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CHAPTER 1: GENERAL INTRODUCTION OF ANATOMY

The word “anatomy” comes from a Greek root that means “to cut apart.”” Human anatomy
was first studied by observing the exterior of the body and observing the wounds of soldiers
and other injuries. Later, physicians were allowed to dissect bodies of the dead to augment
their knowledge.

Anatomy has areas of specialization. Gross anatomy is the study of the larger structures of
the body, those visible without the aid of magnification (Figure 1.1 a). Macro- means “large,”
thus, gross anatomy is also referred to as macroscopic anatomy.

And micro- means “small,” and microscopic anatomy is the study of structures that can be
observed only with the use of a microscope or other magnification devices (Figure 1.1 b).
Microscopic anatomy includes cytology, the study of cells and histology, the study of tissues.

Figure 1.1 Gross and Microscopic Anatomy (a) Gross anatomy considers large structures
such as the brain. (b) Microscopic anatomy can deal with the same structures, though at a
different scale.

Two general approaches to the study of the body’s structures: regional and systemic.

Regional anatomy is the study of the interrelationships of all of the structures in a specific
body region, such as the abdomen. Studying regional anatomy helps us appreciate the
interrelationships of body structures, such as how muscles, nerves, blood vessels, and other
structures work together to serve a particular body region.

Systemic anatomy is the study of the structures that make up a discrete body system—that
is, a group of structures that work together to perform a unique body function as the muscular
system would consider all of the skeletal muscles of the body. Whereas anatomy is about
structure, physiology is about function.
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ANATOMY AND PHYSIOLOGY INTERRELATION: Human physiology is the
scientific study of the chemistry and physics of the structures of the body and the ways in
which they work together to support the functions of life. Much of the study of physiology
centers on the body’s tendency toward homeostasis.

Homeostasis is the state of steady internal conditions maintained by living things. The study
of physiology certainly includes observation, both with the naked eye and with microscopes,
as well as manipulations and measurements.

Like anatomists, physiologists typically specialize in a particular branch of physiology. For
example, neurophysiology is the study of the brain, spinal cord, and nerves and how these
work together to perform functions as complex and diverse as vision, movement, and
thinking. Physiologists may work from the organ level (exploring, for example, what
different parts of the brain do) to the molecular level (such as exploring how an
electrochemical signal travels along nerve.

Levels of Structural Organization of the Human Body : Before studying the different
structures and functions of the human body, it is helpful to consider its basic architecture; that
is, how its smallest parts are assembled into larger structures. It is convenient to consider the
structures of the body in terms of fundamental levels of organization that increase in
complexity: subatomic particles, atoms, molecules, organelles, cells, tissues, organs, organ
systems, organisms and biosphere (Figure 1.2).
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Figure 1.2 Levels of Structural Organization of the Human Body The organization of the
body often is discussed in terms of six distinct levels of increasing complexity, from the
smallest chemical building blocks to a unique human organism.

The Levels of Organization

To study the chemical level of organization, scientists consider the simplest building blocks
of matter: subatomic particles, atoms and molecules. All matter in the universe is composed
of one or more unique pure substances called elements, familiar examples of which are
hydrogen, oxygen, carbon, nitrogen, calcium, and iron. The smallest unit of any of these pure
substances (elements) is an atom.

Atoms are made up of subatomic particles such as the proton, electron and neutron. Two or
more atoms combine to form a molecule, such as the water molecules, proteins, and sugars
found in living things. Molecules are the chemical building blocks of all body structures.

A cell is the smallest independently functioning unit of a living organism. Even bacteria,
which are extremely small, independently-living organisms, have a cellular structure. Each
bacterium is a single cell. All living structures of human anatomy contain cells, and almost all
functions of human physiology are performed in cells or are initiated by cells.

A human cell typically consists of flexible membranes that enclose cytoplasm, a water-based
cellular fluid together with a variety of tiny functioning units called organelles. In humans, as
in all organisms, cells perform all functions of life.

A tissue is a group of many similar cells (though sometimes composed of a few related
types) that work together to perform a specific function.

An organ is an anatomically distinct structure of the body composed of two or more tissue
types. Each organ performs one or more specific physiological functions.

An organ system is a group of organs that work together to perform major functions or meet
physiological needs of the body.

[lustration of eleven distinct organ systems in the human body below (Figure 1.3 and Figure
1.4).
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Figure 1.3 Organ Systéms of the Human Body Organs that vx;ork together are grouped into
organ systems.
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Figure 1.4 Organ Systems of the Human Body (continued) Organs that work together are

grouped into organ systems.
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ORGANISM LEVEL

The organism level is the highest level of organization. An organism is a living being that
has a cellular structure and that can independently perform all physiologic functions
necessary for life. In multicellular organisms, including humans, all cells, tissues, organs, and
organ systems of the body work together to maintain the life and health of the organism.

The different organ systems each have different functions and therefore unique roles to
perform in physiology. These many functions can be summarized in terms of a few that we
might consider definitive of human life: organization, metabolism, responsiveness,
movement, development, and reproduction.

Organization

A human body consists of trillions of cells organized in a way that maintains distinct internal
compartments. These compartments keep body cells separated from external environmental
threats and keep the cells moist and nourished. They also separate internal body fluids from
the countless microorganisms that grow on body surfaces, including the lining of certain
passageways that connect to the outer surface of the body. The intestinal tract, for example, is
home to more bacterial cells than the total of all human cells in the body, yet these bacteria
are outside the body and cannot be allowed to circulate freely inside the body.

Cells, for example, have a cell membrane (also referred to as the plasma membrane) that
keeps the intracellular environment—the fluids and organelles—separate from the
extracellular environment. Blood vessels keep blood inside a closed circulatory system, and
nerves and muscles are wrapped in connective tissue sheaths that separate them from
surrounding structures. In the chest and abdomen, a variety of internal membranes keep
major organs such as the lungs, heart, and kidneys separate from others.

The body’s largest organ system is the integumentary system, which includes the skin and its
associated structures, such as hair and nails. The surface tissue of skin is a barrier that
protects internal structures and fluids from potentially harmful microorganisms and other
toxins.

Metabolism

The first law of thermodynamics holds that energy can neither be created nor destroyed—it
can only change form. The basic function as an organism is to consume (ingest) energy and
molecules in the foods you eat, convert some of it into fuel for movement, sustain your body
functions, and build and maintain your body structures. There are two types of reactions that
accomplish this: anabolism and catabolism.

Anabolism is the process whereby smaller, simpler molecules are combined into larger, more
complex substances. Body can assemble, by utilizing energy, the complex chemicals it needs
by combining small molecules derived from the foods you eat

Catabolism is the process by which larger more complex substances are broken down into
smaller simpler molecules. Catabolism releases energy.
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Metabolism is the sum of all anabolic and catabolic reactions that take place in the body
(Figure 1.5). Both anabolism and catabolism occur simultaneously and continuously to keep
you alive.

L
O

Catabolism [7]  Anabolism
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_’—
Releases 0O Requires e
energy energy <

Figure 1.5 Metabolism

Anabolic reactions consume energy. Catabolic reactions break materials down and release
energy. Metabolism includes both anabolic and catabolic reactions.Every cell in body makes

use of a chemical compound, adenosine triphosphate (ATP), to store and release energy.

Responsiveness

Responsiveness is the ability of an organism to adjust to changes in its internal and external
environments. An example of responsiveness to external stimuli could include moving
toward sources of food and water and away from perceived dangers. Changes in an
organism’s internal environment, such as increased body temperature, can cause the
responses of sweating and the dilation of blood vessels in the skin in order to decrease body
temperature.

Movement

Human movement includes not only actions at the joints of the body, but also the motion of
individual organs and even individual cells. As any movement, red and white blood cells are
moving throughout our body, muscle cells are contracting and relaxing to maintain our
posture and to focus our vision, and glands are secreting chemicals to regulate body
functions. Your body is coordinating the action of entire muscle groups to enable us to move

air into and out of our lungs, to push blood throughout our body, and to propel the food that
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have eaten through our digestive tract. Consciously, of course, contract our skeletal muscles

to move the bones of our skeleton to get from one place to another.

Development, growth and reproduction

Development is all of the changes the body goes through in life. Development includes the
process of differentiation, in which unspecialized cells become specialized in structure and
function to perform certain tasks in the body. Development also includes the processes of

growth and repair, both of which involve cell differentiation.

Growth is the increase in body size. Humans, like all multicellular organisms, grow by
increasing the number of existing cells, increasing the amount of non-cellular material around
cells (such as mineral deposits in bone), and, within very narrow limits, increasing the size of

existing cells.

Reproduction is the formation of a new organism from parent organisms. In humans,
reproduction is carried out by the male and female reproductive systems. Because death will

come to all complex organisms, without reproduction, the line of organisms would end.
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CHAPTER: 2 ANATOMICAL TERMS

Anatomical terms are made up of roots, prefixes, and suffixes. The root of a term often refers
to an organ, tissue, or condition, whereas the prefix or suffix often describes the root. For
example, in the disorder hypertension, the prefix “hyper-” means “high” or “over,” and the
root word “tension” refers to pressure, so the word “hypertension” refers to abnormally high
blood pressure.

Anatomical Position

Anatomical position, is that of the body standing upright, with the feet at shoulder width and
parallel, toes forward. The upper limbs are held out to each side, and the palms of the hands
face forward as illustrated in Figure 2.1. Using this standard position reduces confusion. It
does not matter how the body being described is oriented, the terms are used as if it is in
anatomical position. For example, a scar in the “anterior (front) carpal (wrist) region” would
be present on the palm side of the wrist. The term “anterior” would be used even if the hand
were palm down on a table.
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(orbital or ocular)
Cranium
or skull
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(antecubital) / Umbilicus Iumbar)  Upper
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Antebrachium - (umbilical) Sacrum limb
or forearm \ (sacral)
i Hip

(antebrachial) Antebrachium —

coxal)

Carpus or forearm

or wrist (antebrachial)
(carpal)

Manus
Pollex peh"s or hand
or thumb (pelvic) (manual)
Palma or

Inguen or groin Gluteus
palm (pa\mar)/ (Inggulnal) g 5¢ Bittock
Digits (phalanges) (glutean/
or fingers (digital or
gers (dig Pubis Femur

phalangeal) or thigh
Patella or (pubic) (lemogra\)
kneecap F
(patellar) i Popliteus or
] or thigh back of knee
Crus or (femoral) (poplitea”/
leg (crural) ! Sura

or calf

Tarsus (sural)
or ankle
(tarsal) Calcaneus or
heel of foot \
Digits (phalanges) (calcaneal)
or toes (digital or \ Pes or foot

phalangeal) (pedal) Planta or sole —7
of foot (plantar)

Hallux or great lue
(a) Anterior view (b) Posterior view

Figure 2.1 Regions of the Human Body The human body is shown in anatomical position in
an (a) anterior view and a (b) posterior view.
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A body that is lying down is described as either prone or supine. Prone describes a face-
down orientation, and supine describes a face up orientation. These terms are sometimes
used in describing the position of the body during specific physical examinations or surgical
procedures.

Regional Terms

The human body’s numerous regions have specific terms to help increase precision
(see Figure 2.2). Notice that the term “brachium” or “arm” is reserved for the “upper arm”
and “antebrachium” or “forearm” is used rather than “lower arm.” Similarly, “femur” or
“thigh” is correct, and “leg” or “crus” is reserved for the portion of the lower limb between
the knee and the ankle. You will be able to describe the body’s regions using the terms from
the figure.

Directional Terms

Anterior (or ventral) Describes the front or direction toward the front of the body. The toes
are anterior to the foot.

Posterior (or dorsal) Describes the back or direction toward the back of the body. The
popliteus is posterior to the patella.

Superior (or cranial) describes a position above or higher than another part of the body
proper. The orbits are superior to the oris.

Inferior (or caudal) describes a position below or lower than another part of the body

proper; near or toward the tail (in humans, the coccyx, or lowest part of the spinal column).

The pelvis is inferior to the abdomen.

Lateral describes the side or direction toward the side of the body. The thumb (pollex) is
lateral to the digits.

Medial describes the middle or direction toward the middle of the body. The hallux is the
medial toe.

Proximal describes a position in a limb that is nearer to the point of attachment or the trunk
of the body. The brachium is proximal to the antebrachium.

Distal describes a position in a limb that is farther from the point of attachment or the trunk
of the body. The crus is distal to the femur.

Superficial describes a position closer to the surface of the body. The skin is superficial to
the bones.

Deep describes a position farther from the surface of the body. The brain is deep to the skull.
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Figure 2.3 Directional Terms Applied to the Human Body Paired directional terms are

shown as applied to the human body.
Body Planes

A section is a two-dimensional surface of a three-dimensional structure that has been cut.
Modern medical imaging devices enable clinicians to obtain “virtual sections” of living
bodies. We call these scans. Body sections and scans can be correctly interpreted, however,
only if the viewer understands the plane along which the section was made. A plane is an
imaginary two-dimensional surface that passes through the body. There are three planes
commonly referred to in anatomy and medicine, as illustrated in Figure 2.4.

The sagittal plane is the plane that divides the body or an organ vertically into right and left
sides. If this vertical plane runs directly down the middle of the body, it is called the
midsagittal or median plane. If it divides the body into unequal right and left sides, it is called
a parasagittal plane or less commonly a longitudinal section.

The frontal plane is the plane that divides the body or an organ into an anterior (front)

portion and a posterior (rear) portion. The frontal plane is often referred to as a coronal plane.

(“Corona” is Latin for “crown.”
The transverse plane is the plane that divides the body or organ horizontally into upper and
lower portions. Transverse planes produce images referred to as cross sections.
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Figure 2.4 Planes of the Body The three planes most commonly used in anatomical and

medical imaging are the sagittal, frontal (or coronal), and transverse plane.
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CHAPTER 3: BODY CAVITIES AND SEROUS MEMBRANES

The body maintains its internal organization by means of membranes, sheaths, and other
structures that separate compartments. The dorsal (posterior) cavity and the ventral
(anterior) cavity are the largest body compartments (Figure 1.15). These cavities contain and
protect delicate internal organs, and the ventral cavity allows for significant changes in the
size and shape of the organs as they perform their functions. The lungs, heart, stomach, and
intestines, for example, can expand and contract without distorting other tissues or disrupting
the activity of nearby organs.

— Cranial 7 ————Cranial
cavity Y cavity

Vertebral
cavity

/ Thoracic cavity:
Dorsal — Superior
body 3 mediastinum
cavity 8 Pleural cavity
Pericardial

cavity within

the mediastinum

— Vertebral
cavity

— Ventral body
cavity
(both thoracic and
abdominopelvic

Abdominal cavity ————2m— Abdomino- | cavities)
pelvic
d cavity

Pelvic cavity ﬂ /Y

Lateral view Anterior view

Figure 3.1 Dorsal and Ventral Body Cavities The ventral cavity includes the thoracic and
abdominopelvic cavities and their subdivisions. The dorsal cavity includes the cranial and
spinal cavities.

Subdivisions of the Posterior (Dorsal) and Anterior (Ventral) Cavities

The posterior (dorsal) and anterior (ventral) cavities are each subdivided into smaller cavities.
In the posterior (dorsal) cavity, the cranial cavity houses the brain, and the spinal cavity (or
vertebral cavity) encloses the spinal cord. Just as the brain and spinal cord make up a
continuous, uninterrupted structure, the cranial and spinal cavities that house them are also
continuous. The brain and spinal cord are protected by the bones of the skull and vertebral
column and by cerebrospinal fluid, a colorless fluid produced by the brain, which cushions
the brain and spinal cord within the posterior (dorsal) cavity.

The anterior (ventral) cavity has two main subdivisions: the thoracic cavity and the
abdominopelvic cavity (see Figure 3.1). The thoracic cavity is the more superior subdivision
of the anterior cavity, and it is enclosed by the rib cage. The thoracic cavity contains the
lungs and the heart, which is located in the mediastinum. The diaphragm forms the floor of
the thoracic cavity and separates it from the more inferior abdominopelvic cavity.
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The abdominopelvic cavity is the largest cavity in the body. Although no membrane
physically divides the abdominopelvic cavity, it can be useful to distinguish between the

abdominal cavity, the division that houses the digestive organs, and the pelvic cavity, the
division that houses the organs of reproduction.

