she increases the likelihood
of birth defects. Excessive alcohol
consumption produces fetal alcohol
syndrome (FAS), typified by micro-
cephaly (small head and jaw), growth
deficiencies, and distinctive facial fea-
tures (see photo). FAS is the most
common nonhereditary cause of men-
tal retardation in the United States.
Among the children of women who
drink heavily, the incidence of severe
FAS is 6%, and a milder form called
fetal alcohol effect is even more com-
mon. There is now evidence that even
moderate drinking, one to three
drinks per day, adversely affects the
development of the brain, lessening
the child’s ability to learn and remem-
ber. Therefore, physicians advise preg-
nant women to avoid alcohol entirely.

Some prescription drugs can
cause catastrophic birth defects.
Thalidomide, for example, was used
as a sedative and to relieve morning
sickness by many pregnant women
in Europe from 1958 to 1962.
When taken during the period of
limb differentiation (days 24-36), it
sometimes resulted in tragically
deformed infants with short, flipper-
like limbs. Similarly, a drug called
diethylstilbestrol (DES) was commonly
given to pregnant women from the
1940s to 1970, because it was
wrongly thought to prevent miscar-
riages. Instead, it caused cancer of
the vagina and uterus in daughters
exposed to DES in the womb.

An expectant mother must be
particularly careful of her health and
chemical intake during the third to
eighth weeks after conception. It is
easy to understand why weeks 3-8
are the "danger period”: Insults
delivered before week 3 tend to
destroy critical early cell lines so that
development cannot proceed, and a
natural abortion occurs. After week
8, almost all organs are already in
place, so teratogens may produce
only minor malformations. However,
this does not mean that the
subsequent fetal period is risk-free;
exposure of the fetus to teratogens
can still impair body growth and
organ functions, produce abnormali-
ties of the eyes, and lead to mental
retardation.

Surprisingly, most human em-
bryos die in the womb. About 15%
to 30% of all fertilized zygotes are
never implanted in the uterus, either
because they have lethal chromoso-
mal defects or the uterine wall is
unprepared to receive them. Among
implanted embryos, about one-third
are so malformed that they die, most

A child with fetal alcohol syndrome, the
most common preventable cause of
mental retardation in the United States.
Typical features are unusually shaped
eyes and lips (including a thin upper lip),
short nose, receding chin, problems
with vision and hearing, and possible
heart defects. Behavioral traits include
difficulties with learning, attention,
problem solving, and memory, as well
as problems with mental health and
social interaction.

often during week 2 or 3. Smaller
numbers are miscarried later in de-
velopment. Overall, at least half of
all fertilized ova fail to produce living
infants—some studies say 75%. We
fail to realize how many embryos die
because those lost in the first 2
weeks are shed without notice in the
next menstrual flow. Perhaps this
great loss of embryos is a biological
screening process that promotes the
birth of healthy offspring.
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Normal births typically occur 38 weeks after conception.
A premature birth is one that occurs before that time.
Infants born as early as week 30 (7 months) usually survive
without requiring life-saving measures. Medical technology
can save many fetuses born prematurely, sometimes as early
as 22 weeks (in month 6). However, the lungs of premature
infants are not fully functional, and death may result from
respiratory distress (see Chapter 22, the section “Respiratory
Distress Syndrome,” for more details). Among those that
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survive, rates of visual problems and mental retardation are
elevated.
check your understanding

11. Why is respiratory distress common in babies born in
their sixth or seventh month of gestation?

For the answer, see Appendix B.

RELATED CLINICAL TERMS

ABORTION (abort = born prematurely) Premature removal of the
embryo or fetus from the uterus. Abortions can be spontaneous
(resulting from fetal death) or induced.

AMNIOCENTESIS (am”ne-o-sen-te’sis; “puncture of the amnion”) A
procedure for obtaining a sample of amniotic fluid. A needle is inserted
through the abdominal and uterine walls, and a small amount of amni-
otic fluid is obtained. Shed cells from the fetus can be studied for
chromosomal and genetic abnormalities, and chemicals in the fluid can
reveal other disorders. Conditions such as Down syndrome and spina
bifida can be diagnosed. The procedure can be performed as early as
week 11 of pregnancy.

CONJOINED (SIAMESE) TWINS Identical twins that are born joined
together. This phenomenon is caused by incomplete division of the
inner cell mass or embryonic disc during the twinning process. The

twins may be joined at any body region and often share organs. Some
can be separated successfully by surgery.

ECTOPIC PREGNANCY (ek-top’ik) (ecto = outside) A pregnancy in
which the embryo implants itself in any site other than in the uterus.
Ectopic pregnancy can occur in the body wall or on the outside of the
uterus, but it usually occurs in a uterine tube, a condition known as a
tubal pregnancy. Because the uterine tube is unable to establish a pla-
centa or accommodate growth, it ruptures unless the condition is di-
agnosed early. If rupture occurs, internal bleeding may threaten the
woman’s life. For obvious reasons, ectopic pregnancies almost never
result in live births.

TERATOLOGY (ter”ah-tol’o-je) (terato = a monster; logos = study of)
The study of birth defects and of fetuses with congenital deformities.

CHAPTER SUMMARY

1. The study of the 38-week prenatal period is called embryology.
Embryology helps one understand the basic organization of the
human body, as well as the origin of birth defects. (Congenital ab-
normalities are considered in the box on p. 60).

Stages of Prenatal Development (p. 48)
2. The embryonic period, during which the basic body plan is estab-
lished, is the first 8 weeks of prenatal development. The fetal period,
primarily a time of growth and maturation, is the remaining 30 weeks.

The Basic Body Plan (pp. 48-49)

3. Basic features of the adult body that are established in the embryonic
period include the skin, trunk muscles, vertebral column, spinal cord
and brain, digestive and respiratory tubes, serous cavities (peri-
toneal, pleural, and pericardial cavities), heart, kidneys, gonads, and
limbs (see Figure 3.2).

The Embryonic Period (pp. 49-57)
Week 1: From Zygote to Blastocyst (pp. 49-50)

4. After fertilization occurs in the uterine tube, the zygote undergoes
cleavage (early cell division without growth) to produce a solid
ball of cells called the morula. Around day 4, the morula enters the
uterus.

5. The morula gains an internal blastocyst cavity and becomes a blasto-
cyst, which consists of an inner cell mass and a trophoblast. The
inner cell mass becomes the embryo, and the trophoblast forms part
of the placenta. The blastocyst is implanted in the uterine wall from
about day 6 to day 13.

Week 2: The Two-Layered Embryo (pp. 50-51)
6. By day 7, the inner cell mass has formed two touching sheets of
cells, the epiblast and hypoblast. These layers form the bilaminar
embryonic disc.

7. The amniotic sac, whose wall is an extension of the epiblast, con-
tains amniotic fluid that buffers the growing embryo from physical
trauma. The yolk sac, whose wall is an extension of the hypoblast,
later contributes to the digestive tube. The earliest blood cells and
blood vessels form from tissue around the yolk sac.

Week 3: The Three-Layered Embryo (pp. 51-55)

8. At the start of week 3, gastrulation occurs. The primitive streak ap-
pears on the posterior part of the epiblast layer. Epiblast cells mi-
grate through the primitive streak to form the endoderm and meso-
derm. The embryonic disc now has three layers—ectoderm,
mesoderm, and endoderm—all derived from epiblast.

9. Ectoderm and endoderm are epithelial tissues (sheets of closely
attached cells). Mesoderm, by contrast, is a mesenchyme tissue
(embryonic tissue with star-shaped, migrating cells that remain
unattached to one another).

10. The primitive node, at the anterior end of the primitive streak, is the
site where the notochord originates. The notochord defines the lon-
gitudinal body axis and later forms each nucleus pulposus of the ver-
tebral column.

11. The notochord signals the overlying ectoderm to fold into a neural
tube, the future spinal cord and brain. This infolding carries other ec-
toderm cells, neural crest cells, into the body.
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12. By the end of week 3, the mesoderm on both sides of the notochord
has condensed into three parts. These are, from medial to lateral,
somites (segmented blocks that derive from nonsegmented paraxial
mesoderm), intermediate mesoderm (segmented balls), and the lat-
eral plate (an unsegmented layer). The coelom divides the lateral
plate into somatic and splanchnic mesoderm layers.

Week 4: The Body Takes Shape (pp. 55-57)

13. The flat embryo folds inward at its sides and at its head and tail, tak-
ing on a tadpole shape. As this occurs, a tubular part of the yolk sac
becomes enclosed in the body as the primitive gut.

14. The basic body plan is attained as the body achieves this tadpole
shape, as you can see by comparing Figure 3.9b and c. The major
adult structures derived from ectoderm, endoderm, and mesoderm
are summarized in Figure 3.10.

15. The limb buds appear at the end of week 4.

Weeks 5-8: The Second Month of Embryonic

Development (p. 57)

16. All major organs are present by the end of month 2. During this
month, the embryo becomes less tadpole-like and recognizably
human as the eyes, ears, nose, and limbs form.

The Fetal Period (pp. 58-61)

17. Most cell and tissue differentiation is completed in the first months
of the fetal period. The fetal period is a time of growth and matura-
tion of the body.

18. The main events of the fetal period are summarized in Table 3.1.

REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1. Indicate whether each of the following relates to (a) cleavage or (b)
events at the primitive streak.

— (1) period when a morula forms

____ (2) period when the notochord forms

_ (3) period when the three embryonic germ layers appear
____ (4) period when individual cells become markedly smaller

2. The outer layer of the blastocyst, which attaches to the uterine wall,
is the (a) yolk sac, (b) trophoblast, (c) amnion, (d) inner cell mass.

3. Most birth defects can be traced to disruption of the developmental
events during this part of the prenatal period: (a) first 2 weeks, (b)
second half of month 1 and all of month 2, (¢) month 3, (d) end of
month 4, (e) months 8 and 9.

4. The primary germ layer that forms the trunk muscles, heart, and
skeleton is (a) ectoderm, (b) endoderm, (c) mesoderm.

5. Match each embryonic structure in column B with its adult deriva-
tive in column A.

Column A
— (1) kidney

Column B

(a) notochord
— (2) peritoneal cavity (b) ectoderm (not neural tube)
— (3) pancreas secretory cells (c¢) intermediate mesoderm
— (4) parietal serosa (d) splanchnic mesoderm
— (5) nucleus pulposus (e) sclerotome

—(6) visceral serosa (f) coelom

— (7) hair and epidermis (g) neural tube
—(8) brain (h) somatic mesoderm
—(9) ribs (i) endoderm

6. Match each date in column B (approximate time after conception)
with a developmental event or stage in column A.

Column A Column B
— (1) blastocyst (a) 38 weeks
— (2) implantation occurs (b) 15 days
— (3) first few somites appear (c) 4-7 days

— (4) flat embryo becomes cylindrical (d) about 21 days

— (5) embryo/fetus boundary (e) about 21-24 days

—(6) birth (f) about 60 days

— (7) primitive streak appears (g) days 6-13

7. It is currently possible to save some premature babies born as early
as week (a) 8, (b) 16, (c) 22, (d) 38, (e) 2.

8. Somites are evidence of (a) a structure from ectoderm, (b) a struc-
ture from endoderm, (c) a structure from lateral plate mesoderm,
(d) segmentation in the human body.

9. Which of the following embryonic structures are segmented?
(More than one is correct.) (a) intermediate mesoderm, (b) lateral
plate, (c) endoderm, (d) myotomes.

10. Endoderm gives rise to (a) the entire digestive tube, (b) the skin,
(c) the neural tube, (d) the kidney, (e) none of these.

11. When it is 1.5 months old, an average embryo is the size of (a) the
figure of Lincoln on a penny, (b) an adult fist, (c) its mother’s nose,
(d) the head of a common pin.

12. Gastrulation is the (a) formation of three germ layers by the epiblast
at the primitive streak, (b) formation of the placenta, (c) same as
cleavage, (d) folding of the gut into a tube during week 4.

13. The epiblast forms (a) only the ectoderm, (b) the yolk sac, (c) only
the mesoderm and ectoderm, (d) all three primary germ layers.

14. The limbs develop during the (a) start of the second month, (b) start
of the second trimester, (c) start of the second week, (d) start of the
fetal period.
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The notochord develops from (a) ectoderm, (b) neural crest, (c)
mesoderm, (d) endoderm.

The fetal period is (a) from weeks 9-38, (b) the time of rapid growth
of body organs, (c) a time of cell differentiation, (d) all of the above,
(e) none of the above.

Short Answer Essay Questions

17.

18.
19.
20.

21.

‘What important event occurs at the primitive streak? At the primitive
node?

‘What is the function of the amniotic sac and the fluid it contains?
(a) What is mesenchyme? (b) How does it differ from epithelium?

Explain how the flat embryonic disc takes on the cylindrical shape of
a tadpole.

In anatomy lab, Thaya pointed to the vertebrae of a cadaver and said
“sclerotome.” He pointed to a kidney and said, “intermediate
mesoderm,” to the biceps muscle in the arm and said, “splanchnic

22.

23.

24.
25.

26.
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mesoderm,” to the inner lining of the stomach and said, “endoderm,”
and to the brain and said, “ectoderm.” Point out Thaya’s one mistake.

Recently, the neural crest has generated much scientific interest be-
cause it is the one embryonic tissue that is unique to vertebrate ani-
mals. List some adult structures that develop from the neural crest.

Many embryonic events first occur cranially, then proceed caudally.
Give three examples of structures that develop craniocaudally.

Define induction, and give one example of an inductive interaction.

Difterentiate the outer tube from the inner tube. Identify three struc-
tures that are located in the outer tube and three that are located in
the inner tube.

Before Delta studied embryology in her anatomy course, she imag-
ined a developing human as a shapeless mass of indistinct tissues
until about halfway through pregnancy. Was Delta correct? At what
stage does the embryo or fetus really start to look like a developing
human?

CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

A friend in your dormitory, a freshman, tells you that she just dis-
covered she is 3 months pregnant. You know that since she came to
college she has been experimenting with recreational drugs. Circle
the best advice you could give her, and explain your choice. (a) She
must stop taking the drugs, but they could not have affected her fetus
during these first few months of her pregnancy. (b) Harmful sub-
stances usually cannot pass from mother to embryo, so she can keep
using drugs. (c) There could be defects in the fetus, so she should
stop using drugs and visit a doctor as soon as possible. (d) If she has
not taken any drugs in the last week, she is OK.

Insufficient folic acid in the early weeks of pregnancy can result
in neural tube deficits in the developing embryo. Why is it important
that a woman take folic acid supplements prior to becoming
pregnant?

Your cat finds a large ball of string and starts eating it unbeknownst
to you. When you discover him, he has string extending from both
his mouth and his anus. What primary germ layer(s) is the string in
contact with as it passes through the cat?

4.

When is the earliest time the sex of a fetus can be determined using
ultrasound examination?
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one another. Instead, related cells live and work together in

cell communities called tissues. A tissue is defined as a
group of cells of similar structure that perform a common function.
However, tissues do not consist entirely of cells: Between the cells
is a nonliving material, the extracellular matrix.

The word tissue derives from the Old French word meaning “to
weave,” reflecting the fact that the different tissues are woven to-
gether to form the “fabric” of the human body. The four basic types
of tissue are epithelium, connective tissue, muscle tissue, and

The cells of the human body do not operate independently of

Simple columnar epithelium of the gallbladder (colored SEM).
© Richard Kessel & Randy Kardon/Tissues & Organs/Visuals Unlimited. )
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FIGURE 4.1 Special characteristics of epithelium. A sheet of closely joined epithelial
cells rests on connective tissue proper. Epithelia contain nerve endings but no blood vessels.
Note the special features on the epithelial cell surfaces: cilia, microvilli, cell junctions, and

basal lamina.

nervous tissue. If a single, broad functional term were as-
signed to each basic tissue, the terms would be covering (ep-
ithelium), support (connective), movement (muscle), and
control (nervous). However, these terms reflect only a frac-
tion of the functions that each tissue performs.

Tissues are the building blocks of the body’s organs.
Because most organs contain all four tissue types, learning
about the structure and functions of tissues will provide a
strong foundation for your understanding of the structure and
functions of the organs discussed in the remaining chapters of
this book.

. EPITHELIA

» List several functional and structural characteristics of
epithelial tissue.

» Classify the different epithelia of the body based on the
number of cell layers and the shape of the cells.

» Define exocrine and endocrine glands.

» Explain how multicellular exocrine glands are classified.

An epithelium (ep”i-the’le-um; “covering”) is a sheet
of cells that covers a body surface or lines a body cavity
(Figure 4.1). With minor exceptions, all of the outer and
inner surfaces of the body are covered by epithelia. Examples
include the outer layer of the skin; the inner lining of all hol-
low viscera, such as the stomach and respiratory tubes; the
lining of the peritoneal cavity; and the lining of all blood ves-
sels. Epithelia also form most of the body’s glands.

Epithelia occur at the interfaces between two different
environments. The epidermis of the skin, for example, lies
between the inside and outside of the body. Therefore, all func-
tions of epithelia reflect their role as interface tissues and
boundary layers: New stimuli, including harmful ones, are
experienced at body interfaces, so epithelia both protect the un-
derlying tissues and contain nerve endings for sensory recep-
tion. Nearly all substances that are received or given off by the
body must pass across an epithelium, so epithelia function in
diffusion (the movement of molecules down their concentration
gradient), secretion (the release of molecules from cells), ab-
sorption (bringing small molecules into the body), and ion
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/— Apical surface
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Basal surface .

Simple

/— Apical surface
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(a) Classification based on number of cell layers
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¢ v

Columnar

(b) Classification based on cell shape

FIGURE 4.2 Classification of epithelia.

transport (moving ions across the interface). Furthermore,
body fluids can be filtered across thin epithelia, and some ep-
ithelia form slippery surfaces along which substances move
(food glides along the intestinal lining, for example).

Special Characteristics of Epithelia

Epithelial tissues have many characteristics that distinguish
them from other tissue types (Figure 4.1):

1. Cellularity. Epithelia are composed almost entirely of cells.
These cells are separated by a minimal amount of extracel-
lular material, mainly projections of their integral mem-
brane proteins into the narrow spaces between the cells.

2. Specialized contacts. Adjacent epithelial cells are directly
joined at many points by special cell junctions.

3. Polarity. All epithelia have a free upper (apical) surface
and a lower (basal) surface. They exhibit polarity, a term
meaning that the cell regions near the apical surface dif-
fer from those near the basal surface. As shown in Figure
4.1, the basal surface of an epithelium lies on a thin sheet
called a basal lamina, which is part of a basement mem-
brane. This is explained further on p. 76. The free apical
surface abuts the open space of a cavity, tubule, gland, or
hollow organ.

4. Support by connective tissue. All epithelial sheets in the
body are supported by an underlying layer of connective
tissue.

S. Avascular but innervated. Whereas most tissues in the
body are vascular (contain blood vessels), epithelium is
avascular (a-vas'ku-lar), meaning it lacks blood vessels.
Epithelial cells receive their nutrients from capillaries in
the underlying connective tissue. Although blood vessels
do not penetrate epithelial sheets, nerve endings do; that
is, epithelium is innervated.

6. Regeneration. Epithelial tissue has a high regenerative
capacity. Some epithelia are exposed to friction, and their
surface cells rub off. Others are destroyed by hostile
substances in the external environment such as bacteria,
acids, and smoke. As long as epithelial cells receive ade-
quate nutrition, they can replace lost cells quickly by cell
division.

Classification of Epithelia

Many kinds of epithelia exist in the body. To classify them,
each epithelium is given two names. The first name indicates
the number of cell layers in the epithelium, and the last name
describes the shape of the cells (Figure 4.2). In classification
by cell layers, an epithelium is called simple if it has just one
cell layer or stratified if it has more than one layer. In classi-
fication by cell shape, the cells are called squamous,
cuboidal, or columnar. Squamous (sqwa’'mus; “platelike”)
cells are flat cells; cuboidal cells are shaped like cubes; and
columnar cells are taller than they are wide, like columns. In
each case, the shape of the nucleus conforms to that of the
cell: The nucleus of a squamous cell is disc-shaped, that of a
cuboidal cell is spherical, and that of a columnar cell is an
oval elongated from top to bottom. The shape of the nucleus
is an important feature to keep in mind when distinguishing
epithelial types.

Simple epithelia are easy to classify by cell shape be-
cause all cells in the layer usually have the same shape. In
stratified epithelia, however, the cell shapes usually differ
among the different cell layers. To avoid ambiguity, stratified
epithelia are named according to the shape of the cells in the
apical layer. This naming system will become clearer as you
explore the specific epithelial types.

It is useful to keep in mind how tissue structure reflects
tissue function (Table 4.7). Stratified epithelial tissues func-
tion to protect. Multiple layers of cells protect underlying
connective tissues in areas where abrasion is common. For
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Function of Epithelial Tissue Related to Tissue Type

Number of Layers

Cell Shape One Layer: Simple Epithelial Tissues More Than One Layer: Stratified Epithelial Tissues
Squamous Diffusion and filtration Protection
Secretion in serous membranes
Cuboidal ) ) . . )
Secretion and absorption; Protection; these tissue types are rare in
ciliated types propel mucus or humans (see pp. 70-71)
Columnar reproductive cells
Transitional Protection; stretching to accommodate

simple epithelia, the shape of the cells is indicative of tissue
function. Squamous cells are found where diffusion or filtra-
tion are important, because these are distance-dependent
processes; the thinner the layer, the more quickly the process
occurs. Columnar and cuboidal cells are found in tissues in-
volved in secretion and absorption. Larger cells are necessary
for the additional cellular machinery needed to produce and
package secretions and to produce the necessary energy for
these processes. Ciliated epithelia function to propel material,
for example, mucus. Keep these generalizations in mind as
you study each type of epithelial tissue in detail.

As you read about the types of epithelium, refer to
Figure 4.3. Using the photomicrographs, try to pick out the
individual cells within each epithelium. This is not always
easy, because the boundaries between epithelial cells often
are indistinct. Furthermore, the nucleus of a particular cell
may or may not be visible, depending on the plane of the cut
made to prepare the tissue slides. To better understand this,
think about slicing a pear in transverse sections; slices from the
top of the pear will not contain any seeds, but slices from the
middle region will. The same is true for sections through tis-
sues: Some cells may be sliced through the nucleus, whereas
others may not.

Simple Epithelia

Simple Squamous Epithelium (FIGURE 4.3a) A sim-
ple squamous epithelium is a single layer of flat cells. When
viewed from above, the closely fitting cells resemble a tiled
floor. When viewed in lateral section, they resemble fried
eggs seen from the side. Thin and often permeable, this type
of epithelium occurs wherever small molecules pass through
a membrane quickly, by processes of diffusion or filtration.
The walls of capillaries consist exclusively of this epithelium,
whose exceptional thinness encourages efficient exchange of
nutrients and wastes between the bloodstream and surround-
ing tissue cells. In the lungs, this epithelium forms the thin
walls of the air sacs, where gas exchange occurs.

distension of urinary structures

Simple Cuboidal Epithelium (FIGURE 4.3b) Simple
cuboidal epithelium consists of a single layer of cube-shaped
cells. This epithelium forms the secretory cells of many
glands, the walls of the smallest ducts of glands, and of many
tubules in the kidney. Its functions are the same as those of
simple columnar epithelium.

Simple Columnar Epithelium (FIGURE 4.3c) Simple
columnar epithelium is a single layer of tall cells aligned like
soldiers in a row. It lines the digestive tube from the stomach
to the anal canal. It functions in the active movement of
molecules, namely in absorption, secretion, and ion transport.
The structure of simple columnar epithelium is ideal for these
functions: It is thin enough to allow large numbers of mole-
cules to pass through it quickly, yet thick enough to house the
cellular machinery needed to perform the complex processes
of molecular transport.

Some simple columnar epithelia bear cilia (sil’'e-ah;
“eyelashes”), whiplike bristles on the apex of epithelial cells
that beat rhythmically to move substances across certain body
surfaces (see Figure 4.1). A simple ciliated columnar epithe-
lium lines the inside of the uterine tube. Its cilia help move
the ovum to the uterus, a journey traced in Chapter 3. Cilia
are considered in detail later in this chapter.

Pseudostratified Columnar Epithelium (FIGURE
4.3d) The cells of pseudostratified (soo-do-strat'i-fid)
columnar epithelium are varied in height. All of its cells rest
on the basement membrane, but only the tall cells reach the
apical surface of the epithelium. The short cells are undiffer-
entiated and continuously give rise to the tall cells. The cell
nuclei lie at several different levels, giving the false impres-
sion that this epithelium is stratified ( pseudo = false).
Pseudostratified columnar epithelium, like simple colum-
nar epithelium, functions in secretion or absorption. A cili-
ated type lines the interior of the respiratory tubes. Here, the
cilia propel sheets of dust-trapping mucus out of the lungs.

(Text continues on page 72.)
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(a) Simple squamous epithelium

Description: Single layer of flattened cells
with disc-shaped central nuclei and sparse
cytoplasm; the simplest of the epithelia.

—

—‘A“;

Air sacs of

Function: Allows passage of materials by lung tissue

diffusion and filtration in sites where protection
is not important; secretes lubricating
substances in serosae.

Nuclei

of squamous
epithelial
cells

Location: Kidney glomeruli; air sacs of lungs;
lining of heart, blood vessels, and lymphatic
vessels; lining of ventral body cavity (serosae).

Photomicrograph: Simple squamous epithelium
forming part of the alveolar (air sac) walls (200x).

(b) Simple cuboidal epithelium

Description: Single layer of cubelike cells
with large, spherical central nuclei.

Simple
cuboidal
epithelial
cells

Function: Secretion and absorption.

Basement
membrane

Location: Kidney tubules; ducts and secretory
portions of small glands; ovary surface.

Connective
tissue

Photomicrograph: Simple cuboidal epithelium
in kidney tubules (430x).

FIGURE 4.3 Epithelial tissues. (See A Brief Atlas of the Human Body, Second Edition,
Plates 2 and 3.)
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(c) Simple columnar epithelium

Description: Single layer of tall cells with
round to oval nuclei; some cells bear cilia;
layer may contain mucus-secreting
unicellular glands (goblet cells).

Simple
columnar
epithelial
cell

Function: Absorption; secretion of mucus,

enzymes, and other substances; ciliated type

propels mucus (or reproductive cells) by

ciliary action.

Location: Nonciliated type lines most of the

digestive tract (stomach to anal canal),

gallbladder, and excretory ducts of some

glands; ciliated variety lines small bronchi,

uterine tubes, and some regions of the uterus.
Basement
membrane

Photomicrograph: Simple columnar epithelium
of the stomach mucosa (1150x).

(d) Pseudostratified columnar epithelium

Description: Single layer of cells of differing ,\CA"I: s of
heights, some not reaching the free surface; ved

A A . . goblet cell
nuclei seen at different levels; may contain
mucus-secreting goblet cells and bear cilia.

—— Pseudo-
stratified
epithelial

Function: Secretion, particularly of mucus; layer
propulsion of mucus by ciliary action.
Location: Nonciliated type in male’s
sperm-carrying ducts and ducts of large
glands; ciliated variety lines the trachea, most
of the upper respiratory tract.
Basement
Trachea membrane
Photomicrograph: Pseudostratified ciliated
columnar epithelium lining the human trachea (780x).

FIGURE 4.3 Epithelial tissues, continued. (See A Brief Atlas of the Human Body, Second
Edition, Plates 4-6.)
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(e) Stratified squamous epithelium

Description: Thick membrane composed of _
several cell layers; basal cells are cuboidal or

columnar and metabolically active; surface

cells are flattened (squamous); in the

keratinized type, the surface cells are full of

keratin and dead; basal cells are active in

mitosis and produce the cells of the more

superficial layers.

—— Stratified
squamous
epithelium

Function: Protects underlying tissues in
areas subjected to abrasion. |
Location: Nonkeratinized type forms the ~—— Nuclei
moist linings of the esophagus, mouth, and B t
vagina; keratinized variety forms the asegwen
epidermis of the skin, a dry membrane. membrane
Connective
tissue
Photomicrograph: Stratified squamous epithelium
lining the esophagus (430x).
(f) Stratified cuboidal epithelium
Description: Generally two
layers of cubelike cells.
Basement
membrane
- Cuboidal
Function: Protection a epithelial
cells
Location: Largest ducts of sweat glands,
mammary glands, and salivary glands.
*™~—Duct
lumen
Photomicrograph: Stratified cuboidal epithelium forming
a salivary gland duct (285x).

FIGURE 4.3 Epithelial tissues, continued. (See A Brief Atlas of the Human Body, Second
Edition, Plates 7 and 8.)
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Description: Several cell layers;
basal cells usually cuboidal;
superficial cells elongated

and columnar.

Function: Protection; secretion.

Location: Rare in the body; small
amounts in male urethra and in large ducts
of some glands.

Urethra

Basement
/_ membrane

—— Stratified
columnar
epithelium

Underlying
connective
tissue

Photomicrograph: Stratified columnar epithelium
lining of the male urethra (315x).

(h) Transitional epithelium

Description: Resembles both stratified
squamous and stratified cuboidal; basal cells
cuboidal or columnar; surface cells dome
shaped or squamous-like, depending on
degree of organ stretch.

Function: Stretches readily and permits
distension of urinary organ by contained urine.

Location: Lines the ureters, bladder, and part
of the urethra.

Transitional
epithelium

Basement
membrane
Connective
tissue

Photomicrograph: Transitional epithelium lining the bladder,
relaxed state (390 x%); note the bulbous, or rounded, appearance
of the cells at the surface; these cells flatten and become
elongated when the bladder is filled with urine.

FIGURE 4.3 Epithelial tissues, continued. (See A Brief Atlas of the Human Body, Second

Edition, Plates 9 and 10.)
Source: Part (g) Kessel and Kardon/Visuals Unlimited.
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Stratified Epithelia

Stratified epithelia contain two or more layers of cells. They
regenerate from below; that is, the basal cells divide and push
apically to replace the older surface cells. Stratified epithelia
are more durable than simple epithelia, and their major (but
not only) role is protection.

Stratified Squamous Epithelium (FIGURE 4.3e) As
you might expect, stratified squamous epithelium consists of
many cell layers whose surface cells are squamous. In the
deeper layers, the cells are cuboidal or columnar. Of all the
epithelial types, this is the thickest and best adapted for pro-
tection. It covers the often-abraded surfaces of our body,
forming the epidermis of the skin and the inner lining of the
mouth, esophagus, and vagina. To avoid memorizing all its
locations, simply remember that this epithelium forms the
outermost layer of the skin and extends a certain distance into
every body opening that is directly continuous with the skin.

The epidermis of the skin is keratinized, meaning that its
surface cells contain an especially tough protective protein
called keratin. The other stratified squamous epithelia of the
body lack keratin and are nonkeratinized. Keratin is ex-
plained in detail in Chapter 5 (p. 103).

Stratified Cuboidal and Columnar Epithelia
(FIGURE 4.3f AND g) Stratified cuboidal and stratified
columnar epithelia are rare types of tissue, located in the
large ducts of some glands, for example sweat glands, mam-
mary glands, and salivary glands. Stratified columnar epithe-
lium is also found in small amounts in the male urethra.

Transitional Epithelium (FIGURE 4.3h) Transitional
epithelium lines the inside of the hollow urinary organs. Such
organs (the urinary bladder, for example) stretch as they fill
with urine. As the transitional epithelium stretches, it thins
from about six cell layers to three, and its apical cells unfold
and flatten. When relaxed, portions of the apical surface
invaginate into the cell, giving this surface a scalloped
appearance. Thus, this epithelium undergoes “transitions” in
shape. It also forms an impermeable barrier that keeps urine
from passing through the wall of the bladder.

check your understanding

1. In each of the epithelial tissues shown in Figure
4.3a-h, identify the apical region of the tissue.

2. Why are cuboidal or columnar cells found in epithelia
that function in secretion and absorption? List three
locations of cuboidal epithelium.

3. Why is columnar epithelium not found in locations
where diffusion occurs? What type of epithelium is
found in these locations?

For answers, see Appendix B.

Glands

Epithelial cells that make and secrete a product form glands.
The products of glands are aqueous (water-based) fluids that

usually contain proteins. Secretion is the process whereby
gland cells obtain needed substances from the blood and
transform them chemically into a product that is then dis-
charged from the cell. More specifically, the protein product
is made in the rough endoplasmic reticulum (ER), then pack-
aged into secretory granules by the Golgi apparatus and ulti-
mately released from the cell by exocytosis (see p. 28 and
Figure 2.8). These organelles are well developed in most
gland cells that secrete proteins.

Glands are classified as endocrine (en’do-krin; “internal
secretion”) or exocrine (ek’so-krin; “external secretion”),
depending on where they release their product, and as uni-
cellular (“one-celled”) or multicellular (“many-celled”) on
the basis of cell number. Unicellular glands are scattered
within epithelial sheets, whereas most multicellular glands
develop by invagination of an epithelial sheet into the under-
lying connective tissue.

Endocrine Glands

Endocrine glands lack ducts, so they are often referred to as
ductless glands. They secrete directly into the tissue fluid that
surrounds them. More specifically, endocrine glands produce
messenger molecules called hormones (hor'monz; “ex-
citers”), which they release into the extracellular space. These
hormones then enter nearby capillaries and travel through the
bloodstream to specific target organs, which are commonly
far removed from the endocrine gland that produces the hor-
mone. Each hormone signals its target organs to respond in
some characteristic way. For example, endocrine cells in the
intestine secrete a hormone that signals for the pancreas to re-
lease the enzymes that help digest a meal.

Although most endocrine glands derive from epithelia,
some derive from other tissues. The endocrine system is dis-
cussed in detail in Chapter 17.

Exocrine Glands

Exocrine glands are numerous, and many of their products
are familiar ones. All exocrine glands secrete their products
onto body surfaces (skin) or into body cavities (like the diges-
tive tube), and multicellular exocrine glands have ducts that
carry their product to the epithelial surfaces. The activity of
an exocrine secretion is local, that is, the secretion acts near
the area where it is released. Exocrine glands are a diverse
group: They include many types of mucus-secreting glands,
the sweat glands and oil glands of the skin, salivary glands of
the mouth, the liver (which secretes bile), the pancreas
(which secretes digestive enzymes), mammary glands (which
secrete milk), and many others.

Unicellular Exocrine Glands The only important ex-
ample of a one-celled exocrine gland is the goblet cell
(Figure 4.4). True to its name, a goblet cell is indeed shaped
like a goblet, a drinking glass with a stem. Goblet cells are
scattered within the epithelial lining of the intestines and res-
piratory tubes, between columnar cells with other functions.
They produce mucin (mu’sin), a glycoprotein (sugar protein)



www.konkur.in

/— Microvilli

Chapter 4 Tissues

Secretory
vesicles
containing
mucin

Rough ER

()

Golgi
apparatus

Nucleus

(b)

FIGURE 4.4 Goblet cell (unicellular exocrine gland). (a) Photomicrograph of a
mucus-secreting goblet cell in the simple columnar epithelium that lines the small
intestine (1585 ). (b) Diagram of a goblet cell. Note the secretory vesicles and the

well-developed rough ER and Golgi apparatus.

that dissolves in water when secreted. The resulting complex
of mucin and water is viscous, slimy mucus. Mucus covers,
protects, and lubricates many internal body surfaces.

Multicellular Exocrine Glands Each multicellular ex-
ocrine gland has two basic parts: an epithelium-walled duct
and a secretory unit consisting of the secretory epithelium
(Figure 4.5). Also, in all but the simplest glands, a supportive
connective tissue surrounds the secretory unit, carrying with
it blood vessels and nerve fibers. Often, the connective tissue
forms a fibrous capsule that extends into the gland proper
and partitions the gland into subdivisions called lobes (not
illustrated).

Multicellular glands are classified by the structure of their
ducts (Figure 4.5). Simple glands have an unbranched duct,
whereas compound glands have a branched duct. The glands
are further categorized by their secretory units: They are
tubular if their secretory cells form tubes and alveolar (al-ve'
o-lar) if the secretory cells form spherical sacs (alveolus =

73

a small, hollow cavity). Furthermore, some glands are tubu-
loalveolar; that is, they contain both tubular and alveolar
units. Another word for alveolar is acinar (as'i-nar; acinus =

grape or berry).

check your understanding

4. What type of gland are goblet cells? What do they
secrete?

5. An gland secretes into the tissue fluid, and its
secretion is carried to a target organ by the
bloodstream.

6. What feature distinguishes a simple exocrine gland
from a compound exocrine gland?

For answers, see Appendix B.
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Simple duct structure
(duct does not branch)

Tubular
secretory
structure
Simple tubular Simple branched tubular
Example Example
Intestinal glands Stomach (gastric)
glands
Alveolar
secretory
structure

Simple alveolar Simple branched alveolar

Example Example
No important example Sebaceous (oil) glands
in humans

Compound duct structure
(duct branches)

Compound tubular

Example
Duodenal glands of small intestine

Compound alveolar Compound tubuloalveolar

Example
Mammary glands

Example
Salivary glands

D Surface epithelium D Duct . Secretory epithelium

FIGURE 4.5 Types of multicellular exocrine glands. Multicellular glands are classified
according to the structure of their ducts (simple or compound) and the structure of their

secretory units (tubular, alveolar, tubuloalveolar).

Epithelial Surface Features

» Describe apical, lateral, and basal surface features of
epithelia and epithelial cells.

As previously described, epithelial tissues are composed
of many cells closely joined together by special cell junctions
along their lateral walls. Epithelial tissues also have distinct
apical and basal regions. The basal region sits on a specialized
boundary with the underlying connective tissue; the apical re-
gion of certain epithelia has modifications associated with
specific functions. These special features are described next.

Lateral Surface Features: Cell Junctions

Three factors act to bind epithelial cells to one another:
(1) adhesion proteins in the plasma membranes of the adja-
cent cells link together in the narrow extracellular space;
(2) the wavy contours of the membranes of adjacent cells
join in a tongue-and-groove fashion; and (3) there are special
cell junctions (Figure 4.6). Cell junctions, the most impor-
tant of the factors, are characteristic of epithelial tissue but
are found in other tissue types as well.

Tight Junctions 1In the apical region of most epithelial
tissues, a beltlike junction extends around the periphery of
each cell (Figure 4.6a). This is a tight junction, or a zonula
occludens (zon'u-lah o-klood'enz; “belt that shuts off”). At
tight junctions, the adjacent cells are so close that some pro-
teins in their plasma membranes are fused. This fusion forms
a seal that closes off the extracellular space; thus tight junc-
tions prevent molecules from passing between the cells of
epithelial tissue. For example, the tight junctions in the ep-
ithelium lining the digestive tract keep digestive enzymes,
ions, and microorganisms in the intestine from seeping into
the bloodstream. Tight junctions need not be entirely imper-
meable; some are more leaky than others and may let certain
types of ions through.

Adhesive Belt Junctions Just below the tight junctions
in epithelial tissues are adhesive belt junctions, or zonula
adherens (zon'u-lah ad-hir-ens), a type of anchoring junction
(Figure 4.1). Transmembrane linker proteins attach to the
actin microfilaments of the cytoskeleton and bind adjacent
cells. This junction reinforces the tight junctions, particularly
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Plasma membranes

of adjacent cells

Interlocking
junctional
proteins

Intercellular
space

Intermediate
filament
(keratin)

(a) Tight junctions: Impermeable junctions
prevent molecules from passing through
the intercellular space.

Tt

(b) Desmosomes: Anchoring junctions bind
adjacent cells together and help form an
internal tension-reducing network of fibers.
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Microvilli

¥

Intercellular
space

Intercellular
space

Intercellular
space

Channel
between cells
(connexon)

Linker
glycoproteins
(cadherins)

(c) Gap junctions: Communicating junctions
allow ions and small molecules to pass
from one cell to the next for intercellular
communication.

FIGURE 4.6 Cell junctions. An epithelial cell shown joined to adjacent cells by three

common types of cell junction.

when the tissues are stretched. Together with tight junctions,
these form the tight junctional complex around the apical lat-
eral borders of epithelial tissues.

Desmosomes The main junctions for binding cells
together are called desmosomes (dez'mo-somz; “binding
bodies”), or anchoring junctions. These adhesive spots are
scattered along the abutting sides of adjacent cells (Figure
4.6b). Desmosomes have a complex structure: On the cyto-
plasmic face of each plasma membrane is a circular plaque.
The plaques of neighboring cells are joined by linker
proteins. These project from both cell membranes and inter-
digitate like the teeth of a zipper in the extracellular space. In
addition, intermediate filaments (the cytoskeletal elements
that resist tension) insert into each plaque from its inner,
cytoplasmic side. Bundles of these filaments extend across
the cytoplasm and anchor at other desmosomes on the oppo-
site side of the same cell. Overall, this arrangement not only

holds adjacent cells together but also interconnects intermedi-
ate filaments of the entire epithelium into one continuous net-
work of strong guy-wires. The epithelium is thus less likely to
tear when pulled on, because the pulling forces are distrib-
uted evenly throughout the sheet.

Desmosomes are found in cardiac muscle tissue as well
as in epithelial tissues. In general, these junctions are com-
mon in tissues that experience great mechanical stress.

Gap Junctions A gap junction, or nexus (nek’sus;
“bond”), is a tunnel-like junction that can occur anywhere
along the lateral membranes of adjacent cells (Figure 4.6c¢).
Gap junctions function in intercellular communication by al-
lowing small molecules to move directly between neighbor-
ing cells. At such junctions, the adjacent plasma membranes
are very close, and the cells are connected by hollow cylin-
ders of protein (connexons). Ions, simple sugars, and other
small molecules pass through these cylinders from one cell to
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the next. Gap junctions are common in embryonic tissues and
in many adult tissues, including connective tissues. They are
also prevalent in smooth and cardiac muscle, where the pas-
sage of ions through gap junctions synchronizes contraction.

Basal Feature: The Basal Lamina

At the border between the epithelium and the connective tis-
sue deep to it is a supporting sheet called the basal lamina
(lam'7-nah; “sheet”), shown in Figure 4.1. This thin, noncel-
lular sheet consists of proteins secreted by the epithelial cells.
Functionally, the basal lamina acts as a selective filter; that is,
it determines which molecules from capillaries in the under-
lying connective tissue are allowed to enter the epithelium.
The basal lamina also acts as scaffolding along which regen-
erating epithelial cells can migrate. Luckily, infections and
toxins that destroy epithelial cells usually leave the basal lam-
ina in place, for without this lamina, epithelial regeneration is
more difficult.

Directly deep to the basal lamina is a layer of reticular
fibers (defined shortly) belonging to the underlying connec-
tive tissue. Together, these reticular fibers plus the basal lam-
ina form the basement membrane (see Figure 4.1). The thin
basal lamina can be seen only by electron microscopy, but the
thicker basement membrane is visible by light microscopy
(see Figure 4.3). Although this text distinguishes between
basal lamina and basement membrane, many scientists use
these two terms interchangeably.

BASEMENT MEMBRANES AND DIABETES 1In
untreated cases of diabetes mellitus, the basement
membranes associated with the endothelium of
capillaries thicken over time, perhaps because they take
on sugar (glucose), which is present in high
concentrations in diabetics. Thickening is especially
evident in the capillaries in the kidneys and

retina of the eye, which can become

nonfunctional. For this reason, kidney failure

and blindness are major symptoms of advanced
diabetes.

Apical Surface Features: Microvilli and Cilia

Microvilli (mi”cro-vi'li; “little shaggy hairs™) are fingerlike
extensions of the plasma membrane of apical epithelial cells
(Figure 4.7). Each microvillus contains a core of actin fila-
ments that extend into the actin microfilaments of the cy-
toskeleton and function to stiffen the microvillus. Microvilli
occur on almost every moist epithelium in the body but are
longest and most abundant on epithelia that absorb nutrients
(in the small intestine) or transport ions (in the kidney). In
such epithelia, microvilli maximize the surface area across
which small molecules enter or leave cells. Microvilli are also
abundant on epithelia that secrete mucus, where they help an-
chor the mucous sheets to the epithelial surface.

Microvillus

Actin
filaments

FIGURE 4.7 Microvilli.

Cilia are whiplike, highly motile extensions of the apical
surface membranes of certain epithelial cells (see Figure 4.1).
Each cilium contains a core of microtubules held together by
cross-linking and radial proteins (Figure 4.8). The micro-
tubules are arranged in pairs, called doublets, with nine outer
doublets encircling one central pair. Ciliary movement is gen-
erated when adjacent doublets grip one another with side
arms made of the motor protein dynein (p. 35) and these arms
start to oscillate. This causes the doublets to slide along the
length of each other, like centipedes trying to run over each
other’s backs. As a result, the cilum bends.

The microtubules in cilia are arranged in much the same
way as in the cytoplasmic organelles called centrioles (p. 35).
Indeed, cilia originate as their microtubules assemble around
centrioles that have migrated from the centrosome to the api-
cal plasma membrane. The centriole at the base of each cil-
ium is called a basal body (Figure 4.8a).

The cilia on an epithelium bend and move in coordinated
waves, like waves across a field of grass on a windy day. These
waves push mucus and other substances over the epithelial sur-
face (Figure 4.8c). Each cilium executes a propulsive power
stroke, followed by a nonpropulsive recovery stroke similar to
feathering an oar or a canoe paddle Figure 4.8b). This sequence
ensures that fluid is moved in one direction only. An extremely
long, isolated cilium is called a flagellum (flah-jel’um;
“whip”). The only flagellated cells in the human body are
sperm, which use their flagella to swim through the female
reproductive tract.

KARTAGENER’S SYNDROME A type of immotile
cilia syndrome, Kartagener’s syndrome is an inherited
disease in which the dynein arms within the cilia

fail to form. This condition leads to frequent
respiratory infections because the nonfunctional

cilia cannot sweep inhaled bacteria out of the
respiratory tubes.
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FIGURE 4.8 Cilia structure and function.

check your understanding

7. How do cilia differ from microvilli?

8. How do the intermediate filaments within epithelial
cells function to bind together the entire sheet of
epithelia?

9. In addition to epithelial tissue, what other types of
tissues contain gap junctions?

For answers, see Appendix B.

Il. CONNECTIVE TISSUE

» Describe the features that are common to all connective
tissues.

» ldentify the four main classes of connective tissue.

The second of the four basic types of tissue is connective
tissue, the most diverse and abundant type of tissue. There
are four main classes of connective tissue and many sub-
classes. The main classes are (1) connective tissue proper, fa-
miliar examples of which are fat tissue and the fibrous tissue
of ligaments; (2) cartilage; (3) bone tissue; and (4) blood.
Connective tissues do far more than just connect the tissues
and organs of the body together. They also form the basis of
the skeleton (bone and cartilage), store and carry nutrients

The doublets also
have attached
motor proteins,
the dynein arms.

The outer
microtubule
doublets and the
two central
microtubules are
held together by
cross-linking
proteins and
radial spokes.

Chapter 4 Tissues 77

Power, or
propulsive, stroke

Recovery stroke, when cilium
is returning to its initial position

(b) Phases of ciliary motion

Layer of mucus

Cell surface
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(c) Traveling wave created by the activity of
many cilia acting together propels mucus
across cell surfaces.

(fat tissue and blood), surround all the blood vessels and
nerves of the body (connective tissue proper), and lead the
body’s fight against infection.

In this section, we will first discuss the special character-
istics of connective tissues and then describe the structural el-
ements found in connective tissues. Finally, we will review
the structure, function, and location of the specific types of
connective tissues.

Special Characteristics
of Connective Tissues

As different as they are, fat, bone, and blood are all connec-
tive tissues. All connective tissues share the same simple
structural plan (Figure 4.9).

1. Relatively few cells, lots of extracellular matrix. The
cells of connective tissues are separated from one another
by a large amount of extracellular material called the
extracellular matrix (ma'triks; “womb”). This differs
markedly from epithelial tissue, whose cells crowd
closely together.

2. Extracellular matrix composed of ground substance
and fibers. The extracellular matrix is produced by the
cells of the connective tissue. It is composed of some type
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Cell types

Macrophage

Fibroblast

Lymphocyte

Fat cell

Mast cell

Neutrophil

Extracellular
matrix

Ground substance

Fibers
Collagen fiber

Elastic fiber

Reticular fiber

Capillary

FIGURE 4.9 Areolar connective tissue: A model connective tissue.

of ground substance embedded with protein fibers. The
ground substance varies for each class of connective tissue.
In many, it is a soft, gel-like substance that holds tissue
fluid. In bone, it is hard—calcified by inorganic calcium
salts. The fibrous portion of the matrix provides support for
the connective tissue. Three types of protein fibers are
found in connective tissues: collagen fibers, reticular fibers,
and elastic fibers. The types, density, and distribution of the
fibers are distinctive for each type of connective tissue.
Table 4.2 compares these features for the four main classes
of connective tissue. The differences among the physical
properties and functions of each type of connective tissue
are due to differences in the composition of the extracellu-
lar matrix. The details of the matrix structure will be dis-
cussed with each type of connective tissue.

3. Embryonic origin. Another feature common to connec-
tive tissues is that they all originate from the embryonic
tissue called mesenchyme (p. 51). Mesenchyme is
shown in Figure 4.10.

Structural Elements
of Connective Tissues

Connective tissues are composed of cells and a significant
amount of extracellular matrix. Although connective tissues
differ in their structural properties because of differences in
the types of cells and the composition of the extracellular

matrix, they all share similar structural elements. As we
describe the structural features of connective tissues, we will
use loose areolar connective tissue as a model to illustrate
these features (See Figure 4.9).

Cells

In most connective tissues, the primary cell type produces the
extracellular matrix (see Table 4.2). In connective tissue
proper, these cells are called fibroblasts (literally, “fiber buds”
or “fiber formers”). Fibroblasts make the protein subunits of
fibers, which then assemble into fibers when the fibroblast se-
cretes them. Fibroblasts also secrete the molecules that form
the ground substance of the matrix. In cartilage tissue, the cells
that secrete the matrix are chondroblasts (kon’dro-blasts;
“cartilage formers”), and in bone they are osteoblasts (os” te-o-
blasts’; “bone formers”). Once these tissue-forming cells are
not actively secreting new matrix, they are termed fibrocytes,
chondrocytes, and osteocytes (cyte = cell). They function to
maintain the tissue matrix and keep the tissue healthy.

The cells found in blood are an exception. These cells do
not produce the plasma matrix of blood. The cellular compo-
nents of blood function to carry respiratory gases (red blood
cells), to fight infections (white blood cells), and to aid in
blood clotting (platelets).

Additional cell types are found in many connective
tissues, as shown in Figure 4.9. For example, fat cells store
energy; various white blood cells (neutrophils, lymphocytes,
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Components
Tissue Class
and Example Subclasses Cells Matrix General Features
Connective Tissue 1. Loose connective Fibroblasts Gel-like ground substance Six different types; vary in
Proper tissue Fibrocytes Al three fiber types: density and types of fibers
= - e Areolar collagen, reticular, elastic Functions as a binding tissue
= Defense cells 9 9
S = e Adipose Fat cells Re5|§ts mechanlgal stress,
— e Reticular particularly tension
- Z 3 2. Dense connective

~ — tissue

® Regular
Dense regular 9
connective tissue e Irregular

e Elastic

Cartilage 1. Hyaline cartilage Chondroblasts found
./ C 2. Elastic cartilage in growing cartilage
ey U 3. Fibrocartilage Chondrocytes
2> 5 &
& <
OF -

Hyaline cartilage

Resists compression because
of the large amounts of
water held in the matrix

Gel-like ground substance

Fibers: collagen, elastic

fibers in some
Functions to cushion and
support body structures

1. Compact bone Osteoblasts

Bone Tissue

Hard tissue that resists both
compression and tension

Gel-like ground substance
calcified with inorganic

2. Spongy bone Osteocytes |
salts Functions in support
Fibers: collagen
Blood Blood cell formation Erythrocytes (RBCs) Plasma A fluid tissue
~ = and differentiation . .
) ) ) are quite complex Leukocytes (WBCs) No fibers Functions to carry O,, CO,,

. . Platelets
Details are provided

in Chapter 18

and macrophages) respond to and protect against infectious
agents; and mast cells release signaling molecules that medi-
ate the inflammation reaction and promote healing.

Fibers

The extracellular matrix of a connective tissue is composed of
fibers and ground substance (Figure 4.9). Three types of
fibers are found in connective tissues: collagen fibers, reticu-
lar fibers, and elastic fibers. In general, the fibers function in

nutrients, wastes, and other
substances (hormones, for
example)

support, yet each type of fiber contributes unique properties
to the connective tissue.

Collagen fibers, the thick whitish gray fibers in Figure
4.9, are the strongest and most abundant type of fiber in con-
nective tissues. Collagen fibers resist tension (pulling forces)
and contribute strength to a connective tissue. Pulling tests
show that collagen fibers are stronger than steel fibers of the
same size! The thick collagen fibers that one sees with the
light microscope are bundles of thinner collagen fibrils,
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which consist of still thinner strands that are strongly cross-
linked to one another. This cross-linking is the source of col-
lagen’s great tensile strength.

Reticular (re-tik'u-lar) fibers, the thin blue fibers shown in
Figure 4.9, are bundles of a special type of collagen fibril. These
short fibers cluster into a meshlike network (reticulum =
network) that covers and supports the structures bordering the
connective tissue. For example, capillaries are coated with
fuzzy nets of reticular fibers, and these fibers form part of the
basement membrane of epithelia. Individual reticular fibers
glide freely across one another when the network is pulled, so
they allow more give than collagen fibers do.

The last fiber type found in certain connective tissues is
elastic fibers, illustrated as gold fibers in Figure 4.9. Elastic
fibers contain the rubberlike protein elastin (e-last’in), which
allows them to function like rubber bands. While we typically
think of rubber bands as being stretchy, the defining feature
of an elastic material is its ability to recoil back to its original
form after being stretched. Connective tissue can stretch only
so much before its thick, ropelike collagen fibers become
taut. When the tension is released, the elastic fibers recoil,
and the stretched tissue resumes its original shape.

SCURVY Vitamin C, which is abundant in citrus fruits
such as oranges and lemons, is necessary for the proper
cross-linking of the molecules that make up collagen
fibers. A deficiency of this vitamin in the diet can lead to
scurvy, a weakening of collagen and connective tissue
throughout the body. Strong collagen is necessary

for holding teeth in their sockets, reinforcing the

walls of blood vessels, healing wounds, and

forming scar tissue. Common signs of scurvy

include loss of teeth, blood vessel rupture, and

poor healing.

Ground Substance

The other component of the matrix of connective tissue is the
ground substance (Figure 4.9). The molecules that compose the
ground substance are produced and secreted by the primary cell
type of the connective tissue (fibroblasts, chondroblasts, or os-
teoblasts). The ground substance in most connective tissues is a
gel-like material that consists of large sugar and sugar-protein
molecules (proteoglycans and glycosaminoglycans). These
molecules soak up fluid like a sponge. The fluid-filled ground
substance functions to cushion and protect body structures (con-
nective tissue proper), to withstand compressive stresses (carti-
lage), or to hold the tissue fluid that bathes all the cells in our
body (areolar connective tissue). In bone tissue, the secreted
ground substance is embedded with calcified mineral salts,
which make the matrix hard and contribute to its function in
supporting the body.

Here again, blood is an exception. The ground substance
of blood, plasma, is not produced by the blood cells. Blood
plasma is composed of water (about 90%) and various dis-
solved proteins, nutrients, ions, gases, and other molecules.
These molecules are either produced by cells in other organs

and then secreted into blood (for example, plasma proteins
and hormones) or transported into blood from an external
source (water, air, and nutrients).

check your understanding

10. How do epithelial tissues differ from connective
tissues in the arrangement of the cells in each tissue?

11. Distinguish the matrix of a connective tissue from the
ground substance.

12. Which structural element of connective tissue resists
tension? Which resists compression? Which allows for
recoil?

For answers, see Appendix B.

Classification of Connective Tissues

» Differentiate the different types of connective tissues in
reference to the types of cells located within the tissue,
the structure and composition of the extracellular
matrix, and the main function of each.

Connective Tissue Proper—Loose
Connective Tissues

Connective tissue proper has two subclasses: loose connective
tissue (areolar, adipose, and reticular) and dense connective
tissue (dense irregular, dense regular, and elastic). These sub-
classes are distinguished by the density of fibers: In loose con-
nective tissues, the fibers are distributed throughout the tissue
but are separated from each other by ground substance.

Areolar Connective Tissue (FIGURE 4.9 AND FIGURE
4.10b) Loose areolar connective tissue is the most wide-
spread type of connective tissue proper. This tissue underlies
almost all the epithelia of the body and surrounds almost all
the small nerves and blood vessels, including the capillaries.
The structure of this tissue reflects its basic functions, which
are common to many other types of connective tissues:
(1) supporting and binding other tissues, (2) holding body flu-
ids, (3) defending the body against infection, and (4) storing
nutrients as fat.

The fibers of areolar connective tissue provide support.
Areolar connective tissue has all three types of fibers in its ex-
tracelluar matrix: collagen fibers, reticular fibers, and elastic
fibers (although the reticular fibers do not show up when the
common histological stains hematoxylin and eosin are used).

The ground substance of areolar connective tissue holds
fluid. All the cells of the body are bathed in tissue fluid, or
interstitial fluid. This fluid is derived from leakage of fluid
and small molecules from the blood as it travels through the
capillaries. Nutrients and oxygen are delivered to cells and
waste molecules are carried away from cells via diffusion
through this fluid. Areolar connective tissue lies between the
capillaries and all other cells and tissues in the body. It soaks
up this tissue fluid, much like a sponge. Thus it keeps the
body’s cells surrounded by fluid and facilitates the passage of
nutrients, gases, waste products, and other molecules to and
from the cells.
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(a) Embryonic connective tissue: mesenchyme

Description: Embryonic connective tissue;
gel-like ground substance containing fibers;
star-shaped mesenchymal cells.

Function: Gives rise to all other connective
tissue types.

Location: Primarily in embryo.

AW
N

Mesenchymal
cell

Ground
substance

Fibers

Photomicrograph: Mesenchymal tissue, an embryonic
connective tissue (600x); the clear-appearing background is
the fluid ground substance of the matrix; notice the fine,
sparse fibers.

(b) Connective tissue proper: loose connective tissue, areolar

Description: Gel-like matrix with all three fiber
types; cells: fibroblasts, macrophages, mast
cells, and some white blood cells.

Function: Wraps and cushions organs; its
macrophages phagocytize bacteria; plays
important role in inflammation; holds and
conveys tissue fluid.

Location: Widely distributed under epithelia
of body, e.g., forms lamina propria of mucous
membranes; packages organs; surrounds
capillaries.

Epithelium

propria

Elastic
fibers

Collagen
fibers

Fibroblast
nuclei

Photomicrograph: Areolar connective tissue, a soft packaging
tissue of the body (360x).

FIGURE 4.10 Connective tissues. (See A Brief Atlas of the Human Body, Second

Edition, Plate 11.)

81



www.konkur.in
82 Chapter4 Tissues

(c) Connective tissue proper: loose connective tissue, adipose

Description: Matrix as in areolar, but very

protects organs.

Location: Under skin in the hypodermis;
around kidneys and eyeballs; within abdomen;

sparse; closely packed adipocytes, or fat cells,
have nucleus pushed to the side by large fat L .
droplet. w . ) »
\ \ -
-
Function: Provides reserve food fuel; ‘ g Nucleus of
insulates against heat loss; supports and b <Y fat cell
( I

in breasts. . \/
Adipose . _ l[ Vacuole
tissue L ' containing
| "N\ fat droplet

h ) v 7
4 Vi

Photomicrograph: Adipose tissue from the subcutaneous
‘ Mammary layer under the skin (500x).

Description: Network of reticular fibers in a
typical loose ground substance; reticular cells
lie on the network.

Function: Fibers form a soft internal skeleton
(stroma) that supports other cell types
including white blood cells, mast cells, and
macrophages.

) White blood cell
V_ (lymphocyte)
Location: Lymphoid organs (lymph nodes,
bone marrow, and spleen).

Reticular
fibers

Spleen

Photomicrograph: Dark-staining network of reticular connective
tissue fibers forming the internal skeleton of the spleen (555x).

FIGURE 4.10 Connective tissues, continued. (See A Brief Atlas of the Human Body,
Second Edition, Plates 12 and 13.)
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Areolar connective tissue is the body’s first line of de-
fense against invading microorganisms, such as bacteria,
viruses, fungi, and parasites. Lying just deep to the epithelial
tissues that line the body surfaces and surrounding capillar-
ies, it is in an ideal location to destroy microorganisms at
their entry site—before they enter the capillaries and use the
vascular system to spread to other locations. Areolar connec-
tive tissue contains a variety of defense cells, as shown in
Figure 4.9, which respond in specific ways to destroy infec-
tious agents.

Cellular defenses are not the only means by which areolar
connective tissue fights infection. The viscous ground sub-
stance and the dense networks of collagen fibers in the extra-
cellular matrix slow the progress of invading microorganisms.
Some bacteria, however, secrete enzymes that rapidly break
down ground substance or collagen. Such matrix-degrading
bacteria are highly invasive; that is, they spread rapidly
through the connective tissues and are especially difficult for
the body’s defenses to control. An example of such a bac-
terium is the Streptococcus strain responsible for strep throat.

A minor function of areolar connective tissue is to store
energy reserves as fat. The large, fat-storing cells are fat cells,
also called adipose (ad’i-pos) cells, and adipocytes (see
Figure 4.9). Fat cells are egg-shaped, and their cytoplasm is
dominated by a single, giant lipid droplet that flattens the nu-
cleus and cytoplasm at one end of the cell. Mature fat cells
are among the largest cells in the body and cannot divide. In
areolar connective tissue, fat cells occur singly or in small
groups.

Adipose Tissue (FIGURE 4.10c) Adipose tissue is similar
to areolar connective tissue in structure and function, but its
nutrient-storing function is much greater. Correspondingly,
adipose tissue is crowded with fat cells, which account for
90% of its mass. These fat cells are grouped into large clusters
called lobules. Adipose tissue is richly vascularized, reflecting
its high metabolic activity. It removes lipids from the blood-
stream after meals and later releases them into the blood, as
needed. Without the fat stores in our adipose tissue, we could
not live for more than a few days without eating.

Much of the body’s adipose tissue occurs in the layer be-
neath the skin called the hypodermis. Adipose tissue also is
abundant in the mesenteries, which are sheets of serous mem-
branes that hold the stomach and intestines in place. Fat in
this location is called visceral fat. Additionally, fat forms
cushioning pads around the kidneys and behind the eyeballs
in the orbits.

Whereas the abundant fat beneath the skin serves the
general nutrient needs of the entire body, smaller depots of fat
serve the local nutrient needs of highly active organs. Such
depots occur around the hard-working heart and around
lymph nodes (where cells of the immune system are furiously
fighting infection), within some muscles, and as individual fat
cells in the bone marrow (where new blood cells are pro-
duced at a frantic rate). Many of these local depots offer spe-
cial lipids that are highly enriched.

The typical, nutrient-storing fat is white adipose tissue
or white fat. Another type, called brown adipose tissue,
produces heat and is a nutrient consumer. Brown fat, thought

Chapter 4 Tissues 83

to occur only in babies to aid in thermoregulation, has also
been identified in adults. It is located in the hypodermis
between the two scapulae (shoulder blades) in the center of
the back, on the side of the anterior neck, and on the anterior
abdominal wall. It is even more richly vascularized than
white fat. Each brown-fat cell contains many lipid droplets
and numerous mitochondria, which use the lipid fuel to heat
the bloodstream rather than to produce ATP molecules.

Reticular Connective Tissue (FIGURE 4.10d) Re-
ticular connective tissue resembles areolar tissue, but the
only fibers in its matrix are reticular fibers. These fine fibers
form a broad, three-dimensional network like the frame of a
house. The spaces in the framework create a labyrinth of cav-
erns that hold many free cells. The bone marrow, spleen, and
lymph nodes, which house many free blood cells outside their
capillaries, consist largely of reticular connective tissue.
Fibroblasts called reticular cells lie along the reticular net-
work of this tissue. Reticular tissue is discussed further in
Chapters 18 and 21.

Connective Tissue Proper—Dense
Connective Tissue

Dense connective tissue, or fibrous connective tissue, con-
tains more collagen than areolar connective tissue does. With
its thick collagen fibers, it can resist extremely strong pulling
(tensile) forces. There are three types of dense connective tis-
sue: irregular, regular, and elastic.

Dense Irregular Connective Tissue (FIGURE 4.10e)
Dense irregular connective tissue is similar to areolar
tissue, but its collagen fibers are much thicker. These fibers
run in different planes, allowing this tissue to resist strong
tensions from different directions. This tissue dominates the
leathery dermis of the skin, which is commonly stretched,
pulled, and hit from various angles. This tissue also makes up
the fibrous capsules that surround certain organs in the body,
such as kidneys, lymph nodes, and bones. Its cellular and
matrix elements are the same as in areolar connective tissue.
Dense irregular connective tissue is confusing, even for ex-
perts. The dermis obviously fits the name because its fibers run
randomly, as one would expect for a tissue called “irregular.”
However, the fibrous capsules of organs consist of two layers,
with all the fibers in a layer running parallel to each other but
perpendicular to the fibers in the other layer. That is, two per-
pendicular “regular” layers can make the tissue “irregular.”

Dense Regular Connective Tissue (FIGURE 4.10f)
All collagen fibers in dense regular connective tissue usu-
ally run in the same direction, parallel to the direction of pull.
Crowded between the collagen fibers are rows of fibroblasts,
which continuously manufacture the fibers and a scant
ground substance. When this tissue is not under tension, its
collagen fibers are slightly wavy. Unlike areolar connective
tissue, dense regular connective tissue is poorly vascularized
and contains no fat cells or defense cells.

With its enormous tensile strength, dense regular connec-
tive tissue is the main component of ligaments, bands or
sheets that bind bones to one another. It also is the main tissue
in tendons, which are cords that attach muscles to bones, and
aponeuroses (ap” o-nu-ro’sés), which are sheetlike tendons.
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(e) Connective tissue proper: dense connective tissue, dense irregular

Description: Primarily irregularly arranged
collagen fibers; some elastic fibers; major cell
type is the fibroblast.

Nuclei of
fibroblasts

Function: Able to withstand tension exerted

in many directions; provides structural

strength.

Location: Fibrous capsules of organs and

of joints; dermis of the skin; submucosa of

digestive tract. Collagen
fibers

&

N

Fibrous
joint
capsule

Photomicrograph: Dense irregular connective tissue from the
dermis of the skin (600x%).

(f) Connective tissue proper: dense connective tissue, dense regular

Description: Primarily parallel collagen fibers;
a few elastic fibers; major cell type is the

fibroblast.
Collagen
i fibers
Function: Attaches muscles to bones or to
muscles; attaches bones to bones; withstands
great tensile stress when pulling force is
applied in one direction.
Location: Tendons, most
ligaments, aponeuroses.
Nuclei of
fibroblasts

Shoulder
joint

Photomicrograph: Dense regular connective tissue from a
tendon (270x).

FIGURE 4.10 Connective tissues, continued. (See A Brief Atlas of the Human Body,
Second Edition, Plates 14 and 15.)
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(g) Connective tissue proper: dense connective tissue, elastic

Description: Dense regular connective tissue

containing a high proportion of elastic fibers.

Function: Allows recoil of tissue following
stretching; maintains pulsatile flow of blood
through arteries; aids passive recoil of lungs
following inspiration.

Location: Walls of large arteries; within
certain ligaments associated with the vertebral
column; within the walls of the bronchial tubes.

Aorta

aorta (85x).

Heart Photomicrograph: Elastic connective tissue in the wall of the

Elastic fibers

FIGURE 4.10 Connective tissues, continued. (See A Brief Atlas of the Human Body,

Second Edition, Plates 16.)

Dense regular connective tissue also forms fascia (fash’-
e-ah; “a band”), a fibrous membrane that wraps around mus-
cles, muscle groups, large vessels, and nerves. Many sheets of
fascia occur throughout the body, binding structures together
like plastic sandwich wrap. When the word fascia is used
alone, it is understood to mean deep fascia. Superficial fascia,
something else entirely, is the fatty hypodermis below the
skin.

Elastic Connective Tissue (FIGURE 4.10g) In elastic
connective tissue, elastic fibers are the predominant type of
fiber, and bundles of elastic fibers outnumber the bundles of
collagen fibers. This tissue is located in structures where re-
coil from stretching is important: within the walls of arteries,
in certain ligaments (ligamentum nuchae and ligamentum
Sflavum, which connect successive vertebrae), and surrounding
the bronchial tubes in the lungs.

check your understanding

13. How does loose connective tissue differ from dense
connective tissue?

14. Which type of connective tissue forms the following
structures: ligaments and tendons; the hypodermis of
the skin; the tissue that underlies epithelia; lymph
nodes?

For answers, see Appendix B.

Cartilage

As you have seen, connective tissue proper has the ability to
resist tension (pulling). Cartilage and bone are the firm
connective tissues that resist compression (pressing) as well
as tension. Like all connective tissues, they consist of cells
separated by a matrix containing fibers, ground substance,
and tissue fluid. However, these skeletal tissues exaggerate
the supportive functions of connective tissue and play no role
in fat storage or defense against disease.

Cartilage (Figure 4.10h—j), a firm but flexible tissue,
occurs in several parts of the skeleton. For example, it forms
the supporting rings of the trachea (windpipe) and gives
shape to the nose and ears. Like nearly all connective tis-
sues, cartilage consists of cells separated by an abundant ex-
tracellular matrix (Figure 4.10h). This matrix contains thin
collagen fibrils, a ground substance, and an exceptional
quantity of tissue fluid; in fact, cartilage consists of up to
80% water! The arrangement of water in its matrix enables
cartilage to spring back from compression, as explained in
Chapter 6, p. 124.

Cartilage is simpler than other connective tissues: It
contains no blood vessels or nerves and just one kind of
cell, the chondrocyte. Each chondrocyte resides within a
cavity in the matrix called a lacuna. Immature chondrocytes
are chondroblasts, cells that actively secrete the matrix dur-
ing cartilage growth. Cartilage is found in three varieties,
each dominated by a particular fiber type: hyaline cartilage,
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(h) Cartilage: hyaline

Description: Amorphous but firm matrix;
collagen fibers form an imperceptible network;
chondroblasts produce the matrix and when
mature (chondrocytes) lie in lacunae.

Function: Supports and reinforces; has
resilient cushioning properties; resists
compressive stress.

Location: Forms most of the embryonic

skeleton; covers the ends of long bones in Chondrocyte
joint cavities; forms costal cartilages of the in lacuna
ribs; cartilages of the nose, trachea, and
larynx.

Matrix

Costal

cartilages Photomicrograph: Hyaline cartilage from the trachea (720x).

(i) Cartilage: elastic

Description: Similar to hyaline cartilage, but
more elastic fibers in matrix.

Function: Maintains the shape of a structure

while allowing great flexibility. Chondrocyte
in lacuna
Location: Supports the external ear Matrix

(pinna); epiglottis.

Photomicrograph: Elastic cartilage from the human ear pinna;
forms the flexible skeleton of the ear (980x).

FIGURE 4.10 Connective tissues, continued. (See A Brief Atlas of the Human Body,
Second Edition, Plates 17 and 18.)
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(j) Cartilage: fibrocartilage

Description: Matrix similar to but less firm
than that in hyaline cartilage; thick collagen
fibers predominate.

Function: Tensile strength with the ability to
absorb compressive shock.

Location: Intervertebral discs; pubic
symphysis; discs of knee joint.

Chondrocytes
in lacunae
Intervertebral
discs
Collagen
fiber

Photomicrograph: Fibrocartilage of an intervertebral
disc (180x). Special staining produced the blue color seen.

(k) Others: bone (osseous tissue)

Description: Hard, calcified matrix containing
many collagen fibers; osteocytes lie in
lacunae. Very well vascularized.

Central
Function: Bone supports and protects canal
(by enclosing); provides levers for the muscles
to act on; stores calcium and other minerals Lacunae
and fat; marrow inside bones is the site for
blood cell formation (hematopoiesis).

Lamella

Location: Bones

Photomicrograph: Cross-sectional view of bone (190x).

FIGURE 4.10 Connective tissues, continued. (See A Brief Atlas of the Human Body,
Second Edition, Plates 19 and 20.)
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(I) Others: blood

Description: Red and white blood cells in a
fluid matrix (plasma).

Function: Transport of respiratory gases,
nutrients, wastes, and other substances.

Location: Contained within blood vessels.

A?"

Photomicrograph: Smear of human blood (1785x); two white
blood cells (neutrophil and lymphocyte) are seen surrounded by
red blood cells.

Plasma

Neutrophil

Red blood
cells

Lymphocyte

FIGURE 4.10 Connective tissues, continued. (See A Brief Atlas of the Human Body,

Second Edition, Plates 22-27.)

elastic cartilage, and fibrocartilage. These are introduced in
Figure 4.10h—j and discussed in Chapter 6, pp. 123-126.

Bone

Because of its rocklike hardness, bone tissue has a tremen-
dous ability to support and protect body structures. Bone
matrix contains inorganic calcium salts (bone salts), which
enable bone to resist compression, and an abundance of colla-
gen fibers, which allow bone to withstand strong tension
(Figure 4.10k, p. 87).

Immature bone cells, called osteoblasts, secrete the colla-
gen fibers and ground substance of the matrix. Then bone
salts precipitate on and between the collagen fibers, harden-
ing the matrix. The mature bone cells, called osteocytes,
inhabit cavities (lacunae) in this hardened matrix. Bone is a
living and dynamic tissue, well supplied with blood vessels.
It is discussed further in Chapter 6.

Blood

Blood (Figure 4.101), the fluid in the blood vessels, is the
most atypical connective tissue. It does not bind things to-
gether or give mechanical support. It is classified as a connec-
tive tissue because it develops from mesenchyme and consists
of blood cells surrounded by a nonliving matrix, the liquid
blood plasma. Its cells and matrix are very different from
those in other connective tissues. Blood functions as the
transport vehicle for the cardiovascular system, carrying de-
fense cells, nutrients, wastes, respiratory gases, and many

other substances throughout the body. Blood is discussed in
detail in Chapter 18.

check your understanding

15. Which connective tissues contain collagen fibers?

16. In which connective tissues are the cells located in
lacunae?

17. Which component of cartilage tissue functions to
resist compressive forces?

For answers, see Appendix B.

Covering and Lining Membranes

» Discuss the structure and function of mucous, serous,
and cutaneous membranes.

Now that you have learned about connective and epithe-
lial tissues, you can consider the covering and lining mem-
branes that combine these two tissue types (Figure 4.11).
These membranes, which cover broad areas within the body,
consist of an epithelial sheet plus the underlying layer of
connective tissue proper. These membranes are of three
types: cutaneous, mucous, and serous.

The cutaneous membrane (ku-ta’ne-us; “skin”) is the
skin, covering the outer surface of the body (Figure 4.11a). Its
outer epithelium is the thick epidermis, and its inner connective
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Cutaneous
membrane
(skin)

(a) Cutaneous membrane (the skin)
covers the body surface.

Parietal
peritoneum

Visceral
peritoneum

FIGURE 4.11 Types of membranes.

tissue is the dense dermis. It is a dry membrane. The skin is
discussed further in Chapter 5.

A mucous membrane, or mucosa (mu-ko'sah), lines the
inside of every hollow internal organ that opens to the outside
of the body. More specifically, mucous membranes line the
tubes of the respiratory, digestive, reproductive, and urinary
systems (Figure 4.11b). Although different mucous mem-
branes vary widely in the types of epithelia they contain, all
are wet or moist. As their name implies, many mucous mem-
branes secrete mucus. Not all of them do so, however.
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Mucosa of
nasal cavity

Mucosa of
mouth

Esophagus
lining

Mucosa of
lung bronchi

(b) Mucous membranes line body cavities
open to the exterior.

Parietal
pleura

Visceral
pleura

Visceral
pericardium

Parietal
pericardium

(c) Serous membranes line body cavities
closed to the exterior.

All mucous membranes consist of an epithelial sheet
directly underlain by a layer of loose areolar connective tis-
sue called the lamina propria (lam'i-nah pro’pre-ah; “one’s
own layer”). In the mucous membranes of the digestive sys-
tem, the lamina propria rests on a layer of smooth muscle
cells. Later chapters discuss the specific mucous membranes
of the body.

Serous membranes, or serosae, introduced in Chapter 1,
are the slippery membranes that line the closed pleural,
pericardial, and peritoneal cavities (Figures 4.11c and 1.7).
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A serous membrane consists of a simple squamous epithe-
lium, called mesothelium, lying on a thin layer of areolar
connective tissue. This membrane produces a slippery serous
fluid, beginning as a filtrate of the blood in capillaries in the
connective tissue, with the addition of lubricating molecules
by the mesothelium.

lll. MUSCLE TISSUE

» Briefly describe the three types of muscle tissue.

The two remaining tissue types are muscle and nervous
tissues. These are sometimes called composite tissues
because, along with their own muscle or nerve cells, they
contain small amounts of areolar connective tissue. (Areolar
connective tissue surrounds all blood vessels, and both mus-
cle and nervous tissue are richly vascularized.)

Muscle tissues (Figure 4.12) bring about most kinds of
body movements. Most muscle cells are called muscle fibers.
They have an elongated shape and contract forcefully as they
shorten. These cells contain many myofilaments (mi”o-fil’ ah-
ments; “muscle filaments”), cellular organelles filled with the
actin and myosin filaments that bring about contraction in all
cell types (p. 34). There are three kinds of muscle tissue:
skeletal, cardiac, and smooth.

Skeletal muscle tissue (Figure 4.12a) is the major
component of organs called skeletal muscles, which pull on
bones to cause body movements. Skeletal muscle cells are
long, large cylinders that contain many nuclei. Their obvious
striated, or banded, appearance reflects a highly organized
arrangement of their myofilaments. Skeletal muscle tissue is
described in detail in Chapter 10.

Cardiac muscle tissue (Figure 4.12b) occurs in the wall
of the heart. It contracts to propel blood through the blood ves-
sels. Like skeletal muscle cells, cardiac muscle cells are stri-
ated. However, they differ in two ways: (1) Each cardiac cell
has just one nucleus, and (2) cardiac cells branch and join at
special cellular junctions called intercalated (in-ter'kah-la”ted)
discs. The details of cardiac muscle tissue are discussed in
Chapter 19.

Smooth muscle tissue (Figure 4.12c¢) is so named
because there are no visible striations in its cells. These cells
are elongated with tapered ends and contain one centrally
located nucleus. Smooth muscle primarily occurs in the
walls of hollow viscera such as the digestive and urinary or-
gans, uterus, and blood vessels. It generally acts to squeeze
substances through these organs by alternately contracting
and relaxing. Smooth muscle tissue is described in detail in
Chapter 23.

(a) Skeletal muscle

Description: Long, cylindrical, multinucleate
cells; obvious striations.

BTl

Function: Voluntary movement; locomotion;
manipulation of the environment; facial
expression.

Location: In skeletal muscles attached to
bones or occasionally to skin.

e adgl

Photomicrograph: Skeletal muscle (300x).
Notice the obvious banding pattern and the
fact that these large cells are multinucleate.

1ifitil bhA =7 |
Saaensassssscees s NN BE |

Striations

Nuclei

Part of
muscle
fiber (cell)

FIGURE 4.12 Muscle tissues. (See A Brief Atlas of the Human Body, Second Edition,

Plate 28.)
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(b) Cardiac muscle

Description: Branching, striated, generally
uninucleate cells that interdigitate at
specialized junctions (intercalated discs).

Striations
Intercalated
. . . discs
Function: As it contracts, it propels blood
into the circulation; involuntary control.
Location: The walls of the heart.
Nucleus

Photomicrograph: Cardiac muscle (600x);
notice the striations, branching of cells, and
the intercalated discs.

(c) Smooth muscle

Description: Spindle-shaped cells with
central nuclei; no striations; cells arranged
closely to form sheets.

. ) Smooth
Function: Propels substances or objects muscle
(foodstuffs, urine, a baby) along internal cell
passageways; involuntary control.

Location: Mostly in the walls of hollow Nuclei

organs.

Photomicrograph: Sheet of smooth muscle (220 x).

FIGURE 4.12 Muscle tissues, continued. (See A Brief Atlas of the Human Body, Second
Edition, Plates 31 and 32.)
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Nervous tissue

Description: Neurons are branching

cells; cell processes that may be quite
long extend from the nucleus-containing
cell body; also contributing to nervous
tissue are nonirritable supporting cells
(not illustrated).

Cell body

Neuron processes )
| >

D

[ P —

| <)
Axon Dendrites <<

Function: Transmit electrical signals
from sensory receptors and to effectors
(muscles and glands) which control
their activity.

Location: Brain, spinal
cord, and nerves.

— Nuclei of
supporting
cells

Cell body
of a neuron

Neuron
processes

Photomicrograph: Neurons (200x)

FIGURE 4.13 Nervous tissue. (See A Brief Atlas of the Human Body, Second Edition,

Plate 33.)

IV. NERVOUS TISSUE

» Distinguish the cell types found in nervous tissue.