Abdominal Regions and Quadrants
To promote clear communication, for instance about the location of a patient’s abdominal

pain or a suspicious mass, health care providers typically divide up the cavity into either nine
regions or four quadrants (Figure 3.2).
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Figure 3.2 Regions and Quadrants of the Peritoneal Cavity There are (a) nine abdominal
regions and (b) four abdominal quadrants in the peritoneal cavity.

The more detailed regional approach subdivides the cavity with one horizontal line
immediately inferior to the ribs and one immediately superior to the pelvis, and two vertical
lines drawn as if dropped from the midpoint of each clavicle (collarbone). There are nine
resulting regions. The simpler quadrants approach, which is more commonly used in

medicine, subdivides the cavity with one horizontal and one vertical line that intersect at the
patient’s umbilicus (navel).

Membranes of the Anterior (Ventral) Body Cavity

A serous membrane (also referred to a serosa) is one of the thin membranes that cover the
walls and organs in the thoracic and abdominopelvic cavities. The parietal layers of the
membranes line the walls of the body cavity (pariet- refers to a cavity wall). The visceral
layer of the membrane covers the organs (the viscera). Between the parietal and visceral
layers is a very thin, fluid-filled serous space, or cavity (Figure 3.3).
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Figure 3.3 Serous Membrane Serous membrane lines the pericardial cavity and reflects
back to cover the heart—much the same way that an underinflated balloon would form two

layers surrounding a fist.

There are three serous cavities and their associated membranes. The pleura is the serous
membrane that encloses the pleural cavity; the pleural cavity surrounds the lungs.
The pericardium is the serous membrane that encloses the pericardial cavity; the pericardial
cavity surrounds the heart. The peritoneum is the serous membrane that encloses the
peritoneal cavity; the peritoneal cavity surrounds several organs in the abdominopelvic
cavity. The serous membranes form fluid-filled sacs, or cavities, that are meant to cushion
and reduce friction on internal organs when they move, such as when the lungs inflate or the
heart beats. Both the parietal and visceral serosa secrete the thin, slippery serous fluid located
within the serous cavities. The pleural cavity reduces friction between the lungs and the body
wall. Likewise, the pericardial cavity reduces friction between the heart and the wall of the
pericardium. The peritoneal cavity reduces friction between the abdominal and pelvic organs

and the body wall. Therefore, serous membranes provide additional protection to the viscera

they enclose by reducing friction that could lead to inflammation of the organs.
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CHAPTER : 4 CLASSIFICATION OF TISSUE

The term tissue is used to describe a group of cells found together in the body. The cells
within a tissue share a common embryonic origin. Microscopic observation reveals that the
cells in a tissue share morphological features and are arranged in an orderly pattern that
achieves the tissue’s functions. From the evolutionary perspective, tissues appear in more
complex organisms.

Although there are many types of cells in the human body, they are organized into four broad
categories of tissues: epithelial, connective, muscle, and nervous. Each of these categories is
characterized by specific functions that contribute to the overall health and maintenance of
the body. A disruption of the structure is a sign of injury or disease. Such changes can be
detected through histology, the microscopic study of tissue appearance, organization, and
function.

The Four Types of Tissues

Epithelial tissue, also referred to as epithelium, refers to the sheets of cells that cover
exterior surfaces of the body, line internal cavities and passageways, and form certain
glands. Connective tissue, as its name implies, binds the cells and organs of the body
together and functions in the protection, support, and integration of all parts of the
body. Muscle tissue is excitable, responding to stimulation and contracting to provide
movement, and occurs as three major types: skeletal (voluntary) muscle, smooth muscle, and
cardiac muscle in the heart. Nervous tissue is also excitable, allowing the propagation of
electrochemical signals in the form of nerve impulses that communicate between different
regions of the body (Figure 4.2).

The next level of organization is the organ, where several types of tissues come together to
form a working unit.

INTRODUCTORY ANATOMY-I




fll

Nervous tissue
Brain
Spinal cord .0 /
Nerves \ Muscle tissue
Cardiac muscle
Smooth muscle
Skeletal muscle

Epithelial tissue
Lining of Gl tract organs
and other hollow organs
Skin surface (epidermis)

Connective tissue
Fat and other soft
padding tissue

Bone
Tendon

Figure 4.2 Four Types of Tissue: Body The four types of tissues are exemplified in nervous
tissue, stratified squamous epithelial tissue, cardiac muscle tissue, and connective tissue.

Embryonic Origin of Tissues

The zygote, or fertilized egg, is a single cell formed by the fusion of an egg and sperm. After
fertilization the zygote gives rise to rapid mitotic cycles, generating many cells to form the
embryo. The first embryonic cells generated have the ability to differentiate into any type of
cell in the body and, as such, are called totipotent, meaning each has the capacity to divide,
differentiate, and develop into a new organism. As cell proliferation progresses, three major
cell lineages are established within the embryo. As explained in a later chapter, each of these
lineages of embryonic cells forms the distinct germ layers from which all the tissues and
organs of the human body eventually form. Each germ layer is identified by its relative
position: ectoderm (ecto- = “outer”’), mesoderm (meso- = “middle”), and endoderm (endo-
= “inner”). Figure 4.3 shows the types of tissues and organs associated with the each of the
three germ layers. Note that epithelial tissue originates in all three layers, whereas nervous
tissue derives primarily from the ectoderm and muscle tissue from mesoderm.
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Germ Layer Gives rise to:

Ectoderm Epidermis, glands on skin, some cranial bones, pituitary and adrenal medulla, the nervous
system, the mouth between cheek and gums, the anus

Skin cells Neurons Pigment cell

Mesoderm Connective tissues proper, bone, cartilage, blood, endothelium of blood vessels, muscle,
synovial membranes, serous membranes lining body cavities, kidneys, lining of gonads

Cardiac Skeletal Tubule cell Red blood
muscle muscle of kidney cells

Endoderm Lining of airways and digestive system except the mouth and distal part of digestive system
(rectum and anal canal); glands (digestive glands, endocrine glands, adrenal cortex)

Lung cell Thyroid cell Pancreatic cell

Figure 4.3 Embryonic Origin of Tissues and Major Organs

Tissue Membranes
A tissue membrane is a thin layer or sheet of cells that covers the outside of the body (for
example, skin), the organs (for example, pericardium), internal passageways that lead to the

exterior of the body (for example, abdominal mesenteries), and the lining of the moveable

joint cavities. There are two basic types of tissue membranes: connective tissue and epithelial

membranes (Figure 4.4).
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Mucous membranes line the
digestive, respiratory, urinary,
and reproductive tracts. They
are coated with the secretions
of mucous glands.

Serous membranes line body
cavities closed to the exterior
of the body: the peritoneal,
pleural, and pericardial
cavities.

Cutaneous membrane, or the
skin, covers the body surface.

Synovial membranes line joint
cavities and produce the fluid
within the joint.

Figure 4.4 Tissue Membranes The two broad categories of tissue membranes in the body
are (1) connective tissue membranes, which include synovial membranes, and (2) epithelial
membranes, which include mucous membranes, serous membranes, and the cutaneous
membrane.

Connective Tissue Membranes

The connective tissue membrane is formed solely from connective tissue. These membranes
encapsulate organs, such as the kidneys, and line our movable joints. A synovial
membrane is a type of connective tissue membrane that lines the cavity of a freely movable
joint. For example, synovial membranes surround the joints of the shoulder, elbow, and knee.
Fibroblasts in the inner layer of the synovial membrane release hyaluronan into the joint
cavity. The hyaluronan effectively traps available water to form the synovial fluid, a natural
lubricant that enables the bones of a joint to move freely against one another without much
friction. This synovial fluid readily exchanges water and nutrients with blood, as do all body
fluids.
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Epithelial Membranes

The epithelial membrane is composed of epithelium attached to a layer of connective tissue,
for example, your skin. The mucous membrane is also a composite of connective and
epithelial tissues. Sometimes called mucosae, these epithelial membranes line the body
cavities and hollow passageways that open to the external environment, and include the
digestive, respiratory, excretory, and reproductive tracts. Mucous, produced by the epithelial
exocrine glands, covers the epithelial layer. The underlying connective tissue, called
the lamina propria (literally “own layer”), help support the fragile epithelial layer.

A serous membrane is an epithelial membrane composed of mesodermally derived
epithelium called the mesothelium that is supported by connective tissue. These membranes
line the coelomic cavities of the body, that is, those cavities that do not open to the outside,
and they cover the organs located within those cavities. They are essentially membranous
bags, with mesothelium lining the inside and connective tissue on the outside. Serous fluid
secreted by the cells of the thin squamous mesothelium lubricates the membrane and reduces
abrasion and friction between organs. Serous membranes are identified according locations.
Three serous membranes line the thoracic cavity; the two pleura that cover the lungs and the
pericardium that covers the heart. A fourth, the peritoneum, is the serous membrane in the
abdominal cavity that covers abdominal organs and forms double sheets of mesenteries that
suspend many of the digestive organs.

The skin is an epithelial membrane also called the cutaneous membrane. It is a stratified
squamous epithelial membrane resting on top of connective tissue. The apical surface of this
membrane is exposed to the external environment and is covered with dead, keratinized cells
that help protect the body from desiccation and pathogens.

EPITHELIAL TISSUES

Most epithelial tissues are essentially large sheets of cells covering all the surfaces of the
body exposed to the outside world and lining the outside of organs. Epithelium also forms
much of the glandular tissue of the body. Skin is not the only area of the body exposed to the
outside. Other areas include the airways, the digestive tract, as well as the urinary and
reproductive systems, all of which are lined by an epithelium. Hollow organs and body
cavities that do not connect to the exterior of the body, which includes, blood vessels and
serous membranes, are lined by endothelium (plural = endothelia), which is a type of
epithelium.

Epithelial cells derive from all three major embryonic layers. The epithelia lining the skin,
parts of the mouth and nose, and the anus develop from the ectoderm. Cells lining the airways
and most of the digestive system originate in the endoderm. The epithelium that lines vessels
in the lymphatic and cardiovascular system derives from the mesoderm and is called an
endothelium.

All epithelia share some important structural and functional features. This tissue is highly
cellular, with little or no extracellular material present between cells. Adjoining cells form a
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specialized intercellular connection between their cell membranes called a cell junction. The
epithelial cells exhibit polarity with differences in structure and function between the exposed
or apical facing surface of the cell and the basal surface close to the underlying body
structures. The basal lamina, a mixture of glycoproteins and collagen, provides an
attachment site for the epithelium, separating it from underlying connective tissue. The basal
lamina attaches to a reticular lamina, which is secreted by the underlying connective tissue,
forming a basement membrane that helps hold it all together.

Epithelial tissues are nearly completely avascular. For instance, no blood vessels cross the
basement membrane to enter the tissue, and nutrients must come by diffusion or absorption
from underlying tissues or the surface. Many epithelial tissues are capable of rapidly
replacing damaged and dead cells. Sloughing off of damaged or dead cells is a characteristic
of surface epithelium and allows our airways and digestive tracts to rapidly replace damaged
cells with new cells.

Generalized Functions of Epithelial Tissue

Epithelial tissues provide the body’s first line of protection from physical, chemical, and
biological wear and tear. The cells of an epithelium act as gatekeepers of the body controlling
permeability and allowing selective transfer of materials across a physical barrier. All
substances that enter the body must cross an epithelium. Some epithelia often include
structural features that allow the selective transport of molecules and ions across their cell
membranes.

Many epithelial cells are capable of secretion and release mucous and specific chemical
compounds onto their apical surfaces. The epithelium of the small intestine releases digestive
enzymes, for example. Cells lining the respiratory tract secrete mucous that traps incoming
microorganisms and particles. A glandular epithelium contains many secretory cells.

The Epithelial Cell

Epithelial cells are typically characterized by the polarized distribution of organelles and
membrane-bound proteins between their basal and apical surfaces. Particular structures found
in some epithelial cells are an adaptation to specific functions. Certain organelles are
segregated to the basal sides, whereas other organelles and extensions, such as cilia, when
present, are on the apical surface.

Cilia are microscopic extensions of the apical cell membrane that are supported by
microtubules. They beat in unison and move fluids as well as trapped particles. Ciliated
epithelium lines the ventricles of the brain where it helps circulate the cerebrospinal fluid.
The ciliated epithelium of airway forms a mucociliary escalator that sweeps particles of dust
and pathogens trapped in the secreted mucous toward the throat. It is called an escalator
because it continuously pushes mucous with trapped particles upward. In contrast, nasal cilia
sweep the mucous blanket down towards your throat. In both cases, the transported materials
are usually swallowed, and end up in the acidic environment of stomach.
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Classification of Epithelial Tissues

Epithelial tissues are classified according to the shape of the cells and number of the cell
layers formed (Figure 4.6). Cell shapes can be squamous (flattened and thin), cuboidal (boxy,
as wide as it is tall), or columnar (rectangular, taller than it is wide). Similarly, the number of
cell layers in the tissue can be one—where every cell rests on the basal lamina—which is a
simple epithelium, or more than one, which is a stratified epithelium and only the basal layer
of cells rests on the basal lamina. Pseudostratified (pseudo- = “false”) describes tissue with a
single layer of irregularly shaped cells that give the appearance of more than one layer.
Transitional describes a form of specialized stratified epithelium in which the shape of the
cells can vary.

Simple Stratified

Squamous

Simple squamous epithelium Stratified squamous epithelium

Cuboidal

Simple cuboidal epithelium Stratified cuboidal epithelium Pseudostratified

Columnar

Simple columnar epithelium Stratified columnar epithelium Pseudostratified columnar epithelium

Figure 4.6 Cells of Epithelial Tissue Simple epithelial tissue is organized as a single layer of
cells and stratified epithelial tissue is formed by several layers of cells.

Simple Epithelium

The shape of the cells in the single cell layer of simple epithelium reflects the functioning of
those cells. The cells in simple squamous epithelium have the appearance of thin scales.
Squamous cell nuclei tend to be flat, horizontal, and elliptical, mirroring the form of the cell.
The endothelium is the epithelial tissue that lines vessels of the lymphatic and cardiovascular
system, and it is made up of a single layer of squamous cells. Simple squamous epithelium,
because of the thinness of the cell, is present where rapid passage of chemical compounds is
observed. The alveoli of lungs where gases diffuse, segments of kidney tubules, and the
lining of capillaries are also made of simple squamous epithelial tissue. The mesothelium is
a simple squamous epithelium that forms the surface layer of the serous membrane that lines
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body cavities and internal organs. Its primary function is to provide a smooth and protective
surface. Mesothelial cells are squamous epithelial cells that secrete a fluid that lubricates the
mesothelium.

In simple cuboidal epithelium, the nucleus of the box-like cells appears round and is
generally located near the center of the cell. These epithelia are active in the secretion and
absorptions of molecules. Simple cuboidal epithelia are observed in the lining of the kidney
tubules and in the ducts of glands.

In simple columnar epithelium, the nucleus of the tall column-like cells tends to be
elongated and located in the basal end of the cells. Like the cuboidal epithelia, this epithelium
is active in the absorption and secretion of molecules. Simple columnar epithelium forms the
lining of some sections of the digestive system and parts of the female reproductive tract.
Ciliated columnar epithelium is composed of simple columnar epithelial cells with cilia on
their apical surfaces. These epithelial cells are found in the lining of the fallopian tubes and
parts of the respiratory system, where the beating of the cilia helps remove particulate matter.
Pseudostratified columnar epithelium is a type of epithelium that appears to be stratified
but instead consists of a single layer of irregularly shaped and differently sized columnar
cells. In pseudostratified epithelium, nuclei of neighboring cells appear at different levels
rather than clustered in the basal end. The arrangement gives the appearance of stratification;
but in fact all the cells are in contact with the basal lamina, although some do not reach the
apical surface. Pseudostratified columnar epithelium is found in the respiratory tract, where
some of these cells have cilia.