Nervous tissue is the main component of the nervous
organs—the brain, spinal cord, and nerves—which regulate
and control body functions. It contains two types of cells,
neurons and supporting cells. Neurons are the highly spe-
cialized nerve cells (Figure 4.13) that generate and conduct
electrical impulses. They have extensions, or processes, that
allow them to transmit impulses over substantial distances
within the body. Dendrites are cell processes that extend
from the cell body of a neuron like branches of a tree. The
dendrites, the receptive region of the neuron, transmit signals
toward the cell body. A neuron also has a singular, long cell
process extending from its cell body, the axon, that gener-
ates nerve impulses and transmits them away from the cell
body. The supporting cells, called neuroglia, are noncon-
ducting cells that nourish, insulate, and protect the delicate
neurons. A more complete discussion of nervous tissue ap-
pears in Chapter 12.

check your understanding

18. Look at Figure 4.10c. How can you tell this tissue is
not stratified squamous epithelium?

19. Which nerve cells function to transmit electrical
impulses?
20. Which muscle tissues are striated?

For answers, see Appendix B.

TISSUE RESPONSE TO INJURY

» Describe the inflammatory and repair processes by
which tissues recover from injury.

The body has many mechanisms for protecting itself from
injury and invading microorganisms. Intact epithelia act as a
physical barrier, but once that barrier has been penetrated,
protective responses are activated in the underlying connective
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tissue proper. These are the inflammatory and immune
responses. Inflammation is a nonspecific, local response that
develops quickly and limits the damage to the injury site. The
immune response, by contrast, takes longer to develop and is
highly specific. It destroys particular infectious microorgan-
isms and foreign molecules at the site of infection and through-
out the body. This section concentrates on inflammation; the
immune response is discussed in Chapter 21.

Inflammation

Almost every injury or infection leads to an inflammatory
response. For example, assume your skin is cut by a dirty
piece of glass, crushed by a blow in football, or has an in-
fected pimple. As short-term, or acute, inflammation devel-
ops in the connective tissue, it produces four symptoms:
heat, redness, swelling, and pain. You can trace the source
of each symptom.

The initial insult induces the release of inflammatory
chemicals into the nearby tissue fluid. Injured tissue cells,
macrophages, mast cells, and proteins from blood all serve as
sources of these inflammatory mediators. These chemicals
signal nearby blood vessels to dilate (widen), thus increasing
the flow of blood to the injury site. The increase in blood flow
is the source of the heat and redness of inflammation. Certain
inflammatory chemicals, such as histamine, increase the
permeability of the capillaries, causing large amounts of tissue
fluid to leave the bloodstream. The resulting accumulation of
fluid in the connective tissue, called edema (&-de’mah;
“swelling”), causes the swelling of inflammation. The excess
fluid presses on nerve endings, contributing to the sensation of
pain. Some of the inflammatory chemicals also cause pain by
affecting the nerve endings directly.

At first glance, inflammatory edema seems detrimental,
but it is actually beneficial. The entry of blood-derived fluid
into the injured connective tissue (1) helps to dilute toxins
secreted by bacteria, (2) brings in oxygen and nutrients from
the blood, necessary for tissue repair, and (3) brings in anti-
bodies from the blood to fight infection. In very severe infec-
tions and in all wounds that sever blood vessels, the fluid
leaking from the capillaries contains clotting proteins. In
these cases, clotting occurs in the connective tissue matrix.
The fibrous clot isolates the injured area and “walls in” the in-
fectious microorganisms, preventing their spread.

The next stage in inflammation is stasis (“‘standing”).
This is the slowdown in local blood flow that necessarily fol-
lows a massive exit of fluid from the capillaries. At this stage,
white blood cells begin to leave the small vessels. First to ap-
pear at the infection site are neutrophils, then macrophages.
These cells devour the infectious microorganisms and the
damaged tissue cells as well.

Repair

Even as inflammation proceeds, repair begins. Tissue repair
can occur in two major ways: by regeneration and by fibrosis.
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Regeneration is the replacement of a destroyed tissue by
new tissue of the same kind, whereas fibrosis involves the
proliferation of a fibrous connective tissue called scar tissue.
Tissue repair in a skin wound involves both regeneration and
fibrosis. After the blood within the cut has clotted, the surface
part of the clot dries to form a scab (Figure 4.14, (1)). At this
point, the repair begins with a step called organization.

Organization is the process by which the clot is re-
placed by granulation tissue (Figure 4.14, (2)). Granulation
tissue is a delicate pink tissue made of several elements. It
contains capillaries that grow in from nearby areas, as well
as proliferating fibroblasts that produce new collagen fibers
to bridge the gash. Some of its fibroblasts have contractile
properties that pull the margins of the wound together. As
organization proceeds, macrophages digest the original clot,
and the deposit of collagen continues. As more collagen is
made, the granulation tissue gradually transforms into fi-
brous scar tissue (Figure 4.14, (3)).

During organization, the surface epithelium begins to
regenerate, growing under the scab until the scab falls away.
The end result is a fully regenerated epithelium and an under-
lying area of scar.

The process we have just outlined describes the healing
of a wound such as a cut, scrape, or puncture. In pure
infections (a pimple or sore throat), by contrast, there is usu-
ally no clot formation or scarring. Only severe infections lead
to scarring.

The capacity for regeneration varies widely among the
different tissues. Epithelia regenerate extremely well, as do
bone, areolar connective tissue, dense irregular connective
tissue, and blood-forming tissue. Smooth muscle and dense
regular connective tissue have a moderate capacity for regen-
eration, but skeletal muscle and cartilage have only a weak
capacity. Cardiac muscle and the nervous tissue in the brain
and spinal cord have no functional regenerative capacity.
However, recent studies have shown that some unexpected
cellular division occurs in both these tissues after damage,
and efforts are under way to coax them to regenerate better.

In nonregenerating tissues and in exceptionally severe
wounds, fibrosis totally replaces the lost tissue. The resulting
scar appears as a pale, often shiny area and shrinks during the
months after it first forms. A scar consists mostly of collagen
fibers and contains few cells or capillaries. Although it is very
strong, it lacks the flexibility and elasticity of most normal
tissues, and it is unable to perform the normal functions of the
tissue it has replaced.

Irritation of visceral organs can cause them to adhere to
one another or to the body wall as they scar. Such adhesions
can prevent the normal churning actions of loops of the intes-
tine, dangerously halting the movement of food through the
digestive tube. They can also restrict the movement of the
heart and lungs and immobilize the joints. After almost all
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Scab Blood clot in Regenerating
incised wound epithelium

==
S } Epidermis

Area of
granulation
Vein tissue
ingrowth
Fibroblast
Macrophage
[ 1 .
Inflammatory Migrating Artery
chemicals white
blood cell
@ Inflammation sets the stage: @ Organization restores the blood supply:

¢ Severed blood vessels bleed. * The clot is replaced by granulation tissue,

e Inflammatory chemicals are released. which restores the vascular supply.

e Local blood vessels become more permeable, * Fibroblasts produce collagen fibers that
allowing white blood cells, fluid, clotting bridge the gap. . .
proteins, and other plasma proteins to seep * Macrophages phagocytize cell debris.
into the injured area. e Surface epithelial cells multiply and migrate

e Clotting occurs; surface dries and forms a scab. over the granulation tissue.

FIGURE 4.14 Tissue repair of a skin wound. l

Regenerated epithelium

abdominal surgeries, adhesions form between the body wall
and the abdominal viscera, making subsequent surgery in that
region more difficult.

check your understanding

21. Which tissues regenerate easily? Which tissues do
not regenerate?

Lo

22. Is the scar tissue that creates a “scar” located in the Fibrosed area

epithelium or in the underlying connective tissue? (3) Regeneration and fibrosis effect
23. What causes the heat and swelling in an infected permanent repair:
tissue? ¢ The fibrosed area matures and
contracts; the epithelium thickens.
e A fully regenerated epithelium with
an underlying area of scar tissue results.

For answers, see Appendix B.




www.konkur.in

16-day-old embryo
(dorsal surface view)

D Ectoderm
- Mesoderm
D Endoderm
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Muscle and connective tissue
(mostly from mesoderm)

Nervous tissue
(from ectoderm)

Epithelium

FIGURE 4.15 Embryonic germ layers and the primary tissue types they produce.

THE TISSUES THROUGHOUT LIFE

» Indicate the embryonic derivation of each tissue class.

» Briefly describe changes that occur in tissues with age.

The embryonic derivations of the four basic tissues are as
follows (Figure 4.15): Connective and muscle tissues derive
from mesenchyme, mostly of the mesoderm germ layer. Most
epithelial tissues develop from embryonic epithelium of the
ectoderm and endoderm layers. A few epithelia, however, de-
rive from mesodermal mesenchyme, namely the epithelium
lining the vessels and the mesothelium lining the ventral body
cavity. The nervous tissue in the brain and spinal cord derives
from ectodermal epithelium (recall Chapter 3, p. 56).

By the end of the second month of development, the four
primary tissues have formed, and all major organs are in
place. In virtually all tissues, the cells continue to divide
throughout the prenatal period, providing the rapid body
growth that occurs before birth. The division of nerve cells,
however, stops or nearly stops during the fetal period. After
birth, the cells of most other tissues continue to divide until
adult body size is reached. In adulthood, only the epithelial
tissues and blood cell-forming tissues are highly mitotic.
Cellular division in other tissues slows greatly, although
many tissues retain a regenerative capacity.

Some tissues that regenerate throughout life do so through
the division of their mature, differentiated cells. This is com-
mon in epithelial tissues. The new differentiated cells replace
older cells within the tissue. Abnormalities in this process can
result in pathological conditions. Cancer is a disease in which
tissue cells divide uncontrollably and expand beyond the nor-
mal tissue boundaries. The most common types of cancers in
humans are carcinomas, cancer arising from epithelia. Cancer
is discussed in A Closer Look on p. 96.

Many tissues contain populations of stem cells, relatively
undifferentiated cells that renew themselves continually and
divide to produce new tissue cells as needed. Stem cells have
long been known to exist in the rapidly replacing tissues, such
as the epidermis, the lining of the digestive tube, some
connective tissues, and blood-forming tissue. Now, however,
they have been found elsewhere: in the brain, adipose tissue,
and probably the liver and pancreas.

Given good nutrition, good circulation, and relatively in-
frequent wounds and infections, the tissues normally function
well through youth and middle age. The importance of nutri-
tion for tissue health cannot be overemphasized. For example,
vitamin A is needed for the normal regeneration of epithelium
(liver and carrots are rich in this vitamin). Because proteins
are the structural material of the body, an adequate intake of
protein is essential for the tissues to retain their structural
integrity.

With increasing age, the epithelia thin and are more eas-
ily breached. The amount of collagen in the body declines,
making tissue repair less efficient. Wounds do not heal as fast
as in youth. Bone, muscle, and nervous tissues begin to atro-
phy. These events are due in part to a decrease in circulatory
efficiency, which reduces the delivery of nutrients to the
tissues, but in some cases diet is a contributing factor. A diet
low in protein and vitamins can negatively affect tissue
health.

check your understanding

24. Which embryonic layer or layers form epithelium?

25. How do cancerous cells differ from other highly
mitotic cell types?

For answers, see Appendix B.
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a closer look

Cancer—The Intimate Enemy

Although once perceived as disorga-
nized cell growth, cancer is now
known to be a logical, coordinated
process in which a precise sequence
of tiny alterations changes a normal
cell into a killer. Let's take a closer
look at what cancer really is.

When cells fail to honor normal
controls of cell division and multiply
excessively, an abnormal mass of
proliferating cells called a neoplasm
(ne’o-plazm, "new growth”) results.
Neoplasms are classified as benign
("kindly”) or malignant (“bad”). A
benign neoplasm, commonly called a
tumor, is strictly a local affair. Its cells
remain compacted, are often encapsu-
lated, tend to grow slowly, and seldom
kill their hosts if they are removed
before they compress vital organs.

In contrast, cancers are ma-
lignant neoplasms, nonencapsulated
masses that grow relentlessly. Their
cells resemble immature cells, and
they invade their surroundings rather
than pushing them aside, as reflected
in the name cancer, from the Latin
word for “crab.” Malignant cells can
also break away from the parent
mass, the primary tumor, and travel
via blood or lymph to other body
organs, where they form secondary
cancer masses.

This capability of traveling to
other parts of the body is called
metastasis (mé-tas’tah-sis). Metastasis
and invasiveness distinguish cancer
cells from the cells of benign
neoplasms. Cancer cells consume an
exceptional amount of the body’s
nutrients, leading to weight loss and
tissue wasting that contribute to
death.

Mechanisms of Carcinogenesis
Physical factors (radiation, mechanical

trauma), certain viral infections, and
many chemicals (tobacco tars,
saccharin, some natural food

chemicals) can act as carcinogens
(cancer-causers). These factors all
cause mutations—changes in DNA
that alter the expression of certain
genes. However, not all carcinogens
do damage; most are eliminated by
peroxisomal or lysosomal enzymes or

Endoscopic view of a colon polyp.

by the immune system. Furthermore,
one mutation usually isn't enough; it
takes several genetic changes to
transform a normal cell into a cancer-
ous cell.

Cancer can result from two types
of genetic mutations. Oncogenes
(onco = tumor) result from muta-
tions in normal genes that regulate
cell division, differentiation, and
growth. When mutated, these genes
are abnormally activated, causing
abnormal growth and cell division,
which can lead to cancer. A second
group of genes, tumor-suppressor
genes, function in normal cells to
halt cell division, repair damaged
DNA, and initiate programmed cell
death (called apoptosis), when the
cellular DNA is severely damaged.
Mutations in tumor-suppressor genes
lead to inactivation of these cellular
controls and in turn to uncontrolled
cell division. Mutations in tumor-
suppressor genes are implicated in
many types of cancer.

Colorectal cancer, one of the best-
understood human cancers, involves
mutations in both of these genetic
pathways. As with most cancers, a
metastasis develops gradually. One of
the first signs is a polyp, a small benign
growth consisting of apparently normal

mucosa cells (see the photo). As cell di-
vision continues, the growth enlarges,
becoming an adenoma. As
various tumor-suppressor genes are
inactivated and an oncogene is
activated, the mutations pile up, and
the adenoma becomes increasingly
abnormal. The final consequence is
colon carcinoma, a form of cancer that
metastasizes quickly.

Cancer can arise from almost any
cell type but most commonly origi-
nates in the epithelial tissues of the
skin, lung, colon, breast, and prostate
gland. Epithelia are particularly sus-
ceptible because these tissues nor-
mally experience high rates of mitosis.
Mutation of the many genes control-
ling mitosis can lead to uncontrolled
cell division and, potentially, cancer.

Diagnosis and Treatment
Screening procedures are vital for early
detection. Unfortunately, most cancers
are diagnosed only after symptoms
have already appeared. In this case the
diagnostic method is usually a biopsy:
removing a tissue sample surgically
and examining it microscopically for
malignant cells.

Most cancers are removed
surgically, if possible. To destroy
metastasized cells, radiation therapy
and chemotherapy commonly follow
surgery. Anticancer drugs have un-
pleasant side effects—nausea, vom-
iting, hair loss—because they kill all
rapidly dividing cells, including normal
tissues and cells. Radiation also has
side effects because it can destroy
healthy tissue as well as cancer cells.

Promising new therapies act by
1) delivering drugs more precisely to
the cancer while sparing normal
tissue through the use of tiny drug-
coated metal beads, which are
guided to the tumor by a powerful
magnet, and 2) starving cancer cells
by cutting off their blood supply.

Other experimental treatments
seek to repair defective tumor-
suppressor genes and oncogenes,
destroy cancer cells with viruses, or
signal cancer cells to commit suicide
by apoptosis.
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RELATED CLINICAL TERMS

ADENOMA (ad-é-no’mah) (aden = gland; oma = tumor) Any neo-
plasm of glandular epithelium, benign or malignant. The malignant
type is more specifically called adenocarcinoma.

CARCINOMA  (kar”si-no'mah) (karkinos = crab, cancer) Cancer aris-
ing in an epithelium. Ninety percent of all human cancers are of this
type: lung, breast, prostate, colon, and others.

EPITHELIAL-CONNECTIVE TISSUE INTERACTIONS An exchange of
chemical signals between epithelia and the underlying connective
tissues, especially in the control of the events of embryonic develop-
ment and in the generation of cancer as epithelial tumor cells gain

the ability to metastasize. These exchanges are also called epithelial-
stromal interactions or, in embryos, epithelial-mesenchymal interac-
tions. This is currently a very active area of research.

LESION  (le’zhun; “wound”) Any injury, wound, or infection that af-
fects tissue over an area of a definite size, as opposed to being
widely spread throughout the body.

SARCOMA  (sar-ko’mah) (sarkos = flesh; oma = tumor) Cancer aris-
ing in the mesenchyme-derived tissues; that is, in connective tissues
and muscle.

CHAPTER SUMMARY

You can use the following media study tool for additional help when you
review specific key topics in Chapter 4.

PAL = Practice Anatomy Lab™

1. Tissues are collections of structurally similar cells with related
functions. They also contain nonliving material between their
cells. The four primary tissues are epithelium, connective tissue,
muscle, and nervous tissue.

I. Epithelia (pp. 65-77)

2. Epithelia are sheets of cells that cover body surfaces and line body
cavities. Their functions include protection, sensory reception, dif-
fusion, absorption, ion transport, and filtration. Glandular epithelia
function in secretion.

Special Characteristics of Epithelia (p. 66)
3. Epithelia exhibit a high degree of cellularity, little extracellular ma-
terial, specialized cell junctions, polarity, avascularity, and the abil-
ity to regenerate. They are underlain by loose connective tissue.

Classification of Epithelia (pp. 66-72)

4. Epithelia are classified by cell shape as squamous, cuboidal, or
columnar, and by the number of cell layers as simple (one layer) or
stratified (more than one layer). Stratified epithelia are named ac-
cording to the shape of their apical cells.

5. Simple squamous epithelium is a single layer of flat cells. Its thin-
ness allows molecules to pass through it rapidly by passive diffu-
sion. It lines the air sacs of the lungs, the interior of blood vessels
(endothelium), and the ventral body cavity (mesothelium).

6. Simple cuboidal epithelium occurs in kidney tubules, the secretory
cells of many glands, and the small ducts of glands.

7. Simple columnar epithelium lines the stomach and intestines, and
a ciliated version lines the uterine tubes. Like simple cuboidal ep-
ithelium, it is active in secretion, absorption, and ion transport.

8. Pseudostratified columnar epithelium is a simple epithelium that
contains both short and tall cells. A ciliated version lines most of
the respiratory passages.

9. Stratified squamous epithelium is multilayered and thick. Its apical
cells are flat, and it resists abrasion. Examples are the epidermis
and the lining of the mouth, esophagus, and vagina.

10. Stratified cuboidal and stratified columnar epithelium, while rare,
line the large ducts of some glands.

11. Transitional epithelium is a stratified epithelium that thins when it
stretches. It lines the hollow urinary organs.

Glands (pp. 72-74)
12. A gland is one or more cells specialized to secrete a product. Most
glandular products are proteins released by exocytosis.

13. Exocrine glands secrete their products onto body surfaces or
into body cavities. Mucus-secreting goblet cells are unicellular
exocrine glands. Multicellular exocrine glands are classified by
the structure of their ducts as simple or compound and by the
structure of their secretory units as tubular, alveolar (acinar), or
tubuloalveolar.

14. Endocrine (ductless) glands secrete hormones, which enter the cir-
culatory vessels and travel to target organs, from which they signal
a response.

Epithelial Surface Features (pp. 74-77)

15. Features of lateral epithelial cell surfaces: The main types of cell
junctions are tight junctions that close off the extracellular spaces,
adhesive belt junctions and desmosomes that bind cells together,
and gap junctions through which small molecules pass from cell
to cell.

16. Feature on the basal epithelial surface: Epithelial cells lie on a pro-
tein sheet called the basal lamina. This acts as a filter and a scaf-
folding on which regenerating epithelial cells can grow. The basal
lamina, plus some underlying reticular fibers, form the thicker
basement membrane.

17. Features of apical epithelial surfaces: Microvilli occur on most
moist epithelia. They increase the epithelial surface area and may
anchor sheets of mucus. Cilia are whiplike projections that beat to
move fluid (usually mucus). Microtubules in the cores of cilia gen-
erate ciliary movement.

PAL Histology/Epithelial Tissue

Il. Connective Tissue (pp. 77-90)

18. Connective tissue is the most diverse and abundant class of tissues.
Its four basic classes are connective tissue proper (loose and
dense), cartilage, bone, and blood.

Special Characteristics of Connective Tissues (pp. 77-78)

19. Despite the diversity of connective tissues, all consist of cells sepa-
rated by abundant extracellular matrix. In all connective tissues
except blood, the matrix consists of ground substance, fibers, and
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tissue fluid. All connective tissues are derived from embryonic
mesenchyme.

Structural Elements of Connective Tissue (pp. 78-80)

20.

21.

22.

The primary cell type in connective tissue produces the fibers and
the ground substance of the extracellular matrix: fibroblasts in con-
nective tissue proper; chondroblasts in cartilage; osteoblasts in
bone. Once the tissue is formed, these cells are called fibrocytes,
chondrocytes, and osteocytes, and they function to maintain the
tissue matrix. Additional cell types that respond to infectious
agents are found in many connective tissues.

Three types of fibers are found in connective tissues: Collagen
fibers function to resist tension, reticular fibers provide structural
support, and elastic fibers enable recoil of stretched tissues.

The ground substance is a gel-like material that functions to
hold fluid. The matrix of bone is hardened with calcified mineral
salts.

Classification of Connective Tissues (pp. 80-88)

23.

24.

25.

26.

27.

28.

29.

30.

31.

Loose areolar connective tissue surrounds capillaries and underlies
most epithelia. Its main functions are to (1) support and bind other
tissues with its fibers (collagen, reticular, elastic), (2) hold tissue
fluid in its jellylike ground substance, (3) fight infection with its
many blood-derived defense cells (macrophages, plasma cells,
neutrophils, etc.), and (4) store nutrients in fat cells.

Adipose connective tissue is similar to areolar connective tissue but
is dominated by nutrient-storing fat cells. This white fat is plentiful
in the hypodermis below the skin. Babies also have brown fat that
heats their blood and body.

Reticular connective tissue resembles areolar tissue, except that its
only fibers are reticular fibers. These form networks of caverns that
hold free blood cells. Reticular tissue occurs in bone marrow,
lymph nodes, and the spleen.

Dense connective tissue contains exceptionally thick collagen
fibers and resists tremendous pulling forces. In dense irregular
connective tissue, the collagen fibers run in various directions. This
tissue occurs in the dermis and in organ capsules.

Dense regular connective tissue contains bundles of collagen fibers
that all run in the same direction and are separated by rows of fi-
broblasts. This tissue, which is subject to high tension from a sin-
gle direction, is the main tissue in tendons, ligaments, and fascia.

Elastic connective tissue has a high proportion of elastic fibers.
This tissue is located in the walls of arteries, around the bronchial
tubes, and within certain ligaments.

Cartilage and bone have the basic structure of connective tissue
(cells and matrix), but their stiff matrix allows them to resist com-
pression. Cartilage is springy and avascular. Its matrix contains
mostly water.

Bone tissue has a hard, collagen-rich matrix embedded with cal-
cium salts. This mineral gives bone compressive strength.

Blood consists of red and white blood cells in a fluid matrix called
plasma. It is the most atypical connective tissue.

Covering and Lining Membranes (pp. 88-90)

32.

Membranes, each consisting of an epithelium plus an underlying
layer of connective tissue, cover broad surfaces in the body. The

cutaneous membrane (skin), which is dry, covers the body sur-
face. Mucous membranes, which are moist, line the hollow inter-
nal organs that open to the body exterior. Serous membranes,
which are slippery, line the pleural, pericardial, and peritoneal
cavities.

PAL Histology/Connective Tissue

Ill. Muscle Tissue (pp. 90-91)

33.

Muscle tissue consists of long muscle cells that are specialized to
contract and generate movement. A scant extracellular matrix sep-
arates the muscle cells. There are three types of muscle tissue:

Skeletal muscle is in the muscles that move the skeleton. Its cells
are cylindrical and striated.

Cardiac muscle is in the wall of the heart, and it pumps blood. Its
cells branch and have striations.

Smooth muscle is in the walls of hollow organs, and it usually pro-
pels substances through these organs. Its cells are elongated with
tapered ends and lack striations.

PAL Histology/Muscular Tissue

IV. Nervous Tissue (p. 92)

34.

Nervous tissue, the main tissue of the nervous system, is composed
of neurons and supporting cells called neuroglia. Nervous tissue
regulates body functions. Neurons are branching cells that receive
and transmit electrical impulses. Neuroglia nourish, insulate, and
protect neurons.

PAL Histology/Nervous Tissue

Tissue Response to Injury (pp. 92-94)
Inflammation (p. 93)

35.

Inflammation is a response to tissue injury and infection. It is lo-
calized to the connective tissue and the vessels of the injury site.
The inflammatory response begins with dilation of blood vessels
(causing redness and heat), followed by edema (causing swelling
and pain). Stasis results, and white blood cells migrate into the in-
jured tissue.

Repair (pp. 93-94)

36.

37.

Tissue repair begins during inflammation and may involve tissue
regeneration, fibrosis (scarring), or both. Repair of a cut begins
with organization, during which the clot is replaced with granula-
tion tissue. Collagen deposition replaces granulation tissue with
scar tissue.

Certain tissues, such as cardiac muscle and most nervous tissue, do
not regenerate naturally and are replaced by scar tissue.

The Tissues Throughout Life (pp. 95-96)

38.

39.

Epithelial tissue forms from all three embryonic layers: ectoderm,
mesoderm, and endoderm. Nervous tissue is derived from ecto-
derm, and muscle and connective tissues are derived from mes-
enchyme, primarily from the mesoderm germ layer.

Tissue function declines with age. The decrease in mass and viabil-
ity seen in most tissues during old age partially reflects circulatory
deficits or poor nutrition.
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REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1.

Column A

— (1) lines inside of stomach and

——(2) lines inside of mouth

— (3) lines much of respiratory

— (4) mesothelium

—— (5) lines inside of urinary

4.

Use the key to match each basic tissue type with a description
below.

Key:

(a) connective tissue
(c) muscle tissue

(b) epithelium
(d) nervous tissue

— (1) composed largely of nonliving extracellular matrix; impor-
tant in protection, support, defense, and holding tissue fluid

— (2) the tissue immediately responsible for body movement

— (3) the tissue that provides an awareness of the external environ-
ment and enables us to react to it

— (4) the tissue that lines body cavities and covers surfaces
— (5) the tissue that includes most glands

An epithelium that has several cell layers, with flat cells in the api-
cal layer, is called (choose all that apply): (a) ciliated, (b) colum-
nar, (c) stratified, (d) simple, (e) squamous.

Match the epithelial type named in column B with the appropriate
location in column A.

Column B

(a) pseudostratified ciliated

most of intestines columnar

(b) simple columnar

(c) simple cuboidal

tract (including the trachea) (d) simple squamous

(e) stratified columnar

bladder (f) stratified squamous

(g) transitional

The type of gland that secretes products such as milk, saliva, bile,
or sweat through a duct is (a) an endocrine gland, (b) an exocrine
gland, (c) a goblet cell.

In connective tissue proper, the cell type that secretes the fibers and
ground substance is the (a) fibroblast, (b) plasma cell, (c) mast cell,
(d) macrophage, (e) chondrocyte.

Identify the cell surface features described below.

(a) whiplike extensions that move fluids across epithelial surfaces

(b) little “fingers” on apical epithelial surfaces that increase cell
surface area and anchor mucus

(c) the cell junction that holds cells together by linking the inter-
mediate filaments of adjacent cells

(d) a cell junction that closes off the extracellular space

(e) of the basement membrane and the basal lamina, the one that
can be seen by light microscopy

Match each epithelial tissue in column B with its function listed in
column A.

Column A

— (1) functions in diffusion and

— (2) functions in protection

— (3) functions in secretion and

— (4) changes shape as the

— (5) produces movement of

10.

11.

12.

13.

Column B

(a) stratified epithelium
filtration

(b) simple columnar epithelium

(c) transitional epithelium
absorption

(d) ciliated epithelium
tissue stretches

(e) simple squamous epithelium
material

For each connective tissue listed, indicate the predominant type or
types of fibers found in the extracellular matrix by choosing re-
sponses from the following: (a) collagen fibers, (b) elastic fibers,
(c) reticular fibers.

— (1) bone

—(2) loose areolar connective tissue
—(3) dense irregular connective tissue
— (4) reticular connective tissue
—(5) fibrocartilage

The muscle tissue that is striated is (a) skeletal muscle, (b) cardiac
muscle, (c) smooth muscle, (d) cardiac and skeletal muscle, (e) all
three types of muscle tissue.

Neuroglia (a) conduct electrical impulses, (b) are nerve stem cells,
(c) are support cells that aid neurons, (d) are an abnormal growth
of neural tissue.

Which of the following cells are not found in a connective tissue?
(a) fibroblasts, (b) goblet cells, (c) macrophages, (d) mast cells, (d)
chondrocytes.

The ground substance in connective tissue proper functions to (a)
support and strengthen the tissue, (b) hold tissue fluid, (c) fight in-
fection, (d) store nutrients, (e) resist tension.

What embryonic layer (ectoderm, mesoderm, or endoderm) pri-
marily forms each of the following major tissues? (a) connective
tissue, (b) muscle tissue, (c) nervous tissue.

Short Answer Essay Questions

14.
15.

16.

Define tissue.

Explain the classification of multicellular exocrine glands, and
supply an example of each class.

Name the specific type of connective tissue being described:
(a) around the capillaries

(b) in the ligamentum flavum between vertebrae

(c) the original, embryonic connective tissue

(d) hard tissue of the skull

(e) main tissue in ligaments

(f) dominates the dermis

(g) dominates the hypodermis
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17.

18.

19.

20.
21.

22.

23.

Name four functions of areolar connective tissue, and relate each
function to a specific structural part of this tissue.

(a) Where does tissue fluid come from? (b) What is the function of
tissue fluid?

Name the four classic symptoms of inflammation, and explain what
each symptom represents in terms of changes in the injured tissue.

(a) Define endocrine gland. (b) What is a hormone?

Name two specific tissues that regenerate well and two that regen-
erate poorly.

Of the four basic tissue types, which two develop from mes-
enchyme?

What is fascia?

24.

25.

26.

27.

A fourth-grade teacher told his science class that “the body consists
entirely of cells.” Hearing this, a pupil raised her hand and said her
mother (an anatomist) told her the body does not entirely consist of
cells, and, in fact, a noncellular material probably makes up more of
the body than the cells do. What is this noncellular material?

What are the differences between a mucous membrane and a
serous membrane?

What is the main type of tissue in the following structures? (a) a
ligament or tendon; (b) a bone of the leg; (c) a muscle such as the
biceps of the arm; (d) the brain; (e) the flexible skeleton in the
outer ear; (f) the contractile wall of the heart; (g) kidney tubules.

Indicate the name and location of an epithelial tissue formed from
each of the embryonic layers: ectoderm, mesoderm, and endoderm.

CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

Systemic lupus erythematosus, or lupus, is a condition that some-
times affects young women. It is a chronic (persistent) inflamma-
tion that affects all or most of the connective tissue proper in the
body. Suzy is told by her doctor that she has lupus, and she asks
whether it will have widespread or merely localized effects within
the body. What would the physician answer?

Sailors who made long ocean journeys in the time of Christopher
Columbus ate only bread, water, and salted meat on their journeys.
They often suffered from scurvy. Eventually the problem was
solved, and ocean sailors no longer developed scurvy. Try to de-
duce how the problem was solved. (Hint: It was not by inventing
faster boats!)

Three patients in an intensive care unit have sustained damage and
widespread tissue death in three different organs. One patient has
brain damage from a stroke, another had a heart attack that de-
stroyed cardiac muscle, and the third injured much of her liver
(a gland) in a crushing car accident. All three patients have stabi-
lized and will survive, but only one will gain full functional recov-
ery through tissue regeneration. Which one, and why?

In adults, over 90% of all cancers are either adenomas (adenocarci-
nomas) or carcinomas. In fact, cancers of the skin, lung, colon,
breast, and prostate are all in these categories. Which one of the
four basic tissue types gives rise to most cancers? Why might this
type of tissue be so susceptible to cancer?

S.

A patch of scar tissue that forms in the wall of the urinary bladder,
the heart, or another hollow organ may severely hamper the func-
tion of that organ. Considering the properties of scar tissue, why do
you think this is so?

Ciliated epithelium is located in the bronchial tubes and in the
uterine tubes. What functional similarity do these structures share
that is accomplished by ciliated epithelium?

./\ ™
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ould you be enticed by an advertisement for a coat that
Wis waterproof, stretchable, washable, and permanent

press, that automatically repairs small rips and burns,
and that is guaranteed to last a lifetime with reasonable care?
It sounds too good to be true, but you already have such a coat—
your skin. The skin and its appendages (sweat glands, oil glands,
hair, and nails) serve a number of functions. Together, these or-
gans make up the integumentary system (in-teg”u-men'tar-e;
“covering”).

( Freeze fracture section through the hair follicles in the skin (colored SEM).
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THE SKIN AND THE HYPODERMIS

» Name the tissue types that compose the epidermis and
the dermis.

» Name the layers of the epidermis and the dermis, and
describe the structure and functions of each layer.

» Describe the structure and function of the hypodermis.
» Describe the factors that contribute to skin color.

The skin (integument) and its appendages are the first
organs discussed in this book. Recall from Chapter 1 that an
organ consists of tissues working together to perform certain
functions. Although the skin is less complex than most other
organs, it is still an architectural marvel. It is also the largest
of all the organs, accounting for about 7% of total body
weight.

The skin varies in thickness from 1.5 to 4 mm or more in
different regions of the body. It has two distinct regions
(Figure 5.1 and Figure 5.2): The superficial region is a thick

Hair shaft

Epidermis
B Papillary —[ .
layer -
Dermis — .
Reticular —
layer

.

Hypodermis 4F

(superficial fascia) N\

Nervous structures
Sensory nerve fiber
Lamellar (Pacinian)
corpuscle
Hair follicle receptor
(root hair plexus)

epithelial tissue, the epidermis. Deep to the epidermis is the

dermis, a fibrous connective tissue. Just deep to the skin lies a

fatty layer called the hypodermis, composed of loose areolar

connective tissue and adipose tissue. Although the hypoder-

mis is not part of the integumentary system, it shares some of

the skin’s functions and is therefore described in this chapter.
The skin performs a variety of functions:

1. Protection. Skin cushions and insulates the deeper body
organs and protects the body from bumps, scrapes, and
cuts. Skin also protects the body from chemicals and in-
vading microorganisms. The epidermis is waterproof,
preventing unnecessary loss of water across the body sur-
face, and cells in the epidermal layer produce pigment to
protect the skin from the harmful effects of ultraviolet
(UV) radiation.

2. Body temperature regulation. The skin’s rich capillary
networks and sweat glands regulate the loss of heat from
the body, helping to control body temperature.

Dermal papillae

Subpapillary vascular
plexus

Pore

Appendages of skin
Eccrine sweat gland
Arrector pili muscle
Sebaceous (oil) gland
Hair follicle

Hair root

e

Dermal vascular plexus

Adipose tissue

FIGURE 5.1 Skin structure. Generalized three-dimensional diagram of the skin,
accessory structures, and the underlying hypodermis. The various nerve endings and

sensory receptors are discussed in Chapter 14.



www.konkur.in

Epidermis

Deep fascia

Muscle

FIGURE 5.2 Gross structure of skin and underlying
tissues. Photo of the upper arm of a cadaver.

3. Excretion. The skin acts as a miniature excretory system
when urea, salts, and water are lost through sweat.

4. Production of vitamin D. The epidermal cells use UV
radiation to synthesize vitamin D, a molecule necessary
for absorbing calcium from the digestive tract.

5. Sensory reception. The skin contains sense organs called
sensory receptors that are associated with nerve endings.
By sensing touch, pressure, temperature, and pain, these
receptors keep us aware of conditions at the body surface.

You will explore the skin’s functions in greater detail as you
explore its anatomy.

check your understanding

1. What is the meaning of the word roots epi-, hypo-,
and derm?

2. Name the five major functions of skin.

For answers, see Appendix B.

Epidermis

The epidermis (ep”i-der'mis; “on the skin”) is a keratinized
stratified squamous epithelium that contains four distinct
types of cells: keratinocytes, melanocytes, tactile epithelial
cells, and dendritic cells (Figure 5.3).

Chapter 5 The Integumentary System 103

Keratinocytes (ke-rat'i-no-sits), the most abundant epi-
dermal cell, produce keratin, a tough fibrous protein that
gives the epidermis its protective properties. However, ke-
ratinocytes do more than just provide physical and mechanical
protection. They also produce antibiotics and enzymes that
detoxify the harmful chemicals to which our skin is exposed.

Tightly connected to one another by a large number of
desmosomes, keratinocytes arise in the deepest part of the
epidermis from cells that undergo almost continuous mitosis.
As these cells are pushed up by the production of new cells
beneath them, they make the keratin that eventually fills their
cytoplasm. By the time they approach the skin surface, they
are dead, flat sacs completely filled with keratin. Millions of
these dead cells rub off every day, giving us an entirely new
epidermis every 35 to 45 days—the average time from the
birth of a keratinocyte to its final wearing away. Where the
skin experiences friction, both cell production and keratin
formation are accelerated.

The other epidermal cell types are sparsely distributed
among the keratinocytes. We will discuss these cells and their
functions as we examine the layers of the epidermis.

Layers of the Epidermis

Variation in the thickness of the epidermis determines
whether skin is thick or thin. In thick skin, which covers the
palms and soles, the epidermis consists of five layers, or
strata (stra’tah; “bed sheets”) (Figure 5.4). In thin skin,
which covers the rest of the body, only four strata are present.

Stratum Basale (Basal Layer) The stratum basale
(stra’tum ba-sal’e), the deepest epidermal layer, is firmly at-
tached to the underlying dermis along a wavy borderline.
Also called the stratum germinativum (jer-mi-na”te’vum;
“germinating layer”), it consists of a single row of cells,
mostly stem cells representing the youngest keratinocytes
(see Figure 5.3). These cells divide rapidly, and many mitotic
nuclei are visible. Tactile epithelial cells, or Merkel cells,
are distributed sparsely among the keratinocytes. Each
hemisphere-shaped tactile epithelial cell is intimately associ-
ated with a disclike sensory nerve ending and functions as a
receptor for touch.

About 10% to 25% of the cells in the stratum basale are
spider-shaped melanocytes (mel'ah-no-sits; “melanin cells”),
which make the dark skin pigment melanin (mel’ah-nin;
“black”). Melanin is made in membrane-walled granules and
then transferred through the cell processes (the “spider-legs”™)
to nearby keratinocytes. Consequently, the basal kera-
tinocytes contain more melanin than do the melanocytes
themselves. This melanin clusters on the superficial side of
keratinocytes between the incoming radiation and the cell nu-
clei, thus shielding the cell nuclei from UV rays, which can
damage DNA and cause cancer (see p. 116). In light-skinned
people, the melanin is digested by lysosomes in cells a short
distance above the basal layer. In dark-skinned people, no
such digestion occurs, so melanin occupies keratinocytes
throughout the epidermis. Although dark-skinned people
have a darker melanin, more granules, and more pigment in
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Keratinocytes

— Stratum corneum
Most superficial layer; 20-30 layers of dead
cells represented only by flat membranous
sacs filled with keratin. Glycolipids in
extracellular space.

— Stratum granulosum
Three to five layers of flattened cells,
organelles deteriorating; cytoplasm full of
lamellated granules (release lipids) and
keratohyaline granules.

I— Stratum spinosum
Several layers of keratinocytes unified by
desmosomes. Cells contain thick bundles of
intermediate filaments made of pre-keratin.

I— Stratum basale
Deepest epidermal layer; one row of actively
mitotic stem cells; some newly formed cells
become part of the more superficial layers.
See occasional melanocytes and dendritic
cells.

(a) Dermis Melanin

granule epithelial
FIGURE 5.3 Epidermal cells and layers of the epidermis. i cell
(a) Photomicrograph of the four major epidermal layers (200X). Desmosomes  Melanocyte Dendritic cell
(b) Diagram showing these four layers and the distribution of ®)

different cell types. The stratum lucidum, present in thick skin,
is not illustrated here.

each melanocyte, they do not have more melanocytes in their
skin. In all but the darkest people, melanocytes respond to ul-
traviolet radiation (UVR) by increasing the production of
melanin and increasing its transfer to keratinocytes, the pro-
tective response we know as suntanning.

The role of melanocytes in skin pigmentation has long
been recognized. More recently it has been found that these

cells also secrete a variety of signaling molecules in response
to ultraviolet radiation that act to modulate the immune re-
sponse in the skin. These molecules influence the inflamma-
tory response and may have other regulatory functions.

Stratum Spinosum (Spiny Layer) The stratum spi-
nosum (spi-no’sum) is several cell layers thick (see Figure 5.3).
Mitosis occurs here, but less often than in the basal layer. This
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layer gets its name from the many spinelike extensions of its
keratinocytes, as seen in typical histological slides. However,
these spines do not exist in living cells: They are artifacts cre-
ated during tissue preparation, when the cells shrink while
holding tight at their many desmosomes. Cells of the stratum
spinosum contain thick bundles of intermediate filaments,
which consist of a tension-resisting protein pre-keratin.

Scattered among the keratinocytes of the stratum spi-
nosum are dendritic cells. These star-shaped cells are part of
the immune system (see Chapter 21). Dendritic cells police
the outer body surface, using receptor-mediated endocytosis
(p- 28) to take up foreign proteins (antigens) that have in-
vaded the epidermis. Then they leave the skin and travel to a
nearby lymph node and initiate an immune response to all
foreign cells that carry the antigen (see the discussion of lym-
phocyte activation in Chapter 21).

Stratum Granulosum (Granular Layer) The thin
stratum granulosum (gran'u-lo”sum) consists of one to five
layers of flattened keratinocytes. Along with abundant
pre-keratin intermediate filaments, these cells also contain
keratohyalin granules and lamellated granules, thus its
name—granular layer. The keratohyalin (ker'ah-to-hi”ah-lin)
granules help form keratin in the more superficial layers, as
described shortly. The lamellated granules (lam”i-la-ted;
“plated”) contain a waterproofing glycolipid that is secreted
into the extracellular space and plays a major role in slowing
water loss across the epidermis. Furthermore, the plasma
membranes of the cells thicken so that they become more
resistant to destruction. It is as though the keratinocytes
“toughen up” to make the outer layer the strongest skin
region.

Like all epithelia, the epidermis relies on capillaries in
the underlying connective tissue (the dermis) for its nutrients.
Above the stratum granulosum, the epidermal cells are too far
from the dermal capillaries to receive nourishment, so they
die, a completely normal occurrence.

Stratum Lucidum (Clear Layer) The stratum lu-
cidum (lu’si-dum) occurs in thick skin (see Figure 5.4) but
not in thin skin. It is also named the transition zone.
Appearing through the light microscope as a thin translucent
band, it consists of a few rows of flat, dead keratinocytes.
Electron microscopy reveals that its cells are identical to
those at the bottom of the next layer, the stratum corneum.

Stratum Corneum (Horny Layer) The most external
part of the epidermis, the stratum corneum (kor'ne-um;
cornu = horn), is many cells thick. It is much thicker in thick
skin than in thin skin (see Figure 5.4). Its dead keratinocytes
are flat sacs completely filled with keratin because their nu-
clei and organelles disintegrated upon cell death. Keratin con-
sists of the pre-keratin intermediate filaments embedded in a
“glue” from the keratohyalin granules. Both the keratin and
the thickened plasma membranes of cells in the stratum
corneum protect the skin against abrasion and penetration.
Additionally, the glycolipid between its cells keeps this layer
waterproof. It is amazing that a layer of dead cells can still
perform so many functions!
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FIGURE 5.4 Thick skin. Photomicrograph of the epidermis
and dermis of thick skin (145 X). Notice the thicker stratum
corneum and the additional epidermal layer, the stratum lucidum.
(See A Brief Atlas of the Human Body, Second Edition, Plate 37.)

The cells of the stratum corneum are shed regularly.
These cells are the dandruff shed from the scalp and the
flakes that come off dry skin. The average person sheds
18 kg (40 pounds) of these skin flakes in a lifetime. These
shed cells are replaced by cells from the deeper layers. The
next time you hear the saying “Beauty is only skin deep,’
consider that nearly everything you see when you look at
someone is dead!

SKIN’S RESPONSE TO FRICTION Persistent
friction (from a poorly fitting shoe, for example) causes
a thickening of the epidermis called a callus. Short-term
but severe friction (from using a hoe, for example)

can cause a blister, the separation of the

epidermis from the dermis by a fluid-filled

pocket. A large blister is called a bulla

(bul’ah; “bubble”).

check your understanding

3. Which layers of the epidermis contain living cells?

4. Which functions of skin are performed by cells located
in the epidermis?
5. How does thick skin differ from thin skin in structure?

For answers, see Appendix B.
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—Dermis

(a) Light micrograph of thick skin identifying the
extent of the dermis, (100x)

FIGURE 5.5 The two regions of the dermis. The superficial
papillary layer consists of areolar connective tissue; the deeper

reticular layer is dense irregular connective tissue.
Source: Kessel and Kardon/Visuals Unlimited.

Dermis

The dermis, the second major region of the skin, is a strong,
flexible connective tissue. The cells of the dermis are typical
of any connective tissue proper: fibroblasts, macrophages,
mast cells, and scattered white blood cells (see pp. 78-79).
The fiber types—collagen, elastic, and reticular—also are
typical. The dermis binds the entire body together like a body
stocking. It is your “hide” and corresponds to animal hides
used to make leather products.

The dermis is richly supplied with nerve fibers and
blood vessels. The nerve supply of the dermis (and epider-
mis) is discussed in Chapter 14. The dermal blood vessels
consist of two vascular plexuses (a plexus is a network of
converging and diverging vessels) (Figure 5.1). The deep
dermal plexus is located between the hypodermis and the
dermis. It nourishes the hypodermis and the structures lo-
cated within the deeper portions of the dermis. The more su-
perficial subpapillary plexus, located just below the dermal
papillae, supplies the more superficial dermal structures, the
dermal papillae (described below), and the epidermis.
Dermal blood vessels do more than just nourish the dermis
and overlying epidermis; they also perform a critical role
in temperature regulation. These vessels are so extensive
that they can hold 5% of all blood in the body. When internal
organs need more blood or more heat, nerves stimulate
the dermal vessels to constrict, shunting more blood into the
general circulation and making it available to the internal

(c) Reticular layer of dermis, SEM (430 x)

organs. By contrast, on hot days the dermal vessels engorge
with warm blood, cooling the body by radiating heat away
from it.

THE PATCH DRUG DELIVERY SYSTEM The
transdermal patch is designed so that drug molecules
diffuse through the epidermis to the blood vessels in
the dermal layer. A typical patch works well for small
lipid-soluble molecules (for example, estrogen,
nitroglycerin, and nicotine) that can make their way
between epidermal cells. Patches are being developed
to deliver larger molecules or molecules that are water
soluble, such as insulin and vaccines. In one new patch
design, thin, hollow needles extend from the reservoir of
the drug, through the epidermis, and down to

the dermis, deep enough to deliver drugs to the
subpapillary plexus but not so deep as to reach

the nerve endings.
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Friction ridges

Openings of
sweat gland ducts

(a) Friction ridges of finger tip (SEM 20x)

(b) Cleavage lines in the
reticular dermis
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Flexion creases
on digit

Flexion creases
on the palm

(c) Flexure lines of the hand

FIGURE 5.6 Dermal modifications. (a) Epidermal ridges superficial to the dermal
papillary ridges form the friction ridges. Sweat ducts opening along the crests of the
ridges are responsible for fingerprints. (b) Cleavage lines represent the separations
between bundles of collagen fibers in the reticular layer of the dermis. (c) Flexure lines

form where dermis is closely attached to the underlying fascia.
Source: Kessel and Kardon/Visuals Unlimited.

The dermis has two layers: papillary and reticular
(Figure 5.4 and Figure 5.5). The papillary (pap'i-lar-e)
layer, the superficial 20% of the dermis, is areolar connec-
tive tissue containing very thin collagen and elastic fibers.
It includes the dermal papillae (pah-pil'le; “nipples”), fin-
gerlike projections that extend into the overlying epidermis.
These projections of the dermal papillae into the epidermis
increase the surface area for exchange of gases, nutrients,
and waste products between these layers. Recall that the epi-
dermis is avascular and depends on the diffusion of these
materials from the underlying dermis. The interdigitation of
these layers also strengthens the dermal-epidermal junction
and thus reduces blister formation.

On the palms of the hands and the soles of the feet, the
dermal papillae lie atop larger mounds called dermal ridges.
These elevate the overlying epidermis into epidermal ridges
or friction ridges, which create fingerprints, palmprints, and
footprints (Figure 5.6a). Epidermal ridges increase friction
and enhance the gripping ability of the hands and feet.

Patterns of these ridges are genetically determined and
unique to each person. Because sweat pores open along the
crests of the friction ridges, they leave distinct fingerprints on
almost anything they touch. Thus, fingerprints are “sweat
films.”

The deeper reticular layer, which accounts for about
80% of the thickness of the dermis, is dense irregular connec-
tive tissue. Its extracellular matrix contains thick bundles of
interlacing collagen and elastic fibers that run in many differ-
ent planes. However, most run parallel to the skin surface.
The reticular layer is named for its networks of collagen
fibers (reticulum = network); the name does not imply any
special abundance of reticular fibers. Separations or less
dense regions between the collagen bundles form the
cleavage lines or tension lines of the skin (Figure 5.6b).
These invisible lines occur over the entire body: They run
longitudinally in the skin of the limbs and head and in circu-
lar patterns around the neck and trunk. A knowledge of cleav-
age lines is important to surgeons. Incisions made parallel to
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a closer look

Tattoos

Tattooing—using a needle to deposit
pigment in the skin dermis—was first
practiced around 8000 B.Cc. Today,
some men use tattoos to signal mem-
bership in a group such as the military
or a street gang, and others use tat-
toos to express their individuality. In
recent years, women have increas-
ingly used tattoos not only for individ-
ual expression but also for cosmetic
purposes. Application of permanent
eyeliner and liplines account for more
than 125,000 tattoos a year.

But what if the tattoo becomes
unfashionable or the pigment mi-
grates? Until very recently, once you
had a tattoo, you were essentially
stuck with it because attempts at
removal—dermabrasion, cryosurgery
(freezing the tissue), or applying
caustic chemicals—left nasty scars,
some worse than the original tattoo.
The lasers of today can usually re-
move “older” tattoos, that is, the blue
and black designs applied a genera-
tion ago. The newer, colored tattoos
are another matter entirely. They
require the use of several different

lasers that emit light at different
frequencies to remove each of the
different pigments. Tattoo removal
requires seven to nine treatments
spaced about one month apart, and it
can hurt as much as obtaining the
tattoo in the first place. Even then,

these lines tend to gape less and heal more readily than
incisions made across cleavage lines.

The collagen fibers of the dermis give skin its strength
and resilience. Thus, many jabs and scrapes do not penetrate
this tough layer. Furthermore, elastic fibers in the dermis
provide the skin with stretch-recoil properties. Extreme
stretching of the skin, as occurs in obesity and pregnancy, can
tear the collagen in the dermis. Such dermal tearing results in
silvery white scars called striae (stri'e; “streaks”), which we
know as “stretch marks.” The dermis is also the receptive site
for the pigments used in tattoos (see A Closer Look).

tattoos can't always be eradicated

completely:  Green and yellow
pigments are the most difficult to
vaporize.

Tattoos present some other

risks. The U.S. Food and Drug
Administration does exert some
control over the composition of the
pigments used, but they are
approved for application to the skin
surface only—the safety of injecting
them under the skin is not well
established. Furthermore, state laws
vary widely. Some states forbid the
practice entirely, and others have no
regulations at all. Tattooing involves
needles and bleeding, training
requirements for practitioners are
minimal, and there is a risk of allergic
reactions and bloodborne infectious
diseases such as hepatitis. (Even if
the practitioner uses sterile needles,
they may be dipped into pigments
that are contaminated with the
blood of previous customers.) Even
with the availability of laser removal
techniques, it makes sense to
consider the risks of getting a tattoo.

DECUBITUS ULCER Bedsores, or decubitus ulcers,

are a constant concern for patients who have impaired
mobility. Bedridden elderly people are especially suscep-
tible, as are wheelchair-bound individuals such as those
with spinal cord injuries. A decubitus ulcer usually occurs
over a bony prominence, such as the hip, sacrum, or
heel. Constant pressure from body weight causes a local-
ized breakdown of the skin due to reduction in blood
supply. Tissue death can occur in 2-3 hours. Over time,
the epidermis and papillary layer of the dermis are lost,

From the deep part of the dermis arise the skin surface
markings called flexure lines. Observe, for example, the deep
skin creases on your palm (Figure 5.6c). These result from a
continual folding of the skin, often over joints, where the der-
mis attaches tightly to underlying structures. Flexure lines are
also visible on the wrists, soles, fingers, and toes.
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and the damaged area shows an increase in

collagen fibers. Without the protective covering

of the epidermis, infectious agents can easily
enter the body and cause serious and fatal
complications.
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Hypodermis

Just deep to the skin is the fatty hypodermis (hi"po-der'mis),
from Greek words meaning “below the skin” (see Figures 5.1
and 5.2). This layer is also called the superficial fascia and
the subcutaneous layer (sub”ku-ta'ne-us; from Latin words
meaning “below the skin”). The hypodermis consists of both
areolar and adipose connective tissue, but adipose tissue
normally predominates. Besides storing fat, the hypodermis
anchors the skin to the underlying structures (mostly to mus-
cles), but loosely enough that skin can slide relatively freely
over those structures. Such sliding ensures that many blows
just glance off our bodies. The hypodermis is also an insula-
tor: Because fat is a poor conductor of heat, it helps prevent
heat loss from the body. The hypodermis thickens markedly
with weight gain, but this thickening occurs in different body
areas in the two sexes. In women, subcutaneous fat accumu-
lates first in the thighs and breasts, whereas in men it first ac-
cumulates in the anterior abdomen as a “beer belly.”

check your understanding

6. How do the dermal blood vessels regulate body
temperature?

7. What type of tissue makes up (a) the papillary layer of
the dermis, (b) the reticular layer of the dermis, and
(c) the hypodermis?

8. What types of cells are found in the dermis, and how
does each contribute to the functions of skin?

For answers, see Appendix B.

Skin Color

Three pigments contribute to skin color: melanin, carotene,
and hemoglobin. Melanin, the most important, is made from
an amino acid called tyrosine. Present in several varieties,
melanin ranges from yellow to reddish to brown to black.
As noted earlier, melanin passes from melanocytes to ke-
ratinocytes in the stratum basale of the epidermis. The varia-
tions in skin color in humans result from differences in both
the amount and type of melanin produced.

FRECKLES AND MOLES Both freckles and moles
(nevi) are localized accumulations of melanin in the skin.
In freckles, the increase in melanin is restricted to the
basal layer of the epidermis. Freckles form as a result of
repeated exposure to sunlight. Individuals with light
complexions are more prone to freckle formation. Moles
form when clusters of melanocytes are transformed into
melanin-containing cells (nevus cells). These clusters are
located in the basal layer of the epidermis and in the top
layers of the dermis. Moles form shortly after

birth and can appear anytime through young

adulthood. They do not form as a result of

ultraviolet exposure.

Chapter 5 The Integumentary System 109

Carotene (kar'o-tén) is a yellow-orange pigment that the
body obtains from vegetable sources such as carrots and
tomatoes. It tends to accumulate in the stratum corneum of
the epidermis and in the fat of the hypodermis.

The pink hue of Caucasian skin reflects the crimson
color of oxygenated hemoglobin (he'mo-glo”bin) in the
capillaries of the dermis. Because Caucasian skin contains
little melanin, the epidermis is nearly transparent and al-
lows the color of blood to show through. Black-and-blue
marks represent discolored blood that is visible through the
skin. Such bruises, usually caused by blows, reveal sites
where blood has escaped from the circulation and clotted
below the skin. The general term for a clotted mass of
escaped blood anywhere in the body is a hematoma
(he"mah-to'mah; “blood swelling”).

CYANOSIS When hemoglobin is poorly oxygenated,
both the blood and the skin of Caucasians appear blue, a
condition called cyanosis (si”ah-no’sis; “dark blue
condition”). Skin often becomes cyanotic in people

with heart failure or severe respiratory disorders. In
dark-skinned people, the skin may be too dark

to reveal the color of the underlying vessels,

but cyanosis can be detected in the mucous

membranes and nail beds.

The reasons for variations in the skin colors of different
human populations are not fully understood. Theories ex-
plaining this variation reflect the fact that the sun’s UV rays
are both dangerous and essential. One hypothesis proposes
that dark skin coloration evolved to eliminate the danger of
skin cancer caused by UV radiation. An alternative hypothe-
sis argues that sunlight’s effects on levels of folic acid in the
blood was the selective pressure for the evolution of dark skin
in tropical areas. In light-skinned people, high levels of sun-
light decrease levels of folic acid in the blood. Decreased
folic acid levels in pregnant women increase the risk of neural
tube defects in the developing fetus. The evolution of dark
skin in the tropics protects blood folic acid levels and pro-
motes healthy offspring.

The other factor influencing skin color is vitamin D
production. UV rays stimulate the deep epidermis to produce
vitamin D, a vital hormone required for the uptake of calcium
from the diet and essential for healthy bones. Calcium, and
thus adequate vitamin D, is also critical to the developing
fetus.

Producing vitamin D poses no problem in the sunny trop-
ics, but Caucasians in northern Europe receive little sunlight
during the long, dark winter. Therefore, their colorless epider-
mis ensures that enough UV rays will penetrate for vitamin D
production. Natural exposure to UV rays in these temperate
regions is not sufficient to diminish folic acid levels. Most
human skin color types evolved at intermediate latitudes
(China, the Middle East, and so on) and are characterized
by moderately brown skin tones that are neither “white” nor
“black.” Such skin is dark enough to provide some protection
from sunlight’s negative effects in the summer, especially
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when it tans, yet light enough to allow vitamin D production
in the moderate winters of intermediate latitudes. The
trade-off between protection from the harmful effects of UV
radiation and production of vitamin D may have been the
selective pressure behind the evolution of skin coloration as
early humans moved away from the tropics.

check your understanding
9. Which pigment causes the large variation in human
skin color?

10. Should a dark-skinned person living in the northern
latitudes have concerns about vitamin D production?
Why or why not?

For answers, see Appendix B.

APPENDAGES OF THE SKIN

» Describe the structure of nails.

» List the parts of a hair and a hair follicle, and explain the
function of each part.

» Compare the structure and location of oil and sweat
glands.

» Compare eccrine and apocrine sweat glands.

Along with the skin itself, the integumentary system
includes several derivatives of the epidermis. These skin
appendages include nails, hair and hair follicles, sebaceous
(oil) glands, and sweat glands. Although they derive from the
epithelial cells of the epidermis, they all extend into the
dermis.

Nails

A nail (Figure 5.7) is a scalelike modification of the epider-
mis that corresponds to the hoof or claw of other mammals.
Fingernails are built-in tools that enable us to pick up small
objects and scratch the skin when it itches. Nails are made of
dead, keratinized cells. The hard keratin that predominates
in hairs and nails differs from the soft keratin that is found in
typical epidermal cells in two ways: (1) It is tougher and
more durable, and (2) the cells of hard keratin do not flake
off. Each nail has a distal free edge, a body (the visible at-
tached part), and a root (the proximal part embedded in the
skin). The nail rests on a bed of epidermis called the nail bed.
This bed contains only the deeper layers of the epidermis, be-
cause the nail itself corresponds to the superficial keratinized
layers.

Nails look pink because of the rich network of capillaries
in the underlying dermis. At the root and the proximal end of
the nail body, the bed thickens to form the nail matrix, the
actively growing part of the nail. The matrix is so thick that
the pink dermis cannot show through it. Instead, we see a
white crescent, the lunule (166'ng0l’; “little moon”), under
the nail’s proximal region. The lateral and proximal borders
of the nail are overlapped by skin folds called nail folds. The
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FIGURE 5.7 Structure of a nail. (a) Surface view of the distal
part of a finger. (b) Sagittal section through a fingertip.

proximal nail fold projects onto the nail body as the cuticle or
eponychium (ep”o-nik’e-um; “on the nail”).

An ingrown toenail is just what its name implies, a nail
whose growth pushes it painfully into the lateral nail fold.
This happens when the nail grows crookedly, most commonly
from the pressure of an ill-fitting shoe.

check your understanding

11. How does the keratin in hair and nails differ from the
keratin in the epidermis?

For the answer, see Appendix B.

Hair and Hair Follicles

Together, hairs and their follicles form complex structural
units (Figure 5.8). In these units, the hairs are the long
filaments, and the hair follicles are tubular invaginations of
the epidermis from which the hairs grow.

Hair

Although hair serves to keep other mammals warm, human
body hair is far less luxuriant and less useful. Even so, hair is
distributed over all our skin surface, except on the palms, soles,
nipples, and parts of the external genitalia (the head of the penis,
for example). The main function of this sparse body hair is to
sense things that lightly touch the skin. The hair on the scalp
protects the head against direct sunlight in summer and against
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(a) Diagram of a cross section of a hair within its follicle
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(b) Photomicrograph of a cross section of a
hair and hair follicle (185x)
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(c) Diagram of a longitudinal view of the expanded hair
bulb of the follicle, which encloses the matrix

FIGURE 5.8 Structure of a hair and hair follicle.

heat loss on cold days. Eyelashes shield the eyes, and nose hairs
filter large particles such as insects and lint from inhaled air.

A hair is a flexible strand made of dead cells filled with
hard keratin. The chief parts of a hair are the root, the part
embedded in the skin, and the shaft, the part that projects
above the skin surface (Figure 5.8). If its shaft is flat and rib-
bon like in cross section, the hair is kinky; if oval in section,
the hair is wavy; if perfectly round, the hair is straight.

Melanocyte

Subcutaneous
adipose tissue

(d) Photomicrograph of longitudinal view
of the hair bulb in the follicle (130x)

A hair consists of three concentric layers of kera-
tinized cells (Figure 5.8a and b). Its central core, the medulla
(mé&-dul’ah; “middle”), consists of large cells and air spaces.
The medulla is absent in fine hairs. The cortex, surrounding
the medulla, consists of several layers of flattened cells. The
outermost cuticle is a single layer of cells that overlap one
another from below like shingles on a roof. This shingle
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pattern helps to keep neighboring hairs apart so that the hair
does not mat. Hair conditioners smooth out the rough surface
of the cuticle to make hair look shinier. The cuticle is the most
heavily keratinized part of the hair, providing strength and
keeping the inner layers tightly compacted. Because it is sub-
jected to the most abrasion, the oldest part of the hair cuticle
tends to wear away at the tip of the hair shaft. The abrasion
causes the keratin fibrils in the cortex and medulla to frizz out,
creating “split ends.”

Hair pigment is made by melanocytes at the base of the
hair follicle (shown in Figure 5.8c) and is transferred to the
cells of the hair root. Different proportions of two types of
melanin (black-brown and yellow-rust in color) combine to
produce all the common hair colors—black, brown, red, and
blond. Graying or whitening of hair results from a decrease in
the production of melanin and from the replacement of
melanin by colorless air bubbles in the hair shaft.

Hair Follicles

Hair follicles extend from the epidermal surface into the der-
mis. The deep end of the follicle is expanded, forming a hair
bulb (Figure 5.8¢c). A knot of sensory nerve endings wraps
around each hair bulb to form a hair follicle receptor or root
hair plexus (see Figure 5.1). Bending the hair shaft stimu-
lates these nerve endings. Hairs are thus exquisite touch re-
ceptors. (Test this by lightly running your hand over the hairs
on your forearm.)

A nipplelike bit of the dermis, the connective tissue
papilla (hair papilla), protrudes into each hair bulb. This
papilla contains a knot of capillaries that deliver substances
that stimulate hair growth and supply nutrients to the growing
hair. If the hair papilla is destroyed by trauma, the follicle
permanently stops producing hair.

The epithelial cells in the hair bulb just above the papilla
make up the hair matrix. These matrix cells proliferate to
form the hair shaft.

The wall of a hair follicle is actually a compound struc-
ture composed of an outer connective tissue root sheath, de-
rived from the dermis, and an inner epithelial root sheath,
derived from the epidermis (Figure 5.8a—d). The epithelial
root sheath has two parts: Of these, the internal root sheath
derives from the matrix cells, which it surrounds. The
external root sheath, by contrast, is a direct continuation of
the epidermis. The glassy membrane is where the epithelial
root sheath meets the connective tissue root sheath; in
essence it is the basement membrane of the epithelium of the
follicle.

Epidermal stem cells are located in a bulge in the superfi-
cial region of the external root sheath. These stem cells give
rise to the hair matrix cells, which form the hair shaft as well
as new epidermal cells. Stem cells from this region have been
cultured and grown to produce patches of epidermis derived
from a patient’s own cells that are used to treat chronic
wounds.

Associated with each hair follicle is a bundle of smooth
muscle cells called an arrector pili muscle (ah-rek’tor pi'li;
“raiser of the hair”) (see Figures 5.1 and 5.8). Each arrector
pili runs from the most superficial part of the dermis to a

deep-lying hair follicle. When their arrector pili is relaxed,
most hairs lie flat because most follicles lie at an oblique
angle to the skin surface. Then, when this muscle contracts in
response to cold or fear, the hair stands erect and the skin sur-
face dimples, producing goose bumps. Even though such a
“hair-raising” response is not very useful to humans, with our
relatively sparse hair, it does keep fur-bearing animals
warmer by trapping a layer of insulating air in their fur.
Moreover, a frightened animal with its hair on end looks
more formidable to an enemy.

Types and Growth of Hair

Hairs come in various sizes and shapes, but as a rule they
can be classified as either vellus (vel'us; vell = wool,
fleece) or terminal. The body hair of children and women is
of the fine, short, vellus variety. The longer, coarser hair of
everyone’s scalp is terminal hair. Terminal hairs also appear
at puberty in the axillary (armpit) and pubic regions in both
sexes and on the face, chest, arms, and legs of men. These
terminal hairs grow under the influence of male sex hor-
mones called androgens, of which testosterone is the most
important type.

Hairs grow an average of 2 mm per week, although this
rate varies widely among body regions and with sex and
age. Each follicle goes through growth cycles. In each
cycle, an active growth phase is followed by a resting phase,
in which the hair matrix is inactive and the follicle atrophies
somewhat. At the start of each active phase, the newly grow-
ing hair pushes out the old hair, causing it to be shed. The
life span of hairs varies: On the scalp, the follicles stay ac-
tive for an average of 4 years, so individual hairs grow quite
long before being shed. On the eyebrows, by contrast, the
follicles are active for only a few months, so the eyebrows
never grow very long. Fortunately, the cycles of adjacent
hair follicles on the scalp are not in synchrony; thus, hu-
mans shed only a small percentage of the hairs on the head
at any one time.

Hair Thinning and Baldness

Given ideal conditions, hair grows fastest from the teen years
to the 40s. When hairs are no longer replaced as quickly as
they are shed, the hair thins. By age 60 to 65, both sexes usu-
ally experience some degree of balding. Coarse terminal hairs
are replaced by vellus hairs, and the hair becomes increas-
ingly wispy.

True baldness is different. The most common type, male
pattern baldness, is a genetically determined, gender-
influenced condition. It is thought to be caused by a gene that
is not expressed until adulthood, at which time it changes the
response of hair follicles to androgens. The hairs respond to
androgens by increasingly shortening their growth cycles.
The cycles become so short that many hairs never emerge
from their follicles before being shed, and those that do
emerge are fine vellus hairs that look like peach fuzz in the
“bald” area. The drugs used to treat male pattern baldness ei-
ther inhibit the production of androgens or increase blood
flow to the skin and hair follicles. These treatments are only
partly successful.
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FIGURE 5.9 Skin glands.

CHEMOTHERAPY AND HAIR LOSS Chemotherapy
drugs used to treat cancer target the most rapidly
dividing cells in the body, thereby destroying many hair
stem cells and causing hair loss. After chemotherapy
stops, the hair can recover and regrow. However,

hair loss due to severe burns, excessive

radiation, or other factors that destroy the

follicles is permanent.

check your understanding
12. From what region of skin is the hair and hair follicle
derived?

13. Place the three layers of hair cells in order from
deepest to most superficial.

14. Why is hair loss due to chemotherapy temporary, but
hair loss resulting from a severe burn permanent?

For answers, see Appendix B.

Sebaceous Glands

The sebaceous glands (se-ba’shus; “greasy”) are the skin’s
oil glands (Figure 5.1 and Figure 5.9). They occur over the
entire body, except on the palms and soles. They are simple
alveolar glands with several alveoli opening into a single duct
(see Figure 4.5 p. 74 for their basic structure), but the alveoli
are actually filled with cells, so there is no lumen (central

Secretory cells
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Duct
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(b) Photomicrograph of a sectioned
eccrine gland (140x)

cavity). Their oily product, called sebum (se’bum; “animal
fat”), is secreted in a most unusual way: The central cells in
the alveoli accumulate oily lipids until they become engorged
and burst apart. This process is called holocrine secretion
(hol’o-krin; holos = whole), because whole cells break up to
form the product. Most sebaceous glands are associated with
hair follicles, emptying their sebum into the upper third of the
follicle. From there, the sebum flows superficially to cover
the skin. In addition to making our skin and hair oily, sebum
collects dirt, softens and lubricates the hair and skin, prevents
hair from becoming brittle, and keeps the epidermis from
cracking. It also helps to slow water loss across the skin and
to kill bacteria.

The secretion of sebum is stimulated by hormones, espe-
cially androgens. The sebaceous glands are relatively inactive
during childhood but are activated in both sexes during pu-
berty, when the production of androgens begins to rise.

ACNE 1In some teenagers, so much sebum is produced
that it cannot be ducted from the glands quickly enough.
When a sebaceous gland becomes blocked by sebum, a
whitehead appears on the skin surface. If the material
oxidizes and dries, it darkens to form a blackhead (the
dark color of a blackhead is not due to dirt). Blocked
sebaceous glands are likely to be infected by bacteria,
producing a pimple. The bacteria break down the sebum
into irritating fatty acids. These acids, along with the
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ACNE, (continued)

bacterial products themselves, induce inflammation,
especially when the entire infected mass bursts out of
the follicle into the surrounding dermis. The acne that
results can be mild or extremely severe, leading to
permanent scarring.

The treatment of acne addresses the different causal
factors: increased sebum production and formation of
whiteheads, inflammation, and bacterial infection.
Topical medications such as benzoyl peroxide treat
inflammatory acne; topical retinoids, derivatives
from vitamin A, act to prevent the formation
of whiteheads; and antibiotics destroy
acne-causing bacteria. Often combinations
of treatments are used for maximal results.

Sweat Glands

Sweating prevents overheating of the body, because sweat
cools the skin as it evaporates. Only mammals have sweat
glands (sudoriferous glands). Humans have more than
2.5 million sweat glands distributed over the entire skin sur-
face, except on the nipples and parts of the external genitalia.
Humans normally produce about 500 ml of sweat per day, but
this amount can increase to 12 liters (over 3 gallons) on hot
days during vigorous exercise. Hair interferes with the evapo-
ration of sweat and the ability to cool the body, so the need
for increased temperature regulation through sweating led to
a reduction of hairiness in humans.

Sweat is an unusual secretory product in that it is primar-
ily a filtrate of blood that passes through the secretory cells of
the sweat glands and is released by exocytosis. Sweat is 99%
water, with some salts (mostly sodium chloride) and traces of
metabolic wastes (urea, ammonia, uric acid). It is acidic, so it
retards the growth of bacteria on the skin.

There are two types of sweat glands, both of which
increase their secretion in response to stress as well as to
heat: eccrine and apocrine glands. Eccrine glands (ek'rin;
“secreting”) are by far the more numerous type and produce
true sweat (Figure 5.9b). They are most abundant on the palms,
soles, and forehead. Each is a coiled version of a simple tubu-
lar gland (see Figure 4.5 p. 74). The coiled, secretory base
lies in the deep dermis and hypodermis, and the duct runs
superficially to open at the skin surface through a funnel-
shaped pore. (Although most pores on the skin surface are
sweat pores, the “pores” seen on the face are openings of hair
follicles.)

Apocrine (ap’o-krin) glands are mostly confined to the
axillary, anal, and genital areas. They are larger than eccrine
glands, and their ducts open into hair follicles. Apocrine glands
produce a special kind of sweat consisting of fatty substances
and proteins, in addition to the components of true sweat. For
this reason, apocrine sweat is viscous and sometimes has a
milky or yellow color. This product is odorless when first
secreted, but as its organic molecules are decomposed by
bacteria on the skin, it takes on a musky smell. This is the
source of body odor.

Apocrine glands start to function at puberty under the in-
fluence of androgens. Their activity is increased by sexual fore-
play, and they enlarge and recede with the phases of a woman’s
menstrual cycle. The secretions from the apocrine glands were
identified as true human pheromones (chemical signals that
convey information to a member of the same species) in the
late 1990s when it was shown that they are responsible for the
synchrony of the menstrual cycle that occurs in females who
live together.

These glands are involved with sexual signaling and
appear to function in attractiveness and mate selection.
Apocrine secretions signal information about a person’s im-
mune system. The genes that encode for the immune system,
the major histocompatibility complex (MHC), also influence
body odor secretions. Each person has a unique set of these
genes. In experiments, women selected body odor scents as
“sexy” or “attractive” from men who had immune system
genes most different from their own. Mates with complemen-
tary immune system genes provide their offspring with
greater disease protection and decreased likelihood of reces-
sive disorders.

The skin forms several types of modified sweat glands.
Ceruminous glands (s&roo’'mi-nus; “waxy”) are modified
apocrine glands in the lining of the external ear canal. Their
product is a component of earwax. The mammary glands are
specialized sweat glands highly modified to secrete milk.
Although they are part of the integumentary system, they are
discussed along with the female reproductive system in
Chapter 25.

check your understanding

15. Apocrine glands become active in adolescence.
Are these also the glands that cause acne?

16. Look at the micrograph of the eccrine gland in Figure
5.9b. What type of tissue forms these glands?

17. Which functions of skin are performed by eccrine
glands?

For answers, see Appendix B.

DISORDERS OF THE
INTEGUMENTARY SYSTEM

» Describe the layers involved in and the symptoms of
first-, second-, and third-degree burns, and explain why
serious burns are life-threatening.

» Identify the cell type involved, the characteristic
appearance, and the degree of malignancy in the three
types of skin cancer.

Exposed directly to the dangers and germs of the outside
world, skin can develop more than a thousand different condi-
tions and ailments. The most common skin disorders are bac-
terial, viral, or yeast infections, some of which are described
in the Related Clinical Terms at the end of this chapter. The
most severe threats to the skin are burns and skin cancer.
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1st degree burn

2nd degree burn

(a) Skin bearing partial thickness burn
(first- and second-degree burns)

3rd degree burn

(b) Skin bearing full thickness burn
(third-degree burn)

FIGURE 5.10 Burns.

Burns

Burns are a devastating threat to the body, primarily because
of their effects on the skin. A burn is tissue damage inflicted
by heat, electricity, radiation, extreme friction, or certain
harmful chemicals.

The immediate threat to life from serious burns is a cata-
strophic loss of body fluids. Inflammatory edema is severe.
As fluid seeps from the burned surfaces, the body quickly
loses water and essential salts. This dehydration in turn leads
to fatal circulatory shock; that is, inadequate blood circula-
tion caused by the reduction in blood volume. To save the
patient, the medical team must replace the lost fluids
immediately. After the initial crisis has passed, infection
becomes the main threat. Pathogens can easily invade areas
where the skin barrier is destroyed.

Burns are classified by their severity (depth) as first-,
second-, or third-degree burns (Figure 5.10). Third-degree
burns are the most severe. In first-degree burns, only the
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Gk ’ 100%

(c) Rule of nines; used to estimate

extent of burns

epidermis is damaged. Symptoms include redness, swelling,
and pain: the typical inflammatory reaction to tissue damage
(see p. 93). Generally, first-degree burns heal in a few days
without special attention. Sunburn is usually a first-degree
burn. Second-degree burns involve injury to the epidermis
and the upper part of the dermis. Symptoms resemble those
of first-degree burns, but blisters also appear as fluid accumu-
lates between the epidermal and dermal layers. The skin
regenerates with little or no scarring in 3 to 4 weeks if care is
taken to prevent infection. First- and second-degree burns are
considered partial-thickness burns.

Third-degree burns consume the entire thickness of the
skin, and thus are full-thickness burns. The burned area
appears white, red, or blackened. Although the skin might
eventually regenerate, it is usually impossible to wait for this
because of fluid loss and infection. Therefore, skin from other
parts of the patient’s body must be grafted onto the burned
area. Such a graft, in which an individual is both donor and
recipient, is called an autografft.
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(a) Basal cell carcinoma
FIGURE 5.11 Photographs of skin cancers.

(c) Melanoma

In general, burns are considered critical if any of the
following conditions exists: (1) Over 10% of the body has
third-degree burns; (2) 25% of the body has second-degree
burns; (3) there are third-degree burns on the face, hands, or
feet. A quick way to estimate how much surface is affected by
a burn is to use the rule of nines (Figure 5.10c). This method
divides the body surface into 11 regions, each accounting for
9% (or a multiple of 9%) of total body area. The values
shown on the human figure in Figure 5.10c indicate surface
area values for the anterior body surfaces; total values for
each region are indicated to the right of the illustration. This
method is only roughly accurate, so special tables are used
when greater accuracy is needed.

For patients whose burns are too large or who otherwise
are poor candidates for autografts, good artificial coverings
are now available. Artificial skin consists of a “dermis” made
from bovine collagen and an “epidermis” made of silicone.
The patient’s own dermis gradually replaces and reabsorbs
the artificial one, and the silicone sheet is later peeled off and
replaced with a network of epidermal cells cultured from the
patient’s own skin. The artificial skin is not rejected by the
body, saves lives, and results in minimal scarring. However, it
is more likely to become infected than is an autograft.

Skin Cancer

Many types of tumors arise in the skin. Most are benign
(warts, for example), but some are malignant. Skin cancer is
the most common type of cancer, with about a million new
cases appearing each year in the United States. As mentioned
earlier, the most important risk factor for skin cancer is
overexposure to the UV rays in sunlight. Recent data show
increased risk of all three types of skin cancer in individuals
with a history of indoor tanning.

Basal Cell Carcinoma

Basal cell carcinoma is the least malignant and most com-
mon of the skin cancers (Figure 5.17a). Over 30% of all
Caucasians get it in their lifetimes! Cells of the stratum

basale proliferate, invading the dermis and hypodermis, and
causing tissue erosions there. The most common lesions of
this cancer are dome-shaped, shiny nodules on sun-exposed
areas of the face. These nodules later develop a central ulcer
and a “pearly,” beaded edge. They often bleed. Basal cell
carcinoma grows relatively slowly, and metastasis seldom
occurs. Full cure by surgical excision or other methods of
removal is the rule in 99% of cases.

Squamous Cell Carcinoma

Squamous cell carcinoma (Figure 5.11b) arises from the
keratinocytes of the stratum spinosum. The lesion appears as
a scaly, irregular, reddened papule (small, rounded elevation)
that tends to grow rapidly and metastasize if not removed. If
treated early, however, the chance of a complete cure is good,
and the overall cure rate is 99%. The carcinoma can be re-
moved by radiation therapy, by surgery, or by skin creams
containing anticancer drugs.

Melanoma

Melanoma (mel”ah-no'mah), a cancer of melanocytes, is the
most dangerous kind of skin cancer (Figure 5.11c). Melanocytes
are derived from neural crest cells, which wander widely during
embryonic development. This predisposition for migration
may explain the invasive nature of melanoma. Melanoma
accounts for only about 1 of every 20 skin cancers, but it is in-
creasing rapidly in countries with light-skinned populations—
by 3% to 8% per year in the United States. Melanoma can
originate wherever there is pigment, but it often arises from
existing moles, usually appearing as an expanding dark patch.
Because melanoma cells metastasize rapidly into surrounding
circulatory vessels, the key to surviving melanoma is early
detection. Most people do not survive this cancer if the
lesion has grown over 4 mm thick. Melanoma is resistant
to chemotherapy and current immunotherapy treatment, al-
though vaccines are being tested.

The American Cancer Society suggests that individuals
with frequent sun exposure regularly examine their skin for
moles and new pigment spots, applying the ABCD rule for
recognizing melanoma: A, Asymmetry: The two halves of the
spot or mole do not match; B, Border irregularity: The
borders have indentations and notches; C, Color: The pig-
ment spot contains several colors, including blacks, browns,
tans, and sometimes blues and reds; D, Diameter: larger than
6 mm (larger than a pencil eraser). Some experts have
found that adding an E, for Elevation above the skin surface,
improves diagnosis, so they use the ABCD(E) rule.

check your understanding

18. What type of burn causes blisters?

19. What are the two life-threatening concerns resulting
from third-degree burns, and how are they treated?

20. Which type of skin cancer is most common? Which
one can be fatal?

For answers, see Appendix B.
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THE SKIN THROUGHOUT LIFE

» |dentify the primary germ layers that form the skin and
its appendages.