Both simple and pseudostratified columnar epithelia are heterogeneous epithelia because they
include additional types of cells interspersed among the epithelial cells. For example,
a goblet cell is a mucous-secreting unicellular “gland” interspersed between the columnar
epithelial cells of mucous membranes (Figure 4.7).
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containing mucin
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Figure 4.7 Goblet Cell (2) In the lining of the small intestine, columnar epithelium cells are
interspersed with goblet cells. (b) The arrows in this micrograph point to the mucous-

secreting goblet cells.

Stratified Epithelium

A stratified epithelium consists of several stacked layers of cells. This epithelium protects
against physical and chemical wear and tear. The stratified epithelium is named by the shape
of the most apical layer of cells, closest to the free space. Stratified squamous epithelium is
the most common type of stratified epithelium in the human body. The apical cells are
squamous, whereas the basal layer contains either columnar or cuboidal cells. The top layer
may be covered with dead cells filled with keratin. Mammalian skin is an example of this dry,
keratinized, stratified squamous epithelium. The lining of the mouth cavity is an example of
an unkeratinized, stratified squamous epithelium. Stratified cuboidal
epithelium and stratified columnar epithelium can also be found in certain glands and

ducts, but are uncommon in the human body.

Another kind of stratified epithelium is transitional epithelium, so-called because of the
gradual changes in the shapes of the apical cells as the bladder fills with urine. It is found
only in the urinary system, specifically the ureters and urinary bladder. When the bladder is
empty, this epithelium is convoluted and has cuboidal apical cells with convex, umbrella
shaped, apical surfaces. As the bladder fills with urine, this epithelium loses its convolutions
and the apical cells transition from cuboidal to squamous. It appears thicker and more multi-
layered when the bladder is empty, and more stretched out and less stratified when the
bladder is full and distended. Figure 4.8 summarizes the different categories of epithelial cell

tissue cells.

INTRODUCTORY ANATOMY-I




Cells

Location

Function

Simple squamous epithelium

Air sacs of lungs and the lining
of the heart, blood vessels,
and lymphatic vessels

Allows materials to pass
through by diffusion and
filtration, and secretes
lubricating substance

Simple cuboidal epithelium

In ducts and secretory portions
of small glands and in kidney
tubules

Secretes and absorbs

Simple columnar epithelium

Ciliated tissues are in bronchi,
uterine tubes, and uterus;
smooth (nonciliated tissues)
are in the digestive tract,
bladder

Absorbs; it also secretes
mucous and enzymes

Pseudostratified columnar epithelium

Ciliated tissue lines the trachea
and much of the upper
respiratory tract

Secretes mucus; ciliated tissue
moves mucus

Stratified squamous epithelium

Lines the esophagus, mouth,
and vagina

Protects against abrasion

Stratified cuboidal epithelium

Sweat glands, salivary glands,
and the mammary glands

Protective tissue

Stratified columnar epithelium

The male urethra and the
ducts of some glands

Secretes and protects

Transitional epithelium

Lines the bladder, uretha, and
the ureters

Allows the urinary organs to
expand and stretch

Figure 4.8 Summary of Epithelial Tissue Cells

Glandular Epithelium

A gland is a structure made up of one or more cells modified to synthesize and secrete

chemical substances. Most glands consist of groups of epithelial cells. A gland can be
classified as an endocrine gland, a ductless gland that releases secretions directly into
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surrounding tissues and fluids (endo- = “inside”), or an exocrine gland whose secretions
leave through a duct that opens directly, or indirectly, to the external environment (exo- =
“outside”).

Endocrine Glands

The secretions of endocrine glands are called hormones. Hormones are released into the
interstitial fluid, diffused into the bloodstream, and delivered to targets, in other words, cells
that have receptors to bind the hormones. The endocrine system is part of a major regulatory
system coordinating the regulation and integration of body responses. A few examples of
endocrine glands include the anterior pituitary, thymus, adrenal cortex, and gonads.

Exocrine Glands

Exocrine glands release their contents through a duct that leads to the epithelial surface.
Mucous, sweat, saliva, and breast milk are all examples of secretions from exocrine glands.
They are all discharged through tubular ducts. Secretions into the lumen of the
gastrointestinal tract, technically outside of the body, are of the exocrine category.

Glandular Structure

Exocrine glands are classified as either unicellular or multicellular. The unicellular glands are
scattered single cells, such as goblet cells, found in the mucous membranes of the small and
large intestine.

The multicellular exocrine glands known as serous glands develop from simple epithelium to
form a secretory surface that secretes directly into an inner cavity. These glands line the
internal cavities of the abdomen and chest and release their secretions directly into the
cavities. Other multicellular exocrine glands release their contents through a tubular duct. The
duct is single in a simple gland but in compound glands is divided into one or more branches
(Figure 4.9). In tubular glands, the ducts can be straight or coiled, whereas tubes that form
pockets are alveolar (acinar), such as the exocrine portion of the pancreas. Combinations of
tubes and pockets are known as tubuloalveolar (tubuloacinar) compound glands. In a
branched gland, a duct is connected to more than one secretory group of cells.
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Simple ducts

Tubular

Alveolar i I REREAR
(acinar) Simple alveolar (acinar) At Intestinal glands

Surface - | Not found in
epithelium i adult; a stage in
g development of
simple
branched

Gland glands

cells
Simple coiled tubular
o s Merocrine sweat
glands

Simple branched alveolar

Sebaceous (oil)
glands Simple branched tubular
Gastric glands;
and mucous glands
of esophagus, tongue,
duodenum

Compound alveolar (acinar) Compound tubuloalveolar Compound tubular

Mucous glands (in mouth);
bulbourethral glands (in male
reproductive system); and testes
(seminiferous tubules)

Mammary glands Salivary glands; glands of
respiratory passages;
and pancreas

Compound ducts

Figure 4.9 Types of Exocrine Glands Exocrine glands are classified by their structure.
Methods and Types of Secretion

Exocrine glands can be classified by their mode of secretion and the nature of the substances
released, as well as by the structure of the glands and shape of ducts (Figure
4.10). Merocrine secretion is the most common type of exocrine secretion. The secretions
are enclosed in vesicles that move to the apical surface of the cell where the contents are
released by exocytosis. For example, watery mucous containing the glycoprotein mucin, a
lubricant that offers some pathogen protection is a merocrine secretion. The eccrine glands

that produce and secrete sweat are another example.
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Secretion

Secretory vesicle

(a) Merocrine —— Golgi complex
secretion

Nucleus

Pinched off portion
of cell is the secretion

(b) Apocrine
secretion

(c) Holocrine Mature cell dies
secretion and becomes
secretory product

Figure 4.10 Modes of Glandular Secretion (a) In merocrine secretion, the cell remains
intact. (b) In apocrine secretion, the apical portion of the cell is released, as well. (c) In

holocrine secretion, the cell is destroyed as it releases its product and the cell itself becomes
part of the secretion.

Apocrine secretion accumulates near the apical portion of the cell. That portion of the cell
and its secretory contents pinch off from the cell and are released. Apocrine sweat glands in
the axillary and genital areas release fatty secretions that local bacteria break down; this
causes body odor. Both merocrine and apocrine glands continue to produce and secrete their
contents with little damage caused to the cell because the nucleus and golgi regions remain
intact after secretion.

In contrast, the process of holocrine secretion involves the rupture and destruction of the
entire gland cell. The cell accumulates its secretory products and releases them only when it
bursts. New gland cells differentiate from cells in the surrounding tissue to replace those lost
by secretion. The sebaceous glands that produce the oils on the skin and hair are holocrine

glands/cells (Figure 4.11).
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Figure 4.11 Sebaceous Glands These glands secrete oils that lubricate and protect the skin.
They are holocrine glands and they are destroyed after releasing their contents. New
glandular cells form to replace the cells that are lost. LM x 400. (Micrograph provided by the
Regents of University of Michigan Medical School © 2012)

Glands are also named after the products they produce. The serous gland produces watery,
blood-plasma-like secretions rich in enzymes such as alpha amylase, whereas the mucous
gland releases watery to viscous products rich in the glycoprotein mucin. Both serous and
mucous glands are common in the salivary glands of the mouth. Mixed exocrine glands
contain both serous and mucous glands and release both types of secretions.

MUSCLE TISSUE

Muscle tissue is characterized by properties that allow movement. Muscle cells are excitable;
they respond to a stimulus. They are contractile, meaning they can shorten and generate a
pulling force. When attached between two movable objects, in other words, bones,
contractions of the muscles cause the bones to move. Some muscle movement is voluntary,
which means it is under conscious control. For example, a person decides to open a book and
read a chapter on anatomy. Other movements are involuntary, meaning they are not under
conscious control, such as the contraction of your pupil in bright light. Muscle tissue is
classified into three types according to structure and function: skeletal, cardiac, and smooth.

Skeletal muscle is attached to bones and its contraction makes possible locomotion, facial
expressions, posture, and other voluntary movements of the body. Forty percent of your body
mass is made up of skeletal muscle. Skeletal muscles generate heat as a byproduct of their
contraction and thus participate in thermal homeostasis. Shivering is an involuntary
contraction of skeletal muscles in response to perceived lower than normal body temperature.
The muscle cell, or myocyte, develops from myoblasts derived from the mesoderm.
Myocytes and their numbers remain relatively constant throughout life. Skeletal muscle tissue
is arranged in bundles surrounded by connective tissue. Under the light microscope, muscle
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cells appear striated with many nuclei squeezed along the membranes. The striation is due to
the regular alternation of the contractile proteins actin and myosin, along with the structural
proteins that couple the contractile proteins to connective tissues. The cells are
multinucleated as a result of the fusion of the many myoblasts that fuse to form each long
muscle fiber.

Cardiac muscle forms the contractile walls of the heart. The cells of cardiac muscle, known
as cardiomyocytes, also appear striated under the microscope. Unlike skeletal muscle fibers,
cardiomyocytes are single cells typically with a single centrally located nucleus. A principal
characteristic of cardiomyocytes is that they contract on their own intrinsic rhythms without
any external stimulation. Cardiomyocyte attach to one another with specialized cell junctions
called intercalated discs. Intercalated discs have both anchoring junctions and gap junctions.
Attached cells form long, branching cardiac muscle fibers that are, essentially, a mechanical
and electrochemical syncytium allowing the cells to synchronize their actions. The cardiac
muscle pumps blood through the body and is under involuntary control. The attachment
junctions hold adjacent cells together across the dynamic pressures changes of the cardiac
cycle.

Smooth muscle tissue contraction is responsible for involuntary movements in the internal
organs. [t forms the contractile component of the digestive, urinary, and reproductive systems
as well as the airways and arteries. Each cell is spindle shaped with a single nucleus and no

visible striations (Figure 4.12).
e —
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Figure 4.12 Muscle Tissue (a) Skeletal muscle cells have prominent striation and nuclei on
their periphery. (b) Smooth muscle cells have a single nucleus and no visible striations. (c)
Cardiac muscle cells appear striated and have a single nucleus.

CHAPTER 5: SKIN

The skin is composed of two main layers: the epidermis, made of closely packed epithelial
cells, and the dermis, made of dense, irregular connective tissue that houses blood vessels,
hair follicles, sweat glands, and other structures. Beneath the dermis lies the hypodermis,
which is composed mainly of loose connective and fatty tissues.

Hair shaft
Pore of sweat gland duct
|— Epidermis
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Arrector pili ————
muscle

Sebaceous (oil)
gland

Hair follicle

— Hypodermis

Eccrine sweat gland

Pacinian corpuscle

Adipose tissue ' - Cutaneous vascular
= plexus

Sensory nerve fiber

Figure 5.2 Layers of Skin
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The Epidermis

The epidermis is composed of keratinized, stratified squamous epithelium. It is made of four
or five layers of epithelial cells, depending on its location in the body. It does not have any
blood vessels within it (i.e., it is avascular). Skin that has four layers of cells is referred to as
“thin skin.” From deep to superficial, these layers are the stratum basale, stratum spinosum,
stratum granulosum, and stratum corneum. Most of the skin can be classified as thin skin.
“Thick skin” is found only on the palms of the hands and the soles of the feet. It has a fifth
layer, called the stratum lucidum, located between the stratum corneum and the stratum

granulosum (Figure 5.3).

Figure 5.3 Thin Skin versus Thick Skin These slides show cross-sections of the epidermis
and dermis of (a) thin and (b) thick skin.

The cells in all of the layers except the stratum basale are called keratinocytes.
A Kkeratinocyte is a cell that manufactures and stores the protein keratin. Keratin is an
intracellular fibrous protein that gives hair, nails, and skin their hardness and water-resistant
properties. The keratinocytes in the stratum corneum are dead and regularly slough away,
being replaced by cells from the deeper layers (Figure 5.4).

Figure 5.4 Epidermis The epidermis is epithelium composed of multiple layers of cells. The
basal layer consists of cuboidal cells, whereas the outer layers are squamous, keratinized
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cells, so the whole epithelium is often described as being keratinized stratified squamous
epithelium.

Stratum Basale

The stratum basale (also called the stratum germinativum) is the deepest epidermal layer
and attaches the epidermis to the basal lamina, below which lie the layers of the dermis. The
cells in the stratum basale bond to the dermis via intertwining collagen fibers, referred to as
the basement membrane. A finger-like projection, or fold, known as the dermal
papilla (plural = dermal papillae) is found in the superficial portion of the dermis. Dermal
papillae increase the strength of the connection between the epidermis and dermis; the greater
the folding, the stronger the connections made (Figure 5.5).

\/— Dead cells filled

with keratin

Stratum corneum

Stratum lucidum {

Stratum granulosum
Lamellar granules

Stratum spinosum : ' Keratinocyte

Stratum basale
Merkel cell

Melanocyte

) Sensory neuron
Dermis

Figure 5.5 Layers of the Epidermis The epidermis of thick skin has five layers: stratum
basale, stratum spinosum, stratum granulosum, stratum lucidum, and stratum corneum.

The stratum basale is a single layer of cells primarily made of basal cells. A basal cell is a
cuboidal-shaped stem cell that is a precursor of the keratinocytes of the epidermis. All of the
keratinocytes are produced from this single layer of cells, which are constantly going through
mitosis to produce new cells. As new cells are formed, the existing cells are pushed
superficially away from the stratum basale. Two other cell types are found dispersed among
the basal cells in the stratum basale. The first is a Merkel cell, which functions as a receptor
and is responsible for stimulating sensory nerves that the brain perceives as touch. These cells
are especially abundant on the surfaces of the hands and feet. The second is a melanocyte, a
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cell that produces the pigment melanin. Melanin gives hair and skin its color, and also helps
protect the living cells of the epidermis from ultraviolet (UV) radiation damage.

In a growing fetus, fingerprints form where the cells of the stratum basale meet the papillae
of the underlying dermal layer (papillary layer), resulting in the formation of the ridges on
your fingers that you recognize as fingerprints. Fingerprints are unique to each individual and
are used for forensic analyses because the patterns do not change with the growth and aging
processes.

Stratum Spinosum

As the name suggests, the stratum spinosum is spiny in appearance due to the protruding
cell processes that join the cells via a structure called a desmosome. The desmosomes
interlock with each other and strengthen the bond between the cells. It is interesting to note
that the “spiny” nature of this layer is an artifact of the staining process. Unstained epidermis
samples do not exhibit this characteristic appearance. The stratum spinosum is composed of
eight to 10 layers of keratinocytes, formed as a result of cell division in the stratum basale.
Interspersed among the keratinocytes of this layer is a type of dendritic cell called
the Langerhans cell, which functions as a macrophage by engulfing bacteria, foreign
particles, and damaged cells that occur in this layer.

The keratinocytes in the stratum spinosum begin the synthesis of keratin and release a water-
repelling glycolipid that helps prevent water loss from the body, making the skin relatively

waterproof. As new keratinocytes are produced atop the stratum basale, the keratinocytes of
the stratum spinosum are pushed into the stratum granulosum.

Stratum Granulosum

The stratum granulosum has a grainy appearance due to further changes to the
keratinocytes as they are pushed from the stratum spinosum. The cells (three to five layers
deep) become flatter, their cell membranes thicken, and they generate large amounts of the
proteins keratin, which is fibrous, and keratohyalin, which accumulates as lamellar granules
within the cells (see Figure 5.5). These two proteins make up the bulk of the keratinocyte
mass in the stratum granulosum and give the layer its grainy appearance. The nuclei and other
cell organelles disintegrate as the cells die, leaving behind the keratin, keratohyalin, and cell
membranes that will form the stratum lucidum, the stratum corneum, and the accessory
structures of hair and nails.

Stratum Lucidum

The stratum lucidum is a smooth, seemingly translucent layer of the epidermis located just
above the stratum granulosum and below the stratum corneum. This thin layer of cells is
found only in the thick skin of the palms, soles, and digits. The keratinocytes that compose
the stratum lucidum are dead and flattened (see Figure 5.5). These cells are densely packed
with eleiden, a clear protein rich in lipids, derived from keratohyalin, which gives these cells
their transparent (i.e., lucid) appearance and provides a barrier to water.
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Stratum Corneum

The stratum corneum is the most superficial layer of the epidermis and is the layer exposed
to the outside environment (see Figure 5.5). The increased keratinization (also called
cornification) of the cells in this layer gives it its name. There are usually 15 to 30 layers of
cells in the stratum corneum. This dry, dead layer helps prevent the penetration of microbes
and the dehydration of underlying tissues, and provides a mechanical protection against
abrasion for the more delicate, underlying layers. Cells in this layer are shed periodically and
are replaced by cells pushed up from the stratum granulosum (or stratum lucidum in the case
of the palms and soles of feet). The entire layer is replaced during a period of about 4 weeks.
Cosmetic procedures, such as microdermabrasion, help remove some of the dry, upper layer
and aim to keep the skin looking “fresh” and healthy.

Dermis

The dermis might be considered the “core” of the integumentary system (derma- = “skin”),
as distinct from the epidermis (epi- = “upon” or “over”) and hypodermis (hypo- = “below”).
It contains blood and lymph vessels, nerves, and other structures, such as hair follicles and
sweat glands. The dermis is made of two layers of connective tissue that compose an
interconnected mesh of elastin and collagenous fibers, produced by fibroblasts (Figure 5.6).

Figure 5.6 Layers of the Dermis This stained slide shows the two components of the
dermis—the papillary layer and the reticular layer. Both are made of connective tissue with
fibers of collagen extending from one to the other, making the border between the two
somewhat indistinct. The dermal papillae extending into the epidermis belong to the papillary
layer, whereas the dense collagen fiber bundles below belong to the reticular layer.
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Papillary Layer

The papillary layer is made of loose, areolar connective tissue, which means the collagen
and elastin fibers of this layer form a loose mesh. This superficial layer of the dermis projects
into the stratum basale of the epidermis to form finger-like dermal papillae (see Figure 5.6).
Within the papillary layer are fibroblasts, a small number of fat cells (adipocytes), and an
abundance of small blood vessels. In addition, the papillary layer contains phagocytes,
defensive cells that help fight bacteria or other infections that have breached the skin. This
layer also contains lymphatic capillaries, nerve fibers, and touch receptors called the
Meissner corpuscles.

Reticular Layer

Underlying the papillary layer is the much thicker reticular layer, composed of dense,
irregular connective tissue. This layer is well vascularized and has a rich sensory and
sympathetic nerve supply. The reticular layer appears reticulated (net-like) due to a tight
meshwork of fibers. Elastin fibers provide some elasticity to the skin, enabling movement.
Collagen fibers provide structure and tensile strength, with strands of collagen extending into
both the papillary layer and the hypodermis. In addition, collagen binds water to keep the
skin hydrated. Collagen injections and Retin-A creams help restore skin turgor by either
introducing collagen externally or stimulating blood flow and repair of the dermis,
respectively.

Hypodermis

The hypodermis (also called the subcutaneous layer or superficial fascia) is a layer directly
below the dermis and serves to connect the skin to the underlying fascia (fibrous tissue) of the
bones and muscles. It is not strictly a part of the skin, although the border between the
hypodermis and dermis can be difficult to distinguish. The hypodermis consists of well-
vascularized, loose, areolar connective tissue and adipose tissue, which functions as a mode
of fat storage and provides insulation and cushioning for the integument.

Pigmentation

The color of skin is influenced by a number of pigments, including melanin, carotene, and
hemoglobin. Recall that melanin is produced by cells called melanocytes, which are found
scattered throughout the stratum basale of the epidermis. The melanin is transferred into the
keratinocytes via a cellular vesicle called a melanosome (Figure 5.7).
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Figure 5.7 Skin Pigmentation

The relative coloration of the skin depends of the amount of melanin produced by
melanocytes in the stratum basale and taken up by keratinocytes.

Melanin occurs in two primary forms. Eumelanin exists as black and brown, whereas
pheomelanin provides a red color. Dark-skinned individuals produce more melanin than those
with pale skin. Exposure to the UV rays of the sun or a tanning salon causes melanin to be
manufactured and built up in keratinocytes, as sun exposure stimulates keratinocytes to
secrete chemicals that stimulate melanocytes. The accumulation of melanin in keratinocytes
results in the darkening of the skin, or a tan. This increased melanin accumulation protects
the DNA of epidermal cells from UV ray damage and the breakdown of folic acid, a nutrient
necessary for our health and well-being. In contrast, too much melanin can interfere with the
production of vitamin D, an important nutrient involved in calcium absorption. Thus, the
amount of melanin present in our skin is dependent on a balance between available sunlight
and folic acid destruction, and protection from UV radiation and vitamin D production.

It requires about 10 days after initial sun exposure for melanin synthesis to peak, which is
why pale-skinned individuals tend to suffer sunburns of the epidermis initially. Dark-skinned
individuals can also get sunburns, but are more protected than are pale-skinned individuals.
Melanosomes are temporary structures that are eventually destroyed by fusion with

INTRODUCTORY ANATOMY-I Page 37




lysosomes; this fact, along with melanin-filled keratinocytes in the stratum corneum
sloughing off, makes tanning impermanent.

Too much sun exposure can eventually lead to wrinkling due to the destruction of the cellular
structure of the skin, and in severe cases, can cause sufficient DNA damage to result in skin
cancer. When there is an irregular accumulation of melanocytes in the skin, freckles appear.
Moles are larger masses of melanocytes, and although most are benign, they should be
monitored for changes that might indicate the presence of cancer (Figure 5.8.
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Figure 5.8 Moles Moles range from benign accumulations of melanocytes to melanomas.
These structures populate the landscape of our skin. (credit: the National Cancer Institute)
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CHAPTER 6: SKIN APPENDAGES- HAIR, NAIL

Hair is a keratinous filament growing out of the epidermis. It is primarily made of dead,
keratinized cells. Strands of hair originate in an epidermal penetration of the dermis called
the hair follicle. The hair shaft is the part of the hair not anchored to the follicle, and much
of this is exposed at the skin’s surface. The rest of the hair, which is anchored in the follicle,
lies below the surface of the skin and is referred to as the hair root. The hair root ends deep
in the dermis at the hair bulb, and includes a layer of mitotically active basal cells called
the hair matrix. The hair bulb surrounds the hair papilla, which is made of connective
tissue and contains blood capillaries and nerve endings from the dermis (Figure 6.1).

|— Medulla
Cortex

|— Cuticle

+—— Sebaceous
gland

_—— Inner root
sheath
Arrector

pili —— Quter root
muscle sheath

Hair matrix

Hair bulb

Hair
papilla

Figure 6.1 Hair Hair follicles originate in the epidermis and have many different parts.

Just as the basal layer of the epidermis forms the layers of epidermis that get pushed to the
surface as the dead skin on the surface sheds, the basal cells of the hair bulb divide and push
cells outward in the hair root and shaft as the hair grows. The medulla forms the central core
of the hair, which is surrounded by the cortex, a layer of compressed, keratinized cells that is
covered by an outer layer of very hard, keratinized cells known as the cuticle. These layers
are depicted in a longitudinal cross-section of the hair follicle (Figure 6.2), although not all
hair has a medullary layer. Hair texture (straight, curly) is determined by the shape and
structure of the cortex, and to the extent that it is present, the medulla. The shape and
structure of these layers are, in turn, determined by the shape of the hair follicle. Hair growth
begins with the production of keratinocytes by the basal cells of the hair bulb. As new cells
are deposited at the hair bulb, the hair shaft is pushed through the follicle toward the surface.
Keratinization is completed as the cells are pushed to the skin surface to form the shaft of hair
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that is externally visible. The external hair is completely dead and composed entirely of
keratin.

Figure 6.2 Hair Follicle The slide shows a cross-section of a hair follicle. Basal cells of the
hair matrix in the center differentiate into cells of the inner root sheath. Basal cells at the base
of the hair root form the outer root sheath.

The wall of the hair follicle is made of three concentric layers of cells. The cells of
the internal root sheath surround the root of the growing hair and extend just up to the hair
shaft. They are derived from the basal cells of the hair matrix. The external root sheath,
which is an extension of the epidermis, encloses the hair root. It is made of basal cells at the
base of the hair root and tends to be more keratinous in the upper regions. The glassy
membrane is a thick, clear connective tissue sheath covering the hair root, connecting it to
the tissue of the dermis.

Hair serves a variety of functions, including protection, sensory input, thermoregulation, and
communication. For example, hair on the head protects the skull from the sun. The hair in the
nose and ears, and around the eyes (eyelashes) defends the body by trapping and excluding
dust particles that may contain allergens and microbes. Hair of the eyebrows prevents sweat
and other particles from dripping into and bothering the eyes. Hair also has a sensory function
due to sensory innervation by a hair root plexus surrounding the base of each hair follicle.
Hair is extremely sensitive to air movement or other disturbances in the environment, much
more so than the skin surface. This feature is also useful for the detection of the presence of
insects or other potentially damaging substances on the skin surface. Each hair root is
connected to a smooth muscle called the arrector pili that contracts in response to nerve
signals from the sympathetic nervous system, making the external hair shaft “stand up.”
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Hair Growth

Hair grows and is eventually shed and replaced by new hair. This occurs in three phases. The
first is the anagen phase, during which cells divide rapidly at the root of the hair, pushing the
hair shaft up and out. The length of this phase is measured in years, typically from 2 to 7
years. The catagen phase lasts only 2 to 3 weeks, and marks a transition from the hair
follicle’s active growth. Finally, during the telogen phase, the hair follicle is at rest and no
new growth occurs. At the end of this phase, which lasts about 2 to 4 months, another anagen
phase begins. The basal cells in the hair matrix then produce a new hair follicle, which pushes
the old hair out as the growth cycle repeats itself. Hair typically grows at the rate of 0.3 mm
per day during the anagen phase. On average, 50 hairs are lost and replaced per day. Hair loss
occurs if there is more hair shed than what is replaced and can happen due to hormonal or
dietary changes. Hair loss can also result from the aging process, or the influence of
hormones.

Hair Color

Similar to the skin, hair gets its color from the pigment melanin, produced by melanocytes in
the hair papilla. Different hair color results from differences in the type of melanin, which is
genetically determined. As a person ages, the melanin production decreases, and hair tends to
lose its color and becomes gray and/or white.

Nails

The nail bed is a specialized structure of the epidermis that is found at the tips of our fingers
and toes. The nail body is formed on the nail bed, and protects the tips of our fingers and
toes as they are the farthest extremities and the parts of the body that experience the
maximum mechanical stress (Figure 6.3). In addition, the nail body forms a back-support for
picking up small objects with the fingers. The nail body is composed of densely packed dead
keratinocytes. The epidermis in this part of the body has evolved a specialized structure upon
which nails can form. The nail body forms at the nail root, which has a matrix of
proliferating cells from the stratum basale that enables the nail to grow continuously. The
lateral nail fold overlaps the nail on the sides, helping to anchor the nail body. The nail fold
that meets the proximal end of the nail body forms the nail cuticle, also called
the eponychium. The nail bed is rich in blood vessels, making it appear pink, except at the

base, where a thick layer of epithelium over the nail matrix forms a crescent-shaped region
called the lunula (the “little moon”). The area beneath the free edge of the nail, furthest from
the cuticle, is called the hyponychium. It consists of a thickened layer of stratum corneum.
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Figure 6.3 Nails The nail is an accessory structure of the integumentary system.

Sweat Glands

When the body becomes warm, sudoriferous glands produce sweat to cool the body. Sweat
glands develop from epidermal projections into the dermis and are classified as merocrine
glands; that is, the secretions are excreted by exocytosis through a duct without affecting the
cells of the gland. There are two types of sweat glands, each secreting slightly different
products.

An eccrine sweat glandis type of gland that produces a hypotonic sweat for
thermoregulation. These glands are found all over the skin’s surface, but are especially
abundant on the palms of the hand, the soles of the feet, and the forehead (Figure 6.4). They
are coiled glands lying deep in the dermis, with the duct rising up to a pore on the skin
surface, where the sweat is released. This type of sweat, released by exocytosis, is hypotonic
and composed mostly of water, with some salt, antibodies, traces of metabolic waste, and
dermicidin, an antimicrobial peptide. Eccrine glands are a primary component of

thermoregulation in humans and thus help to maintain homeostasis.

Skin surface

Eccrine sweat
gland
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Figure 6.4 Eccrine Gland Eccrine glands are coiled glands in the dermis that release sweat
that is mostly water.

An apocrine sweat gland is usually associated with hair follicles in densely hairy areas, such
as armpits and genital regions. Apocrine sweat glands are larger than eccrine sweat glands
and lie deeper in the dermis, sometimes even reaching the hypodermis, with the duct
normally emptying into the hair follicle. In addition to water and salts, apocrine sweat
includes organic compounds that make the sweat thicker and subject to bacterial
decomposition and subsequent smell. The release of this sweat is under both nervous and
hormonal control, and plays a role in the poorly understood human pheromone response.
Most commercial antiperspirants use an aluminum-based compound as their primary active
ingredient to stop sweat. When the antiperspirant enters the sweat gland duct, the aluminum-
based compounds precipitate due to a change in pH and form a physical block in the duct,
which prevents sweat from coming out of the pore.

Sebaceous Glands

A sebaceous gland is a type of oil gland that is found all over the body and helps to lubricate
and waterproof the skin and hair. Most sebaceous glands are associated with hair follicles.
They generate and excrete sebum, a mixture of lipids, onto the skin surface, thereby naturally
lubricating the dry and dead layer of keratinized cells of the stratum corneum, keeping it
pliable. The fatty acids of sebum also have antibacterial properties, and prevent water loss

from the skin in low-humidity environments. The secretion of sebum is stimulated by
hormones, many of which do not become active until puberty. Thus, sebaceous glands are
relatively inactive during childhood.

FUNCTION:

The skin and accessory structures perform a variety of essential functions, such as protecting
the body from invasion by microorganisms, chemicals, and other environmental factors;
preventing dehydration; acting as a sensory organ; modulating body temperature and
electrolyte balance; and synthesizing vitamin D. The underlying hypodermis has important
roles in storing fats, forming a “cushion” over underlying structures, and providing insulation
from cold temperatures.

Protection

The skin protects the rest of the body from the basic elements of nature such as wind, water,
and UV sunlight. It acts as a protective barrier against water loss, due to the presence of
layers of keratin and glycolipids in the stratum corneum. It also is the first line of defense
against abrasive activity due to contact with grit, microbes, or harmful chemicals. Sweat
excreted from sweat glands deters microbes from over-colonizing the skin surface by
generating dermicidin, which has antibiotic properties.
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Sensory Function

The fact that you can feel an ant crawling on your skin, allowing you to flick it off before it
bites, is because the skin, and especially the hairs projecting from hair follicles in the skin,
can sense changes in the environment. The hair root plexus surrounding the base of the hair
follicle senses a disturbance, and then transmits the information to the central nervous system
(brain and spinal cord), which can then respond by activating the skeletal muscles of your
eyes to see the ant and the skeletal muscles of the body to act against the ant.