» Describe the changes that occur in the skin from birth to
old age.

The epidermis develops from embryonic ectoderm, and
the dermis and hypodermis develop from mesoderm (see
Chapter 3, pp. 56-57). Melanocytes, however, develop from
neural crest cells that migrate into the ectoderm during the
first 3 months of prenatal development. By the end of the
fourth month, the skin is fairly well formed: The epidermis
has all its strata, dermal papillae are evident, and the epider-
mal appendages are present in rudimentary form. During the
fifth and sixth months, the fetus is covered with a downy coat
of delicate hairs called the lanugo (lah-nu’go; “wool or
down”). This cloak is shed by the seventh month, and vellus
hairs make their appearance.

When a baby is born, its skin is covered with vernix
caseosa (ver'niks ka’se-o-sah; “varnish of cheese”), a cheesy-
looking substance produced by sebaceous glands. It protects
the skin of the fetus from constant contact with amniotic
fluid. A newborn’s skin and hypodermis are very thin, but
they thicken during infancy and childhood.

With the onset of adolescence, acne may appear (see
pp- 113—114). Acne generally subsides in early adulthood, and
the skin reaches its optimal appearance in one’s 20s and 30s.
Thereafter, the skin starts to show the harmful effects of contin-
ued environmental assaults, such as abrasion, wind, sun, and
chemicals. Scaling and various kinds of skin inflammation,
called dermatitis (der"mah-ti’tis), become more common.
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In middle age, the lubricating and softening substances
produced by the glands start to diminish. As a result, the skin
becomes dry and itchy. People with naturally oily skin may
avoid this dryness, so their skin often ages well. Therefore,
young people who suffer the humiliation of oily skin and
acne may be rewarded later in life by looking younger longer.

Recently, it has been discovered that most aspects of skin
aging are not intrinsic but are caused by sunlight in a process
called “photoaging.” Aged skin that has been protected from
the sun has lost some elasticity and is thinner (as is the
hypodermis under it), but it remains unwrinkled and un-
marked. Sun-exposed skin, by contrast, is wrinkled, loose, in-
elastic, leathery, and has pigmented spots called “liver spots.”
In the dermis of such sun-aged skin, the amount of collagen
has declined, and an abnormal, elastin-containing material
has accumulated. Much of this change is due to UV-induced
activation of enzymes that degrade collagen and other com-
ponents of the dermis.

By blocking UV rays, large amounts of melanin protect
the skin from photoaging. This is why fair-skinned individu-
als, who have little melanin to begin with, show age-related
changes at a younger age than do people with darker skin and
hair. For the same reason, dark-skinned people look youthful
much longer than Caucasians.

check your understanding

21. From which embryonic germ layer do the
appendages of the skin develop? From which
embryonic layer does the hypodermis develop?

22. How does UV radiation damage the dermal layer of
the skin?

For answers, see Appendix B.

RELATED CLINICAL TERMS

ALOPECIA (al”o-pe’she-ah) Any condition involving absence or loss
of hair. Male pattern baldness, the most common type, is technically
named androgenic alopecia.

ATHLETE’S FOOT  Itchy, red, peeling condition of the skin between the
toes resulting from fungal infection.

BOILS AND CARBUNCLES (kar'bung’kls; “little glowing embers”)
Infection and inflammation of hair follicles and sebaceous glands
that has spread into the underlying hypodermis. A boil can be
likened to a giant pimple; carbuncles are composite boils. The com-
mon cause is bacterial infection.

COLD SORES (FEVER BLISTERS)  Small, painful, fluid-filled blisters that
usually occur around the lips and in the mucosa in the mouth. They
are caused by the herpes simplex virus, which localizes in nerve cells
that supply the skin, where it remains dormant until activated by
emotional upset, fever, or UV radiation.

IMPETIGO (im"pé-ti'go; “an attack”) Pink, fluid-filled, raised lesions
that are common around the mouth and nose. They develop a yellow
crust and eventually rupture. This contagious condition, caused by a
Staphylococcus infection, is common in school-age children.

PSORIASIS  (so-ri'ah-sis; “an itching”) A chronic inflammatory condi-
tion characterized by reddened epidermal papules covered with dry,
silvery scales. The scales result from an overproliferation of the epi-
dermis, and the pink color is due to widened capillaries in the dermis.
Relatively common, it affects 2% of Americans. It may be an autoim-
mune condition triggered by bacterial products. One effective treat-
ment for psoriasis employs a drug that slows epidermal growth and
that is activated by exposure to UV light.

VITILIGO (vit"il-i'go; “blemish”) An abnormality of skin pigmentation
characterized by light spots surrounded by areas of normally pig-
mented skin. It can be cosmetically disfiguring, especially in dark-
skinned people.
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CHAPTER SUMMARY

You can use the following media study tool for additional help when you
review specific key topics in Chapter 5.

PAL = Practice Anatomy Lab™

1. The integumentary system consists of the skin and its appendages
(hair, sebaceous glands, sweat glands, and nails). The hypodermis,
although not part of the integumentary system, is also considered
in this chapter.

2. Skin functions to protect our body from bumps and scrapes, chem-
icals, invading microorganisms, water loss, and ultraviolet (UV)
radiation. It also functions in body temperature regulation, excre-
tion, production of vitamin D, and sensory reception.

The Skin and the Hypodermis (pp. 102-110)
Epidermis (pp. 103-105)

3. The epidermis is a keratinized stratified squamous epithelium. Its
main cell type is the keratinocyte. From deep to superficial, its strata
are the basale, spinosum, granulosum, lucidum, and corneum. The
stratum lucidum occurs only in thick skin found on palms and soles.

4. The dividing cells of the stratum basale are the source of new ke-
ratinocytes for the growth and renewal of the epidermis.

5. In the stratum spinosum, keratinocytes contain strong pre-keratin
intermediate filaments. In the stratum granulosum, keratinocytes
contain keratohyalin granules, which combine with the pre-keratin
filaments to form tension-resisting keratin. Stratum granulosum
cells also secrete an extracellular waterproofing glycolipid.
Keratinized cells of the stratum corneum protect the skin and are
shed as skin flakes and dandruft.

6. Scattered among the keratinocytes in the deepest layers of the epi-
dermis are pigment-producing melanocytes, tactile epithelial cells,
and the dendritic cells of the immune system.

Dermis (pp. 106-108)
7. The leathery dermis, composed of connective tissue proper, is well
supplied with vessels and nerves. Also located in the dermis are
skin glands and hair follicles.

8. The superficial papillary layer consists of areolar connective tissue,
whereas the deep reticular layer is dense irregular connective tis-
sue. The papillary layer abuts the undulating undersurface of the
epidermis and is responsible for the epidermal friction ridges that
produce fingerprints. In the reticular layer, less dense regions be-
tween the collagen bundles produce cleavage lines. Flexure lines
occur over joints, where the dermis attaches tightly to underlying
structures.

Hypodermis (p. 109)

9. The hypodermis underlies the skin. Composed primarily of adi-
pose tissue, it stores fat, insulates the body against heat loss, and
absorbs and deflects blows. During weight gain, this layer thickens
most markedly in the thighs and breasts of women and in the ante-
rior abdominal wall of men.

Skin Color (pp. 109-110)

10. Skin color reflects the amounts of pigments (melanin and/or
carotene) in the skin and the oxygenation level of hemoglobin in
the dermal blood vessels.

11. Melanin, made by melanocytes and transferred to keratinocytes,
protects keratinocyte nuclei from the damaging effects of UV radi-

ation. The epidermis also produces vitamin D under the stimulus
of UV radiation.

Appendages of the Skin (pp. 110-114)

12. Skin appendages, which develop from the epidermis but project
into the dermis, include hairs and hair follicles, sebaceous glands,
sweat glands, and nails.

Nails (p. 110)

13. A nail is a scalelike modification of the epidermis that covers the
dorsal tip of a finger or toe. The actively growing region is the nail
matrix.

Hair and Hair Follicles (pp. 110-113)

14. A hair is produced by a tube-shaped hair follicle and consists of
heavily keratinized cells. Each hair has an outer cuticle, a cortex,
and usually a central medulla. Hairs have roots and shafts. Hair
color reflects the amount and variety of melanin present.

15. A hair follicle consists of an epithelial root sheath that includes the
hair matrix and connective tissue root sheath derived from the der-
mis. Stem cells, which renew the hair matrix and give rise to new
epidermal cells, are in the epithelial root sheath. A knot of capillar-
ies in the hair papilla nourishes the hair, and a nerve knot sur-
rounds the hair bulb. Arrector pili muscles pull the hairs erect and
produce goose bumps in response to cold or fear.

16. Fine and coarse hairs are called vellus hairs and terminal hairs, re-
spectively. At puberty, under the influence of androgens, terminal
hairs appear in the axillae and pubic regions in both sexes.

17. Hairs grow in cycles that consist of growth and resting phases.
Hair thinning results from factors that lengthen follicular resting
phases, including natural age-related atrophy of hair follicles and
expression of the male pattern baldness gene during adulthood.

Sebaceous Glands (pp. 113-114)
18. Sebaceous glands are simple alveolar glands that usually empty
into hair follicles. Their oily holocrine secretion is called sebum.

19. Sebum lubricates the skin and hair, slows water loss across the
skin, and acts as a bactericidal agent. Sebaceous glands secrete
increased amounts of sebum at puberty under the influence of an-
drogens. Blocked and infected sebaceous glands lead to pimples
and acne.

Sweat Glands (p. 114)

20. Eccrine sweat glands are simple coiled tubular glands that secrete
sweat, a modified filtrate of the blood. Evaporation of sweat cools
the skin and the body.

21. Apocrine sweat glands, which produce pheromones, occur primar-
ily in the axillary, anal, and genital regions. Their secretion con-
tains proteins and fatty acids; bacterial action on this secretion
causes body odor.

PAL Histology/Integumentary System

Disorders of the Integumentary System (pp. 114-116)
22. The most common skin disorders result from microbial infections.

Burns (pp. 115-116)

23. In severe burns, the initial threat is loss of body fluids leading
to circulatory collapse. The secondary threat is overwhelming
infection.



24.

www.konkur.in

The extent of a burn may be estimated by using the rule of nines.
The severity of burns is indicated by the terms firsz-, second-, and
third-degree. Third-degree burns harm the full thickness of the skin
and require grafting for successful recovery.

Skin Cancer (p. 116)

25.
26.

The major risk factor for skin cancer is exposure to UV sunlight.

Basal cell carcinoma and squamous cell carcinoma are the most
common types of skin cancer and usually are curable if detected
early. Melanoma, a cancer of melanocytes, is less common but
dangerous. The ABCD or ABCD(E) rule can be used to examine a
mole or spot for the possibility of melanoma.
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The Skin Throughout Life (p. 117)

27. Epidermis develops from embryonic ectoderm; dermis and hypo-
dermis develop from mesoderm; and melanocytes develop from
neural crest cells.

28. At 5-6 months, a fetus has a downy lanugo coat. Fetal sebaceous
glands produce vernix caseosa that protects the skin within the am-
niotic sac.

29. In old age, the skin thins and loses elasticity. Damage from sun-
light leads to wrinkles, age spots, and loose and leathery skin; this
reflects a loss of collagen and accumulation of elastin-containing
material in the dermis.

REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1.

Which epidermal cell type functions in the immune system?
(a) keratinocyte, (b) melanocyte, (c) dendritic cell, (d) tactile
epithelial cell.

Match each epidermal layer in column B to its description in
column A.

Column A Column B

— (1) Desmosomes and shrinkage (a) stratum basale

artifacts give its cells
“prickly”’projections.

—(2) Its cells are flat, dead bags of (b) stratum corneum

keratin.

— (3) Its cells divide, and it is also (c) stratum granulosum

called the stratum germinativum.

— (4) It contains keratohyalin and (d) stratum lucidum

lamellated granules.

—(5) It is present only in thick skin. (e) stratum spinosum

3.

The ability of the epidermis to resist rubbing and abrasion is
largely due to the presence of (a) melanin, (b) carotene, (c) colla-
gen, (d) keratin.

Skin color is determined by (a) melanin, (b) carotene, (c) oxygena-
tion level of the blood, (d) all of these.

What is the major factor accounting for the waterproof nature of
the skin? (a) desmosomes in stratum corneum, (b) glycolipid be-
tween stratum corneum cells, (c) the thick insulating fat of the hy-
podermis, (d) the leathery nature of the dermis.

Circle the false statement about vitamin D: (a) Dark-skinned peo-
ple make no vitamin D. (b) If the production of vitamin D is inade-
quate, one may develop weak bones. (c) If the skin is not exposed
to sunlight, one may develop weak bones. (d) Vitamin D is needed
for the uptake of calcium from food in the intestine.

Use logic to deduce the answer to this question. Given what you
know about skin color and skin cancer, the highest rate of skin can-
cer on earth occurs among (a) blacks in tropical Africa, (b) scien-
tists in research stations in Antarctica, (c) whites in northern
Australia, (d) Norwegians in the United States, (e) blacks in the
United States.

8. An arrector pili muscle (a) is associated with each sweat gland, (b)
causes the hair to stand up straight, (c) enables each hair to be
stretched when wet, (d) squeezes hair upward so it can grow out.

9. Sebum (a) lubricates the skin and hair; (b) consists of dead cells
and fatty substances; (c) collects dirt, so hair has to be washed; (d)
all of these.

10. An eccrine sweat gland is a gland: (a) compound tubular, (b)
compound tubuloacinar, (c) simple squamous, (d) simple tubular.

11. Identify which embryonic layer listed in column B forms each of
the skin structures in column A.

Column A Column B
— (1) hypodermis (a) ectoderm
— (2) sebaceous gland (b) mesoderm
— (3) epidermis (¢) endoderm
— (4) dermis (d) neural crest

—— (5) melanocytes

12. The reticular layer of the dermis (a) provides strength and elastic-
ity to the skin, (b) is composed of loose connective tissue, (c) insu-
lates to prevent heat loss, (d) forms the dermal papilla.

13. Match the skin structures in column B with their function listed in

column A.
Column A Column B
— (1) protection from ultraviolet (a) dendritic cells
radiation

(b) dermal vascular plexuses

— (2) insulation, energy storage (¢) papillary Tayer of the

— (3) waterproofing and prevention dermis
of water loss

— (4) temperature regulation (d) hypodermis

— (5) initiation of an immune (e) melanocytes

response to invading bacteria
(f) stratum corneum

—(6) excretion of water, urea, and .
(g) eccrine sweat glands

salts
(h) reticular layer of the

—— (7) help in bonding the epithelium dermis

to the dermis
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14.

Thick skin differs from thin skin in (a) the thickness of the stratum
spinosum, (b) the presence of an additional layer, the stratum gran-
ulosum, (c) thickness of the stratum corneum, (d) the distribution
of sweat glands.

15. From the list of tissues in column B, identify the primary tissue
that forms each of the structures in column A.
Column A Column B

— (1) epidermis

(a) dense irregular connective
tissue

— (2) reticular layer of the dermis

— (3) hypodermis

(b) dense regular connective
tissue

— (4) papillary layer of the dermis

(¢) areolar connective tissue

—— (5) apocrine sweat glands
—(6) hair follicle
—(7) nails

(d) epithelial tissue

(e) adipose tissue

Short Answer Essay Questions

16.
17.

Is a bald man really hairless? Explain.

Explain why thin skin is also called hairy skin, and why thick skin
is also called hairless skin. (Note their locations.)

19.

20.
21.

22.

23.
24.

25.

Distinguish first-, second-, and third-degree burns.

Why does skin that is exposed to sunlight age so much more than
nonexposed skin?

Explain why no skin cancers originate from stratum corneum cells.

Explain each of these familiar phenomena in terms of what you
learned in this chapter: (a) goose bumps, (b) dandruff, (c) stretch
marks from gaining weight, (d) leaving fingerprints, (e) the almost
hairless body of humans, (f) getting gray hairs.

Eric, an anatomy student, said it was so hot one day that he was
“sweating like a pig.” His professor overheard him and remarked,
“That is a stupid expression, Eric. No pig ever sweats nearly as
much as a person does!” Explain her remark.

List three functions of the skin.

After studying the skin in anatomy class, Toby grabbed the large
“love handles” around his own abdomen and said, “I have a thick
hypodermis, but this layer performs some valuable functions!”
What are the functions of the hypodermis?

What type of tissue(s) form each of the following structures? (a)
dermis, (b) epidermis, (c) hypodermis. What embryonic germ
layer is the source of each?

CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

What are the two most important clinical problems encountered by
severely burned patients? Explain each in terms of the absence
of skin.

Dean, a 40-year-old beach boy, tells you that his suntan made him
popular when he was young. Now his face is wrinkled, and he has
several moles that are growing rapidly and are as large as coins.
When he shows you the moles, you immediately think “ABCD.”
What do these letters mean, and what disease may Dean have?

Long-term patients confined to hospital beds are turned every 2
hours. Why? Why is this effective?

Carmen slipped on some ice and split her chin on the sidewalk. As
the emergency room physician was giving her six stitches, he re-
marked that the split was right along a cleavage line. How cleanly
is her wound likely to heal, and is major scarring likely to occur?

A man got his finger caught in a machine at the factory, and his en-
tire nail was torn off his right index finger. The nail parts lost were
the body, root, bed, matrix, and eponychium. Is this nail likely to
grow back? Why or why not?

On a diagram of the human body, mark off various regions accord-
ing to the rule of nines. What percent of the total body surface is
affected if someone is burned (a) over the entire posterior trunk
and buttocks? (b) over an entire lower limb? (c) on the entire front
of the left upper limb?

7.

Why are melanomas the most common type of skin cancer to
metastasize? (Recall that melanocytes are formed from neural crest
tissue, an embryonic tissue that wanders extensively during early
development.)

What are the harmful effects of UV radiation, and how is UV
radiation beneficial to our well-being?
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and joints that form the internal framework. Bones pro-
vide support and shape to the body, attachment sites for
muscle, and a storage depot for essential minerals. Cartilage,
a component of many joints, aids in support and movement as
it cushions abutting bone surfaces. Cartilage and bone are
also linked developmentally; most bones are first formed in
cartilage tissue, which is then replaced by bone tissue during
prenatal and childhood growth.
The skeletal system also contains clues to our personal
story. The bones within you are not like the dead, dried bones

The skeletal system is composed of the bones, cartilages,

\‘..
*® o

Cartilage in - 61 ) .
external ear : ,} S:srglages in
: /—Articular

g cartilage

.'} of a joint

T Costal
1 cartilage

Cartilage
in intervertebral
disc t
I® 5 )
|

"

Meniscus (padlike
cartilage in
knee joint)

Articular cartilage
of a joint

you are examining in the laboratory; rather, they are living,
dynamic organs that reflect many aspects of your life: age,
gender, ethnicity, height, and health and nutrition status.
Clues to these details can be understood only by using knowl-
edge of the structure and growth of bone tissue.

This chapter focuses on the structure, function, and
growth of cartilage and bone. The individual bones of the
skeleton are described in Chapters 7 and 8. The details of
joint structure and function are covered in Chapter 9.

Epiglottis

Thyroid Larynx
cartilage
Cricoid
cartilage
Trachea

/— Lung

Respiratory
tube cartilages
in neck and thorax

Cartilages
D Hyaline cartilages

- Elastic cartilages
- Fibrocartilages

FIGURE 6.1 Cartilages in the body. The cartilages that
support the respiratory tubes and larynx are drawn separately at
right.
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CARTILAGES

» Locate the major cartilaginous structures of the adult
human body, and explain the functional properties of
cartilage tissue.

» Compare the structure, functions, and locations of the
three kinds of cartilage tissue.

» Explain how cartilage grows.

Location and Basic Structure

Cartilaginous structures are found throughout the adult human
body. These cartilages, shown in Figure 6.1, include (1) carti-
lage in the external ear; (2) cartilages in the nose; (3) articular
cartilages, which cover the ends of most bones at movable
joints; (4) costal cartilages, which connect the ribs to the ster-
num (breastbone); (5) cartilages in the larynx (voice box), in-
cluding the epiglottis, a flap that keeps food from entering the
larynx and the lungs; (6) cartilages that hold open the air tubes
of the respiratory system; (7) cartilage in the discs between the
vertebrae; (8) cartilage in the pubic symphysis; and (9) carti-
lages that form the articular discs within certain movable
joints, the meniscus in the knee for example.

Cartilage is far more abundant in the embryo than in the
adult: Most of the skeleton is initially formed by fast-growing
cartilage, which is subsequently replaced by bone tissue in
the fetal and childhood periods. This process is described
later in the chapter, pp. 135-136.

A typical cartilaginous structure in the skeleton is com-
posed of the connective tissue cartilage, which contains no
nerves or blood vessels. The structure is surrounded by a
layer of dense irregular connective tissue, the perichondrium
(per”i-kon’dre-um; “around the cartilage”), which acts like a
girdle to resist outward expansion when the cartilage is sub-
jected to pressure. The perichondrium also functions in the
growth and repair of cartilage (see Figure 6.2a).

Cartilage tissue consists primarily of water (60% to 80%)
and is very resilient; that is, it has the ability to spring back to
its original shape after being compressed. For more informa-
tion on the unique properties of cartilage tissue, see A Closer
Look on p. 124.

Types of Cartilage

Three types of cartilage tissue occur in the body: hyaline car-
tilage, elastic cartilage, and fibrocartilage (Figure 6.2).
While reading about these, keep in mind that cartilage is a
connective tissue that consists of cells called chondrocytes
and an abundant extracellular matrix. In contrast to connec-
tive tissue proper, in cartilage tissue each chondrocyte is lo-
cated in a space in the matrix called a lacuna (lah-koo'nah),
literally a “lake” or “cavity.” The matrix contains fibers and a
jellylike ground substance of complex sugar molecules that
attract and hold water (see Chapter 4, p. 80).

Hyaline Cartilage

Hyaline cartilage (hi'ah-1Tn; “glass”), which looks like
frosted glass when viewed by the unaided eye, is the most
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FIGURE 6.2 Types of cartilage tissue.

abundant kind of cartilage (see Figure 6.1). When viewed
under the light microscope, its chondrocytes appear spherical
(Figure 6.2a). The only type of fiber in the matrix is a collagen
unit fibril, which forms networks that are too thin to be seen
with a light microscope. The gelatinous ground substance
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a closer look

The Marvelous Properties of Cartilage

Without healthy cartilage to cushion
the movable joints, people would find
vigorous activities such as playing
tennis next to impossible. Cartilage is
resilient: If you push on it and then
ease the pressure, it bounces back.
Such resilience allows the articular
cartilages at the ends of the bones
to cushion the impact of various
activities, including lifting heavy
objects, sprinting, and jumping. After
an action is complete, the cartilage
tissue springs back to await the next
movement.

Another important feature of
cartilage tissue is its capability for
rapid growth, which enables it to
keep pace with the rapid growth of
the embryo. Indeed, most of the
embryo’s “bones” originate as
cartilage models that are gradually
replaced by bone tissue. Throughout
childhood and adolescence, growth
plates of cartilage remain in most
bones and bring about most growth
of the skeleton. Once adult size is
reached, growth plates fuse, and
cartilage growth slows. One would
expect cartilage to require a rich
blood supply for rapid growth, yet
cartilage contains no blood vessels.
Instead, the cells (chondrocytes) in
cartilage are specially adapted to
live under low-oxygen conditions
and can survive on the little oxygen
that diffuses to them from distant
vessels in the surrounding perichon-
drium. In fact, cartilage and blood
vessels are strictly incompatible:
Cartilage secretes chemicals that
prevent blood vessels from growing
into it, and it cannot develop in parts
of the embryo that are well supplied
with blood vessels or oxygen.

The cartilage of tennis players and other
athletes should be well nourished and
well hydrated because of the great
physical demands vigorous sports place
on the joints.

The reason for the resilience of
cartilage is its ability to hold tremen-
dous amounts of water. In fact, carti-
lage is 60% to 80% water, largely
because the complex sugars in its
ground substance have so many
water-attracting negative charges.
When the cartilage is compressed,
the water molecules are forced away
from the negative charges. As the
pressure increases, the negative
charges are pushed closer together
until they repel each other, resisting
further compression. Then, when

the pressure is released, the water
molecules rush back to their original
sites, causing the cartilage to spring
back forcefully to its original shape.
These dynamics also play a vital role
in the nourishment of cartilage: The
flow of fluid during and after com-
pression carries nutrients to the
chondrocytes. For this reason, long
periods of inactivity can weaken the
cartilages of the joints.

The rapid growth of cartilage is
another result of its capacity to hold
fluid. Because cartilage matrix is
mostly water, nutrients from distant
capillaries can diffuse through it
quickly enough to supply the meta-
bolic needs of the rapidly dividing
cartilage-forming cells (chondro-
blasts). There is no need for a slow,
time-consuming process of growing
new capillary beds within the carti-
lage tissue itself. Furthermore, the
ground substance secreted by the
chondroblasts attracts so much
water that the cartilage expands
(grows) quickly with little expendi-
ture of materials.

Because of the water-attracting
nature of its ground substance, carti-
lage has a natural tendency to swell
with water. To prevent excessive
swelling, its matrix contains a net-
work of thin, unstretchable collagen
fibrils. This collagen also gives carti-
lage its ability to resist tension when
pulled by external forces. Even
though cartilage is strong in resisting
tension and compression, it is weak
in resisting shear forces (twisting and
bending). Because of this weakness,
torn cartilages are a common sports
injury.
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holds large amounts of water; thus, this tissue resists com-
pression well. Hyaline cartilage provides support through
flexibility and resilience. It makes up the articular cartilage
that covers the ends of adjoining bones in movable joints. It
also forms the cartilaginous attachments of the ribs to the
sternum, accounts for most of the cartilage found in the respi-
ratory structures, and forms the embryonic skeleton.

Elastic Cartilage

Elastic cartilage is similar to hyaline cartilage, but its matrix
contains many elastic fibers along with the delicate collagen
fibrils (Figure 6.2b). This cartilage is more elastic than hyaline
cartilage and better able to tolerate repeated bending. The
epiglottis, which bends down to cover the glottis (opening) of
the larynx each time we swallow, is made of elastic cartilage,
as is the highly bendable cartilage in the outer ear (Figure 6.1).

Fibrocartilage

Fibrocartilage is an unusual tissue that resists both strong
compression and strong tension (pulling) forces. It occurs in
certain ligaments and certain cartilages that experience both
of these forces. It is a perfect structural intermediate between
hyaline cartilage and dense regular connective tissue.
Microscopically, it consists of thick collagen fibers (as in
dense regular connective tissue) surrounding the chondro-
cytes within lacunae (Figure 6.2¢). Two specific locations of
fibrocartilage are in the anulus fibrosus portion of the discs
between the vertebrae and in the articular discs of some
joints, for example the menisci of the knee.

Growth of Cartilage

A piece of cartilage grows in two ways. In appositional
(ap”o-zish'un-al) growth, “growth from outside,” cartilage-
forming cells (chondroblasts) in the surrounding perichon-
drium produce the new cartilage tissue by actively secreting
matrix. In interstitial (in"ter-stish’al) growth, “growth from
within,” the chondrocytes within the cartilage divide and
secrete new matrix. Cartilage stops growing in the late teens
when the skeleton itself stops growing, and chondrocytes do
not divide again. As a result, cartilage regenerates poorly in
adults. The limited healing that occurs within cartilage in
adults reflects the ability of the surviving chondrocytes to
secrete more extracellular matrix, and typically cartilage is
repaired with fibrocartilage.

Under certain conditions, crystals of calcium phosphate
precipitate in the matrix of cartilage. Such calcification is a
sign of aging in an adult, but in a child it is a normal stage in
the growth of most bones (see p. 135). Note, however, that
calcified cartilage is not bone: Bone and cartilage are always
distinct tissues.

check your understanding

1. How does the matrix differ in each of the three types
of cartilage?

2. Which type of cartilage is most abundant? List three
locations where this type of cartilage is found.
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3. Where are the chondroblasts located that produce
new cartilage by appositional growth?

For answers, see Appendix B.

BONES

» Describe the functions of the bony skeleton and of bone
tissue.

» Describe the structural components of bone tissue and
the functions of its organic and inorganic parts.

» Differentiate the cells found in bone tissue and their
functions.

The bones of the skeleton are organs because they
contain several different tissues. Although bone tissue pre-
dominates, bones also contain nervous tissue in nerves, blood
tissue in blood vessels, cartilage in articular cartilages, and
epithelial tissue lining the blood vessels.

In our discussion of bone, we describe the functions of
bone and then examine the composition of bone tissue. We
then look at bone as an organ, examining the macroscopic
and microscopic structure of bones, bone development and
growth, and bone repair.

Functions of Bones

The functions of the skeletal system were briefly mentioned
in the introductory paragraph of this chapter. More specifi-
cally, bone carries out the following functions:

1. Support. Bones provide a hard framework that supports
the weight of the body. For example, the bones of the
legs are pillars that support the trunk of the body in the
standing person.

2. Movement. Skeletal muscles attach to the bones by ten-
dons and use the bones as levers to move the body and its
parts. As a result, humans can walk, grasp objects, and
move the rib cage to breathe. The arrangement of the
bones and the structure of the joints determine the types
of movement that are possible. Support and movement
are mutually dependent functions: The supportive frame-
work is necessary for movement, and the skeletal mus-
cles contribute significantly to the support of body
weight.

3. Protection. The bones of the skull form a protective case
for the brain. The vertebrae surround the spinal cord, and
the rib cage helps protect the organs of the thorax.

4. Mineral storage. Bone serves as a reservoir for minerals,
the most important of which are calcium and phosphate.
The stored minerals are released into the bloodstream as
ions for distribution to all parts of the body as needed.

5. Blood cell formation and energy storage. Bones contain
red and yellow bone marrow. Red marrow makes the
blood cells, and yellow marrow is a site of fat storage,
with little or no role in blood cell formation. Red bone
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marrow and the production of blood cells are described in
detail in Chapter 18.

6. Energy metabolism. The role of bone cells in regulating
energy metabolism has just recently been identified.
Bone-producing cells, osteoblasts (described in the next
section), secrete a hormone that influences blood sugar
regulation. This hormone, osteocalcin, stimulates pancre-
atic secretions that reduce blood sugar levels (insulin).
Osteocalcin also influences fat cells, causing them to
store less fat and to secrete a hormone that increases the
insulin sensitivity of cells. These results have clinical im-
plications for the treatment of metabolic disorders related
to blood sugar regulation, such as type 2 diabetes.

Bone Tissue

Like other connective tissues, bone tissue consists of cells
separated by an extracellular matrix. Unlike other connective
tissues, bone has both organic and inorganic components. The
organic components are the cells, fibers, and ground sub-
stance. The inorganic components are the mineral salts that
invade the bony matrix, making bone tissue hard. Bone does
contains a small amount of tissue fluid, although bone con-
tains less water than other connective tissues.

Extracellular Matrix

As with other connective tissues, it is the unique composition of
the matrix that gives bone its exceptional physical properties.
The organic components of bone tissue account for 35% of
the tissue mass. These organic substances, particularly colla-
gen, contribute the flexibility and tensile strength that allow
bone to resist stretching and twisting. Collagen is remarkably
abundant in bone tissue.

The balance of bone tissue, 65% by mass, consists of in-
organic hydroxyapatites (hi-drok”se-ap’ah-titz), or mineral
salts, primarily calcium phosphate. These mineral salts are
present as tiny crystals that lie in and around the collagen
fibrils in the extracellular matrix. The crystals pack tightly,
providing bone with its exceptional hardness, which enables
it to resist compression. These mineral salts also explain how
bones can endure for hundreds of millions of years, providing
information on the sizes, shapes, lifestyles, and even some of
the diseases (for example, arthritis) of ancient vertebrates.

Soaking a long bone in a weak acid for several weeks
dissolves away the bone’s mineral salts, leaving only the or-
ganic component, mainly collagen. The demineralized bone
can be tied in a knot, demonstrating the great flexibility pro-
vided by the collagen in bone. It also confirms that without its
mineral content, bone bends too easily to support weight.
Baking a bone at high temperature destroys the organic por-
tion of bone. What remains is the mineral component, stiff
but extremely brittle. The proper combination of organic and
inorganic elements allows bones to be exceedingly durable,
strong, and resilient without being brittle.

The composite nature of bone can be compared to rein-
forced concrete: The collagen fibers, like the steel rods, pro-
vide tensile strength; the mineral salts, like the sand and rock
in the concrete, provide compressional strength. In fact, bone

is stronger than reinforced concrete in resisting compression
and almost equal in tensile strength. Neither bone nor rein-
forced concrete resist torsional forces well. Indeed, most frac-
tures to limb bones are caused by torsional forces.

Cells

Three types of cells in bone tissue produce or maintain the tis-
sue: osteogenic cells, osteoblasts, and osteocytes. Osteogenic
cells (os'te-0-jen’ik; osteo = bone, genic = producing) are
stem cells that differentiate into bone-forming osteoblasts.
Osteoblasts (os'te-0-blasts; blast = bud, sprout) are cells
that actively produce and secrete the organic components of
the bone matrix: the ground substance and the collagen fibers.
This bone matrix secreted by osteoblasts is called osteoid
(os’te-oid, “bonelike”). Within a week, inorganic calcium
salts crystallize within the osteoid. Once osteoblasts are com-
pletely surrounded by bone matrix and are no longer produc-
ing new osteoid, they are called osteocytes. Osteocytes
(cyte = cell) function to keep the bone matrix healthy. In
fact, if osteocytes die or are destroyed, the bone matrix is
resorbed.

The cells responsible for the resorption of bone are the
fourth type of cell found within bone tissue, osteoclasts.
Osteoclasts (clast = break; see Figure 6.14) are derived from
a lineage of white blood cells. These multinucleated cells break
down bone by secreting hydrochloric acid, which dissolves
the mineral component of the matrix, and lysosomal en-
zymes, which digest the organic components.

Creating and destroying bone tissue is an ongoing
process in normal, healthy bones. Destroying old bone tissue
and replacing it with new tissue helps to keep our bones
strong and enables them to respond to changing stresses.
When we are physically active, new bone is formed, strength-
ening our skeletal support; when we are incapacitated, as
with a broken limb or bedridden with illness, bone is resorbed
because it is not needed to support the body. We will return to
this process, called bone remodeling, later in the chapter.

check your understanding

4. Which component of bone tissue contributes to the
strength and flexibility of bone? Which contributes to
the hardness of bone?

5. What minerals are stored in bone, and which cells in
bone tissue function to remove these minerals from
the bone tissue?

6. What is the difference between an osteoblast and an
osteocyte?

For answers, see Appendix B.

Classification of Bones

» Describe the gross anatomy of a typical long bone and
a typical flat bone.

» Explain how bones withstand tension and compression.

» Describe the types of markings found on bones.
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(a) Long bone (humerus)

(b) Irregular bone (vertebra),
right lateral view

FIGURE 6.3 Classification of bones.

Bones come in many sizes and shapes. For example, the
tiny pisiform bone of the wrist is the size and shape of a pea,
whereas the femur (thigh bone) is large and elongated. The
shape of each bone reflects its function and formation. The
femur, for example, must withstand great weight and pres-
sure, and its hollow cylindrical design provides maximum
strength with minimum weight.

Bones are classified by their shape as long, short, flat, or
irregular (Figure 6.3).

1. Long bones. As their name suggests, long bones are con-
siderably longer than they are wide (Figure 6.3a). A long
bone has a shaft plus two distinct ends. Most bones in the
limbs are long bones. These bones are named for their
elongated shape, not their overall size: The bones of the
fingers and toes are long bones, even though they are
small.
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(c) Flat bone (sternum)

& >

(2 B
(d) Short bone (talus)

Short bones. Short bones are roughly cube-shaped. They
occur in the wrist and the ankle (Figure 6.3d).

Sesamoid bones (ses’ah-moid; “shaped like a sesame
seed”) are a special type of short bone that forms within a
tendon. A good example is the kneecap, or patella.
Sesamoid bones vary in size and number in different peo-
ple. Some clearly act to alter the direction of pull of a
tendon. Others reduce friction and modify pressure in
tendons, thus reducing abrasion or tearing.

Flat bones. Flat bones are thin, flattened, and usually
somewhat curved (Figure 6.3c). Most cranial bones of
the skull are flat, as are the ribs, sternum (breastbone),
and scapula (shoulder blade).

Irregular bones. Irregular bones have various shapes that
do not fit into the previous categories. Examples are the
vertebrae and hip bones (Figure 6.3b).
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FIGURE 6.4 The structure of a long bone (humerus). (a) Anterior view, with the
bone sectioned frontally to show the interior at the proximal end. (b) Enlargement of
(a), showing the spongy bone and compact bone of the epiphysis. (c) Enlargement of
the diaphysis from (a). Note that the external surface of the diaphysis is covered with
periosteum but that the articular surface of the epiphysis is covered with hyaline

cartilage.

Gross Anatomy of Bones
Compact and Spongy Bone

Almost every bone of the skeleton has a dense outer layer that
looks smooth and solid to the naked eye. This external layer is
compact bone (Figure 6.4 and Figure 6.5). Internal to this is
spongy bone, also called trabecular bone, a honeycomb of
small needle-like or flat pieces called trabeculae (trah-bek'u-le;
“little beams™). In this network, the open spaces between the
trabeculae are filled with red or yellow bone marrow.

Structure of a Typical Long Bone
With few exceptions, all the long bones in the body have the
same general structure (Figure 6.4).

Diaphysis and Epiphyses The tubular diaphysis (di-af’i-
sis), or shaft, forms the long axis of a long bone; the epiphyses

(e-pif'i-sez) are the bone ends (Figure 6.4a). The joint surface of
each epiphysis is covered with a thin layer of hyaline cartilage
called the articular cartilage. Between the diaphysis and each
epiphysis of an adult long bone is an epiphyseal line. This line
is a remnant of the epiphyseal plate, a disc of hyaline cartilage
that grows during childhood to lengthen the bone.

Blood Vessels Unlike cartilage, bones are well vascular-
ized. In fact, at any given time between 3% and 11% of the
blood in the body is in the skeleton. The main vessels serving
the diaphysis are a nutrient artery (Figure 6.4c) and a nutrient
vein. Together these run through a hole in the wall of the diaph-
ysis, the nutrient foramen (fo-ra’men; “opening”). The nutrient
artery runs inward to supply the bone marrow and the spongy
bone. Branches then extend outward to supply the compact
bone. Several epiphyseal arteries and veins serve each epiph-
ysis in the same way.



www.konkur.in

The Medullary Cavity The interior of all bones consists
largely of spongy bone. However, the very center of the diaph-
ysis of long bones contains no bone tissue at all and is called
the medullary cavity (med’'u-lar-e; “middle”) or marrow cav-
ity (Figure 6.4a). As its name implies, this cavity is filled with
yellow bone marrow. Recall that the spaces between the tra-
beculae of spongy bone are also filled with marrow.

Membranes A connective tissue membrane called the
periosteum (per”’e-os’te-um; ‘“around the bone”) covers
the entire outer surface of each bone except on the ends of the
epiphyses, where articular cartilage occurs (Figure 6.5a and
6.5b). This periosteal membrane has two sublayers: a superfi-
cial layer of dense irregular connective tissue, which resists
tension placed on a bone during bending, and a deep layer
that abuts the compact bone. This deep layer is osteogenic,
containing bone-depositing cells (osteoblasts) and bone-
destroying cells (osteoclasts). These cells remodel bone
surfaces throughout our lives (see p. 137 for details). The os-
teogenic cells of the deep layer of the periosteum are indistin-
guishable from the fibroblasts within this layer. During
periods of bone growth or deposition, the osteogenic cells
differentiate into osteoblasts. These osteoblasts produce the
layers of bone tissue that encircle the perimeter of the bone,
the circumferential lamellae (see Figure 6.8a).

The periosteum is richly supplied with nerves and blood
vessels, which is why broken bones are painful and bleed
profusely. The vessels that supply the periosteum are
branches from the nutrient and epiphyseal vessels. The peri-
osteum is secured to the underlying bone by perforating
fibers (Sharpey’s fibers), thick bundles of collagen that run
from the periosteum into the bone matrix (Figure 6.4c). The
periosteum also provides insertion points for the tendons and
ligaments that attach to a bone. At these points, the perforat-
ing fibers are exceptionally dense.

Whereas periosteum covers the external surface of bones,
internal bone surfaces are covered by a much thinner con-
nective tissue membrane called endosteum (en-dos’te-um;
“within the bone”). Specifically, endosteum covers the tra-
beculae of spongy bone (Figure 6.4b); it also lines the
central canals of osteons (see Figure 6.7a). Like periosteum,
endosteum is osteogenic, containing both osteoblasts and os-
teoclasts.

Structure of Short, Irregular, and Flat Bones

Short, irregular, and flat bones have much the same composi-
tion as long bones: periosteum-covered compact bone exter-
nally and endosteum-covered spongy bone internally.
However, because these bones are not cylindrical, they have no
diaphysis. They contain bone marrow (between the trabeculae
of their spongy bone), but no marrow cavity is present. Figure
6.5 shows a typical flat bone of the skull. In flat bones, the in-
ternal spongy bone is called diploé (dip'lo-¢; “double™). A flat
bone might be likened to a reinforced sandwich in structure.

Bone Design and Stress

The anatomy of each bone reflects the stresses most commonly
placed on it. Bones are subjected to compression as weight
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Compact
bone

Trabeculae

FIGURE 6.5 Structure of a flat bone. Flat bones consist of a
layer of spongy bone (the diploé&) sandwiched between two thin
layers of compact bone. (Photomicrograph at bottom, 25X.)

bears down on them or as muscles pull on them. The loading
usually is applied off center, however, and threatens to bend the
bone (Figure 6.6a). Bending compresses the bone on one side
and stretches it (subjects it to tension) on the other. Both com-
pression and tension are greatest at the external bone surfaces.
To resist these maximal stresses, the strong, compact bone tis-
sue occurs in the external portion of the bone. Internal to this
region, however, tension and compression forces tend to cancel
each other out, resulting in less overall stress. Thus, compact
bone is not found in the bone interiors; spongy bone is suffi-
cient. Because no stress occurs at the bone’s center, the lack of
bone tissue in the central medullary cavity does not impair the
strength of long bones. In fact, a hollow cylinder is stronger
than a solid rod of equal weight, thus this design is efficient
from a biological as well as a mechanical perspective. The
spongy bone and marrow cavities lighten the heavy skeleton
and provide room for the bone marrow.
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femur

Spongy bone is not a random network of bone fragments.
Instead, the trabeculae of spongy bone seem to align along
stress lines in an organized pattern of tiny struts as crucially
positioned as the flying buttresses that support the walls of a
Gothic cathedral (Figure 6.6b).

The surfaces of bones also reflect the stresses that are
applied to the bone. The superficial surfaces have distinct bone
markings (Table 6.1) that fit into three categories: (1) projec-
tions that are the attachment sites for muscles and ligaments;
(2) surfaces that form joints; and (3) depressions and openings.
These bone markings provide a wealth of information about
the functions of bone and muscles, and on the relationship of
bones to their associated soft structures. You will identify these
markings on individual bones when you study the detailed
structure of bones presented in Chapters 7 and 8.

check your understanding

7. What are the two osteogenic membranes found in a
bone, where is each located, and what types are cells
are found in these membranes?

8. In a flat bone, where is compact bone located? Where
is spongy bone located?

9. What is the function of each of the following bone
markings—condyle, tubercle, foramen?

For answers, see Appendix B.

Microscopic Structure of Bone

» Describe the histology of compact and spongy bone.

Compact Bone

Viewed by the unaided eye, compact bone looks solid.
However, microscopic examination reveals that it is riddled
with passageways for blood vessels and nerves (Figure
6.7a). An important structural component of compact bone
is the osteon (os'te-on; “bone”), or Haversian (ha-ver’shan)
system. Osteons are long, cylindrical structures oriented
parallel to the long axis of the bone and to the main compres-
sion stresses. Functionally, osteons can be viewed as minia-
ture weight-bearing pillars. Structurally, an osteon is a group
of concentric tubes resembling the rings of a tree trunk in
cross section (Figure 6.7c). Each of the tubes is a lamella
(lah-mel’ah; “little plate™), a layer of bone matrix in which

FIGURE 6.6 Bone anatomy and bending stress. (a) Body
weight transmitted through the head of the femur (thigh bone)
threatens to bend the bone along the indicated arc. The strongest
forces occur at the periphery of the long bone—compression on
the loaded side, tension on the opposite surface—where they are
resisted by compact bone. Tension and compression cancel each
other out internally at the point of no stress; much less bone
material is needed internally. (b) Diagram of the stress trajectories
through the proximal femur during loading and photograph of the
alignment of trabeculae within the proximal femur.
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ate b Bone Markings

Name of Bone Marking Description lllustration

PROJECTIONS THAT ARE SITES OF MUSCLE AND 5 gﬁzt !")

LIGAMENT ATTACHMENT \ _ \(/ -

Tuberosity Large rounded projection; may be ? , Trochanter <l = :_ntertrochanteric
(too"be-ros’i-te) roughened ] ine

Crest Narrow ridge of bone; usually / 0

Trochanter (tro-kan’ter)

Line

Tubercle (too’ber-kl)
Epicondyle (ep”i-kon’dil)
Spine

Process

Very large, blunt, irregularly

shaped process (the only

examples are on the femur) Coxal Ischial
bone tuberosity

prominent Ischial
X spine
Ot
-

Narrow ridge of bone; less
prominent than a crest

Adductor
tubercle

{ "}Fj‘"j o 4 . — Medial

Small rounded projection or

process Vertebra ) ;
: ° il thigh epicondyle
Eg:dedlearea on or above a Y/ /- e Chondyle
y s
Sharp, slender, often pointed 1 Spinous
projection process

Any bony prominence

SURFACES THAT FORM JOINTS

Head
Facet

Condyle (kon'd1l)

Bony expansion carried on a Head
narrow neck

Smooth, nearly flat articular
surface

Rounded articular projection,
often articulates with a
corresponding fossa

Mandible

DEPRESSIONS AND OPENINGS
For passage of vessels and nerves:

Foramen (fo-ra’men)

Groove
Fissure
Notch

Others:

Fossa (fos'ah)

Meatus (me-a’tus)
Sinus

Round or oval opening through a

bone

Furrow .
g . Meatus Inferior

Narrow, slitlike opening Sinus  OrPital

fissure

Indentation at the edge of a

structure Fossa Foramen

Notch
Shallow basinlike depressionina  Groove
bone, often serving as an articular

Skull
surface
Canal-like passageway

Cavity within a bone, filled with air
and lined with mucous membrane
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Compact bone Spongy bone

Perforating
(Volkmann’s) canal

Central
(Haversian) canal

Endosteum lining bony canals
and covering trabeculae

Osteon
(Haversian system)

Circumferential
lamellae

(@)
Perforating (Sharpey’s) fibers

Periosteal blood vessel

\ Periosteum

Lamellae

Central
canal

Lacunae

in a lacuna

(b) (c) Interstitial Lacuna (with osteocyte)
lamellae

FIGURE 6.7 Microscopic structure of compact bone. (a) lllustration of a section
from the diaphysis of a long bone. (b) Close-up of a portion of one osteon. (c) SEM
(left) and light photomicrograph (right) of a cross section of one osteon (215X and
200X, respectively). (See A Brief Atlas of the Human Body, Second Edition, Plate 20.)

Source: Kessel and Kardon/Visuals Unlimited.

the collagen fibers and mineral crystals align and run in a hibit crack propagation. When a crack reaches the edge of a
single direction. However, the fibers and crystals of adjacent lamella, the forces causing the crack are dispersed around the
lamellae always run in roughly opposite directions. This lamellar boundaries, thus preventing the crack from progress-
alternating pattern is optimal for withstanding torsion, or ing into deeper parts of the bone and causing fracture.

twisting, stresses (Figure 6.8). The lamellae of bone also in-
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FIGURE 6.8 A single osteon. The osteon is drawn as though
it were pulled out like a telescope to illustrate the individual
lamellae.

Through the core of each osteon runs a canal called the
central canal, or Haversian canal (see Figure 6.7a). Like all
internal bone cavities, it is lined by endosteum. The central
canal contains its own blood vessels, which supply nutrients to
the bone cells of the osteon, and its own nerve fibers. The en-
dosteum that lines the central canal is an osteogenic layer.
Unlike the growth rings in trees, lamellae of bone tissue are
added to the inner surface of the osteon, thus decreasing the
diameter of the central canal. Perforating canals, also called
Volkmann’s (folk’'mahnz) canals, lie at right angles to the
central canals and connect the blood and nerve supply of the
periosteum to that of the central canals and the marrow cavity.

The mature bone cells, the osteocytes, are spider-shaped
(Figure 6.7b). Their bodies occupy small cavities in the solid
matrix called lacunae (“little lakes”), and their “spider legs”
occupy thin tubes called canaliculi (kan”ah-lik'u-li). These
“little canals” run through the matrix, connecting neighboring
lacunae to one another and to the nearest capillaries, such as
those in the central canals. Within the canaliculi, the exten-
sions of neighboring osteocytes touch each other and form
gap junctions (see p. 75). Nutrients diffusing from capillaries
in the central canal pass across these gap junctions, from one
osteocyte to the next, throughout the entire osteon. This direct
transfer from cell to cell is the only way to supply the osteo-
cytes with the nutrients they need, because the intervening
bone matrix is too solid and impermeable to act as a diffusion
medium.

Not all lamellae in compact bone occur within osteons.
Lying between the osteons are groups of incomplete lamellae
called interstitial (in"ter-stish’al) lamellae (Figure 6.7¢).
These are simply the remains of old osteons that have been cut
through by bone remodeling. Additionally, circumferential
lamellae occur in the external and internal surfaces of the layer
of compact bone; each of these lamellae extends around the en-
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Marrow space

Trabecula

Osteocytes

Endosteum

Osteoblasts

(b)

FIGURE 6.9 Spongy bone. (a) Micrograph of spongy
bone, showing a network of bone trabeculae (20X).

(b) Photomicrograph of trabeculae (85X). (See A Brief Atlas
of the Human Body, Second Edition, Plate 21.)

tire circumference of the diaphysis (Figure 6.7a). Functioning
like an osteon but on a much larger scale, the circumferential
lamellae effectively resist twisting of the entire long bone.

Spongy Bone

The microscopic anatomy of spongy bone (Figure 6.9) is
less complex than that of compact bone. Each trabecula con-
tains several layers of lamellae and osteocytes but is too small
to contain osteons or vessels of its own. The osteocytes receive
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= y] Mesenchymal

| / cell
|| ——— Collagen
/ / fiber

-‘/7 Ossification

TN center

Osteoid
Osteoblast

@ Ossification centers appear in the fibrous connective tissue

membrane.

e Selected centrally located mesenchymal cells cluster and
differentiate into osteoblasts, forming an ossification center.

Osteoblast

Osteoid

Osteocyte

Newly calcified
bone matrix

@ Bone matrix (osteoid) is secreted within the fibrous membrane

and calcifies.

e Osteoblasts begin to secrete osteoid, which is calcified within a
few days.

e Trapped osteoblasts become osteocytes.

Mesenchyme
condensing
to form the
periosteum

Trabeculae of
woven bone

Blood vessel

@Woven bone and periosteum form.

e Accumulating osteoid is laid down between embryonic blood
vessels in a random manner. The result is a network (instead of
lamellae) of trabeculae called woven bone.

¢ Vascularized mesenchyme condenses on the external face of the
woven bone and becomes the periosteum.

¥ —  Fibrous
5 | || periosteum
_ *" Osteoblast
l-,h—PIate of
III\ compact bone
—I—Diploé (spongy

bone) cavities
contain red
marrow

@ Lamellar bone replaces woven bone, just deep to the

periosteum. Red marrow appears.

* Trabeculae just deep to the periosteum thicken and are later
replaced with mature lamellar bone, forming compact bone
plates.

e Spongy bone (diploé), consisting of distinct trabeculae, persists
internally, and its vascular tissue becomes red marrow.

their nutrients from capillaries in the endosteum surrounding
the trabecula via connections through the canaliculi.

check your understanding

10. Differentiate a central canal, a perforating canal, and
the canaliculi.

11. How do the osteocytes in the outer lamella of an
osteon receive oxygen and nutrients?

12. What is a trabecula? How is it different from an
osteon?

For answers, see Appendix B.

Bone Development and Growth

» Compare and contrast the two types of bone formation:
intramembranous and endochondral ossification.

» Describe how endochondral bones grow at their
epiphyseal plates.

Osteogenesis (0s”te-0-jen’ &-sis) and ossification are both
names for the process of bone-tissue formation. Osteogenesis
begins in the embryo, proceeds through childhood and adoles-
cence as the skeleton grows, and then occurs at a slower rate in
the adult as part of a continual remodeling of the full-grown
skeleton.

Before week 8, the skeleton of the human embryo consists
only of hyaline cartilage and some membranes of mesenchyme,
an embryonic connective tissue (Chapter 4, p. 78). Bone
tissue first appears in week 8 and eventually replaces most carti-
lage and mesenchymal membranes in the skeleton. Some
bones, called membrane bones, develop from a mesenchymal
membrane through a process called intramembranous ossifi-
cation (intra = inside). Other bones develop as hyaline carti-
lage, which is replaced through a process called endochondral
ossification (endo = within; chondro = cartilage). These
bones are called endochondral bones or cartilage replace-
ment bones.

Intramembranous Ossification

Membrane bones form directly from mesenchyme without
first being modeled in cartilage. All bones of the skull, except
a few at the base of the skull, are of this category. The clavi-
cles (collarbones) are the only bones formed by intramembra-
nous ossification that are not in the skull.

Intramembranous ossification proceeds in the following
way: During week 8 of embryonic development, mesenchy-
mal cells cluster within the connective tissue membrane and
become bone-forming osteoblasts (Figure 6.10, (1)). These
cells begin secreting the organic part of bone matrix, called

FIGURE 6.10 Intramembranous ossification: Development
of a flat bone of the skull in the fetus. Diagrams (3) and (4)
represent much lower magnification than diagrams (1) and (2).
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FIGURE 6.11 Endochondral ossification of a long bone.

osteoid, which then becomes mineralized (Figure 6.10, @).
Once surrounded by their own matrix, the osteoblasts are
called osteocytes. The new bone tissue forms between embry-
onic blood vessels, which are woven in a random network
(Figure 6.10, (3)). The result is woven bone tissue, with tra-
beculae arranged in networks. This embryonic tissue lacks
the lamellae that occur in mature spongy bone. During this
same stage, more mesenchyme condenses just external to the
developing membrane bone and becomes the periosteum.

To complete the development of a membrane bone, the
trabeculae at the periphery grow thicker until plates of com-
pact bone are present on both surfaces (Figure 6.10, (4)). In
the center of the membrane bone, the trabeculae remain dis-
tinct, and spongy bone results. The final pattern is that of the
flat bone shown in Figure 6.5.

Endochondral Ossification

All bones from the base of the skull down, except for the
clavicles, are endochondral bones. They are first modeled in
hyaline cartilage, which then is gradually replaced by bone
tissue. Endochondral ossification begins late in the second
month of development and is not completed until the skeleton
stops growing in early adulthood. Growing endochondral
bones increase both in length and in width. The following
stages outline only the increase in length, using a large long
bone as an example (Figure 6.11).

@The periosteal
bud invades the

internal cavities,
and spongy bone
begins to form.
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Articular
cartilage

Secondary
ossification
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@The epiphyses ossify.
When completed, hyaline
cartilage remains only in
the epiphyseal plates and
articular cartilages.

@The diaphysis
elongates and a
medullary cavity forms
as ossification continues.
Secondary ossification
centers appear in the
epiphyses in preparation
for stage 5.

(1) A bone collar forms around the diaphysis. In the late em-
bryo (week 8), the endochondral bone begins as a piece of
cartilage called a cartilage model. Like all cartilages, it is
surrounded by a perichondrium. Then, at the end of week
8 of development, the perichondrium surrounding the di-
aphysis is invaded by blood vessels and becomes a bone-
forming periosteum. Osteoblasts in this new periosteum
lay down a collar of bone tissue around the diaphysis.

Cartilage calcifies in the center of the diaphysis. At the
same time the bone collar forms, the chondrocytes in the
center of the diaphysis enlarge (hypertrophy) and signal
the surrounding cartilage matrix to calcify. The matrix of
calcified cartilage is impermeable to diffusing nutrients.
Cut off from all nutrients, the chondrocytes die and disin-
tegrate, leaving cavities in the cartilage. No longer main-
tained by chondrocytes, the cartilage matrix starts to
deteriorate. This does not seriously weaken the diaphysis,
which is well stabilized by the bone collar around it. These
changes affect only the center of the diaphysis. Elsewhere,
the cartilage remains healthy and continues to grow, caus-
ing the entire endochondral bone to elongate.

The periosteal bud invades the diaphysis, and the first
bone trabeculae form. In the third month of development,
the cavities within the diaphysis are invaded by a collection
of elements called the periosteal bud. This bud consists of
a nutrient artery and vein, along with the cells that will
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FIGURE 6.12 Organization of the cartilage within the
epiphyseal plate of a growing long bone (110X). The
chondrocytes adjacent to the epiphysis are inactive. This region
is the resting zone. The other cartilage cells within the
epiphyseal plate are organized into four distinct zones: growth,
hypertrophic, calcification, and ossification.

form the bone marrow. Most important, the bud contains
bone-forming and bone-destroying cells (osteogenic stem
cells and osteoclasts). The entering osteoclasts partly erode
the matrix of calcified cartilage, and the osteogenic cells
differentiate into osteoblasts, which secrete osteoid around
the remaining fragments of this matrix, forming bone-
covered trabeculae. In this way, the earliest version of
spongy bone appears within the diaphysis.

By the third month of development, bone tissue con-
tinues to form around the diaphysis from the periosteum
and has begun to appear in the center of the diaphysis.
This bone tissue of the diaphysis makes up the primary
ossification center.

(4) Diaphysis elongates, and the medullary cavity forms.
Throughout the rest of the fetal period, the cartilage of the
epiphysis continues to grow rapidly, with the part nearest
the diaphysis continually calcifying and being replaced by
the bone trabeculae, thus elongating the diaphysis.

Osteoclasts in turn break down the ends of these bone tra-
beculae to form a central, boneless medullary cavity.

Shortly before or after birth, the epiphyses gain bone
tissue: First, the cartilage in the center of each epiphysis
calcifies and degenerates. Then, a bud containing the epi-
physeal vessels invades each epiphysis. Bone trabeculae
appear, just as they appeared earlier in the primary ossifi-
cation center. The areas of bone formation in the epiphy-
ses are called secondary ossification centers. The larger
long bones of the body can have several ossification cen-
ters in each epiphysis.

(5) Epiphyses ossify, and cartilaginous epiphyseal plates
separate diaphysis and epiphyses. After the secondary
ossification centers have appeared and epiphyses have
largely ossified, hyaline cartilage remains at only two
places: (1) on the epiphyseal surfaces, where it forms the
articular cartilages; and (2) between the diaphysis and
epiphysis, where it forms the epiphyseal plates. The
epiphyseal plates, also called growth plates, are responsi-
ble for lengthening the bones during the two decades
following birth.

Anatomy of the Epiphyseal Plate

In both the epiphyses of the fetus and the epiphyseal plates of
the child, the cartilage is organized in a way that allows it to
grow exceptionally quickly and efficiently (Figure 6.12).
The cartilage cells nearest the epiphysis are relatively small
and inactive. This region is called the resting (quiescent)
zone. Below the resting zone, the cartilage cells form tall
columns, like coins in a stack. The chondroblasts at the “top”
of the stack in the proliferation zone divide quickly, pushing
the epiphysis away from the diaphysis, thereby causing the
entire long bone to lengthen. The older chondrocytes deeper
in the stack, in the hypertrophic zone, enlarge and signal the
surrounding matrix to calcify. In the calcification zone the
cartilage matrix becomes calcified and the chondrocytes die.
This process leaves long spicules (trabeculae) of calcified
cartilage on the diaphysis side of the epiphysis-diaphysis
junction. These spicules are partly eroded by osteoclasts, then
covered with bone tissue by osteoblasts, forming spicules of
bone. This region is the ossification zone. These bony
spicules are destroyed from within the diaphysis by the action
of osteoclasts at the same rate that they are formed at the
epiphysis; thus they stay a constant length and the marrow
cavity grows longer as the long bone lengthens.

Postnatal Growth of Endochondral Bones

During childhood and adolescence, the endochondral bones
lengthen entirely by growth of the epiphyseal plates.
Because its cartilage is replaced with bone tissue on the di-
aphysis side about as quickly as it grows, the epiphyseal
plate maintains a constant thickness while the whole bone
lengthens. As adolescence draws to an end, the chondro-
blasts in the epiphyseal plates divide less often, and the
plates become thinner. Eventually, they exhaust their sup-
ply of mitotically active cartilage cells, so the cartilage
stops growing and is replaced by bone tissue. Long bones
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stop lengthening when the bone of the epiphyses and di-
aphysis fuses. This process, called closure of the epiphyseal
plates, occurs at about 18 years of age in women and 21 years
of age in men. After the epiphyseal plates close, a person
can grow no taller. The age of a child or adolescent can be
estimated by measuring bone length and degree of closure
of the epiphyseal plate of a long bone, as shown on an
X-ray image. In adults, because no further growth in length
occurs after closure of the epiphyseal plates, long bone
length can be used to estimate overall height. Both of these
techniques are used forensically to help identify unknown
individuals.

ACHONDROPLASIA A congenital condition called
achondroplasia (a-kon”dro-pla’ze-ah) involves defective
growth of cartilage and defective endochondral ossification.
This condition results from a mutation in a gene on
chromosome 4 (fibroblastic growth factor receptor-3 gene
or FGFR3). Increased activity of this gene inhibits cartilage
proliferation in the epiphyseal plates. As a result, the
growth and hypertrophic zones of the epiphyseal plate are
narrow and disorganized, and ossification and closure of
the epiphyseal plate occurs before normal bone length is
reached. Achondroplasia results in typical dwarfism, in
which the limbs are short but the trunk and membrane
bones are of normal size. Although this condition

is genetic, 80% of cases are the result of new

mutations. It is also not rare, affecting between

11n 15,000 and 1 in 40,000 people.

Growing bones must also widen as they lengthen. Osteo-
blasts in the osteogenic layer of the periosteum add bone tis-
sue to the external face of the diaphysis as osteoclasts in the
endosteum remove bone from the internal surface of the di-
aphysis wall. These two processes occur at about the same
rate, so that the circumference of the long bone expands and
the bone widens. Growth of a bone by the addition of bone
tissue to its surfaces is called appositional growth.

This section has focused on the growth and development
of large long bones. The other types of endochondral bones
grow in slightly different ways. Short bones, such as those in
the wrist, arise from only a single ossification center. Most of
the irregular bones, such as the hip bone and vertebrae, de-
velop from several distinct ossification centers. Small long
bones, such as those in the palm and fingers, form from a pri-
mary ossification center (diaphysis) plus a single secondary
center; that is, they have just one epiphysis. However, regard-
less of the number and location of ossification centers, all
endochondral bones follow steps similar to those shown in
Figure 6.11: calcification and deterioration of cartilage
internally, invasion of a periosteal bud containing osteoclasts
and osteogenic stem cells, and deposition of bone tissue by
osteoblasts.

Bone growth is regulated by several hormones, primarily
growth hormone (produced by the pituitary gland), which
stimulates the epiphyseal plates to grow. Thyroid hormones
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modulate the effects of growth hormone, ensuring that the
skeleton retains its proper proportions as it grows. The sex
hormones (androgens and estrogens) first promote bone
growth in the growth spurt at adolescence and later induce the
epiphyseal plates to close, ending growth.

check your understanding

13. Which bones of the skeleton are membrane bones?

14. Which portion of the long bones in a 6-month-old
fetus is ossified?

15. As a bone grows in length during childhood, does
the thickness of the epiphyseal plate change? In
which region of the epiphyseal plate is bone tissue
added: the epiphyseal end or the diaphyseal end?

For answers, see Appendix B.

Bone Remodeling

» Discuss how bone tissue is remodeled within the
skeleton.

» Explain the steps in the healing of bone fractures.

Bones appear to be the most lifeless of body organs when
seen in the lab, and once they are formed, they seem set for
life. Nothing could be further from the truth. Bone is a
dynamic and active tissue. Large amounts of bone matrix and
thousands of osteocytes are continuously being removed and
replaced within the skeleton, and the small-scale architecture
of bones constantly changes. As much as half a gram of cal-
cium may enter or leave the adult skeleton each day.

In the adult skeleton, bone is deposited and removed pri-
marily at the endosteal surface. Together, these two processes
constitute bone remodeling. The spongy bone in the skele-
ton, which is covered with endosteum, is entirely replaced
every 3 or 4 years. Remodeling in compact bone occurs at the
endosteum lining the central canals of the osteons. This
process occurs more slowly than in spongy bone; compact
bone is completely replaced every 10 years.

Bone remodeling is coordinated by cohorts of adjacent
osteoblasts and osteoclasts (Figure 6.13). In healthy young
adults, the total mass of bone in the body stays constant, an
indication that the rates of deposit and resorption are essen-
tially equal. The remodeling process is not uniform, however.
Some bones (or bone parts) are very heavily remodeled; oth-
ers are not. For example, the distal region of the femur is fully
replaced every 5 to 6 months, whereas the diaphysis of the
femur changes much more slowly.

Bone resorption is accomplished by osteoclasts (Figure
6.13 and Figure 6.14). Each of these giant cells has many
nuclei. Osteoclasts crawl along bone surfaces, essentially
digging pits as they break down the bone tissue (Figure
6.13). The part of their plasma membrane that touches the
bone surface is highly folded, or ruffled. This expanded
membrane forms a tight seal against the bone and secretes
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Spongy bone

Trabeculae of
spongy bone

Osteoclast —\ Osteoblast New —\

Deposition of new
bone by osteoblasts

matrix by osteoclasts

FIGURE 6.13 Remodeling of spongy bone. Resorption of bony matrix by osteoclasts
from a cavity at the bone surface. Osteoblasts from the endosteum fill in the cavity

forming new bone.

concentrated hydrochloric acid, which dissolves the mineral
part of the matrix. The liberated calcium ions (Ca2+) and
phosphate ions (PO4>") enter the tissue fluid and the blood-
stream. Lysosomal enzymes are also released across the
ruffled membrane and digest the organic part of the bone
matrix. Finally, osteoclasts apparently take up collagen and
dead osteocytes by phagocytosis.

Bone deposition is accomplished by osteoblasts, these
cells lay down organic osteoid on bone surfaces (Figure
6.13), and calcium salts crystallize within this osteoid. This
calcification process takes about a week. As stated earlier,
the osteoblasts transform into osteocytes when they are
surrounded by bone matrix.

Bone-forming osteoblasts derive from mesenchyme
cells. In adults, osteoblasts form from mesenchyme-like
stem cells located in the periosteum, the endosteum, and the
connective tissues of the nearby bone marrow. Osteoclasts,
which also form in the bone marrow, arise from immature
blood cells called hematopoietic stem cells, and they may be
related to macrophages. Many of these stem cells fuse to-
gether to form each osteoclast, thus their multinucleate
structure.

The bones of the skeleton are continually remodeled for
two reasons. First, bone remodeling helps maintain constant
concentrations of Ca>* and PO, in body fluids. Ca®" levels
are strictly controlled because Ca”" is critical for muscle con-
traction. When the concentration of Ca>" in body fluids starts
to fall, a hormone is released by the parathyroid (par”ah-thi’-
roid) glands of the neck. This parathyroid hormone stimu-
lates osteoclasts to resorb bone, a process that releases more
Ca®" into the blood.

Second, bone is remodeled in response to the mechani-
cal stress it experiences. Accordingly, both the osteons of
compact bone and the trabeculae of spongy bone are con-

stantly replaced by new osteons and trabeculae that are more
precisely aligned with newly experienced compressive and
tensile stresses. Furthermore, bone grows thicker in response
to the forces experienced during exercise and gains in
weight. Conversely, in the absence of mechanical stress,
bone tissue is lost, which is why the bones of bedridden peo-
ple atrophy. A loss of bone under near-zero-gravity condi-
tions is the main obstacle to long missions in outer space. To
slow bone loss, astronauts perform isometric exercises dur-
ing space missions.

Bone matrix

Osteocyte within
a lacuna

Ruffled border
of osteoclast

Nuclei

FIGURE 6.14 An osteoclast. Photomicrograph of an
osteoclast destroying bone tissue (1070X).
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FIGURE 6.15 Stages in the healing of a bone fracture.

Repair of Bone Fractures

Despite their strength, bones are susceptible to fractures, or

breaks. In young people, most fractures result from trauma

(sports injuries, falls, or car accidents, for example) that

twists or smashes the bones. In old age, bones thin and

weaken, and fractures occur more often. A fracture in which

the bone breaks cleanly but does not penetrate the skin is a

simple fracture. When broken ends of the bone protrude

through the skin, the fracture is compound. Other common

types of fractures are explained in Table 6.2 (p. 140).

A fracture is treated by reduction, the realignment of the
broken bone ends. In closed reduction, the bone ends are
coaxed back into position by the physician’s hands. In open
reduction, the bone ends are joined surgically with pins or
wires. After the broken bone is reduced, it is immobilized by
a cast or traction to allow the healing process to begin.
Healing time is about 6 to 8 weeks for a simple fracture, but it
is longer for large, weight-bearing bones and for the bones of
older people.

The healing of a simple fracture occurs in several phases
(Figure 6.15).

(1) Hematoma formation. The fracture is usually accompa-
nied by hemorrhaging. Blood vessels break in the perios-
teum and inside the bone, releasing blood that clots to
form a hematoma. The stages of inflammation, described
in Chapter 4 (p. 93), are evident in and around the clot.

Fibrocartilaginous callus formation. Within a few days,
new blood vessels grow into the clot. The periosteum and
endosteum near the fracture site show a proliferation of
bone-forming cells, which then invade the clot, filling it
with repair tissue called soft callus (kal'us; “hard skin”).
Initially, the soft callus is a fibrous granulation tissue
(p. 93). As more fibers are produced, the soft callus be-
comes a dense connective tissue containing fibrocartilage
and hyaline cartilage. At this point, the soft callus is also
called a fibrocartilaginous callus.
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fracture
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@ Bone remodeling
occurs.

@ Bony callus forms.

@ Bony callus formation. Within a week, trabeculae of new
bone begin to form in the callus, mostly by endochondral
ossification. These trabeculae span the width of the callus
and unite the two fragments of the broken bone. The callus
is now called a bony callus, or hard callus, and its trabecu-
lae grow thicker and stronger and become firm about
2 months after the injury.

Bone remodeling. Over a period of many months, the
bony callus is remodeled. The excess bony material is
removed from both the exterior of the bone shaft and the
interior of the medullary cavity. Compact bone is laid
down to reconstruct the shaft walls. The repaired area
resembles the original unbroken bone region, because it
responds to the same set of mechanical stresses.

check your understanding

16.
17.

How does exercise affect bone? Why?

How does bone remodeling help repair a bone after
a fracture?

18. Which types of bone fractures are more common in

older individuals (see Table 6.2)?

For answers, see Appendix B.

DISORDERS OF BONES

» Relate the disease processes that cause osteoporosis,
osteomalacia, rickets, Paget's disease, and
osteosarcoma to what you have learned about
the structure, composition, and growth of bone
tissue.

Identify the symptoms and treatments for each of these
diseases.
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Common Types of Fractures

Fracture Type Description and Comments

Comminuted Bone fragments into three or more pieces.

Particularly common in the aged, whose
bones are more brittle.

Fracture Type Description and Comments

Compression Bone is crushed.

Common in porous bones (i.e.,
osteoporotic bones) subjected to extreme
trauma, as in a fall.

Crushed
vertebra

Spiral Ragged break occurs when excessive Epiphyseal Epiphysis separates from the diaphysis
twisting forces are applied to a bone. along the epiphyseal plate.
Common sports fracture. Tends to occur where cartilage cells are dying
and calcification of the matrix is occurring.
\
Depressed Broken bone portion is pressed inward. Greenstick Bone breaks incompletely, much in the way

Typical of skull fracture.

a green twig breaks. Only one side of the
shaft breaks; the other side bends.

Common in children, whose bones have
relatively more organic matrix and are more
flexible than those of adults.
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As mentioned in the introduction to this chapter, nutri-
tional deficiencies and disease processes are reflected in our
skeleton. Studying the skeletal remains of prehistoric human
populations can reveal a wealth of information about their nu-
trition and lifestyle. For modern humans, understanding the
growth and development of bone is essential for treating dis-
eases of the skeletal system.

Osteoporosis

Osteoporosis (0s”te-0-po-ro’sis; “bone-porous-condition”)
is characterized by low bone mass and a deterioration of the
microscopic architecture of the bony skeleton (Figure 6.16).
Although the chemical composition of the matrix remains
normal, bone resorption outpaces bone deposition, in associa-
tion with elevated numbers of osteoclasts. Osteoporotic bones
become porous and light. The compact bone becomes thinner
and less dense than normal, and the spongy bone has fewer
trabeculae. The loss of bone mass often leads to fractures.
Even though osteoporosis affects the whole skeleton, the ver-
tebral column is most vulnerable, and compression fractures
of the vertebrae are frequent. The femur (thigh bone), espe-
cially its neck near the hip joint, is also very susceptible to
fracture. A break there, called a broken hip, is a common
problem in people with osteoporosis.

Osteoporosis occurs most often in the aged, particularly
in women who have gone through menopause. Although men
develop it to a lesser degree, 30% of American women be-
tween the ages of 60 and 70 have osteoporosis; 70% have it
by age 80. Moreover, 30% of all Caucasian women (the most
susceptible group) will experience a bone fracture due to
osteoporosis. Estrogen deficiency is strongly implicated in
osteoporosis in older women because the secretion of estro-
gens, which helps maintain bone density, wanes after
menopause. Additional factors that contribute to osteoporosis
include insufficient exercise to stress the bones and a diet
poor in calcium and protein. Because bone deposition rates
are high during adolescence and early adulthood, proper diet
and exercise during these years is critical to developing and
maintaining healthy bone in later life.

Osteoporosis has traditionally been treated by supple-
mental calcium and vitamin D (remember from Chapter 5
that vitamin D is necessary for the absorption of calcium
from the digestive tract), increased exercise, and estrogen re-
placement. Because of the increased risk of heart attack,
stroke, and breast cancer associated with estrogen replace-
ment therapy, this is a controversial treatment. Newer treat-
ments use either bisphosphonate drugs, such as alendronate
and risedronate, or hormones (calcitonin, for example) to
suppress osteoclast activity and slow bone loss. Selective es-
trogen receptor modulators (SERMs) such as raloxifene and
tamoxifen mimic the beneficial effects of estrogen but target
bone alone, without any undesired stimulation of tissues of
the breast and uterus. These new treatments do not provide a
cure, but they do increase bone mass to a moderate degree
and significantly lessen the risk of fractures.
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(b) Osteoporotic bone

FIGURE 6.16 Osteoporosis. Scanning electron micrographs,
artificially colored (about 80X).

Osteomalacia and Rickets

The term osteomalacia (os”te-o-mah-la’she-ah; “soft bones”)
applies to a number of disorders in adults in which the bones
are inadequately mineralized. Even though osteoid matrix is
produced, calcification does not occur, and the bones soften
and weaken. The main symptom is pain when weight is put on
the affected bone.

Rickets, the analogous disease in children, is accompa-
nied by many of the same signs and symptoms. Because
young bones are still growing rapidly, however, rickets is
more severe than osteomalacia. Along with weakened and
bowed leg bones, malformations of the child’s head and rib
cage are common. Because the epiphyseal plates cannot be
replaced with calcified bone, they grow atypically thick, and
the epiphyses of the long bones become abnormally long.

Osteomalacia and rickets are caused by inadequate
amounts of vitamin D or calcium phosphate in the diet. They
are cured by drinking vitamin D—fortified milk and exposing
the skin to sunlight.
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It is estimated that in the 1800s, upwards of 90% of chil-
dren in the industrialized cities of North America and Europe
suffered from rickets. The change from an agricultural soci-
ety to an industrial society resulted in large populations living
in smog-filled cities and children working long hours in fac-
tories with little exposure to sunlight. Vitamin D was added to
milk in the United States in 1930 in response to this epidemic
triggered by the Industrial Revolution. Child labor laws fol-
lowed in 1937.

Paget’s Disease

Paget’s (paj’ets) disease is characterized by excessive rates
of bone deposition and bone resorption. The newly formed
bone, called Pagetic bone, has an abnormally high ratio of
immature woven bone to mature compact bone. This, along
with reduced mineralization, makes the bones soft and weak.
Late in the course of the disease, the activity of osteoblasts
outpaces that of osteoclasts. Therefore, the bones can thicken,
but in an irregular manner, and the medullary cavities may fill
with bone. Paget’s disease may affect many parts of the skele-
ton but is usually a localized and intermittent condition. It
rarely occurs before age 40 and affects about 3% of all older
people in North America. It progresses slowly, often produces
no symptoms, and is seldom life-threatening. Its cause is un-
known, but it may be initiated by a virus, such as the virus
that causes distemper in dogs. A treatment that involves in-
hibiting osteoclasts with bisphosphonates and other drugs
shows considerable success.

Osteosarcoma

A sarcoma is any cancer arising from a connective tissue cell
or muscle cell, and osteo means “bone.” Clearly, then,
osteosarcoma is a form of bone cancer.

Osteosarcoma primarily affects young people between
10 and 25 years of age. It usually originates in a long bone of
the upper or lower limb, with 50% of cases arising near the
knee. The cancer cells derive from osteoblast-like cells of
mesenchymal origin in the parts of the diaphyses nearest the
epiphyses. Secreting osteoid and growing quickly, the tumor
alters the affected bone by eroding the medullary cavity inter-
nally and the compact bone externally. The tumor metasta-
sizes, and most deaths result from secondary tumors in the
lungs. Most osteosarcomas are recognized by the pain and the
visible swelling they produce in the affected bone, and the di-
agnosis is confirmed by X-ray studies or other medical imag-
ing techniques. Treatment begins by removing the cancerous
region of the bone and replacing it with bone grafts or pros-
theses (although limb amputation is necessary in severe
cases). This is followed by chemotherapy and surgical re-
moval of any metastases in the lung. The survival rate is 60%
to 70% if the disease is detected early.

check your understanding

19. Which diseases result from inadequate mineralization
of bone?
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FIGURE 6.17 Primary ossification centers in the skeleton
of a 12-week-old fetus.

20. If you wish to slow bone loss, the activity of which
cells in bone tissue should be targeted?

21. At what age can you best prevent the development
of osteoporosis later in life?

For answers, see Appendix B.

THE SKELETON THROUGHOUT
LIFE

» Describe how bone architecture and bone mass change
from the embryonic period to old age.

As previously noted, cartilage grows quickly during
youth and then stops growing during early adulthood. In
older adults, it shows fewer chondrocytes and some degrada-
tion and calcification of its matrix, resulting in thinning of ar-
ticular cartilage.

Bones can be said to be on a timetable from the time they
form until death. The mesoderm germ layer and neural crest
(in the skull) give rise to embryonic mesenchyme cells, which
in turn produce the membranes and cartilages that form most
of the embryonic skeleton. These structures then ossify ac-
cording to a predictable schedule. Although each bone of the
skeleton has its own developmental schedule, most long
bones start ossifying by week 8 and have obvious primary os-
sification centers by week 12 (Figure 6.17). So precise is the
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ossification timetable that the age of a fetus in the womb can
be determined from X-ray images or sonograms of the fetal
skeleton.

At birth, all bones are relatively smooth and featureless.
However, as the child increasingly uses its muscles, the bones
develop projections and other markings (see Table 6.1).
Children’s bones are not particularly weak, but the cartilage
of their epiphyseal plates is not as strong as bone. Thus,
childhood injuries often split the epiphyses off from the
diaphysis. To treat such injuries, the bone parts are manipu-
lated back into place, then stabilized with metal pins.

As mentioned earlier, the skeleton keeps growing until
the age of 18 to 21 years. In children and adolescents, the
rate of bone formation exceeds the rate of bone resorption. In
young adults, these two processes are in balance. In old age,
resorption predominates. Beginning at about age 40, the
mass of both compact and spongy bone declines. Among
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young adults, skeletal mass is generally greater in men than
in women. Age-related bone loss is greater in women than in
men.

As bone mass declines with age, other changes occur. An
increasing number of osteons remain incompletely formed,
and mineralization is less complete. The amount of nonliving
compact bone increases, reflecting a diminished blood supply
to the bones in old age.

check your understanding
22. At what age do bones begin to ossify? At what age
does bone mass begin to decline?

23. Why is age-related bone loss greater in women than
in men?

For answers, see Appendix B.

RELATED CLINICAL TERMS

BONE GRAFT Transplantation of a piece of bone from one part of a
person’s skeleton to another part where bone has been damaged or
lost. The graft, often taken from the crest of the iliac bone of the hip,
encourages regrowth of lost bone.

BONY SPUR An abnormal projection on a bone due to bone over-
growth; is common in aging bones.

OSTEALGIA (os”te-al’je-ah) (algia = pain) Pain in a bone.

OSTEOMYELITIS  (os”te-o-mi-&-li'tis; “bone and marrow inflamma-
tion”). Bacterial infection of the bone and bone marrow. The
pathogen enters bones either from infections in surrounding tissues
or through the bloodstream, or follows a compound bone fracture.

PATHOLOGIC FRACTURE Fracture occurring in a diseased bone and
involving slight or no physical trauma. An example is a broken hip
caused by osteoporosis: The hip breaks first, causing the person
to fall.

TRACTION  (“pulling”) Placing a sustained tension on a region of the
body to keep the parts of a fractured bone in the proper alignment.
Traction also keeps the bone immobilized as it heals. Without trac-
tion of the lower limb, for example, strong spasms of the large mus-
cles of the thigh would separate the fracture in a broken femur.
Traction is also used to immobilize fractures of the vertebral column,
because any movement there could crush the spinal cord.

CHAPTER SUMMARY

Cartilages (pp. 123-125)
Location and Basic Structure (p. 123)

1. Important cartilages in the adult body are cartilage in the external
ear and nose, articular cartilages, costal cartilages, the epiglottis,
cartilages of the respiratory tubes, cartilage in intervertebral discs,
and cartilage discs in certain movable joints. Cartilage makes up
most of the embryonic skeleton.

2. Perichondrium is the girdle of dense connective tissue that sur-
rounds a piece of cartilage.

3. Cartilage is resilient: Water squeezed out of its matrix by compres-
sion rushes back in as the compression eases, causing the cartilage
to spring back.

4. Growing cartilage enlarges quickly because the small amount of
matrix it manufactures attracts a large volume of water. Cartilage is
avascular and is weak in resisting shearing stresses.

Types of Cartilage (pp. 123-125)
5. The locations of hyaline, elastic, and fibrocartilage are shown in
Figure 6.1.

6. Hyaline cartilage is the most common type. Its matrix contains fine
collagen fibrils. Elastic cartilage resembles hyaline cartilage, but
its matrix also contains elastic fibers that make it pliable.
Fibrocartilage contains thick collagen fibers and can resist both
compression and extreme tension.

Growth of Cartilage (p. 125)

7. Cartilages grow from within (interstitial growth) and externally, as
chondroblasts in the perichondrium adds cartilage tissue at the pe-
riphery (appositional growth). In adults, damaged cartilage regen-
erates poorly. In the growing and aged skeleton, cartilage calcifies.

Bones (pp. 125-139)
8. Skeletal bones are considered organs because they contain differ-
ent tissue types.
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Functions of Bones (pp. 125-126)

9. Bones support body weight, act as levers for muscles to pull on,
protect soft organs, store calcium, and contain bone marrow that
makes blood cells. Bone cells also function in energy metabolism
by influencing blood sugar regulation.

Bone Tissue (p. 126)

10. Bone consists of cells plus an extracellular matrix. The matrix con-
tains organic substances secreted by osteoblasts, including colla-
gen, which gives bone tensile strength. The organic part of bone
matrix is called osteoid. Calcium phosphate salts (hydroxyapatites)
crystallize in this matrix, making bone hard and able to resist com-
pression.

11. The cells in bone tissue are osteogenic stem cells; osteoblasts,
which secrete osteoid; osteocytes, which maintain the bone matrix;
and osteoclasts, which destroy bone tissue.

Classification of Bones (pp. 126-127)
12. Bones are classified on the basis of their shape as long, short, flat,
or irregular.

Gross Anatomy of Bones (pp. 128-131)

13. Bones have an external layer of compact bone and are filled inter-
nally with spongy bone, in which trabeculae are arranged in net-
works.

14. A long bone is composed of a diaphysis or shaft, and epiphyses or
ends. Epiphyseal vessels serve each epiphysis, and nutrient vessels
serve the diaphysis. Bone marrow occurs within the spongy bone
and in a central medullary (marrow) cavity. A periosteum covers
the outer surface of bones, and an endosteum covers the inner bone
surfaces.

15. Flat bones consist of two plates of compact bone separated by a
layer of spongy bone.

16. The density of bone material and the magnitude of bending
stresses decline from the superficial to the deep regions of the
bones. Thus, the strongest forces occur at the periphery, where
they are resisted by the strong compact bone. The spaces within
bones lighten the skeleton and contain bone marrow.

17. The trabeculae of spongy bone appear to be arranged along the
dominant lines of stress experienced by the bone.

18. Bone markings are landmarks that represent sites of muscle attach-
ment, articulation, and passage of blood vessels and nerves (see
Table 6.1, p. 131).

Microscopic Structure of Bone (pp. 130-134)

19. An important structural unit in compact bone is the osteon, essen-
tially a pillar consisting of a central canal surrounded by concen-
tric lamellae. Osteocytes, embedded in lacunae, are connected to
each other and to the central canal by canaliculi.

20. Bone lamellae are concentric tubes of bone matrix. The collagen
fibers in adjacent lamellae run in roughly opposite directions. This
arrangement gives bone tissue great strength in resisting torsion
(twisting).

21. Spongy bone consists of trabeculae containing several layers of
lamellae and osteocytes, but no osteons.

Bone Development and Growth (pp. 134-137)

22. Flat bones of the skull and the clavicle form by intramembranous
ossification of embryonic mesenchyme. A network of bone tissue
woven around capillaries appears first and is then remodeled into a
flat bone.

23. Most bones develop by endochondral ossification of a hyaline carti-
lage model, starting in the late embryonic period (week 8). The stages
of development of a long bone are (1) formation of a bone collar
around the diaphysis; (2) calcification and cavitation in the center of
the diaphysis; (3) growth of a periosteal bud into the center of the
shaft, and formation of the first bone trabeculae; (4) appearance of the
medullary cavity and continued rapid growth throughout the fetal pe-
riod; near birth, secondary ossification centers occur in the epiphyses;
(5) ossification of the epiphyses and continued growth in length at the
epiphyseal plates through adolescence.

24. The growing cartilage of the fetal epiphyses and the postnatal epi-
physeal plates is organized into several zones, which allow rapid
growth. These zones are explained in Figure 6.12.

25. Endochondral bones lengthen during youth through the growth of
epiphyseal plate cartilages, which close in early adulthood.

26. Bones increase in width through appositional growth.

Bone Remodeling (pp. 137-138)

27. New bone tissue is continuously deposited and resorbed in re-
sponse to hormonal and mechanical stimuli. Together, these
processes are called bone remodeling. Bone remodeling in adults
occurs in the endosteum.

28. Osteoclasts break down bone tissue by secreting digestive en-
zymes and acid onto bone surfaces. This process releases Ca®" and
PO,4* into the blood. Parathyroid hormone stimulates this resorp-
tion of bone.

29. Osteoid is secreted by osteoblasts at areas of bone deposit.
Calcium salt is then deposited in the osteoid.

30. Compressive forces and gravity acting on the skeleton help main-
tain bone strength, because bones thicken at sites of stress.

Repair of Bone Fractures (pp. 139, 140)

31. Fractures are treated by open or closed reduction. Healing involves
the formation of a hematoma, a fibrocartilaginous callus, and a
bony callus, and then a remodeling of the callus into the original
bone pattern.

Disorders of Bones (pp. 139-142)

32. Osteoporosis is a condition in which bone breakdown outpaces
bone formation, causing bones to weaken. Postmenopausal women
are most susceptible.

33. Osteomalacia and rickets occur when bones are inadequately min-
eralized, making them soft and deformed. The most common cause
is inadequate intake or production of vitamin D.

34. Paget’s disease is characterized by excessive and abnormal remod-
eling of bone.

35. Osteosarcoma is the most common form of bone cancer.

The Skeleton Throughout Life (pp. 142-143)
36. Bone formation in the fetus occurs in a predictable and precisely
timed manner.

37. The mass of the skeleton increases dramatically during puberty
and adolescence, when bone formation exceeds resorption.

38. Bone mass is constant in young adulthood, but beginning at about
age 40, bone resorption exceeds formation.
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REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1.

Column A
— (1) trochanter
—(2) condyle

— (3) foramen

Which is a function of the skeletal system? (a) support, (b) blood
cell formation, (c) mineral storage, (d) providing levers for muscle
activity, (e) all of these.

Articular cartilages are located (a) at the ends of bones, (b) be-
tween the ribs and the sternum (breastbone), (c) between the epi-
physis and diaphysis, (d) in the nose.

The perichondrium of cartilage is similar to the of bone. (a)
articular cartilages, (b) spongy bone layer, (c) osteons, (d) marrow,
(e) periosteum.

Use the key to indicate the type of cartilage that forms each of the
structures below.

Key: (a) hyaline cartilage (b) elastic cartilage (c) fibrocartilage
— (1) articular cartilage covering the surfaces of movable joints
— (2) the epiglottis

—— (3) the thyroid cartilage

— (4) the menisci in the knee

— (5) the embryonic skeleton

Indicate whether each of the following statements is true (T) or
false (F).

— (1) Cartilage is more resilient than bone.

— (2) Cartilage is especially strong in resisting shear (bending and
twisting) forces.

— (3) Cartilage can grow faster than bone in the growing skeleton.

— (4) In the adult skeleton, cartilage heals and regenerates faster
than bone when damaged.

— (5) Neither bone nor cartilage contains capillaries.

— (6) Bone tissue contains very little water compared to other
connective tissues, while cartilage tissue contains a large
amount of water.

— (7) Nutrients diffuse quickly through cartilage matrix but very
poorly through the solid bone matrix.

A bone that has essentially the same width, length, and height is
most likely (a) a long bone, (b) a short bone, (c) a flat bone, (d) an
irregular bone.

The shaft of a long bone is properly called the (a) epiphysis, (b) peri-
osteum, (c) diaphysis, (d) compact bone.

Match the function of bone markings described in column B with
the bone markings listed in column A.

Column B
(a) attachment site for muscle or ligament
(b) forms a joint surface

(c) passageway for vessels or nerves

— (4) process

—(5) facet

— (6) tuberosity

10.

11.

12.

13.

14.

15.

16.

17.

18.

Column A

— (1) located within lacunae
— (2) secrete matrix

— (3) maintain bone matrix

— (4) destroy bone tissue

The osteon exhibits (a) a central canal containing blood vessels,
(b) concentric lamellae of matrix, (c) osteocytes in lacunae, (d) all
of these.

The flat bones of the skull develop from (a) areolar tissue, (b) hya-
line cartilage, (c) mesenchyme membranes, (d) compact bone.

The following events apply to the endochondral ossification
process as it occurs in the primary ossification center. Put these
events in their proper order by assigning each a number (1-6).

(a) Cartilage in the diaphysis calcifies, and chondrocytes die and
disintegrate, leaving cavities.

—— (b) A collar of bone is laid down around the hyaline cartilage
model just deep to the periosteum.

(¢) The periosteal bud invades the center of the diaphysis.

— (d) The perichondrium of shaft becomes more vascularized and
becomes a periosteum.

(e) Osteoblasts first deposit bone tissue around the cartilage
spicules within the diaphysis.

— (f) Osteoclasts remove the bone from the center of the diaph-
ysis, leaving a medullary cavity that then houses marrow.

The remodeling of bone tissue is a function of which cells?
(a) chondrocytes and osteocytes, (b) osteoblasts and osteoclasts,
(c) chondroblasts and osteoclasts, (d) osteoblasts and osteocytes.

Osteogenic cells are located in (a) the lacunae, (b) the fibrous layer
of the periosteum, (c) the endosteum, (d) the perichondrium,
(e) the growth zone of the epiphysis.

A fracture in which the bone penetrates soft tissue and skin is (a)
greenstick, (b) compound, (c) simple, (d) comminuted, (e) com-
pression.

The disorder in which bones are porous and thin but the chemistry
of the bone matrix remains normal is (a) osteomalacia, (b) osteo-
porosis, (c) osteomyelitis, (d) Paget’s disease.

Where within an epiphyseal plate is the calcified cartilage located?
(a) nearest the diaphysis, (b) in the medullary cavity, (c) farthest
from the diaphysis, (d) in the primary ossification center, (e) all of
these.

Endosteum is in all these places, except: (a) around the exterior of
the femur, (b) on the trabeculae of spongy bone, (c) on the lining of
the central canal of an osteon, (d) often in direct contact with bone
marrow.

Match the cells listed in column B with the descriptions in column
A. More than one answer may be correct.

Column B

(a) osteoblasts
(b) osteocytes
(c) osteoclasts

(d) chondrocytes

—(5) located in the endosteum
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Short Answer Essay Questions

19.

20.

21.

Explain (a) why cartilages are resilient and (b) why cartilage can
grow so quickly in the developing skeleton.

Some anatomy students are joking between classes, imagining
what a bone would look like if it had spongy bone on the outside
and compact bone on the inside, instead of the other way around.
You tell the students that such an imaginary bone would be of poor
mechanical design and would break very easily when bent.
Explain why this is so.

When and why do the epiphyseal plates close?

22.

23.

24.

25.
26.

During what period of life does skeletal mass increase dramati-
cally? Begin to decline? Why are fractures most common in older
adults?

In a piece of cartilage in the young skeleton, interstitial and apposi-
tional growth occur together. Compare and contrast interstitial and
appositional growth.

Photocopy a picture of a skeleton, and then use a red pencil to
color its membrane bones and a blue pencil to color its endochon-
dral bones.

Differentiate the following: osteoclast, osteocyte, osteoblast, osteon.

List three structural features of cartilage and bone tissue that are
similar. List three structural features that are different.

CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

Explain why people confined to wheelchairs because of paralyzed
lower limbs have thin, weak bones in their thighs and legs.

While walking home from class, 52-year-old Ike fell. He broke a
bone and damaged cartilage in his knee. Assuming no special tis-
sue grafts are made, which will probably heal faster, the bone or
the cartilage? Why?

Carlos went to weight-lifting camp in the summer between seventh
and eighth grade. He noticed that the trainer put tremendous pres-
sure on participants to improve their strength. After an especially
vigorous workout, Carlos’s arm felt extremely sore and weak
around the elbow. He went to the camp doctor, who took X-ray
photos and then told him that the injury was serious because the
“end, or epiphysis, of his upper arm bone was starting to twist off.”
What had happened? Could the same thing happen to Carlos’s 23-
year-old sister, Selena, who was also starting a weight-lifting pro-
gram? Why or why not?

Ming posed the following question: “If the epiphyseal growth
plates are growing so fast, why do they stay thin? Growing things
are supposed to get larger or thicker, but these plates remain the
same thickness.” How would you answer her?

Old Norse stories tell of a famous Viking named Egil, an actual
person who lived around A.D. 900. His skull was greatly enlarged
and misshapen, and the cranial bones were hardened and thickened
(6 cm, or several inches, thick). After he died, his skull was dug up,
and it withstood the blow of an ax without damage. In life, he had
headaches from the pressure exerted by enlarged vertebrae on his
spinal cord. So much blood was diverted to his bones to support
their extensive remodeling that his fingers and toes always felt
cold, and his heart was damaged through overexertion. What bone
disorder did Egil probably have?

6. Bernice, a 75-year-old woman, stumbled slightly while walking,

then felt a terrible pain in her left hip. At the hospital, X-ray pic-
tures revealed that the hip was broken. Furthermore, the spongy
bone throughout her spine was very thin. What condition does
Bernice probably have?

Why might repeated pregnancies cause a woman to develop osteo-
malacia?

Traditional treatments for osteoporosis address calcium deficien-
cies in the diet and the importance of weight-bearing exercise.
Describe how weight-bearing exercise improves bone mass.
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“dried-up body” or “mummy,” a rather disparaging de-

scription. Nonetheless, this internal framework is a
greater triumph of design and engineering than any sky-
scraper. The skeleton is strong yet light, wonderfully adapted
for the weight-bearing, locomotive, protective, and manipula-
tive functions it performs.

The word skeleton comes from a Greek word meaning

The skeleton consists of bones, cartilages, joints, and
ligaments. Joints, also called articulations, are the junctions be-
tween skeletal elements. Ligaments connect bones and reinforce
most joints. Bones are described in this and the next chapter;
joints and their ligaments are discussed in detail in Chapter 9.

The 206 named bones of the human skeleton are grouped
into the axial and appendicular skeletons (Figure 7.1). The
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(a) Anterior view

(b) Posterior view

FIGURE 7.1 The human skeleton. Bones of the axial skeleton are colored green.

Bones of the appendicular skeleton are tan.
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appendicular (ap”en-dik’u-lar) skeleton, the subject of
Chapter 8, consists of the bones of the upper and lower limbs,
including the pectoral (shoulder) and pelvic girdles that
attach the limbs to the axial skeleton.

The axial skeleton, which forms the long axis of the
body, is the focus of this chapter. It has 80 named bones
arranged into three major regions: the skull, vertebral
column, and thoracic cage (see Figure 7.1). This axial divi-
sion of the skeleton supports the head, neck, and trunk, and
protects the brain, spinal cord, and the organs in the thorax.

THE SKULL

» Name and describe the bones of the skull. Identify their
important features.

» Compare the functions of the cranial and facial bones.

The skull is the body’s most complex bony structure. It is
formed by cranial and facial bones (Figure 7.2a). The cranial
bones, or cranium (kra'ne-um), enclose and protect the brain
and provide attachment sites for some head and neck
muscles. The facial bones (1) form the framework of the face;
(2) form cavities for the sense organs of sight, taste, and
smell; (3) provide openings for the passage of air and food;
(4) hold the teeth; and (5) anchor the muscles of the face.

Most skull bones are flat bones and are firmly united by
interlocking, immovable joints called sutures (soo’cherz;
“seams”). The suture lines have an irregular, saw-toothed
appearance. The longest sutures—the coronal, sagittal, squa-
mous, and lambdoid sutures—connect the cranial bones.
Most other skull sutures connect facial bones and are named
according to the specific bones they connect.

Overview of Skull Geography

It is worth surveying basic skull “geography” before describ-
ing the individual bones. With the lower jaw removed, the
skull resembles a lopsided, hollow, bony sphere. The facial
bones form its anterior aspect, and the cranium forms the rest.
The cranium can be divided into a vault and a base. The
cranial vault, also called the calvaria (kal-va're-ah; “bald part
of skull”) or skullcap, forms the superior, lateral, and posterior
aspects of the skull, as well as the forehead region. The
cranial base, or floor, is the inferior part. Internally, prominent
bony ridges divide the cranial base into three distinct “steps,”
or fossae—the anterior, middle, and posterior cranial fossae
(Figure 7.2b). The brain sits snugly in these cranial fossae and
is completely enclosed by the cranial vault (Figure 7.2c).
Overall, the brain is said to occupy the cranial cavity.

In addition to its large cranial cavity, the skull contains
many smaller cavities, including the middle ear and inner ear
cavities (carved into the lateral aspects of the cranial base),
the nasal cavity, and the orbits (Figure 7.3). The nasal cavity
lies in and posterior to the nose, and the orbits house the
eyeballs. Air-filled sinuses that occur in several bones around
the nasal cavity are the paranasal sinuses.

Moreover, the skull has about 85 named openings
(foramina, canals, fissures). The most important of these
provide passageways for the spinal cord, the major blood
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FIGURE 7.3 Major cavities of the skull, frontal section.
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(a) External anatomy of the right side of the skull

FIGURE 7.4 Lateral aspect of the skull.

vessels serving the brain, and the 12 pairs of cranial nerves,
which conduct impulses to and from the brain. Cranial
nerves, which are discussed in Chapter 14, p. 431, are classi-
fied by number, using the Roman numerals I through XII.

The skull bones and their features are illustrated in Figures
7.3-7.16 and summarized in Table 7.1 on pp. 162-163. The
colored box beside each bone’s name corresponds to the color
of that bone in the figures.

Cranial Bones

The eight large bones of the cranium are the paired parietal and
temporal bones and the unpaired frontal, occipital, sphenoid,
and ethmoid bones. Together these bones form the brain’s pro-
tective “shell.” Because its superior aspect is curved, the cra-
nium is self-bracing. This allows the bones to be thin, and, like
an eggshell, the cranium is remarkably strong for its weight.

B Parietal Bones and the Major Sutures
(FIGURES 7.4 AND 7.5)

The two large parietal bones, shaped like curved rectangles,
make up the bulk of the cranial vault; that is, they form most
of the superior part of the skull, as well as its lateral walls
(parietal = wall) (Figure 7.4). The sites at which the pari-
etal bones articulate (form a joint) with other cranial bones
are the four largest sutures:
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1. The coronal suture, running in the coronal plane, occurs
anteriorly where the parietal bones meet the frontal bone.

2. A squamous suture occurs where each parietal bone
meets a temporal bone inferiorly, on each lateral aspect
of the skull.

3. The sagittal suture occurs where the right and left pari-
etal bones meet superiorly in the midline of the cranium

4. The lambdoid suture occurs where the parietal bones
meet the occipital bone posteriorly (Figures 7.4 and 7.5).
This suture is so named because it resembles the Greek
letter lambda (A).

These sutures vary somewhat in appearance in different
skulls. As a person ages, the sutural lines close up, making
these sutures less noticeable.

Sutural Bones

Sutural bones are small bones that occur within the sutures,
especially in the lambdoid suture (Figure 7.5). They are irreg-
ular in shape, size, and location, and not all people have them.
They develop between the major cranial bones during the
fetal period and persist throughout life. The significance of
these bones is unknown.
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Lateral aspect of the skull, continued.
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Frontal Bone (FIGURE 7.6)

The frontal bone forms the forehead and the roofs of the orbits
(Figure 7.6). Just superior to the orbits, it protrudes slightly
to form superciliary (soo”per-sil’e-a-re; “eyebrow”) arches,
which lie just deep to our eyebrows. The supraorbital mar-
gin, or superior margin of each orbit, is pierced by a hole or by
a notch, respectively called the supraorbital foramen or
supraorbital notch. This opening transmits the supraorbital
nerve (a branch of cranial nerve V) and artery, which supply
the forehead. The smooth part of the frontal bone between the
superciliary arches in the midline is the glabella (glah-bel’ah;
“smooth, without hair”). Just inferior to it, the frontal bone
meets the nasal bones at the frontonasal suture. The regions of
the frontal bone lateral to the glabella contain the air-filled
frontal sinuses (see Figure 7.3).

Internally, the frontal bone contributes to the anterior
cranial fossa (see Figures 7.2b and 7.9), which holds the
large frontal lobes of the brain.
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(a) Anterior view of skull

B Occipital Bone (FIGURES 7.5 AND 7.7)

The occipital bone (ok-sip’i-tal; “back of the head”) makes
up the posterior part of the cranium and cranial base (Figure
7.5). Tt articulates with the parietal bones at the lambdoid
suture and with the temporal bones at the occipitomastoid
sutures (Figure 7.4). Internally, it forms the walls of the
posterior cranial fossa, which holds a part of the brain called
the cerebellum (Figure 7.2). In the base of the occipital bone is
the foramen magnum, literally, “large hole” (Figure 7.7).
Through this opening, the inferior part of the brain connects
with the spinal cord. The foramen magnum is flanked laterally
by two rockerlike occipital condyles, which articulate with
the first vertebra of the vertebral column in a way that enables
the head to nod “yes.” Hidden medial and superior to each
occipital condyle is a hypoglossal (hi”po-glos’al) canal,
through which runs cranial nerve XII, the hypoglossal nerve.
Anterior to the foramen magnum, the occipital bone joins the
sphenoid bone via the basilar part of the occipital bone.
Several features occur on the external surface of the
occipital bone (Figures 7.5 and 7.7). The external occipital
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FIGURE 7.6 Anterior view of the skull.
(See A Brief Atlas of the Human Body, Second Edition,
Figures 1 and 7)
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protuberance is a knob in the midline, at the junction of the
base and the posterior wall of the skull. The external occipital
crest extends anteriorly from the protuberance to the foramen
magnum. This crest secures the ligamentum nuchae (nu'ke;
“of the neck”), an elastic, sheet-shaped ligament that lies in
the median plane of the posterior neck and connects the
neck vertebrae to the skull. Extending laterally from the oc-
cipital protuberance are the superior nuchal (nu’kal) lines,
and running laterally from a point halfway along the occipital
crest are the inferior nuchal lines. The nuchal lines and the
bony regions between them anchor many muscles of the neck
and back. The superior nuchal line marks the upper limit of
the neck.

Temporal Bones (FIGURES 7.4 AND 7.8)

The temporal bones are best viewed laterally (Figure 7.4).
They lie inferior to the parietal bones and form the inferolat-
eral region of the skull and parts of the cranial floor. The
terms femporal and temple, from the Latin word for “time,”
refer to the fact that gray hairs, a sign of time’s passage, ap-
pear first at the temples.
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Anterior view of the skull, continued.
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Each temporal bone has an intricate shape and is de-
scribed in terms of its four major regions: the squamous, tym-
panic, mastoid, and petrous regions. The plate-shaped
squamous region abuts the squamous suture. It
has a barlike zygomatic process (zi”go-mat’ik; “cheek”) that
projects anteriorly to meet the zygomatic bone of the face.
Together, these two bony structures form the zygomatic arch,
commonly called the cheek bone. The oval mandibular
(man-dib’u-lar) fossa on the inferior surface of the zygomatic
process receives the mandible (lower jawbone), forming the
freely movable temporomandibular joint (jaw joint).

The tympanic region (tim-pan’ik; “eardrum’) surrounds
the external acoustic meatus, or external ear canal. It is
through this canal that sound enters the ear. The external
acoustic meatus and the tympanic membrane (eardrum) at its
deep end are parts of the external ear. In a dried skull, the tym-
panic membrane has been removed. Thus, part of the middle
ear cavity deep to the tympanic region may be visible through
the meatus. Projecting inferiorly from the tympanic region is
the needle-like styloid process (sti'loid; “stakelike”). This
process is an attachment point for some muscles of the tongue
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Tympanic
region

The temporal bone. Right lateral view. (See A Brief Atlas of the Human

Body, Second Edition, Figures 2 and 8.)

and pharynx and for a ligament that connects the skull to the
hyoid bone of the neck.

The mastoid region (mas’toid; “breast-shaped”) has a
prominent mastoid process, an anchoring site for some neck
muscles. This process can be felt as a lump just posterior to
the ear. The stylomastoid foramen (Figure 7.7a) is located
between the styloid and mastoid processes. A branch of cra-
nial nerve VII, the facial nerve, leaves the skull through this
foramen.

The mastoid process is full of air sinuses called mastoid
air cells, which lie just posterior to the middle ear cavity.
Infections can spread from the throat to the middle ear to the
mastoid cells. Such an infection, called mastoiditis, can even
spread to the brain, from which the mastoid air cells are sepa-
rated by only a thin roof of bone. This was a serious problem
before the late 1940s, when antibiotics became available.

The petrous (pet’rus; “rocky”) region of the temporal
bone projects medially and contributes to the cranial base. It
appears as a bony wedge between the occipital bone posteri-
orly and the sphenoid bone anteriorly (Figure 7.7a). From
within the cranial cavity this very dense region looks like a
mountain ridge . The posterior slope of this ridge
lies in the posterior cranial fossa, whereas the anterior slope
is in the middle cranial fossa, the fossa that holds the tempo-
ral lobes of the brain. Housed inside the petrous region are
the cavities of the middle and inner ear, which contain the
sensory apparatus for hearing and balance.

Several foramina penetrate the bone of the petrous
region (Figure 7.7a). The large jugular foramen is located
where the petrous region joins the occipital bone. Through
this foramen pass the largest vein of the head, the internal

jugular vein, and cranial nerves IX, X, and XI. The carotid
(ka-rot’id) canal opens in the petrous region on the skull’s
inferior aspect, just anterior to the jugular foramen. The
internal carotid artery, the main artery to the brain, passes
through it into the cranial cavity. The foramen lacerum
(la’ser-um; “lacerated”) is a jagged opening between the
medial tip of the petrous portion of the temporal bone and
the sphenoid bone. This foramen is almost completely
closed by cartilage in a living person, but it is so conspicu-
ous in a dried skull that students usually ask its name. The
internal acoustic meatus lies in the cranial cavity on the
posterior face of the petrous region (Figure 7.9). It trans-
mits cranial nerves VII and VIII, the facial and vestibulo-
cochlear nerves.

Sphenoid Bone (FIGURES 7.9 AND 7.10)

The sphenoid bone (sfe'noid; “wedge-shaped”) spans the
width of the cranial floor (Figure 7.9) and has been said to
resemble a bat with its wings spread. It is considered the key-
stone of the cranium because it forms a central wedge that
articulates with every other cranial bone. It is a challenging
bone to study because of its complex shape and orientation:
Portions of the sphenoid are viewable from most aspects of
the skull. It also has a number of foramina for the passage of
cranial nerves and vessels.

As shown in , the sphenoid consists of a
central body and three pairs of processes: the greater wings,
lesser wings, and pterygoid (ter'i-goid) processes. The
superior surface of the body bears a saddle-shaped promi-
nence, the sella turcica (sel’ah ter’'sik-ah; ‘“Turkish
saddle”). The seat of this saddle, called the hypophyseal
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FIGURE 7.9 Floor of the cranial cavity. (See A Brief Atlas of the Human Body, Second
Edition, Figures 4 and 5).
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The sphenoid bone. (See A Brief Atlas of the Human Body, Second Edition,

Figures 3 and 9.)

(hi"po-fiz’e-al) fossa, holds the pituitary gland, or hypoph-
ysis. Within the sphenoid body are the paired sphenoid
sinuses . The greater wings project laterally
from the sphenoid body, forming parts of the middle cranial
fossa (Figure 7.9) and the orbit. On the lateral wall of the
skull, the greater wing appears as a flag-shaped area medial
to the zygomatic arch (Figure 7.4a). The horn-shaped lesser
wings form part of the floor of the anterior cranial fossa
(Figure 7.9) and a part of the orbit. The trough-shaped
pterygoid (“winglike”) processes project inferiorly from
the greater wings (see Figures 7.7 and 7.10). These
processes, which have both medial and lateral plates, are at-
tachment sites for the pterygoid muscles that help close the
jaw in chewing.

The sphenoid bone has five important openings (Figures
7.9 and 7.10) on each side. The optic canal lies just anterior to
the sella turcica. Cranial nerve II, the optic nerve, passes
through this hole from the orbit into the cranial cavity. The
other four openings lie in a crescent-shaped row just lateral to
the sphenoid body on each side. The most anterior of these
openings, the superior orbital fissure, is a long slit between
the greater and lesser wings (Figure 7.10b). It transmits several
structures to and from the orbit, such as the cranial nerves that
control eye movements (III, IV, and VI). This fissure is best
seen in an anterior view of the orbit (Figure 7.6). The foramen
rotundum lies in the medial part of the greater wing. It is usu-
ally oval, despite its name, which means “round opening.” The
foramen ovale (o-val'e) is an oval hole posterolateral to the
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www.konkur.in
Chapter 7 Bones, Part 1: The Axial Skeleton 159

Crista gall Cribriform

plate

N Olfactory
: foramina

Orbital v > 1
plate o % [ Leftlateral
o i \ mass
Ethmoidal x’
air cells

Perpendicular
plate

nasal concha

The ethmoid bone. Anterior view. (See A Brief Atlas of the Human Body,
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foramen rotundum. The foramen rotundum and foramen ovale
are passageways through which two large branches of cranial
nerve V (the maxillary and mandibular nerves) exit the cra-
nium. Posterior and lateral to the foramen ovale lies the small
foramen spinosum (spi-no’sum), named for a short spine that
projects from its margin on the inferior aspect of the skull.
Through this foramen passes the middle meningeal artery,
which supplies blood to the broad inner surfaces of the parietal
and the squamous temporal bones.

Ethmoid Bone (FIGURES 7.11 AND 7.12)

The ethmoid bone is the most deeply situated
bone of the skull. It lies anterior to the sphenoid bone and
posterior to the nasal bones (Figure 7.11), forming most of
the medial bony area between the nasal cavity and the orbits.
The ethmoid is a remarkably thin-walled and delicate bone.
In the articulated skull, only small portions of the ethmoid
are viewable.

Its superior surface is formed by paired, horizontal
cribriform (krib'ri-form; “perforated like a sieve”) plates
that contribute to the roof of the nasal cavities and the floor of
the anterior cranial fossa (Figure 7.9). The cribriform plates
are perforated by tiny holes called olfactory foramina. The
filaments of cranial nerve I, the olfactory nerve, pass through
these holes as they run from the nasal cavity to the brain.
Between the two cribriform plates, in the midline, is a supe-
rior projection called the crista galli (kris'tah gal'li;
“rooster’s comb”). A fibrous membrane called the falx cerebri
(discussed further in the dura mater discussion in Chapter 13,
p. 409) attaches to the crista galli and helps to secure the
brain within the cranial cavity.

The perpendicular plate of the ethmoid bone projects in-
feriorly in the median plane. It forms the superior part of the
nasal septum, the vertical partition that divides the nasal cavity
into right and left halves (Figure 7.6). Flanking the perpendicu-
lar plate on each side is a delicate lateral mass riddled with

ethmoidal air cells (ethmoid sinuses). The ethmoid bone is
named for these sinuses, as ethmos means “sieve” in Greek.
Extending medially from the lateral masses are the thin
superior and middle nasal conchae (kong'ke), which pro-
trude into the nasal cavity (see Figure 7.14a). The conchae
are curved like scrolls and are named after the conch shells one
finds on warm ocean beaches. The lateral surfaces of the
ethmoid’s lateral masses are called orbital plates because they
contribute to the medial walls of the orbits.

check your understanding

1. Name the bones that form the anterior cranial fossa.

2. For each feature listed, name the bone that contains
the feature: crista galli, mastoid process, nuchal line,
sella turcica, supraorbital foramen, zygomatic process.

3. What four bones articulate with the left parietal bone?
Name the sutures that join these bones to the left
parietal bone.

For answers, see Appendix B.

Facial Bones

The skeleton of the face consists of 14 bones (see Figures 7.4
and 7.6). These are the unpaired mandible and the vomer,
plus the paired maxillae, zygomatics, nasals, lacrimals,
palatines, and inferior nasal conchae.

B Mandible (FIGURE 7.13a)

The U-shaped mandible (man’di-bl), or lower jawbone, is
the largest, strongest bone in the face .Ithasa
horizontal body that forms the inferior jawline, and two
upright rami (ra’mi; “branches”). Each ramus meets the
body posteriorly at a mandibular angle. At the superior mar-
gin of each ramus are two processes. The anterior coronoid
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process (kor'o-noid; “crown-shaped”) is a flat, triangular
projection. The temporalis muscle, which elevates the lower
jaw during chewing, inserts here. The posterior condylar
process enlarges superiorly to form the mandibular condyle,
or head of the mandible. It articulates with the temporal
bone to form the temporomandibular joint. The coronoid and
condylar processes are separated by the mandibular notch.
The body of the mandible anchors the lower teeth and
forms the chin. Its superior border is the alveolar (al-ve'o-lar)
margin. The tooth sockets, called alveoli, open onto this mar-
gin. Anteriorly, the fusion between the two halves of the
mandible is called the mental protuberance (Figure 7.6).
Several openings pierce the mandible. On the medial
surface of each ramus is a mandibular foramen (Figure
7.13a), through which a nerve responsible for tooth sensation
(inferior alveolar nerve, a branch of cranial nerve V) enters
the mandibular body and supplies the roots of the lower teeth.

Dentists inject anesthetic into this foramen before working on
the lower teeth. The mental (“chin”) foramen, which opens
on the anterolateral side of the mandibular body, transmits
blood vessels and nerves to the lower lip and the skin of
the chin.

W Maxillary Bones (FIGURES 7.6 AND 7.13b)

The maxillary bones, or maxillae (mak-sil’e; “jaws”), form
the upper jaw and the central part of the facial skeleton (see
Figures 7.6 and 7.13b). They are considered the keystone
bones of the face because they articulate with all other facial
bones except the mandible.

Like the mandible, the maxillae have an alveolar margin
that contains teeth in alveoli. The palatine (pal’ah-t-€n)
processes project medially from the alveolar margins to form the
anterior region of the hard palate, or bony roof of the mouth
(Figure 7.7a). The frontal processes extend superiorly to reach
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the frontal bone, forming part of the lateral aspect of the bridge
of the nose (Figure 7.6). The maxillae lie just lateral to the nasal
cavity and contain the maxillary sinuses. These sinuses, the
largest of the paranasal air sinuses, extend from the orbit down to
the roots of the upper teeth. Laterally, the maxillae articulate
with the zygomatic bones at the zygomatic processes.

The maxilla, along with several other bones, forms the bor-
ders of the inferior orbital fissure in the floor of the orbit. This
fissure transmits several vessels and nerves (see Table 7.1),
including the maxillary nerve (a branch of cranial nerve V) or
its continuation, the infraorbital nerve. The infraorbital nerve
proceeds anteriorly to enter the face through the infraorbital
foramen.

B Zygomatic Bones (FIGURES 7.4 AND 7.6)

The irregularly shaped zygomatic bones are commonly
called the cheekbones (zygoma = cheekbone). Each joins
the zygomatic process of a temporal bone posteriorly, the zy-
gomatic process of the frontal bone superiorly, and the
zygomatic process of the maxilla anteriorly (Figure 7.4). The
zygomatic bones form the prominences of the cheeks and de-
fine part of the margin of each orbit.

B Nasal Bones (FIGURE 7.6)

The paired, rectangular nasal bones join medially to form the
bridge of the nose. They articulate with the frontal bone supe-
riorly, the maxillae laterally, and the perpendicular plate of
the ethmoid bone posteriorly. Inferiorly, they attach to the
cartilages that form most of the skeleton of the external nose
(see Figure 22.2).

Lacrimal Bones (FIGURE 7.4)

The delicate, fingernail-shaped lacrimal (lak'ri-mal) bones are
located in the medial orbital walls. They articulate with the
frontal bone superiorly, the ethmoid bone posteriorly, and the
maxilla anteriorly. Each lacrimal bone contains a deep groove
that contributes to a lacrimal fossa. This fossa contains a
lacrimal sac that gathers tears, allowing the fluid to drain from
the eye surface into the nasal cavity (lacrima = tear).

Palatine Bones (FIGURES 7.7 AND 7.14)

The palatine bones lie posterior to the maxillae (Figure 7.14a).
These paired, L-shaped bones articulate with each other at their
inferior horizontal plates, which complete the posterior part of
the hard palate. The perpendicular plates form the posterior
part of the lateral walls of the nasal cavity (Figure 7.14a) and a
small part of the orbits (Figure 7.16).

B Vomer (FIGURE 7.14b)

The slender, plow-shaped vomer (vo'mer; “plowshare”) lies
in the nasal cavity, where it forms the inferior part of the
nasal septum (Figures 7.6, 7.7 and 7.14b).

B /nferior Nasal Conchae (FIGURE 7.14a)

The paired inferior nasal conchae are thin, curved bones in
the nasal cavity (see Figures 7.6 and 7.14a). Projecting medi-
ally from the lateral walls of the nasal cavity, just inferior to
the middle nasal conchae of the ethmoid bone, they are the
largest of the three pairs of conchae.
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check your understanding

4. Name all the bones that articulate with the maxilla.

5. What bones or bony processes form the hard palate?

6. What are the alveolar margins, and on what bones are
they located?

For answers, see Appendix B.

Special Parts of the Skull

» Define the bony boundaries of the nasal cavity,
paranasal sinuses, and orbit.

Next we will examine four special parts of the skull: the
nasal cavity and the orbits, which are restricted regions of the
skull formed from many bones; the paranasal sinuses, which
are extensions of the nasal cavity; and the hyoid bone.

Nasal Cavity (FIGURE 7.14)

The nasal cavity is constructed of bone and cartilage. Its roof is
the ethmoid’s cribriform plates. The floor is formed by the pala-
tine processes of the maxillae and the horizontal plates of the
palatine bones. Keep in mind that these same nasal-floor struc-
tures also form the roof of the mouth and are collectively called
the hard palate. Contributing to the lateral walls of the nasal
cavity are the nasal bones, the superior and middle conchae of
the ethmoid, the inferior nasal conchae, a part of the maxilla,
and the perpendicular plates of the palatine bones (Figure
7.14a). On these lateral walls, each of the three conchae forms a
roof over a groove-shaped air passageway called a meatus (me-
a’tus; “a passage”). Therefore, there are superior, middle, and
inferior meatuses.

Recall that the nasal cavity is divided into right and left
halves by the nasal septum. The bony part of this septum is
formed by the vomer inferiorly and by the perpendicular plate
of the ethmoid superiorly (Figure 7.14b). A sheet of cartilage,
called the septal cartilage, completes the septum anteriorly.

The walls of the nasal cavity are covered with a mucosa
that moistens and warms inhaled air. This membrane also se-
cretes mucus that traps dust, thereby cleansing the air of de-
bris. The three pairs of scroll-shaped nasal conchae cause the
air flowing through the nasal cavity to swirl. This turbulence
increases the contact of inhaled air with the mucosa through-
out the nasal cavity, such that the air is warmed, moistened,
and filtered more efficiently.

DEVIATED SEPTUM The nasal septum in many
people is slightly off center. A septum that is markedly
off center is referred to as a deviated septum. This
condition is commonly a result of trauma to the nose and
can cause difficulty in breathing through the

nose, as well as nasal congestion, frequent

nosebleeds, and frequent sinus infections.

Surgery to correct the deviation (septoplasty)

may be indicated if the symptoms are severe.
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Bones of the Skull

Bone

CRANIAL BONES

. Parietal (2)
(Figures 7.4 and 7.5)

Frontal (1)
(Figures 7.5, 7.6,
and 7.9)

. Occipital (1)
(Figures 7.4, 7.5,
and 7.7)

Temporal (2)
(Figures 7.4, 7.7,
7.8,and 7.9)

[ Sphenoid (1)
(Figures 7.4, 7.6,
7.7,7.9,7.10, and
7.11)

Ethmoid (1)
(Figures 7.6, 7.9,
7.11,7.12, and
7.15)

Comments

Forms most of the superior and lateral
aspects of the skull

Forms forehead, superior part of orbits,
and most of the anterior cranial fossa;
contains sinuses

Forms posterior aspect and most of the
base of the skull

Forms inferolateral aspects of the skull
and contributes to the middle cranial
fossa; has squamous, mastoid,
tympanic, and petrous regions

Keystone of the cranium; contributes to
the middle cranial fossa and orbits;
main parts are the body, greater wings,
lesser wings, and pterygoid processes

Helps to form the anterior cranial fossa;
forms part of the nasal septum and the
lateral walls and roof of the nasal
cavity; contributes to the medial wall of
the orbit

Important Markings

Supraorbital foramina (notches): allow the supraorbital
arteries and nerves to pass

Foramen magnum: allows passage of the spinal cord
from the brain stem to the vertebral canal

Hypoglossal canals: allow passage of the hypoglossal
nerve (cranial nerve XII)

Occipital condyles: articulate with the atlas (first
vertebra)

External occipital protuberance and nuchal lines: sites
of muscle attachment

External occipital crest: attachment site of ligamentum
nuchae

Zygomatic process: helps to form the zygomatic arch,
which forms the prominence of the cheek

Mandibular fossa: articular point of the mandibular
condyle

External acoustic meatus: canal leading from the
external ear to the eardrum

Styloid process: attachment site for several neck
muscles and for a ligament to the hyoid bone

Mastoid process: attachment site for several neck and
tongue muscles

Stylomastoid foramen: allows cranial nerve VI (facial
nerve) to pass

Jugular foramen: allows passage of the internal jugular
vein and cranial nerves IX, X, and Xl

Internal acoustic meatus: allows passage of cranial
nerves VIl and VIII

Carotid canal: allows passage of the internal carotid
artery

Sella turcica: hypophyseal fossa portion is the seat of
the pituitary gland

Optic canals: allow passage of cranial nerve Il and the
ophthalmic arteries

Superior orbital fissures: allow passage of cranial
nerves lll, IV, VI, part of V (ophthalmic division), and
ophthalmic vein

Foramen rotundum (2): allows passage of the maxillary
division of cranial nerve V

Foramen ovale (2): allows passage of the mandibular
division of cranial nerve V

Foramen spinosum (2): allows passage of the middle
meningeal artery

Crista galli: attachment point for the falx cerebri, a dural
membrane fold

Cribriform plates: allow passage of filaments of the
olfactory nerves (cranial nerve )

Superior and middle nasal conchae: form part of lateral
walls of nasal cavity; increase turbulence of air flow
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continued
Bone* Comments Important Markings
FACIAL BONES
[ Mandible (1) The lower jaw Coronoid processes: insertion points for the temporalis
(Figures 7.4, 7.6, muscles
and7.13) Mandibular condyles: articulate with the temporal
bones in the jaw (temporomandibular) joints
Mandibular symphysis: medial fusion point of the
mandibular bones
Alveoli: sockets for the teeth
Mandibular foramina: permit the inferior alveolar
nerves to pass
Mental foramina: allow blood vessels and nerves to
pass to the chin and lower lip
Maxilla (2) Keystone bones of the face; form the Alveoli: sockets for teeth
(Figures 7.4, 7.6, upper jaw and parts of the hard palate, Zygomatic process: helps form the zygomatic arches
7.7,7.11,and 7.13) orbits, and nasal cavity walls )
Palatine process: forms the anterior hard palate; meet
medially in middle palatine suture
Frontal process: forms part of lateral aspect of bridge
of nose
Incisive fossa: permits blood vessels and nerves to pass
through hard palate (fused palatine processes)
Inferior orbital fissure: permits maxillary branch of
cranial nerve V, the zygomatic nerve, and blood vessels
to pass
Infraorbital foramen: allows passage of infraorbital
nerve to skin of face
B Zygomatic (2) Form the cheek and part of the orbit
(Figures 7.4
and 7.6)
[l Nasal (2) Form the bridge of the nose
(Figures 7.4
and 7.6)
Lacrimal (2) Form part of the medial orbit wall Lacrimal fossa: houses the lacrimal sac, which helps to
(Figures 7.4 drain tears into the nasal cavity
and 7.6)
Palatine (2) Form posterior part of the hard palate
(Figures 7.7, 7.11, and a small part of nasal cavity and
and 7.14) orbit walls
Vomer (1) Inferior part of the nasal septum
(Figures 7.6, 7.11,
and 7.14)
[ Inferior nasal Form part of the lateral walls of the
concha (2) nasal cavity
(Figures 7.6
and 7.14)
Auditory ossicles Found in middle ear cavity; involved in
(malleus, incus, and sound transmission; see Chapter 16

stapes) (2 each)

*The color code beside each bone name corresponds to the bone'’s color in Figures 7.4 to 7.16.
The number in parentheses () following the bone name indicates the total number of such bones
in the body.
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FIGURE 7.14 Bones of the nasal cavity. (See A Brief Atlas of the Human Body, Second
Edition, Figure 15.)
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(a) Anterior aspect

(b) Medial aspect

Paranasal Sinuses (FIGURE 7.15)

The bones surrounding the nasal cavity—the frontal, ethmoid,
sphenoid, and both maxillary bones—contain air-filled sinuses
that are called paranasal sinuses (para = near) because they
cluster around the nasal cavity (Figure 7.15). In fact, they are
extensions of the nasal cavity, lined by the same mucous
membrane and probably serving the same function of warm-
ing, moistening, and filtering inhaled air. The paranasal si-
nuses also lighten the skull, giving the bones they occupy a
moth-eaten appearance in an X-ray image. These sinuses con-
nect to the nasal cavity through small openings, most of which
occur at the meatuses inferior to the conchae. For more on
paranasal sinuses, see Chapter 22.
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FIGURE 7.15 Paranasal sinuses. lllustration on left, CT scan
on right.

Orbits (FIGURE 7.16)

The orbits are cone-shaped bony cavities that hold the eyes, the
muscles that move the eyes, some fat, and the tear-producing
glands. The walls of each orbit are formed by parts of seven
bones—the frontal, sphenoid, zygomatic, maxillary, palatine,
lacrimal, and ethmoid bones (Figure 7.16). The superior and in-
ferior orbital fissures, optic canal, and lacrimal fossa (described
earlier) are also in the orbit.

The Hyoid Bone (FIGURE 7.17)

Not really part of the skull but associated with it, the hyoid
bone (hi’oid; “U-shaped”) lies just inferior to the mandible
in the anterior neck (Figure 7.17). This bone resembles
both an archer’s bow and a miniature version of the
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FIGURE 7.16 Bones that form the orbit. (See A Brief Atlas of the Human Body, Second

Edition, Figure 14.)

mandible. It has a body and two pairs of horns, each of
which is also called a cornu, the Latin word for “horn.” The
hyoid is the only bone in the skeleton that does not articu-
late directly with any other bone. Instead, its lesser horns
are tethered by thin stylohyoid ligaments to the styloid
processes of the temporal bones. Other ligaments connect
the hyoid to the larynx (voice box) inferior to it.
Functionally, the hyoid bone acts as a movable base for the
tongue. Furthermore, its body and greater horns are points
of attachment for neck muscles that raise and lower the lar-
ynx during swallowing.

check your understanding

7. What bones form the nasal conchae? What is the
function of these structures?

. Which of the bones that form the orbit are cranial
bones? Which are facial bones?

. Which paranasal sinuses are located along the lateral
walls of the nasal cavity? What type of membrane lines
all the paranasal sinuses?

For answers, see Appendix B.
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Greater horn

Lesser horn

Body

FIGURE 7.17 The hyoid bone. Anterior view.

THE VERTEBRAL COLUMN

» Describe the general structure of the vertebral column,
and list its components.

» Name a function performed by both the spinal
curvatures and the intervertebral discs.

» Discuss the structure of a typical vertebra, and describe
the special features of cervical, thoracic, and lumbar
vertebrae.

The vertebral column (Figure 7.18), also called the
spinal column or spine, consists of 26 bones connected into a
flexible, curved structure. The main support of the body axis,
the vertebral column extends from the skull to the pelvis,
where it transmits the weight of the trunk to the lower limbs. It
also surrounds and protects the delicate spinal cord and pro-
vides attachment points for the ribs and for muscles of the neck
and back. In the fetus and infant, the vertebral column consists
of 33 separate bones, or vertebrae (ver’te-bre). Inferiorly, nine
of these eventually fuse to form two composite bones, the
sacrum and the tiny coccyx (tailbone). The remaining 24 bones
persist as individual vertebrae separated by intervertebral discs
(discussed shortly).

Regions and Normal Curvatures

The vertebral column, which is about 70 cm (28 inches) long
in an average adult, has five major regions (Figure 7.18). The
7 vertebrae of the neck are the cervical vertebrae, the next 12
are the thoracic vertebrae, and the 5 that support the lower
back are the lumbar vertebrae. To remember the number of
vertebrae in these three regions, think of the usual meal times
of 7:00 A.M., 12:00 noon, and 5:00 p.M. The vertebrae become
progressively larger from the cervical to the lumbar region as
the weight they must support progressively increases. Inferior
to the lumbar vertebrae is the sacrum (sa’krum), which artic-
ulates with the hip bones of the pelvis. The most inferior part
of the vertebral column is the tiny coccyx (kok'siks).

All people (and in fact the majority of mammals) have
seven cervical vertebrae. Variations in numbers of vertebrae
in the other regions occur in about 5% of people.
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FIGURE 7.18 The vertebral column. Note the four
curvatures in the lateral view at right. The terms convex and
concave are relative to the posterior aspect of the column. (See A
Brief Atlas of the Human Body, Second Edition, Figure 17.)

From a lateral view, four curvatures that give the vertebral
column an S shape are visible (Figure 7.18, right). The cervical
and lumbar curvatures are concave posteriorly, whereas the
thoracic and sacral curvatures are convex posteriorly. These
curvatures increase the resilience of the spine, allowing it to
function like a spring rather than a straight, rigid rod.

Only the thoracic and sacral curvatures are well devel-
oped at birth. Both of these primary curvatures are convex



www.konkur.in

168 Chapter 7 Bones, Part 1: The Axial Skeleton

'r_ Intervertebral
Supraspinous ligament —\( ""/'/.’E ) disc
Transverse process Anterior
longitudinal
ligament

Sectioned
spinous process

Ligamentum flavum

Interspinous
ligament

(a) Median section of three vertebrae, illustrating the composition
of the discs and the ligaments

Vertebral spinous process (
(posterior aspect of vertebra) l‘ ?
Iy
IR
£ 4

Spinal nerve root

process // — x\'ﬁ%
Herniated portion — N == X

of disc

Anulus fibrosus / \

of disc Nucleus
pulposus
of disc

(c) Superior view of a herniated intervertebral disc

Intervertebral foramen

Posterior longitudinal i l'
ligament

Anulus fibrosus
Nucleus pulposus

Sectioned body
of vertebra

Spinal cord

I Posterior longitudinal
= ,  ligament

Anterior longitudinal
ligament

Body of a vertebra

Intervertebral disc

! }ﬁ ~

(b) Anterior view of part of the spinal column

Nucleus
pulposus of
intact disc

Herniated
nucleus
pulposus

(d) MRI of lumbar region of vertebral column in
sagittal section showing normal and herniated
discs

FIGURE 7.19 Ligaments and intervertebral discs of the spine. In (c) and (d), a tear
in the anulus fibrosus of the intervertebral disc allows the gelatinous center core, the
nucleus pulposus, to protrude. The resulting compression on the spinal nerve roots causes

pain and weakness in the region served by the affected spinal nerve.

posteriorly, so that an infant’s spine arches (is C-shaped) like
that of a four-legged animal. The secondary curvatures, the
cervical and lumbar curvatures, are concave posteriorly and
develop during the first 2 years of childhood as the interverte-
bral discs are reshaped. The cervical curvature is present be-
fore birth but is not pronounced until the baby starts to lift its
head at 3 months, and the lumbar curvature develops when
the baby begins to walk, at about 1 year. The lumbar curva-
ture positions the weight of the upper body over the lower
limbs, providing optimal balance during standing.

Ligaments of the Spine

Like a tremulous telecommunication transmitting tower, the
vertebral column cannot stand upright by itself. It must be
held in place by an elaborate system of supports. Serving
this role are the straplike ligaments of the back and the

muscles of the trunk. (The trunk muscles are discussed in
Chapter 11, pp. 285-288.) The major supporting ligaments
are the anterior and posterior longitudinal ligaments
(Figure 7.19) that run vertically along the anterior and
posterior surfaces of the bodies of the vertebrae, from the
neck to the sacrum. The anterior longitudinal ligament is
wide and attaches strongly to both the bony vertebrae and
the intervertebral discs. Along with its supporting role, this
thick anterior ligament prevents hyperextension of the back
(bending too far backward). The posterior longitudinal lig-
ament, which is narrow and relatively weak, attaches only
to the intervertebral discs. This ligament helps to prevent
hyperflexion (bending the vertebral column too sharply
forward).

Several other posterior ligaments connect each vertebra
to those immediately superior and inferior (Figure 7.19a).
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Among these is the ligamentum flavam (fla’vum; “yellow”),
which connects the lamina of adjacent vertebrae. It contains
elastic connective tissue and is especially strong: It stretches
as we bend forward, then recoils as we straighten to an erect
position.

Intervertebral Discs

Each intervertebral disc (Figure 7.19) is a cushionlike pad
composed of an inner sphere, the nucleus pulposus (pul-po’-
sus; “pulp”), and an outer collar of about 12 concentric rings,
the anulus fibrosus (an’u-lus fi-bro’sus; “fibrous ring”). Each
nucleus pulposus is gelatinous and acts like a rubber ball, en-
abling the spine to absorb compressive stress. In the anulus fi-
brosus, the outer rings consist of ligament and the inner ones
consist of fibrocartilage. The main function of these rings is to
contain the nucleus pulposus, limiting its expansion when the
spine is compressed. However, the rings also function like a
woven strap, binding the successive vertebrae together, resist-
ing tension on the spine, and absorbing compressive forces.
Collagen fibers in adjacent rings in the anulus cross like an X,
allowing the spine to withstand twisting. This arrangement
creates the same antitwisting design provided by bone lamel-
lae in osteons (see Figure 6.8 on p. 133).

The intervertebral discs act as shock absorbers during
walking, jumping, and running. At points of compression, the
discs flatten and bulge out a bit between the vertebrae. The
discs are thickest in the lumbar (lower back) and cervical
(neck) regions of the vertebral column. Collectively, the inter-
vertebral discs make up about 25% of the height of the verte-
bral column. As a result of compression and loss of fluid from
the gelatinous nucleus pulposus, they flatten somewhat by the
end of each day. So, you are probably 1 to 2 centimeters
shorter at night than when you awake in the morning.

HERNIATED DISC Severe or sudden physical trauma
to the spine—for example, due to lifting a heavy ob-
ject—may cause one or more herniated discs (also
called prolapsed discs or, in common terms, slipped
discs). This condition usually involves rupture of the an-
ulus fibrosus followed by protrusion of the nucleus pulpo-
sus. Aging is a contributing factor, because the nucleus
pulposus loses its cushioning properties over time, and
the anulus fibrosus weakens and tears. This mechanical
fatigue allows the nucleus to rupture through the anulus.
The anulus is thinnest posteriorly, but the posterior
longitudinal ligament prevents the herniation from pro-
ceeding directly posteriorly, so the rupture proceeds pos-
terolaterally—toward the spinal nerve roots exiting from
the spinal cord (see Figure 7.19c). The resulting pressure
on these nerve roots causes pain or numbness. In most
cases, the pain eventually resolves, so treatment is usu-
ally conservative: moderate exercise, physical therapy,
massage, heat therapy, and painkillers. If these treat-
ments fail, the herniated disc may be removed surgically,
and bone grafts are used to fuse the adjacent vertebrae.
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FIGURE 7.20 Structure of a typical vertebra. Superior view.
Only features of the bone are illustrated in this and subsequent
figures in Chapters 7 and 8. Articular cartilage is not depicted.

In many of these cases, back pain results not from
herniation of the disc but instead from small nerves that
enter tears in the disc on newly invading veins. A new,
simple, and low-pain treatment called IDET (in-
tradiscal electrothermal annuloplasty) consists
of threading a fine catheter with a heated tip into
the disc, burning away the invading nerves, and
at the same time sealing the tears in the anulus.

check your understanding

10. What portion of the intervertebral disc expands under
compression? What portion resists twisting forces?

11. When and how do the secondary curvatures of the
vertebral column develop?

12. Why do intervertebral discs usually herniate in the
posterolateral direction?

For answers, see Appendix B.

General Structure of Vertebrae

Vertebrae from all regions share a common structural pattern
(Figure 7.20). A vertebra consists of a body, or centrum, ante-
riorly and a vertebral arch posteriorly. The disc-shaped body
is the weight-bearing region. Together, the body and vertebral
arch enclose an opening called the vertebral foramen.
Successive vertebral foramina of the articulated vertebrae form
the long vertebral canal, through which the spinal cord passes.



www.konkur.in

170 Chapter 7 Bones, Part 1: The Axial Skeleton

o Cq Posterior

facet

Anterior arch Anterior tubercle

(a) Superior view of atlas (C,)

Pedicle

S Posterior

g Co

& A Spinous process
Iy Y I i
£ Inferior 4 Lamina
.| articular

. process

v’

> -4
" 2
VY
g

7 /
Transverse /\

process

Superior
articular
facet

Dens Body

(c) Superior view of axis (C,)

The vertebral arch is a composite structure formed by
two pedicles and two laminae. The sides of the arch are
pedicles (ped’i-klz; “little feet”), short bony walls that
project posteriorly from the vertebral body. The laminae
(lam’i-ne; “sheets”) are flat roof plates that complete the
arch posteriorly.

Seven different processes project from each vertebral
arch. The spinous process, or vertebral spine, is a median,
posterior projection arising at the junction of the two laminae.
A transverse process projects laterally from each pedicle-
lamina junction. Both the spinous and transverse processes are
attachment sites for muscles that move the vertebral column
and for ligaments that stabilize it. The paired superior and
inferior articular processes protrude superiorly and inferi-
orly, respectively, from the pedicle-lamina junctions. The infe-
rior articular processes of each vertebra form movable joints
with the superior articular processes of the vertebra immedi-
ately inferior. Thus, successive vertebrae are joined by both in-
tervertebral discs and by articular processes. The smooth joint
surfaces of these processes are facets (“little faces”).

The pedicles have notches on their superior and inferior
borders, forming lateral openings between adjacent verte-
brae called intervertebral foramina (see Figure 7.18). The
spinal nerves issuing from the spinal cord pass through these
foramina.
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FIGURE 7.21 The first and second cervical vertebrae. (See
A Brief Atlas of the Human Body, Second Edition, Figure 18.)

Regional Vertebral Characteristics

The different regions of the spine perform slightly different
functions, so vertebral structure shows regional variation. In
general, the types of movements that can occur between
vertebrae are (1) flexion and extension (anterior bending
and posterior straightening of the spine), (2) lateral flexion
(bending the upper body to the right or left), and (3) rota-
tion, in which the vertebrae rotate on one another in the long
axis of the vertebral column. Refer to Table 7.2 on p. 172
while reading the following discussions of vertebral charac-
teristics.

Cervical Vertebrae

The seven cervical vertebrae, identified as C;—C5, are the
smallest, lightest vertebrae.

The first two cervical vertebrae are the atlas (C;) and the
axis (Cy) (Figure 7.21). These two vertebrae are unusual: No
intervertebral disc lies between them, and they have unique
structural and functional features.

The atlas lacks a body and a spinous process. Essentially,
it is a ring of bone consisting of anterior and posterior
arches, plus a lateral mass on each side. Each lateral mass
has articular facets on both its superior and inferior surfaces.
The superior articular facets receive the occipital condyles of
the skull. Thus, they “carry” the skull, just as the giant Atlas
supported the heavens in Greek mythology. These joints par-
ticipate in flexion and extension of the head on the neck, as
when you nod “yes.” The inferior articular facets form joints
with the axis.
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The axis, which has a body, a spinous process, and the
other typical vertebral processes, is not as specialized as
the atlas. In fact, its only unusual feature is the knoblike
dens (“tooth”) projecting superiorly from its body. The
dens is actually the “missing” body of the atlas that fuses
with the axis during embryonic development. Cradled in
the anterior arch of the atlas (Figure 7.22a), the dens acts
as a pivot for the rotation of the atlas and skull. Hence, this
joint participates in rotating the head from side to side to
indicate “no.” Axis is a good name for the second cervical
vertebra because its dens allows the head to rotate on the
neck’s axis.

THE DENS AND FATAL TRAUMA 1In cases of severe
head trauma in which the skull is driven inferiorly toward
the spine, the dens may be forced into the brain

stem, causing death. Alternatively, if the neck

is jerked forward, as in an automobile collision,

the dens may be driven posteriorly into the

cervical spinal cord. This injury is also fatal.

The typical cervical vertebrae, C3—C5, have the following
distinguishing features, as shown in Table 7.2 on page 172:

1. The body is wider laterally than in the anteroposterior di-
mension.

2. Except in Cy, the spinous process is short, projects di-
rectly posteriorly, and is bifid (bi'fid; “cleaved in two” or
forked); that is, split at its tip.

3. The vertebral foramen is large and generally triangular.

4. Each transverse process contains a hole, a transverse
foramen, through which the vertebral blood vessels pass.
These vessels ascend and descend through the neck to
help serve the brain.

5. The superior articular facets face superoposteriorly,
whereas the inferior articular facets face inferoanteriorly.
Thus these articulations lie in an oblique plane. The ori-
entation of these articulations allows the neck to carry
out an extremely wide range of movements: flexion and
extension, lateral flexion, and rotation.

The spinous process of C5 is not bifid and is much larger
than those of the other cervical vertebrae (Figure 7.22a).
Because its large spinous process can be seen and felt through
the skin, C; is called the vertebra prominens (“prominent
vertebra”) and is used as a landmark for counting the verte-
brae in living people. To locate this landmark, run your fin-
gers inferiorly along the back of your neck, in the posterior
midline, where you can feel the spinous processes of the cer-
vical vertebrae. The spine of C5 is especially prominent.

Thoracic Vertebrae

The 12 thoracic vertebrae, T-T;, (Figure 7.22b and Table
7.2), all articulate with ribs. Their other unique characteristics
are:
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@ Regional Characteristics of Cervical, Thoracic, and Lumbar Vertebrae

Characteristic

Body
Spinous process

Vertebral foramen

Transverse processes

Superior and inferior
articulating processes

Movements allowed

Cervical (3-7)

Small, wide side to side

Short; forked; projects directly
posteriorly
Triangular

Contain foramina

Superior facets directed
superoposteriorly

Inferior facets directed
inferoanteriorly

Flexion and extension; lateral
flexion; rotation; the spine
region with the greatest range
of movement

Thoracic

Larger than cervical; heart-shaped;

bears two costal facets

Long; sharp; projects inferiorly

Circular

Bear facets for ribs (except T4
and T1 2)

Superior facets directed
posteriorly

Inferior facets directed anteriorly

Rotation; lateral flexion possible
but restricted by ribs; flexion and
extension limited

Lumbar

Massive; kidney-shaped

Short; blunt; rectangular;
projects directly posteriorly

Triangular

Thin and tapered

Superior facets directed
posteromedially (or medially)

Inferior facets directed
anterolaterally (or laterally)

Flexion and extension; some
lateral flexion; rotation
prevented
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FIGURE 7.23 The sacrum and coccyx. (See A Brief Atlas of the Human Body, Second
Edition, Figure 22.)

1.

From a superior view, the vertebral body is roughly
heart-shaped. Laterally, each side of the vertebral body
bears two facets, commonly referred to as demifacets
(dem’e-fas"ets), one at the superior edge, the superior
costal facet, and the other at the inferior edge, the
inferior costal facet (costa = rib; facet = joint sur-
face). The heads of the ribs articulate with these facets. In
general, the head of the rib is attached to the bodies of
two vertebrae, the inferior costal facet of the superior
vertebra and the superior costal facet of the inferior ver-
tebra. Vertebra T, differs from this general pattern in that
its body bears a full facet for the first rib and a demifacet
for the second rib; furthermore, the bodies of T;o—T1,
have only single facets to receive their respective ribs.

The spinous process is long and points inferiorly.
The vertebral foramen is circular.

With the exception of Ty; and Ti,, the transverse
processes have facets that articulate with the tubercles of
the ribs called transverse costal facets (Figure 7.22b).

The superior and inferior articular facets, which join ad-
jacent vertebrae, lie mainly in the frontal plane; that is,
the superior articular facets face posteriorly, whereas the
inferior articular facets face anteriorly. Such articulations
limit flexion and extension, but they allow rotation between
successive vertebrae. Much of the ability to rotate the trunk
comes from the thoracic region of the vertebral column.
Lateral flexion is also possible but is restricted by the ribs.

Lumbar Vertebrae

The lumbar region of the vertebral column, the area commonly
referred to as the small of the back, receives the most stress.
The enhanced weight-bearing function of the five lumbar ver-
tebrae (L;—Ls) is reflected in their sturdy structure: Their bod-
ies are massive and appear kidney-shaped from a superior view
(see Table 7.2). Their other characteristics are as follows:

1. The pedicles and laminae are shorter and thicker than

those of other vertebrae.

The spinous processes are short, flat, and hatchet-shaped,
and they project straight posteriorly. These processes are
robust for the attachment of large back muscles.

The vertebral foramen is triangular.

The superior articular facets face posteromedially (or
medially), whereas the inferior articular facets face an-
terolaterally (or laterally) (see Figure 7.22c), oriented
approximately in the sagittal plane. Such articulations
provide stability by preventing rotation between the
lumbar vertebrae. Flexion and extension are possible,
however. The lumbar region flexes, for example, when
you do sit-ups or bend forward to pick up a coin from
the ground. Additionally, lateral flexion is allowed by
this spinal region.

Sacrum

The curved, triangular sacrum shapes the posterior wall of
the pelvis (Figure 7.23). It is formed by five fused vertebrae
(S1=Ss). Superiorly, it articulates with Ls through a pair of
superior articular processes (Figure 7.23b) and an interver-
tebral disc. Inferiorly, it joins the coccyx.
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The anterosuperior margin of the first sacral vertebra
bulges anteriorly into the pelvic cavity as the sacral promon-
tory (prom’on-tor-€, “a high point of land projecting into the
sea”). The human body’s center of gravity lies about 1 cm
posterior to this landmark. Four transverse ridges cross the
anterior surface of the sacrum, marking the lines of fusion of
the sacral vertebrae. The anterior sacral foramina transmit
the ventral divisions (ventral rami) of the sacral spinal nerves.
The large region lateral to these foramina is simply called the
lateral part. This part expands superiorly into the flaring ala
(a’lah; “wing”), which develops from fused rib elements of
S1-S5. (Embryonic rib elements form in association with all
vertebrae, although they only become true ribs in the thorax.
Elsewhere, they fuse into the ventral surfaces of the trans-
verse processes.) The alae articulate at the auricular surface
with the two hip bones to form the sacroiliac (sa”kro-il’e-ak)
Jjoints of the pelvis.

On the posterior surface, in the midline, is the bumpy
median sacral crest, which represents the fused spinous
processes of the sacral vertebrae. Lateral to it are the
posterior sacral foramina, which transmit the dorsal rami of
the sacral spinal nerves. Just lateral to these is the lateral
sacral crest, representing the tips of the transverse processes
of the sacral vertebrae.

The vertebral canal continues within the sacrum as the
sacral canal. The laminae of the fifth (and sometimes the
fourth) sacral vertebrae fail to fuse medially, leaving an en-
larged external opening called the sacral hiatus (hi-a’tus;
“gap”) at the inferior end of the sacral canal.

Coccyx

The cocceyx, or tailbone, is small and triangular (Figure 7.23).
The name coccyx is from a Greek word for “cuckoo,” and the
bone was so named because of a fancied resemblance to a
bird’s beak. The coccyx consists of three to five vertebrae
fused together. Except for the slight support it affords the
pelvic organs, it is an almost useless bone. Injury to the coc-
cyx, such as from an abrupt fall, is extremely painful.
Occasionally, a baby is born with an unusually long coccyx.
In most such cases, this bony “tail” is discreetly snipped off
by a physician.

check your understanding

13. What does the superior articular process of a
vertebra articulate with?

14. Name one feature that is unique for all cervical
vertebrae.

15. How can you distinguish thoracic vertebra T4, from
lumbar vertebra L4?

16. What part of the vertebrae form the median sacral
crest?

For answers, see Appendix B.

THE THORACIC CAGE

» Identify the distinctive features of the ribs and sternum.

» Differentiate true ribs from false ribs, and explain how
they relate to floating ribs.

» Describe how a typical rib attaches to the vertebral
column.

The bony framework of the chest (thorax), called the
thoracic cage, is roughly barrel-shaped and includes the tho-
racic vertebrae posteriorly, the ribs laterally, and the sternum
and costal cartilages anteriorly (Figure 7.24). The thoracic
cage forms a protective cage around the heart, lungs, and
other organs. It also supports the shoulder girdles and upper
limbs and provides attachment points for many muscles of
the back, neck, chest, and shoulders. In addition, the
intercostal spaces (inter = between; costa = the ribs) are
occupied by the intercostal muscles, which lift and depress
the thorax during breathing.

Sternum

The sternum (breastbone) lies in the anterior midline of the
thorax. Resembling a dagger, it is a flat bone about 15 cm
long consisting of three sections: the manubrium, body, and
xiphoid process. The manubrium (mah-nu’bre-um; “knife
handle”), the superior section, is shaped like the knot in a
necktie. Its clavicular notches articulate with the clavicles
(collarbones) superolaterally. Just below this, the manubrium
also articulates with the first and second ribs. The body, or
midportion, makes up the bulk of the sternum. It is formed
from four separate bones, one inferior to the other, that fuse
after puberty. The sides of the sternal body are notched where
it articulates with the costal cartilages of the second to sev-
enth ribs. The xiphoid process (zif'oid; “sword-like””) forms
the inferior end of the sternum. This tongue-shaped process is
a plate of hyaline cartilage in youth, and it does not fully os-
sify until about age 40. In some people, the xiphoid process
projects posteriorly. Blows to the chest can push such a
xiphoid into the underlying heart or liver, causing massive
hemorrhage.

The sternum has three important anatomical landmarks
that can be palpated: the jugular notch, the sternal angle, and
the xiphisternal joint (Figure 7.24a). The jugular notch, also
called the suprasternal notch, is the central indentation in the
superior border of the manubrium. If you slide your finger
down the anterior surface of your neck, it will land in the
jugular notch. The jugular notch generally lies in the same
horizontal plane as the disc between the second and third tho-
racic vertebrae (Figure 7.24b). Just inferior is the sternal
angle, a horizontal ridge across the anterior suface of the ster-
num where the manubrium joins the body. This fibrocartilage
joint acts like a hinge, allowing the sternal body to swing an-
teriorly when we inhale. The sternal angle is in line with the
disc between the fourth and fifth thoracic vertebrae.
Anteriorly, it lies at the level of the second ribs. It is a handy
reference point for finding the second rib. Once the second rib
is located, you can count down to identify all the other ribs
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(except the first and sometimes the twelfth, which are too
deep to be palpated). By locating the individual ribs, you at-
tain a series of horizontal lines of “latitude” by which to lo-
cate the underlying visceral organs of the thoracic cavity. The
xiphisternal (zif”1-ster'nal) joint is where the sternal body
and xiphoid process fuse. It lies at the level of the ninth
thoracic vertebra. Deep to this joint, the heart lies on the
diaphragm.

Ribs

Twelve pairs of ribs (Latin: costa) form the flaring sides of
the thoracic cage (see Figure 7.24a). All ribs attach to the tho-
racic vertebrae posteriorly and run anteroinferiorly to reach
the front of the chest. The superior seven pairs, which attach
directly to the sternum by their costal cartilages, are the true
ribs, or vertebrosternal (ver”té-bro-ster'nal) ribs. The infe-
rior five pairs, ribs 8—12, are called false ribs because they at-
tach to the sternum either indirectly or not at all. Ribs §-10
attach to the sternum indirectly, as each joins the costal carti-
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Xiphisternal
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FIGURE 7.24 The thoracic cage. (See A Brief Atlas of the
Human Body, Second Edition, Figure 23.)

— Sternum

Jugular notch

T Sternal angle

Heart
_ L Xiphisternal
B \ joint

(b) Midsagittal section through the thorax, showing
the relationship of surface anatomical landmarks
of the thorax to the vertebral column

lage above it; these are called vertebrochondral (ver”t€-bro-
kon'dral) ribs. Ribs 11 and 12 are called floating ribs or
vertebral ribs because they have no anterior attachments.
Instead, their costal cartilages lie embedded in the muscles of
the lateral body wall. The ribs increase in length from pair 1
to 7, then decrease in length from pair 8 to 12. The inferior
margin of the rib cage, or costal margin, is formed by the
costal cartilages of ribs 7 to 10. The right and left costal mar-
gins diverge from the region of the xiphisternal joint, where
they form the infrasternal angle (infra = below).

A typical rib is a bowed flat bone (Figure 7.25a-c). The
bulk of a rib is simply called the shaft or body. Its superior
border is smooth, but its inferior border is sharp and thin and
has a costal groove on its inner face. The intercostal nerves
and vessels are located in the costal groove. In addition to the
shaft, each rib has a head, neck, and tubercle. The wedge-
shaped head articulates with the vertebral bodies by two
facets: One facet joins the body of the thoracic vertebra of
the same number; the other joins the body of the vertebra
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(c) Superior view of the articulation between a rib and a
thoracic vertebra
Ribs. All ribs illustrated in this figure are right
ribs. (See A Brief Atlas of the Human Body, Second Edition,
Figure 23e and f.)

immediately superior (Figure 7.25b). The neck of a rib is the
short, constricted region just lateral to the head. Just lateral to
the neck on the posterior surface, the knoblike tubercle articu-
lates with the transverse process of the thoracic vertebra of
the same number (Figure 7.25c). Lateral to the tubercle, the
shaft angles sharply anteriorly (at the angle of the rib) and ex-
tends to the costal cartilage anteriorly. The costal cartilages
provide secure but flexible attachments of ribs to the sternum
and contribute to the elasticity of the thoracic cage.

The first rib is atypical because it is flattened from supe-
rior to inferior and is quite broad (Figure 7.24a). The subcla-
vian vessels, the large artery and vein servicing the upper
limb, run in a groove along its superior surface. There are
other exceptions to the typical rib pattern: Rib 1 and ribs
10-12 articulate with only one vertebral body, and ribs 11
and 12 do not articulate with a vertebral transverse process.

check your understanding
17. Define the sternal angle. Which rib articulates with
the sternum at this landmark?

18. What specific features of the thoracic vertebrae
articulate with the head of a rib? Where does the
tubercle of a rib articulate?

For answers, see Appendix B.

DISORDERS OF THE AXIAL
SKELETON

» Describe the causes and consequences of cleft palate.

» List three types of abnormal curvatures of the spinal
column, and explain spinal stenosis.

Cleft Palate

Several congenital abnormalities may distort the skull. Most
common is cleft palate, in which the right and left halves of
the palate fail to join medially. This defect leaves an opening
between the mouth and the nasal cavity that interferes with
sucking and the baby’s ability to nurse. Cleft palate can lead
to aspiration (inhalation) of food into the nasal cavity and
lungs, resulting in pneumonia. Often accompanied by cleft lip

, it is repaired surgically. Recently it has been
found that the likelihood of cleft palate is minimized if the
mother takes multivitamins containing folic acid during early
pregnancy.

Stenosis of the Lumbar Spine

The condition known as stenosis of the lumbar spine (ste-
no'sis; “narrowing”) is a narrowing of the vertebral canal in the
lumbar region. This disorder can compress the roots of the
spinal nerves and cause back pain. The narrowing may result
from degenerative or arthritic changes in the vertebral joints
and ligaments or be caused by bone spurs projecting into the
vertebral canal.
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(a) A boy born with a cleft palate and
lip. surgical repair during infancy.

FIGURE 7.26 Cleft palate.

Abnormal Spinal Curvatures

There are several types of abnormal spinal curvatures. Some
are congenital (present at birth), whereas others result from
disease, poor posture, or unequal pull of muscles on the
spine.

Scoliosis (sko"le-o0'sis; “twisted disease”) is an abnormal
lateral curvature of more than 10 degrees that occurs most
often in the thoracic region (Figure 7.27a). One type, of un-
known cause, is common in adolescents, particularly girls.
Other, more severe cases result from abnormally structured
vertebrae, lower limbs of unequal length, or muscle paralysis.
If muscles on one side of the back are nonfunctional, those on
the opposite side pull unopposed and move the spine out of
alignment. To prevent permanent deformity, clinicians treat
scoliosis with body braces or surgery before the child stops
growing. Severe scoliosis can compress a lung, causing diffi-
culty in breathing.

Kyphosis (ki-fo'sis; “humped disease”), or hunchback,
is an exaggerated thoracic curvature that is most common in
aged women because it often results from spinal fractures that
follow osteoporosis (Figure 7.27b). It may also result from ei-
ther tuberculosis of the spine or osteomalacia.

Lordosis (lor-do’sis: “bent-backward disease”), or
swayback, is an accentuated lumbar curvature (Figure
7.27¢). Temporary lordosis is common in people carrying a
“large load in front,” such as obese men and pregnant
women. Like kyphosis, it can result from spinal tuberculosis
or osteomalacia.

THE AXIAL SKELETON
THROUGHOUT LIFE

» Describe how the axial skeleton changes as we grow.

The membrane bones of the skull begin to ossify late in
the second month of development. In these flat bones, bone
tissue grows outward from ossification centers within the

(b) The boy as a toddler, following
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(c) By adolescence, there was little
evidence of the original defect.

mesenchyme membranes. At birth, the skull bones remain in-
complete and are separated by still-unossified remnants of the
membranes, called fontanelles (fon"tah-nelz’) (Figure 7.28).
The major fontanelles—the anterior, posterior, mastoid, and
sphenoidal fontanelles—allow the skull to be compressed
slightly as the infant passes through the narrow birth canal,
and they accommodate brain growth in the baby. A baby’s
pulse surging in these “soft spots” feels like gushing water
(fontanelle means “little fountain”). The large, diamond-
shaped anterior fontanelle can be felt for 1) to 2 years after
birth. The others usually are replaced by bone by the end of
the first year.

Whereas the bones of the skullcap and face form directly
from mesenchyme by intramembranous ossification, those at
the base of the skull develop from cartilage by endochondral
ossification. More specifically, the skull’s endochondral
bones are the occipital (except for its extreme posterosuperior
part), the petrous and mastoid parts of the temporal, most of
the sphenoid, and the ethmoid.

(a) Scoliosis

(b) Kyphosis (c) Lordosis

FIGURE 7.27 Abnormal spinal curvatures.
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FIGURE 7.28 Skull of a newborn. Note the fontanelles and
ossification centers. (See A Brief Atlas of the Human Body,
Second Edition, Figure 16.)

At birth, the skull bones are thin. The frontal bone and
the mandible begin as paired bones that fuse medially during
childhood. The tympanic part of the temporal bone is merely
a C-shaped ring in the newborn.

The skull changes throughout life, but the changes are
most dramatic during childhood. At birth, the baby’s cra-
nium is huge relative to its small face (see Figure 7.28). The
maxillae and mandible are comparatively tiny, and the con-
tours of the face are flat. By 9 months of age, the skull is al-

ready half its adult size. By 2 years, it is three-quarters of its
full size, and by 8 or 9 years, the cranium is almost full-
sized. However, between the ages of 6 and 13, the head ap-
pears to enlarge substantially because the face literally
grows out from the skull as the jaws, cheekbones, and nose
become more prominent. The enlargement of the face corre-
lates with an expansion of the nose, paranasal sinuses, and
chewing muscles, plus the development of the large perma-
nent teeth.