The skin acts as a sense organ because the epidermis, dermis, and the hypodermis contain
specialized sensory nerve structures that detect touch, surface temperature, and pain. These
receptors are more concentrated on the tips of the fingers, which are most sensitive to touch,
especially the Meissner corpuscle (tactile corpuscle) (Figure 6.5), which responds to light
touch, and the Pacinian corpuscle (lamellated corpuscle), which responds to vibration.
Merkel cells, seen scattered in the stratum basale, are also touch receptors. In addition to
these specialized receptors, there are sensory nerves connected to each hair follicle, pain and
temperature receptors scattered throughout the skin, and motor nerves innervate the arrector
pili muscles and glands. This rich innervation helps us sense our environment and react
accordingly.

Figure 6.5 Light Micrograph of a Meissner Corpuscle In this micrograph of a skin cross-
section, you can see a Meissner corpuscle (arrow), a type of touch receptor located in a
dermal papilla adjacent to the basement membrane and stratum basale of the overlying
epidermis.

Thermoregulation
The integumentary system helps regulate body temperature through its tight association with

the sympathetic nervous system, the division of the nervous system involved in our fight-or-
flight responses. The sympathetic nervous system is continuously monitoring body
temperature and initiating appropriate motor responses. Recall that sweat glands, accessory
structures to the skin, secrete water, salt, and other substances to cool the body when it
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becomes warm. Even when the body does not appear to be noticeably sweating,
approximately 500 mL of sweat (insensible perspiration) are secreted a day. If the body
becomes excessively warm due to high temperatures, vigorous activity (Figure 6.6ac), or a
combination of the two, sweat glands will be stimulated by the sympathetic nervous system
to produce large amounts of sweat, as much as 0.7 to 1.5 L per hour for an active person.
When the sweat evaporates from the skin surface, the body is cooled as body heat is
dissipated.

In addition to sweating, arterioles in the dermis dilate so that excess heat carried by the blood
can dissipate through the skin and into the surrounding environment (Figure 6.6b). This

accounts for the skin redness that many people experience when exercising.
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(b)
Figure 6.6 Thermoregulation During strenuous physical activities, such as skiing (a) or

running (c), the dermal blood vessels dilate and sweat secretion increases (b). These
mechanisms prevent the body from overheating. In contrast, the dermal blood vessels
constrict to minimize heat loss in response to low temperatures (b). (credit a: “Trysil”/flickr;
credit c: Ralph Daily)

When body temperatures drop, the arterioles constrict to minimize heat loss, particularly in
the ends of the digits and tip of the nose. This reduced circulation can result in the skin taking
on a whitish hue. Although the temperature of the skin drops as a result, passive heat loss is
prevented, and internal organs and structures remain warm. If the temperature of the skin
drops too much (such as environmental temperatures below freezing), the conservation of
body core heat can result in the skin actually freezing, a condition called frostbite.

Vitamin D Synthesis

The epidermal layer of human skin synthesizes vitamin D when exposed to UV radiation. In
the presence of sunlight, a form of vitamin Dj called cholecalciferol is synthesized from a
derivative of the steroid cholesterol in the skin. The liver converts cholecalciferol to calcidiol,
which is then converted to calcitriol (the active chemical form of the vitamin) in the kidneys.
Vitamin D is essential for normal absorption of calcium and phosphorous, which are required
for healthy bones. The absence of sun exposure can lead to a lack of vitamin D in the body,
leading to a condition called rickets, a painful condition in children where the bones are
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misshapen due to a lack of calcium, causing bowleggedness. Elderly individuals who suffer
from vitamin D deficiency can develop a condition called osteomalacia, a softening of the
bones.

In addition to its essential role in bone health, vitamin D is essential for general immunity
against bacterial, viral, and fungal infections. Recent studies are also finding a link between
insufficient vitamin D and cancer.

INTRODUCTORY ANATOMY-I




CHAPTER 7: BONES

Bone, or osseous tissue, is a hard, dense connective tissue that forms most of the adult
skeleton, the support structure of the body. In the areas of the skeleton where bones move (for
example, the ribcage and joints), cartilage, a semi-rigid form of connective tissue, provides
flexibility and smooth surfaces for movement.

The skeletal system is the body system composed of bones and cartilage and performs the
following critical functions for the human body:

supports the body

facilitates movement

protects internal organs

produces blood cells

stores and releases minerals and fat.

Support, Movement, and Protection

The most apparent functions of the skeletal system are the gross functions—those visible by
observation. Simply by looking at a person, you can see how the bones support, facilitate
movement, and protect the human body.

Just as the steel beams of a building provide a scaffold to support its weight, the bones and
cartilage of your skeletal system compose the scaffold that supports the rest of your body.
Without the skeletal system, you would be a limp mass of organs, muscle, and skin.

Bones also facilitate movement by serving as points of attachment for your muscles. While
some bones only serve as a support for the muscles, others also transmit the forces produced
when your muscles contract. From a mechanical point of view, bones act as levers and joints
serve as fulcrums. Unless a muscle spans a joint and contracts, a bone is not going to move.
For information on the interaction of the skeletal and muscular systems, that is, the
musculoskeletal system, seek additional content.

Bones also protect internal organs from injury by covering or surrounding them. For
example, ribs protect our lungs and heart, the bones of our vertebral column (spine) protect
our spinal cord, and the bones of our cranium (skull) protect our brain (Figure 7.1).
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Figure 7.1Bones Protect Brain The cranium completely surrounds and protects the brain
from non-traumatic injury.
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Figure 7.2 Classifications of Bones Bones are classified according to their shape.
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Long Bones

A long bone is one that is cylindrical in shape, being longer than it is wide. Long bones are
found in the arms (humerus, ulna, radius) and legs (femur, tibia, fibula), as well as in the
fingers (metacarpals, phalanges) and toes (metatarsals, phalanges). Long bones function as
levers; they move when muscles contract.

Short Bones

A short bone is one that is cube-like in shape, being approximately equal in length, width,
and thickness. The only short bones in the human skeleton are in the carpals of the wrists and
the tarsals of the ankles. Short bones provide stability and support as well as some limited
motion.

Flat Bones

The term “flat bone” is somewhat of a misnomer because, although a flat bone is typically
thin, it is also often curved. Examples include the cranial (skull) bones, the scapulae
(shoulder blades), the sternum (breastbone), and the ribs. Flat bones serve as points of
attachment for muscles and often protect internal organs.

Irregular Bones

An irregular bone is one that does not have any easily characterized shape and therefore
does not fit any other classification. These bones tend to have more complex shapes, like the
vertebrae that support the spinal cord and protect it from compressive forces. Many facial
bones, particularly the ones containing sinuses, are classified as irregular bones.

Sesamoid Bones

A sesamoid bone is a small, round bone that, as the name suggests, is shaped like a sesame
seed. These bones form in tendons (the sheaths of tissue that connect bones to muscles)
where a great deal of pressure is generated in a joint. The sesamoid bones protect tendons by
helping them overcome compressive forces. Sesamoid bones vary in number and placement
from person to person but are typically found in tendons associated with the feet, hands, and
knees. The patellae (singular = patella) are the only sesamoid bones found in common with
every person.

Bone tissue (osseous tissue) differs greatly from other tissues in the body. Bone is hard and
many of its functions depend on that characteristic hardness.
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GROSS ANATOMY OF BONE

A long bone has two parts: the diaphysis and the epiphysis. The diaphysis is the tubular shaft
that runs between the proximal and distal ends of the bone. The hollow region in the
diaphysis is called the medullary cavity, which is filled with yellow marrow. The walls of
the diaphysis are composed of dense and hard compact bone.

Articular cartilage
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Figure 7.3 Anatomy of a Long Bone A typical long bone shows the gross anatomical
characteristics of bone.

The wider section at each end of the bone is called the epiphysis (plural = epiphyses), which
is filled with spongy bone. Red marrow fills the spaces in the spongy bone. Each epiphysis
meets the diaphysis at the metaphysis, the narrow area that contains the epiphyseal
plate (growth plate), a layer of hyaline (transparent) cartilage in a growing bone. When the
bone stops growing in early adulthood (approximately 18-21 years), the cartilage is replaced
by osseous tissue and the epiphyseal plate becomes an epiphyseal line.

The medullary cavity has a delicate membranous lining called the endosteum (end- =
“inside”; oste- = “bone”), where bone growth, repair, and remodeling occur. The outer
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surface of the bone is covered with a fibrous membrane called the periosteum (peri-
= “around” or “surrounding”). The periosteum contains blood vessels, nerves, and lymphatic
vessels that nourish compact bone. Tendons and ligaments also attach to bones at the
periosteum. The periosteum covers the entire outer surface except where the epiphyses meet
other bones to form joints (Figure 7.4). In this region, the epiphyses are covered
with articular cartilage, a thin layer of cartilage that reduces friction and acts as a shock
absorber.
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Figure 7.4 Periosteum and Endosteum The periosteum forms the outer surface of bone, and
the endosteum lines the medullary cavity.

Flat bones, like those of the cranium, consist of a layer of diploé (spongy bone), lined on
either side by a layer of compact bone (Figure 7.5). The two layers of compact bone and the
interior spongy bone work together to protect the internal organs. If the outer layer of a
cranial bone fractures, the brain is still protected by the intact inner layer.
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Figure 7.5 Anatomy of a Flat Bone This cross-section of a flat bone shows the spongy bone
(diploé) lined on either side by a layer of compact bone.

Bone Markings
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The surface features of bones vary considerably, depending on the function and location in
the body. There are three general classes of bone markings: (1) articulations, (2) projections,
and (3) holes. As the name implies, an articulation is where two bone surfaces come
together (articulus = “joint”). These surfaces tend to conform to one another, such as one
being rounded and the other cupped, to facilitate the function of the articulation.
A projection is an area of a bone that projects above the surface of the bone. These are the
attachment points for tendons and ligaments. In general, their size and shape is an indication
of the forces exerted through the attachment to the bone. A hole is an opening or groove in
the bone that allows blood vessels and nerves to enter the bone. As with the other markings,
their size and shape reflect the size of the vessels and nerves that penetrate the bone at these
points.
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Figure 7.6 Bone Features The surface features of bones depend on their function, location,
attachment of ligaments and tendons, or the penetration of blood vessels and nerves.

Bone Cells and Tissue
Bone contains a relatively small number of cells entrenched in a matrix of collagen fibers that
provide a surface for inorganic salt crystals to adhere. These salt crystals form when calcium
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phosphate and calcium carbonate combine to create hydroxyapatite, which incorporates other
inorganic salts like magnesium hydroxide, fluoride, and sulfate as it crystallizes, or calcifies,
on the collagen fibers. The hydroxyapatite crystals give bones their hardness and strength,
while the collagen fibers give them flexibility so that they are not brittle.

Although bone cells compose a small amount of the bone volume, they are crucial to the
function of bones. Four types of cells are found within bone tissue: osteoblasts, osteocytes,
osteogenic cells, and osteoclasts (Figure 7.7).

Osteocyte Osteoblast Osteogenic cell Osteoclast
(maintains (forms bone matrix) (stem cell) (resorbs bone)
bone tissue)

Figure 7.7 Bone Cells Four types of cells are found within bone tissue. Osteogenic cells are
undifferentiated and develop into osteoblasts. When osteoblasts get trapped within the
calcified matrix, their structure and function changes, and they become osteocytes.
Osteoclasts develop from monocytes and macrophages and differ in appearance from other
bone cells.

Compact and Spongy Bone

The differences between compact and spongy bone are best explored via their histology.
Most bones contain compact and spongy osseous tissue, but their distribution and
concentration vary based on the bone’s overall function. Compact bone is dense so that it can
withstand compressive forces, while spongy (cancellous) bone has open spaces and supports
shifts in weight distribution.
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Compact Bone

Compact bone is the denser, stronger of the two types of bone tissue (Figure 7.8). It can be
found under the periosteum and in the diaphyses of long bones, where it provides support and
protection.
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Figure 7.8 Diagram of Compact Bone (a) This cross-sectional view of compact bone shows

the basic structural unit, the osteon. (b) In this micrograph of the osteon)

The microscopic structural unit of compact bone is called an osteon, or Haversian system.
Each osteon is composed of concentric rings of calcified matrix called lamellae (singular =
lamella). Running down the center of each osteon is the central canal, or Haversian canal,
which contains blood vessels, nerves, and lymphatic vessels. These vessels and nerves branch
off at right angles through a perforating canal, also known as Volkmann’s canals, to extend
to the periosteum and endosteum.
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The osteocytes are located inside spaces called lacunae (singular = lacuna), found at the
borders of adjacent lamellae. Canaliculi connect with the canaliculi of other lacunae and
eventually with the central canal. This system allows nutrients to be transported to the
osteocytes and wastes to be removed from them.

Spongy (Cancellous) Bone

Like compact bone, spongy bone, also known as cancellous bone, contains osteocytes
housed in lacunae, but they are not arranged in concentric circles. Instead, the lacunae and
osteocytes are found in a lattice-like network of matrix spikes called trabeculae (singular =
trabecula) (Figure 7.9). The trabeculae may appear to be a random network, but each
trabecula forms along lines of stress to provide strength to the bone. The spaces of the
trabeculated network provide balance to the dense and heavy compact bone by making bones
lighter so that muscles can move them more easily. In addition, the spaces in some spongy
bones contain red marrow, protected by the trabeculae, where hematopoiesis occurs.

Spongy bone

— Compact bone Trab;culae

4
Lacuna
Osteocyte

—— Osteoclast

Osteoblasts aligned
along trabeculae of

l = T \ new bone
Canaliculi Endosteum  Lamellae \
openings Canaliculi
on surface
Lamellae

Figure 7.9 Diagram of Spongy Bone Spongy bone is composed of trabeculae that contain
the osteocytes. Red marrow fills the spaces in some bones.

Blood and Nerve Supply

The spongy bone and medullary cavity receive nourishment from arteries that pass through
the compact bone. The arteries enter through the nutrient foramen (plural = foramina), small
openings in the diaphysis (Figure 7.10). The osteocytes in spongy bone are nourished by
blood vessels of the periosteum that penetrate spongy bone and blood that circulates in the
marrow cavities. As the blood passes through the marrow cavities, it is collected by veins,
which then pass out of the bone through the foramina.
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In addition to the blood vessels, nerves follow the same paths into the bone where they tend
to concentrate in the more metabolically active regions of the bone. The nerves sense pain,
and it appears the nerves also play roles in regulating blood supplies and in bone growth,
hence their concentrations in metabolically active sites of the bone.
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Figure 7.10 Diagram of Blood and Nerve Supply to Bone Blood vessels and nerves enter
the bone through the nutrient foramen.
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Figure 7.11 Lateral View of the Human Skull

The skeletal system forms the rigid internal framework of the body. It consists of the bones,
cartilages, and ligaments. Bones support the weight of the body, allow for body movements,
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and protect internal organs. Cartilage provides flexible strength and support for body
structures such as the thoracic cage, the external ear, and the trachea and larynx. At joints of
the body, cartilage can also unite adjacent bones or provide cushioning between them.
Ligaments are the strong connective tissue bands that hold the bones at a moveable joint
together and serve to prevent excessive movements of the joint that would result in injury.
Providing movement of the skeleton are the muscles of the body, which are firmly attached to
the skeleton via connective tissue structures called tendons. As muscles contract, they pull on
the bones to produce movements of the body.

Each bone of the body serves a particular function, and therefore bones vary in size, shape,
and strength based on these functions. Muscles can apply very strong pulling forces to the
bones of the skeleton. To resist these forces, bones have enlarged bony landmarks at sites
where powerful muscles attach. This means that not only the size of a bone, but also its
shape, is related to its function. For this reason, the identification of bony landmarks is
important during study of the skeletal system.