Problems with the vertebral column, such as lordosis or
scoliosis, may appear during the early school years, when
rapid growth of the long limb bones stretches many muscles.
Children normally have a slight lordosis because holding the
abdomen anteriorly helps to counterbalance the weight of
their relatively large heads, held slightly posteriorly. During
childhood, the thorax grows wider, but true adult posture
(head erect, shoulders back, abdomen in, and chest out) does
not develop until adolescence.

Aging affects many parts of the skeleton, especially the
spine. The water content of the intervertebral discs declines.
As the discs become thinner and less elastic, the risk of her-
niation increases. By 55 years, a loss of several centimeters
from a person’s height is common. Further shortening of the
trunk can be produced by osteoporosis of the spine that leads
to kyphosis, which is sometimes called “dowager’s hump” in
older adults.

The thorax becomes more rigid with increasing age,
largely because the costal cartilages ossify. This loss of elas-
ticity of the rib cage leads to shallow breathing, which in turn
leads to less efficient gas exchange in the lungs.

Recall that all bones lose mass with age. Skull bones
lose less mass than most, but they lose enough to change the
facial contours of the older person. As the bony tissue of the
mandible and maxilla decreases, the jaws come to look
small and childlike once again. If an elderly person loses his
or her teeth, bone loss from the jaws is accelerated because
the bone of the alveolar region (tooth sockets) is reabsorbed.

check your understanding

19. Which skull bones form as two individual bones that
fuse during childhood to form a single bone in the
adult?

20. Which abnormal spinal curvature is associated with
age-related degenerative bone loss?

For answers, see Appendix B.




www.konkur.in

Chapter 7 Bones, Part 1: The Axial Skeleton 179

RELATED CLINICAL TERMS

CRANIOTOMY  (“cutting the skull”) Surgery to remove part of the cra-
nium, usually done to gain access to the brain—for example, to re-
move a brain tumor, a blood clot, or a sample of brain tissue for a
biopsy. The piece of skull is removed by drilling a series of round holes
through the bone at regular intervals to outline a square and then cut-
ting between these holes with a stringlike saw. At the end of the oper-
ation, the square piece of bone is replaced, and it heals normally.

LAMINECTOMY  (lam”T-nek’to-me; “lamina-cutting”) Surgical removal
of a vertebral lamina. Laminectomies are usually done to reach and
relieve a herniated disc.

ORTHOPEDIST (or”tho-pe’dist) or ORTHOPEDIC SURGEON A physi-
cian who specializes in restoring lost function or repairing damage to
bones and joints.

SPINAL FUSION Surgical procedure involving insertion of bone
chips as a tissue graft to stabilize a portion of the vertebral col-
umn, particularly after the fracture of a vertebra or the prolapse of
a disc.

WHIPLASH  An injury to the neck region caused by a rapid sequence
of hyperextension followed by hyperflexion of the neck. Often
results when a car is hit from the rear. Damage and pain usually
result from stretching of the ligaments and joints between the
neck vertebrae, and torn neck muscles. Treatment typically in-
volves use of a neck brace, painkillers, muscle-relaxing drugs, and
physical therapy.

CHAPTER SUMMARY

You can use the following media study tool for additional help when you re-
view specific key topics in Chapter 7.

PAL = practice Anatomy Lab™

1. The axial skeleton forms the long axis of the body. Its parts are the
skull, vertebral column, and thoracic cage. The appendicular skele-
ton, by contrast, consists of the pectoral (shoulder) and pelvic gir-
dles and the long bones of the limbs.

The Skull (pp. 149-167)

2. The cranium forms the vault and base of the skull and protects the
brain. The facial skeleton provides openings for the eyes, openings
for respiratory and digestive passages, and areas of attachment for
facial muscles.

3. Almost all bones of the skull are joined by immobile sutures.

4. The eight bones of the cranium are the paired parietal and temporal
bones and the unpaired frontal, occipital, sphenoid, and ethmoid
bones (see Table 7.1, pp. 162-163).

5. The 14 facial bones are the paired maxillae, zygomatics, nasals,
lacrimals, palatines, and inferior nasal conchae, plus the unpaired
mandible and vomer (see Table 7.1).

6. The nasal cavity and orbits are complicated regions of the skull,
each formed by many bones (see Figures 7.14 and 7.16).

7. The air-filled paranasal sinuses occur in the frontal, ethmoid, sphe-
noid, and maxillary bones. They are extensions of the nasal cavity,
to which they are connected.

8. The bowed hyoid bone in the anterior neck serves as a movable
base for the tongue, among other functions.

The Vertebral Column (pp.167-174)
9. The vertebral column includes 26 irregular bones: 24 vertebrae
plus the sacrum and coccyx.

10. The vertebral column has five major regions: the cervical vertebrae
(7), the thoracic vertebrae (12), the lumbar vertebrae (5), the
sacrum, and the coccyx. The cervical and lumbar curvatures are
concave posteriorly, and the thoracic and sacral curvatures are con-
vex posteriorly.

11. The thoracic and sacral curvatures are primary curvatures, present
at birth. The cervical curvature becomes pronounced when a baby
starts to lift its head, and the lumbar curvature develops when a
toddler starts to walk. These are secondary curvatures.

12. The spinal column is supported by a number of ligaments, includ-
ing the anterior and posterior longitudinal ligaments, which run
along the bodies of the vertebrae from the neck to the sacrum; and
the ligamentum flavum, an especially strong elastic ligament run-
ning between the lamina of adjacent vertebrae.

13. Intervertebral discs, with their nucleus pulposus cores and anulus
fibrosus rings, act as shock absorbers and give flexibility to the
spine. Herniated discs usually involve rupture of the anulus fol-
lowed by protrusion of the nucleus.

14. With the exception of C;, all cervical, thoracic, and lumbar verte-
brae have a body, two transverse processes, two superior and two
inferior articular processes, a spinous process, and a vertebral
arch.

15. The atlas and axis (C; and C,) are atypical vertebrae. The ringlike
atlas supports the skull and helps make nodding movements possi-
ble. The axis has a dens that helps the head to rotate.

16. Special characteristics distinguish the cervical, thoracic, and
lumbar vertebrae from one another (see Table 7.2, p. 172). The
orientation of the articular facets determines the movements pos-
sible in the different regions of the spinal column. The sacrum
and coccyx, groups of fused vertebrae, contribute to the bony
pelvis.

The Thoracic Cage (pp. 174-176)
17. The thoracic cage includes the 12 pairs of ribs, the sternum, and
the thoracic vertebrae.

18. The sternum consists of the manubrium, body, and xiphoid
process. The sternal angle marks the joint between the manubrium
and body, where the second ribs attach.

19. The first seven pairs of ribs are called true ribs; the rest are false
ribs. The eleventh and twelfth are called floating ribs. A typical rib
consists of a head with facets, a neck, a tubercle, and a shaft. A
costal cartilage occurs on the ventral end of each rib.
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PAL Human Cadaver/Axial Skeleton

Disorders of the Axial Skeleton (pp. 176-177)

20.

Cleft palate, a congenital malformation, results when the bones of
the hard palate do not fuse medially. Stenosis of the lumbar spine
is a pathological narrowing of the vertebral canal in the lumbar
region. Scoliosis, kyphosis, and lordosis are three types of abnormal
spinal curvature.

The Axial Skeleton Throughout Life (pp. 177-178)

21.

Fontanelles are membrane-covered regions between the cranial
bones in the infant skull. They allow growth of the brain and ease
birth passage.

22. Most skull bones are membrane bones. The skull’s only endochon-
dral bones are most of the occipital and sphenoid, the petrous and
mastoid parts of the temporal, and the ethmoid.

23. Growth of the cranium early in life is closely related to the rapid
growth of the brain. Enlargement of the face in late childhood fol-
lows tooth development and expansion of the nose, paranasal si-
nuses, and chewing muscles.

24. In old age, the intervertebral discs thin. This, along with osteo-
porosis, leads to a gradual decrease in height.

REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, See Appendix B.

1.

Match the bones in column B to their descriptions in column A.
(Some entries in column A will require more than one answer from
column B.)

Column A Column B
— (1) bones connected by the coronal suture (a) ethmoid
— (2) keystone bone of the cranium (b) frontal
— (3) keystone bone of the face (¢) mandible
— (4) bones that form the hard palate (d) maxillary
— (5) bone that contains the foramen magnum (e) occipital
—(6) forms the chin (f) palatine
— (7) contain paranasal sinuses (g) parietal
— (8) contains mastoid air cells (h) sphenoid

(i) temporal

Herniated intervertebral discs tend to herniate (a) superiorly,
(b) anterolaterally, (c) posterolaterally, (d) laterally.

The parts of the sternum that articulate at the sternal angle are
(a) xiphoid and body, (b) xiphoid and manubrium, (¢) manubrium
and body, (d) second ribs.

The only rib whose shaft is flattened in the horizontal plane, in-
stead of vertically, is the (a) first rib, (b) seventh rib, (c) eleventh
rib, (d) twelfth rib.

The name of the first cervical vertebra is (a) atlas, (b) axis, (c) oc-
ciput, (d) vertebra prominens.

6. Match the vertebrae listed in column B with the features in
column A.

Column A Column B
——— (1) no spinous process (a) atlas only
— (2) transverse foramen (b) axis only
— (3) superior articular facets (c) cervical vertebrae
— (4) dens process (d) thoracic vertebrae
— (5) transverse costal facets (e) lumbar vertebrae
— (6) kidney-shaped body (f) all vertebrae

— (7) forked spinous process

—  (8) circular vertebral foramen
— (9) transverse process
—(10) articular facets directed medially/laterally

7. Match the foramen in column B with the bone in column A in
which it is located.

Column A Column B

— (1) ethmoid bone (a) hypoglossal canal

— (2) maxillary bone (b) foramen ovale

— (3) sphenoid bone (c¢) external acoustic meatus
— (4) occipital bone (d) infraorbital foramen
— (5) temporal bone (e) olfactory foramina

Short Answer Essay Questions

8. In the fetus, how do the relative proportions of the cranium and
face compare with those in the skull of a young adult?

9. Name and diagram the four normal vertebral curvatures. Which are
primary and which are secondary?

10. List two specific structural characteristics each for cervical, tho-
racic, and lumbar vertebrae that would enable anyone to identify
each type correctly.

11. (a) What is the function of intervertebral discs? (b) Distinguish the
anulus fibrosus from the nucleus pulposus of a disc. (¢) Which part
herniates in the condition called prolapsed disc?

12. Is a floating rib a true rib or a false rib? Explain.

13. Briefly describe the anatomical characteristics and impairment of
function seen in cleft palate.

14. Compare the skeleton of a young adult to that of an 85-year-old
person, with respect to bone mass in general and the basic bony
structure of the skull, thorax, and vertebral column.

15. Identify what types of movement are allowed by the lumbar region
of the vertebral column, and compare these with the movements al-
lowed by the thoracic region.

16. List the bones in each of the three cranial fossae.
17. Describe the important features of the sternum.

18. Define these structures in a way that shows you can tell them apart:
vertebral arch, vertebral canal, vertebral foramen, and interverte-
bral foramen.



19.

20.
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Describe where the four major fontanelles are located in relation to
the major sutures of the skull.

Professor Ron Singer pointed to the foramen magnum of the skull
and said, “That is where the food goes. The food passes down
through this hole when you swallow.” Some of the students be-
lieved him, but others said this was a big mistake. Can you correct
his statement?

21.

22.
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In your anatomy course, you may be handed an isolated vertebra
and asked to determine whether it is cervical, thoracic, or lumbar.
Devise a reliable scheme for distinguishing these three types of
vertebrae.

Describe how a typical true rib (for instance, the fifth rib) articu-
lates with both the vertebral column and the sternum.

CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

Antonio was hit in the face with a bad-hop grounder during base-
ball practice. An X-ray film revealed multiple fractures of the
bones around an orbit. Name the bones that form the margins of an
orbit.

Lindsey had polio as a child and was partially paralyzed in one
lower limb for over a year. Although she is no longer paralyzed,
she now has a severe lateral curvature of the lumbar spine. Explain
what has happened, and name her condition.

Mr. Chester, a heavy beer drinker with a large potbelly, com-
plained of severe lower back pains. After X-ray films were taken,
he was found to have displacement of his lumbar vertebrac. What
would this condition be called, and what would cause it?

Which region of the vertebral column (cervical, thoracic, or lum-
bar) is most likely to experience a herniated disc?

After falling off a horse, Mary complained of pain on the right side
of her thorax that intensified when she took a deep breath or
coughed. The emergency medical technician suspected a broken
rib. Using palpation, how could the EMT identify the precise loca-
tion of the injury?

.q ™
Masterin
JA&P

Access everything you need to practice, review, and self-
assess for both your anatomy lecture and lab courses at
MasteringA&P™ (www.masteringaandp.com). There, you'll
find powerful online resources—including chapter quizzes
and tests, games and activities, A&P Flix animations with
quizzes, Practice Anatomy Lab™, and more—to help you
get a better grade in your course.
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the axial skeleton. Thus, they are collectively called the

appendicular skeleton (see Figure 7.1, p. 148). The
pectoral girdles (pek’tor-al; “chest”) attach the upper limbs to
the trunk, whereas the pelvic girdle secures the lower limbs.
Although the bones of the upper and lower limbs differ in
their functions, they share the same basic structural plan. That
is, each limb is composed of three basic segments: the hand,
forearm, and arm in the upper limb; and the foot, leg, and
thigh in the lower limb.

The appendicular skeleton enables people to carry out the
wide variety of movements typical of their active, mobile,
and object-manipulating lifestyle. Each time you take a step,
throw a ball, write with a pencil, or even drive a car, you use
your appendicular skeleton.

The bones of the appendicular skeleton are illustrated
and described in detail in this chapter. We begin with the pec-
toral girdle and upper limb.

I imb bones and their girdles are appended, or attached, to
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(a) Articulated pectoral girdle
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THE PECTORAL GIRDLE

» Identify the bones that form the pectoral girdle, and
explain their functions.

» ldentify the important bone features on the pectoral
girdle.

The pectoral girdle, or shoulder girdle, consists of a
clavicle (klav'i-kl) anteriorly and a scapula (skap'u-lah) poste-
riorly (Figure 8.7). The paired pectoral girdles and their asso-
ciated muscles form the shoulders. The term girdle implies a
belt completely circling the body, but these girdles do not quite
satisfy this description: Anteriorly, the medial end of each clav-
icle joins to the sternum and first rib, and the lateral ends of the
clavicles join to the scapulae at the shoulder. However, the two
scapulae fail to complete the ring posteriorly, because their me-
dial borders do not join to each other or the axial skeleton.

Besides attaching the upper limb to the trunk, the
pectoral girdle provides attachment for many muscles that
move the limb. This girdle is light and allows the upper limbs
to be quite mobile. This mobility springs from two factors:

1. Because only the clavicle attaches to the axial skeleton,
the scapula can move quite freely across the thorax, al-
lowing the arm to move with it.

Sternal (medial)
end

Posterior

Anterior

Acromial (lateral)
end

(b) Right clavicle, superior view

Acromial end

id i Anterior
Trapezoid line Sternal end
— -/’_"* a
Posterior Tuberosity for

costoclavicular
ligament

Conoid tubercle

(c) Right clavicle, inferior view

FIGURE 8.1 The pectoral girdle and clavicle. (See A Brief Atlas of the Human Body, Second Edition, Figure 24.)
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2. The socket of the shoulder joint—the scapula’s glenoid
cavity—is shallow, so it does not restrict the movement
of the humerus (arm bone). Although this arrangement is
good for flexibility, it is bad for stability: Shoulder
dislocations are fairly common.

Clavicles

The clavicles (“little keys™), or collarbones, are slender,
S-shaped bones that extend horizontally across the superior
thorax on the anterior surface (Figure 8.1a). The cone-shaped
sternal end attaches to the manubrium medially, and the
flattened acromial (ah-kro’'me-al) end articulates with the
scapula laterally (Figure 8.1b and c). The medial two-thirds
of the clavicle is convex anteriorly; you can feel this anterior
projection on yourself when you palpate the clavicle. The lat-
eral third is concave anteriorly. The superior surface is almost
smooth, but the inferior surface is ridged and grooved for the
ligaments and muscles that attach to it, many of which act to
bind the clavicle to the rib cage and scapula. For example, as
shown in Figure 8.1c, the thick trapezoid line and the conoid
tubercle near the acromial end provide attachment for a ligament
that runs to the scapula’s coracoid process (defined below),
and a roughened tuberosity near the sternal end indicates the
attachment of the costoclavicular ligament, a ligament that
connects the clavicle to the first rib.

The clavicles perform several functions. Besides provid-
ing attachment for muscles, they act as braces; that is, they
hold the scapulae and arms out laterally from the thorax. This
function becomes obvious when a clavicle is fractured: The
entire shoulder region collapses medially. The clavicles also
transmit compression forces from the upper limbs to the axial
skeleton, as when someone puts both arms forward and
pushes a car to a gas station.

FRACTURES OF THE CLAVICLE The clavicles are
not very strong, and they often fracture. This can occur
when a person falls on the lateral border of a shoulder, is
hit directly on the clavicle in a contact sport, or uses out-
stretched arms to break a fall. A fractured clavicle is also
a common injury in automobile accidents in which the
occupants are wearing seat belts. The curves in the clavi-
cle ensure that it usually fractures anteriorly (outward) at
its middle third. If it were to fracture posteriorly
(inward), bone splinters would pierce the main

blood vessels to the arm, the subclavian vessels,

which lie just deep to the clavicle.

Scapulae

The scapulae, or shoulder blades, are thin, triangular flat
bones (Figure 8.2) located on the dorsal surface of the rib
cage, between rib 2 superiorly and rib 7 inferiorly. Each
scapula has three borders. The superior border is the shortest
and sharpest. The medial border, or vertebral border,
parallels the vertebral column. The thick lateral border, or

axillary border, abuts the axilla (armpit) and ends superiorly in
a shallow fossa, the glenoid cavity (gle'noid; “pit-shaped”)
(Figure 8.2c). This cavity articulates with the humerus,
forming the shoulder joint.

Like all triangles, the scapula has three corners, or
angles. The glenoid cavity lies at the scapula’s lateral angle.
The superior angle is where the superior and medial borders
meet, and the inferior angle is at the junction of the medial
and lateral borders. The inferior angle moves as the arm is
raised and lowered, and it is an important landmark for
studying scapular movements.

The anterior, or costal, surface of the scapula is slightly
concave and relatively featureless. The coracoid (kor’ah-
coid) process projects anteriorly from the lateral part of the
superior scapular border. The root corac means “like a crow’s
beak,” but this process looks more like a bent finger. It is an
attachment point for the biceps muscle of the arm. Strong lig-
aments also bind the coracoid process to the clavicle. Just
medial to the coracoid process lies the suprascapular notch
(passageway for the suprascapular nerve), and just lateral
to it lies the glenoid cavity.

The posterior surface bears a prominent spine that is eas-
ily felt through the skin. The spine ends laterally in a flat
projection, the acromion (ah-kro’'me-on; “apex of shoul-
der”), which articulates with the acromial end of the clavicle.

Several large fossae occur on both surfaces of the scapula
and are named according to location. The infraspinous
(“below the spine”) and supraspinous (“above the spine”)
fossae lie inferior and superior to the scapular spine, respec-
tively (Figure 8.2b). The subscapular (“under the scapula™)
fossa is the shallow concavity formed by the entire anterior
surface of the scapula (Figure 8.2a). Lying within these fossae
are muscles with similar names, infraspinatus, supraspinatus,
and subscapularis.

check your understanding

1. Which part of the scapula articulates with the clavicle?

2. How is the pectoral girdle attached to the axial
skeleton?

3. Name the three fossae of the scapula, and describe
their location.

For answers, see Appendix B.

THE UPPER LIMB

» |dentify the bones of the upper limb and their important
features, and describe how they articulate with each other.

Thirty bones form the skeleton of the upper limb (see
Figures 8.3 to 8.6). They are grouped into bones of the arm,
forearm, and hand (Table 8.1, p. 186).

Arm

Anatomists use the term arm or brachium (bra’ke-um) to
designate the part of the upper limb between the shoulder and
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FIGURE 8.2 The scapula. (See A Brief Atlas of the Human Body, Second Edition,
Figure 24.)
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Bones of the Upper Limb

Body Region Bones* Illustration Location Markings
PECTORAL GIRDLE Clavicle is in Acromial end; sternal end;
(Figures 8.1, 8.2) Clavicle (2) superoanterior thorax; conoid tubercle
articulates medially
with sternum and
laterally with scapula
Scapula (2) Scapula is in posterior Glenoid cavity; spine;

acromion; coracoid
process; infraspinous,
supraspinous, and
subscapular fossae

{ { thorax; forms part of
the shoulder;
articulates with

J humerus and clavicle

UPPER LIMB Humerus (2) ———— Humerus is sole bone Head; greater and lesser
Arm 5 of arm; between tubercles; intertubercular
(Figure 8.3) scapula and elbow sulcus; radial groove;
’ deltoid tuberosity; trochlea;
capitulum; coronoid and
‘ olecranon fossae; medial
and lateral epicondyles
Fiw
A")
Forearm Ulna (2) Ulna is medial bone of Coronoid process;
(Figure 8.4) | forearm between olecranon process; radial
| elbow and wrist; forms notch; trochlear notch;
. elbow joint styloid process; head
Radius (2) Radius is lateral bone Head; radial tuberosity;
of forearm; articulates styloid process; ulnar notch
\ with proximal carpals
- to form part of the
wrist joint

K

(Figure 8.6)

8 Carpals (16)
Scaphoid
Lunate
Triquetrum
Pisiform
Trapezium
Trapezoid
Capitate
Hamate —_

Carpals form a bony

crescent at the wrist;
arranged in two rows
of four bones each

Metacarpals form the
palm; one in line with

8)—| each digit

5 Metacarpals (10}

14 Phalanges (2

Proximal Phalanges form the
Middle J fingers; three in digits
Distal 2-5; two in digit 1 (the

Anterior view of pectoral girdle and upper limb thumb)

*The number in parentheses () following the bone name denotes the total number of such bones
in the body.
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Head
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Ulna Radius

(d) Posterior view of extended elbow

FIGURE 8.3 The humerus of the right arm and detailed views of articulation at
the elbow. (See A Brief Atlas of the Human Body, Second Edition, Figure 25.)

elbow only. The humerus (hu’'mer-us) is the only bone of the
arm (Figure 8.3). The largest and longest bone in the upper
limb, it articulates with the scapula at the shoulder and with
the radius and ulna (forearm bones) at the elbow.

At the proximal end of the humerus is the hemispherical
head, which fits into the glenoid cavity of the scapula. Just
inferior to the head is a slight constriction, the anatomical
neck. Inferior to this, the lateral greater tubercle and the
more medial lesser tubercle are separated by the
intertubercular (“between the tubercles”) sulcus, or bicipital
(bi-sip’i-tal) groove. The tubercles are sites of attachment for

the rotator cuff muscles (Chapter 11, p. 302). The intertuber-
cular sulcus guides a tendon of the biceps muscle to its
attachment point at the rim of the glenoid cavity (the supra-
glenoid tubercle, Figure 8.2c). The surgical neck of the
humerus, so named because it is the most frequently fractured
part of the humerus, is inferior to the tubercles. About mid-
way down the shaft, on the lateral side, is the deltoid
tuberosity. This V-shaped, roughened area is an attachment
site for the deltoid muscle of the shoulder. Near the deltoid
tuberosity along the posterior surface of the shaft, the radial
groove descends obliquely. It marks the course of the radial
nerve, an important nerve of the upper limb.
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At the distal end of the humerus are two condyles, a
medial trochlea (trok'le-ah; “pulley”) that articulates with
the ulna, and a lateral capitulum (kah-pit'u-lum; “small
head”) that articulates with the radius (Figure 8.3c). The
trochlea looks like an hourglass turned on its side, and the ca-
pitulum is shaped like half a ball. They are flanked by the
medial and lateral epicondyles (“beside the condyles”),
which are attachment sites for muscles of the forearm.
Directly above these epicondyles are the medial and lateral
supracondylar ridges (Figure 8.3a).

On the posterior surface of the humerus directly proximal
to the trochlea is the deep olecranon (o-lek’rah-non) fossa. In

Olecranon process

View —;!"’ Trochlear notch
Head of :
radius ' Coronoid process
Neck of J‘I 3 ‘
radius ‘{1"3 i Radial notch
o
4
(c) Proximal portion of ulna, lateral view
Ulnar notch of radius
|
Articulation i
for lunate . ) J
] '
Articulation’g. [
for scaphoid |
Styloid e !
process \ r’ '
Head of Styloid
ulna process
Radius (d) Distal ends of the radius and ulna at the wrist

Styloid process

FIGURE 8.4 Radius and ulna of the right forearm.
(See A Brief Atlas of the Human Body, Second Edition,
Figure 26.)

the corresponding position on the anterior surface is a shal-
lower coronoid (kor'o-noid) fossa medially and radial fossa
laterally. These fossae receive similarly named projections of
the forearm bones during forearm movement, as shown in
Figure 8.3c and d.

Forearm

Forming the skeleton of the forearm or antebrachium (an'te-
bra’'ke-um) are two parallel long bones, the radius and ulna
(Figure 8.4), that articulate with the humerus proximally and
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the bones of the wrist distally. The radius and ulna also artic-
ulate with each other both proximally and distally at the small
radioulnar (ra” de-o-ul'nar) joints. Furthermore, they are in-
terconnected along their entire length by a flat ligament called
the interosseous membrane (in”ter-os’e-us; “between the
bones”). In the anatomical position, the radius lies laterally
(on the thumb side), and the ulna medially. However, when
the palm faces posteriorly, the distal end of the radius crosses
over the ulna, and the two bones form an X.

Ulna

The ulna (ul'nah; “elbow”), which is slightly longer than the
radius, is the main bone forming the elbow joint with the
humerus. It looks much like a monkey wrench. At its proximal
end are two prominent projections, the olecranon (“‘elbow’)
process and coronoid (“‘crown-shaped”) process, separated
by a deep concavity, the trochlear notch (Figure 8.4c).
Together, these two processes grip the trochlea of the
humerus (Figure 8.3c), forming a hinge joint that allows the
forearm to bend upon the arm (flex), then straighten again
(extend). When the forearm is fully extended, the olecranon
process “locks” into the olecranon fossa of the humerus
(Figure 8.3d). When the forearm is flexed, the coronoid
process of the ulna fits into the coronoid fossa of the
humerus. On the lateral side of the coronoid process is a
smooth depression, the radial notch (Figure 8.4c), where the
head of the radius articulates with the ulna.

Distally, the shaft of the ulna narrows and ends in a
knoblike head that articulates with the radius (Figure 8.4d).
Medial to this is the styloid (“stake-shaped”) process, from
which a ligament runs to the wrist. The head of the ulna is
separated from the bones of the wrist by a disc of fibrocarti-
lage and plays little or no role in hand movements.

Radius

The radius (“spoke” or “ray”) is thin at its proximal end and
widened at its distal end—the opposite of the ulna (Figure
8.4). The proximal head of the radius is shaped like the end
of a spool of thread (Figure 8.3c and d). Its superior surface is
concave, and it articulates with the capitulum of the humerus.
Medially, the head of the radius articulates with the radial
notch of the ulna, forming the proximal radioulnar joint. Just
distal to the head, on the anterior surface in anatomical posi-
tion, is a rough bump, the radial tuberosity, a site of attach-
ment of the biceps muscle. On the distal end of the radius
(Figure 8.4d), the medial ulnar notch articulates with the head
of the ulna, forming the distal radioulnar joint, and the lateral
styloid process anchors a ligament that runs to the wrist. The
distal articular surface is concave and articulates with carpal
bones of the wrist. Whereas the ulna contributes heavily to
the elbow joint, the radius is the primary forearm bone con-
tributing to the wrist joint. When the radius rotates, the hand
moves with it.

Figure 8.5a shows a way to locate the distal, knoblike
styloid processes of the radius and ulna. The styloid process
of the radius lies about 1 cm (0.4 inch) distal to that of the
ulna.
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Styloid process
of radius

Styloid process
of ulna

(a) Normal position

(b) Radiograph of fractured radius, Colles’ fracture

FIGURE 8.5 Location of styloid processes of radius and
ulna. (a) Palpation of normal positioning. (b) Radiograph of
fractured radius. Note the “dinner fork” bending in lateral view.

PALPATION OF COLLES’ FRACTURE When pre-
sented with a patient who has fallen on an outstretched
hand and whose wrist has curves that resemble those on
a fork, a clinician uses the method depicted in Figure
8.5a. If palpation reveals that the styloid process of the
radius has moved proximally from its normal position,
the diagnosis is Colles’ fracture, an impacted

fracture in which the distal end of the radius is

forced proximally into the shaft of the radius

(Figure 8.5b).
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FIGURE 8.6 Bones of the hand. (a) Anterior (palm) view of the right hand, illustrating
the carpals, metacarpals, and phalanges. (b) Posterior view. (See A Brief Atlas of the

Human Body, Second Edition, Figure 27.)

Hand

The skeleton of the hand includes the bones of the carpus, or
wrist; the bones of the metacarpus, or palm; and the
phalanges, or bones of the fingers (Figure 8.6).

Carpus

A wristwatch is actually worn on the distal forearm, not on
the wrist at all. The true wrist, or carpus (kar'pus), is the
proximal region of the hand, just distal to the wrist joint. The
carpus contains eight marble-sized short bones, or carpals
(kar'palz), closely united by ligaments. Gliding movements
occur between the carpals, making the wrist rather flexible.
The carpals are arranged in two irregular rows of four bones
each (Figure 8.6). In the proximal row, from lateral (thumb
side) to medial, are the scaphoid (skaf’oid; “boat-shaped”),
lunate (lu’ nat; “moonlike”), triquetrum (tri-kwet’ rum; “tri-
angular”), and pisiform (pis’i-form; “pea-shaped”) bones.
Only the scaphoid and lunate bones articulate with the radius
to form the wrist joint. The carpals of the distal row, again
from lateral to medial, are the trapezium (trah-pe’ze-um;
“little table”), trapezoid (“four-sided”), capitate (kap’i-tat;
“head-shaped”), and hamate (ham’at; “hooked”) bones. A
simple mnemonic may help you remember the names and po-
sitions of the carpal bones, starting with the proximal row
from lateral to medial, and continuing with the distal row
from lateral to medial: Sally Left The Party To Take Carmen
Home.

The scaphoid is the most frequently fractured carpal
bone, which often results from falling on an outstretched
hand. The impact bends the scaphoid, which then breaks at its
narrow midregion.

CARPAL TUNNEL SYNDROME The arrangement
of carpal bones makes the carpus concave anteriorly. A
ligamentous band covers this concavity superficially,
forming the carpal tunnel (Figure 8.7). Many long
muscle tendons that run from the forearm to the fingers
pass through this narrow tunnel. Also crowded in the
tunnel is the median nerve, which (roughly speaking)
innervates the lateral half of the hand, including the
muscles that move the thumb. Inflammation of any
element in the carpal tunnel, such as tendons swollen
from overuse, can compress the median nerve. This
nerve impairment is called carpal tunnel syndrome,
and it affects many workers who repeatedly flex their
wrists and fingers. At high risk are workers who use
vibrating hand-held tools for extended periods,
assembly workers, and workers in food processing and
packaging. Because the median nerve is impaired, the
skin of the lateral part of the hand tingles or becomes
numb, and movements of the thumb weaken. Pain is
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FIGURE 8.7 Carpal tunnel. Transverse section through the
distal row of the carpals of the right hand. Only two flexor
tendons are labeled, others are visible.

greatest at night. This condition can be treated by
resting the hand in a splint during sleep, by
anti-inflammatory drugs, or by surgery.

Carpal tunnel syndrome is just one of a series
of overuse disorders that can affect the
tendons, muscles, and joints of the upper limbs
and back. Collectively, these conditions are
called repetitive stress injuries.

Metacarpus

Five metacarpals radiate distally from the wrist to form the
metacarpus, or palm of the hand (meta = beyond). These
small long bones are not named individually but instead
are numbered 1 to 5, from thumb to little finger (Figure 8.6).
The bases of the metacarpals articulate with the carpals prox-
imally and with each other on their lateral and medial sides.
Distally, the bulbous heads of the metacarpals articulate with
the proximal phalanges of the fingers to form knuckles.
Metacarpal 1, associated with the thumb, is the shortest and
most mobile.

Phalanges of the Fingers

The digits, or fingers, are numbered 1 to 5 beginning with the
thumb, or pollex (pol’eks). The fingers contain miniature long
bones called phalanges (fah-lan’jéz). The singular of this
term is phalanx (fa'langks; “a closely knit row of soldiers”).
In most people, the third finger is the longest. With the excep-
tion of the thumb, each finger has three phalanges: proximal,
middle, and distal (Figure 8.6). The thumb has no middle
phalanx.
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check your understanding

4. In anatomical position, which forearm bone is located
laterally?

5. For each of the features listed, identify (a) the bone
each is located on and (b) the bone that each
articulates with: capitulum, trochlear notch, head of
the ulna, radial notch.

6. What is the difference between the anatomical neck
and the surgical neck of the humerus?

7. Name the bones that are located in the palm of the
hand.

For answers, see Appendix B.

THE PELVIC GIRDLE

» Name the bones contributing to the hip bone,
and relate the structure of the pelvic girdle to its
function.

» Compare and contrast the male and female pelves.

The pelvic girdle, or hip girdle, attaches the lower limbs
to the spine and supports the visceral organs of the pelvis.
The full weight of the upper body passes through this girdle to
the lower limbs. Whereas the pectoral girdle barely attaches to
the thoracic cage, the pelvic girdle attaches to the axial skele-
ton by some of the strongest ligaments in the body.
Furthermore, whereas the glenoid cavity of the scapula is shal-
low, the corresponding socket in the pelvic girdle is a deep cup
that firmly secures the head of the femur (thigh bone).
Consequently, the lower limbs have less freedom of move-
ment than the upper limbs but are much more stable.

The pelvic girdle consists of the paired hip bones
(Figure 8.8). A hip bone is also called a coxal (kok’sal)
bone, or an os coxae (os = bone; coxa = hip). Each hip
bone unites with its partner anteriorly and with the sacrum
posteriorly. The deep, basinlike structure formed by the hip
bones, sacrum, and coccyx is the pelvis (Figure 8.8a).

The hip bone is large and irregularly shaped (Figure 8.8b
and c). During childhood, it consists of three separate bones:
the ilium, ischium, and pubis. In adults, these bones are fused,
and their boundaries are indistinguishable. Their names are
retained, however, to refer to different regions of the compos-
ite hip bone. At the Y-shaped junction of the ilium, ischium,
and pubis is a deep hemispherical socket, the acetabulum
(as"&-tab’u-lum), on the lateral pelvic surface (Figure 8.8b).
The acetabulum (“vinegar cup”) receives the ball-shaped
head of the femur at the hip joint.

Hium

The ilium (il’e-um; “flank™) is a large, flaring bone that forms
the superior region of the hip bone. It consists of an inferior
body and a superior winglike ala (“wing”). The thickened su-
perior margin of the ala is the iliac crest. Many muscles
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FIGURE 8.8 Bones of the pelvic girdle. (a) Articulated pelvis showing the two hip
bones, the sacrum, and the coccyx. (b) Lateral view of the right hip bone (anterior is to
the right). (c) Medial view of the right hip bone (anterior is to the left). (See A Brief Atlas
of the Human Body, Second Edition, Figure 28.)
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FIGURE 8.9 Midsagittal section through the pelvis.

attach to this crest, which is thickest at the tubercle of the
iliac crest (Figure 8.8b). Each iliac crest ends anteriorly in a
blunt anterior superior iliac spine and posteriorly in a sharp
posterior superior iliac spine. The anterior superior iliac
spine is an especially prominent anatomical landmark and is
easily felt through the skin. The position of the posterior su-
perior iliac spines is indicated by dimples in the skin that lie
approximately 5 cm lateral to the midline of the back at the
junction of the lumbar and gluteal regions (see Figure 11.37,
p- 338). Located inferior to these superior iliac spines are the
anterior and posterior inferior iliac spines.

Posteriorly, just inferior to the posterior inferior iliac spine,
the ilium is deeply indented to form the greater sciatic notch
(si-at'ik; “of the hip”). The sciatic nerve, the largest nerve in
the body, passes through this notch to enter the posterior thigh.
The broad posterolateral surface of the ilium, the gluteal sur-
face (glu'te-al; “buttocks”), is crossed by three ridges: the
posterior, anterior, and inferior gluteal lines. These lines
define the attachment sites of the gluteal (buttocks) muscles.

The internal surface of the iliac ala is concave. This broad
concavity is called the iliac fossa (Figure 8.8c). Posterior to
this fossa lies a roughened auricular surface (aw-rik'u-lar;
“ear-shaped”), which articulates with the sacrum, forming the
sacroiliac joint. The weight of the body is transmitted from the
vertebral column to the pelvis through this joint. Running ante-
riorly and inferiorly from the auricular surface is a robust ridge

Sacrospinous
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called the arcuate line (ar’ku-at; “bowed”), which helps define
the superior boundary of the true pelvis (described below). The
inferior part of the ilium joins with the ischium posteriorly,
shown in purple, and the pubis anteriorly, illustrated in red.

Ischium

The ischium (is'ke-um; “hip”’) forms the posteroinferior re-
gion of the hip bone (Figure 8.8b). Shaped roughly like an L
or an arc, it has a thicker, superior body and a thinner, infe-
rior ramus (ramus = branch). Anteriorly, the ischial ramus
joins the pubis. The triangular ischial spine lies posterior to
the acetabulum and projects medially. It is an attachment
point for a ligament from the sacrum and coccyx, the
sacrospinous ligament (Figure 8.9a). Just inferior to the is-
chial spine is the lesser sciatic notch, through which pass
nerves and vessels that serve the perineum (area around the
anus and external genitals). The inferior surface of the ischial
body is the rough and thickened ischial tuberosity. When
you sit, your weight is borne entirely by the ischial tuberosi-
ties, which are the strongest parts of the hip bones. A massive
sacrotuberous ligament (Figure 8.9a) runs from the sacrum to
each ischial tuberosity and helps hold the pelvis together. The
ischial tuberosity is also an area of attachment of the ham-
string muscles.
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Pubis

The pubis (pu'bis; “sexually mature”), or pubic bone, forms
the anterior region of the hip bone. In the anatomical position,
it lies nearly horizontally, and the bladder rests upon it.
Essentially, the pubis is V-shaped, with superior and inferior
rami extending from a flat body (Figure 8.8b and c). The
body of the pubis lies medially, and its anterior border is
thickened to form a pubic crest. At the lateral end of the
pubic crest is the knoblike pubic tubercle, an attachment
point for the inguinal ligament (shown in Figure 11.31 on
p. 333). The two rami of the pubic bone extend laterally: The
inferior ramus joins to the ischial ramus, and the superior
ramus joins with the bodies of the ischium and ilium. A thin
ridge called the pectineal line lies along the superior pubic
ramus, forming the anterior portion of the pelvic brim.

A large hole, the obturator (ob’tu-ra”tor) foramen,
occurs between the pubis and ischium (Figure 8.8b and c).
Students ask the function of this foramen, reasonably assum-
ing something big goes through it. However, that is not the
case: Although a few vessels and nerves do pass through it,
the obturator foramen is almost completely closed by a fi-
brous membrane, the obturator membrane. In fact, the word
obturator literally means “closed up.”

In the midline, the bodies of the two pubic bones are
joined by a disc of fibrocartilage. This joint is the pubic sym-
physis (Figure 8.8a). Inferior to this joint, the inferior pubic
rami and the ischial rami form an arch shaped like an in-
verted V, the pubic arch or subpubic angle. The angle of
this arch helps to distinguish the male pelvis from the female
pelvis.

True and False Pelves

The bony pelvis is divided into two parts, the false (greater)
pelvis and the true (lesser) pelvis (Figure 8.9). These parts are
separated by the pelvic brim, a continuous oval ridge that
runs from the pubic crest through the arcuate line, the
rounded inferior edges of the sacral ala, and the sacral
promontory (Figure 8.8a). The false pelvis, superior to the
pelvic brim, is bounded by the alae of the iliac bones. It is ac-
tually part of the abdomen and contains abdominal organs.
The true pelvis lies inferior to the pelvic brim. It forms a
deep bowl containing the pelvic organs.

Pelvic Structure and Childbearing

The major differences between typical male and female
pelves are summarized in Table 8.2. So consistent are these
differences that an anatomist can determine the sex of a
skeleton with 90% certainty merely by examining the pelvis.
The female pelvis is adapted for childbearing: It tends to be
wider, shallower, and lighter than that of a male. These fea-
tures provide more room in the true pelvis, which must be
wide enough for an infant’s head to pass during birth.

The pelvic inlet is delineated by the pelvic brim
(Figure 8.9b). Its largest diameter is from side to side
(see Table 8.2). As labor begins, the infant’s head enters this
inlet, its forehead facing one ilium and its occiput facing the

other. If the mother’s sacral promontory is too large, it can
block the entry of the infant into the true pelvis. The pelvic
outlet is the inferior margin of the true pelvis, as shown in the
photos at the bottom of Table 8.2. The outlet’s anterior
boundary is the pubic arch; its lateral boundaries are the is-
chial tuberosities, and its posterior boundary is the sacrum
and coccyx. Both the coccyx and the ischial spines protrude
into the outlet, so a sharply angled coccyx or unusually large
ischial spine can interfere with delivery. The largest dimen-
sion of the pelvic outlet is the anteroposterior diameter.
Generally, after the infant’s head passes through the inlet, it
rotates so that the forehead faces posteriorly and the occiput
anteriorly. This is the usual position of the head as it leaves
the mother’s body (see Figure 25.27, p. 760). Thus, during
birth, the infant’s head makes a quarter turn to follow the
widest dimensions of the true pelvis.

check your understanding

8. What is the most anterior bone of the pelvic girdle?
9. Name the specific part of the hip bone that bears
your weight when you sit.
10. When you place your hands on your “hips,” what
structure are you resting your hands upon?
11. How does the structure of the pubic arch, the greater
sciatic notch, and the sacrum differ between males
and females?

For answers, see Appendix B.

THE LOWER LIMB

» ldentify the bones of the lower limb and their important
features, and describe how they articulate with each
other.

» Name the three supporting arches of the foot, and
explain their importance.

The lower limbs carry the entire weight of the erect
body and experience strong forces when we jump or run.
Thus, the bones of the lower limbs are thicker and stronger
than the comparable bones of the upper limbs. The three
segments of the lower limb are the thigh, the leg, and the
foot (Table 8.3 on p. 196).

Thigh

The femur (fe'mur; “thigh”) is the single bone of the thigh
(Figure 8.10b). It is the largest, longest, strongest bone in the
body. Its durable structure reflects the fact that the stress on
this bone can reach 280 kg per cm?, or 2 tons per square inch!
The femur courses medially as it descends toward the knee.
Such a medial course places the knee joints closer to the
body’s center of gravity in the midline and thus provides for
better balance. The medial course of the femur is more pro-
nounced in women because of their wider pelvis. Thus, there
is a greater angle between the femur and the tibia (shinbone),
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Comparison of the Male and Female Pelves

Characteristic Female Male
General structure and Tilted forward; adapted for childbearing; true Tilted less far forward; adapted for support of a
functional modifications pelvis defines the birth canal; cavity of the true male’s heavier build and stronger muscles; cavity
pelvis is broad, shallow, and has a greater capacity of the true pelvis is narrow and deep
Bone thickness Less; bones lighter, thinner, and smoother Greater; bones heavier and thicker, and markings
are more prominent
Acetabula Smaller; farther apart Larger; closer
Pubic angle/arch Broader (80° to 90°); more rounded Angle is more acute (50° to 60°)
. n 4 \ S,
e o Sy »
7o .. ."/ /
< \ i / g __:' odl !
\ o T u -
e e B.5
Anterior view & - 3 ¥

Y : 4 ;. — j
S N % Pelvic brim ‘.‘é :

- _//T\hh i Pubic arch ;\' /A .

Sacrum Wider; shorter; sacral curvature is accentuated Narrow; longer; sacral promontory more ventral
Coccyx More movable; straighter Less movable; curves ventrally
Greater sciatic notch Wide and shallow Narrow and deep

Left lateral view

Pelvic inlet (brim) Wider; oval from side to side Narrow; basically heart-shaped
Pelvic outlet Wider; ischial tuberosities shorter, farther apart, Narrower; ischial tuberosities longer,
and everted sharper, and point more medially

Posteroinferior view




Body Region

PELVIC GIRDLE
(Figure 8.8)

LOWER LIMB
Thigh
(Figure 8.10)

Kneecap
(Figure 8.10)

Leg
(Figure 8.11)

Foot
(Figure 8.12)

Illustration

Bones*

Coxal (2)
(hip)

7 Tarsals (14)
Talus
Calcaneus
Navicular
Cuboid
Lateral cuneiform
Intermediate cuneiform
Medial cuneiform

5 Metatarsals (10)\

14 Phalanges (28)
Proximal
Middle

Distal

Anterior view of pelvic
girdle and left lower limb
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Bones of the Lower Limbs

Location

Each coxal (hip) bone is
formed by the fusion of an
ilium, ischium, and pubic
bone; the coxal bones
fuse anteriorly at the pubic
symphysis and form
sacroiliac joints with the
sacrum posteriorly; girdle
consisting of both coxal
bones is basinlike

Femur is the sole bone of
thigh; between hip joint
and knee; largest bone of
the body

Patella is a sesamoid bone
formed within the tendon
of the quadriceps (anterior
thigh) muscles

Tibia is the larger and
more medial bone of leg;
between knee and foot

Fibula is the lateral bone
of leg; sticklike

Tarsals are seven bones
forming the proximal part
of the foot; the talus
articulates with the leg
bones at the ankle joint;
the calcaneus, the largest
tarsal, forms the heel

Metatarsals are five bones
numbered 1-5

Phalanges form the toes;
three in digits 2-5, two in
digit 1 (the great toe)

*The number in parentheses () following the bone name denotes the total number of such bones

in the body.

Markings

Iliac crest; anterior and
posterior iliac spines;
auricular surface; greater
and lesser sciatic notches;
obturator foramen; ischial
tuberosity and spine;
acetabulum; pubic arch;
pubic crest; pubic tubercle

Head; greater and lesser
trochanters; neck; lateral
and medial condyles and
epicondyles; gluteal
tuberosity; linea aspera

Medial and lateral condyles;
tibial tuberosity; anterior
border; medial malleolus

Head; lateral malleolus
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FIGURE 8.10 The right patella (a) and femur (b). (See A Brief Atlas of the Human Body,

Second Edition, Figure 29.)

which is vertical. This may contribute to the greater incidence
of knee problems in female athletes.

The ball-like head of the femur has a small central pit
called the fovea capitis (fo’ve-ah cap'i-tis; “pit of the head”).
A short ligament, the ligament of the head of the femur, runs
from this pit to the acetabulum of the hip bone. The head of
the femur is carried on a neck, which does not descend
straight vertically but angles laterally to join the shaft. This
angled course reflects the fact that the femur articulates with
the lateral aspect, rather than the inferior region, of the pelvis.
The neck is the weakest part of the femur and is often frac-
tured in a “broken hip.”

HIP FRACTURE AS RESULT OF OSTEOPOROSIS
When elderly people describe falling and “breaking a hip,”
the order of events is in many cases actually the reverse.
Bone loss due to osteoporosis causes the neck

of the femur to weaken and fracture from

stresses that a normal, healthy bone would

withstand. The fracture causes the person to fall.

197
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At the junction of the shaft and neck are the lateral greater
trochanter and posteromedial lesser trochanter, sites of
muscle attachment. The two trochanters are interconnected by
the intertrochanteric line anteriorly and by the prominent
intertrochanteric crest posteriorly. Inferior to the in-
tertrochanteric crest on the posterior surface of the shaft is the
gluteal tuberosity. The inferior part of this tuberosity blends
into a long vertical ridge, the linea aspera (lin'e-ah as’per-ah;
“rough line”). These areas are also sites of muscle attachment.

Distally, the femur broadens to end in lateral and medial
condyles shaped like wide wheels. These are the joint sur-
faces that articulate with the tibia. The most raised points on
the sides of these condyles are the lateral and medial
epicondyles, to which muscles and ligaments attach. The
adductor tubercle is a bump on the upper part of the medial
epicondyle. Anteriorly, the two condyles are separated by a
smooth patellar surface, which articulates with the kneecap,
or patella. Posteriorly, they are separated by a deep
intercondylar fossa. Extending superiorly from the respec-
tive condyles to the linea aspera are the lateral and medial
supracondylar lines.

The patella (pah-tel’ah; “small pan”) is a triangular
sesamoid bone enclosed in the tendon that secures the quadri-
ceps muscles of the anterior thigh to the tibia (Figure 8.10a).
It protects the knee joint anteriorly and improves the leverage
of the thigh muscles acting across the knee.

Leg

Anatomists use the term leg to refer to the part of the lower
limb between the knee and the ankle. Two parallel bones, the
tibia and fibula, form the skeleton of the leg (Figure 8.11).
The tibia is more massive than the sticklike fibula and lies
medial to it. These two bones articulate with each other both
proximally and distally. However, unlike the joints between
the radius and ulna of the forearm, the tibiofibular (tib"e-
o-fib"u-lar) joints allow almost no movement. Thus, the two
leg bones do not cross one another when the leg rotates. An
interosseous membrane connects the tibia and fibula along
their entire length. The tibia articulates with the femur to
form the knee joint, and with the talus bone of the foot at the
ankle joint. The fibula, by contrast, does not contribute to the
knee joint and merely helps stabilize the ankle joint.

Tibia

The tibia (tib’e-ah; “shinbone”) receives the weight of the
body from the femur and transmits it to the foot. It is second
only to the femur in size and strength. At its proximal end the
broad medial and lateral condyles, which resemble two
thick checkers lying side by side on the top of the shaft, artic-
ulate with the corresponding condyles of the femur. The tibial
condyles are separated by an irregular projection, the
intercondylar eminence. On the inferior part of the lateral
tibial condyle is a facet that articulates with the fibula to form
the proximal tibiofibular joint (Figure 8.11a and d). Just infe-
rior to the condyles, on the tibia’s anterior surface, is the
tibial tuberosity (Figure 8.11c), attachment site of the patel-
lar ligament.

The shaft of the tibia is triangular in cross section. The
sharp anterior border lies just below the skin and is easily
palpated. Distally, the end of the tibia is flat where it articu-
lates with the talus of the foot. Medial to this joint surface, the
tibia has an inferior projection called the medial malleolus
(mah-le’o-lus; “little hammer”), which forms the medial
bulge of the ankle. The fibular notch, on the lateral side of
the distal tibia, articulates with the fibula, forming the distal
tibiofibular joint.

Fibula

The fibula (fib’'u-la; “pin”) is a thin long bone with two
expanded ends. Its superior end is its head, and its inferior
end is the lateral malleolus. This malleolus forms the lateral
bulge of the ankle and articulates with the talus bone of the
foot. The shaft of the fibula is heavily ridged and appears to
have been twisted a quarter turn. The fibula does not bear
weight, but several muscles originate from it.

ANKLE FRACTURES The medial and lateral malleoli
are commonly fractured (Figure 8.11e) when the foot is
forcefully inverted or everted at the ankle—that is, when
one lands either on the lateral side of the foot and twists
the sole medially (inversion) or on the medial side and
turns the sole laterally (eversion). This type of

injury occurs frequently in the general

population and in people participating in

contact sports.

Foot

The skeleton of the foot includes the bones of the tarsus, the
bones of the metatarsus, and the phalanges, or toe bones
(Figure 8.12). The foot has two important functions: It
supports the weight of the body, and it acts as a lever to pro-
pel the body forward during walking or running. A single
bone could serve both these purposes but would function
poorly on uneven ground. Its multicomponent structure
makes the foot pliable, avoiding this problem.

Tarsus

The tarsus (tar’sus) makes up the posterior half of the foot
and contains seven bones called tarsals. It is comparable to
the carpus of the hand. The weight of the body is carried
primarily by the two largest, most posterior tarsal bones: the
talus (ta'lus; “ankle”), which articulates with the tibia and
fibula superiorly, and the strong calcaneus (kal-ka'ne-us;
“heel bone’), which forms the heel of the foot. The tibia artic-
ulates with the talus at the trochlea of the talus (Figure
8.12a). Inferiorly, the talus articulates with the calcaneus. The
thick tendon of the calf muscles attaches to the posterior sur-
face of the calcaneus. The part of the calcaneus that touches
the ground is the calcaneal tuberosity, and the medial,
shelflike projection is the sustentaculum tali (sus”ten-tak'u-
lum ta’le; “supporter of the talus”) or talar shelf (Figure
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The tibia and fibula of the right leg. (See A Brief Atlas of the Human

Body, Second Edition, Figure 30.)
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FIGURE 8.12 Bones of the right foot. (See A Brief Atlas of the Human Body, Second

Edition, Figure 31a, ¢, and d.)

8.12b). The remaining tarsal bones are the lateral cuboid (ku’-
boid; “cube-shaped”), the medial navicular (nah-vik'u-lar;
“boatlike”), and the anterior medial, intermediate, and
lateral cuneiforms (ku-ne'i-form; “wedge-shaped”).

Metatarsus

The metatarsus of the foot, which corresponds to the
metacarpus of the hand, consists of five small long bones
called metatarsals. These bones are numbered 1 to 5 begin-
ning on the medial side of the foot (Figure 8.12a). The first
metatarsal at the base of the big toe is the largest, and it plays
an important role in supporting the weight of the body. The
metatarsals are more nearly parallel to one another than are
the metacarpals in the palm. Distally, where the metatarsals
articulate with the proximal phalanges of the toes, the en-
larged head of the first metatarsal forms the “ball” of the foot.

METATARSAL STRESS FRACTURE 0One of the most
common foot injuries, metatarsal stress fracture,
results from repetitive stress on the foot, typically as a
result of increasing one’s running mileage too

quickly. The second and third metatarsals are

most often affected. Treatment generally

involves resting the foot and wearing stiff or
well-cushioned shoes.

Phalanges of the Toes

The 14 phalanges of the toes are smaller than those of the fin-
gers and thus are less nimble. Still, their general structure and
arrangement are the same: There are three phalanges in each
digit except the great toe (the hallux), which has only two
phalanges. As in the hand, these toe bones are named
proximal, middle, and distal phalanges.

Arches of the Foot

A structure composed of multiple components can support
weight only if it is arched. The foot has three arches: the
medial and lateral longitudinal arches and the transverse arch
(Figure 8.13). These arches are maintained by the interlock-
ing shapes of the foot bones, by strong ligaments, and by the
pull of some tendons during muscle activity; the ligaments
and tendons also provide resilience. As a result, the arches
“give” when weight is applied to the foot, then spring back
when the weight is removed.

If you examine your wet footprints, you will see that the
foot’s medial margin, from the heel to the distal end of the first
metatarsal, leaves no print. This is because the medial longi-
tudinal arch (Figure 8.13b) curves well above the ground.
The talus, near the talonavicular joint, is the keystone of this
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(a) Lateral aspect of right foot

(b) X-ray, medial aspect of right foot; keystone of medial
longitudinal arch at arrow.

Arches of the foot.

arch, which originates at the calcaneus, rises to the talus, and
then descends to the three medial metatarsals. The lateral lon-
gitudinal arch is very low. It elevates the lateral edge of the
foot just enough to redistribute some of the body weight to the
calcaneus and some to the head of the fifth metatarsal (that is,
to the two ends of the arch). The cuboid bone is the keystone
of this lateral arch. The two longitudinal arches serve as pillars
for the transverse arch, which runs obliquely from one side
of the foot to the other, following the line of the joints between
the tarsals and metatarsals. Together, the three arches form a
half dome that distributes approximately half of a person’s
standing and walking weight to the heel bones and half to the
heads of the metatarsals.
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As previously mentioned, various tendons run inferior to
the foot bones and help support the arches of the foot. The
muscles associated with these tendons are less active during
standing than walking. Therefore, people who stand all day at
their jobs may develop fallen arches, or “flat feet.” Running
on hard surfaces can also cause arches to fall, unless one
wears shoes that give proper arch support.

check your understanding

12. What specific feature of the hip bone articulates with
the head of the femur?

13. What structures form the two bony “bumps” on
either side of your ankle?

14. On what bone is each of the following features
located: lateral malleolus, linea aspera, lesser
trochanter, fibular notch, talar shelf, tibial
tuberosity?

15. What is the keystone of the medial longitudinal arch
of the foot? How do the arches of the foot distribute
body weight?

For answers, see Appendix B.

DISORDERS OF THE
APPENDICULAR SKELETON

» Describe two congenital disorders: hip dysplasia and
clubfoot.

Most disorders of the appendicular skeleton are bone
fractures, which are discussed in association with individual
bones (also see Table 6.2, p. 140). Two other significant dis-
orders are birth defects.

Hip dysplasia (congenital dislocation of the hip) (dys-
plasia = misformed) is a relatively common birth defect; in
fact, up to 4% of babies are treated for it. In this condition,
which affects females more than males, either the acetabulum
fails to form completely or the ligaments of the hip joint are
loose. In either case the head of the femur tends to slip out of
its socket . Early diagnosis and treatment are
essential to avoid permanent crippling. Treatment generally
involves using a splint or a harness of straps to hold the femur
in its proper position, so that the acetabulum can grow prop-
erly and the ligaments can tighten on their own. In extreme
cases or those that are diagnosed late, surgery may be needed
to repair and tighten the ligaments of the hip.

In clubfoot, which occurs in about 1 of every 700 births,
the soles of the feet turn medially and the toes point inferi-
orly (Figure 8.14b). This disorder may be genetically in-
duced or may result from the abnormal positioning of the
feet (such as being folded against the chest) during fetal de-
velopment. Clubfoot is treated by applying one cast after an-
other to adjust the position of the growing foot or, in extreme
cases, by surgery.
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(a) Hip dysplasia. Normal structure of the hip in an infant shown on the
right; displaced femoral head apparent in the hip on the left.

(b) Club feet. Both feet turned in; child’s left foot shows classic club
foot positioning.

Congenital disorders of the lower limb.

THE APPENDICULAR SKELETON
THROUGHOUT LIFE

» Describe how the lengths of the limbs change, relative
to the length of the head and trunk, as humans grow.

During youth, the growth of the appendicular skeleton
not only increases the body’s height but also changes the
body’s proportions . More specifically, the
upper-lower (UL) body ratio changes with age. In this ratio,

N\’ ! .-
-‘,> ,_.J| ! < s N f_, 4, I". .l S

Newborn 2yrs 5yrs 15 yrs Adult

Changes in body proportions throughout
life. During growth, the arms and legs grow faster than the head
and trunk, as can be seen in this figure of different-aged
individuals all drawn at the same height.

the lower body segment (L) is the distance from the top of the
pelvic girdle to the ground, whereas the upper body segment
(U) is the difference between the lower body segment’s
height and the person’s total height.

At birth, the UL ratio is about 1.7 to 1. Thus, the head
and trunk are more than 1.5 times as long as the lower limbs.
The lower limbs grow faster than the trunk from this time on,
however, and by age 10, the UL ratio is about 1 to 1, and it
changes little thereafter. During puberty, the female pelvis
broadens in preparation for childbearing, and the entire male
skeleton becomes more robust.

Once adult height is reached, a healthy appendicular skele-
ton changes very little until middle age. Then it loses mass, and
osteoporosis and limb fractures become more common.

check your understanding

16. In males, what changes in the skeleton occur at
puberty? In females?

17. Considering what you know about how the hip bones
form, why can hip dysplasia be successfully treated
by splinting if applied early?

For answers, see Appendix B.
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RELATED CLINICAL TERMS

BUNION A deformity of the great toe involving lateral displacement
of this digit and medial displacement of metatarsal 1. Also includes a
bony swelling and a bursitis (p. 234) on the medial side of the head
of the first metatarsal. Caused by tight or ill-fitting shoes (or, more
rarely, by arthritis or genetic factors).

KNOCK-KNEE A deformity in which the two knees rub or knock
together during walking. Knock-knee usually occurs in children be-
cause of irregular growth of the bones of the lower limb, injury to the
ligaments, or injury to the bone ends at the knee.

LISFRANC INJURY  Damage to the joints between the tarsal and
metatarsal bones of the foot that results from violently twisting or

bending the anterior part of the foot on the posterior part, as can
occur in a fall. Generally involves the cuneiforms and the first three
metatarsals. The metatarsal bases may be dislocated and the
intercuneiform joints damaged, often with fractures of these bones.

PELVIMETRY  Measurement of the dimensions of the inlet and outlet
of the pelvis, usually to determine whether it is of adequate size to
allow normal delivery of a baby.

PODIATRY  The specialized field dealing with the study and care of
the foot, including its anatomy, disorders, and medical and surgical
treatment.

CHAPTER SUMMARY

You can use the following media study tool for additional help when you
review specific key topics in Chapter 8.

PAL = Practice Anatomy Lab™

1. The appendicular skeleton consists of the pectoral and pelvic gir-
dles and the bones of the upper and lower limbs.

The Pectoral Girdle (pp. 183-185)
2. The pectoral girdles are specialized for mobility. Each consists of
a clavicle and a scapula and attaches an upper limb to the bony
thorax.

3. The clavicles hold the arms laterally away from the thorax and
transmit pushing forces from the upper limbs to the thorax.

4. Each triangular scapula articulates with a clavicle and a humerus.
The borders, angles, and features of the scapula are summarized in
Table 8.1 on p. 186.

The Upper Limb (pp. 184-191)
5. Each upper limb consists of 30 bones and is specialized for mobil-
ity. See Table 8.1, p. 186, for summary.

6. The skeleton of the arm consists solely of the humerus. The head
of the humerus articulates with the glenoid cavity of the scapula,
forming the shoulder joint.

7. The bones of the forearm are the radius and ulna. The radius is lat-
eral and the ulna medial. Articulations between these bones are
highly mobile, allowing the radius to rotate around the ulna.
Proximally, the ulna contributes heavily to the elbow joint. Distally,
the radius contributes to the wrist joint.

8. The bones of the hand are the carpals, metacarpals, and phalanges.

The Pelvic Girdle (pp. 191-194, 195)

9. The pelvic girdle, specialized for bearing weight, is composed of
two hip bones that connect the lower limbs to the vertebral col-
umn. Together with the sacrum, the hip bones form the basinlike
bony pelvis.

10. Each hip bone (coxal bone) consists of an ilium, ischium, and a
pubis fused together. The cuplike acetabulum is at the Y-shaped re-
gion of fusion of these three bones.

11. The ilium is the superior flaring part of the hip bone. Each ilium
forms a secure joint with the sacrum. The ischium is a curved bar
of bone; when a person sits, the weight is borne by the ischial
tuberosities. The V-shaped pubic bones join anteriorly at the pubic
symphysis.

12. The pelvic inlet or pelvic brim, an oval ridge that includes the
pubic crest, arcuate line of the ilium, and sacral promontory, sepa-
rates the superior false pelvis from the inferior true pelvis.

13. The male pelvis is relatively deep and narrow, with larger, heavier
bones; the female pelvis, which forms the birth canal, is compara-
tively shallower and wider (see Table 8.2, p. 195).

The Lower Limb (pp. 194-201)

14. The lower limb consists of the thigh, leg, and foot, and is special-
ized for weight bearing and locomotion. See Table 8.3, p. 196, for
a summary.

15. The long, thick femur is the only bone of the thigh. Its ball-shaped
head articulates with the acetabulum.

16. The bones of the leg are the tibia (which participates in both the
knee and ankle joints), located medially, and the slender fibula
laterally.

17. The bones of the foot are the tarsals, metatarsals, and phalanges.
The most important tarsals are the calcaneus (heel bone) and the
talus. The talus articulates with the leg bones at the ankle joint.

18. The foot is supported by three arches that distribute the weight of
the body to the heel and ball of the foot.

PAL Human Cadaver/Appendicular Skeleton

Disorders of the Appendicular Skeleton (pp. 201-202)
19. Hip dysplasia (congenital dislocation of the hip) and clubfoot are
common birth defects.

The Appendicular Skeleton Throughout Life (p. 202)

20. Fast growth of the lower limbs causes the upper-lower (UL)
body ratio to change from 1.7:1 at birth to 1:1 at 10 years and
beyond.
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REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.
1. Match the bones listed in column B to their descriptions in column
A. Answers in column B may be used more than once.
Column A Column B

— (1) bone of the axial skeleton to which
the pectoral girdle attaches

(a) clavicle

(b) ilium
—(2)its features 1nclu§e the glenoid (c) ischium
cavity and acromion process

— (3) its features include the ala, (d) pubis

crest,and greater sciatic notch (e) sacrum

— (4) membrane bone that transmits
forces from upper limb to bony
thorax

(f) scapula
(g) sternum
— (5) bone of pelvic girdle that articulates

with the axial skeleton

— (6) bone that bears weight during
sitting

— (7) most anteroinferior bone of the
pelvic girdle

—(8) bone of the axial skeleton to which
the pelvic girdle attaches

2. Match the bones in column B to their descriptions in column A.
Answers in column B may be used more than once.

Column A Column B
— (1) articulates with the acetabulum (a) carpals
and the tibia (b) femur
— (2) its malleolus forms the lateral fibul
aspect of the ankle (c) fibula
—(3) bone that articulates with the hand (d) humerus
and wrist (e) radius

— (4) the wrist bones (f) tarsals

— (5) bone shaped much like a monkey

(g) tibia
wrench

. . . (h) ulna
— (6) articulates with the capitulum of
the humerus

—(7) largest bone is the calcaneus

3. Which of the following bony features is not near or in the shoulder
joint? (a) acromion, (b) greater tubercle, (c) glenoid cavity, (d)
anatomical neck of humerus, (e) deltoid tuberosity.

4. Which of the following bony features is not in or near the hip
joint? (a) acetabulum, (b) sacral promontory, (c) greater trochanter,
(d) neck of femur.

5. Which of the bones listed does not have a head? (a) radius, (b)
femur, (c) ulna, (d) tibia, (e) fibula.

6. The greater and lesser tubercles are located on the (a) humerus, (b)
coxal bone, (c) femur, (d) ankle, (e) tibia.

7. From the list of bones given, indicate all those that have a styloid
process. (a) clavicle, (b) scapula, (c) radius, (d) ulna, (e) tibia,
(f) fibula.

8. The lateral malleolus is the (a) proximal portion of the fibula, (b)
distal portion of the tibia, (c) distal portion of the fibula, (d) proxi-
mal portion of the ulna, (e) bone in the middle ear cavity.

9. In the forearm, the radius is the bone; therefore, the radial
notch of the ulna points . (a) lateral/medially, (b) lateral/later-
ally, (¢c) medial/medially, (d) medial/laterally.

10. The scaphoid and lunate articulate with the (a) metacarpals, (b) radius
and ulna, (c) radius, (d) tibia, (e) trapezium.

Short Answer Essay Questions

11. The major function of the pectoral girdle is mobility. (a) What is
the major function of the pelvic girdle? (b) Relate these functional
differences to the anatomical differences between the girdles.

12. List three differences between the male and female pelves.
13. Describe the function of the arches of the foot.

14. Briefly describe the anatomical characteristics and impairment of
function seen in hip dysplasia.

15. Define and distinguish the true pelvis from the false pelvis.

16. Lance was a bright anatomy student, but he sometimes called the
leg bones “fibia” and “tibula.” Correct this common mistake.

17. Draw the scapula in posterior view, and label all the borders, an-
gles, fossae, and important features visible in this view.

18. Identify the associated bone and the location of each of the follow-
ing bone features: (a) greater trochanter, (b) linea aspera, (c)
trochlea, (d) coronoid process, (e) deltoid tuberosity, (f) greater tu-
bercle, (g) greater sciatic notch.

19. (a) Which body regions do anatomists call the arm and the leg? (b)
What is the medial side of the hand?

20. Tom Williams, a teaching assistant in anatomy class, picked up a
bone and pretended it was a telephone. He put the big hole in this
bone up to his ear and said, “Hello, obturator, obturator (operator,
operator).” Name the bone and the structure he was helping the
students to learn.

21. Name all the bones of the appendicular skeleton that have a
tuberosity.

22. The hand and foot are structurally similar in many ways; they also
show clear differences in structure related to their different func-
tions. Describe the structural features of the foot that are clearly re-
lated to its weight-bearing and locomotory functions.
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CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

Malcolm injured himself after trying to break his fall with out-
stretched arms. The emergency room physician took one look at
his shoulder and saw that Malcolm had a broken clavicle (and no
other injury). Describe the position of Malcolm’s shoulder. What
part of the clavicle was most likely broken? Malcolm was worried
about injury to the main blood vessels to his arm (the subclavian
vessels), but he was told such injury was unlikely. Why could the
doctor predict this?

Racheal, a hairdresser, developed flat feet. Explain why.

Justiniano worked in a poultry-packing plant, where his job was
cutting open chickens and stripping out their visceral organs. After
work, he typed for long hours on his computer keyboard, because
he was writing a novel based on his work in the plant. Soon, his
wrist and hand began to hurt whenever he flexed them, and he
began to awaken at night with pain and tingling on the thumb half
of his hand. What condition did he probably have?

Compare the bones of the upper limb with the bones of the lower
limb. How are they similar; how are they different? How do these
differences relate to different functions of the upper versus the
lower limb?

5.

The most common bone fracture in people under 75 years old is a
wrist fracture, either fracture of the scaphoid or fracture of the dis-
tal radius (Colles’ fracture). This injury results from falling on an
outstretched hand. Why is the radius injured in this type of fall and
not the ulna?

.’N ™
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assess for both your anatomy lecture and lab courses at
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joints, or articulations. The Greek root arthro means

“joint,” and the scientific study of joints is called
arthrology (ar-throl’o-je). Two important functions of bone
are support and movement. It is the articulation of bones at
joints and the contraction of skeletal muscles that attach to
the bones that cause movement. The graceful movements of
dancers and gymnasts attest to the great variety of motions
that joints allow. Even though joints are always the weakest
points of any skeleton, their structure enables them to resist
crushing, tearing, and the various forces that would drive
them out of alignment.

The rigid elements of the skeleton meet at sites called

CLASSIFICATION OF JOINTS

» Classify the joints by structure and by function.

Joints can be classified either by function or structure.
The functional classification focuses on the amount of move-
ment allowed. Accordingly, synarthroses (sin”ar-thro’'séz;
syn = together; arthro = joint) are immovable joints,
amphiarthroses (am”fe-ar-thro’séz; amphi = of both kinds)
are slightly movable joints, and diarthroses (di"ar-thro’s€z;
di = two) are freely movable joints. Diarthroses predominate
in the limbs, whereas synarthroses and amphiarthroses are
largely restricted to the axial skeleton.

The structural classification is based on the material that
binds the bones together and on the presence or absence of a
joint cavity. Structurally, joints are classified as fibrous, car-
tilaginous, or synovial joints (Table 9.1).

a5 08 Summary of Joint Classes

Chapter 9 Joints 207

In this chapter the discussion of joints is organized ac-
cording to the structural classification, and functional proper-
ties are noted where appropriate.

FIBROUS JOINTS

» Describe the general structure of fibrous joints. Provide
examples of the three types of fibrous joints.

In fibrous joints (Figure 9.1), the bones are connected by
fibrous tissue, namely dense regular connective tissue. No
joint cavity is present. Most fibrous joints are immovable or
only slightly movable. The types of fibrous joints are sutures,
syndesmoses, and gomphoses.

Sutures

In sutures, literally “seams,” the bones are tightly bound by a
minimal amount of fibrous tissue (Figure 9.1a). Sutures occur
only between bones of the skull, and their fibrous tissue is
continuous with the periosteum around these flat bones. At
sutures, the edges of the joining bones are wavy and inter-
locking. Sutures not only knit the bones together but also
allow growth so that the skull can expand with the brain dur-
ing childhood. During middle age, the fibrous tissue ossifies,
and the skull bones fuse together. At this stage, the closed su-
tures are more precisely called synostoses (sin”0s-to's€z), lit-
erally, “bony junctions.” Because movement of the cranial
bones would damage the brain, the immovable nature of su-
tures is a protective adaptation.

Structural Structural
Class Characteristics Types Mobility
Fibrous Adjoining bones united by 1. Suture (short fibers) Immobile (synarthrosis)

collagenic fibers

2. Syndesmosis (longer fibers)

3. Gomphosis (periodontal ligament)

Slightly mobile (amphiarthrosis)
and immobile

Immobile

Cartilaginous
cartilage

2. Symphysis (fibrocartilage)

Adjoining bones united by 1. Synchondrosis (hyaline cartilage)

Immobile

Slightly movable

Synovial
by a joint cavity, covered with 2
articular cartilage, and

enclosed within an articular 3. Pivot

capsule lined with synovial
membrane

Adjoining bones separated 1. Plane

. Hinge

4. Condyloid
5. Saddle
6. Ball and socket

Freely movable (diarthrosis);
movements depend on design
of joint
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(a) Suture

Joint held together with very short,
interconnecting fibers, and bone edges
interlock. Found only in the skull.

fibrous
connective
tissue

FIGURE 9.1 Fibrous joints.

Syndesmoses

In syndesmoses (sin”des-mo’s€z), the bones are connected
exclusively by ligaments, bands of fibrous tissue longer than
those that occur in sutures (Figure 9.1b). In fact, the name
syndesmosis derives from the Greek word for “ligament.”

The amount of movement allowed at a syndesmosis de-
pends on the length of the connecting fibers. If the fibers are
short, as in the distal tibiofibular articulation (Figure 9.1b),
little to no movement is allowed. If the fibers are quite long,
as in the interosseous membrane between the radius and ulna
(see Figure 8.4 on p. 188), a large amount of movement is
possible.

Gomphoses

A gomphosis (gom-fo'sis; “bolt”) is a peg-in-socket joint.
The only example is the articulation of a tooth with its socket
(Figure 9.1c). In this case, the connecting ligament is the
short periodontal ligament.

CARTILAGINOUS JOINTS

» Describe cartilaginous joints, and give examples of the
two main types.

In cartilaginous (kar”ti-laj'i-nus) joints, the articulating
bones are united by cartilage (Figure 9.2). Cartilaginous joints
lack a joint cavity and are not highly movable. There are two
types of cartilaginous joints: synchondroses and symphyses.

(b) Syndesmosis

Joint held together by a ligament.
Fibrous tissue can vary in length but
is longer than in sutures.

(c) Gomphosis

Peg-in-socket fibrous joint. Periodontal
ligament holds tooth in socket.

Xt
<, -
Socket of
alveolar
process
Root of
tooth
Ligament Periodontal
ligament
Synchondroses

A joint where hyaline cartilage unites the bones is a
synchondrosis (sin”kon-dro’sis; “junction of cartilage”; Figure
9.2a). The epiphyseal plates are synchondroses. Functionally,
these plates are classified as immovable synarthroses. Another
example is the immovable joint between the first rib’s costal
cartilage and the manubrium of the sternum.

Symphyses

A joint where fibrocartilage unites the bones is a symphysis
(sim'fi-sis; “growing together”). Examples include the inter-
vertebral discs and the pubic symphysis of the pelvis (Figure
9.2b). Even though fibrocartilage is the main element of a
symphysis, hyaline cartilage is also present in the form of ar-
ticular cartilages on the bony surfaces. The articular carti-
lages function to reduce friction between the bones during
movement. You learned in Chapter 6 that fibrocartilage resists
both tension and compression stresses and can act as a re-
silient shock absorber. Symphyses, then, are slightly movable
joints (amphiarthroses) that provide strength with flexibility.

check your understanding

1. Define each of the following terms: synarthrosis,
syndesmosis, synchondrosis. Which of these terms is a
functional classification of joints?
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(a) Synchondroses

Bones united by hyaline cartilage

Epiphyseal

plate (temporary
hyaline cartilage
joint)

Sternum (manubrium)

Joint between first rib
and sternum (immovable)

(b) Symphyses

Bones united by fibrocartilage

Body of vertebra

{pjsutiids S— Fibrocartilaginous
intervertebral
disc

FIGURE 9.2 Cartilaginous joints.

2. What types of cartilage are found in a symphysis joint?
Name one location of this type of joint.

For answers, see Appendix B.

SYNOVIAL JOINTS

>

\

Describe the structural characteristics shared by all
synovial joints.

Define bursa and tendon sheath.

Explain how synovial joints function.

List three factors that influence the stability of synovial
joints.

Synovial joints (si-no’'ve-al; “joint eggs”) are the most

movable joints of the body, and all are diarthroses (freely
movable). Each synovial joint contains a fluid-filled joint
cavity. Most joints of the body are in this class, especially
those in the limbs (see Table 9.2, pp. 218-220).

Pubic symphysis

General Structure of Synovial Joints

Synovial joints (Figure 9.3) have the following basic features:

1.

Articular cartilage. The ends of the opposing bones are
covered by articular cartilages composed of hyaline carti-
lage. These spongy cushions absorb compressive forces
placed on the joint and thereby keep the bone ends from
being crushed.

Joint cavity (synovial cavity). A feature unique to syn-
ovial joints, the joint cavity is really just a potential space
that holds a small amount of synovial fluid.

Articular capsule. The joint cavity is enclosed by a two-
layered articular capsule, or joint capsule. The outer layer
is a fibrous capsule of dense irregular connective tissue
that is continuous with the periosteum layer of the join-
ing bones. It strengthens the joint so that the bones are
not pulled apart. The inner layer of the capsule is a
synovial membrane composed of loose connective tis-
sue. In addition to lining the joint capsule, this membrane
covers all the internal joint surfaces not covered by carti-
lage. Its function is to make synovial fluid.
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/ Ligament

Joint cavity
(contains
synovial fluid)

cartilage

Fibrous
capsule

Synovial
membrane

Periosteum

(a) A typical synovial joint

FIGURE 9.3 General structure of synovial joints.

4. Synovial fluid. The viscous liquid inside the joint cavity is
called synovial fluid because it resembles raw egg white
(ovum = egg). Synovial fluid is primarily a filtrate of
blood, arising from capillaries in the synovial membrane.
It also contains special glycoprotein molecules, secreted
by the fibroblasts in the synovial membrane, that make
synovial fluid a slippery lubricant that eases the move-
ment at the joint. Synovial fluid not only occupies the
joint cavity but also occurs within the articular cartilages.
The pressure placed on joints during normal movement
squeezes synovial fluid into and out of the articular carti-
lages, nourishing the cells in these cartilages (remember
that cartilage is avascular) and lubricating their free
surfaces.

5. Reinforcing ligaments. Some synovial joints are rein-
forced and strengthened by bandlike ligaments. Most
often, the ligaments are intrinsic, or capsular; that is, they
are thickened parts of the fibrous capsule itself. In other
cases, the ligaments are extracapsular or intracapsular.
Extracapsular ligaments are located just outside the cap-
sule, for instance, the fibular and tibial collateral liga-
ments of the knee (Figure 9.4). Intracapsular ligaments
are internal to the capsule, for example, the anterior and
posterior cruciate ligaments in the knee (see Figure
9.15e). Intracapsular ligaments are covered with a sy-
novial membrane that separates them from the joint cavity
through which they run.

Articular (hyaline)

Articular
capsule

(b) Frontal section through the shoulder joint

6. Nerves and vessels. Synovial joints are richly supplied
with sensory nerve fibers that innervate the articular cap-
sule. Some of these fibers detect pain, as anyone who has
suffered a joint injury is aware, but most monitor how
much the capsule is being stretched. This monitoring of
joint stretching is one of several ways by which the ner-
vous system senses our posture and body movements

. Articular
Articular cartilage
capsule \

Joint
cavity
Extracapsular
ligaments Patellar
ligament
Blood vessels Articular
to the joint disc

FIGURE 9.4 Dissection of the knee. Lateral View.
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Acromion
of scapula

Coracoacromial
ligament

Joint cavity
containing
synovial fluid

Subacromial
bursa

Fibrous
articular capsule

Hyaline
cartilage
Tendon
sheath

Synovial
membrane

Tendon of
long head
of biceps
brachii muscle

Fibrous
capsule

(a) Frontal section through the right shoulder joint

FIGURE 9.5 Bursae and tendon sheaths.

(see p. 350). Synovial joints also have a rich blood sup-
ply. Most of the blood vessels supply the synovial mem-
brane, where extensive capillary beds produce the blood
filtrate that is the basis of synovial fluid.

Each synovial joint is served by branches from several
major nerves and blood vessels. These branches come from
many different directions and supply overlapping areas of the
joint capsule (Figure 9.4). Such overlap provides functional
redundancy: When the normal movements at a joint compress
a blood vessel, other vessels stay open and keep the joint
nourished. Furthermore, when an injury to a joint destroys
some vessels and nerves, others survive and keep the joint
functioning.

Certain synovial joints contain a disc of fibrocartilage
(Figure 9.4), called an articular disc or a meniscus (mé-
nis'kus; “crescent”). Articular discs occur in the temporo-
mandibular (jaw) joint, sternoclavicular joint, knee joint, and
a few others (see Table 9.3). Such a disc extends internally
from the capsule and completely or partly divides the joint
cavity in two. Articular discs occur in joints whose articulat-
ing bone ends have somewhat different shapes. When two ar-
ticulating surfaces fit poorly, they touch each other only at
small points, where the loading forces become highly con-
centrated; this can damage the articular cartilages and lead to
osteoarthritis. An articular disc fills the gaps and improves the
fit, thereby distributing the load more evenly and minimizing
wear and damage. These discs may also allow two different
movements at the same joint—a distinct movement across
each face of the disc, as is the case with the jaw joint.

Bursae and tendon sheaths contain synovial fluid and
often are associated with synovial joints. Essentially closed
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Coracoacromial
ligament

Subacromial
bursa

- BTSSRI On
Cavity in
bursa containing

synovial fluid Humerus resting

Bursa rolls
and lessens
friction.

Humerus head
rolls medially as
arm abducts.

Humerus moving

(b) Enlargement of (a), showing how a bursa eliminates friction
where a ligament (or other structure) would rub against a bone

bags of lubricant, these structures act like “ball bearings” to
reduce friction between body elements that move over one
another (Figure 9.5). A bursa (ber'sah), a Latin word mean-
ing “purse,’ is a flattened fibrous sac lined by a synovial
membrane. Bursae occur where ligaments, muscles, skin, ten-
dons, or bones overlie each other and rub together. A tendon
sheath is essentially an elongated bursa that wraps around a
tendon like a bun around a hot dog (see Figure 9.5a). Tendon
sheaths occur only on tendons that are subjected to friction,
such as those that travel through joint cavities or are crowded
together within narrow canals (as in the carpal tunnel of the
wrist, for example).

General Function of Synovial Joints

Synovial joints are elaborate lubricating devices that allow
joining bones to move across one another with a minimum of
friction. Without this lubrication, rubbing would wear away
the joint surfaces, and excessive friction could overheat and
destroy the joint tissues, essentially “cooking” them.
Synovial joints are routinely subjected to compressive
forces that occur when the muscles that move bones pull the
bone ends together. As the opposing articular cartilages
touch, synovial fluid is squeezed out of them, producing a
film of lubricant between the cartilage surfaces. The two
moving cartilage surfaces ride on this slippery film, not on
each other. Synovial fluid is such an effective lubricant that
the surfaces slide with less friction than ice sliding on ice.
When the pressure on the joint ceases, the synovial fluid
rushes back into the articular cartilages like water into a
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sponge, ready to be squeezed out again the next time a load
is placed on the joint. This mechanism is called weeping
lubrication.

check your understanding

3. List the six basic features of synovial joints.

4. How does an articular disc differ from articular
cartilage?

5. What are the functions of synovial fluid?

For answers, see Appendix B.

Movements Allowed by Synovial Joints

» Name and describe the common types of body
movements.

» Classify synovial joints into six categories according to the
shapes of their joint surfaces and the types of movement
they allow. Give examples of joints in each class.

As muscles contract, they cause bones to move at the syn-
ovial joints. The resulting movements are of three basic types:
(1) gliding of one bone surface across another; (2) angular
movements, which change the angle between the two bones;
and (3) rotation about a bone’s long axis. These movements
are illustrated in and summarized in

Gliding
In gliding, the nearly flat surfaces of two bones slip across
each other (Figure 9.6a). Gliding occurs at the joints between

the carpals and tarsals and between the flat articular processes
of the vertebrae.

Angular Movements

Angular movements (Figure 9.6b—e) increase or decrease
the angle between two bones. These movements, which may
occur in any plane of the body, include flexion, extension, ab-
duction, adduction, and circumduction.

Flexion Flexion is movement that decreases the angle be-
tween the bones, bringing these bones closer together (Figure
9.6b—d). This motion usually occurs in the sagittal plane of
the body. Examples include flexion of the neck or trunk
(Figure 9.6b and c); flexion of the fingers, as in making a fist;
and flexion of the forearm toward the arm at the elbow. In less
obvious examples, the arm is flexed at the shoulder when
moved in an anterior direction, Figure 9.6d, and the hip is
flexed when the thigh moves anteriorly.

Extension Extension is the reverse of flexion and occurs
at the same joints (see Figure 9.6b—d). It increases the angle
between the joining bones and is a straightening action.

Movements allowed by synovial joints. The
axis around which each movement occurs is indicated by a red
dot in (b), (d), and (e), and by a red bar in (f).

Gliding §

(a) Gliding movements at the wrist

Extension

Flexion

(b) Angular movements: flexion and extension of the neck

ﬁé/-t:ﬁdemion
¥

Flexion

(c) Angular movements: flexion and extension of the trunk
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Flexion .
Extension

AN

Extension

‘{9&\ "

(d) Angular movements: flexion and extension at the shoulder and knee

RotationQ

Abduction

{7 | ' 4 / Lateral

rotation

\ i i I
Adduction Circumduction ) Medial

rotation

(e) Angular movements: abduction, adduction, and (f) Rotation of the head, neck, and lower limb
circumduction of the upper limb at the shoulder

Movements allowed by synovial joints, continued. The axis around which
each movement occurs is indicated by a red dot in (b), (d), and (e), and by a red bar in (f).
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Movements at Synovial
Joints

Movement Definition

GLIDING (Figure 9.6a) Sliding the flat surfaces of two

bones across each other

ANGULAR MOVEMENTS

(Figure 9.6b—e)

Flexion Decreasing the angle between two
bones

Extension Increasing the angle between bones

Abduction Moving a limb away from the body
midline

Adduction Moving a limb toward the body

midline

Moving a limb or finger so that it
describes a cone in space

Circumduction

ROTATION (Figure 9.6f)  Turning a bone around the

longitudinal axis

Medial rotation Rotating toward the medial plane

Lateral rotation Rotating away from the medial

plane

Straightening the fingers after making a fist is an example of
extension. At the shoulder and the hip, extension moves the
limb posteriorly (see the shoulder extension in Figure 9.6d).
Bending a joint back beyond its normal range of motion is
called hyperextension (literally, “superextension”). Individuals
who have loose ligaments that allow a greater range of motion
can be capable of hyperextending the joints.

Abduction Abduction, from Latin words meaning
“moving away,” is movement of a limb away from the body
midline. Raising the arm or thigh laterally is an example of
abduction (Figure 9.6e). For the fingers or toes, abduction
means spreading them apart. In this case, the “midline” is the
longest digit: the third finger or the second toe. Note that
bending the trunk away from the body midline to the right or
left is called lateral flexion instead of abduction.

Adduction Adduction (“moving toward”) is the opposite
of abduction: the movement of a limb foward the body mid-
line (Figure 9.6e) or, in the case of the digits, toward the mid-
line (longest digit) of the hand or foot.

Circumduction Circumduction (“moving in a circle”)
is moving a limb or finger so that it describes a cone in space
(Figure 9.6e). This is a complex movement that combines
flexion, abduction, extension, and adduction in succession.

Rotation

Rotation is the turning movement of a bone around the longi-
tudinal axis. This is the only movement allowed between the
first two cervical vertebrae. The entire vertebral column also

rotates, twisting the whole trunk to the right or left. Rotation
also occurs at the hip and shoulder joints (Figure 9.6f).
Rotation of the limbs may be directed toward the median plane
or away from it. For example, in medial rotation of the lower
limb, the limb’s anterior surface turns toward the median plane
of the body; lateral rotation is the opposite movement.

Special Movements

Certain movements do not fit into any of the previous cate-
gories and occur at only a few joints. These special move-
ments are described and illustrated in Figure 9.7.

Elevation and Depression Elevation means lifting a
body part superiorly (Figure 9.7a). Moving the elevated part
inferiorly is depression. During chewing, the mandible is al-
ternately elevated and depressed.

Protraction and Retraction Nonangular movements in
the anterior and posterior directions are called protraction
and retraction, respectively (Figure 9.7b). The mandible is
protracted when you jut out your jaw and retracted when you
bring it back.

Supination and Pronation The terms supination
(soo”pi-na’shun) and pronation (pro-na’shun) refer to move-
ments of the radius around the ulna (Figure 9.7¢). Supination
occurs when the forearm rotates laterally so that the palm
faces anteriorly (the hand is lying on its “back,” supine). This
is standard anatomical position. Pronation occurs when the
forearm rotates medially so that the palm faces posteriorly
(hand lying “belly” side down, as in a prone float). Pronation
brings the radius across the ulna so that the two bones form
an X.

Opposition 1In the palm, the saddle joint between
metacarpal 1 and the carpals allows a movement called
opposition of the thumb (Figure 9.7d). This is the action by
which you move your thumb across the palm enabling it to
touch the tips of the other fingers on the same hand. This
unique action is what makes the human hand such a fine tool
for grasping and manipulating objects.

Inversion and Eversion Inversion and eversion are
special movements of the foot (Figure 9.7¢). To invert the foot,
turn the sole medially; to evert the foot, turn the sole laterally.

Dorsiflexion and Plantar Flexion Up-and-down
movements of the foot at the ankle are also given special
names. Lifting the foot so that its superior surface approaches
the shin is called dorsiflexion, whereas depressing the foot or
elevating the heel (pointing the toes) is called plantar flexion
(Figure 9.7f). Dorsiflexion of the foot corresponds to hand
extension at the wrist, whereas plantar flexion corresponds to
hand flexion.

Synovial Joints Classified by Shape

The shapes of the articulating bone surfaces determine the
movements allowed at a joint. Based on such shapes, the sy-
novial joints can be classified as plane, hinge, pivot, condyloid,
saddle, and ball-and-socket joints. See Focus on Types of
Synovial Joints (Figure 9.8).
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(a) Elevation Depression (b) Protraction . Retraction _
Lifting a body part Moving a body part Moving a body part in the Moving a body part in the
superiorly inferiorly anterior direction posterior direction

Pronation . Supination
(radius rotates | 1 (radius and ulna
over ulna) ' are parallel)

Opposition

(c) Pronation (P) Supination (S) (d) Opposition
Rotating the forearm so the Rotating the forearm so the Moving the thumb to touch the tips
palm faces posteriorly palm faces anteriorly of the other fingers

Dorsiflexion

Inversion o P . ' Eversion

(e) Inversion Eversion (f) Dorsiflexion Plantar flexion
Turning the sole of the foot Turning the sole of the foot Lifting the foot so its superior surface Depressing the foot
medially laterally approaches the shin elevating the heel

Some special body movements. The red dot indicates the axis of
rotation.



FOCUS Types of Synovial Joints

FIGURE 9.8

> The shapes of the joint surfaces define the types of movements
that can occur at a synovial joint; they also determine the
classification of synovial joints into six structural types.

Nonaxial movement

Metacarpals

Carpals{ (. = Gliding

(a) Plane joint

Uniaxial movement

Humerus

" ;‘_ g Medial/lateral

Flexion and extension
(b) Hinge joint

Vertical axis

D

Rotation

Radius

(c) Pivot joint
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Biaxial movement

&
Phalanges -
g Anterior/posterior
Medial/lateral axis
axis
Metacarpals
Flexion and extension Adduction and abduction
(d) Condyloid joint

IMtec:iaII/ Anterior/
EMCIE] posterior
axis

axis
Metacarpal 1

Trapezium Adduction and abduction Flexion and extension

(e) Saddle joint

Multiaxial movement

Medial/lateral Anterior/posterior
axis / axis
S

Vertical axis

T~

Flexion and extension Adduction and Rotation
abduction

(f) Ball-and-socket joint
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Structural and Functional Characteristics of Body Joints

lllustration

Joint

Skull

Temporo-
mandibular

Atlantoaxial

Sternocostal

Articulating
Bones

Cranial and facial bones

Structural Type

Fibrous; suture

Functional Type;
Movements Allowed

Synarthrotic; no movement

Temporal bone of skull
and mandible

Synovial; modified
hinge (contains
articular disc)

Diarthrotic; gliding and uniaxial
rotation; slight lateral movement,
elevation, depression, protraction,
and retraction of mandible

Atlanto-occipital  Occipital bone of skull

and atlas

Synovial; condyloid

Diarthrotic; biaxial; flexion,
extension, lateral flexion,
circumduction of head on neck

Atlas (Cq) and axis (Cy)

Synovial; pivot

Diarthrotic; uniaxial; rotation of
the head

Cartilaginous;
symphysis

Amphiarthrotic; slight movement

Synovial; plane

Diarthrotic; gliding

Intervertebral Between adjacent
vertebral bodies

Intervertebral Between articular
processes

Vertebrocostal Vertebrae (transverse

processes or bodies)

and ribs

Synovial; plane

Diarthrotic; gliding of ribs

Sternoclavicular  Sternum and clavicle

Synovial; shallow
saddle (contains
articular disc)

Diarthrotic; multiaxial
(allows clavicle to move
in all axes)

Sternum and rib 1

Cartilaginous;

Synarthrotic; no movement

(first)

synchondrosis

Sternocostal

® Fibrous joints @ Cartilaginous joints @ Synovial joints

Plane Joints

In a plane joint (Figure 9.8a), the articular surfaces are es-
sentially flat planes, and only short gliding or translational
movements are allowed. Plane joints are the gliding joints in-
troduced earlier, such as the intertarsal joints, intercarpal
joints, and the joints between the articular processes of the
vertebrae. The movement may be in multiple directions, as
indicated by the arrows in Figure 9.8a, but it occurs only
along the plane of the joint surface.

Hinge Joints

In a hinge joint (Figure 9.8b), the cylindrical end of one bone
fits into a trough-shaped surface on another bone. Angular
movement is allowed in just one plane, like a door on a hinge.
Examples are the elbow joint, ankle joint, and the joints be-
tween the phalanges of the fingers. Hinge joints are classified
as uniaxial because they allow movement around one axis
only, as indicated by the single arrow in Figure 9.8b.

Sternum and ribs 2-7

Synovial; double
plane

Diarthrotic; gliding

Pivot Joints

In a pivot joint (Figure 9.8c), the rounded end of one bone
fits into a ring that is formed by another bone plus an encir-
cling ligament. Because the rotating bone can turn only
around its long axis, pivot joints are also uniaxial joints (see
the single arrow in Figure 9.8c). One example of a pivot joint
is the proximal radioulnar joint, where the head of the radius
rotates within a ringlike ligament secured to the ulna. Another
example is the joint between the atlas and the dens of the axis
(see Figure 7.22a on p. 171).

Condyloid Joints

In a condyloid joint (kon'di-loid; “knuckle-like”), the egg-
shaped articular surface of one bone fits into an oval concav-
ity in another (Figure 9.8d). Condyloid joints allow move-
ment (1) back and forth (flexion-extension) and (2) from side
to side (abduction-adduction), but the bone cannot rotate
around its long axis. Because movement occurs around two
axes, indicated by the two arrows in Figure 9.8d, these joints
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lllustration

Joint

Acromio-
é\ Shoulder

(glenohumeral)

Elbow

Radioulnar
(proximal)

Radioulnar
(distal)

Wrist
(radiocarpal)

Intercarpal

Carpometacarpal
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Articulating
Bones

Acromion process of
scapula and clavicle

Structural Type

Synovial; plane
(contains articular

disc)
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Functional Type;
Movements Allowed

Diarthrotic; gliding and rotation
of scapula on clavicle

Scapula and humerus

Synovial; ball and
socket

Diarthrotic; multiaxial; flexion,
extension, abduction, adduction,
circumduction, rotation of
humerus/arm

Ulna (and radius) with
humerus

Synovial; hinge

Diarthrotic; uniaxial; flexion,
extension of forearm

Radius and ulna

Synovial; pivot

Diarthrotic; uniaxial; rotation of
radius around long axis of forearm
to allow pronation and supination

Radius and ulna

Synovial; pivot
(contains articular

disc)

Diarthrotic; uniaxial; rotation
(convex head of ulna rotates in
ulnar notch of radius)

Radius and proximal
carpals

Synovial; condyloid

Diarthrotic; biaxial; flexion,
extension, abduction, adduction,
circumduction of hand

Adjacent carpals

Synovial; plane

Diarthrotic; gliding

Carpal (trapezium) and

Synovial; saddle

Diarthrotic; biaxial; flexion,

of digit 1
(thumb)

metacarpal 1

extension, abduction, adduction,
circumduction, opposition of
metacarpal 1

Synovial; plane Diarthrotic; gliding of metacarpals

Diarthrotic; biaxial; flexion,
extension, abduction, adduction,
circumduction of fingers

Synovial; condyloid

Carpometacarpal Carpal(s) and

of digits 2-5 metacarpal(s)

Knuckle Metacarpal and proximal
(metacarpo- phalanx

phalangeal)

Finger Adjacent phalanges

(interphalangeal)

® Fibrous joints @ Cartilaginous joints @ Synovial joints

are biaxial (bi = two), as in the knuckle, or metacarpopha-
langeal joint (you can spread your fingers apart and together
as well as flex and extend them), and the wrist joints (again,
abduction/adduction and flexion/extension are possible).

Saddle Joints

In a saddle joint, each articular surface has both convex and
concave areas, just like a saddle (Figure 9.8e). Nonetheless,
these biaxial joints allow essentially the same movements as
condyloid joints. The best example of a saddle joint is the
first carpometacarpal joint, in the ball of the thumb. It is the
structure of this joint that allows for opposition of the
thumb.

Diarthrotic; uniaxial; flexion,
extension of fingers

Synovial; hinge

Ball-and-Socket Joints

In a ball-and-socket joint (Figure 9.8f), the spherical head of
one bone fits into a round socket in another. These are
multiaxial joints that allow movement in all axes, including ro-
tation (see the three arrows in Figure 9.8f). The shoulder and
hip are ball-and-socket joints.

Factors Influencing the Stability
of Synovial Joints

Because joints are regularly pushed and pulled, they must be
stabilized to prevent dislocation (misalignment). The stability
of a synovial joint depends on three factors: the shapes of the
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Structural and Functional Characteristics of Body Joints continued

Structural Type*

Synovial in
childhood;
increasingly
fibrous in adult

Functional Type;
Movements Allowed

Diarthrotic in childhood; modified
amphiarthrotic in adult (more
during pregnancy)

Cartilaginous;
symphysis

Amphiarthrotic; slight movement
(enhanced during pregnancy)

Synovial; ball and
socket

Diarthrotic; multiaxial; flexion,
extension, abduction, adduction,
rotation, circumduction of
femur/thigh

Articulating
lllustration Joint Bones
Sacroiliac Sacrum and coxal bone
Pubic symphysis Pubic bones
Hip (coxal) Coxal bone and femur
Knee Femur and tibia

(tibiofemoral)

Synovial; modified
hinge (contains
articular disc)

Diarthrotic; biaxial; flexion,
extension of leg, some rotation
allowed

Knee Femur and patella

Synovial; plane

Diarthrotic; gliding of patella

(femoropatellar)

Tibiofibular Tibia and fibula (proximally)

Synovial; plane

Diarthrotic; gliding of fibula

(proximal)
Tibiofibular
(distal)

Tibia and fibula (distally);
both anterior and
posterior ligaments exist

Fibrous;
syndesmosis

Synarthrotic; slight “give” during
dorsiflexion of foot

Ankle Tibia and fibula with talus

Synovial; hinge

Diarthrotic; uniaxial; dorsiflexion
and plantar flexion of foot

Intertarsal Adjacent tarsals

Synovial; plane

Diarthrotic; gliding; inversion and
eversion of foot

Tarsometatarsal Tarsal(s) and metatarsal(s)

Synovial; plane

Diarthrotic; gliding of metatarsals

Metatarsal and proximal
phalanx

Metatarso-
phalangeal

Synovial; condyloid

Diarthrotic; biaxial; flexion,
extension, abduction, adduction,
circumduction of great toe

Toe (interpha- Adjacent phalanges

langeal)

® Fibrous joints @ Cartilaginous joints @ Synovial joints

Synovial; hinge

Diarthrotic; unaxial; flexion,
extension of toes

articular surfaces, the number and position of stabilizing liga-
ments, and muscle tone.

Articular Surfaces

The articular surfaces of the bones in a joint fit together in a
complementary manner. Although their shapes determine
what kinds of movement are possible at the joint, articular
surfaces seldom play a major role in joint stability: Most joint
sockets are just too shallow. Still, some joint surfaces have
deep sockets or grooves that do provide stability. The best
example is the ball and deep socket of the hip joint; other
examples are the elbow and ankle joints.

Ligaments

The capsules and ligaments of synovial joints help hold the
bones together and prevent excessive or undesirable motions.

Ligaments located on the medial or inferior side of a joint
resist excessive abduction; lateral and superiorly located liga-
ments resist adduction. Anterior ligaments resist excessive
extension and lateral rotation; posterior ligaments resist ex-
cessive flexion and medial rotation. As a rule, the more liga-
ments a joint has, the stronger it is. When other stabilizing
factors are inadequate, however, undue tension is placed on
the ligaments, and they fail. Once stretched, ligaments, like
taffy, stay stretched. However, a ligament can stretch only
about 6% beyond its normal length before it snaps apart.
People who can bend the thumb back to touch the forearm or
place both heels behind the neck are sometimes called
“double-jointed,” but of course they don’t have more joints
than usual. The joint ligaments and joint capsules of “double-
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Anterior

sternoclavicular

ligament and Interclavicular Articular
joint capsule ligament disc

Clavicle \

Cost(?(w\w
ligament
Costal cartilage

of 1st rib

(a) Sternoclavicular joint, anterior view

FIGURE 9.9 The sternoclavicular joint.

jointed” individuals are simply looser and more stretchable
than those of most people.

Muscle Tone

Another important factor in joint stabilization is muscle tone,
a constant, low level of contractile force generated by a mus-
cle even when it is not causing movement. Muscle tone helps
stabilize joints by keeping tension on the muscle tendons that
cross over joints just external to the joint capsule. In this man-
ner the muscle functions like a ligament holding the adjoining
bone surfaces together. This stabilizing factor is especially
important in reinforcing the shoulder and knee joints and in
supporting the joints in the arches of the foot.

check your understanding

6. Name all the movements that occur at these joints:
(a) elbow, (b) hip, (c) ankle, (d) atlantoaxial joint,

(e) metacarpophalangeal joint.

7. Classify each of the joints named in question 6
according to joint shape. For each joint, indicate
whether it is uniaxial, biaxial, or multiaxial.

8. Define pronation and supination. At what joint do
these movements occur?

For answers, see Appendix B.

SELECTED SYNOVIAL JOINTS

» Describe the key features of the temporomandibular,
sternoclavicular, shoulder, elbow, wrist, hip, knee, and
ankle joints.

Table 9.3 on pp. 218-220 summarizes the structural and
functional characteristics of the major joints in the human
body. This section covers several important synovial joints in

—————Manubrium
of sternum
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Elevation Retraction
Posterior
rotation
< p
Protraction

Depression

(b) Sternoclavicular movements

detail: sternoclavicular joints, temporomandibular, shoulder,
elbow, wrist, hip, knee, and ankle. While reading about them,
keep in mind that they all contain articular cartilages, fibrous
capsules, and synovial membranes.

Sternoclavicular Joint

The sternoclavicular joint (SC) is a saddle joint (Figure
9.9a). This unusual type of joint is found in only two loca-
tions: the sternoclavicular joint and the joint between the
trapezium and metacarpal 1 (the thumb). The saddle-shaped
clavicular facet of the sternum and the superior surface of the
first costal cartilage articulate with the medial surface of
the clavicle. An articular disc within the joint cavity divides
the cavity. Four ligaments surround the joint: the anterior and
posterior sternoclavicular ligaments; the interclavicular
ligament, extending between the medial end of the left and
right clavicles; and the costoclavicular ligament, extending
from the first costal cartilage to the inferior surface of the
clavicle. Muscles originating from the sternum, sternocleido-
mastoid, sternohyoid, and sternothyroid also contribute to the
stability of this joint.

This uniquely shaped joint allows for multiple complex
movements (Figure 9.9b) and is critical for the mobility
of the upper extremity. To demonstrate the three planes of
movement of the sternoclavicular joint, place one hand on the
junction of the sternum and the clavicle. First, shrug your
shoulders to feel elevation and depression of the sternoclavic-
ular joint; second, reach your arm forward and backward max-
imally to feel protraction and retraction; and finally, abduct or
flex your arm to feel posterior rotation (this movement is quite
subtle). The SC joint also forms the only bony attachment of
the axial skeleton to the pectoral girdle. The sternoclavicular
joint is a well reinforced, extremely stable joint. Forceful
blows directed medially more commonly result in fracture of
the clavicle than dislocation of the SC joint.



www.konkur.in

222 Chapter 9 Joints

Mandibular fossa
Articular tubercle

Zygomatic process
Infratemporal fossa

— Articular disc

— Articular
tubercle
Mandibular
fossa Superior
joint
cavity

External
acoustic
meatus

capsule

Ramus of
mandible

Articular
capsule

Synovial
membranes

Mandibular
condyle

(a) Location of the joint in the skull

QOutline of the
mandibular
fossa

(c) Lateral excursion: lateral (side-to-side) movements of the mandible

Temporomandibular Joint

The temporomandibular joint (TMJ), or jaw joint, is a mod-
ified hinge joint. It lies just anterior to the ear (Figure 9.10).
At this joint, the head of the mandible articulates with the
inferior surface of the squamous temporal bone. The head of
the mandible is egg-shaped, whereas the articular surface on
the temporal bone has a more complex shape: Posteriorly, it
forms the concave mandibular fossa. Anteriorly, it forms a
dense knob called the articular tubercle. Enclosing the joint
is a loose articular capsule, the lateral aspect of which is

Inferior joint
mandible cavity

(b) Enlargement of a sagittal section through the joint
(arrows indicate movement in each part of the joint cavity)

Superior view

FIGURE 9.10 The temporomandibular
(jaw) joint.

thickened into a lateral ligament. Within the capsule is an
articular disc, which divides the synovial cavity into superior
and inferior compartments (Figure 9.10b). The two surfaces
of the disc allow distinct kinds of movement at the TMJ.
First, the concave inferior surface receives the mandibular
head and allows the familiar hingelike movement of depress-
ing and elevating the mandible while opening and closing
the mouth. Second, the superior surface of the disc glides an-
teriorly with the mandibular head whenever the mouth is
opened wide. This anterior movement braces the mandibular
head against the dense bone of the articular tubercle, so that
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the mandible is not forced superiorly through the thin roof of
the mandibular fossa when one bites hard foods such as nuts
or hard candies. To demonstrate the anterior gliding of your
mandible, place a finger on the mandibular head just anterior
to your ear opening, and yawn. The superior compartment
also allows for the side-to-side gliding movements of this
joint. As the posterior teeth are drawn into occlusion during
grinding, the mandible moves with a side-to-side motion
called lateral excursion (Figure 9.10c). This lateral joint
movement is unique to the masticatory apparatus of mam-
mals and is readily apparent in horses and cows as they
chew.

TEMPOROMANDIBULAR DISORDERS Because of
its shallow socket, the TMJ is the most easily dislocated
joint in the body. Even a deep yawn can dislocate it. This
joint almost always dislocates anteriorly; that is, the
mandibular head glides anteriorly, ending up in a skull
region called the infratemporal fossa (see Figure 9.10a).
In such cases, the mouth remains wide open and cannot
close. To realign a dislocated TMJ, the physician places
his or her thumbs in the patient’s mouth between the
lower molars and the cheeks, and then pushes the
mandible inferiorly and posteriorly.

At least 5% of Americans suffer from painful condi-
tions of the TMJ called temporomandibular disorders.
The most common symptoms are pain in the ear and
face, tenderness of the jaw muscles, popping or clicking
sounds when the mouth opens, and stiffness of the TMJ.
Usually caused by painful spasms of the chewing mus-
cles, temporomandibular disorders affect people who re-
spond to stress by grinding their teeth. However, it can
also result from an injury to the TMJ or from poor occlu-
sion of the teeth. Treatment usually focuses on getting
the jaw muscles to relax using massage, stretching the
muscles, applying moist heat or ice, administering
muscle-relaxant drugs, and adopting general
stress-management techniques. Patients often
wear a bite plate while sleeping to stop grind-
ing the teeth. In severe cases, surgery on the
joint may be necessary.

check your understanding

9. Both the sternoclavicular and temporomandibular
joints contain an articular disc. What is the function of
this disc in each of these joints?

10. Which other joint described in this chapter contains
an articular disc?

For answers, see Appendix B.
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Shoulder (Glenohumeral) Joint

In the shoulder joint (Figure 9.11), stability has been sacri-
ficed to provide the most freely moving joint of the body.
This ball-and-socket joint is formed by the head of the
humerus and the shallow glenoid cavity of the scapula. Even
though the glenoid cavity is slightly deepened by a rim of fi-
brocartilage called the glenoid labrum (labrum = lip)
(Figure 9.11a and d), this shallow cavity contributes little to
joint stability. The articular capsule (Figure 9.11c) is remark-
ably thin and loose (qualities that contribute to the joint’s
freedom of movement) and extends from the margin of the
glenoid cavity to the anatomical neck of the humerus. The
only strong thickening of the capsule is the superior
coracohumeral ligament, which helps support the weight of
the upper limb. The anterior part of the capsule thickens
slightly into three rather weak glenohumeral ligaments
(Figure 9.11d).

Muscle tendons that cross the shoulder joint contribute
most to the joint’s stability. One of these is the tendon of the
long head of the biceps brachii muscle (see Figure 9.11a
and d). This tendon attaches to the superior margin of the
glenoid labrum, travels within the joint cavity, and runs in the
intertubercular sulcus of the humerus, in the process securing
the head of the humerus tightly against the glenoid cavity.
Four other tendons and the associated muscles make up the
rotator cuff (see Figure 9.11e), which encircles the shoulder
joint and merges with the joint capsule. The rotator cuff mus-
cles include the subscapularis, supraspinatus, infraspinatus,
and teres minor (see Chapter 11, p. 302). Moving the arm
vigorously can severely stretch or tear the rotator cuff.
Baseball pitchers who throw too hard and too often can easily
injure the rotator cuff.

SHOULDER DISLOCATIONS 0One price of mobility
in the shoulder is that shoulder dislocations are
common injuries. Because the structures reinforcing this
joint are weakest anteriorly and inferiorly, the head of the
humerus easily dislocates forward and downward. The
glenoid cavity provides poor support when the humerus is
rotated laterally and abducted, as when a football player
uses the arm to tackle an opponent or a baseball fielder
hits the ground diving for a ball. These situations cause
many shoulder dislocations, as do blows to the top and
back of the shoulder. A shoulder separation is

a dislocation of the acromioclavicular joint. It

results from falling onto an outstretched hand

or onto the side of the shoulder.
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FIGURE 9.11 The shoulder joint.
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FIGURE 9.12 The elbow joint.

Elbow Joint

The elbow joint (humeroulnar joint) (Figure 9.12) is a hinge
that allows only extension and flexion. Even though both the
radius and ulna articulate with the condyles of the humerus, it
is the close gripping of the humerus by the ulna’s trochlear
notch that forms the hinge and stabilizes the joint. The articu-
lar capsule attaches to the humerus and ulna and to the
anular ligament (an'u-lar; “ringlike”) of the radius, a ring
around the head of the radius (Figure 9.12b—d). Laterally and
medially, the capsule thickens into strong ligaments that pre-
vent lateral and medial movements: the radial collateral lig-
ament, a triangular band on the lateral side (Figure 9.12b),
and the ulnar collateral ligament on the medial side (Figure
9.12c and d). Tendons of several arm muscles, such as the bi-
ceps brachii and triceps brachii, cross the elbow joint and
provide stability (Figure 9.12a).
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ELBOW TRAUMA Although the elbow is a very stable
joint, it often experiences trauma. Only the jaw and shoul-
der are dislocated more frequently. Elbow dislocation is
usually caused by falling onto an outstretched arm and
breaking the fall with the hand. This fall pushes the ulna
posteriorly. Such a fall may dislocate the radius posteriorly
as well, and it often fractures the articulating elements.
Athletes who repeatedly swing a racket or
throw a ball subject their forearms to strong
outward-bending forces that can weaken and
ultimately rupture the ulnar collateral ligament.
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FIGURE 9.13 The wrist joints.

Wrist Joint

The wrist joint has two major joint surfaces: the radiocarpal
joint and the intercarpal or midcarpal joint. The radio-
carpal joint is the joint between the radius and the proximal
carpals, the scaphoid and lunate (Figure 9.13a and b). This
joint is a condyloid joint, permitting movements of flexion,
extension, adduction, abduction, and circumduction. The in-
tercarpal joint is located between the proximal and distal
rows of carpals (Figure 9.13b). Gliding occurs at this joint as
the adjacent carpals slide by each other.

The wrist is stabilized by several ligaments (Figure 9.13c).
Four major ligaments extending from the forearm bones to the
carpals reinforce this joint: the palmar radiocarpal ligament
anteriorly, the dorsal radiocarpal ligament posteriorly, the
radial collateral ligament laterally, and the ulnar collateral
ligament medially. There are multiple smaller ligaments ex-
tending between carpal bones that connect the carpals to each
other and to the metacarpals (Figure 9.13c).

check your understanding
11. Of the shoulder, elbow, or wrist, which joint is the
most stable? Which is the least stable?

12. What structures contribute most to stability of the
shoulder joint?

13. Which forearm bone forms part of the elbow joint?
Which forms part of the wrist joint?

For answers, see Appendix B.
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Hip Joint

The hip (coxal) joint, like the shoulder joint, has a ball-and-
socket structure (Figure 9.14). It has a wide range of motion,
but not nearly as wide as that of the shoulder joint.
Movements occur in all possible axes but are limited by the
joint’s ligaments and deep socket.

The hip joint is formed by the spherical head of the femur
and the deeply cupped acetabulum of the hip bone. The depth
of the acetabulum is enhanced by a circular rim of fibrocarti-
lage called the acetabular labrum (Figure 9.14a and b).
Because the diameter of this labrum is smaller than that of the
head of the femur, the femur cannot easily slip out of the
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FIGURE 9.14 The hip joint.

socket, and hip dislocations are rare. The joint capsule runs
from the rim of the acetabulum to the neck of the femur
(Figure 9.14c and d).

Three external ligamentous thickenings of this capsule
reinforce the joint: the iliofemoral ligament, a strong, V-
shaped, anteriorly located ligament; the pubofemoral liga-
ment, a triangular thickening of the capsule’s inferior region
(Figure 9.14d); and the ischiofemoral ligament, a spiraling,
posteriorly located ligament (Figure 9.14c). These three liga-
ments are arranged in such a way that they “screw” the head
of the femur into the acetabulum when a person stands erect,
thereby increasing the stability of the joint.

The ligament of the head of the femur (Figure 9.14a
and b) is a flat, intracapsular band that runs from the head of
the femur to the inferior region of the acetabulum. This liga-
ment remains slack during most hip movements, so it is not
important in stabilizing the joint. Its mechanical function is
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unknown, but it does contain an artery that helps supply the
head of the femur. Damage to this artery may lead to arthritis
of the hip joint.

Muscle tendons that cross the hip joint contribute to its
stability, as do the fleshy parts of many hip and thigh
muscles that surround the joint. In this joint, however, stabil-
ity comes chiefly from the cupped socket and the capsular
ligaments.

Knee Joint

The knee joint, the largest and most complex joint in the body
(Figure 9.15), primarily acts as a hinge. However, it also
permits some medial and lateral rotation when in the flexed
position and during the act of leg extension. Structurally, it is
compound and bicondyloid, because both the femur and tibia
have two condylar surfaces. In this joint, the wheel-shaped
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FIGURE 9.15 The knee joint.

condyles of the femur roll along the almost-flat condyles of
the tibia like tires on a road. Sharing the knee cavity is an ar-
ticulation between the patella and the inferior end of the
femur (Figure 9.15a); this femoropatellar joint is a plane joint
that allows the patella to glide across the distal femur as the
knee bends.

The synovial cavity of the knee joint has a complex
shape (Figure 9.15a), with several incomplete subdivisions
and several extensions that lead to “blind alleys.” At least a
dozen bursae are associated with this joint, some of which are
shown in the figure. The subcutaneous prepatellar bursa is
often injured when the knee is bumped anteriorly.
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(d) Posterior view of the joint capsule, including ligaments

Two fibrocartilage menisci occur within the joint cavity,
between the femoral and tibial condyles. These C-shaped
lateral and medial menisci attach externally to the condyles
of the tibia (Figure 9.15b). Besides evening the distribution of
both compressive load and synovial fluid, the menisci help to
stabilize the joint by guiding the condyles during flexion, ex-
tension, and rotation movements and preventing side-to-side
rocking of the femur on the tibia.

The articular capsule of the knee joint can be seen on the
posterior and lateral aspects of the knee (Figure 9.15d), where
it covers most parts of the femoral and tibial condyles.
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Anteriorly, however, the capsule is absent. Instead, this ante-
rior area is covered by three broad ligaments that run inferi-
orly from the patella to the tibia (Figure 9.15¢c): the patellar
ligament, flanked by the medial and lateral patellar reti-
nacula (ret"i-nak’u-lah; “retainers”). The patellar ligament is
actually a continuation of the tendon of the main muscles on
the anterior thigh, the quadriceps femoris. Physicians tap the
patellar ligament to test the knee-jerk reflex.

The joint capsule of the knee is reinforced by several
capsular and extracapsular ligaments, all of which become
taut when the knee is extended to prevent hyperextension of
the leg at the knee.

1. The extracapsular fibular and tibial collateral liga-
ments are located on the lateral and medial sides of the
joint capsule, respectively (Figure 9.15c—e). The fibular
collateral ligament descends from the lateral epicondyle
of the femur to the head of the fibula. The tibial collateral
ligament runs from the medial epicondyle of the femur to
the medial condyle of the tibia. Besides halting leg exten-
sion and preventing hyperextension, these collateral liga-
ments prevent the leg from moving laterally and medially
at the knee.

2. The oblique popliteal ligament (pop'li-te”al; “back of
the knee”) crosses the posterior aspect of the capsule
(Figure 9.15d). Actually it is a part of the tendon of the
semimembranosus muscle that fuses with the joint cap-
sule and helps stabilize the joint.

3. The arcuate popliteal ligament arcs superiorly from the
head of the fibula over the popliteus muscle to the poste-
rior aspect of the joint capsule (Figure 9.15d).
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FIGURE 9.15 The knee joint, continued.

In addition, the knee joint is stabilized by two strong
intracapsular ligaments called cruciate ligaments (kru'she”at)
because they cross each other like an X (crus = cross)
(Figure 9.15a, b, and e). Each runs from the tibia to the femur
and is named for its site of attachment to the tibia. The
anterior cruciate ligament attaches to the anterior part of the
tibia, in the intercondylar area. From there, it passes posteri-
orly to attach to the femur on the medial side of the lateral
condyle. The posterior cruciate ligament arises from the
posterior intercondylar area of the tibia and passes anteriorly
to attach to the femur on the lateral side of the medial condyle.

Functionally, the cruciate ligaments act as restraining
straps to prevent undesirable movements at the knee joint
(Figure 9.16). The anterior cruciate helps prevent anterior
sliding of the tibia. The posterior cruciate, which is even
stronger than the anterior cruciate, prevents forward sliding
of the femur or backward displacement of the tibia. The two
cruciates also function together to lock the knee when one
stands (discussed shortly).

The tendons of many muscles reinforce the joint capsule
and act as critical stabilizers of the knee joint. Most important
are the tendons of the quadriceps femoris and semimembra-
nosus muscles (see Figure 9.15c and d). The greater the strength
and tone of these muscles, the less the chance of knee injury.

The knees have a built-in locking device that provides
steady support for the body in the standing position. As a per-
son stands up, the flexed leg begins to extend at the knee, and
the femoral condyles roll like ball bearings on the tibial
condyles. Then, as extension nears completion, the lateral
femoral condyle stops rolling before the medial condyle
stops. This causes the femur to rotate medially on the tibia
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@ During movement of the knee the anterior cruciate prevents
anterior sliding of the tibia; the posterior cruciate prevents posterior
sliding of the tibia.
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FIGURE 9.16 Stabilizing function of the cruciate ligaments.

until both cruciate and both collateral ligaments stretch tight
and halt all movement (Figure 9.16b). The tension in these
ligaments locks the knee into a rigid structure that cannot be
flexed again until it is unlocked by a muscle called the popli-
teus (see Table 11.16, pp. 320-325), which rotates the femur
laterally on the tibia.
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FIGURE 9.17 The “unhappy triad”: ruptured ACL,
ruptured tibial collateral ligament, and torn meniscus.
A common injury in American football.

@When the knee is fully extended, both cruciate ligaments are
taut and the knee is locked.
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KNEE INJURIES Knee injuries occur frequently in
contact sports because even though ligaments and mus-
cles strongly hold the knee together, its articular surfaces
offer no stability. That is, the nearly flat tibial surface
has no socket to secure the femoral condyles. Thus, the
knee joint is especially vulnerable to horizontal blows,
such as occur in tackling and body blocks in football.
Most dangerous are lateral blows (Figure 9.17), which
tear the tibial collateral ligament and the medial menis-
cus attached to it, as well as the anterior cruciate liga-
ment (ACL), an injury coined the “unhappy triad.”
Injuries to the ACL alone are increasing rapidly in non-
contact sports. Of particular interest is the greater inci-
dence of ACL injuries in women athletes as women’s sports
become more vigorous and competitive. Numerous factors
are implicated in the higher incidence of ACL injuries in
women: wider pelvis, narrower intercondylar fossa, effects
of female hormones on joint laxity, and slower muscle reac-
tion times. This injury is a common noncontact injury in
soccer, basketball, and volleyball. Most ACL injuries result
when a runner stops and changes direction quickly, twisting
a hyper-extended leg. A torn ACL heals poorly, so it must
be replaced surgically, usually with a graft from either the
patellar ligament, the Achilles tendon, or the semitendi-
nosus tendon (see pp. 315, 323, and 319). Training regi-
mens are being developed to decrease the incidence of
ACL injuries in women athletes. Injuries to the
posterior cruciate ligament, caused by posteriorly
directed blows to the upper tibia, are less com-
mon and more able to heal on their own.
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Ankle Joint

The ankle (talocrural) joint is a hinge joint between (1) the
united inferior ends of the tibia and fibula, and (2) the talus
of the foot (Figure 9.18). This joint allows only dorsiflexion
and plantar flexion. Inversion and eversion occur at the inter-
tarsal joints (Figure 9.18a). The ankle joint has a capsule that
is thin anteriorly and posteriorly, but thickened with liga-
ments medially and laterally. The strong medial (deltoid)
ligament (Figure 9.18b) runs from the medial malleolus of
the tibia down to a long line of insertion on the navicular and
talus bones, and on the sustentaculum tali of the calcaneus
bone. On the other side of the ankle, the lateral ligament
(Figure 9.18c) consists of three bands that run from the
fibula’s lateral malleolus to the foot bones: the horizontal
anterior and posterior talofibular ligaments, and the
calcaneofibular ligament, which runs inferoposteriorly to
reach the calcaneus. Functionally, the medial and lateral lig-
aments prevent anterior and posterior slippage of the talus
and the foot.

Forming the deep, U-shaped socket of the ankle joint,
the inferior ends of the tibia and fibula are joined by liga-
ments of their own: the anterior and posterior tibiofibular
ligaments and the lower part of the interosseus membrane
(Figure 9.18c and d). These ligaments, called the syndesmo-
sis part of the ankle joint, stabilize the socket so that forces
can be transmitted to it from the foot.

Tibia

Calcaneus

Subtalar
joint

Navicular
bone

(a) Cadaver photo of ankle and foot, sagittal section

FIGURE 9.18 The ankle joint.
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ANKLE SPRAINS The ankle is the most frequently
injured joint in the lower limb, and ankle sprains are
the most common sports injuries. (A sprain is a
stretched or torn ligament in a joint; see the next sec-
tion, “Disorders of Joints.”) Most ankle sprains are
caused by excessive inversion of the foot and involve
the lateral ligament. Syndesmosis ankle sprains, by
contrast, are caused by extreme dorsiflexion, internal
rotation, or external rotation of the foot; all these
actions move the talus in ways that wedge the tibia
away from the fibula and stretch the tibiofibular
ligaments. Ankle sprains are treated with the

RICE regimen: rest, ice, compression, and

elevation, followed by ankle-strengthening

exercises as recovery begins.

check your understanding

14. Name the intracapsular ligaments found in the hip
and the knee.

15. What ligament is injured in an ankle sprain resulting
from forceful inversion?

16. The articular surfaces of the knee contribute little to
the stability of this joint. What additional structural
features aid in stabilizing the knee?

For answers, see Appendix B.
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FIGURE 9.18 The ankle joint, continued.
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DISORDERS OF JOINTS

» Name the most common injuries to joints, and discuss
the problems associated with each.

» Name and describe the types of arthritis.

The structure and function of joints make them especially
vulnerable to a variety of disorders. Because they experience
the same strong forces as the hard skeleton, yet consist of soft
tissue, joints are prone to injuries from traumatic stress. And
because their function in movement subjects them to friction
and wear, joints can be afflicted by inflammatory and degen-
erative processes.

Joint Injuries

This section briefly explores three types of joint injuries: torn
cartilage, sprains, and dislocations.

Torn Cartilage

Even though most cartilage injuries involve tearing of the
meniscus in the knee, tears and overuse injuries in the articu-
lar cartilages of other joints are becoming increasingly com-
mon in competitive athletes, particularly gymnasts.

Cartilage tears in the knee often happen when a meniscus
is simultaneously subjected to both high compression and
shear stresses. For example, a tennis player lunging to return
a ball can rotate the flexed knee medially with so much force
that it tears both the joint capsule and the medial meniscus at-
tached to it . Because cartilage is avascular, it
can rarely repair itself; thus, torn cartilage usually stays torn.
Because cartilage fragments (also called loose bodies) can
cause joints to lock or bind, the recommended treatment often
is surgical removal of the damaged cartilage.

Repair is achieved using a remarkable outpatient proce-
dure called arthroscopic surgery (ar-thro-skop'ik; “looking
into joints”). Using miniaturized video and surgical equip-
ment inserted into the joint through a single small incision,
the surgeon removes the cartilage fragments and repairs the
ligaments, in the process minimizing scarring and tissue dam-
age and speeding healing. Arthroscopic surgery has applica-
tions in many joints, not just the knee.

AUTOLOGOUS CARTILAGE IMPLANTATION
Damaged joint cartilages heal poorly (p. 125), and
coaxing them to heal better is a major goal of medical
research. Although much progress remains to be made,
it has been found that a patient’s own chondrocytes,
when cultured in the lab and then grafted onto joint
surfaces, can produce enough new hyaline cartilage to
fill small holes or breaks in the articular cartilages of
the knee. This is called autologous cartilage
implantation, and its long-term goal is to grow
thicker sheets of cartilage to cover entire joint
surfaces.

Chapter 9 Joints 233

Torn
meniscus

Arthroscopic photograph of a torn medial
meniscus.

Sprains

In a sprain, the ligaments reinforcing a joint are stretched or
torn. Common sites of sprains are the lumbar region of the
spine, the ankle, and the knee. Partly torn ligaments eventu-
ally repair themselves, but they heal slowly because liga-
ments are poorly vascularized. Sprains tend to be painful and
immobilizing. Completely ruptured ligaments, by contrast,
require prompt surgical repair because inflammation in the
joint breaks down the neighboring tissues and turns the in-
jured ligament to “mush.” Surgical repair can be a difficult
task: A ligament consists of hundreds of fibrous strands, and
sewing a ligament back together has been compared to
sewing two hairbrushes together. When important ligaments
are too severely damaged to be repaired, they must be re-
moved and replaced with grafts or substitute ligaments.

Dislocations

A dislocation (luxation) occurs when the bones of a joint are
forced out of alignment. This injury is usually accompanied by
sprains, inflammation, pain, and difficulty in moving the joint.
Dislocations may result from serious falls or blows and are
common sports injuries. The jaw, shoulder, finger, and thumb
joints are most commonly dislocated. Like fractures, disloca-
tions must be reduced; that is, the bone ends must be returned to
their proper positions by a physician. Subluxation is a partial or
incomplete dislocation of a joint. In a subluxation, the bone
ends return to their proper position on their own. A joint that has
been dislocated once is susceptible to repeated injury because
the initial dislocation stretches the joint capsule and ligaments.
After the capsule is loosened, the joint is more likely to dislo-
cate again. Injured ligaments eventually shorten to their original
length, but this aspect of healing can take years.
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(a) Normal knee (b) Osteoarthritis

FIGURE 9.20 Osteoarthritis of the knee.

NURSEMAID’S ELBOW A common injury to the
forearm in young children (less than 5 years of age) is
subluxation of the proximal radioulnar joint. When the
forearm is pulled with the arm outstretched, as in
swinging a child by her hands, the head of the radius
can be pulled away from the anular ligament (see
Figure 9.12b-d), resulting in entrapment of the anular
ligament in the humeroradial joint. The immediate pain
that occurs upon injury subsides and is followed by

a reluctance to use the injured arm. A history of
pulling on the forearm is critical for diagnosing

this injury accurately. Treatment is a simple re-
duction that results in immediate return to use

of the arm.

Inflammatory and Degenerative
Conditions

Inflammatory conditions that affect joints include inflamma-
tions of bursae and tendon sheaths and various forms of
arthritis.

Bursitis and Tendinitis

Bursitis, inflammation of a bursa, usually results from a
physical blow or friction, although it may also be caused by
arthritis or bacterial infection. In response, the bursa swells
with fluid. Falling on one’s knee can cause a painful bursitis
of the subcutaneous prepatellar bursa (see Figure 9.15a),
known as housemaid’s knee. Resting and rubbing one’s el-
bows on a desk can lead to student’s elbow, or olecranon
bursitis, the swelling of a bursa just deep to the skin of the
posterior elbow. Severe cases of bursitis may be treated by
injecting inflammation-reducing drugs into the bursa.
Excessive fluid accumulation may require fluid removal by
needle aspiration.

Tendinitis is inflammation of tendon sheaths. Its causes,
symptoms, and treatments mirror those of bursitis.

Reduced joint
space

Bone spurs

(c) Total knee replacement

Arthritis

The term arthritis describes over 100 kinds of inflammatory
or degenerative diseases that damage the joints. In all its
forms, arthritis is the most widespread crippling disease in
the United States: One of every seven Americans suffers from
its effects. All forms of arthritis have, to a greater or lesser de-
gree, the same initial symptoms: pain, stiffness, and swelling
of the joint.

Osteoarthritis (Degenerative Joint Disease) The
most common type of arthritis is osteoarthritis (OA), a
chronic (long-term) degenerative condition that is often called
“wear-and-tear arthritis.” It is most common in the aged and
is probably related to the normal aging process. OA affects
women more often than men, but 85% of all Americans
develop this condition. OA affects the articular cartilages,
causing them to soften, fray, crack, and erode.

The cause of OA is unknown. According to current the-
ory, normal use causes joints to release metalloproteinase en-
zymes that break down the cartilage matrix (especially the
collagen fibrils); meanwhile, the chondrocytes continually re-
pair the damage by secreting more matrix. Whenever the
strain on a joint is repeated or excessive, too much of the car-
tilage-destroying enzyme is thought to be released, causing
OA. Because this process occurs most where an uneven ori-
entation of forces causes extensive microdamage, badly
aligned or overworked joints are likely to develop OA.

The bone directly below the articular cartilage is also af-
fected, becoming dense and stiff. As the disease progresses,
bone spurs tend to grow around the margins of the damaged
cartilages, encroaching on the joint cavity and perhaps re-
stricting joint movement (Figure 9.20). Patients complain of
stiffness upon waking in the morning, but this decreases
within a half hour. However, there is always joint pain during
use. The affected joints may make a crunching noise (called
crepitus) as their roughened surfaces rub together during
movement.

The joints most commonly affected in OA are those of
the fingers, knuckles, hips, and knees. The nonsynovial joints
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between the vertebral bodies are also susceptible, especially
in the cervical and lumbar regions of the spine.

The course of OA is slow and irreversible. It is not usu-
ally crippling, except for some severe cases involving the hip
and knee joints. Inflammation may or may not accompany the
degeneration of the joints, but it is usually not severe. In
many cases the symptoms of OA can be controlled with a
pain reliever such as aspirin or acetaminophen plus a program
of low-impact exercise. Rubbing a hot-pepper-like substance
called capsaicin on the skin over the joint also helps lessen
the pain of OA. As more aging individuals are enjoying active
lifestyles, joint replacement has become a common treatment
for joints severely damaged by arthritis (Figure 9.20c).

Rheumatoid Arthritis Another kind of arthritis, rheuma-
toid (roo'mah-toid) arthritis (RA) is a chronic inflammatory
disorder. It is a complex disease: Along with pain and
swelling of the joints, its manifestations include osteoporosis,
muscle weakness, and problems with the heart and blood
vessels.

The course of RA is variable: It may develop gradually or
in spurts that are years apart, and it is marked by flare-ups and
remissions (rheumat, from the Greek, means “susceptible to
change”). Its onset usually occurs between the ages of 30 and
50, but it may arise at any age. Although not as common as
osteoarthritis, RA afflicts millions, about 1% of all people. It
affects three times as many women as men and wanes when a
woman is pregnant, so apparently it is influenced by female
sex hormones. RA tends to affect many joints simultaneously
and bilaterally (on both sides of the body), especially the
small joints of the fingers, wrists, ankles, and feet.

RA is an autoimmune disease—a disorder in which the
body’s immune system attacks its own tissues. The cause of
this reaction is unknown, but RA might follow infection by
certain bacteria and viruses that bear surface molecules simi-
lar to molecules normally present in the joints. When the
body is stimulated to attack the foreign molecules, it inappro-
priately destroys its own joint tissues as well.

RA begins with an inflammation of the synovial mem-
brane. Capillaries in this membrane leak tissue fluid and
white blood cells into the joint cavity. This excess synovial
fluid then causes the joint to swell. The chronic inflammation
and swelling can deteriorate the connective tissues surround-
ing the joint. In the hand, the loss of integrity of the joint
capsules in the metacarpophalangeal and interphalangeal
joints leads to the characteristic deformities due to RA,
shown in . With time, the inflamed synovial
membrane thickens into a pannus (“rag”), a coat of granula-
tion tissue that clings to the articular cartilages. The pannus
erodes the cartilage and, often, the underlying bone. As the
cartilage is destroyed, the pannus changes into a fibrous scar
tissue that interconnects the bone ends. This scar tissue even-
tually ossifies, and the bone ends fuse together, immobilizing
the joint. This end condition, called ankylosis (ang”ki-lo'sis;
“stiff condition”), often produces bent, deformed fingers.

Most drugs used to treat RA are either anti-inflammatory
or antibiotic, or they block the immune response. These must
be given for long periods and are only partly successful; there
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A hand deformed by rheumatoid arthritis.
Note the enlarged joints, a product of inflammation of the
synovial joints.

is no cure. Joint prostheses are the last resort for severely
crippled patients. Some RA sufferers have over a dozen artifi-
cial joints.

Gouty Arthritis (Gout) Ordinarily, people maintain
proper blood levels of uric acid, a normal waste product of
nucleic acid metabolism, by excreting it in the urine. If the
rate of excretion is low, uric acid levels rise abnormally in
the blood and body fluids, and the acid precipitates as solid
crystals of urate in the synovial membranes. An inflamma-
tory response follows as the body tries to attack and digest
the crystals, producing an agonizingly painful attack of
gouty (gow’te) arthritis, or gout. The initial attack in-
volves a single joint, usually in the lower limb, often at the
base of the big toe. Other attacks usually follow, months to
years later. Gout is far more common in men than in
women because men naturally have higher levels of uric
acid in their blood (perhaps because estrogens increase the
rate of its excretion).

Untreated gout can cause the ends of articulating bones
to fuse, immobilizing the joint. Fortunately, effective treat-
ment is available. For acute attacks, nonsteroidal antiinflam-
matory drugs such as ibuprofen are used. For the long term,
urate-lowering drugs and dietary measures (avoidance of al-
cohol and red meat) are effective.

check your understanding

17. Identify the type of arthritis described in each case:
(a) crystallization of uric acid in synovial membranes;
(b) erosion of articular cartilage; (c) autoimmune
response causing inflammation of the synovial
membrane.

18. Why is an injured joint more susceptible to repeat of
the injury following a sprain or subluxation?

For answers, see Appendix B.
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THE JOINTS THROUGHOUT LIFE

» Describe how joints develop and how their function may
be affected by aging.

Synovial joints develop from mesenchyme that fills
the spaces between the cartilaginous “bone models” in the
late embryo. The outer region of this intervening mes-
enchyme condenses to become the fibrous joint capsule,
whereas the inner region hollows to become the joint cavity.
By week 8, these joints resemble adult joints in form and
arrangement; that is, their synovial membranes are devel-
oped, and synovial fluid is being secreted into the joint
cavities. These basic structural features are genetically deter-
mined, but after birth a joint’s size, shape, and flexibility are
modified by use. Active joints grow larger and have thicker
capsules, ligaments, and bony supports than they would if
they were never used.

During youth, many injuries to joints tear or knock the
epiphysis off the shaft, a vulnerability that ends after the epi-

physeal plates close in early adulthood. From that time on,
comparable injuries merely result in sprains.

Osteoarthritis is the most common joint problem associ-
ated with advancing age. Just as bones must be stressed to
maintain their strength, joints must be exercised to keep their
health. Exercise squeezes synovial fluid in and out of articular
cartilages, providing the cartilage cells with the nourishment
they need. And although exercise cannot prevent osteoarthritis,
it strengthens joints and slows degeneration of the articular
cartilages. It also strengthens the muscles that stabilize the
joints. Overexercising, however, worsens osteoarthritis.
Because the buoyancy of water relieves much of the stress on
weight-bearing joints, people who exercise in pools often
retain good joint function throughout life.

check your understanding

19. By what age of development are synovial joints
formed?

For answers, see Appendix B.

RELATED CLINICAL TERMS

ANKYLOSING SPONDYLITIS (ang’ki-losing spon”di-li'tis) (ankyl =
stiff joint; spondyl = vertebra) A distinctive kind of rheumatoid
arthritis that mainly affects men. It usually begins in the sacroiliac
joints and progresses superiorly along the spine. The vertebrae be-
come interconnected by so much fibrous tissue that the spine be-
comes rigid (“poker back”).

ARTHROPLASTY  (“joint reforming”) Replacing a diseased joint with an
artificial joint (see Figure 9.20).

CHONDROMALACIA PATELLAE (“softening of cartilage of the
patella”) Damage and softening of the articular cartilages on the
posterior surface of the patella and the anterior surface of the distal
femur. This condition, seen most often in adolescent athletes, pro-
duces a sharp pain in the knee when the leg is extended (in climbing
stairs, for example). Chondromalacia may result when the quadriceps
femoris, the main group of muscles on the anterior thigh, pulls un-
evenly on the patella, persistently rubbing it against the femur in the
knee joint. Chondromalacia can often be corrected by exercises that
strengthen weakened parts of the quadriceps muscles.

LYME DISEASE  An inflammatory disease that often results in joint pain
and arthritis, especially in the knee joint. It is caused by spirochetes,
bacterial organisms transmitted by the bites of ticks that live on deer
and mice. Lyme disease is also characterized by a skin rash and flulike
symptoms. It is treatable with antibiotics, especially if detected early.

PATELLOFEMORAL PAIN SYNDROME Persistent pain in the region be-
hind the patella; results from rubbing pressure between the femoral
condyles and the patella, as may occur with overuse of the quadriceps
femoris muscles or an abnormally shaped patella. Is distinguished from
chondromalacia patellae (see above) by usual absence of damage to
the cartilage and generally younger age at onset. Treatment is exercise
that strengthens the different quadriceps muscles evenly and gradually.

SYNOVITIS Inflammation of the synovial membrane of a joint. Can
result from a blow, an infection, or arthritis. Synovitis leads to the
production of excess fluid, causing the joints to swell. Such accumu-
lation of fluid in the joint cavity is called effusion.

TENOSYNOVITIS  (ten’o-sin”o-vi"tis) Painful inflammation of a tendon
or its sheath. Occurs most often in the hands, wrists, feet, or ankles
as a result of repeated, intense use, and it may be temporarily dis-
abling. The condition is common in pianists and typists. It can also
be caused by arthritis and bacterial infection of the tendon sheath.
Therapy involves immobilization of the affected body region or
surgery to drain an infected tendon sheath.

VALGUS AND VARUS INJURIES  Valgus means “bent outward, away from
the body midline,” such as in abduction of the leg at the knee or the
forearm at the elbow. Varus means “bent inward,” such as in adduction
of these elements. Because the knee and elbow are not designed for
such movements, strong valgus and varus bending injures them.
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CHAPTER SUMMARY

You can use the following media study tool for additional help when you
review specific key topics in Chapter 9.

PAL = practice Anatomy Lab™

1. Joints (articulations) are sites where elements of the skeleton meet.
They hold bones together and allow various degrees of movement.

Classification of Joints (p. 207)
2. Joints are classified functionally as synarthrotic (no movement), am-
phiarthrotic (slight movement), or diarthrotic (free movement). They
are classified structurally as fibrous, cartilaginous, or synovial.

Fibrous Joints (pp. 207-208)
3. In fibrous joints, the bones are connected by fibrous connective tis-
sue. No joint cavity is present. Nearly all fibrous joints are
synarthrotic (immovable).

4. The types of fibrous joints are sutures (between skull bones), syn-
desmoses (“ligament joints™), and gomphoses (articulation of the
teeth with their sockets).

Cartilaginous Joints (pp. 208-209)
5. In cartilaginous joints, the bones are united by cartilage. No joint
cavity exists.

6. Synchondroses are immovable joints of hyaline cartilage, such as
epiphyseal plates. Symphyses are amphiarthrotic (slightly mov-
able) fibrocartilage joints, such as intervertebral discs and the
pubic symphysis.

Synovial Joints (pp. 209-221)
7. Most joints in the body are synovial. Synovial joints are diarthrotic
(freely movable).

General Structure of Synovial Joints (pp. 209-221)

8. Synovial joints have a fluid-containing cavity and are covered by
an articular capsule. The capsule has an outer fibrous region, often
reinforced by ligaments, and an inner synovial membrane that pro-
duces synovial fluid. The articulating ends of bone are covered
with impact-absorbing articular cartilages. Nerves in the capsule
provide a sense of “joint stretch.” Some joints contain fibrocarti-
lage discs (menisci), which distribute loads evenly and may allow
two movements at one joint.

9. Synovial fluid is mainly a filtrate of the blood, but it also contains
molecules that make it a friction-reducing lubricant.

10. Bursae and tendon sheaths are often associated with synovial
joints. A bursa is a fibrous sac lined by a synovial membrane and
containing synovial fluid. Tendon sheaths, which are similar to
bursae, wrap around certain tendons. They act as lubricating
devices that allow adjacent structures to move smoothly over one
another.

General Function of Synovial Joints (pp. 211-212)

11. Synovial joints reduce friction. The cartilage-covered bone ends
glide on a slippery film of synovial fluid squeezed out of the artic-
ular cartilages. This mechanism is called weeping lubrication.

Movements Allowed by Synovial Joints (pp. 212-214, 215)

12. Contracting muscles produce three common kinds of bone move-
ments at synovial joints: gliding, angular movements (flexion, ex-
tension, abduction, adduction, and circumduction), and rotation.

13. Special movements include elevation and depression, protraction and
retraction, supination and pronation of the forearm, opposition of the
thumb, inversion and eversion of the foot, and dorsiflexion and plan-
tar flexion of the foot.

Synovial Joints Classified by Shape (pp. 214, 216-219)

14. The shapes of the articular surfaces reflect the kinds of movements
allowed at a joint. Joints are classified by shape as plane (nonaxial),
hinge or pivot (uniaxial), condyloid or saddle (biaxial), or ball-and-
socket (multiaxial) joints.

Factors Influencing the Stability of Synovial Joints (pp. 219-221)

15. Joints are the weakest part of the skeleton. Factors that stabilize
joints are the shapes of the articulating surfaces, ligaments, and the
tone of muscles whose tendons cross the joint.

Selected Synovial Joints (pp. 221-232)

16. The sternoclavicular joint is a saddle joint between the medial end
of the clavicle and the manubrium of the sternum. This joint allows
for elevation, depression, protraction, retraction, and slight rota-
tion. It is an extremely stable joint.

17. The temporomandibular joint is a modified hinge joint formed by
(1) the head of the mandible and (2) the mandibular fossa and ar-
ticular tubercle of the temporal bone. This joint allows both a
hingelike opening of the mouth and an anterior gliding of the
mandible. It often dislocates anteriorly and is frequently the site of
stress-induced temporomandibular disorders.

18. The shoulder (glenohumeral) joint is a ball-and-socket joint be-
tween the glenoid cavity and the head of the humerus. It is the
body’s most freely movable joint. Its socket is shallow, and its cap-
sule is lax and reinforced by ligaments superiorly and anteriorly.
The tendons of the biceps brachii and the rotator cuft help stabilize
the joint. The humerus often dislocates anteriorly, then inferiorly,
at the shoulder joint.

19. The elbow is a hinge joint in which the ulna and radius articulate
with the humerus. It allows flexion and extension. Its articular sur-
faces are highly complementary and help stabilize it. Radial and
ulnar collateral ligaments prevent side-to-side movement of the
forearm.

20. The wrist is composed of a condyloid joint between the distal end
of the radius and the proximal carpals (scaphoid, lunate) that al-
lows for flexion, extension, abduction, and adduction of the hand.
The intercarpal joint between the proximal row of carpals and the
distal row of carpals is a gliding joint allowing sliding movements
between the carpals.

21. The hip joint is a ball-and-socket joint between the acetabulum of
the hip bone and the head of the femur. It is adapted for weight
bearing. Its articular surfaces are deep and secure, and its capsule
is strongly reinforced by three ligamentous thickenings.

22. The knee is a complex and shallow joint formed by the articulation
of the tibial and femoral condyles (and anteriorly by the patella
with the femur). Extension, flexion, and some rotation are allowed.
C-shaped menisci occur on the articular surfaces of the tibia. The
capsule, which is absent anteriorly, is reinforced elsewhere by
several capsular ligaments. For example, the tibial and fibular
collateral ligaments help prevent hyperextension, abduction, and
adduction of the leg. The intracapsular cruciate ligaments help
prevent anterior-posterior displacement of the joint surfaces and
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help lock the knee when one stands. The tone of the muscles
crossing this joint is important for knee stability. In contact sports,
lateral blows are responsible for many knee injuries. In noncontact
sports, the anterior cruciate ligament is a frequent site of injury
caused by quick stopping and change of direction.

23. The ankle joint is a hinge joint between (1) the distal tibia and
fibula and (2) the talus of the foot. Its medial and lateral liga-
ments allow plantar flexion and dorsiflexion but prevent anterior
and posterior displacements of the foot. Inversion and eversion
of the foot occur through gliding movements at the intertarsal
joints.

PAL Human cadaver/Joints

Disorders of Joints (pp. 233-235)

Joint Injuries (p. 233)

24. Trauma can tear joint cartilages. Sports injuries to the knee
menisci are common and can result from twisting forces as well as
from direct blows to the knee. Arthroscopic surgery is used to re-
pair knee and other joint injuries.

25. Sprains are the stretching and tearing of joint ligaments. Because
ligaments are poorly vascularized, healing is slow.

26. Joint dislocations move the surfaces of articulating bones out of
alignment. Such injuries must be reduced.

Inflammatory and Degenerative

Conditions (pp. 234-235)

27. Bursitis and tendinitis are inflammation of a bursa and a tendon
sheath, respectively.

28. Arthritis is the inflammation or degeneration of joints accompa-
nied by pain, swelling, and stiffness. Arthritis includes many dif-
ferent diseases and affects millions of people.

29. Osteoarthritis is a degenerative condition that first involves the
articular cartilages. It follows wear or excessive loading, and is
common in older people. Weight-bearing joints are most often
affected.

30. Rheumatoid arthritis, the most crippling kind of arthritis, is an au-
toimmune disease involving severe inflammation of the joints,
starting with the synovial membranes.

31. Gout is joint inflammation caused by a deposition of urate salts in
the synovial membranes.

The Joints Throughout Life (p. 236)
32. Joints develop from mesenchyme between the cartilaginous “bone
models” in the embryo.

33. Joints usually function well until late middle age, when os-
teoarthritis almost always appears.

REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1. Match the joint types in the key to the descriptions that apply to
them (More than one joint type might apply.)

Key: (a) fibrous joints
(b) cartilaginous joints
(c) synovial joints

— (1) have no joint cavity

— (2) types are sutures and syndesmoses

— (3) dense connective tissue fills the space between the bones
— (4) almost all joints of the skull

—(5) types are synchondroses and symphyses

—(6) all are diarthroses

— (7) the most common type of joint in the body

— (8) nearly all are synarthrotic

—(9) shoulder, hip, knee, and elbow joints

2. Synovial joints have (a) articular cartilage, (b) a joint cavity, (c) a
lubricant, (d) an articular capsule, (e) all of these.

3. In general, the most important factor(s) determining the stability of
synovial joints is (a) interlocking shapes of the articular surfaces,
(b) reinforcing ligaments, (c) ligaments and muscle tone, (d) sy-
novial fluid, which acts like glue, (e) the body’s wrapping of skin,
which holds the limbs together.

4. Characteristics of a symphysis include (a) presence of fibrocarti-
lage, (b) ability to resist large compression and tension stresses, (c)
presence of a joint cavity, (d) very high mobility, (¢) both a and b.

5. Synovial joints are most richly innervated by nerve fibers that (a)
monitor how much the capsule is stretched, (b) supply the articular
cartilages, (c) cause the joint to move, (d) monitor pain when the
capsule is injured.

6. Match the parts of a synovial joint listed in the key to their func-
tions below. (More than one part may apply.)

Key: (a) articular cartilage (b) ligaments and fibrous capsule

(c) synovial fluid (d) muscle tendon

— (1) keeps bone ends from crushing when compressed; resilient
— (2) resists tension placed on joints

— (3) lubricant that minimizes friction and abrasion of joint surfaces
— (4) keeps joints from overheating

—(5) helps prevent dislocation

7. Indicate the joint (or joints) from the list in column B that contains

the structure listed in column A.
Column A Column B
— (1) medial meniscus (a) sternoclavicular joint
— (2) anular ligament (b) temporomandibular joint
— (3) saddle joint (c) wrist joint
— (4) articular disc (d) shoulder joint
— (5) rotator cuff (e) elbow joint
— (6) anterior cruciate ligament (f) hip joint
— (7) deltoid ligament (g) knee joint
—— (8) ulnar collateral ligament (h) ankle joint

— (9) fibular collateral ligament
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Classify each of the synovial joints listed as one of the following:
(a) plane joint, (b) hinge joint, (c) pivot joint, (d) condyloid joint,
(e) saddle joint, (f) ball-and-socket joint.

(1) proximal radioulnar joint
(2) trapezium and metacarpal 1
(3) knee (tibiofemoral)

(4) metacarpophalangeal joint
(5) wrist (radiocarpal) joint

(6) atlanto-occipital joint

(7) atlantoaxial joint

(8) sternocostal joints, ribs 2—7

(9) intervertebral joints (between articular processes)

—(10) acromioclavicular

Short Answer Essay Questions

9.
10.
11.
12.

13.

Define joint.
Where does synovial fluid come from?
Explain weeping lubrication of the synovial joint surfaces.

Compare and contrast (1) flexion and extension with (2) adduction
and abduction.

Name two specific examples of each: hinge joint, plane joint,
condyloid joint, ball-and-socket joint.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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‘What are the functions of the menisci of the knee? Of the anterior
and posterior cruciate ligaments?

Why are sprains and injuries to joint cartilages particularly trou-
blesome?

Name the most common direction in which each of the following
joints tends to dislocate: (a) shoulder, (b) elbow.

Examine the thorax using a skeleton or an illustration. Classify the
various joints you see as containing either hyaline cartilage, fibro-
cartilage, or fibrous tissue (fibrous joints).

‘What are the technical names of and movements allowed at the fol-
lowing joints? (a) joints in the toes, (b) wrist joint, (c) jaw joint, (d)
joint between sacrum and coxal bones, (e) knuckle joint in the
hand.

List the functions of the following parts of a synovial joint: (a) fi-
brous part of the capsule, (b) synovial fluid, (c) articular disc.

Compare a bursa and a tendon sheath in terms of their structure,
function, and locations.

Provide the anatomically proper names of the joints between (a)
the scapula and clavicle, (b) the articular processes of successive
vertebrae, (c) the ribs and sternum, (d) the ribs and vertebrae, (e)
the various tarsal bones.

Name the joint that contains the (a) glenoid cavity and labrum; (b)
cruciate ligaments and menisci; (c) anular ligament and head of ra-
dius; (d) coronoid process, trochlea, and radial collateral ligament;
(e) medial and lateral ligaments and talus.

CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

Harry was jogging down the road when he tripped in a pothole. As
he fell, his ankle twisted violently to the side. The diagnosis was
severe dislocation and spraining of the ankle. The surgeon stated
that she would perform a reduction of the dislocation and then at-
tempt to repair the injured ligament using arthroscopy. (a) What
kinds of movements can normally occur at the ankle joint? (b) Was
the doctor telling Harry that his bones were broken? (c) What is re-
duction of a joint? (d) Why is it necessary to repair ligaments sur-
gically? (e) How will the use of arthroscopic surgery minimize
Harry’s recovery time and his suffering?

Dan Park, an exhausted anatomy student, was attending a lecture.
After 30 minutes he began to doze. He woke up suddenly (the pro-
fessor’s voice was too loud to permit a good nap) and yawned
widely. To his great distress, he couldn’t close his mouth—his
lower jaw was stuck open. What had happened?

Mrs. Estevez, who is 37 years old, visited her physician and com-
plained of unbearable pain in several joints of both hands. The
joints were very red, swollen, and warm to the touch. When asked
if she had ever had such an episode in the past, she said she had
had a similar attack 2 years earlier that had disappeared as sud-
denly as it had come. Her diagnosis was arthritis. (a) What type of
arthritis does she have? (b) What is the cause of joint inflammation
in this type of arthritis?

At work, a box fell from a shelf onto Ming’s acromial region. In
the emergency room, the physician could feel that the head of her
humerus had moved into the axilla. What had happened to Ming?

At his ninety-fourth birthday party, Jim was complimented on how
good he looked and was asked about his health. He answered, “I
feel good, except that some of my joints ache and are stiff, espe-

cially my knees and hips and lower back, and especially when I
wake up in the morning.” A series of X-ray studies and an MRI
scan taken a few weeks earlier showed that the articular cartilages
of these joints were rough and flaking off and that bone spurs were
present at the ends of some of Jim’s bones. What is Jim’s probable
condition?

On the evening news, Samantha heard that the deer population in
her state had increased greatly in the past few years, and she knew
that deer were often seen walking the streets of her suburban com-
munity. Suddenly, she exclaimed, “So that’s why several children
in my son’s class got Lyme disease this year!” Explain her reason-
ing. (See “Related Clinical Terms”)

How does the structure of the joints in each limb reflect the
function of each limb (mobility in the upper limb, stability in the
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uscle is from a Latin word meaning “little mouse,” a name
M given because flexing muscles look like mice scurrying

beneath the skin. Indeed, the rippling skeletal muscles of
weight lifters are often the first thing that comes to mind when one
hears the word muscle. However, muscle is also the main tissue in
the heart and in the walls of other hollow organs. Recall from
Chapter 4 that muscle tissue is a composite tissue composed of
muscle cells and surrounding connective tissues. In all its forms,
muscle tissue makes up nearly half the body’s mass.

OVERVIEW OF MUSCLE TISSUE

» List four functional properties that distinguish muscle tissue
from other tissues.

» Compare and contrast skeletal, cardiac, and smooth muscle
tissue.

Contracted striated muscle fibers containing myelinated nerve fibers (colored TEM). )
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Functions
Muscle tissue has the following functions:

1. Movement. Skeletal muscle attaches to the skeleton and
moves the body by moving the bones. The muscle in the
walls of visceral organs produces movement by squeez-
ing fluids and other substances through these hollow
organs.

2. Maintenance of posture. At times, certain skeletal mus-
cles contract continuously to maintain posture, enabling
the body to remain in a standing or sitting position.

3. Joint stabilization. The role of muscle tone in stabiliz-
ing and strengthening joints was discussed in Chapter 9.

4. Heat generation. Muscle contractions produce heat that
plays a vital role in maintaining normal body temperature
at 37°C (98.6°F).

Muscle tissue has some special functional characteristics
that distinguish it from other tissues:

1. Contractility. One significant characteristic is that mus-
cle contracts forcefully. Muscle cells shorten and gener-
ate a strong pulling force as they contract.

2. Excitability. Nerve signals or other factors excite muscle
cells, causing electrical impulses to travel along the cells’
plasma membrane. These impulses then stimulate the
cells to contract.

3. Extensibility. Muscle tissue can be stretched by the con-
traction of an opposing muscle.

4. Elasticity. After being stretched, muscle tissue can recoil
passively and resume its resting length.

Types of Muscle Tissue

There are three types of muscle tissue: skeletal, cardiac, and
smooth. Each type can be characterized by two main features:
(1) the presence or absence of light and dark stripes, called
striations, in the muscle cells and (2) whether control is vol-
untary or involuntary. Striated muscle tissue has stripes ex-
tending transversely across the muscle cells that are visible
when the muscle tissue is viewed histologically. Nonstriated
muscle does not have these distinctive bands. Voluntary and
involuntary refer to the innervation of the muscle tissue.
Voluntary muscle tissue is innervated by voluntary motor
nerves and is subject to conscious control; you can control
this muscle tissue at will. Involuntary muscle tissue is inner-
vated by the involuntary portion of the nervous system and
cannot be controlled consciously.

Skeletal muscle tissue is located in the skeletal muscles,
discrete organs that attach to and move the skeleton. This tis-
sue makes up a full 40% of body weight. The muscle cells of
skeletal muscle tissue are striated (see Figure 4.12a, p. 90),
and its contraction is subject to voluntary control. The details
of the structure and function of skeletal muscle are covered in
this chapter and are summarized in Table 10.1, p. 249.

Cardiac muscle tissue occurs only in the wall of the
heart. The muscle cells of cardiac muscle tissue are striated
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(see Figure 4.12b, p. 91), but its contraction is involuntary,
which means that as a rule, we have no direct conscious con-
trol over how fast our heart beats.

Most smooth muscle tissue in the body is found in the
walls of hollow internal organs other than the heart, such as
the stomach, urinary bladder, blood vessels, and respiratory
passages. The muscle cells of smooth muscle tissue lack stri-
ations (see Figure 4.12c, p. 91), and like cardiac muscle tis-
sue, smooth muscle tissue is under involuntary control.

Sometimes, cardiac and smooth muscle tissues are col-
lectively called visceral muscle, a term reflecting the fact
that both occur in the visceral organs. The properties of the
three types of muscle tissue are summarized in Table 10.2,
pp. 254-255. The details of cardiac muscle tissue structure
and function are described in Chapter 19. The detailed
structure and function of smooth muscle tissue are covered
in Chapter 23.

Although there are numerous differences among the
three types of muscle tissue, there are also important similari-
ties. First, the muscle cells of skeletal and smooth muscle tis-
sue (but not cardiac muscle tissue) are called fibers because
they are elongated. Second, in all three types of muscle tis-
sue, muscle contraction depends on myofilaments (myo =
muscle). Myofilaments are specific types of microfilaments
that are responsible for the shortening of muscle cells. There
are two kinds of myofilaments, one containing the protein
actin and the other containing the protein myosin. Recall
from p. 34 that these two proteins generate contractile force
in every cell in the body. This contractile property is most
highly developed in muscle cells. The third similarity among
the muscle tissues is one of terminology: The plasma mem-
brane of muscle cells, instead of being called either a plasma
membrane or a plasmalemma, is called a sarcolemma (sar”-
ko-lem’ah) (sarcos = flesh or muscle; lemma = sheath), the
cytoplasm is called sarcoplasm, and the endoplasmic reticu-
lum, specialized for the storage of calcium, is called the
sarcoplasmic reticulum. Despite the different terms, the
membranes and cytoplasm of muscle cells are not fundamen-
tally different from those of other cell types.

check your understanding

1. What are the structural similarities shared by all
muscle tissue? What are the unique functional
characteristics of this tissue?

2. Which types of muscle tissue are striated? Which
types are called visceral muscle?

For answers, see Appendix B.

SKELETAL MUSCLE

Each muscle is an organ made of several kinds of tissue: In
addition to skeletal muscle tissue, a muscle also contains con-
nective tissue, blood vessels, and nerves. The following sec-
tions examine skeletal muscle anatomy from the gross level
to the microscopic level.
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Epimysium

Perimysium Fascicle
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(between individual muscle fibers)
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FIGURE 10.1 Connective tissue sheaths in skeletal muscle: epimysium,
perimysium, and endomysium. (a) lllustration. (b) Photomicrograph of a cross section
of part of a skeletal muscle (10X). (See A Brief Atlas of the Human Body, Second Edition,

Plate 29.)

Basic Features of a Skeletal Muscle

» Name the layers of connective tissue that occur in and
around a skeletal muscle, and briefly describe a muscle’s
blood and nerve supply.