Bones are also dynamic organs that can modify their strength and thickness in response to
changes in muscle strength or body weight. Thus, muscle attachment sites on bones will
thicken if workout program begin that increases muscle strength. Similarly, the walls of
weight-bearing bones will thicken if you gain body weight or begin pounding the pavement
as part of a new running regimen. In contrast, a reduction in muscle strength or body weight
will cause bones to become thinner. This may happen during a prolonged hospital stay,
following limb immobilization in a cast, or going into the weightlessness of outer space. Even
a change in diet, such as eating only soft food due to the loss of teeth, will result in a
noticeable decrease in the size and thickness of the jaw bones.

SKELETAL SYSTEM

The skeletal system includes all of the bones, cartilages, and ligaments of the body that
support and give shape to the body and body structures. The skeleton consists of the bones of
the body. For adults, there are 206 bones in the skeleton. Younger individuals have higher
numbers of bones because some bones fuse together during childhood and adolescence to
form an adult bone. The primary functions of the skeleton are to provide a rigid, internal
structure that can support the weight of the body against the force of gravity, and to provide a
structure upon which muscles can act to produce movements of the body. The lower portion
of the skeleton is specialized for stability during walking or running. In contrast, the upper
skeleton has greater mobility and ranges of motion, features that allow to lift and carry
objects or turn head and trunk.

The skeleton has protective and storage functions. It protects the internal organs, including
the brain, spinal cord, heart, lungs, and pelvic organs. The bones of the skeleton serve as the
primary storage site for important minerals such as calcium and phosphate. The bone marrow
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found within bones stores fat and houses the blood-cell producing tissue of the body.The
skeleton is subdivided into two major divisions—the axial and appendicular.

The Axial Skeleton

The skeleton is subdivided into two major divisions—the axial and appendicular. The axial
skeleton forms the vertical, central axis of the body and includes all bones of the head, neck,
chest, and back (Figure 7.12). It serves to protect the brain, spinal cord, heart, and lungs. It
also serves as the attachment site for muscles that move the head, neck, and back, and for
muscles that act across the shoulder and hip joints to move their corresponding limbs.

The axial skeleton of the adult consists of 80 bones, including the skull, the vertebral
column, and the thoracic cage. The skull is formed by 22 bones. Also associated with the
head are an additional seven bones, including the hyoid bone and the ear ossicles (three
small bones found in each middle ear). The vertebral column consists of 24 bones, each
called a vertebra, plus the sacrum and coccyx. The thoracic cage includes the 12 pairs

of ribs, and the sternum, the flattened bone of the anterior chest.
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Figure 7.12 Axial and Appendicular Skeleton

The axial skeleton supports the head, neck, back, and chest and thus forms the vertical axis of
the body. It consists of the skull, vertebral column (including the sacrum and coccyx), and the
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thoracic cage, formed by the ribs and sternum. The appendicular skeleton is made up of all
bones of the upper and lower limbs.

The Appendicular Skeleton

The appendicular skeleton includes all bones of the upper and lower limbs, plus the bones
that attach each limb to the axial skeleton. There are 126 bones in the appendicular skeleton
of an adult. The bones of the appendicular skeleton are covered in a separate chapter.
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CHAPTER 8: SKULL

The cranium (skull) is the skeletal structure of the head that supports the face and protects
the brain. It is subdivided into the facial bones and the brain case, or cranial vault (Figure
8.1). The facial bones underlie the facial structures, form the nasal cavity, enclose the
eyeballs, and support the teeth of the upper and lower jaws. The rounded brain case surrounds
and protects the brain and houses the middle and inner ear structures.

In the adult, the skull consists of 22 individual bones, 21 of which are immobile and united
into a single unit. The 22nd bone is the mandible (lower jaw), which is the only moveable
bone of the skull.

Brain case

— Facial bones

Figure 8.1 Parts of the Skull The skull consists of the rounded brain case that houses the
brain and the facial bones that form the upper and lower jaws, nose, orbits, and other facial
structures.

Anterior View of Skull

The anterior skull consists of the facial bones and provides the bony support for the eyes and
structures of the face. This view of the skull is dominated by the openings of the orbits and
the nasal cavity. Also seen are the upper and lower jaws, with their respective teeth (Figure
8.2).

The orbit is the bony socket that houses the eyeball and muscles that move the eyeball or
open the upper eyelid. The upper margin of the anterior orbit is the supraorbital margin.
Located near the midpoint of the supraorbital margin is a small opening -called
the supraorbital foramen. This provides for passage of a sensory nerve to the skin of the
forehead. Below the orbit is the infraorbital foramen, which is the point of emergence for a
sensory nerve that supplies the anterior face below the orbit.
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Figure 8.2 Anterior View of Skull An anterior view of the skull shows the bones that form
the forehead, orbits (eye sockets), nasal cavity, nasal septum, and upper and lower jaws.

Inside the nasal area of the skull, the nasal cavity is divided into halves by the nasal septum.
The upper portion of the nasal septum is formed by the perpendicular plate of the ethmoid
bone and the lower portion is the vomer bone. Each side of the nasal cavity is triangular in
shape, with a broad inferior space that narrows superiorly. When looking into the nasal cavity
from the front of the skull, two bony plates are seen projecting from each lateral wall. The
larger of these is the inferior nasal concha, an independent bone of the skull. Located just
above the inferior concha is the middle nasal concha, which is part of the ethmoid bone. A
third bony plate, also part of the ethmoid bone, is the superior nasal concha. It is much
smaller and out of sight, above the middle concha. The superior nasal concha is located just
lateral to the perpendicular plate, in the upper nasal cavity.

Bones of the Brain Case

The brain case contains and protects the brain. The interior space that is almost completely
occupied by the brain is called the cranial cavity. This cavity is bounded superiorly by the
rounded top of the skull, which is called the calvaria (skullcap), and the lateral and posterior
sides of the skull. The bones that form the top and sides of the brain case are usually referred
to as the “flat” bones of the skull.

The floor of the brain case is referred to as the base of the skull. This is a complex area that
varies in depth and has numerous openings for the passage of cranial nerves, blood vessels,
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and the spinal cord. Inside the skull, the base is subdivided into three large spaces, called
the anterior cranial fossa, middle cranial fossa, and posterior cranial fossa (fossa =
“trench or ditch™) (Figure 8.3). From anterior to posterior, the fossae increase in depth. The
shape and depth of each fossa corresponds to the shape and size of the brain region that each
houses. The boundaries and openings of the cranial fossae (singular = fossa) will be described
in a later section.

Anterior cranial
fossa

Middle cranial
fossa

Posterior cranial
fossa

Superior view

Brain within
cranial cavity

Cranial fossae:
Posterior
Middle
Anterior

Lateral view
Figure 8.3 Cranial Fossae The bones of the brain case surround and protect the brain, which

occupies the cranial cavity. The base of the brain case, which forms the floor of cranial
cavity, is subdivided into the shallow anterior cranial fossa, the middle cranial fossa, and the
deep posterior cranial fossa.

The brain case consists of eight bones. These include the paired parietal and temporal bones,
plus the unpaired frontal, occipital, sphenoid, and ethmoid bones.

Parietal Bone

The parietal bone forms most of the upper lateral side of the skull .These are paired bones,
with the right and left parietal bones joining together at the top of the skull. Each parietal
bone is also bounded anteriorly by the frontal bone, inferiorly by the temporal bone, and
posteriorly by the occipital bone.
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Temporal Bone

The temporal bone forms the lower lateral side of the skull . Common wisdom has it that the
temporal bone (temporal = “time”) is so named because this area of the head (the temple) is
where hair typically first turns gray, indicating the passage of time.

The temporal bone is subdivided into several regions (Figure 8.4). The flattened, upper
portion is the squamous portion of the temporal bone. Below this area and projecting
anteriorly is the zygomatic process of the temporal bone, which forms the posterior portion of
the zygomatic arch. Posteriorly is the mastoid portion of the temporal bone. Projecting
inferiorly from this region is a large prominence, the mastoid process, which serves as a
muscle attachment site. The mastoid process can easily be felt on the side of the head just
behind earlobe. On the interior of the skull, the petrous portion of each temporal bone forms
the prominent, diagonally oriented petrous ridge in the floor of the cranial cavity. Located
inside each petrous ridge are small cavities that house the structures of the middle and inner
ears.

External acoustic Squamous
meatus portion

Zygomatic
process

Articular

Mastoid tubercle

partion Mandibular

fossa
Mastoid process Styloid process

Figure 8.4 Temporal Bone A lateral view of the isolated temporal bone shows the
squamous, mastoid, and zygomatic portions of the temporal bone.

the middle cranial cavity, above the foramen lacerum.
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Figure 8.5 External and Internal Views of Base of Skull (a) The hard palate is formed
anteriorly by the palatine processes of the maxilla bones and posteriorly by the horizontal
plate of the palatine bones. (b) The complex floor of the cranial cavity is formed by the
frontal, ethmoid, sphenoid, temporal, and occipital bones. The lesser wing of the sphenoid
bone separates the anterior and middle cranial fossae. The petrous ridge (petrous portion of
temporal bone) separates the middle and posterior cranial fossae.
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Frontal Bone

The frontal bone is the single bone that forms the forehead. At its anterior midline, between
the eyebrows, there is a slight depression called the glabella . The frontal bone also forms the
supraorbital margin of the orbit. Near the middle of this margin, is the supraorbital foramen,
the opening that provides passage for a sensory nerve to the forehead. The frontal bone is
thickened just above each supraorbital margin, forming rounded brow ridges. These are
located just behind your eyebrows and vary in size among individuals, although they are
generally larger in males. Inside the cranial cavity, the frontal bone extends posteriorly. This
flattened region forms both the roof of the orbit below and the floor of the anterior cranial
cavity above (see Figure 8.5b).

Occipital Bone

The occipital bone is the single bone that forms the posterior skull and posterior base of the
cranial cavity (Figure 8.6; see also Figure 8.5). On its outside surface, at the posterior
midline, is a small protrusion called the external occipital protuberance, which serves as an
attachment site for a ligament of the posterior neck. Lateral to either side of this bump is
a superior nuchal line (nuchal = “nape” or “posterior neck’). The nuchal lines represent the
most superior point at which muscles of the neck attach to the skull, with only the scalp
covering the skull above these lines. On the base of the skull, the occipital bone contains the
large opening of the foramen magnum, which allows for passage of the spinal cord as it
exits the skull. On either side of the foramen magnum is an oval-shaped occipital condyle.
These condyles form joints with the first cervical vertebra and thus support the skull on top of
the vertebral column.
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Mastoid process
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Figure 8.6 Posterior View of Skull This view of the posterior skull shows attachment sites
for muscles and joints that support the skull.
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Sphenoid Bone

The sphenoid bone is a single, complex bone of the central skull (Figure 8.7). It serves as a
“keystone” bone, because it joins with almost every other bone of the skull. The sphenoid
forms much of the base of the central skull (see Figure 8.5) and also extends laterally to
contribute to the sides of the skull (see Figure 8.4). Inside the cranial cavity, the right and
left lesser wings of the sphenoid bone, which resemble the wings of a flying bird, form the
lip of a prominent ridge that marks the boundary between the anterior and middle cranial
fossae. The sella turcica (“Turkish saddle”) is located at the midline of the middle cranial
fossa. This bony region of the sphenoid bone is named for its resemblance to the horse
saddles used by the Ottoman Turks, with a high back and a tall front. The rounded depression
in the floor of the sella turcica is the hypophyseal (pituitary) fossa, which houses the pea-
sized pituitary (hypophyseal) gland. The greater wings of the sphenoid bone extend
laterally to either side away from the sella turcica, where they form the anterior floor of the
middle cranial fossa..

On the inferior aspect of the skull, each half of the sphenoid bone forms two thin, vertically
oriented bony plates. These are the medial pterygoid plate and lateral pterygoid
plate (pterygoid = “wing-shaped”). The right and left medial pterygoid plates form the
posterior, lateral walls of the nasal cavity. The somewhat larger lateral pterygoid plates serve
as attachment sites for chewing muscles that fill the infratemporal space and act on the
mandible.
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Figure 8.7 Sphenoid Bone Shown in isolation in (a) superior and (b) posterior views, the
sphenoid bone is a single midline bone that forms the anterior walls and floor of the middle
cranial fossa.

Ethmoid Bone

The ethmoid bone is a single, midline bone that forms the roof and lateral walls of the upper
nasal cavity, the upper portion of the nasal septum, and contributes to the medial wall of the
orbit (Figure 8.8 and Figure 8.9). On the interior of the skull, the ethmoid also forms a
portion of the floor of the anterior cranial cavity .

Within the nasal cavity, the perpendicular plate of the ethmoid bone forms the upper portion
of the nasal septum. The ethmoid bone also forms the lateral walls of the upper nasal cavity.
Extending from each lateral wall are the superior nasal concha and middle nasal concha,
which are thin, curved projections that extend into the nasal cavity (Figure 8.10).

In the cranial cavity, the ethmoid bone forms a small area at the midline in the floor of the
anterior cranial fossa. This region also forms the narrow roof of the underlying nasal cavity.
This portion of the ethmoid bone consists of two parts, the crista galli and cribriform plates.

The crista galli (“rooster’s comb or crest”) is a small upward bony projection located at the
midline. It functions as an anterior attachment point for one of the covering layers of the
brain. To either side of the crista galli is the cribriform plate (cribrum = “sieve”), a small,
flattened area with numerous small openings termed olfactory foramina. Small nerve
branches from the olfactory areas of the nasal cavity pass through these openings to enter the
brain.

The lateral portions of the ethmoid bone are located between the orbit and upper nasal cavity,
and thus form the lateral nasal cavity wall and a portion of the medial orbit wall. Located
inside this portion of the ethmoid bone are several small, air-filled spaces that are part of the
paranasal sinus system of the skull.
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Figure 8.8 Sagittal Section of Skull This midline view of the sagittally sectioned skull
shows the nasal septum.
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Figure 8.10 Lateral Wall of Nasal Cavity The three nasal conchae are curved bones that
project from the lateral walls of the nasal cavity. The superior nasal concha and middle nasal
concha are parts of the ethmoid bone. The inferior nasal concha is an independent bone of the
skull.

Sutures of the Skull

A suture is an immobile joint between adjacent bones of the skull. The narrow gap between
the bones is filled with dense, fibrous connective tissue that unites the bones. The long
sutures located between the bones of the brain case are not straight, but instead follow
irregular, tightly twisting paths. These twisting lines serve to tightly interlock the adjacent
bones, thus adding strength to the skull for brain protection.

The two suture lines seen on the top of the skull are the coronal and sagittal sutures.
The coronal suture runs from side to side across the skull, within the coronal plane of
section. It joins the frontal bone to the right and left parietal bones. The sagittal
suture extends posteriorly from the coronal suture, running along the midline at the top of the
skull in the sagittal plane of section . It unites the right and left parietal bones. On the
posterior skull, the sagittal suture terminates by joining the lambdoid suture. The lambdoid
suture extends downward and laterally to either side away from its junction with the sagittal
suture. The lambdoid suture joins the occipital bone to the right and left parietal and temporal
bones. This suture is named for its upside-down "V" shape, which resembles the capital letter
version of the Greek letter lambda (A). The squamous suture is located on the lateral skull.
It unites the squamous portion of the temporal bone with the parietal bone . At the
intersection of four bones is the pterion, a small, capital-H-shaped suture line region that
unites the frontal bone, parietal bone, squamous portion of the temporal bone, and greater
wing of the sphenoid bone. It is the weakest part of the skull. The pterion is located

INTRODUCTORY ANATOMY-I Page 69




approximately two finger widths above the zygomatic arch and a thumb’s width posterior to
the upward portion of the zygomatic bone.