» Define muscle fascicles.

» Describe the various ways in which muscles attach at
their origins and insertions.

Connective Tissue and Fascicles

Several sheaths of connective tissue hold the fibers of a skele-
tal muscle together. These sheaths, from external to internal,
are as follows (Figure 10.1):

1. Epimysium. An “overcoat” of dense, irregular connective
tissue surrounds the whole skeletal muscle. This coat is the
epimysium (ep”i-mis’e-um), a name that means “outside
the muscle.” Sometimes the epimysium blends with the
deep fascia that lies between neighboring muscles.

2. Perimysium. Within each skeletal muscle, the muscle
fibers are separated into groups. Each group, which

resembles a bundle of sticks tied together, is called a
fascicle (fas’i-kl; “bundle”). Surrounding each fascicle is
a layer of fibrous connective tissue called perimysium
(per”i-mis’e-um; “around the muscle [fascicle]”).

3. Endomysium. Within a fascicle, each muscle fiber is
surrounded by a fine sheath of loose connective tissue
consisting mostly of reticular fibers. This layer is the
endomysium (en”do-mis’e-um; “within the muscle”).

These fibrous connective tissues bind muscle fibers together
and hold them in parallel alignment so they can work together
to produce force. The continuity between these sheaths is ap-
parent in Figure 10.1b, and all three sheaths are continuous
with the tendon, the connective tissue structure that joins
skeletal muscles to bones (Figure 10.1a). When muscle fibers
contract, they pull on the surrounding endomysium. Because of
the continuity between sheaths, this pull is then exerted on the
perimysium, epimysium, and tendon, a sequence that transmits
the force of contraction to the bone being moved. The sheaths
also provide a muscle with much of its natural elasticity and
carry the blood vessels and nerves that serve the muscle fibers.
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FIGURE 10.2 Photomicrograph of the capillary network
surrounding skeletal muscle fibers. The arterial supply was
injected with dark red gelatin to demonstrate the capillary bed.
The muscle fibers, which run horizontally across the photograph,
are stained orange. Note the wavy appearance of the thinnest
capillaries (22X).

Nerves and Blood Vessels

In general, each skeletal muscle is supplied by one nerve, one
artery, and one or more veins—all of which enter or exit the
muscle near the middle of its length. The nerves and vessels
branch repeatedly in the intramuscular connective tissue, with
the smallest branches serving individual muscle fibers.

The rich blood supply to muscles reflects the high de-
mand that contracting muscle fibers have for nutrients and
oxygen. Capillaries in the endomysium form a network
(Figure 10.2). These long capillaries are wavy when the
muscle fibers contract and stretched straight when the muscle
extends.

The innervation of skeletal muscle is described later in
this chapter (p. 248).

Muscle Attachments

A muscle attachment is the location on a bone where a mus-
cle connects to the bone. Each skeletal muscle extends from
one bone to another, crossing at least one movable joint.
When the muscle contracts, it causes one of the bones to
move while the other bone usually remains fixed. The attach-
ment of the muscle on the less movable bone is called the
origin of the muscle, whereas the attachment on the more
movable bone is called the muscle’s insertion (Figure 10.3).
Thus, when the muscle contracts, its insertion is pulled to-
ward its origin. In the muscles of the limbs, the origin is by
convention the more proximal attachment of the muscle, and
the insertion is the more distal attachment. However, it is im-
portant to realize that the functions of the origin and the in-
sertion may switch, depending on body position and the
movement produced when the muscle contracts. For example,
the conventional attachments for the brachialis muscle in the
arm are origin on the shaft of the humerus and insertion on
the proximal ulna, as Figure 10.3 shows. These are accurate
terms when referring to the usual position of the limb and the
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FIGURE 10.3 Muscle attachments (origin and insertion).
When a skeletal muscle contracts, its insertion is pulled toward
its origin.

function of this muscle, which is flexing the forearm, as when
you lift an object. Consider, though, the position of the upper
limb and its movement when you are hanging from a bar
doing chin-ups. In this situation, it is the humerus that moves,
not the ulna. Thus the conventional origin of the brachialis is
the attachment that moves, and the insertion is stable.

Many muscles span two or more joints. Such muscles are
called biarticular (“two-joint”) muscles or multijoint mus-
cles. For example, look at Figure 10.3 and imagine a muscle
that originates on the humerus, runs along the forearm with-
out attaching to the radius or ulna, and inserts on the carpals.
Contraction of such a muscle would cause movements at two
joints: the elbow and the wrist.

Muscles attach to their origins and insertions via strong
fibrous connective tissues that extend into the fibrous perios-
teum of the bone. In direct, or fleshy, attachments, the attach-
ing strands of connective tissue are so short that the muscle
fascicles themselves appear to attach directly to the bone. In
indirect attachments, the connective tissue extends well be-
yond the end of the muscle fibers to form either a cordlike ten-
don or a flat sheet called an aponeurosis (ap”o-nu-ro'sis).
Indirect attachments are more common than direct attach-
ments, and most muscles have tendons. Raised bone markings
are often present where tendons meet bones. These markings
include tubercles, trochanters, and crests (see Table 6.1 on
p. 131). Although most tendons and aponeuroses attach to
bones, a few attach to skin, to cartilage, to sheets of fascia, or
to a seam of fibrous tissue called a raphe (ra’fe; “seam’).
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(a) Photomicrograph of
portions of two isolated
muscle fibers (400x).

Notice the obvious striations

(alternating dark and light
bands).

(b) Diagram of part of a
muscle fiber showing
the myofibrils. One
myofibril is extended
from the cut end of the
fiber.

(c) Small part of one
myofibril enlarged to
show the myofilaments
responsible for the
banding pattern. Each
sarcomere extends from
one Z disc to the next.

(d) Enlargement of one
sarcomere (sectioned
lengthwise). Notice the
myosin heads on the thick
filaments.

(e) Cross-sectional view of a
sarcomere cut through in
different locations.
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FIGURE 10.4 Microscopic anatomy of the skeletal muscle fiber (cell). (See A Brief
Atlas of the Human Body, Second Edition, Plate 28.)
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check your understanding

3. Name the connective tissue that surrounds a fascicle.

4. What are the functional definitions of the origin and
insertion of a muscle? In the limbs, what are the
conventional definitions of a muscle’s origin and
insertion?

For answers, see Appendix B.

Microscopic and Functional Anatomy
of Skeletal Muscle Tissue

» Describe the microscopic structure of a skeletal muscle
fiber and the arrangement of its contractile thick and
thin filaments into sarcomeres and myofibrils.

» Describe the structure and functions of sarcoplasmic
reticulum and T tubules in muscle fibers.

» Explain the sliding filament mechanism of muscle con-
traction, including the role of titin.

» Describe the innervation of skeletal muscle fibers at neu-
romuscular junctions. Define a motor unit.

» Compare and contrast the three kinds of skeletal muscle
fibers.

The Skeletal Muscle Fiber

Skeletal muscle fibers are long, cylindrical cells (Figure
10.4a and b). They are huge cells, relatively speaking. Their
diameter is 10-100 um (up to ten times that of an average
body cell), and their length is phenomenal: from several cen-
timeters in short muscles to dozens of centimeters in long
muscles. It would be inaccurate to call skeletal muscle fibers
the biggest cells in the body, however, because each one was
formed by the fusion of hundreds of embryonic cells.
Because the fibers develop this way, they contain many nu-
clei. These nuclei lie at the periphery of each fiber, just deep
to the sarcolemma (Figure 10.4b).

Myofibrils and Sarcomeres

Under the light microscope, the light and dark striations in
skeletal muscle fibers are clearly visible. These striations re-
sult from the internal structure of long, rod-shaped organelles
called myofibrils. Myofibrils are unbranched cylinders that
are present in large numbers, making up more than 80% of
the sarcoplasm. They are specialized contractile organelles
unique to muscle tissue. Note that these are fibrils, as distin-
guished from the larger fibers (= muscle cells) and the smaller
myofilaments (described earlier and discussed in detail
shortly) in the following way: Myofilaments are contractile
proteins located within the myofibril. The myofibril is an or-
ganelle within the muscle fiber. The relationship between
these three structures is shown in Table 10.1, p. 249.

The myofibrils in a fiber are separated from one another
by other components of the sarcoplasm (Figure 10.5).
Among those components are mitochondria and glycosomes,
both of which supply energy for muscle contraction.
Unfortunately, distinguishing individual myofibrils in histo-

Chapter 10 Skeletal Muscle Tissue 245

| band Aband —Zdisc

Thin Thick
filaments filaments

Mitochondria

FIGURE 10.5 Sarcoplasm of a skeletal muscle fiber. Electron
micrograph shows parts of two myofibrils. Other components of
sarcoplasm, such as mitochondria and glycosomes shown here,
separate adjacent myofibrils (16,000X).

logical sections is difficult (Figure 10.4a) because the stria-
tions of adjacent myofibrils line up almost perfectly.

A myofibril is a long row of repeating segments called
sarcomeres (sar'ko-mérz; “muscle segments”) (Figure 10.4¢
and d). The sarcomere is the basic unit of contraction in
skeletal muscle. The boundaries at the two ends of each sar-
comere are called Z discs (or sometimes Z lines). Attached to
each Z disc and extending toward the center of the sarcomere
are many fine myofilaments called thin (actin) filaments,
which consist primarily of the protein actin, although they
contain other proteins as well. In the center of the sarcomere
and overlapping the inner ends of the thin filaments is a cylin-
drical bundle of thick (myosin) filaments. Thick filaments
consist largely of myosin molecules. They also contain
ATPase enzymes that split ATP (energy-storing molecules) to
release the energy required for muscle contraction. Both ends
of a thick filament are studded with knobs called myosin
heads (Figure 10.4d).

The sarcomere structure explains the pattern of striations
in skeletal muscle fibers. The dark bands are created by the
full length of the thick filaments in the sarcomeres, along
with the inner ends of the thin filaments, which overlap the
thick filaments. This region of each sarcomere is called the A
band (Figure 10.4c). The central part of an A band, where no
thin filaments reach, is the H zone. The M line in the center
of the H zone contains tiny rods that hold the thick filaments
together (Figure 10.4d). The two regions on either side of the
A band, regions that contain only thin filaments, are called
the I bands. It is the I bands of the sarcomeres that create the
light portions of the light-dark pattern of striations seen along
the length of any skeletal muscle fiber. Notice in Figure 10.4c
that each I band is part of two adjacent sarcomeres and has a
Z disc running through its center. Recall that the striations of
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FIGURE 10.6 Sarcoplasmic reticulum and T tubules in the skeletal muscle fiber.

adjacent myofibrils align perfectly, allowing us to see the var-
ious bands in a muscle fiber (Figure 10.4a and b). To help you
remember which band is which, remember there is an “A” in
dark; thus, the dark bands are the A bands; there is an “I” in
light; thus, the light bands are I bands. These notations actu-
ally refer to how these regions refract polarized light: the A
bands are anisotropic, and the I bands are isotropic.

Figure 10.4e shows each of these sarcomere regions in
cross section, illustrating the types of myofilaments and their
arrangement in each region of the sarcomere.

Sarcoplasmic Reticulum and T Tubules

Each skeletal muscle fiber contains two sets of tubules that
participate in the regulation of muscle contraction: sarcoplas-
mic reticulum and T tubules (Figure 10.6). Sarcoplasmic
reticulum (SR) is an elaborate smooth endoplasmic reticulum
whose interconnecting tubules surround each myofibril like
the sleeve of a loosely crocheted sweater surrounds your arm.
Most SR tubules run longitudinally along the myofibril. Other
SR tubules, called terminal cisterns (“end sacs”), form larger,
perpendicular cross-channels over the junction between each
A band in a myofibril and its adjacent I bands (A-I junctions).
The sarcoplasmic reticulum and the terminal cisterns store
large quantities of calcium ions (Ca®"). These ions are re-
leased when the muscle is stimulated to contract.

T tubules (transverse tubules) are deep invaginations of
the sarcolemma that run between each pair of terminal cis-
terns (Figure 10.6). The complex of the T tubule flanked by
two terminal cisterns at the A-I junction is called a triad
(tri’ad; “group of three”).

Contraction in skeletal muscle is ultimately controlled by
nerve-generated impulses that travel along the sarcolemma of

the muscle fiber. Because the T tubules are continuations of
the sarcolemma, they conduct each impulse to the deepest re-
gions of the muscle fiber, thus ensuring that the deep-lying
myofibrils contract at the same time as the superficial ones.
Impulses traveling down the T tubules stimulate the release of
calcium from the terminal cistern. Calcium diffuses through
the cytosol to the thin filaments and triggers muscle contrac-
tion. After contraction, calcium is pumped back into the sar-
coplasmic reticulum for storage.

check your understanding

5. Place the following structures in order from smallest to
largest, and define each: myofibril, muscle fiber,
myofilament, sarcomere.

6. Which myofilaments are found only in the A band?

7. What are the functions of the terminal cistern and the
T tubules?

For answers, see Appendix B.

Mechanism of Contraction

There are two types of muscle contraction involved in produc-
ing movement, concentric contraction and eccentric contrac-
tion. Concentric contraction is the more familiar type, in
which the muscle shortens and does work—picking up a book
or kicking a ball. Eccentric contraction occurs when a muscle
generates force as it lengthens. The mechanism for this type of
contraction is less understood, but eccentric contractions are
essential for controlled movement and resistance to gravity.
Both types of contraction occur during push-ups. During the up
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portion of the exercise, concentric contractions in the pectoralis
muscles of the chest raise the torso off the floor. During the
down portion of the movement, these same muscles contract
eccentrically and by doing so resist gravity and control the
downward motion of the torso. Eccentric contraction occurs in
many movements that resist gravity: going down stairs, run-
ning downhill, landing from a jump. Whenever muscles are
acting as a brake, they are contracting eccentrically.

DELAYED-ONSET MUSCLE SORENESS Post-
exercise soreness is not uncommon for both trained and
recreational athletes. Soreness that begins 8-24 hours
after an activity is called delayed-onset muscle
soreness or post-exercise muscle soreness. Starting
an exercise regimen, occasional participation in a
physically demanding activity, or increasing the duration
or intensity of a regular workout can all result in sore
muscles. This soreness is caused by microscopic tears

in the muscle fibers and is most common after eccentric
exercise. The inflammatory response to these small tears
results in swelling in the connective tissues surrounding
the muscle fibers. The swelling then compresses sensory
nerve endings in the muscle, causing the characteristic
soreness. The good news is that delayed-onset muscle
soreness does not last long (3-7 days) and that low-level
aerobic activity increases blood supply to the muscle and
speeds recovery. Another piece of good news is

that these microscopic tears stimulate increased
production of myofibrils and myofilaments,

resulting in increased muscle strength.

Concentric contraction of skeletal muscle is explained by
the sliding filament mechanism (Figure 10.7). Contraction
results as the myosin heads of the thick filaments attach to the
thin filaments at both ends of the sarcomere and pull the thin
filaments toward the center of the sarcomere by swiveling in-
ward. After a myosin head pivots at its “hinge,” it lets go, re-
turns to its original position, binds to the thin filament farther
along its length, and pivots again. This ratchet-like cycle is re-
peated many times during a single contraction. It should be
emphasized that the thick and thin filaments themselves do not
shorten: The thin filament merely slides over the thick filament.

The sliding filament mechanism is initiated by the release
of calcium ions from the sarcoplasmic reticulum and the
binding of those ions to the thin filaments. This process is
powered by ATP.

Figure 10.8 shows how contraction affects the striation
pattern of skeletal muscle. In a fully relaxed sarcomere
(Figure 10.8 (1)), the thin filaments partially overlap the thick
filaments. Note the length of the A band, the I band, and the
position of the Z discs in the relaxed sarcomere. When the
muscle is stimulated to contract, as shown in Figure 10.8 (2),
the action of the thick filaments forcefully pulls the two Z
discs closer together, causing each sarcomere to shorten. As
the Z discs move closer together, the I bands shorten, and the
H zones disappear completely. Notice that the decrease in
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(a) Myosin heads attach to actin in the thin filaments, then pivot
to pull the thin filaments inward.
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(b) Transmission electron micrograph of part of a sarcomere,
showing myosin heads attached to the thin filaments

FIGURE 10.7 Sliding filament mechanism for concentric
contraction in a skeletal muscle.

length of the I band and the loss of the H zone are due to the
increased amount of overlap of the thin and thick filaments.
The length of the thin filament has not changed. The A bands
stay the same length because the length of the thick filaments
also does not change.

When a muscle is stretched rather than contracted, the
amount of overlap between the thin and thick filaments
decreases: The I bands and H zones lengthen as the Z discs
move apart. Again, there is no change in the width of the A
bands.

Muscle Extension

You know that muscle tissue is extensible and that muscle
fibers are stretched (extended) back to their original length
after they contract. What is responsible for this stretching?
Basically, a skeletal muscle—and its contained fibers—are
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@ Fully contracted sarcomere of a muscle fiber

FIGURE 10.8 Changes in striations as skeletal muscle
contracts. The numbers indicate the sequence of events from
(1) relaxed to (2) fully contracted. Electron micrographs (top
view in each case) show enlargements of 33,400 X.

stretched by a movement that is the opposite of the movement
the muscle normally produces. For example, a muscle that
normally abducts the arm at the shoulder is stretched by
adducting the arm at this joint.

Muscle Fiber Length
and the Force of Contraction

The optimal resting length for skeletal muscle fibers is the
length that will generate the greatest pulling force when the
muscle is contracted. This optimal length occurs when a fiber
is slightly stretched, so that its thin and thick filaments over-
lap to only a moderate extent (Figure 10.8 (1)). Under these
conditions, the myosin heads can move and pull along the

whole length of the thin filaments. Under other conditions,
contraction is suboptimal: If a muscle fiber is stretched so
much that the thick and thin filaments do not overlap at all,
the myosin heads have nothing to attach to, and no pulling
force can be generated. Alternatively, if the sarcomeres are so
compressed that the thick filaments are touching the Z discs,
little further shortening can occur (Figure 10.8 (2)).

What is true for a muscle fiber is true for an entire mus-
cle. Whole skeletal muscles have a range of optimal opera-
tional length that runs from about 80% of their normal resting
length to about 120% of that length. The sites of muscle at-
tachments tend to keep muscles within that optimal range;
that is, the joints normally do not let any bone move so
widely that its attached muscles could shorten or stretch be-
yond their optimal range.

The Role of Titin
and Other Myofibril Proteins

Titin (ti’tin) is a springlike molecule in sarcomeres that re-
sists overstretching. The titin molecules in a sarcomere ex-
tend from the Z disc to the thick filament and run within the
thick filament to attach to the M line (see Figure 10.4d).
When first identified, titin generated much excitement be-
cause it is the largest protein ever discovered. It has two basic
functions: (1) It holds the thick filaments in place in the sar-
comere, thereby maintaining the organization of the A band;
and (2) it unfolds when the muscle is stretched, then refolds
when the stretching force is released, thereby contributing to
muscle elasticity. Titin does not resist stretching in the ordi-
nary range of extension, but it becomes stiffer the more it un-
coils; therefore, it strongly resists excessive stretching that
tries to pull the sarcomere apart.

In each myofibril, several proteins surround the Z discs.
These proteins bind adjacent sarcomeres together.

Table 10.1 provides a quick review of the macroscopic
and microscopic structure of skeletal muscle.

Innervation of Skeletal Muscle

The release of calcium ions from the sarcoplasmic reticulum
and the subsequent contraction of skeletal muscle is initiated
by nervous stimulation. The nerve cells that innervate muscle
fibers are called motor neurons. As discussed in Chapter 4
(p- 92), a neuron has cell processes that extend from the cell
body: dendrites are receptive regions of the neuron; an axon
is a long, singular cell process that initiates and transmits
nerve impulses.

Each muscle fiber in a skeletal muscle is served by a
nerve ending, which signals the fiber to contract. The point at
which the nerve ending and fiber meet is called a
neuromuscular junction or a motor end plate (Figure 10.9).
The nerve part of the junction is a cluster of enlargements at
the end of the axonal process that stores chemical messenger
molecules, neurotransmitters. These enlargements are called
axon terminals. The axon terminals are separated from the
sarcolemma of the muscle fiber by a space called the
synaptic cleft (Figure 10.9b). The axon terminals contain
vesicles that release neurotransmitter when a nerve impulse
reaches the terminals (Figure 10.9 (1)). The neurotransmitter
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Structure and Organizational Levels of Skeletal Muscle

Muscle (organ)

Fascicle (a portion
of the muscle)

Muscle fiber
(cell)

Myofibril (complex
organelle containing
myofilaments)

Sarcomere
(a segment of a
myofibril)

Myofilament or
filament

Nucleus —

Thin filament

Structure and Organizational Level

Epimysium Muscle

Fascicle

Part of fascicle Perimysium
i

Muscle fiber

Endomysium
Sarcolemma

Sarcomere

Sarcomere
|

Thin (actin) filament ~ Thick (myosin) filament

Thick filament

Head of myosin molecule

Actin molecules

Connective Tissue
Description Wrappings
A muscle consists of
hundreds to thousands
of muscle cells, plus
connective tissue
wrappings, blood vessels,
and nerve fibers.

Covered externally
by the epimysium

A fascicle is a discrete
bundle of muscle cells,
segregated from the rest
of the muscle by a
connective tissue sheath.

Surrounded by a
perimysium

A muscle fiber is an
elongated multinucleate
cell; it has a banded
(striated) appearance.

Surrounded by the
endomysium

Myofibrils are rodlike contractile elements

that occupy most of the muscle cell volume.
Composed of sarcomeres arranged end to end,
they appear banded, and the bands of adjacent
myofibrils are aligned.

A sarcomere is the contractile unit, composed of
myofilaments made up of contractile proteins.

Contractile myofilaments are of two types—thick
and thin. The thick filaments contain bundled
myosin molecules; the thin filaments contain
actin molecules (plus other proteins). The sliding
of the thin filaments past the thick filaments
produces muscle shortening. Elastic filaments
composed of titin molecules (not shown)
maintain the organization of the A band and
provide for elastic recoil when muscle
contraction ends.
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neuromuscular
junction

Sarcolemma of
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stimulates the release of
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acetylcholine (ACh) into
the synaptic cleft.

@ACh stimulates changes
in the sarcolemma that
excite the muscle fiber. This
stimulus is carried down
the T tubules to initiate
fiber contraction.
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Terminal
cisterna
of SR

Triad

| @ Enzymes in the synaptic cleft

break down ACh and thus limit its
| action to a single muscle twitch.

FIGURE 10.9 The neuromuscular junction. (a) An axon of a motor neuron forming
three neuromuscular junctions with a skeletal muscle fiber. (b) Enlargement of a single

neuromuscular junction contacting a muscle cell.

at the neuromuscular junction—acetylcholine—diffuses
across the synaptic cleft and binds to receptor molecules on
the sarcolemma, where it induces an impulse that initiates
fiber contraction (Figure 10.9 (2)).

The neuromuscular junction has several unique features.
Each axon terminal lies in a trough-like depression of the sar-
colemma, which in turn has its own invaginations (Figure
10.9b). The invaginations of the sarcolemma are covered with
a basal lamina (not illustrated). This basal lamina contains
the enzyme acetylcholinesterase (as”é-til-ko"lin-es’ter-as),
which breaks down acetylcholine immediately after the neu-
rotransmitter signals a single contraction (Figure 10.9 (3)).
This ensures that each nerve impulse to the muscle fiber pro-
duces just one twitch of the fiber, preventing any undesirable
additional twitches that would result if acetylcholine were to
linger in the synaptic cleft.

The axon of a motor neuron branches to innervate a
number of fibers in a skeletal muscle. A motor neuron and
all the muscle fibers it innervates are called a motor unit.

Figure 10.10 illustrates two simplified motor units. When a
motor neuron fires, all the skeletal muscle fibers in the motor
unit contract together. Although the average number of mus-
cle fibers in a motor unit is 150, the number may run as high
as several hundred or as low as four. Muscles that require
very fine control (such as the muscles moving the fingers and
eyes) have few muscle fibers per motor unit, whereas bulky,
weight-bearing muscles, whose movements are less precise
(such as the hip muscles), have many muscle fibers per motor
unit. The muscle fibers of a single motor unit are not clus-
tered together but rather are spread throughout the muscle. As
a result, stimulation of a single motor unit causes a weak con-
traction of the entire muscle.

In addition to variation in the size of motor units in differ-
ent muscles, each individual muscle contains many motor
units. The addition of motor units to accomplish a movement
is called recruitment. If a small force is required, a small
number of motor units are stimulated. As more force is needed,
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unit 1
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cell body

Motor  Motor
unit 2
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Axon terminals at
neuromuscular junctions

Branching axon
to motor unit

Muscle
fibers

(b) Branching axon terminals form
neuromuscular junctions, one
per muscle fiber
(photomicrograph 110x).

(a) Axons of motor neurons extend from the spinal cord to the muscle. There each axon divides
into a number of axon terminals that form neuromuscular junctions with muscle fibers

scattered throughout the muscle.

FIGURE 10.10 Motor units. Each motor unit consists of one motor neuron and all the
muscle fibers it innervates. (See A Brief Atlas of the Human Body, Second Edition, Plate 30.)

additional motor units are recruited. Thus the same muscle is
capable of lifting a pencil off the desk or lifting this textbook.

check your understanding

8. Why is overlap of the thin and thick filaments
essential for muscle contraction?

9. Which region of the myofibril changes in length
during contraction: the A band, the | band, or the
Z disc?
10. Differentiate a neuromuscular junction from a
motor unit.

For answers, see Appendix B.

Types of Skeletal Muscle Fibers

The various types of skeletal muscle fibers are categorized
according to two characteristics: (1) how they manufacture
energy (ATP) and (2) how quickly they contract. Some mus-
cle fibers predominantly produce ATP aerobically (using oxy-
gen) and are thus called oxidative fibers. Others make ATP
anaerobically (without oxygen) via glycolysis and are re-
ferred to as glycolytic fibers. The speed of contraction, fast
versus slow, depends on how quickly a fiber breaks down
ATP to gain the energy needed for contraction. Based on

these characteristics, muscle fibers are divided into three gen-
eral classes: slow oxidative fibers (SO), fast glycolytic fibers
(FG), and fast oxidative fibers (FO) (Figure 10.11). Most of
the muscles in the body contain all three fiber types, but the
proportions differ from one muscle to another.

Slow Oxidative Fibers (SO) These relatively thin
fibers are red because of their abundant content of myoglobin
(mi”o-glo’bin), an oxygen-binding pigment in their sar-
coplasm. As their name implies, slow oxidative fibers obtain
their energy from aerobic metabolic reactions; thus they have
a relatively large number of mitochondria (the sites of aerobic
metabolism) and a rich supply of capillaries. Slow oxidative
fibers contract slowly, are extremely resistant to fatigue as
long as enough oxygen is present, and deliver prolonged
contractions. There are many of these fibers in the postural
muscles of the lower back, muscles that must contract contin-
uously to keep the spine straight and maintain posture.
Because they are thin, slow oxidative fibers do not generate
much power.
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RHABDOMYOLYSIS Although oxygen-binding
myoglobin increases endurance, it can cause problems if
it leaks from muscle. Damage to skeletal muscles caused
by crushing or by extreme, destructive exercise may lead
to a condition called rhabdomyolysis (rab”do-mi-ol'i-sis;
“disintegration of rod-shaped [skeletal] muscle”). The
condition was originally recognized in survivors of
bombings and earthquakes who had been pinned

under fallen buildings. In rhabdomyolysis,

myoglobin pours into the bloodstream and clogs

the blood-filtering kidneys, causing kidney

failure, which eventually leads to heart failure.

Fast Glycolytic Fibers (FG) Fast glycolytic fibers are
pale because they contain little myoglobin. They are about
twice the diameter of slow oxidative fibers, contain more my-
ofilaments, and thus generate much more power. Because these
fibers depend on anaerobic pathways to make ATP, they contain
few mitochondria or capillaries but have many glycosomes con-
taining glycogen as a fuel source. Fast glycolytic fibers contract
rapidly and tire quickly. They are common in the muscles of the
upper limbs, which often lift heavy objects for brief periods.

Fast Oxidative Fibers (FO) Fast oxidative muscle
fibers are intermediate in many of their characteristics in
comparison with the other two fiber types. Like fast gly-
colytic fibers, they contract quickly; like slow oxidative
fibers, they are oxygen dependent and have a high myoglobin
content, a large number of mitochondria, and a rich supply of
capillaries. Because fast oxidative fibers depend largely on
aerobic metabolism, they are fatigue resistant but less so than
slow oxidative fibers. The speed of contraction of fast oxida-
tive fibers is between that of the other two fiber types. The di-
ameter of the fiber is also intermediate; thus, these fibers are
more powerful than slow oxidative fibers but not as powerful
as fast glycolytic fibers. They are abundant in the muscles of
the lower limbs, which must move the body for long periods
during locomotion.

Because individual muscles contain a mixture of the
three fiber types, each muscle can perform different tasks at
different times. A muscle in the calf of the leg, for example,
uses its glycolytic fibers to propel the body in a short sprint,
its fast oxidative fibers in long-distance running, and its slow
oxidative fibers in maintaining a standing posture.

Although everyone’s muscles contain mixtures of the
three fiber types, some people have relatively more of one
type. These differences are genetically controlled and no
doubt influence the athletic capabilities of endurance versus
strength. It is possible to transform muscle fiber types
through training, however. Specifically, intense resistance
training can convert fast glycolytic fibers to fast oxidative
fibers. Any fibers converted in this way do revert to their orig-
inal type when the training stops. In fact, an interesting over-

FIGURE 10.11 Cross section of the three types of fibers in
skeletal muscle. From generally smallest to largest, they are
slow oxidative fibers (SO), fast oxidative fibers (FO), and fast
glycolytic fibers (FG). The staining technique used in this
preparation differentiates the fibers by the abundance of

their mitochondria, mitochondrial enzymes, and other

features (480X).

shoot phenomenon has been observed. After training ends,
the percentage of fast glycolytic fibers increases significantly
from the pretraining level. This phenomenon is the physio-
logical basis for tapering off training prior to a major compet-
itive event, a common practice among athletes.

Weight training also increases the diameter and strength
of fast muscle fibers. Weight lifting increases the production
of the contractile proteins actin and myosin, of the myofila-
ments containing these proteins, and of the myofibril or-
ganelles these myofilaments form. As the number and size of
the myofibrils increase, the fibers enlarge. Skeletal muscle is
multinucleated, and the enlarged fibers need additional nuclei
to direct and support the formation of new proteins. Small im-
mature muscle cells, called satellite cells, are scattered in the
muscle tissue outside the muscle fibers. These cells fuse with
the fibers, contributing the additional nuclei needed as the
fibers enlarge. Thus, muscle fibers do not increase in number
by dividing mitotically. Rather, they increase in diameter by
building more contractile proteins and myofilaments. It is by
this process that weight lifters develop large muscles.

check your understanding

11. Which fiber type dominates in the lower limb muscles
of Usain Bolt, the 2008 Olympic gold medalist in the
100-meter dash?

For the answer, see Appendix B.
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DISORDERS OF SKELETAL MUSCLE
TISSUE

» Explain some symptoms of muscular dystrophy, myofas-
cial pain syndrome, and fibromyalgia.

The body’s skeletal muscle tissue experiences remarkably
few disorders. Given good nutrition and sufficient exercise, it is
amazingly resistant to infection throughout life. Noninfectious
disorders of skeletal muscle, however, include muscular dys-
trophy, myofascial pain syndrome, and fibromyalgia.

Muscular Dystrophy

Muscular dystrophy is a group of inherited muscle-
destroying diseases that generally appear in childhood. The
affected muscles enlarge with fat and connective tissue while
the muscle fibers degenerate (Figure 10.12). The most com-
mon and most serious form is Duchenne muscular dystro-
phy, which is inherited as a sex-linked recessive disease. This
means that females carry and transmit the abnormal gene, but
it is expressed almost exclusively in males. It affects 1 of
every 3500 boys. This tragic disease is usually diagnosed
when the boy is between 2 and 10 years old. Active, appar-
ently normal children become clumsy and start to fall fre-
quently as their muscles weaken. The disease progresses from
the pelvic muscles to the shoulder muscles to the head and
chest muscles. Victims rarely live past age 20 and usually die
of respiratory infections or respiratory failure.

Recent research has identified the cause of Duchenne
muscular dystrophy: The diseased muscle fibers lack a
submembrane protein called dystrophin, which links the
cytoskeleton of the muscle fiber to the extracellular matrix.
Without this strengthening protein, the sarcolemma weakens,
and the consequent leakage of extracellular calcium ions into
the muscle fibers can fatally disrupt muscle function.

Scientists have explored possible treatments by injecting
mice with embryonic muscle cells called myoblasts (dis-
cussed shortly), which then fuse with the unhealthy muscle
fibers and induce them to produce dystrophin. Genes that pro-
mote the manufacture of dystrophin have also been injected.
Similar treatments have not yet been successful in humans.
Success may be near, however, because measurements sug-
gest researchers are now getting about half as many healthy
myoblasts into human dystrophic muscles as will be needed
to improve their strength. Another treatment is to coax
dystrophic muscle to produce more utrophin, a protein that is
related to dystrophin and can substitute for it functionally.

Another kind of muscular dystrophy, called myotonic
dystrophy, can appear at any age between birth and age 60.
The symptoms of this inherited, slow-progressing disease in-
clude skeletal-muscle spasms followed by muscle weakness
and abnormal heart rhythm. This disorder is also caused by
an underlying genetic defect, and the pattern of inheritance is
now well understood.
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(a) Normal muscle tissue (b) Muscle tissue from a

patient with DMD

FIGURE 10.12 Duchenne muscular dystrophy. (a) Normal
muscle tissue, hematoxylin and eosin (H&E) stained (140X).
(b) Muscle tissue from a patient with Duchenne muscular
dystrophy (DMD), H&E stained (100X).

Myofascial Pain Syndrome

In myofascial pain syndrome, pain is caused by tightened
bands of muscle fibers that twitch when the skin over them is
touched. The sensitive areas of skin are called trigger points.
Myofascial pain syndrome is mostly associated with overused
or strained postural muscles, and the pain is often felt some
distance from the trigger point, in predictable places called
reference zones. This syndrome is very common, affecting up
to half of all people, mostly those from 30 to 60 years old. The
pain is treated with nonsteroidal anti-inflammatory drugs and
by stretching the affected muscle. Massage also helps, and ex-
ercising the affected muscle can lead to long-term recovery.

Fibromyalgia

Fibromyalgia (fi"bro-mi-al’ge-ah) is a mysterious chronic-
pain syndrome of unknown cause (algia = pain). Its symp-
toms include severe musculoskeletal pain, fatigue, sleep
abnormalities, and headache. It affects about 2% of all
people, mostly women. The most common sites of pain are
the lower back or neck, but for a condition to be identified as
fibromyalgia, pain must be present in at least 11 of 18 stan-
dardized points that are spread widely over the body. Not all
of these points are over muscles, and muscle problems do not
seem to be the primary cause. However, fibromyalgia is in-
cluded in this chapter because it can be mistaken for myofas-
cial pain syndrome (see above). Fibromyalgia is treated with
antidepressants, exercise, and pain relievers.

check your understanding

12. What changes are apparent in the muscle tissue of a
boy with Duchenne muscular dystrophy?

For the answer, see Appendix B.
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Comparison of Skeletal, Cardiac, and Smooth Muscle

Characteristic Skeletal Cardiac Smooth

Body location

Mostly in walls of hollow
organs, such as the stomach,
respiratory tubes, bladder,
blood vessels, and uterus

Attached to bones or (some
facial muscles) to skin

Cell shape and appearance

Single, very long cylindrical, Branching chains of cells; uni- Single, fusiform, uninucleate;
multinucleate cells with obvious or binucleate; striations no striations
striations

Connective tissue Epimysium —, Perimysium

components
Endomysium
Endomysium Endomysium
Epimysium, perimysium, and Endomysium attached to Endomysium
endomysium fibrous skeleton of heart
Presence of myofibrils Yes Yes, but myofibrils are of No, but actin and myosin
composed of sarcomeres irregular thickness filaments are present
throughout
Presence of T tubules and T tubule SR
site of invagination |
Z disc
x_|_1|_'_n_|_1
Aband
| band | band
Yes; two in each sarcomere at Yes; one in each sarcomere at No T tubules; has caveolae
A-l junctions Z discs; larger diameter than along the sarcolemma

those of skeletal muscle
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(AR S PES continued

Characteristic

Elaborate sarcoplasmic
reticulum

Skeletal

Yes
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Cardiac

Less than skeletal muscle;
scant terminal cisternae

Smooth

Equivalent to cardiac muscle;
some SR contacts the
sarcolemma

Source of (Ca?*). for
calcium pulse

Sarcoplasmic reticulum (SR)

SR and from extracellular fluid

SR and from extacellular fluid

Presence of gap
junctions

No

Yes; at intercalated discs

Yes; in single-unit muscle

Cells exhibit individual
neuromuscular junctions

Yes

=S

Not in single-unit muscle; yes
in multiunit muscle

Regulation of contraction

Voluntary via axon terminals of the

somatic nervous system

Involuntary; intrinsic system
regulation; also autonomic
nervous system controls;

Involuntary; autonomic nerves,
hormones, local chemicals;
stretch

stretch

{..
VA

e

»TY <
b,

#

Energetics Aerobic and anaerobic

SKELETAL MUSCLE TISSUE
THROUGHOUT LIFE

» Describe the embryonic development and capacity for
regeneration of skeletal muscle tissue.

» Explain the changes that occur with age in skeletal muscle.

With rare exceptions, all muscle tissues develop from
embryonic mesoderm cells called myoblasts. Myoblasts fuse
to form skeletal muscle fibers (Figure 10.13). This fusion of
embryonic cells is the reason skeletal muscle fibers are multi-
nucleated. The muscle fibers begin to make thick and thin
myofilaments and gain the ability to contract. Ordinarily, the
skeletal muscles are contracting by week 7, when the embryo
is only about 2 cm long. Nerves grow into the muscle masses
from the spinal cord, bringing the skeletal muscles under the
control of the nervous system.

Aerobic Mainly aerobic

Skeletal muscle fibers never undergo mitosis after they
are formed. During childhood and adolescence, these cells
lengthen and thicken, however, to keep up with the growing
body. Furthermore, during the late fetal period and thereafter
skeletal muscle fibers are surrounded by scattered satellite
cells, which are immature cells that resemble undifferentiated
myoblasts (Figure 10.13). During youth, satellite cells fuse
into the existing muscle fibers to help them grow. Following
injury to a muscle, satellite cells proliferate in the damaged
muscle tissue and start producing proteins to repair the injury.
Some satellite cells fuse with surrounding muscle fibers; oth-
ers remain as satellites. However, the regeneration capacity of
skeletal muscle tissue is not complete, and severely damaged
tissue is replaced primarily by scar tissue.

There are differences between men and women in the
strength of skeletal muscle. On average, the body strength of
adult men is greater than that of adult women. There seems to
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a closer look

Anabolic Steroid Abuse

Society loves a winner, and top
athletes reap large social and
monetary rewards. Thus it is
not surprising that some will
try anything that might in-
crease their performance—
including the use of anabolic
steroids. Anabolic steroids,
variants of the male sex hor-
mone testosterone engineered
by pharmaceutical companies,
were introduced in the 1950s
to treat victims of anemia and
certain muscle-wasting dis-
eases and to prevent muscle
atrophy in patients immobi-
lized after surgery. Testosterone trig-
gers the increase in muscle and bone
mass and other physical changes
that occur during puberty and con-
vert boys into men. Convinced that
megadoses of steroids could en-
hance masculinization in grown men,
many athletes and bodybuilders
were using them by the early 1960s.
Today, steroid use is no longer con-
fined to athletes. It is estimated that
nearly one in every ten young men
has tried steroids, and their use is
growing rapidly among young
women.

It is difficult to determine the ex-
tent of anabolic steroid use because
most international competitions ban
the use of drugs, and therefore users
(and prescribing physicians or drug
dealers) are reluctant to talk about
it. Nonetheless, there is little ques-
tion that many professional body-
builders and athletes are heavy
users. These athletes claim that ana-
bolic steroids enhance muscle mass
and strength, reduce muscle dam-
age resulting from intense workouts,

and reduce recovery time following
workouts.

Do the drugs do all that is
claimed? Research studies report
increased isometric strength and

body weight in steroid users.
Although these results delight
weight lifters, there is a hot dispute
over whether the increased strength
translates into improved athletic
performance. Performance requires
fine muscle coordination and en-
durance, and the effects of steroids
on performance are still in question.

Do the alleged advantages of
steroids outweigh their risks? Abso-
lutely not. Physicians say steroids
cause bloating of the face; acne and
hair loss; shriveled testes and infertil-
ity damage to the liver that
promotes liver cancer; and changes
in blood cholesterol levels that may
predispose users to coronary heart
disease. In addition, women can
develop masculine characteristics,
such as smaller breasts, enlarged cli-
toris, excess body hair, and thinning
scalp hair. The psychiatric hazards of

anabolic steroid use may be
equally threatening: Recent
studies indicate that one-third
of users suffer serious mental
problems. Depression, delu-
sions, and manic behavior—in
which users undergo Jekyll-
and-Hyde personality swings
and become extremely violent
(termed ’'roid rage)—are all
common.

A more recent arrival on
|  the supplement scene, origi-
J nally sold over the counter as a

“nutritional performance en-

hancer,” is androstenedione.
This “pro-hormone,” taken orally
and converted to testosterone and
estrogen in the body, was sold and
used legally from 1996 until 2004.
Baseball great Mark McGwire used
androstenedione and greatly popu-
larized its use. One drawback is that
large quantities need to be in-
gested to result in small increases in
testosterone levels, and more
recent studies actually show no

increase. At these large doses,
estrogen levels are significantly
elevated, resulting in feminizing

effects. In addition, levels of high-
density lipoproteins ("good”
cholesterol) are reduced, increasing
the risk of heart disease. In 2004,
the FDA classified the drug as a
controlled substance and banned its
use in sports.

As one drug becomes illegal,
others are developed. Some people
admit to a willingness to try almost
anything to win, short of killing
themselves. Are they unwittingly
doing just that?



www.konkur.in

Embryonic
mesoderm cells

Myoblasts

\/

Myotube
(immature
multinucleate
muscle fiber)

@ Several

@ Embryonic
mesoderm cells
undergo cell division
(to increase number)
and enlarge.

0

a myotube.

myoblasts fuse
together to form

Y

Chapter 10 Skeletal Muscle Tissue 257

Satellite cell
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FIGURE 10.13 Formation of a multinucleate skeletal muscle fiber by fusion of

myoblasts.

be a biological basis for this difference. Individuals vary, but
on average, women’s skeletal muscles make up 36% of body
mass, compared to 42% in men. The greater muscular devel-
opment of men is due mostly to the effects of androgen hor-
mones (primarily testosterone) on skeletal muscle, not to the
effects of exercise. Because men are usually larger than
women, the average difference in strength is even greater than
the percentage difference in muscle mass would suggest.
(Body strength per unit muscle mass, however, is the same in
both sexes.) With strenuous muscle exercise, enlargement of
muscles is greater in men than in women, again because of
the influence of male sex hormones. Some athletes take large
doses of synthetic male sex hormones (‘“steroids”) to increase
their muscle mass. This illegal and dangerous practice is dis-
cussed in A Closer Look on p. 256.

As humans age, the amount of connective tissue in skeletal
muscles increases, the number of muscle fibers decreases, and
the muscles become stringier or, to say the same thing another
way, more sinewy. Because skeletal muscles form so much of a

person’s body mass, body weight declines in many elderly peo-
ple. The loss of muscle leads to a decrease in muscular strength,
usually by 50% by age 80. This condition is called sarcopenia
(sar”ko-pe’ne-ah), literally, “flesh wasting.” It can have grave
implications for health because it leads to many serious falls in
the elderly. The proximate cause of sarcopenia may be a reduc-
tion in the rate at which the aging satellite cells can rebuild mus-
cle. Fortunately, sarcopenia can be reversed by exercise, even in
people of very advanced age. Weight training in the elderly does
not retard the loss of muscle fibers but does increase the size of
the remaining fibers, thus maintaining muscle strength.

check your understanding

13. Why are skeletal muscle fibers multinucleated?

14. How can older adults prevent or reverse the effects
of sarcopenia?

For answers, see Appendix B.

RELATED CLINICAL TERMS

LOWER BACK PAIN Backache. May be due to a herniated or cracked
disc, but is usually due to injured ligaments and muscle strain (see
below). The injured back muscles contract in spasms, causing rigidity
in the lumbar region and painful movement. Backaches plague 80%
of all Americans at some time in their lives, but most cases resolve
themselves.

MYALGIA  (mi-al’je-ah; “muscle pain”) Muscle pain resulting from any
muscle disorder.

MYOPATHY (mi-op’ah-the; path = disease) Any disease of muscle.

SPASM A sudden, involuntary twitch of skeletal (or smooth) muscle,
ranging in severity from merely irritating to very painful. May be due
to chemical imbalances or injury. Spasms of the eyelid or facial mus-
cles, called tics, may result from psychological factors. Massaging the
affected area may help to end the spasm. A cramp is a prolonged
spasm that causes a muscle to become taut and painful.

STRAIN Tearing of a muscle, often due to a sudden movement that
excessively stretches the muscle. Also known as muscle pull. May
involve the muscle-tendon junction. Bleeding within the muscle and
inflammation lead to pain.
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CHAPTER SUMMARY

You can use the following media study tool for additional help when you
review specific key topics of Chapter 10.

PAL = Human Anatomy Lab™

Overview of Muscle Tissue (pp. 240-241)

1.

Muscle tissue produces movement, maintains posture, stabilizes
joints, and generates body heat. It has the special properties of con-
tractility, excitability, extensibility, and elasticity.

The three types of muscle tissue are skeletal, smooth, and cardiac
muscle. Skeletal muscle attaches to the skeleton, has striated cells,
and can be controlled voluntarily. Cardiac muscle occurs in the
heart wall, has striated cells, and is controlled involuntarily.
Smooth muscle occurs chiefly in the walls of hollow organs, has
nonstriated cells, and is controlled involuntarily.

A cell in skeletal or smooth muscle (but not cardiac muscle) is
called a fiber. A large percentage of the sarcoplasm of muscle cells
is myofilaments that generate contractile force.

Skeletal Muscle (pp. 241-252)
Basic Features of a Skeletal Muscle (pp. 242-243)

4.

Each skeletal muscle is an organ. The connective tissue elements
of a skeletal muscle are the epimysium around the whole muscle,
the perimysium around a fascicle, and the endomysium around
fibers. A fascicle is a bundle of muscle fibers. All these connective
tissue sheaths form the tendon.

Every skeletal muscle fiber is stimulated to contract by a nerve
cell. Skeletal muscle has a rich blood supply. Fine nerve fibers and
capillaries occupy the endomysium.

Each muscle extends from an immovable (or less movable) attach-
ment, called the origin, to a more movable attachment, called an
insertion.

Muscles attach to bones through tendons, aponeuroses, or direct
(fleshy) attachments. Some muscles cross two or more joints.

Microscopic and Functional Anatomy of Skeletal
Muscle Tissue (pp. 245-252)

8.

10.

11.

A skeletal muscle fiber is a long, striated cell formed from the fu-
sion of many embryonic cells. It contains many peripherally lo-
cated nuclei.

Myofibrils are cylinder-shaped organelles that show distinct dark
and light banding patterns, or striations. They are the main com-
ponent of the sarcoplasm of skeletal muscle cells. A myofibril is
a row of sarcomeres arranged end to end. A sarcomere extends
from one Z disc to the next. Thin (actin) filaments extend
centrally from each Z disc. Thick (myosin) filaments occupy the
center of each sarcomere and overlap the inner ends of the thin
filaments.

From large to small, the levels of organization in a muscle are
whole muscle, fascicle, fiber, myofibril, sarcomere, and myofila-
ment (see Table 10.1, p. 249).

The sarcoplasmic reticulum is a specialized smooth endoplasmic
reticulum in the muscle fiber. T tubules are deep invaginations of
the sarcolemma. When a nerve cell stimulates a muscle fiber, it sets
up an impulse in the sarcolemma that signals the sarcoplasmic

12.

13.

14.

15.

16.

17.

18.

19.

reticulum to release Ca2+, which then initiates the sliding of the
myofilaments (muscle contraction).

Muscle contraction occurs by both concentric contraction, which
shortens the muscle, and eccentric contraction, in which the mus-
cle generates force while lengthening.

According to the sliding filament mechanism, concentric muscle
contraction results when the thin filaments are pulled toward the
center of the sarcomere by a pivoting action of myosin heads on
the thick filaments.

The myofilaments determine the striation pattern in skeletal mus-
cle fibers. There are A bands, where thick filaments are located; I
bands, which contain only thin filaments; and Z discs, where thin
filaments from adjacent sarcomeres join; plus M lines and H zones,
where only thick filaments occur. During contraction, the Z discs
move closer together, and the I bands and H zones shorten.

A muscle is extended, or stretched, by a skeletal movement caused
by the contraction of an opposing muscle. The huge titin molecules
in the sarcomere resist overextension, and, along with the connec-
tive tissue elements, give muscle its elasticity.

The muscles attach to the skeleton in a way that keeps them at a
near-optimal length for generating maximum contractile forces.

Motor neurons innervate skeletal muscle fibers at neuromuscular
junctions (motor end plates). The axon terminal releases acetyl-
choline, which signals the muscle cell to contract. The basal lam-
ina of the muscle cell releases the enzyme acetylcholinesterase
into the synaptic cleft, which breaks down acetylcholine immedi-
ately after the neurotransmitter signals a single contraction. Each
muscle fiber must be served by a neuromuscular junction.

A motor unit consists of one motor neuron and all the skeletal
muscle fibers it innervates. Motor units contain different numbers
of muscle fibers distributed widely within a muscle. All muscle
fibers in the motor unit contract simultaneously.

There are three types of skeletal muscle fibers: (1) slow oxidative
fibers (fatigue resistant and best for maintaining posture), (2) fast
glycolytic fibers (for short bursts of power), and (3) fast oxidative
fibers (for long-term production of fairly strong contraction). Most
muscles in the body contain a mixture of these fiber types.

PAL Histology/Muscular System

Disorders of Skeletal Muscle Tissue (p. 253)

20.

The disorders discussed in this section include muscular dystro-
phy, myofascial pain syndrome, and fibromyalgia.

Skeletal Muscle Tissue Throughout Life (pp. 255-257)

21.

22.

23.

24.

Muscle tissue develops from embryonic mesoderm cells called
myoblasts. Skeletal muscle fibers form by the fusion of many
myoblasts.

Mature skeletal muscle tissue has some ability to regenerate be-
cause of its satellite cells.

On the average, men have more muscle mass than women. This
disparity is due to the effects of male sex hormones.

Skeletal muscles are richly vascularized and resistant to infection,
but in old age they shrink, become fibrous, and lose strength. This
condition, called sarcopenia, is reversible through exercise.
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REVIEW QUESTIONS
Multiple Choice/Matching Questions

For answers, see Appendix B.

1.

The connective tissue that lies just outside the sarcolemma of an
individual muscle cell is called the (a) epimysium, (b) perimysium,
(c) endomysium, (d) endosteum.

A fascicle is (a) a muscle, (b) a bundle of muscle cells enclosed by
a connective tissue sheath, (c) a bundle of myofibrils, (d) a group
of myofilaments.

Thick and thin myofilaments have different properties. For each
phrase below, indicate whether the filament described is thick or
thin (write thick or thin in the blanks).

— (1) contains actin

— (2) contains myosin heads
— (3) contains myosin

— (4) does not lie in the H zone
—(5) does not lie in the I band
—(6) attaches to a Z disc

Write yes or no in each blank below to indicate whether each of the
following narrows when a skeletal muscle fiber contracts.

— (1) Hband
—(2) Aband
—(3)Iband
—(4) M line

Match the level of skeletal muscle organization given in the key
with its description:

Key:

(b) fascicle
(e) myofilament

(a) muscle (c) fiber

(d) myofibril
— (1) rod-shaped organelle; made of sarcomeres
—(2) an organ

—(3) a bundle of cells

— (4) a group of large molecules
—(5)acell

The function of T tubules in muscle contraction is to (a) make and
store glycogen, (b) release Ca®" into the cell interior and then pick
it up again, (c) transmit an impulse deep into the muscle cell,
(d) make proteins.

Which fiber type would be the most useful in the leg muscles of a
long-distance runner? (a) fast glycolytic, (b) slow glycolytic,
(c) fast oxidative.

The ions that first enter a muscle cell when an impulse passes over
its sarcolemma and then trigger muscle contraction are (a) cal-
cium, (b) chloride, (c) sodium, (d) potassium.

Fill in each blank with the correct answer from the key. More than
one answer may be correct.

Key:

(a) skeletal muscle  (b) cardiac muscle (c¢) smooth muscle
— (1) striated and involuntary

— (2) striated and voluntary

— (3) not striated and involuntary

— (4) is present in wall of bladder

— (5) is located only in the heart

— (6) its fibers are giant, multinucleate cells

— (7) the individual muscle cells are called muscle fibers

— (8) has no A or I bands

— (9)itis located in the walls of hollow body organs

— (10) its extranuclear materials are called sarcoplasm instead of cy-
toplasm, and the plasma membrane is called the sarcolemma

Short Answer Essay Questions

10.

11.

12.

13.
14.

15.

16.

17.
18.
19.

Name and explain the four special functional characteristics of
muscle tissue.

(a) Distinguish a tendon from an aponeurosis and a fleshy attach-
ment. (b) Define origin and insertion, and explain how they differ.

Explain the sliding filament theory of contraction by drawing and
labeling a relaxed and a contracted sarcomere.

Define motor unit.

List the structural differences between the three distinct types of
skeletal muscle fibers.

Cindy Wong was a good anatomy student, but she realized she was
mixing up the following “sound-alike” structures in skeletal mus-
cle: myofilaments, myofibrils, fibers, and fascicles. Therefore, she
compiled a brief table to define and differentiate these four struc-
tures. Construct a table like hers.

What is the function of the sarcoplasmic reticulum in a skeletal
muscle cell?

Define sarcolemma and sarcoplasm.
Where is titin located, and what are its functions?

What is the general distribution of skeletal muscle fiber types in
various body regions (trunk, upper limb, lower limb) and how is
fiber type related to function of that body region?
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CRITICAL REASONING & CLINICAL APPLICATION QUESTIONS

1.

A certain anatomy student decided that his physique left much to
be desired. He joined a health club and began to “pump iron” three
times a week. After 3 months of training, during which he was able
to lift increasingly heavy weights, his arm and chest muscles be-
came much larger. Explain what happened to the fibers in these
muscles.

Diego, who had not kept in shape, went out to play a game of
touch football. As he was running, the calf region of his leg began
to hurt. The next day he went to a doctor, who told him he had a
strain. Diego kept insisting that no joints hurt. Clearly, he was con-
fusing a strain with a sprain. Explain the difference.

Chickens are capable of only brief bursts of flight, and their flying
muscles consist of fast glycolytic fibers. The breast muscles of
ducks, by contrast, consist of slow and fast oxidative fibers. What
can you deduce about the flying abilities of ducks?

Takashi, an osteopathic physician, saw that Mrs. and Mr. Rogers
were suffering because their son was fighting a long battle with
Duchenne muscular dystrophy. To comfort them, Takashi said that
one day physicians hope to be able to cure this disease by injecting
healthy myoblasts into the weakened muscles. What are
myoblasts?

Why are muscle infections relatively rare (compared to respiratory
or skin infections, for example)?

As a sprinter, Lateesha knew that the best way to treat pulled mus-
cles was through “RICE” (see Chapter 9, p. 231). What does that
mean?

7. After her first day of skiing for the season, Janine woke up with

stiff, achy muscles. What caused the sore muscles, and should
Janine head out to the slopes for a second day of skiing?

8. Given what you have learned about increasing muscle strength

through weight training, why do athletes taper off their training
regimen prior to a major competitive event?

9. Skeletal muscle cells cannot divide. How does skeletal muscle re-

pair itself when injured?
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tal muscles, which are the muscles that make up the flesh

of the body and produce many types of movements; the
blinking of an eye, standing on tiptoe, swallowing food, breath-
ing, and wielding a sledgehammer are just a few examples.
Before examining the individual muscles and their actions, this
chapter discusses the mechanics of muscle function, that is, the
physical parameters that define muscular movements: fascicle
arrangement in skeletal muscles, the principle of leverage, and
muscle position as it crosses a joint. The embryonic origin of
muscles, the fascial compartments of the limbs, and the criteria
used in naming muscles are also presented. All of these general
concepts will guide your understanding of how muscles pro-
duce movement and help you remember the details of specific
muscle actions. The chapter closes with a study of regional sur-
face anatomy to reinforce the anatomical relationships between
muscles and the bony skeleton.

The term muscular system refers specifically to the skele-

ARRANGEMENT OF FASCICLES
IN MUSCLES

» Name some muscles in which the fascicle arrangement is
(a) parallel, (b) convergent, (c) pennate, and (d) circular.

» Describe the functional implications of fascicle
arrangement.

Recall from Chapter 10 that skeletal muscles consist of
fascicles (bundles of fibers), which are large enough to be
seen with the unaided eye. In different muscles, the fascicles
are aligned in different patterns, as illustrated in Figure 11.1.
The arrangement of the fascicles reveals a great deal about
the muscle’s function.

Fascicles arranged in concentric rings form a circular
pattern (Figure 11.1a). Muscles with this arrangement sur-
round external body openings, which they close by contract-
ing. The general name for such a circular muscle is sphincter
(sfingk'ter; “squeezer”). Specific examples are the orbicularis
oris muscle around the mouth and the orbicularis oculi
around the eyes.

In the convergent pattern of fascicle arrangement
(Figure 11.1b), the origin of the muscle is broad, and the fas-
cicles converge toward the tendon of insertion. Such a muscle
can be either triangular or fan-shaped. The pectoralis major
muscle in the anterior thorax is an example. In convergent
muscles, the muscle fibers extend the length of the muscle,
from origin to insertion.

In a parallel arrangement of fascicles, the long axes of
the fascicles run parallel to the long axis of the muscle, and
the muscle fibers extend from origin to insertion. Muscles
with this arrangement are either fusiform, with an expanded
central belly, like the biceps brachii of the arm (Figure 11.1c)
or straplike, like the sartorius muscle of the lower limb
(Figure 11.1d).

In a pennate (pen’at) pattern, the fascicles (and thus the
muscle fibers) are short and attach obliquely to a tendon that

Jd &

(b) Convergent
(pectoralis major)

(a) Circular
(orbicularis oris)

A

(c) Fusiform
(biceps brachii)

(d) Parallel @

(sartorius)

(e) Multipennate
(deltoid)

(f) Bipennate
(rectus femoris)

(9) Unipennate
(extensor digitorum
longus)

FIGURE 11.1 Patterns of fascicle arrangement in muscles.

runs the whole length of the muscle (Figure 11.1e—g). This
pattern makes the muscle look like a feather (penna =
feather). A multipennate arrangement looks like many feath-
ers situated side by side, with all their quills inserting into one
large tendon. The deltoid muscle, which forms the roundness
of the shoulder, is multipennate. If the fascicles insert into the
tendon from both sides, the arrangement is bipennate (bi =
two). The rectus femoris muscle of the thigh is bipennate.
If the fascicles insert into only one side of the tendon, the
muscle is unipennate (uni = one). The extensor digitorum
longus muscle on the anterior leg is unipennate.
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The arrangement of its fascicles influences both the
amount of movement produced when a muscle shortens, re-
ferred to as the muscle’s range of motion, and the amount of
force the muscle produces, its power. Skeletal muscle fibers
can shorten by up to one-third of their resting length as they
contract. The more nearly parallel the fibers are to the
muscle’s long axis, the more the muscle can shorten, result-
ing in a larger distance of movement. Although muscles with
parallel fascicles can have a greater range of motion, they
usually are not powerful. The power of a muscle depends
more on the total number of fibers it contains. The stocky
bipennate and multipennate muscles contain the most fibers;
thus, they shorten very little but tend to be very powerful.

check your understanding
1. What is the fascicle arrangement in the muscle
pictured in Figure 11.3a?

2. Why are pennate muscles more powerful than parallel
muscles?

For answers, see Appendix B.

FIGURE 11.2 Lever systems
operating at a mechanical advantage
and a mechanical disadvantage. The
equation at the top expresses the
relationships among the forces and
distances in any lever system.

(a) Mechanical advantage with a power
lever. When a jack is used, the load lifted
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LEVER SYSTEMS: BONE-MUSCLE
RELATIONSHIPS

» Describe the three types of lever systems by which
muscles function, and indicate the relative positions of
effort, fulcrum, and load in each.

The operation of most skeletal muscles involves
leverage—the use of a lever to aid the movement of some ob-
ject. A lever is a rigid bar that moves on a fixed point, the
fulcrum, when a force is applied to the lever. The applied
force, called the effort, is used to move a resistance, or load.
A simple lever system that you are certainly familiar with is a
see-saw. The middle of the see-saw is the fulcrum; the two
levers extend outward. The effort is the body weight of one
person on the see-saw; the load is the weight of the other per-
son. The distance from the fulcrum where each is sitting is
the effort arm and load arm, respectively.

A lever allows a given effort either to (1) move a heavier
load or (2) move a load farther and faster. In the first case, if
the load to be moved is close to the fulcrum and the effort is
applied far from the fulcrum, a small effort can move a large
load, as shown in Figure 11.2a. Such a lever is called a

Effort x length of effort arm = load x length of load arm
(force x distance) = (resistance x distance)

0.25cm

is greater than the applied muscular <
effort: Only 10 kg of force (the effort) lifts
a 1000-kg car (the load). (b) Mechanical
disadvantage with a speed lever. When

a shovel is used to lift soil, the muscular
force is greater then the load lifted: A
muscular force (effort) of 100 kg lifts

50 kg of soil (the load). Levers operating
at a mechanical disadvantage are common

250 = 250

-« 25 cm ———>|

10 x 25 = 1000 x 0.25

(a) Mechanical advantage with a power lever

1000 kg

in the body.

|25 cm—»T

!4—500m >
100 x 25 = 50 x 50 %

2500 = 2500 Load

(b) Mechanical disadvantage with a speed lever
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(a) First-class lever

Arrangement of the elements is
load-fulcrum-effort.

FuIcrum

Fulcrum

Fulcrum

In the body: A first-class lever system
raises your head off your chest. The
posterior neck muscles provide the effort;
the atlanto-occipital joint is the fulcrum;
and the weight to be lifted is the facial
skeleton.

FIGURE 11.3 Lever systems.

power lever. Power levers operate at a mechanical advan-
tage, enabling a small effort to move a large load. In a power
lever, the load is moved only a small distance, but the effort
required is also small. For example, as shown in Figure 11.2a,
each large downward push of the jack handle lifts the car only
a little, but little muscular effort is required.

(b) Second-class lever

Arrangement of the elements is
fulcrum-load-effort.

Example: wheelbarrow

Fulcrum

In the body: Second-class leverage is
exerted when you stand on tip-toe. The
effort is exerted by the calf muscles
pulling upward on the heel; the joints of
the ball of the foot are the fulcrum; and
the weight of the body is the load.

(c) Third-class lever

Arrangement of the elements is
load-effort-fulcrum.

! le .c‘

Eﬁort Fulcrum

!

Example: tweezers or forceps

Fulcrum

In the body: Flexing the forearm by the
biceps brachii muscle exemplifies
third-class leverage. The effort is exerted
on the proximal radius of the forearm; the
fulcrum is the elbow joint; and the load is
the hand and distal end of the forearm.

In the second case, if the effort is applied closer to the
fulcrum than the load to be moved, greater effort is required
to move the load. This type of lever operates at a mechanical
disadvantage, requiring a large effort to move a small load.
However, because the load arm is longer than the effort arm,
the load is moved over a greater distance and also at a greater
speed. Thus, this type of lever is called a speed lever.
Wielding a shovel, as shown in Figure 11.2b, is an example of
a speed lever.
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Although the shovel and the jack are different types of
levers, both follow the same universal law of levers: When
the effort arm is longer than the load arm, the lever operates
at a mechanical advantage; when the effort arm is shorter
than the load arm, the lever operates at a mechanical disad-
vantage. Going back to the see-saw example, think about the
alterations you would make to balance a see-saw with some-
one lighter than you. If you can do this, you intuitively under-
stand the law of levers. The equation at the top of Figure 11.2
expresses this relationship.

So what does all this have to do with skeletal muscles? In
the skeletal system, the bones of the skeleton act as levers,
and the joints act as fulcrums. Muscle contraction is the
effort, which is applied at the point where the muscle attaches
to the bone. The load is the body part that is moved, along
with anything connected to that body part, such as a barbell
or suitcase.

Levers are divided into three classes, depending on the
relative positions of the effort, fulcrum, and load. In first-
class levers, the fulcrum is located between the load and the
point at which the effort is applied (Figure 11.3a). The
see-saw and car jack previously described are examples of
first-class levers. First-class levers can operate either at a
mechanical advantage, for power, or at a mechanical disad-
vantage, for speed and distance, depending on the lengths of
the load arm and effort arm. As shown in Figure 11.3a, the
posterior neck muscles function in a first-class lever system
around the atlanto-occipital joint to support the head.

In second- and third-class lever systems, the load and the
effort are on the same side of the fulcrum. In a second-class
lever, the effort is applied farther away from the fulcrum than
the load, as in the wheelbarrow illustrated in Figure 11.3b.
The effort arm is longer than the load arm, and the lever oper-
ates at a mechanical advantage. Standing on your toes is an
example of a second-class lever (Figure 11.3b); the metatar-
sophalangeal joint is the fulcrum, and the calf muscles
(effort) plantar flex the foot, elevating the body (load). In this
power lever, the relatively small muscular effort moves a
much larger load.

In a third-class lever, the effort is applied closer to the
fulcrum than the load, as with the shovel (Figure 11.2b) or
forceps (Figure 11.3c). The load arm is longer than the effort
arm; thus, third-class levers work at a mechanical disadvan-
tage. One example from the body (Figure 11.3c) is flexion
of the forearm (load) by the biceps brachii muscle (effort). In
this lever system, the elbow is the fulcrum. Most skeletal
muscles function as third-class lever systems for speed. This
positioning places muscle insertions close to the joint, pro-
viding stability to the joint and producing fast, extensive
movements, as in running or throwing, with relatively little
shortening of the muscle.

The relative position of the load, fulcrum, and point of
application of effort in a lever system defines the activity of a
muscle with respect to speed, distance of movement, and the
load that can be moved. In a lever system that operates at a
mechanical disadvantage, a greater effort is needed to pro-
duce a movement, but speed and distance are gained. A sys-
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tem that operates at a mechanical advantage can move a
greater load with less effort, but distance of movement is sac-
rificed. Levers of this type are located where strength of
movement is a priority.

check your understanding

3. Which types of levers operate at a mechanical
advantage?

4. In a skeletal/muscular lever system, what structure is
the fulcrum?

5. Most skeletal muscles of the body operate at a
mechanical disadvantage. What are the advantages of
this arrangement?

For answers, see Appendix B.

ORGANIZATIONAL SCHEME BASED
ON EMBRYONIC DEVELOPMENT

» Organize the body’s muscles into four functional groups
based on their developmental origin.

Before you look at the individual muscles of the body,
it’s useful to have an overview that organizes the muscles ac-
cording to their embryonic origin and general function. This
classification scheme can help you as you study the formida-
ble array of skeletal muscles.

First, recall from Chapter 3 that all muscles develop from
the mesoderm germ layer (p. 56). Figure 11.4 shows some
parts of the mesoderm that are present during the second
month of development, especially the myotomes and splanch-
nic mesoderm (Figure 11.4a and b). Note also that the first
seven myotome-like structures in the head collectively are
called somitomeres (so-mit’o-mérz”; “somite pieces”).

In this development-based scheme, muscles are
organized into four groups: (1) muscle of the visceral organs,
(2) pharyngeal arch muscles, (3) axial muscles, and (4) limb
muscles.

1. Muscle of the visceral organs. Recall from p. 241 that
the visceral muscle includes both smooth muscle and car-
diac muscle. This muscle develops from the splanchnic
mesoderm around the early gut (Figure 11.4b). Because
the visceral muscle does not form the muscles of the
skeleton, it is not considered further in this chapter.
(Visceral muscle is covered in Chapters 19 and 23.)

2. Pharyngeal arch muscles (Figure 11.4c). This group
includes the skeletal muscles of the pharynx (throat re-
gion of the digestive tract) plus some other muscles in the
head and neck. The unifying feature of these muscles is
that they all develop around the embryonic pharynx,
from the fourth to seventh somitomeres. Their original
function was to squeeze things through the pharynx, as in
swallowing, but they have diversified to do more than
that. Another name for the pharyngeal arch muscles
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First (occipital)
myotomes

Somitomeres

Eye Somatic
mesoderm

Pharynx

Limb bud Limb

Myotomes skeleton

Limb bud

(a) 6-week embryo

Vertebra

Splanchnic
mesoderm

Dorsal Neural

tube

Myotome

Extensor
muscles
of limbs

Limb
extension

Flexor
Limb muscles
flexion of limbs

(b) Cross section at level of

lower limb buds

Pharynx

Muscles of facial expression
e.g., orbicularis oculi

Chewing muscles
e.g., temporalis, masseter

Suprahyoid muscles (most)

Pharyngeal constrictors
(key swallowing muscles)

Trapezius <

/

(c) Pharyngeal arch (branchiomeric) muscles:
4th—7th somitomeres

()
()

FIGURE 11.4 Development and basic organization of the
muscles. (a) A 6-week embryo, showing the myotomes and
somitomeres that give rise to muscles. (b) Cross section
through the trunk and lower limbs of the 6-week embryo,
showing divisions of the muscle-forming mesoderm. The plane
of section is shown in (a). (c—e) Three of the functional classes
of muscles, based on developmental origin: (c) pharyngeal arch
muscles, (d) axial muscles, (e) limb muscles. (The fourth
functional class, visceral muscle, is not represented here.)

Extrinsic muscles
of the eye

Deep muscles of the back
e.g., erector spinae

Muscles of the anterior
and lateral trunk
e.g., 1. infrahyoid muscles
(neck)
2. intercostal muscles
(thorax)
3. external and internal
obliques (abdomen)
4. muscles of the
pelvic floor

Tongue

Tongue muscles

(d) Axial muscles: 1st—3rd somitomeres and from myotomes

Extensors
e.g., triceps brachii,
extensor digitorum

Flexors
e.g., biceps brachii,
flexor carpi radialis

Extensors

e.g., quadriceps
femoris, tibialis
anterior

Flexors

Flexors
e.g., hamstrings,

(e) Limb muscles: From myotomes . gastrocnemius
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is branchiomeric muscles (brang”ke-o-mer’ ik; “gill
segment”).

The major muscles in this group include the muscles
of facial expression (Table 11.3), chewing muscles (Table
11.4), and two sets of muscles involved in swallowing:
the suprahyoid muscles and the pharyngeal constrictors
(Table 11.5). A neck muscle called the sternocleidomas-
toid (Table 11.6) and a back muscle called the trapezius
(Table 11.10) are also placed in this group, although
these two muscles develop only partly from somitomeres
(and partly from nearby myotomes).

Axial muscles (Figure 11.4d). These are the skeletal
muscles of the thorax, abdomen, and pelvis, plus many
muscles of the neck and a few in the head. They are called
axial muscles because they lie anterior and posterior to
the body axis (vertebral column), and their main functions
are moving the trunk and maintaining posture. They de-
velop from the myotomes and some somitomeres.

The dorsal regions of the myotomes become the
deep muscles of the back (Table 11.6), which extend the
spine as we stand erect. The ventral regions of the myo-
tomes become the muscles of the anterior and lateral
parts of the trunk and neck, which flex the spine (among
other functions). These muscles include those of the ante-
rior neck (infrahyoid muscles; Table 11.5), respiratory
muscles of the thorax (Table 11.7), muscles of the ante-
rior abdominal wall (Table 11.8), and muscles of the
pelvic floor (Table 11.9).

The first three somitomeres in the developing em-
bryo become the extrinsic eye muscles, muscles that
originate outside the eye and function to move the eyes,
and the occipital myotomes become the muscles that
move the tongue (Table 11.4).

Limb muscles (Figure 11.4e). The upper and lower
limbs arise from the ventral region as limb buds, and
limb muscles develop from the lateral parts of the nearby
myotomes. The muscle mass that lies dorsal to the limb
bones becomes the extensor muscles of that limb,
whereas the ventral mass becomes the limb’s flexor mus-
cles. The muscles that attach the limbs to their girdles
and the muscles that attach the girdles to the trunk
(Tables 11.10, 11.11, and Table 11.15) are also part of
this group. These muscles function in locomotion and in
manipulating objects. Because they develop in the same
way, the muscles of the upper and lower limbs are similar
and directly comparable.

In the adult upper limbs (Tables 11.11-11.14), the
extensor muscles lie on the limb’s posterior side and ex-
tend its parts (forearm, hand, and fingers). The flexor
muscles lie on the anterior side of the limb and flex these
parts.

The lower limb rotates during embryonic develop-
ment; thus in the adult lower limbs (Tables 11.15-11.17),
the extensor muscles occupy the anterior side of the limb
and extend the leg at the knee, dorsiflex the foot at
the ankle, and extend the toes. The flexor muscles occupy
the posterior side of the lower limb and flex the leg at the
knee, plantar flex the foot at the ankle, and flex the toes.
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check your understanding

6. To which developmental group does each of the
following belong: (a) the muscles that move the thigh,
(b) the abdominal muscles (the “abs”), (c) the chewing
muscles?

7. What is the movement produced by muscles that
develop on the dorsal side of the limb?

For answers, see Appendix B.

MUSCLE ACTIONS AND
INTERACTIONS

» Describe how a muscle’s position as it crosses a joint
determines the muscle’s action.

» Describe the functions of prime movers (agonists),
antagonists, synergists, and fixators.

It is easy to understand that different muscles often work
together to bring about a single movement. What is not so obvi-
ous, however, is that muscles often work against one another in
a productive way. No single muscle can reverse the motion it
produces, because a muscle cannot “push.” Therefore, for what-
ever action one muscle (or muscle group) can do, there must
be other muscles that can “undo” the action (or do the opposite
action). In general, groups of muscles that produce opposite
movements lie on opposite sides of a given joint. See Focus on
Muscle Action (Figure 11.5).

With respect to their actions, muscles are classified into
several functional types. A muscle that has the major responsi-
bility for producing a specific movement is the prime mover,
or agonist (ag’o-nist; “leader”), of that motion. For example,
the pectoralis major is a prime mover for flexing the arm at the
shoulder (Figure 11.5a). Sometimes, two muscles contribute
so heavily to the same movement that both are called agonists.

Muscles that oppose or reverse a particular movement act
as antagonists (an-tag’o-nists; “against the leader”). When a
prime mover is active, it is possible for its antagonists to be
stretched or remain relaxed. Usually, however, the antagonists
contract slightly during the movement to keep the movement
from overshooting its mark or to slow it near its completion.
Antagonists can also be prime movers in their own right; that
is, an antagonist for one movement can serve as an agonist for
the opposite movement. For example, flexion of the arm by the
pectoralis major is antagonized by the latissimus dorsi, which
is a prime mover for extension of the arm (Figure 11.5b). It is
important that the two members of any agonist/antagonist pair
be challenged and developed evenly; otherwise the more de-
veloped muscle will put constant tension on the joint, reducing
its flexibility and causing awkward movements. A person in
this situation is said to be muscle bound.

In addition to prime movers and antagonists, most move-
ments also involve one or more muscles called synergists
(sin’er-jist; “together-worker”). Synergists help the prime
movers, either by adding a little extra force to the movement
being carried out or by reducing undesirable extra
movements that the prime mover may produce. This second



FOCUS Muscle Action

FIGURE 11.5

P> The action of a muscle can be inferred by the
position of the muscle as it crosses a joint.

(a) A muscle that crosses on the anterior side of a joint produces flexion*

)

[

L

Example: _
Pectoralis major B ‘ >
(anterior view) \ [

%Ilﬂl a

Example:
Latissimus dorsi
(posterior view)

Example:
Medial deltoid

(anterolateral view)

Example:
Teres major
(posterolateral view)

*These generalities do not apply to the knee and ankle because the lower limb
is rotated during development. The muscles that cross these joints posteriorly
produce flexion, and those that cross anteriorly produce extension.

268 A&PFIlix view this animation at myA&P
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function of synergists deserves more explanation. Some
prime movers cross several joints and can cause movements
at all of them, but synergists act to cancel some of these
movements. For example, the muscles that flex the fingers
cross both the wrist and finger joints, but you can make a fist
without flexing your wrist because synergists stabilize the
wrist.

Additionally, some prime movers can cause several kinds
of movement at the same joint. For example, latissimus dorsi,
shown in Figure 11.5b, functions in adduction as well as ex-
tension of the shoulder because it crosses the shoulder both
posteriorly and medially. Synergists prevent the particular
movement that is inappropriate at a given time: Pectoralis
major (Figure 11.5a), a flexor of the shoulder, will act as a
synergist to latissimus dorsi to prevent extension and produce
straight adduction.

Some synergists hold a bone firmly in place so that a
prime mover has a stable base on which to move a body part.
Such synergists are called fixators. An example is the mus-
cles that fix the scapula when the arm moves. Muscles that
maintain posture and stabilize joints also act as fixators.

In summary, although prime movers get all the credit for
causing movements, the actions of antagonistic and synergis-
tic muscles are also important. Tables 11.1 and 11.2 list the
muscles of the upper limb and lower limb respectively and in-
dicate the primary actions of each muscle. Muscles that cross
the same joint and have similar actions act as synergists; mus-
cles that have opposite actions are agonist/antagonist pairs.
These tables are an excellent resource for quick review of
muscle actions and interactions.

check your understanding

8. Biceps brachii and brachialis both flex the forearm.
These muscles function as .

9. A muscle that abducts the thigh would cross the hip
on which side of the joint? What action would the
antagonist muscles produce?

10. At most joints (the knee and ankle are exceptions),
what movement is produced by muscles that cross
the posterior side of the joint?

For answers, see Appendix B.

MUSCLE COMPARTMENTS
OF THE LIMBS

» Identify the muscular compartments of the upper and
lower limb. Identify the general action of the muscles in
each compartment, and name the muscles located in
each compartment.

Dense fibrous connective tissue divides the muscles of
the limbs into anatomical compartments. These fascial com-
partments group muscles of similar developmental origin and
function. Muscles in the same compartment have similar ac-
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tions and often function synergistically to produce a particu-
lar movement. Muscles in opposite compartments function as
agonist/antagonist pairs. In most cases, each compartment is
innervated by a single named nerve.

Upper Limb

The upper limb has two compartments: anterior and posterior.
The muscles in the anterior compartment of the arm flex
either the shoulder or the elbow and are innervated by the
musculocutaneous nerve (Figure 11.6a). The muscles of the
anterior compartment of the forearm are wrist and digital
flexors and pronators innervated by either the median nerve
or the ulnar nerve (Figure 11.6b).

The muscles of the posterior compartments of the arm
and forearm extend the elbow and wrist, respectively. These
muscles, plus the supinator and brachioradialis (develop-
mentally posterior compartment muscles), are all innervated
by branches off the radial nerve. Functionally, the supinator
supinates the forearm, and the brachioradialis, which crosses
the anterior side of the elbow, acts as a forearm flexor.

The actions of the muscles that move the arm, forearm,
and hand are summarized in Table 11.1, p. 271.

Lower Limb

The thigh portion of the lower limb has three compartments:
posterior, anterior, and medial (Figure 11.7a). The muscles
of the posterior compartment extend the hip and flex the knee
and are innervated by the tibial branch of the sciatic nerve.
The muscles of the anterior compartment flex the hip and ex-
tend the knee and are innervated by the femoral nerve. The
muscles of the medial compartment adduct the thigh and are
innervated primarily by the obturator nerve.

The leg also has three compartments: posterior, anterior,
and lateral (Figure 11.7b). The posterior compartment con-
tains the digital flexor muscles and plantar flexors innervated
by the tibial nerve. The anterior compartment contains the
digital extensor muscles and dorsiflexors, all innervated by
the deep fibular nerve. The lateral compartment contains the
fibularis muscles that plantar flex and evert the foot and are
innervated by the superficial fibular nerve.

The actions of the muscles of the thigh and leg are sum-
marized in Table 11.2, pp. 273-274.

check your understanding

11. In what muscle compartment are the biceps brachii
and brachialis muscles located? In what compartment
is their antagonist muscle located?

12. What are the actions of the muscles in the posterior
compartment of the thigh? What muscle group
functions as an antagonist to these muscles?

13. List two muscles that act in synergy as prime movers
for plantar flexion.

For answers, see Appendix B.