Facial Bones of the Skull

The facial bones of the skull form the upper and lower jaws, the nose, nasal cavity and nasal
septum, and the orbit. The facial bones include 14 bones, with six paired bones and two
unpaired bones. The paired bones are the maxilla, palatine, zygomatic, nasal, lacrimal, and
inferior nasal conchae bones. The unpaired bones are the vomer and mandible bones.
Although classified with the brain-case bones, the ethmoid bone also contributes to the nasal
septum and the walls of the nasal cavity and orbit.

Maxillary Bone

The maxillary bone, often referred to simply as the maxilla (plural = maxillae), is one of a
pair that together form the upper jaw, much of the hard palate, the medial floor of the orbit,
and the lateral base of the nose . The curved, inferior margin of the maxillary bone that forms
the upper jaw and contains the upper teeth is the alveolar process of the maxilla. Each tooth
is anchored into a deep socket called an alveolus. On the anterior maxilla, just below the
orbit, is the infraorbital foramen. This is the point of exit for a sensory nerve that supplies the
nose, upper lip, and anterior cheek. On the inferior skull, the palatine process from each
maxillary bone can be seen joining together at the midline to form the anterior three-quarters
of the hard palate. The hard palate is the bony plate that forms the roof of the mouth and
floor of the nasal cavity, separating the oral and nasal cavities.
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Figure 8.11Maxillary Bone The maxillary bone forms the upper jaw and supports the upper

teeth. Each maxilla also forms the lateral floor of each orbit and the majority of the hard
palate.
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Palatine Bone

The palatine bone is one of a pair of irregularly shaped bones that contribute small areas to
the lateral walls of the nasal cavity and the medial wall of each orbit. The largest region of
each of the palatine bone is the horizontal plate. The plates from the right and left palatine
bones join together at the midline to form the posterior quarter of the hard palate. Thus, the
palatine bones are best seen in an inferior view of the skull and hard palate.

Zygomatic Bone

The zygomatic bone is also known as the cheekbone. Each of the paired zygomatic bones
forms much of the lateral wall of the orbit and the lateral-inferior margins of the anterior
orbital opening.. The short temporal process of the zygomatic bone projects posteriorly,
where it forms the anterior portion of the zygomatic arch .

Nasal Bone

The nasal bone is one of two small bones that articulate (join) with each other to form the
bony base (bridge) of the nose. They also support the cartilages that form the lateral walls of
the nose .. These are the bones that are damaged when the nose is broken.

Lacrimal Bone

Each lacrimal bone is a small, rectangular bone that forms the anterior, medial wall of the
orbit The anterior portion of the lacrimal bone forms a shallow depression called the lacrimal
fossa, and extending inferiorly from this is the nasolacrimal canal. The lacrimal fluid (tears
of the eye), which serves to maintain the moist surface of the eye, drains at the medial corner
of the eye into the nasolacrimal canal. This duct then extends downward to open into the
nasal cavity, behind the inferior nasal concha. In the nasal cavity, the lacrimal fluid normally
drains posteriorly, but with an increased flow of tears due to crying or eye irritation, some
fluid will also drain anteriorly, thus causing a runny nose.

Inferior Nasal Conchae

The right and left inferior nasal conchae form a curved bony plate that projects into the nasal
cavity space from the lower lateral wall. The inferior concha is the largest of the nasal
conchae and can easily be seen when looking into the anterior opening of the nasal cavity.

Vomer Bone

The unpaired vomer bone, often referred to simply as the vomer, is triangular-shaped and
forms the posterior-inferior part of the nasal septum. The vomer is best seen when looking
from behind into the posterior openings of the nasal cavity In this view, the vomer is seen to
form the entire height of the nasal septum. A much smaller portion of the vomer can also be
seen when looking into the anterior opening of the nasal cavity.

Mandible

The mandible forms the lower jaw and is the only moveable bone of the skull. At the time of
birth, the mandible consists of paired right and left bones, but these fuse together during the
first year to form the single U-shaped mandible of the adult skull. Each side of the mandible
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consists of a horizontal body and posteriorly, a vertically oriented ramus of the
mandible (ramus = “branch”). The outside margin of the mandible, where the body and
ramus come together is called the angle of the mandible (Figure 8.12).

The ramus on each side of the mandible has two upward-going bony projections. The more
anterior projection is the flattened coronoid process of the mandible, which provides
attachment for one of the biting muscles. The posterior projection is the condylar process of
the mandible, which is topped by the oval-shaped condyle. The condyle of the mandible
articulates (joins) with the mandibular fossa and articular tubercle of the temporal bone.
Together these articulations form the temporomandibular joint, which allows for opening and
closing of the mouth .The broad U-shaped curve located between the coronoid and condylar
processes is the mandibular notch.
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Figure 8.12 Isolated Mandible The mandible is the only moveable bone of the skull.

The Orbit

The orbit is the bony socket that houses the eyeball and contains the muscles that move the
eyeball or open the upper eyelid. Each orbit is cone-shaped, with a narrow posterior region
that widens toward the large anterior opening. To help protect the eye, the bony margins of
the anterior opening are thickened and somewhat constricted. The medial walls of the two
orbits are parallel to each other but each lateral wall diverges away from the midline at a 45°
angle. This divergence provides greater lateral peripheral vision.

The walls of each orbit include contributions from seven skull bones (Figure 8.13). The
frontal bone forms the roof and the zygomatic bone forms the lateral wall and lateral floor.
The medial floor is primarily formed by the maxilla, with a small contribution from the
palatine bone. The ethmoid bone and lacrimal bone make up much of the medial wall and the
sphenoid bone forms the posterior orbit.
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At the posterior apex of the orbit is the opening of the optic canal, which allows for passage
of the optic nerve from the retina to the brain. Lateral to this is the elongated and irregularly
shaped superior orbital fissure, which provides passage for the artery that supplies the
eyeball, sensory nerves, and the nerves that supply the muscles involved in eye movements.
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Supraorbital margin
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Superior orbital fissure [T | e Lacrimal fossa

Optic canal

Zygomatic bone " / / Palatine bone

Infraorbital foramen

Figure 8.13 Bones of the Orbit Seven skull bones contribute to the walls of the orbit.
Opening into the posterior orbit from the cranial cavity are the optic canal and superior
orbital fissure.

The Nasal Septum and Nasal Conchae

The nasal septum consists of both bone and cartilage components (Figure 8.14). The upper
portion of the septum is formed by the perpendicular plate of the ethmoid bone. The lower
and posterior parts of the septum are formed by the triangular-shaped vomer bone. In an
anterior view of the skull, the perpendicular plate of the ethmoid bone is easily seen inside
the nasal opening as the upper nasal septum, but only a small portion of the vomer is seen as
the inferior septum. A better view of the vomer bone is seen when looking into the posterior
nasal cavity with an inferior view of the skull, where the vomer forms the full height of the
nasal septum. The anterior nasal septum is formed by the septal cartilage, a flexible plate
that fills in the gap between the perpendicular plate of the ethmoid and vomer bones. This
cartilage also extends outward into the nose where it separates the right and left nostrils. The
septal cartilage is not found in the dry skull.

Attached to the lateral wall on each side of the nasal cavity are the superior, middle, and
inferior nasal conchae (singular = concha), which are named for their positions. These are
bony plates that curve downward as they project into the space of the nasal cavity. They serve
to swirl the incoming air, which helps to warm and moisturize it before the air moves into the
delicate air sacs of the lungs. This also allows mucus, secreted by the tissue lining the nasal
cavity, to trap incoming dust, pollen, bacteria, and viruses. The largest of the conchae is the
inferior nasal concha, which is an independent bone of the skull. The middle concha and the
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superior conchae, which is the smallest, are both formed by the ethmoid bone. When looking
into the anterior nasal opening of the skull, only the inferior and middle conchae can be seen.
The small superior nasal concha is well hidden above and behind the middle concha.
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Figure 8.14 Nasal Septum The nasal septum is formed by the perpendicular plate of the
ethmoid bone and the vomer bone. The septal cartilage fills the gap between these bones and
extends into the nose.

Cranial Fossae
Inside the skull, the floor of the cranial cavity is subdivided into three cranial fossae (spaces),
which increase in depth from anterior to posterior (see Figure 7.6, Figure 7.8b, and Figure

7.11). Since the brain occupies these areas, the shape of each conforms to the shape of the
brain regions that it contains. Each cranial fossa has anterior and posterior boundaries and is
divided at the midline into right and left areas by a significant bony structure or opening.
Anterior Cranial Fossa

The anterior cranial fossa is the most anterior and the shallowest of the three cranial fossae. It
overlies the orbits and contains the frontal lobes of the brain. Anteriorly, the anterior fossa is
bounded by the frontal bone, which also forms the majority of the floor for this space. The
lesser wings of the sphenoid bone form the prominent ledge that marks the boundary between
the anterior and middle cranial fossae. Located in the floor of the anterior cranial fossa at the
midline is a portion of the ethmoid bone, consisting of the upward projecting crista galli and
to either side of this, the cribriform plates.
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Middle Cranial Fossa

The middle cranial fossa is deeper and situated posterior to the anterior fossa. It extends from
the lesser wings of the sphenoid bone anteriorly, to the petrous ridges (petrous portion of the
temporal bones) posteriorly. The large, diagonally positioned petrous ridges give the middle
cranial fossa a butterfly shape, making it narrow at the midline and broad laterally. The
temporal lobes of the brain occupy this fossa. The middle cranial fossa is divided at the
midline by the upward bony prominence of the sella turcica, a part of the sphenoid bone. The
middle cranial fossa has several openings for the passage of blood vessels and cranial nerves

(see Figure 7.8).

Openings in the middle cranial fossa are as follows:

Optic canal—This opening is located at the anterior lateral corner of the sella turcica. It
provides for passage of the optic nerve into the orbit.

Superior orbital fissure—This large, irregular opening into the posterior orbit is located on
the anterior wall of the middle cranial fossa, lateral to the optic canal and under the projecting
margin of the lesser wing of the sphenoid bone. Nerves to the eyeball and associated muscles,
and sensory nerves to the forehead pass through this opening.

Foramen rotundum—This rounded opening (rotundum = “round”) is located in the floor of
the middle cranial fossa, just inferior to the superior orbital fissure. It is the exit point for a
major sensory nerve that supplies the cheek, nose, and upper teeth.

Foramen ovale of the middle cranial fossa—This large, oval-shaped opening in the floor of
the middle cranial fossa provides passage for a major sensory nerve to the lateral head, cheek,
chin, and lower teeth.

Foramen spinosum—This small opening, located posterior-lateral to the foramen ovale, is
the entry point for an important artery that supplies the covering layers surrounding the brain.
The branching pattern of this artery forms readily visible grooves on the internal surface of
the skull and these grooves can be traced back to their origin at the foramen spinosum.
Carotid canal—This is the zig-zag passageway through which a major artery to the brain
enters the skull. The entrance to the carotid canal is located on the inferior aspect of the skull,
anteromedial to the styloid process. From here, the canal runs anteromedially within the bony
base of the skull. Just above the foramen lacerum, the carotid canal opens into the middle
cranial cavity, near the posterior-lateral base of the sella turcica.

Foramen lacerum—This irregular opening is located in the base of the skull, immediately
inferior to the exit of the carotid canal. This opening is an artifact of the dry skull, because in
life it is completely filled with cartilage. All the openings of the skull that provide for passage
of nerves or blood vessels have smooth margins; the word lacerum (“ragged” or “torn”) tells
us that this opening has ragged edges and thus nothing passes through it.
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Posterior Cranial Fossa

The posterior cranial fossa is the most posterior and deepest portion of the cranial cavity. It
contains the cerebellum of the brain. The posterior fossa is bounded anteriorly by the petrous
ridges, while the occipital bone forms the floor and posterior wall. It is divided at the midline
by the large foramen magnum (“great aperture”), the opening that provides for passage of the
spinal cord.

Located on the medial wall of the petrous ridge in the posterior cranial fossa is the internal
acoustic meatus. This opening provides for passage of the nerve from the hearing and
equilibrium organs of the inner ear, and the nerve that supplies the muscles of the face.
Located at the anterior-lateral margin of the foramen magnum is the hypoglossal canal.
These emerge on the inferior aspect of the skull at the base of the occipital condyle and
provide passage for an important nerve to the tongue.

Immediately inferior to the internal acoustic meatus is the large, irregularly shaped jugular
foramen . Several cranial nerves from the brain exit the skull via this opening. It is also the
exit point through the base of the skull for all the venous return blood leaving the brain. The
venous structures that carry blood inside the skull form large, curved grooves on the inner
walls of the posterior cranial fossa, which terminate at each jugular foramen.

Paranasal Sinuses

The paranasal sinuses are hollow, air-filled spaces located within certain bones of the skull
(Figure 8.15). All of the sinuses communicate with the nasal cavity (paranasal = “next to
nasal cavity”) and are lined with nasal mucosa. They serve to reduce bone mass and thus
lighten the skull, and they also add resonance to the voice. This second feature is most
obvious when you have a cold or sinus congestion. These produce swelling of the mucosa
and excess mucus production, which can obstruct the narrow passageways between the
sinuses and the nasal cavity, causing your voice to sound different to yourself and others.
This blockage can also allow the sinuses to fill with fluid, with the resulting pressure
producing pain and discomfort.

The paranasal sinuses are named for the skull bone that each occupies. The frontal sinus is
located just above the eyebrows, within the frontal bone (see Figure 8.14). This irregular
space may be divided at the midline into bilateral spaces, or these may be fused into a single
sinus space. The frontal sinus is the most anterior of the paranasal sinuses. The largest sinus
is the maxillary sinus. These are paired and located within the right and left maxillary bones,
where they occupy the area just below the orbits. The maxillary sinuses are most commonly
involved during sinus infections. Because their connection to the nasal cavity is located high
on their medial wall, they are difficult to drain. The sphenoid sinus is a single, midline sinus.
It is located within the body of the sphenoid bone, just anterior and inferior to the sella
turcica, thus making it the most posterior of the paranasal sinuses. The lateral aspects of the
ethmoid bone contain multiple small spaces separated by very thin bony walls. Each of these
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spaces is called an ethmoid air cell. These are located on both sides of the ethmoid bone,
between the upper nasal cavity and medial orbit, just behind the superior nasal conchae.
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air cells

Maxillary
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Anterior Lateral
Figure 8.15 Paranasal Sinuses

Hyoid Bone

The hyoid bone is an independent bone that does not contact any other bone and thus is not
part of the skull (Figure 8.16). It is a small U-shaped bone located in the upper neck near the
level of the inferior mandible, with the tips of the “U” pointing posteriorly. The hyoid serves
as the base for the tongue above, and is attached to the larynx below and the pharynx

posteriorly. The hyoid is held in position by a series of small muscles that attach to it either

from above or below. These muscles act to move the hyoid up/down or forward/back.
Movements of the hyoid are coordinated with movements of the tongue, larynx, and pharynx
during swallowing and speaking.
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Figure 8.16 Hyoid Bone The hyoid bone is located in the upper neck and does not join with
any other bone. It provides attachments for muscles that act on the tongue, larynx, and
pharynx.
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CHAPTER 9: VERTEBRAL COLUMN

The vertebral column is also known as the spinal column or spine (Figure 9.1). It consists of a
sequence of vertebrae (singular = vertebra), each of which is separated and united by
an intervertebral disc. Together, the vertebrae and intervertebral discs form the vertebral
column. It is a flexible column that supports the head, neck, and body and allows for their
movements. It also protects the spinal cord, which passes down the back through openings in
the vertebrae.