(Text continues on page 274.)
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Summary of Actions of Muscles Acting on the Arm,
Forearm, and Hand (Figure 11.6)

[ ] Extensors . ’

. Flexors _ B

(a)

Posterior compartment of arm
(extends elbow); innervation:
radial nerve

(b) Triceps
brachii

Humerus

Brachialis

Short head
Biceps brachii
Long head

(a) Muscles of the arm

Posterior compartment of forearm

(extends wrist and fingers);
innervation: radial nerve

Radius

Abductor
pollicis
longus

Pronator teres

Ulna Anterior compartment of arm
(flexes elbow); innervation:
musculocutaneous nerve

Brachioradialis
(elbow flexor)

— Flexors

(b) Muscles of the forearm . ‘

Anterior compartment of forearm
(flexes wrist and fingers);
FIGURE 11.6 Muscle compartments in the arm and forearm. innervation: median or ulnar nerve
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continued

PART I: MUSCLES Actions at the Shoulder
ACTING ON THE
ARM (HUMERUS) Medial Lateral
(PM = PRIME MOVER) Flexion Extension Abduction | Adduction Rotation Rotation

Pectoralis major X (PM) X (PM)
Latissimus dorsi X (PM) X (PM)
Teres major X X

Deltoid X (PM) X (PM) X (PM) X X
(anterior fibers) | (posterior fibers) (anterior fibers) | (posterior fibers)

Subscapularis X (PM)
Supraspinatus X
Infraspinatus X (PM)
Teres minor X (weak) X (PM)

Coracobrachialis X X

X | X | X

Biceps brachii X

Triceps brachii X

PART II: MUSCLES Actions on the Forearm
ACTING ON THE
FOREARM Elbow Flexion Elbow Extension Pronation Supination

Biceps brachii X (PM) X
Brachialis X (PM)
Triceps brachii X (PM)

Anconeus X

Pronator teres X (weak) X

Pronator quadratus X (PM)

Brachioradialis X

Supinator X

PART Ill: MUSCLES Actions on the Wrist Actions on the Fingers
ACTING ON THE WRIST
AND FINGERS Flexion Extension Abduction Adduction Flexion Extension

Anterior Compartment
Flexor carpi radialis X (PM

Palmaris longus X (weak

Flexor carpi ulnaris X (PM

X
Flexor pollicis longus X (thumb)

)
)
)
)

Flexor digitorum superficialis X (PM

Flexor digitorum profundus X X

Posterior Compartment

Extensor carpi radialis
longus and brevis X X

Extensor digitorum X (PM) X (and abducts)

Extensor carpi ulnaris X X

Abductor pollicis longus X (abducts thumb)

Extensor pollicis longus
and brevis X (thumb)

Extensor indicis X (index finger)




www.konkur.in

Summary of Actions of Muscles Acting on the
Thigh, Leg, and Foot (Figure 11.7)

Adductors  Hamstrings

Vastus
lateralis

Femur

Posterior compartment of thigh
(flexes leg and extends thigh);
innervation: tibial nerve (portion
of sciatic nerve)

Vastus
intermedius

Rectus femoris

Medial compartment (adducts thigh);
innervation: obturator nerve

Anterior compartment (extends leg);
innervated by femoral nerve

(a) Muscles of the thigh )
Triceps surae

Fibula

Fibularis
muscles

. Posterior

Posterior compartment of leg

compartment (plantar flexes foot, flexes toes);

muscles innervated by tibial nerve
. Anterior

f;’d‘;gg’;mem Tibialis

anterior

- Medial Lateral compartment of leg

compartment (plantar flexes and everts foot);

muscles of thigh innervation: superficial

and lateral fibular nerve

compartment

muscles of leg (b) Muscles of the leg

Anterior compartment of leg
(dorsiflexes foot, extends toes);
FIGURE 11.7 Muscle compartments in the thigh and leg. innervated by deep fibular nerve
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continued

Actions at the Hip Joint Actions at the Knee

PART I: MUSCLES ACTING
ON THE THIGH AND LEG
(PM = PRIME MOVER)

Medial
Rotation

Lateral

Flexion Extension | Abduction| Adduction Rotation Flexion Extension

Posterior Muscles:

Gluteus maximus

Gluteus medius

X (PM)

X (PM)

Gluteus minimus X X

Piriformis X

Obturator internus

Obturator externus

Gemelli

X | X[ X|X| X

Quadratus femoris

X (PM)
X (PM)
X (PM)

Gastrocnemius X

X (PM)

Semitendinosus X

Biceps femoris

Semimembranosus X

Plantaris X
X (and
rotates

leg
medially)

Popliteus

Anterior Muscles:
. X (PM)
lliopsoas

Tensor fasciae latae X X X X

>
>
>
>

Sartorius

Rectus femoris X

Vastus muscles

Medial Muscles:
Adductor magnus X
Adductor longus X
Adductor brevis

Gracilis

X X[ X[ XX
X X[ X[ XX

Pectineus X
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Summary of Actions of Muscles Acting on the
Thigh, Leg, and Foot (Figure 11.7) continued

PART Il: MUSCLES

Actions at the Ankle

Actions at the Toes

ACTING ON THE
ANKLE AND TOES

Posterior Compartment
Gastrocnemius X (PM)

Plantar Flexion | Dorsiflexion

Inversion

Eversion Flexion Extension

Soleus X (PM)

Plantaris

X (PM)

Flexor hallucis longus

X (great toe)

X
Flexor digitorum longus X
X
X

Tibialis posterior

X (PM)

Anterior Compartment
Tibialis anterior X (PM)

Extensor digitorum longus X

X (PM)

Fibularis tertius X

Extensor hallucis longus X

X (weak)

X (great toe)

Lateral Compartment

Fibularis longus and brevis X

COMPARTMENT SYNDROME Any injury to a limb
muscle, either traumatic or chronic, can result in swelling
of the muscle. Because the inelastic fascia surrounding
the muscle compartment prohibits the compartment from
expanding, pressure in the compartment increases and
can compress the vessels and nerves, resulting in incredi-
ble pain. This increased pressure impedes venous
drainage from the compartment, further increasing intra-
compartmental pressure. Acute compartment syndrome
results from traumatic injury and requires immediate
medical attention to minimize the risks of tissue damage
resulting from ischemia (decreased blood supply).
Surgical treatment, cutting through the skin and fascia
of the affected compartment (a procedure called a fas-
ciotomy), may be necessary to reduce pressure in the
compartment. Chronic compartment syndrome is an
overuse injury. When muscle is exercised, intracompart-
mental pressure increases. When a muscle is overused,
as when an athlete trains excessively, microtears in the
muscle can cause swelling, increasing the pressure in
the muscle compartment. The most common injuries of
this type occur in the anterior and lateral compartments
of the leg. The characteristic symptom of chronic
compartment syndrome is pain during activity that is
relieved when exercise stops. Diagnosis is confirmed by
measuring intracompartmental pressure before and after
exercise. Chronic compartmental syndrome is

usually treated conservatively with RICE (rest,

ice, compression, elevation) and low-impact

activities that do not result in pain.

NAMING THE SKELETAL MUSCLES

» List the criteria used in naming muscles.

Skeletal muscles are named according to several criteria,

each of which describes the muscle in some way. Learning
these criteria can simplify the task of learning muscle names.

1.

Location. Some names indicate where a muscle is lo-
cated. For example, the brachialis muscle is in the arm
(brachium = arm), and intercostal muscles lie between
the ribs (costa = rib).

Shape. Some muscles are named for their shapes. For ex-
ample, the deltoid is triangular (the Greek letter delta is
written A), and the right and left trapezius muscles to-
gether form a trapezoid.

Relative size. The terms maximus (largest), minimus
(smallest), longus (long), and brevis (short) are part of
the names of some muscles—such as the gluteus max-
imus and gluteus minimus muscles of the buttocks.

Direction of fascicles and fibers. The names of some
muscles tell the direction in which their fascicles (and
muscle fibers) run. In muscles with the term rectus
(straight) in their name, the fascicles are parallel to the
body midline, whereas transversus and oblique mean that
the fascicles lie at a right angle and at an oblique angle to
the midline, respectively. Examples include the rectus ab-
dominis, transversus abdominis, and external oblique
muscles of the abdomen.
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5. Location of attachments. The names of some muscles
reveal their points of origin and insertion. Recall that the
origin is the less movable attachment of a muscle and
that the insertion is the more movable attachment. The
origin is always named first. For instance, the brachiora-
dialis muscle in the forearm originates on the bone of the
brachium, the humerus, and inserts on the radius.

6. Number of origins. Muscles with the term biceps (“two
heads”), triceps (“three heads”), or quadriceps (‘“four
heads”) in their name have two, three, or four origins, re-
spectively. For example, the biceps brachii has two origins.

7. Action. Muscles named for their action include words
such as flexor, extensor, adductor, or abductor. For exam-
ple, the adductor longus on the medial thigh adducts the
thigh at the hip. The names of many forearm and leg
muscles begin with extensor and flexor, indicating how
they move the hand, foot, and digits.

Often, several different criteria are used to name a mus-
cle. For instance, the name extensor carpi radialis longus
tells the muscle’s action (extensor), the joint it acts on
(carp = wrist), and its location, lying along the radius in the
forearm (radialis). The name also indicates that the muscle is
longer (longus) than some other wrist extensor muscles. Even
though such long names can be difficult to pronounce (and
remember accurately), they are extremely informative.

check your understanding

14. What does the muscle name indicate about
each muscle listed? Use the root terms at the back
of the text if needed. (a) latissimus dorsi,
(b) sternocleidomastoid, (c) serratus anterior,
(d) adductor magnus.

For the answer, see Appendix B.

MAJOR SKELETAL MUSCLES
OF THE BODY

» ldentify the muscles described in Tables 11.3 to 11.17.
State the origin, insertion, and primary action of each.

There are more than 600 muscles in the body, and learn-
ing them can be difficult. The first requirement is to make
sure you understand all the body movements shown in
Figures 9.6 and 9.7 (pp. 212-215). Some instructors have
their students learn only a few major groups of muscles,
whereas others require a more detailed study. The informa-
tion in Tables 11.3 through 11.17 should provide enough de-
tail to satisfy the latter. Summary tables of the limb muscles
(Tables 11.1 and 11.2) have been presented first for easy ref-
erence and review of limb muscle actions.

In these tables, the muscles are grouped by function and
by location, roughly from head to foot. Every table starts by
introducing a muscle group in the opening paragraphs. The
details of shape, location, attachments, actions, and innerva-
tion for each muscle in the group follow in table format. All
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muscles are illustrated in accompanying figures. As you study
each muscle, look at its attachments and the direction of its
fascicles, and try to understand how these features determine
its action. Many muscles have multiple actions; in these ta-
bles, the primary action of each muscle is indicated in blue
text. Figure 11.8 summarizes the major superficial muscles in
the body and will help you assimilate the information in the
tables. A good way to learn muscle actions is to act out the
movements yourself and then feel the contracting muscles
bulge beneath your skin.
The sequence of tables is as follows:

e Table 11.3 Muscles of the Head, Part I: Facial Expression
(Figure 11.9); pp. 278-279

e Table 11.4 Muscles of the Head, Part II: Mastication and
Tongue Movement (Figure 11.10); pp. 280-281

e Table 11.5 Muscles of the Anterior Neck and Throat:
Swallowing (Figure 11.11); pp. 282-284

e Table 11.6 Muscles of the Neck and Vertebral Column:
Head Movements and Trunk Extension (Figure 11.12);
pp- 285-288

e Table 11.7 Deep Muscles of the Thorax: Breathing
(Figure 11.13); pp. 289-290

e Table 11.8 Muscles of the Abdominal Wall: Trunk
Movements and Compression of Abdominal Viscera
(Figure 11.14); pp. 291-293

e Table 11.9 Muscles of the Pelvic Floor and Perineum:
Support of Abdominopelvic Organs (Figure 11.15);
pp. 294-295

e Table 11.10 Superficial Muscles of the Anterior and
Posterior Thorax: Movements of the Scapula (Figure
11.16); pp. 296-299

e Table 11.11 Muscles Crossing the Shoulder Joint:
Movements of the Arm (Humerus) (Figure 11.17);
pp- 300-302

* Table 11.12 Muscles Crossing the Elbow Joint: Flexion
and Extension of the Forearm (Figure 11.17); p. 303

e Table 11.13 Muscles of the Forearm: Movements of the
Wrist, Hand, and Fingers (Figures 11.18, 11.19, and
11.20); pp. 304-309

e Table 11.14 Intrinsic Muscles of the Hand: Fine
Movements of the Fingers (Figure 11.21); pp. 309-311

* Table 11.15 Muscles Crossing the Hip and Knee Joints:
Movements of the Thigh and Leg (Figures 11.22, 11.23,
and 11.24); pp. 312-319

e Table 11.16 Muscles of the Leg: Movements of the Ankle
and Toes (Figures 11.25, 11.26, and 11.27); pp. 320-325

e Table 11.17 Intrinsic Muscles of the Foot: Toe Movement
and Foot Support (Figure 11.28); pp. 326-329

(Text continues on page 329.)
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Facial

Epicranius, frontal belly

Orbicularis oculi

Head
Temporalis ./

-

Zygomaticus

Masseter Orbicularis oris Neck
Platysma
Shoulder Sternohyoid
Trapezius Sternocleidomastoid
Thorax
Deltoid Pectoralis minor
Pectoralis major
Arm Serratus anterior

Triceps brachii

Intercostals
Biceps brachii
Brachialis
Abdomen
Forearm Rectus abdominis
Pronator teres External oblique

Brachioradialis .
Internal oblique

Flexor carpi radialis

) Transversus abdominis
Palmaris longus

Pelvis/thigh Thigh
Mli
opsoas 2 . : , Tensor fasciae
Pectineus —————— B P latae
Sartorius
J Adductor longus
Thigh

Gracilis

Rectus femoris

Vastus lateralis

Vastus medialis

Leg
Fibularis longus
Leg

Extensor digitorum longus
Gastrocnemius

Tibialis anterior

Soleus

FIGURE 11.8 Superficial muscles
of the body. (a) Anterior view. The
_ ) abdominal surface has been partly
o dissected on the left side of the body to
(a) show deeper muscles.
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F A
I b

i
\ / Neck
‘hw - Epicranius, occipital belly

Sternocleidomastoid

Trapezius

Shoulder
Deltoid

Infraspinatus

Arm

Teres major

Triceps brachii

Brachialis Rhomboid major

Forearm Triangle of auscultation

Brachioradialis Latissimus dorsi

Extensor carpi radialis
longus

Flexor carpi ulnaris

Extensor carpi ulnaris Hip
Extensor digitorum Gluteus medius

\ N
AL b

2
P

) /,4 )

_ /i
- ]

Gluteus maximus

Thigh
Adductor magnus
4' Gracilis

Mamstrings:

Biceps femoris

lliotibial tract

Semitendinosus

Semimembranosus

Leg

Gastrocnemius

Soleus

Fibularis longus

Calcaneal

(Achilles) tendon FIGURE 11.8 Superficial

= muscles of the body, continued.

) (b) Posterior view. (See A Brief Atlas
of the Human Body, Second Edition,
(b) Figures 32-37,39-42.)
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@ Muscles of the Head, Part I: Facial Expression (Figure 11.9)

The muscles that promote facial expression lie in the face and
scalp, just deep to the skin. They are thin and vary in shape, and
adjacent muscles in this group tend to be fused. Unlike other
skeletal muscles, facial muscles insert on the skin, not on the
bones. In the scalp, the main muscle is the epicranius, which has
distinct anterior and posterior parts. In the face, the muscles cov-
ering the facial bones lift the eyebrows and flare the nostrils, close

Muscle

Description

MUSCLES OF THE SCALP

Epicranius
(Occipitofrontalis)
ep”i-kra’ne-us; ok-sip”i-
to-fron-ta’lis) (epi = over;
cran = skull)

¢ Frontal belly

e Occipital belly

in Chapter 16.

Origin (O) and
Insertion (l)

Action

the eyes and lips, and provide one of the best tools for influencing
others—the smile. The great importance of the facial muscles in
nonverbal communication becomes clear when they are para-
lyzed, as in some stroke victims. All muscles listed in this table are
innervated by cranial nerve VII, the facial nerve. The muscles that
move the eyeballs as one looks in various directions are described

Nerve
Supply

Bipartite muscle consisting of frontal and occipital bellies connected by a cranial aponeurosis, the galea
aponeurotica; the alternate actions of these two muscles pull scalp forward and backward

Covers forehead and dome of
skull; no bony attachments

Overlies posterior occiput; by
pulling on the galea, fixes
origin of frontalis

O—galea aponeurotica
|—skin of eyebrows and root
of nose

O—occipital and temporal
(mastoid) bones
|—galea aponeurotica

With aponeurosis fixed,
raises the eyebrows (as in
surprise); wrinkles forehead
skin horizontally

Fixes aponeurosis and pulls
scalp posteriorly

Facial nerve
(cranial VII)

Facial nerve

MUSCLES OF THE FACE

Corrugator supercilii
(kor'ah-ga-ter
soo"per-si’le-i)
(corrugo = wrinkle;
supercilium = eyebrow)

Orbicularis oculi
(or-bik’u-lar-is
ok’u-li)

(orb = circular;
ocul = eye)

Zygomaticus
(zi-go-mat’i-kus),

major and minor
(zygomatic = cheekbone)

Risorius
(ri-zor'e-us)
(risor = laughter)

Levator labii superioris
(I&-va'tor la’be-i soo-
per”e-or'is) (leva = raise;
labi = lip; superior =
above, over)

Depressor labii inferioris
(de-pres’or la’be-i
in-fer”e-or’is)

(depressor = depresses;
infer = below)

Depressor anguli oris
(ang’gu-li or’-is)

(angul = angle, corner;
or = mouth)

Small muscle; activity
associated with that of
orbicularis oculi

Thin, flat sphincter muscle of
eyelid; surrounds rim of the
orbit

Muscle pair extending
diagonally from cheekbone to
corner of mouth

Slender muscle inferior and
lateral to zygomaticus

Thin muscle between
orbicularis oris and inferior
eye margin

Small muscle running from
mandible to lower lip

Small muscle lateral to
depressor labii inferioris

O—arch of frontal bone
above nasal bone
|—skin of eyebrow

O—frontal and maxillary
bones and ligaments around
orbit

|—tissue of eyelid

O—zygomatic bone
|—skin and muscle at corner
of mouth

O—lateral fascia associated
with masseter muscle
|—skin at angle of mouth

O—zygomatic bone and
infraorbital margin of maxilla
|—skin and muscle of upper

lip

O—body of mandible lateral
to its midline
|—skin and muscle of lower

lip

O—body of mandible below
incisors

|—skin and muscle at angle
of mouth below insertion of
zygomaticus

Draws eyebrows together
and inferiorly; wrinkles skin
of forehead vertically (as in
frowning)

Closes eye; various parts can
be activated individually;
produces blinking, squinting,
and draws eyebrows
inferiorly

Raises lateral corners of
mouth upward (smiling
muscle)

Draws corner of lip laterally;
tenses lips; synergist of
zygomaticus

Opens lips; raises and
furrows the upper lip

Draws lower lip inferiorly (as
in a pout)

Draws corners of mouth
downward and laterally (as in
a "tragedy mask” grimace);
zygomaticus antagonist

Facial nerve

Facial nerve

Facial nerve

Facial nerve

Facial nerve

Facial nerve

Facial nerve



@ continued

Muscle

Description

MUSCLES OF THE FACE (continued)

Orbicularis oris
(or = mouth)

Mentalis
(men-ta’lis)
(ment = chin)

Buccinator
(bu’si-na”ter)
(bucc = cheek or
“"trumpeter”)

Platysma
(plah-tiz’mah)

(platy = broad, flat)

Complicated, multilayered
muscle of the lips with fibers
that run in many different
directions; most run circularly

One of the muscle pair
forming a V-shaped muscle
mass on chin

Thin, horizontal cheek muscle;
principal muscle of cheek;
deep to masseter (see also
Figures 11.10, 11.11)

Unpaired, thin, sheetlike
superficial neck muscle; not
strictly a head muscle, but
plays a role in facial expression

FIGURE 11.9 Muscles of

the scalp, face, and neck,
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Origin (O) and
Insertion (l)

O—arises indirectly from
maxilla and mandible; fibers
blended with fibers of other
facial muscles associated
with the lips

l—encircles mouth; inserts
into muscle and skin at
angles of mouth

O—mandible below incisors
|—skin of chin

O—molar region of maxilla
and mandible
l—orbicularis oris

O—fascia of chest (over
pectoral muscles and deltoid)
|—lower margin of mandible,
and skin and muscle at
corner of mouth

Action

Closes lips; purses and
protrudes lips; kissing and
whistling muscle

Wrinkles chin; protrudes
lower lip

Compresses cheek, (as in
whistling and sucking); draws
corner of mouth laterally:
holds food between teeth
during chewing; well
developed in nursing infants

Tenses skin of neck (e.g.,
during shaving); helps depress
mandible; pulls lower lip back
and down, i.e., produces
downward sag of mouth

Nerve
Supply

Facial nerve

Facial nerve

Facial nerve

Facial nerve

lateral view.
Galea
\ aponeurotica
Frontal — Epicranius
belly
Corrugator supercilii . Occipital
bell
Orbicularis oculi g y
Levator labii .
superioris - Temporalis
Zygomaticus
minor and major
Buccinator ] Masseter
Risorius

. . . Sternocleidomastoid
Orbicularis oris

Mentalis Trapezius

Depressor

labii inferioris Splenius
capitis

Depressor anguli oris

Platysma
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Muscles of the Head, Part II: Mastication and Tongue
Movement (Figure 11.10)

TABLE 11.4

Four main pairs of muscles are involved in mastication (chew-
ing), and all are innervated by the mandibular division of cranial
nerve V, the trigeminal nerve. The prime movers of jaw closure
and biting are the powerful masseter and temporalis muscles,
which can be felt bulging through the skin when the teeth are
clenched. Side-to-side grinding movements are brought about
by the pterygoid muscles. The buccinator muscles in the cheeks
(see Table 11.3) also play a role in chewing. For lowering the
mandible, gravity is usually sufficient, but if there is resistance to

Origin (O) and

jaw opening, the jaw-opening muscles are activated (digastric
and mylohyoid muscles; see Table 11.5).
The tongue consists of muscle fibers that curl, squeeze, and
fold the tongue during speaking and chewing. These intrinsic
tongue muscles, which change the tongue’s shape but do not really
move it, are considered in Chapter 23 with the digestive system.
Only the extrinsic tongue muscles are covered in this table. These
move the tongue laterally, anteriorly, and posteriorly. All the tongue
muscles are innervated by cranial nerve Xil, the hypoglossal nerve.

Muscle Description Insertion (1) Action Nerve Supply
MUSCLES OF MASTICATION
Masseter Powerful muscle that covers O—zygomatic arch and Prime mover of jaw closure; Mandibular
(mah-se'ter) lateral aspect of mandibular zygomatic bone elevates mandible branch of
(maseter = chewer) ramus |—angle and ramus of trigeminal

mandible nerve (cranial V)
Temporalis Fan-shaped muscle that O—temporal fossa Closes jaw; elevates and Mandibular
(tem"”por-a'lis) covers parts of the temporal, |—coronoid process of retracts mandible; maintains  branch of
(tempora = time; frontal, and parietal bones mandible via a tendon that position of the mandible at trigeminal
pertaining to the passes deep to zygomatic rest; deep anterior part may  nerve
temporal bone) arch help protract mandible
Medial pterygoid Deep two-headed muscle that ~ O—medial surface of Acts with lateral pterygoid Mandibular
(me'de-ul ter’i-goid) runs along internal surface of lateral pterygoid plate of muscle to protract mandible  branch of
(medial = toward mandible and is largely sphenoid bone, maxilla, and to promote side-to-side  trigeminal
median plane; concealed by that bone and palatine bone (grinding) movements; nerve
pterygoid = winglike) |—medial surface of synergist of temporalis and

mandible near its angle masseter muscles in

elevation of the mandible

Lateral pterygoid Deep two-headed muscle; lies ~ O—greater wing and Provides forward sliding Mandibular
(lateral = away from superior to medial pterygoid lateral pterygoid plate of and side-to-side grinding branch of
median plane) muscle sphenoid bone movements of the lower trigeminal

|—condyle of mandible teeth; protracts mandible nerve

and capsule of
temporomandibular joint

(pulls it anteriorly)

Buccinator See Table 11.3 See Table 11.3 Compresses the check; Facial nerve
helps keep food between (cranial VII)
grinding surfaces of teeth
during chewing

MUSCLES PROMOTING TONGUE MOVEMENTS (EXTRINSIC MUSCLES)

Genioglossus Fan-shaped muscle; forms O—internal surface of Primarily protracts tongue, Hypoglossal

(je"ne-o-glah’sus)
(geni = chin;
glossus = tongue)

bulk of inferior part of tongue;

its attachment to mandible
prevents tongue from falling
backward and obstructing
respiration

mandible near symphysis
|—inferior aspect of the
tongue and body of hyoid
bone

but can depress or act in
concert with other extrinsic
muscles to retract tongue

nerve (cranial
XIl)

Hyoglossus Flat, quadrilateral muscle O—body and greater horn Depresses tongue and Hypoglossal
(hi’o-glos”us) of hyoid bone draws its sides downward nerve

(hyo = pertaining |—inferolateral tongue

to hyoid bone)

Styloglossus Slender muscle running O—styloid process of Retracts and elevates Hypoglossal
(sti-lo-glah’sus) superiorly to and at right temporal bone tongue nerve

(stylo = pertaining to
styloid process)

angles to hyoglossus

|—lateral inferior aspect of
tongue
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TABLE 11.4

Temporalis

Lateral
pterygoid

0Orrit;icularis Medial
Masseter pterygoid
Buccinator
Masseter
pulled away
(a) (b)

““!9"

Tongue /  —————. s ] : Styloid process
‘.- - _

\ {3

Styloglossus

Genioglossus Hyoglossus
Mandibular symphysis Stylohyoid
Stylopharyngeus
Geniohyoid Hyoid bone
Thyroid cartilage Thyrohyoid

(c)

FIGURE 11.10 Muscles of mastication and tongue movements. (a) Superficial
muscles of mastication. (b) Deep muscles of mastication. (c) Extrinsic muscles of the
tongue and associated suprahyoid muscles.
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@ Muscles of the Anterior Neck and Throat: Swallowing (Figure 11.11)

The neck is divided into two triangles (anterior and posterior) by
the sternocleidomastoid muscle (Figure 11.11). This table consid-
ers the muscles of the anterior triangle of the neck. These muscles
are divided into suprahyoid and infrahyoid groups, which lie su-
perior and inferior to the hyoid bone, respectively. Most of these

muscles participate in swallowing.

Swallowing begins when the tongue and buccinator muscles
squeeze food posteriorly along the roof of the mouth toward the
pharynx. Then, many muscles in the pharynx and neck contract in
sequence to complete the swallowing process: (1) The suprahyoid
muscles aid in closing the air passageway of the larynx—so that

Muscle

SUPRAHYOID MUSCLES
(soo”prah-hi’oid)

Digastric
(di-gas'trik)

(di = two;
gaster = belly)

Stylohyoid
(sti”lo-hi’oid)
(also see Figure 11.10)

Mylohyoid
(mi”lo-hi’oid)
(myle = molar)

Geniohyoid
(je'ne-o-hy” oid)

(also see Figure 11.10)
(geni = chin)

Description

food is not inhaled into the lungs—by lifting the larynx superiorly
and anteriorly, under the cover of a protective flap (the epiglottis).
By pulling anteriorly on the hyoid bone, suprahyoid muscles also
widen the pharynx to receive the food. (2) The muscles of the wall
of the pharynx, the pharyngeal constrictors, squeeze the food in-

feriorly into the esophagus. (3) As swallowing ends, the infrahyoid

position.

Origin (O) and
Insertion (I)

Action

muscles pull the hyoid bone and larynx inferiorly to their original

Swallowing also includes mechanisms that prevent food from
being squeezed superiorly into the nasal cavity, but these mecha-
nisms are considered in Chapter 22.

Nerve Supply

Muscles that help form floor of oral cavity, anchor tongue, elevate hyoid, and move larynx superiorly during
swallowing; lie superior to hyoid bone

Consists of two bellies
united by an intermediate
tendon, forming a V shape
under the chin

Slender muscle below angle
of jaw; parallels posterior
belly of digastric muscle

Flat, triangular muscle just
deep to digastric muscle;
this muscle pair forms a
sling that forms the floor of
the anterior mouth

Narrow muscle in contact
with its partner medially;
runs from chin to hyoid

bone deep to mylohyoid

O—Ilower margin of
mandible (anterior belly)
and mastoid process of
the temporal bone
(posterior belly)

|—by a connective tissue

loop to hyoid bone

O—styloid process of
temporal bone
|—hyoid bone

O—medial surface of
mandible

|—hyoid bone and
median raphe

O—inner surface of
mandibular symphysis
|—hyoid bone

Open mouth and depress
mandible; acting in concert,
the digastric muscles elevate
hyoid bone and steady it
during swallowing and
speech

Elevates and retracts hyoid,
thereby elongating floor of
mouth during swallowing

Elevates hyoid bone and floor
of mouth, enabling tongue to
exert backward and upward
pressure that forces food
bolus into pharynx

Pulls hyoid bone superiorly
and anteriorly, shortening
floor of mouth and widening
pharynx for receiving food
during swallowing

Mandibular branch
of trigeminal nerve
(cranial V) for
anterior belly; facial
nerve (cranial VII)
for posterior belly

Facial nerve

Mandibular branch
of trigeminal nerve

First cervical spinal
nerve via
hypoglossal nerve
(cranial XII)

INFRAHYOID MUSCLES

Sternohyoid
(ster”no-hi’oid)
(sterno = sternum)

Sternothyroid
(ster”no-thi’roid)

(thyro = thyroid cartilage)
Omohyoid

(0”mo-hi’oid)

(omo = shoulder)

Thyrohyoid
(thi”ro-hi’oid)
(also see Figure 11.10)

Straplike muscles that depress the hyoid bone and larynx during swallowing and speaking

Most medial muscle of the
neck; thin; superficial except
inferiorly, where covered by
sternocleidomastoid

Lateral and deep to
sternohyoid

Straplike muscle with two
bellies united by an
intermediate tendon; lateral
to sternohyoid

Appears as a superior
continuation of
sternothyroid muscle

O—manubrium and
medial end of clavicle
|—lower margin of hyoid
bone

O—posterior surface of
manubrium of sternum
|—thyroid cartilage

O—superior surface of
scapula

|—hyoid bone, lower
border

O—thyroid cartilage
|—hyoid bone

Depresses larynx and hyoid
bone if mandible is fixed

Pulls larynx and hyoid bone
inferiorly

Depresses and retracts hyoid
bone

Depresses hyoid bone or
elevates larynx if hyoid is
fixed

C4—C3 through ansa
cervicalis (slender
nerve root in
cervical plexus)

As for sternohyoid

As for sternohyoid

First cervical nerve
via hypoglossal
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@ continued

Anterior
Mylohyoid belly
Stylohyoid . Digastric
Hyoid bone Egﬁ;)t/enor

Omohyoid
(superior belly)

Stylohyoid (cut)

Thyrohyoid
Sternohyoid

Thyroid cartilage

Sternocleido- of the larynx

mastoid

Thyroid gland

Omohyoid Sternothyroid

(inferior belly)

(C)

Platysma (cut)

Sternocleidomastoid
(cut)

Hyoid bone

Internal jugular vein

Omohyoid
Sternohyoid

Sternothyroid

Sternocleidomastoid

Pectoralis major

(b)
FIGURE 11.11 Muscles of the anterior neck and throat used in swallowing.
(a) Anterior view of the suprahyoid and infrahyoid muscles. The sternocleidomastoid
muscle (not involved in swallowing) is shown at the left to provide an anatomical
landmark. Deeper muscles are shown on the right of the illustration. (b) Cadaver
dissection of infrahyoid muscles.
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@ Muscles of the Anterior Neck and Throat: Swallowing (Figure 11.11) continued

Origin (O) and
Muscle Description Insertion (I) Action Nerve Supply

PHARYNGEAL CONSTRICTOR MUSCLES

Superior, middle, and Composite of three paired O—attached anteriorly Constrict pharynx during Pharyngeal plexus
inferior pharyngeal muscles whose fibers run to mandible and medial swallowing, which propels a [branches of vagus
constrictors (far-in’je-al) circularly in pharynx wall; pterygoid plate food bolus to esophagus (X) nervel

arranged so that the (superior), hyoid bone

superior muscle is (middle), and laryngeal

innermost and inferior one cartilages (inferior)

is outermost; substantial |—posterior median

overlap raphe of pharynx

Tensor veli palatini

Levator veli palatini

Styloid process
Superior pharyngeal Buccinator
constrictor
gl |
Middle pharyngeal —— Mandible
constrictor
Mylohyoid

Hyoid bone L= (cut)
';Zy;]%rgﬁiéj —./' N\ Geniohyoid
Inferior Hyoglossus
pharyngeal Thyroid

constrictor cartilage

Esophagus of larynx

Trachea

(c)

FIGURE 11.11 Muscles of the anterior neck and throat used in swallowing,
continued. (c) The pharyngeal constrictor muscles are shown in their proper anatomical
relationship to the buccinator (a chewing muscle) and to the hyoglossus muscle (which
promotes tongue movements). (See A Brief Atlas of the Human Body, Second Edition,
Figure 45.)
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Muscles of the Neck and Vertebral Column: Head Movements
and Trunk Extension (Figure 11.12)

Head Movements. The head is moved by muscles that originate on
the axial skeleton inferiorly. Flexion of the head is mainly brought
about by the sternocleidomastoid muscles (Figure 11.12a), with
some help from the suprahyoid and infrahyoid muscles (see Table
11.5). The head can be tilted or turned from side to side as the neck
is laterally flexed or rotated. These actions, which result when mus-
cles contract on one side of the neck only, are performed by the
sternocleidomastoids and the deeper neck muscles considered in
this table. Extension of the head is aided by the trapezius muscle of
the back (see Figure 11.8b), but the main extensors of the head are
the splenius muscles deep to the trapezius (Figure 11.12b).

Trunk Extension. Trunk extension is brought about by the deep,
or intrinsic, muscles of the back (Figure 11.12c and d). These mus-
cles also maintain the normal curvatures of the spine, acting as
postural muscles. As you consider these back muscles, keep in
mind that they are deep; the superficial back muscles that cover
them (see Figure 11.8b) primarily run to the bones of the upper
limb and are considered in Tables 11.10 and 11.11.

The deep muscles of the back form a broad, thick column
running from the sacrum to the skull (see Figure 11.12c). Many
muscles of varying length contribute to this mass. It helps to re-
gard each of these muscles as a string, which when pulled causes
one or many vertebrae to extend or rotate on the vertebrae infe-
rior to it. The largest of the deep back muscles is the erector
spinae group. Many of the deep back muscles are long, so that
large regions of the spine can be extended at once. When these
muscles contract on just one side of the body, they help bend the
spine laterally. Such lateral flexion is automatically accompanied

by some rotation of the vertebral column. During vertebral move-
ments, the articular facets of the vertebrae glide on each other.

There are also many short muscles that extend from one verte-
bra to the next. These small muscles act primarily as synergists in the
extension and rotation of the spine and as stabilizers of the spine.
They are not described in this table, but you can deduce their ac-
tions by examining their origins and insertions in Figure 11.12d.

The trunk muscles considered in this table are extensors.
Flexion of the trunk is brought about by muscles that lie anterior
to the vertebral column (see Table 11.8).

TORTICOLLIS The condition in which the neck stays
rotated to one side, keeping the head tilted in that
direction, is called torticollis (tor"ti-kol'-is; “turned
neck”). All of the various forms of this condition result
from problems in a sternocleidomastoid muscle on

one side of the neck only. The adult-onset form, or
spasmotic torticollis, is caused by sustained spasms

in the muscle. In congenital forms, either the developing
fetus twists into an awkward position because

of a lack of amniotic fluid, or excessive

stretching of the muscle occurs during birth.

The resulting damage prevents the muscle

from lengthening as the child grows.

Origin (O) and

Muscle Description Insertion (I) Action Nerve Supply
ANTEROLATERAL NECK MUSCLES (FIGURE 11.12a)

Sternocleidomastoid Two-headed muscle located =~ O—manubrium of Flexes and laterally rotates Accessory nerve
(ster”no-kli”do-mas’toid) deep to platysma on sternum and medial the head; simultaneous (cranial nerve Xl);
(sterno = breastbone; anterolateral surface of portion of clavicle contraction of both muscles cervical spinal
cleido = clavicle; neck; fleshy parts on either |—mastoid process of causes neck flexion, nerves C, and
mastoid = mastoid side of neck delineate limits ~ temporal bone and generally against resistance Cj3 (ventral rami)
process) (also see of anterior and posterior superior nuchal line of as when one raises head

Figure 11.11a and b) triangles; key muscular occipital bone when lying on back; acting

landmark in neck; spasms of
one of these muscles may
cause torticollis

alone, each muscle rotates
head toward shoulder on
opposite side and tilts or
laterally flexes head to its

own side
Scalenes Located more laterally O—transverse processes  Elevate first two ribs (aid in Cervical spinal
(ska’lénz)—anterior, than anteriorly on neck; of cervical vertebrae inspiration); flex and rotate nerves
middle, and posterior deep to platysma and |—anterolaterally on first  neck

(scalene = uneven) sternocleidomastoid two ribs
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Muscles of the Neck and Vertebral Column: Head Movements

TABLE 11.6 X : :
and Trunk Extension (Figure 11.12) continued
Origin (O) and
Muscle Description Insertion (l) Action Nerve Supply

INTRINSIC MUSCLES OF THE BACK (FIGURE 11.12b-d)

Splenius Broad bipartite superficial O—ligamentum nuchae.*  Extend the head; when Cervical spinal
(sple’ne-us)—capitis muscle (capitis and cervicis spinous processes of splenius muscles on one side  nerves (dorsal rami)
and cervicis portions parts) extending from upper  vertebrae C;-Tg are activated, head is rotated

(kah-pit’us; ser-vis'us) thoracic vertebrae to skull; |—mastoid process of and bent laterally toward

(splenion = bandage; capitis portion known as temporal bone and same side

caput = head; cervi = “bandage muscle” because occipital bone (capitis);

neck) (Figures 11.12b it covers and holds down transverse processes of

and 11.9) deeper neck muscles C,-C4 vertebrae (cervicis)

Base of occipital

1st cervical bone
vertebra
Mastoid
process
Middle
scalene
Sternocleido-
mastoid
Anterior
scalene Mastoid process
Posterior
scalene
Splenius
capitis
(a) Anterior Spinous
processes
of the
vertebrae
Splenius
cervicis
FIGURE 11.12 Muscles of the neck and vertebral column
causing movements of the head and trunk. (a) Muscles of
the anterolateral neck; superficial platysma muscle and the
deeper neck muscles have been removed. (b) Deep muscles of
the posterior neck; superficial muscles have been removed. (b) Posterior

*The ligamentum nuchae (lig”ah-men’-tum noo’-ke) is a strong, elastic ligament in the midsagittal
plane extending from the occipital bone of the skull along the tips of the spinous processes of the
cervical vertebrae (Figure 11.12¢). It binds the cervical vertebrae together and inhibits excessive
head and neck flexion, thus preventing damage to the spinal cord in the vertebral canal.
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Muscle

continued

Description
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Origin (O) and
Insertion (l)

INTRINSIC MUSCLES OF THE BACK (FIGURE 11.12b-d) (continued)

Erector spinae
(e-rek’tor spi'ne)
(Figure 11.12c, left side)

¢ lliocostalis
(il"” e-0-kos-ta'lis)—
lumborum, thoracis,
and cervicis portions
(lum’bor-um; tho-ra’sis)
(ilio = ilium;
cost = rib)

* Longissimus
(lon-jis'i-mus)—
thoracis, cervicis, and
capitis parts
(longissimus =
longest)

¢ Spinalis
(spi-na’lis)—thoracis
and cervicis parts
(spin = vertebral
column, spine)

Semispinalis
(sem’e-spi-na’lis)—
thoracis, cervicis, and
capitis regions (semi =
half; thorac = thorax)
(Figure 11.12c, right side)

Quadratus lumborum
(kwod-ra’tus lum-bor’um)
(quad = four-sided;
lumb = lumbar region)
(also see Figure 11.22a)

Chapter 11

Action
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Nerve Supply

Prime mover of back extension. Erector spinae on each side consist of three columns—the iliocostalis,
longissimus, and spinalis muscles—forming the intermediate layer of intrinsic back muscles. Erector spinae
provide resistance that helps control action of bending forward at the waist, and act as powerful extensors to
promote return to erect position. During full flexion (i.e., when touching fingertips to floor), erector spinae are
relaxed and strain is borne entirely by ligaments of back; on reversal of the movement, these muscles are initially
inactive, and extension is initiated by hamstring muscles of thighs and gluteus maximus muscles of buttocks. As
a result of this peculiarity, lifting a load or moving suddenly from a bent-over position is potentially injurious to
muscles and ligaments of back and intervertebral discs; erector spinae muscles readily go into painful spasms
following injury to back structures.

Most lateral muscle group
of erector spinae muscles;
extend from pelvis to neck

Intermediate tripartite
muscle group of erector
spinae; extend by many
muscle slips from lumbar
region to skull; mainly pass
between transverse
processes of the vertebrae

Most medial muscle column
of erector spinae; cervicis
usually rudimentary and
poorly defined

Composite muscle forming
part of deep layer of
intrinsic back muscles;
extends from thoracic
region to head

Fleshy muscle forming part
of posterior abdominal wall

O—iliac crests
(lumborum); inferior 6
ribs (thoracis); ribs 3 to 6
(cervicis)

l—angles of ribs
(lumborum and thoracis);
transverse processes of
cervical vertebrae C4~Cy
(cervicis)

O—transverse processes
of lumbar through
cervical vertebrae
|—transverse processes
of thoracic or cervical
vertebrae and to ribs
superior to origin as
indicated by name; capitis
inserts into mastoid
process of temporal bone

O—spines of upper
lumbar and lower
thoracic vertebrae
|—spines of upper
thoracic and cervical
vertebrae

O—transverse processes
of C7—T12

|—occipital bone
(capitis) and spinous
processes of cervical
(cervicis) and thoracic
vertebrae Tq to Ty
(thoracis)

O—iliac crest and
lumbar fascia
|—transverse processes
of upper lumbar
vertebrae and lower
margin of 12th rib

Extend and laterally flex the
vertebral column, maintain
erect posture; acting on one
side, bend vertebral column
to same side

Thoracis and cervicis act to
extend and laterally flex
vertebral column; acting on
one side causes lateral
flexion; capitis extends head
and turns the face toward
same side

Extends vertebral column

Extends vertebral column
and head and rotates them
to opposite side; acts
synergistically with
sternocleidomastoid muscle
of opposite side

Flexes vertebral column
laterally when acting
separately; when pair acts
jointly, lumbar spine is
extended and 12th rib is
fixed; maintains upright
posture; assists in forced
inspiration

Spinal nerves
(dorsal rami)

Spinal nerves
(dorsal rami)

Spinal nerves
(dorsal rami)

Spinal nerves
(dorsal rami)

Tq, and upper
lumbar spinal
nerves (ventral rami)
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Muscles of the Neck and Vertebral Column: Head Movements

TABLE 11.6
and Trunk Extension (Figure 11.12) continued

Mastoid process
of temporal bone

Longissimus capitis

lliocostalis cervicis
Longissimus cervicis

lliocostalis thoracis —/I

Longissimus thoracis

Spinalis thoracis

lliocostalis
Erector Longissimus
spinae o
P Spinalis

lliocostalis lumborum

External oblique

0/
_-*\‘?-

(c)

FIGURE 11.12 Muscles of the neck and vertebral column
causing movements of the head and trunk, continued.

(c) Deep muscles of the back. The superficial and splenius
muscles have been removed. The three muscle columns
(iliocostalis, longissimus, and spinalis) composing the erector

O = origin
| =insertion

spinae are shown at the left; the deeper semispinalis muscles are
shown at the right. (d) The deepest muscles of the back,
associated with the vertebral column.

Ligamentum
nuchae

Semispinalis
capitis

Semispinalis
cervicis

Semispinalis
thoracis

Multifidus

Quadratus lumborum

Intertransversarius

Rotatores
Multifidus

Interspinales

(d)
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Deep Muscles of the Thorax: Breathing (Figure 11.13)

A primary function of the deep muscles of the thorax is to pro-
vide the movements necessary for ventilation, or breathing.
Breathing has two phases—inspiration, or inhaling, and expiration,
or exhaling—caused by cyclical changes in the volume of the tho-
racic cavity.

The thoracic muscles are very short: Most run only from one
rib to the next. They form three layers in the wall of the thorax.
The external intercostal muscles form the most superficial layer.
They lift the rib cage, which increases its anterior-posterior and lat-
eral dimensions. Thus, the external intercostals function during in-
spiration. The internal intercostals form the intermediate muscle
layer. They may aid forced expiration by depressing the rib cage.
The third and deepest muscle layer of the thoracic wall attaches to
the internal surfaces of the ribs. It has three discontinuous parts
(from posterior to anterior): the subcostals, innermost intercostals,
and transversus thoracis. These are small, and their function is un-
clear, so they are not listed in this table.

The diaphragm, the most important muscle of respiration
(Figures 11.13b and c), forms a complete partition between the
thoracic and abdominopelvic cavities. In the relaxed state, the di-
aphragm is dome-shaped. When it contracts, it moves inferiorly

and flattens, increasing the volume of the thoracic cavity. Thus, the
diaphragm is a powerful muscle of inspiration. It contracts rhyth-
mically during respiration, but one can also contract it voluntarily
to push down on the abdominal viscera and increase the pressure
in the abdominopelvic cavity. This pressure helps to evacuate the
contents of the pelvic organs (feces, urine, or a baby). It also helps
in lifting heavy weights: When one takes a deep breath to fix the
diaphragm, the abdomen becomes a firm pillar that will not
buckle under the weight being lifted. The muscles of the anterior
abdominal wall also help to increase the intraabdominal pressure
(see Table 11.8).

With the exception of the diaphragm, which is innervated by
phrenic nerves from the neck, all muscles described in this table
are served by nerves running between the ribs, called intercostal
nerves.

When breathing is forced and heavy, as during exercise, addi-
tional muscles become active in ventilation. For example, in
forced inspiration, the scalene and sternocleidomastoid muscles
of the neck help lift the ribs. Forced expiration is aided by muscles
that pull inferiorly on the ribs and push the diaphragm superiorly
by compressing the abdominal organs (abdominal wall muscles).

Origin (O) and

Muscles of the Body 289

Muscle

External intercostals
(in"ter-kos'talz)
(external = toward
the outside; inter =
between; cost = rib)

Internal intercostals
(internal = toward the
inside, deep)

Diaphragm

(di’ah-fram)

(dia = across; phragm =
partition)

Description

11 pairs lie between ribs;
fibers run obliquely (down
and forward) from each rib
to rib below; in lower
intercostal spaces, fibers are
continuous with external
oblique muscle forming part
of abdominal wall

11 pairs lie between ribs;
fibers run deep to and at
right angles to those of
external intercostals

(i.e., run downward and
posteriorly); lower internal
intercostal muscles are
continuous with fibers of
internal oblique muscle of
abdominal wall

Broad muscle pierced by
the aorta, inferior vena
cava, and esophagus; forms
floor of thoracic cavity; in
relaxed state is dome-
shaped; fibers converge
from margins of thoracic
cage toward a boomerang-
shaped central tendon

Insertion (I)

O—inferior border of rib
above
|—superior border of rib
below

O—superior border of
rib below

|—inferior border (costal
groove) of rib above

O—inferior internal
surface of rib cage and
sternum, costal
cartilages of last six ribs,
and lumbar vertebrae
|—central tendon

Action Nerve Supply

With first ribs fixed by Intercostal nerves
scalene muscles, the external

intercostals pull ribs toward

one another to elevate rib

cage; aid in inspiration;

synergists of diaphragm

With 12th ribs fixed by Intercostal nerves
quadratus lumborum,
muscles of posterior
abdominal wall, and oblique
muscles of the abdominal
wall, the internal intercostals
draw ribs together and
depress rib cage; aid in
forced expiration;
antagonistic to external
intercostals

Prime mover of inspiration; Phrenic nerves
flattens on contraction,

increasing vertical

dimensions of thorax; when

strongly contracted,

dramatically increases intra-

abdominal pressure
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@ Deep Muscles of the Thorax: Breathing (Figure 11.13) continued

External
intercostal

Internal
intercostal

(a)

Foramen for inferior
vena cava

—_\Xiphoid process of sternum
o

Foramen for
esophagus

Costal cartilage

Central
tendon of .
diaphragm Diaphragm
Foramen
for aorta
Lumbar
\ vertebra
12th rib Quadratus
lumborum
Psoas major

(b

Body of thoracic vertebra

Aorta

Diaphragm (muscular part)

Inferior vena cava
Esophagus

Pericardial sac

(c)

FIGURE 11.13 Muscles of
respiration. (a) Deep muscles of the
thorax: the external intercostals are
superficial to the internal intercostals.
These two muscle layers run obliquely
and at right angles to each other.

(b) Inferior view of the diaphragm, the
prime mover of inspiration. Its muscle
fibers converge toward a central tendon,
an arrangement that causes the
diaphragm to flatten and move inferiorly
as it contracts. The diaphragm and its
tendon are pierced by the great vessels
(aorta and inferior vena cava) and the
esophagus. (c) Photograph of the
diaphragm, superior view.

Central tendon of diaphragm

Pericardium (cut)



Muscle

External oblique
(o-blék’) (external =
toward outside;
oblique = running at
an angle)

Internal oblique
(internal = toward the
inside; deep)

Transversus abdominis
(trans-ver’sus)
(transverse = running
straight across or
transversely)

www.konkur.in

Chapter 11

Muscles of the Abdominal Wall: Trunk Movements
and Compression of Abdominal Viscera (Figure 11.14)

The walls of the abdomen have no bony reinforcements (no ribs).
Instead, the abdominal wall is a composite of sheetlike muscles,

their investing fasciae, and aponeuroses. Forming the anterior and

lateral parts of the abdominal wall are three broad, flat muscle
sheets, layered one on the next: the external oblique, internal
oblique, and transversus abdominis. These are direct continua-

tions of the three intercostal muscles in the thorax. The fascicles of

the external oblique run inferomedially, at right angles to fascicles
of the internal oblique muscle (which primarily run superomedi-
ally), whereas the fascicles of the deep transversus abdominis are
strictly horizontal. This arrangement of different fascicle directions
lends great strength to the abdominal wall, just as plywood gets
its strength from sheets of wood whose grains run in different di-
rections. These three muscles end anteriorly in broad, white
aponeuroses (tendonlike sheets). The aponeuroses enclose a
fourth muscle pair, the straplike rectus abdominis, and extend
medially to insert on the linea alba (“white line”), a tendinous
raphe (seam) that runs vertically from the sternum to the pubic
symphysis. The tight enclosure of the rectus abdominis within
aponeuroses, called the rectus sheath, ensures that this vertical
muscle cannot snap forward like a bowstring when it contracts to
flex the trunk.

The four muscles of the abdominal wall perform many func-
tions. They help support the abdominal viscera and strengthen
the trunk. They also function in anterior flexion (sit-ups), lateral
flexion, and rotation of the trunk. In addition, these muscles help
produce forced exhalation: When they contract simultaneously,
they pull the ribs inferiorly and squeeze the abdominal contents.
This action in turn pushes the diaphragm superiorly, aiding forced
expiration. When the abdominal muscles contract with the

diaphragm, and the glottis is closed (the Valsalva maneuver) the
increased intra-abdominal pressure helps promote micturition
(voiding urine), defecation, vomiting, childbirth, sneezing, cough-
ing, laughing, burping, screaming, and nose blowing. Next time
you perform one of these activities, feel the abdominal wall mus-
cles contract under your skin. These muscles also contract during
heavy lifting—sometimes so forcefully that hernias result.

HERNIA An abdominal hernia is an abnormal protru-
sion of abdominal contents out of the abdominal cavity
through a weak point in the muscles of the abdominal
wall. The most commonly herniated elements are coils
of small intestine and parts of the greater omentum

(a large membrane, or mesentery, in the abdominal cav-
ity). A hernia can result from increased intra-abdominal
pressure during lifting and straining. An element that
herniates from the abdominal cavity usually lies deep
to the skin or superficial fascia, where it can form a vis-
ible bulge on the body surface. The most common types
of hernias occur in the groin in the region of the
aponeurosis of the external oblique muscle

(inguinal hernia), in the superior thigh

(femoral hernia), through the foramen for the
esophagus in the diaphragm (hiatal hernia),

and in or near the navel (umbilical hernia).

Origin (O) and

Description

MUSCLES OF THE ANTERIOR AND LATERAL ABDOMINAL WALL

Four paired flat muscles; very important in supporting and protecting abdominal viscera; important in promoting

Insertion (I)

Action Nerve Supply

movement of vertebral column (flexion and lateral bending)

Largest and most superficial
of the three lateral muscles;
fibers run downward and
medially (same direction
outstretched fingers take
when hands put into pants
pockets); aponeurosis turns
under inferiorly, forming
inguinal ligament

Most fibers run superiorly
and medially; the muscle
fans such that its inferior
fibers run inferiorly and
medially

O—by fleshy strips from
outer surfaces of lower
eight ribs

|—most fibers insert into
linea alba via a broad
aponeurosis; some insert
into pubic crest and
tubercle and iliac crest

O—Ilumbar fascia, iliac
crest, and inguinal
ligament

|—linea alba, pubic
crest, last three or four

I ntercosta | nerves
(T7-T12)

Flex vertebral column and
compress abdominal wall
when pair contracts
simultaneously; acting
individually, aid muscles of
back in trunk rotation and
lateral flexion; used in
oblique curls

Intercostal nerves
(T7—T1 2) and L1

As for external oblique

ribs and costal margin

Deepest (innermost) muscle
of abdominal wall; fibers run
horizontally

O—inguinal ligament,

lumbar fascia, cartilages
of last six ribs; iliac crest
|—linea alba, pubic crest

Intercostal nerves
(T7—T1 2) and L1

Compresses abdominal
contents

Muscles of the Body 291
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Muscles of the Abdominal Wall: Trunk Movements

TABLE 11.8 ) ’ : ' .
and Compression of Abdominal Viscera (Figure 11.14) continued
Origin (O) and
Muscle Description Insertion (I) Action Nerve Supply

MUSCLES OF THE ANTERIOR AND LATERAL ABDOMINAL WALL (continued)

Rectus abdominis Medial muscle pair; extend O——pubic crest and Flex and rotate lumbar Intercostal nerves
(rek’tus ab-dom’i-nis) from pubis to rib cage; symphysis region of vertebral column; (Tg or T7=T12)
(rectus = straight; ensheathed by aponeuroses  |—xiphoid process and fix and depress ribs, stabilize
abdom = abdomen) of lateral muscles; costal cartilages of ribs pelvis during walking,

segmented by three 5-7 increase intra-abdominal

tendinous intersections pressure; used in sit-ups/curls

Pectoralis major

Serratus anterior

Linea alba

Tendinous intersection

Transversus abdominis .
Rectus abdominis

Internal oblique

External oblique

Aponeurosis
of the external

Inguinal ligament
(formed by free inferior

oblique border of the external
oblique aponeurosis)
(a)
Peritoneum Linea Rectus abdominis

Transversus abdominis alba —

= ""&Internal oblique

External oblique

(b) Aponeuroses

FIGURE 11.14 Muscles of the abdominal wall. (a) Anterior view of the muscles
forming the anterior and lateral abdominal wall. The superficial muscles have been
partially cut away to reveal the deeper muscles. (b) Transverse section through the
anterior abdominal wall (midregion), showing how the aponeuroses of the lateral
abdominal muscles contribute to the rectus abdominis sheath.
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RS continued

External
oblique

lliac crest

Inguinal ligament -

Rectus
abdominis

Internal oblique

Pubic crest

Transversus
abdominis

FIGURE 11.14 Muscles of the abdominal wall, continued.

(c) Dissection showing the muscles of the abdominal wall in

lateral view. (d) Lateral views of the trunk, illustrating the fiber

directions and attachments of the external oblique, internal

oblique, and transversus abdominis muscles. (See A Brief Atlas of

the Human Body, Second Edition, Figure 34.) (d)




www.konkur.in

TABLE 11.9

The pelvic floor, or pelvic diaphragm (Figure 11.15a), is a sheet
consisting of two muscles, the levator ani and the small coccygeus.
This diaphragm supports the pelvic organs, seals the inferior open-
ing of the bony pelvis, and lifts superiorly to help release feces dur-
ing defecation. The pelvic diaphragm is pierced by the rectum and
urethra (the tube for urine) and (in females) by the vagina. The body
region inferior to the pelvic diaphragm is the perineum (Figure
11.15b and c). In the anterior half of the perineum is a triangular
sheet of muscle called the urogenital diaphragm. It contains the
external urethral sphincter muscle, which surrounds the urethra.

Muscles of the Pelvic Floor and Perineum: Support
of Abdominopelvic Organs (Figure 11.15)

One uses this muscle voluntarily to prevent urination. Just inferior to
the urogenital diaphragm is the superficial perineal space, which
contains muscles (bulbospongiosus, ischiocavernosus) that help
maintain erection of the penis and clitoris. In the posterior half of
the perineum, circling the anus, lies the external anal sphincter
(Figure 11.15b). This muscle is used voluntarily to prevent defeca-
tion. Just anterior to this sphincter, at the exact midpoint of the per-
ineum, is the central tendon. Many perineal muscles insert on this
strong tendon and, in so doing, are able to support the heavy or-
gans in the pelvis.

Muscle

Description

Origin (O) and
Insertion (I)

MUSCLES OF THE PELVIC DIAPHRAGM (FIGURE 11.15a)

Levator ani
(lé-va’tor a’ne)
(levator = raises;
ani = anus)

Coccygeus
(kok-sij"e-us)
(coccy = coccyx)

Broad, thin, tripartite
muscle (pubococcygeus,
puborectalis, and
iliococcygeus parts); its
fibers extend inferomedially,
forming a muscular “sling”
around the prostate (or
vagina), urethra, and
anorectal junction before
meeting in the median
plane

Small triangular muscle
lying posterior to levator
ani; forms posterior part of
pelvic diaphragm

O—extensive linear
origin inside pelvis from
pubis to ischial spine
|—inner surface of
coccyx, levator ani of
opposite side, and (in
part) into the structures
that penetrate it

O—spine of ischium
|—sacrum and coccyx

Action

Supports and maintains
position of pelvic viscera;
resists downward thrusts that
accompany rises in
intrapelvic pressure during
coughing, vomiting, and
expulsive efforts of
abdominal muscles; forms
sphincters at anorectal
junction and vagina; lifts anal
canal during defecation

Supports pelvic viscera;
supports coccyx and pulls it
forward after it has been
reflected posteriorly by
defecation and childbirth

Nerve Supply

S3, S4, and inferior
rectal nerve (branch
of pudendal nerve)

S4 and 55

MUSCLES OF THE UROGENITAL DIAPHRAGM (FIGURE 11.15b)

Deep transverse
perineal muscle
(per"i-ne’al) (deep =
far from surface;
transverse = across;
perine = near anus)

External urethral
sphincter (sphin =
squeeze)

Together the pair spans
distance between ischial
rami; in females, lies
posterior to vagina

Muscle encircling urethra
and vagina (female)

O—ischial rami
|—midline central
tendon of perineum;
some fibers into vaginal
wall in females

O—ischiopubic rami
|—midline raphe

Supports pelvic organs;
steadies central tendon

Constricts urethra; allows
voluntary inhibition of
urination; helps support
pelvic organs

Pudendal nerve

Pudendal nerve

MUSCLES OF THE SUPERFICIAL PERINEAL SPACE (FIGURE 11.15¢)

Ischiocavernosus
(is'ke-o-kav’ern-o’sus)
(ischi = hip; caverna =
hollow chamber)

Bulbospongiosus
(bul”bo-spun”je-o'sus)
(bulbon = bulb;
spongio = sponge)

Superficial transverse
perineal muscle
(superficial = closer to
surface)

Runs from pelvis to base of
penis or clitoris

Encloses base of penis
(bulb) in males and lies
deep to labia in females

Paired muscle bands
posterior to urethral (and in
females, vaginal) opening;
variable; sometimes absent

O—ischial tuberosities
|—crus of corpus
cavernosa of penis or
clitoris

O—-central tendon of
perineum and midline
raphe of penis
|—anteriorly into corpus
cavernosa of penis or
clitoris

O—ischial tuberosity
|—central tendon of
perineum

Retards venous drainage and
maintains erection of penis
or clitoris

Empties male urethra; assists
in erection of penis and
clitoris

Stabilizes and strengthens
central tendon of perineum

Pudendal nerve

Pudendal nerve

Pudendal nerve
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TABLE 11.9

continued

Anterior

Pubococcygeus Symphysis pubis

Levator ani

Iliococcygeus Urogenital diaphragm

Urethra
Vagina
Anal

canal

Obturator
internus

Coccyx

Piriformis

(a) Posterior

Inferior pubic ramus
External urethral
sphincter

Deep transverse
perineal muscle

Central tendon

Anus

External anal
sphincter

(b) Male

Midline raphe

Ischiocavernosus
Bulbospongiosus

P N
S \ ‘ Superficial

transverse
perineal muscle

Levator ani

Gluteus maximus

(c) Male

FIGURE 11.15 Muscles of the
pelvic floor and perineum.

(a) Superior view of muscles of the
pelvic floor (levator ani and
coccygeus) in a female pelvis.

(b) Inferior view of muscles of the
urogenital diaphragm of the
perineum. (c) Muscles of the
superficial space of the perineum,
which lie just deep to the skin of
the perineum.

Levator ani
Pelvic
Coccygeus | diaphragm

Urethral
opening

Vaginal
opening

Female

Clitoris

Urethral
opening
Vaginal
opening
Anus

Female
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Muscles of the Body

TABLE 11.10

Most superficial muscles on the thorax are extrinsic shoulder mus-
cles, which run from the ribs and vertebral column to the shoulder
girdle. They both fix the scapula in place and move it to increase
the arm’s range of movements. The anterior muscles of this group
are pectoralis major, pectoralis minor, serratus anterior, and
subclavius (Figure 11.16a and b). The posterior muscles are
trapezius, latissimus dorsi, superficially and the underlying levator
scapulae, and rhomboids (Figure 11.16c and d). The pectoralis
major and latissimus dorsi both insert into the humerus. They
function primarily in movement of the arm, so they are considered
in Table 11.11.

The scapula undergoes a variety of movements on the poste-
rior rib cage. In elevation (superior movement) of the scapula, as
in shrugging the shoulders, the prime movers are the levator
scapulae and the superior fascicles of the trapezius; the rhom-
boids are synergists. Note that the fascicles of all these muscles
run inferolaterally (see Figure 11.16c and d); thus, they are ideal
elevators of the scapula. Depression (inferior movement) of the

Superficial Muscles of the Anterior and Posterior Thorax:
Movements of the Scapula (Figure 11.16)

scapula is mostly due to gravity (weight of the arm). When the
scapula must be depressed against resistance, however, this ac-
tion is done by the serratus anterior, pectoralis minor, and the infe-
rior part of the trapezius. The fascicles of all these muscles run su-
periorly to insert on the scapula. Protraction or abduction of the
scapula moves it laterally and anteriorly, as in punching. This ac-
tion is mainly carried out by the serratus anterior, whose horizontal
fibers pull the scapula anterolaterally. Retraction or adduction of
the scapula moves it medially and posteriorly. This is brought
about by the mid part of the trapezius and the rhomboids.
Upward rotation of the scapula (in which the scapula’s inferior
angle moves laterally) allows one to lift the arm above the head:
The serratus anterior swings the inferior angle laterally while the
superior part of the trapezius, gripping the scapular spine, pulls
the superior edge of the scapula medially. In downward rotation of
the scapula (where the inferior angle swings medially, as in pad-
dling a canoe), the rhomboids pull the inferior part of the scapula
medially while the levator scapulae steadies the superior part.

Origin (O) and

Muscle

Description

Insertion (I)

MUSCLES OF THE ANTERIOR THORAX (FIGURE 11.16a and b)

Pectoralis minor
(pek”to-ra’lis mi'nor)
(pectus = chest, breast;
minor = lesser)

Serratus anterior
(ser-a’tus) (serratus =
saw)

Subclavius
(sub-kla’ve-us)

(sub = under, beneath;
clav = clavicle)

Flat, thin muscle directly
beneath and obscured by
pectoralis major

Fan-shaped muscle; lies
deep to scapula, deep and
inferior to pectoral muscles
on lateral rib cage; forms
medial wall of axilla; origins
have serrated, or sawtooth,
appearance

Small cylindrical muscle
extending from rib 1 to
clavicle

O—anterior surfaces of
ribs 3-5 (or 2-4)
|—coracoid process of
scapula

O—by a series of muscle
slips from ribs 1-8 (or 9)
|—entire anterior surface
of vertebral border of
scapula

O—costal cartilage of
rib 1

|—groove on inferior
surface of clavicle

Action

With ribs fixed, draws
scapula forward and
downward; with scapula
fixed, draws rib cage
superiorly

Rotates scapula so that its
inferior angle moves laterally
and upward; prime mover to
protract and hold scapula
against chest wall; raises
point of shoulder; important
role in abduction and raising
of arm and in horizontal arm
movements (pushing,
punching); called “boxer’s
muscle”

Helps stabilize and depress
pectoral girdle

Nerve Supply

Medial and lateral
pectoral nerves
(C6—Ca)

Long thoracic nerve
(C5-C)

Nerve to subclavius
(C5 and Cé)
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1B S i continued

Sternocleido-

8 Subclavius
mastoid
Clavicle
. Subscapularis
Deltoid
Pectoralis
. minor
Pectoralis
major Coracobrachialis
Sternum
Serratus
anterior
Biceps
brachii Humerus

(a)

Pectoralis minor

Cephalic vein

Internal intercostals
(seen through external
intercostal membranes)

Pectoralis major

Serratus anterior

. Rectus abdominis
External oblique

(b)

FIGURE 11.16 Superficial muscles of the thorax and shoulder acting on the
scapula and arm. (a) Anterior view. The superficial muscles, which move the arm, are
shown on the left in the illustration. The deep muscles, which act on the pectoral girdle,
are shown on the right side of the illustration. (b) Cadaver dissection, anterior view.
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Muscle

Muscles of the Body

Description
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Origin (O) and
Insertion (I)

MUSCLES OF THE POSTERIOR THORAX (FIGURE 11.16c-d)

Trapezius
(trah-pe’ze-us)
(trapezion = irregular
four-sided figure)

Levator scapulae
(skap'u-le)
(levator = raises)

Rhomboids
(rom'boidz)—major
and minor (rhomboid =
diamond-shaped)

Trapezius

Rhomboid
minor

Rhomboid
major

Most superficial muscle of
posterior thorax; flat and
triangular; upper fibers run
inferiorly to scapula; middle
fibers run horizontally to
scapula; lower fibers run
superiorly to scapula

Located at back and side of
neck, deep to trapezius;
thick, straplike muscle

Two rectangular muscles
lying deep to trapezius and
inferior to levator scapulae;
rhomboid minor is the more
superior muscle

Latissimus
dorsi

(c)

O—occipital bone,
ligamentum nuchae,and
spines of C; and all
thoracic vertebrae

|—a continuous insertion
along acromion and
spine of scapula and
lateral third of clavicle

O—transverse processes
of C1—C4

|—medial border of the
scapula, superior to the
spine

O—spinous processes of
C7 and T¢ (minor) and
spinous processes of
T,-Ts (major)

|—medial border of
scapula

Superficial Muscles of the Anterior and Posterior Thorax:
Movements of the Scapula (Figure 11.16) continued

Action

Stabilizes, raises, retracts,
and rotates scapula; middle
fibers retract (adduct)
scapula; superior fibers
elevate scapula (as in
shrugging shoulders) or can
help extend head when
scapula is fixed; inferior
fibers depress scapula (and
shoulder)

Elevates/adducts scapula in
concert with superior fibers of
trapezius; tilts glenoid cavity
downward; when scapula is
fixed, flexes neck to same side

Stabilize scapula; act
together (and with middle
trapezius fibers) to retract
scapula, thus “squaring
shoulders”; rotate scapulae
so that glenoid cavity rotates
downward (as when arm is
lowered against resistance;
e.g., paddling a canoe)

Nerve Supply

Accessory nerve
(cranial nerve XI);
Czand C4

Cervical spinal
nerves and dorsal
scapular nerve
(C5-Cs)

Dorsal scapular
nerve (C4 and
especially Cs)

Levator

scapulae

Supraspinatus

Clavicle
—~— .

Spine of scapula
Infraspinatus
Teres minor
Teres

major

Humerus

FIGURE 11.16 Superficial
muscles of the anterior and
posterior thorax and
shoulder acting on the
scapula and arm, continued.
(c) Posterior view. The
superficial muscles of the back
are shown on the left side of
the illustration. Superficial
muscles are removed on the
right side to reveal the deeper
muscles acting on the scapula
and the rotator cuff muscles
that help stabilize the

shoulder joint. (See A Brief
Atlas of the Human Body,
Second Edition, Figure 32.)
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TABLE 11. continued

Levator scapulae

Trapezius Rhomboid
minor
Rhomboid
major
Deltoid

Teres minor

Infraspinatus
Teres major Teres major

Triceps brachii

Triangle of
auscultation

Latissimus dorsi

Latissimus
dorsi

(d)

FIGURE 11.16 Superficial muscles of the anterior and posterior thorax and
shoulder acting on the scapula and arm, continued. (d) Cadaver dissections, showing
views similar to (c).
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Recall that the shoulder joint is the most flexible joint in the body
but pays the price of instability. Many muscles cross each shoulder
joint to insert on the humerus. Most of the muscles that act on the
humerus originate from the pectoral girdle with the exception of
two, the latissimus dorsi and pectoralis major, which originate
from the axial skeleton.

As you consider the arm movements, remember that the
term arm refers to the upper arm. Of the nine muscles covered
here, the three largest ones are powerful prime movers: the
pectoralis major, latissimus dorsi, and deltoid (Figure 11.17a and
b). The other six are synergists and fixators. Four of these were
introduced on p. 233 as muscles of the rotator cuff: supraspinatus,
infraspinatus, subscapularis, and teres minor. This cuff reinforces
the capsule of the shoulder joint to prevent dislocation of the
humerus. The remaining two muscles, the teres major and

Muscles of the Body

coracobrachialis, act as synergists to the prime movers.

Muscle

Pectoralis major
(pek”to-ra’lis ma’jer)
(pect = breast, chest;
major = larger)

Deltoid
(del’toid)
(delta = triangular)

Latissimus dorsi
(lah-tis’i-mus dor’si)
(latissimus = widest;
dorsi = back)

Description

Large, fan-shaped muscle
covering upper portion of
chest; forms anterior axillary
fold; divided into clavicular
and sternal parts

Thick, multipennate muscle
forming rounded shoulder
muscle mass; responsible for
roundness of shoulder; a site
commonly used for
intramuscular injection,
particularly in males, where it
tends to be quite fleshy

Broad, flat, triangular muscle
of lower back (lumbar region);
extensive superficial origins;
covered by trapezius
superiorly; contributes to the
posterior wall of axilla

www.konkur.in

Muscles Crossing the Shoulder Joint: Movements
of the Arm (Humerus) (Figure 11.17)

Muscles that originate anterior to the shoulder joint flex the
arm (lift it anteriorly). These flexors include the pectoralis major,
the anterior fibers of the deltoid, and the coracobrachialis.
Muscles that originate posterior to the shoulder joint, by contrast,
extend the arm. These extensors include the latissimus dorsi, the

posterior fibers of deltoid, and the teres major. The middle region

muscles.

tions is given on p. 271 in Table 11.1 (Part I).

Origin (O) and
Insertion (l)

O—sternal end of clavicle,
sternum, cartilage of ribs
1-6 (or 7), and aponeurosis
of external oblique muscle
|—fibers converge to insert
by a short tendon into
greater tubercle of
humerus

O—embraces insertion of
the trapezius; lateral third
of clavicle; acromion and
spine of scapula
|—deltoid tuberosity of
humerus

O—indirect attachment via
thoracolumbar fascia into
spines of lower six thoracic
vertebrae, lumbar
vertebrae, lower 3 to 4 ribs,
and iliac crest

|—spirals around teres
major to insert in floor of
intertubercular sulcus of
humerus

Action

Prime mover of arm flexion;
rotates arm medially;
adducts arm against
resistance; with scapula
(and arm) fixed, pulls rib
cage upward, and thus can
help in climbing, throwing,
pushing, and in forced
inspiration

Prime mover of arm
abduction when all its fibers
contract simultaneously;
antagonist of pectoralis
major and latissimus dorsi,
which adduct the arm; if only
anterior fibers are active, can
act powerfully in flexion and
medial rotation of humerus,
and is therefore synergist of
pectoralis major; if only
posterior fibers are active,
causes extension and lateral
rotation of arm; active
during rhythmic arm
swinging movements during
walking

Prime mover of arm
extension; adduction and
medial rotation at shoulder;
it plays an important role in
bringing the arm down in a
power stroke, as in striking
a blow, hammering, and
swimming; with arms
reaching overhead, it pulls
the rest of the body upward
and forward

of the deltoid muscle is the prime abductor of the arm and ex-
tends over the superior and lateral side of the humerus to pull it
laterally. The main arm adductors are the pectoralis major anteri-
orly and the latissimus dorsi posteriorly. Lateral and medial rota-
tion of the arm are primarily brought about by the rotator cuff

The interactions among these nine muscles are complex, and
each contributes to several movements. A summary of their ac-

Nerve Supply

Lateral and
medial pectoral
nerves (Cs5—Cg,
and Ty)

Axillary nerve
(Cs and Cyg)

Thoracodorsal
nerve (Cg—Cg)
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continued
Origin (O) and

Muscle Description Insertion (1) Action Nerve Supply
Teres major Thick, rounded muscle; O—posterior surface of Extends, medially rotates, Lower

located inferior to teres minor;  scapula at inferior angle and adducts humerus; subscapular

helps to form posterior wall of ~ |—crest of lesser tubercle synergist of latissimus dorsi nerve

axilla (along with latissimus on anterior humerus;

dorsi and subscapularis) insertion tendon fused with

that of latissimus dorsi

Supraspinatus

Spine of scapula
Deltoid (cut)

Clavicle

Greater tubercle

Deltoid of humerus

Infraspinatus
Sternum

Teres minor
Pectoralis
major

Teres major
Coracobrachialis

Triceps brachii
Lateral head

Triceps brachii

Lateral head

Long head Long head

Medial head

Biceps brachii Latissimus dorsi

Brachialis

Brachio- Humerus

radialis
Olecranon
process of
ulna

Anconeus

(a) Anterior view (b) Posterior view
FIGURE 11.17 Muscles crossing the shoulder and elbow joint, which cause

movements of the arm and forearm, respectively. (a) Superficial muscles of the

anterior thorax, shoulder, and arm, anterior view. (b) Muscles of the posterior thorax and

arm. The deltoid muscle of the shoulder and the trapezius muscle have been removed.

(See A Brief Atlas of the Human Body, Second Edition, Figures 35 and 36.)
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Muscles Crossing the Shoulder Joint: Movements
of the Arm (Humerus) (Figure 11.17) continued

Muscle Description

Subscapularis Forms part of posterior wall of

Origin (O) and
Insertion (l)

O—subscapular fossa of

Action

Chief medial rotator of

Nerve Supply

Subscapular

(sub-scap”u-lar’is) axilla; tendon of insertion scapula humerus; assisted by nerves (Cs—C7)
(sub = under; passes in front of shoulder |—lesser tubercle of pectoralis major; helps to
scapular = scapula) joint; a rotator cuff muscle humerus hold head of humerus in

Named for its location on
posterior aspect of scapula;
deep to trapezius; a rotator
cuff muscle

Supraspinatus
(soo”prah-spi-nah’tus)
(supra = above, over;
spin = spine)

Infraspinatus
(in"frah-spi-nah’tus)
(infra = below)

Partially covered by deltoid
and trapezius; named for its
scapular location; a rotator

cuff muscle

Teres minor
(te'réz) (teres = round;
minor = lesser)

Small, elongated muscle; lies
inferior to infraspinatus and

may be inseparable from that
muscle; a rotator cuff muscle

Coracobrachialis
(kor”ah-ko-bra”ke-al’is)
(coraco = coracoid;
brachi = arm)

Small, cylindrical muscle

Long head
Biceps
brachii Short head

O = origin
| =insertion

O—supraspinous fossa of
scapula

l—superior part of greater
tubercle of humerus

O—infraspinous fossa of
scapula

|—greater tubercle of
humerus posterior to
insertion of supraspinatus

O—Ilateral border of dorsal
scapular surface

|—greater tubercle of
humerus inferior to
infraspinatus insertion

O—coracoid process of
scapula

|—medial surface of
humerus shaft

glenoid cavity, thereby
stabilizing shoulder joint

Initiates abduction;
stabilizes shoulder joint;
helps to prevent
downward dislocation of
humerus, as when carrying
a heavy suitcase

Rotates humerus laterally;
helps to hold head of
humerus in glenoid cavity,
stabilizing the shoulder
joint

Same actions as
infraspinatus muscle

Flexion and adduction of
the humerus; synergist of
pectoralis major

Subscapularis

Suprascapular
nerve

Suprascapular
nerve

Axillary nerve

Musculocutaneous

nerve (Cs-C5)

() (d)

FIGURE 11.17 Muscles crossing the shoulder and elbow joint, which move the
arm and forearm, respectively, continued. (c) Isolated biceps brachii muscle of the
anterior arm. (d) The brachialis muscle, the coracobrachialis, and subscapularis muscles
shown in isolation in the diagram at left, and in a dissection on the right.
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Muscles Crossing the Elbow Joint: Flexion and Extension
of the Forearm (Figure 11.17)

This table focuses on muscles that lie in the arm but move the fore-
arm. These muscles cross the elbow joint to insert on the forearm
bones, which they flex and extend. Walls of fascia divide the arm
into two muscle compartments: the posterior extensors and anterior
flexors. The main extensor of the forearm is the triceps brachii.

The anterior muscles of the arm flex the forearm. In order of
decreasing strength, these are the brachialis, biceps brachii, and
brachioradialis. The biceps brachii and brachialis insert on the ra-
dius and ulna, respectively, and contract together. The brachiora-
dialis (Figure 11.18a) is a weak flexor of the forearm and actually

lies in the forearm more than in the arm.

Muscle

Description

POSTERIOR MUSCLES (FIGURE 11.17b)

Triceps brachii
(tri’seps bra’ke-i)
(triceps = three heads;
brachi = arm)

Anconeus
(an-ko’'ne-us)

(ancon = elbow)

(also see Figure 11.19)

Large fleshy muscle; the

only muscle of posterior
compartment of arm;
three-headed origin; long

and lateral heads lie superficial
to medial head

Short triangular muscle;
closely associated (blended)
with distal end of triceps on
posterior humerus

p. 271 in Table 11.1 (Part II).

Origin (O) and
Insertion (I)

O—Ilong head: infraglenoid
tubercle of scapula; lateral
head: posterior shaft of
humerus; medial head:
posterior humeral shaft
distal to radial groove
|—by common tendon into
olecranon process of ulna

O—Ilateral epicondyle of
humerus

|—lateral aspect of
olecranon process of ulna

Action

Powerful forearm extensor
(prime mover, particularly
medial head); antagonist of
forearm flexors; long and
lateral heads mainly active
in extension against
resistance; long head
tendon may help stabilize
shoulder joint and assist in
arm adduction

Abducts ulna during
forearm pronation; synergist
of triceps brachii in elbow
extension

The biceps brachii not only flexes the forearm but also
supinates it by rotating the radius at the proximal radioulnar
joint. This muscle cannot flex the forearm without also supinating
it, so it is ineffective when one lifts a heavy object with a
pronated hand that must stay pronated. (This is why doing
chin-ups with palms facing anteriorly is harder than with palms
facing posteriorly.)

The biceps and triceps also cross the shoulder joint, but they
cause only weak movements at the shoulder.

The actions of the muscles in this table are summarized on

Nerve Supply

Radial nerve
(Ce—Cs)

Radial nerve

ANTERIOR MUSCLES

Biceps brachii
(bi’'seps)

(biceps = two heads)
(Figure 11.17¢)

Brachialis
(bra’ke-al-is)
(Figure 11.17d)

Brachioradialis
(bra”ke-o-ra”de-a’lis)
(radi = radius, ray)
(also see Figure 11.18a)

Two-headed fusiform muscle;
bellies unite as insertion point
is approached; tendon of long
head helps stabilize shoulder
joint

Strong muscle that is
immediately deep to biceps
brachii on distal humerus

Superficial muscle of lateral
forearm; forms lateral
boundary of cubital fossa;
extends from distal humerus
to distal forearm

O—short head: coracoid
process; long head:
supraglenoid tubercle and
lip of glenoid cavity;
tendon of long head runs
within capsule and
descends into
intertubercular sulcus of
humerus

|—by common tendon into
radial tuberosity

O—front of distal humerus;
embraces insertion of
deltoid muscle

|—coronoid process of
ulna and capsule of

elbow joint

O—Ilateral supracondylar
ridge at distal end of
humerus

|—base of styloid process
of radius

Flexes elbow joint and
supinates forearm; these
actions usually occur at
same 