7 Cervical vertebrae
(C1-C7) form cervical curve

12 Thoracic vertebrae
(T1-T12) form thoracic curve

Intervertebral

disc 5 Lumbar vertebrae (L1-L5)
3 form lumbar curve

crum = =7
See ) ( l o Fused vertebrae of sacrum
and coccyx form

Coccyx
W sacrococcygeal curve

Figure 9.1Vertebral Column

Regions of the Vertebral Column

The vertebral column originally develops as a series of 33 vertebrae, but this number is
eventually reduced to 24 vertebrae, plus the sacrum and coccyx. The vertebral column is
subdivided into five regions, with the vertebrae in each area named for that region and
numbered in descending order. In the neck, there are seven cervical vertebrae, each
designated with the letter “C” followed by its number. Superiorly, the C1 vertebra articulates
(forms a joint) with the occipital condyles of the skull. Inferiorly, C1 articulates with the C2
vertebra, and so on. Below these are the 12 thoracic vertebrae, designated T1-T12. The lower
back contains the L1-L5 lumbar vertebrae. The single sacrum, which is also part of the
pelvis, is formed by the fusion of five sacral vertebrae. Similarly, the coccyx, or tailbone,
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results from the fusion of four small coccygeal vertebrae. However, the sacral and coccygeal
fusions do not start until age 20 and are not completed until middle age.

Curvatures of the Vertebral Column

The adult vertebral column does not form a straight line, but instead has four curvatures along
its length (see Figure 9.1). These curves increase the vertebral column’s strength, flexibility,
and ability to absorb shock. When the load on the spine is increased, by carrying a heavy
backpack for example, the curvatures increase in depth (become more curved) to
accommodate the extra weight. They then spring back when the weight is removed. The four
adult curvatures are classified as either primary or secondary curvatures. Primary curves are
retained from the original fetal curvature, while secondary curvatures develop after birth.
During fetal development, the body is flexed anteriorly into the fetal position, giving the
entire vertebral column a single curvature that is concave anteriorly. In the adult, this fetal
curvature is retained in two regions of the vertebral column as the thoracic curve, which
involves the thoracic vertebrae, and the sacrococcygeal curve, formed by the sacrum and
coccyx. Each of these is thus called a primary curve because they are retained from the
original fetal curvature of the vertebral column.

A secondary curve develops gradually after birth as the child learns to sit upright, stand, and
walk. Secondary curves are concave posteriorly, opposite in direction to the original fetal
curvature. The cervical curve of the neck region develops as the infant begins to hold their
head upright when sitting. Later, as the child begins to stand and then to walk, the lumbar
curve of the lower back develops. In adults, the lumbar curve is generally deeper in females.
Disorders associated with the curvature of the spine include kypheosis (an excessive posterior
curvature of the thoracic region), lordoesis (an excessive anterior curvature of the lumbar
region), and scoliosis (an abnormal, lateral curvature, accompanied by twisting of the
vertebral column).

General Structure of a Vertebra

Within the different regions of the vertebral column, vertebrae vary in size and shape, but
they all follow a similar structural pattern. A typical vertebra will consist of a body, a
vertebral arch, and seven processes (Figure 9.2).

The body is the anterior portion of each vertebra and is the part that supports the body weight.
Because of this, the vertebral bodies progressively increase in size and thickness going down
the vertebral column. The bodies of adjacent vertebrae are separated and strongly united by
an intervertebral disc.

The vertebral arch forms the posterior portion of each vertebra. It consists of four parts, the
right and left pedicles and the right and left laminae. Each pedicle forms one of the lateral
sides of the vertebral arch. The pedicles are anchored to the posterior side of the vertebral
body. Each lamina forms part of the posterior roof of the vertebral arch. The large opening
between the vertebral arch and body is the vertebral foramen, which contains the spinal
cord. In the intact vertebral column, the vertebral foramina of all of the vertebrae align to
form the vertebral (spinal) canal, which serves as the bony protection and passageway for
the spinal cord down the back. When the vertebrae are aligned together in the vertebral
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column, notches in the margins of the pedicles of adjacent vertebrae together form
an intervertebral foramen, the opening through which a spinal nerve exits from the
vertebral column (Figure 9.3).

Seven processes arise from the vertebral arch. Each paired transverse process projects
laterally and arises from the junction point between the pedicle and lamina. The
single spinous process (vertebral spine) projects posteriorly at the midline of the back. The
vertebral spines can easily be felt as a series of bumps just under the skin down the middle of
the back. The transverse and spinous processes serve as important muscle attachment sites.
A superior articular process extends or faces upward, and an inferior articular
process faces or projects downward on each side of a vertebrae. The paired superior articular
processes of one vertebra join with the corresponding paired inferior articular processes from
the next higher vertebra. These junctions form slightly moveable joints between the adjacent
vertebrae. The shape and orientation of the articular processes vary in different regions of the
vertebral column and play a major role in determining the type and range of motion available
in each region.
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Figure 9.2Parts of a Typical Vertebra A typical vertebra consists of a body and a vertebral
arch. The arch is formed by the paired pedicles and paired laminae. Arising from the
vertebral arch are the transverse, spinous, superior articular, and inferior articular processes.
The vertebral foramen provides for passage of the spinal cord. Each spinal nerve exits
through an intervertebral foramen, located between adjacent vertebrae. Intervertebral discs
unite the bodies of adjacent vertebrae.
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Figure 9.3 Intervertebral Disc The bodies of adjacent vertebrae are separated and united by
an intervertebral disc, which provides padding and allows for movements between adjacent
vertebrae. The disc consists of a fibrous outer layer called the anulus fibrosus and a gel-like
center called the nucleus pulposus. The intervertebral foramen is the opening formed between
adjacent vertebrae for the exit of a spinal nerve.

Regional Modifications of Vertebrae

In addition to the general characteristics of a typical vertebra described above, vertebrae also
display characteristic size and structural features that vary between the different vertebral
column regions. Thus, cervical vertebrae are smaller than lumbar vertebrae due to differences
in the proportion of body weight that each supports. Thoracic vertebrae have sites for rib
attachment, and the vertebrae that give rise to the sacrum and coccyx have fused together into
single bones.

Cervical Vertebrae

Typical cervical vertebrae, such as C4 or C5, have several characteristic features that
differentiate them from thoracic or lumbar vertebrae (Figure 9.4). Cervical vertebrae have a
small body, reflecting the fact that they carry the least amount of body weight. Cervical
vertebrae usually have a bifid (Y-shaped) spinous process. The spinous processes of the C3—
C6 vertebrae are short, but the spine of C7 is much longer.

You can find these vertebrae by running your finger down the midline of the posterior neck
until you encounter the prominent C7 spine located at the base of the neck. The transverse
processes of the cervical vertebrae are sharply curved (U-shaped) to allow for passage of the
cervical spinal nerves. Each transverse process also has an opening called the transverse
foramen. An important artery that supplies the brain ascends up the neck by passing through
these openings. The superior and inferior articular processes of the cervical vertebrae are
flattened and largely face upward or downward, respectively.

The first and second cervical vertebrae are further modified, giving each a distinctive
appearance. The first cervical (C1) vertebra is also called the atlas, because this is the
vertebra that supports the skull on top of the vertebral column (in Greek mythology, Atlas
was the god who supported the heavens on his shoulders).

The C1 vertebra does not have a body or spinous process. Instead, it is ring-shaped,
consisting of an anterior arch and a posterior arch. The transverse processes of the atlas are
longer and extend more laterally than do the transverse processes of any other cervical
vertebrae. The superior articular processes face upward and are deeply curved for articulation
with the occipital condyles on the base of the skull. The inferior articular processes are flat
and face downward to join with the superior articular processes of the C2 vertebra.
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The second cervical (C2) vertebra is called the axis, because it serves as the axis for rotation
when turning the head toward the right or left. The axis resembles typical cervical vertebrae
in most respects, but is easily distinguished by the dens (odontoid process), a bony projection
that extends upward from the vertebral body. The dens joins with the inner aspect of the
anterior arch of the atlas, where it is held in place by transverse ligament.
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Figure 9.4 Cervical Vertebrae A typical cervical vertebra has a small body, a bifid spinous

process, transverse processes that have a transverse foramen and are curved for spinal nerve
passage. The atlas (C1 vertebra) does not have a body or spinous process. It consists of an
anterior and a posterior arch and elongated transverse processes. The axis (C2 vertebra) has
the upward projecting dens, which articulates with the anterior arch of the atlas.

Thoracic Vertebrae
The bodies of the thoracic vertebrae are larger than those of cervical vertebrae (Figure9.5).
The characteristic feature for a typical midthoracic vertebra is the spinous process, which is
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long and has a pronounced downward angle that causes it to overlap the next inferior
vertebra. The superior articular processes of thoracic vertebrae face anteriorly and the inferior
processes face posteriorly. These orientations are important determinants for the type and
range of movements available to the thoracic region of the vertebral column.

Thoracic vertebrae have several additional articulation sites, each of which is called a facet,
where a rib is attached. Most thoracic vertebrae have two facets located on the lateral sides of
the body, each of which is called a costal facet (costal = “rib”"). These are for articulation
with the head (end) of a rib. An additional facet is located on the transverse process for
articulation with the tubercle of a rib.
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Figure 9.5 Thoracic Vertebrae A typical thoracic vertebra is distinguished by the spinous
process, which is long and projects downward to overlap the next inferior vertebra. It also has
articulation sites (facets) on the vertebral body and a transverse process for rib attachment.

Superior VAW . Superior costal facet
articular fa _

Facet for
tubercle of rib i’ ) Head of rib

Intervertebral disc
Tranverse
processes

Spinous
process

INTRODUCTORY ANATOMY-I




Figure 9.6 Rib Articulation in Thoracic Vertebrae Thoracic vertebrae have superior and
inferior articular facets on the vertebral body for articulation with the head of a rib, and a
transverse process facet for articulation with the rib tubercle.

Lumbar Vertebrae

Lumbar vertebrae carry the greatest amount of body weight and are thus characterized by
the large size and thickness of the vertebral body (Figure 9.7). They have short transverse
processes and a short, blunt spinous process that projects posteriorly. The articular processes

are large, with the superior process facing backward and the inferior facing forward.
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Figure 9.7 Lumbar Vertebrae Lumbar vertebrae are characterized by having a large, thick

body and a short, rounded spinous process.

Sacrum and Coccyx

The sacrum is a triangular-shaped bone that is thick and wide across its superior base where it
is weight bearing and then tapers down to an inferior, non-weight bearing apex (Figure 9.8).
It is formed by the fusion of five sacral vertebrae, a process that does not begin until after the
age of 20. On the anterior surface of the older adult sacrum, the lines of vertebral fusion can
be seen as four transverse ridges. On the posterior surface, running down the midline, is
the median sacral crest, a bumpy ridge that is the remnant of the fused spinous processes
(median = “midline”; while medial = “toward, but not necessarily at, the midline”). Similarly,
the fused transverse processes of the sacral vertebrae form the lateral sacral crest.

The sacral promontory is the anterior lip of the superior base of the sacrum. Lateral to this is
the roughened auricular surface, which joins with the ilium portion of the hipbone to form the
immobile sacroiliac joints of the pelvis. Passing inferiorly through the sacrum is a bony
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tunnel called the sacral canal, which terminates at the sacral hiatus near the inferior tip of
the sacrum. The anterior and posterior surfaces of the sacrum have a series of paired openings
called sacral foramina (singular = foramen) that connect to the sacral canal. Each of these
openings is called a posterior (dorsal) sacral foramen or anterior (ventral) sacral
foramen. These openings allow for the anterior and posterior branches of the sacral spinal
nerves to exit the sacrum. The superior articular process of the sacrum, one of which is
found on either side of the superior opening of the sacral canal, articulates with the inferior
articular processes from the L5 vertebra.

The coccyx, or tailbone, is derived from the fusion of four very small coccygeal vertebrae
(see Figure 7.29). It articulates with the inferior tip of the sacrum. It is not weight bearing in
the standing position, but may receive some body weight when sitting.
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Figure 9.8 Sacrum and Coccyx

Intervertebral Discs and Ligaments of the Vertebral Column

The bodies of adjacent vertebrae are strongly anchored to each other by an intervertebral disc.
This structure provides padding between the bones during weight bearing, and because it can
change shape, also allows for movement between the vertebrae. Although the total amount of
movement available between any two adjacent vertebrae is small, when these movements are
summed together along the entire length of the vertebral column, large body movements can
be produced. Ligaments that extend along the length of the vertebral column also contribute
to its overall support and stability.

Intervertebral Disc

An intervertebral discis a fibrocartilaginous pad that fills the gap between adjacent
vertebral bodies (see Figure 9.3). Each disc is anchored to the bodies of its adjacent vertebrae,
thus strongly uniting these. The discs also provide padding between vertebrae during weight
bearing. Because of this, intervertebral discs are thin in the cervical region and thickest in the
lumbar region, which carries the most body weight. In total, the intervertebral discs account
for approximately 25 percent of your body height between the top of the pelvis and the base
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of the skull. Intervertebral discs are also flexible and can change shape to allow for
movements of the vertebral column.

Each intervertebral disc consists of two parts. The anulus fibrosus is the tough, fibrous outer
layer of the disc. It forms a circle (anulus = “ring” or “circle”) and is firmly anchored to the
outer margins of the adjacent vertebral bodies. Inside is the nucleus pulposus, consisting of a
softer, more gel-like material. It has a high water content that serves to resist compression
and thus is important for weight bearing. With increasing age, the water content of the
nucleus pulposus gradually declines. This causes the disc to become thinner, decreasing total
body height somewhat, and reduces the flexibility and range of motion of the disc, making
bending more difficult.

The gel-like nature of the nucleus pulposus also allows the intervertebral disc to change shape
as one vertebra rocks side to side or forward and back in relation to its neighbors during
movements of the vertebral column. Thus, bending forward causes compression of the
anterior portion of the disc but expansion of the posterior disc. If the posterior anulus fibrosus
is weakened due to injury or increasing age, the pressure exerted on the disc when bending
forward and lifting a heavy object can cause the nucleus pulposus to protrude posteriorly
through the anulus fibrosus, resulting in a herniated disc (“ruptured” or “slipped” disc)
(Figure9.10).

The posterior bulging of the nucleus pulposus can cause compression of a spinal nerve at the
point where it exits through the intervertebral foramen, with resulting pain and/or muscle
weakness in those body regions supplied by that nerve.

The most common sites for disc herniation are the L4/L5 or L5/S1 intervertebral discs, which
can cause sciatica, a widespread pain that radiates from the lower back down the thigh and
into the leg. Similar injuries of the C5/C6 or C6/C7 intervertebral discs, following forcible
hyperflexion of the neck from a collision accident or football injury, can produce pain in the
neck, shoulder, and upper limb.
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Figure 9.10 Herniated Intervertebral Disc
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THORACIC CAGE
The thoracic cage (rib cage) forms the thorax (chest) portion of the body. It consists of the 12

pairs of ribs with their costal cartilages and the sternum (Figure 9.11). The ribs are anchored
posteriorly to the 12 thoracic vertebrae (T1-T12). The thoracic cage protects the heart and

lungs.
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Figure 9.11Thoracic Cage

Sternum
The sternum is the elongated bony structure that anchors the anterior thoracic cage. It consists

of three parts: the manubrium, body, and xiphoid process. The manubrium is the wider,
superior portion of the sternum. The top of the manubrium has a shallow, U-shaped border
called the jugular (suprasternal) notch. This can be easily felt at the anterior base of the
neck, between the medial ends of the clavicles. The clavicular notch is the shallow
depression located on either side at the superior-lateral margins of the manubrium. This is the
site of the sternoclavicular joint, between the sternum and clavicle. The first ribs also attach
to the manubrium.

The elongated, central portion of the sternum is the body. The manubrium and body join
together at the sternal angle, so called because the junction between these two components is
not flat, but forms a slight bend. The second rib attaches to the sternum at the sternal angle.
Since the first rib is hidden behind the clavicle, the second rib is the highest rib that can be
identified by palpation. Thus, the sternal angle and second rib are important landmarks for the
identification and counting of the lower ribs. Ribs 3—7 attach to the sternal body.

The inferior tip of the sternum is the xiphoid process. This small structure is cartilaginous
early in life, but gradually becomes ossified starting during middle age.
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Ribs

Each rib is a curved, flattened bone that contributes to the wall of the thorax. The ribs
articulate posteriorly with the T1-T12 thoracic vertebrae, and most attach anteriorly via their
costal cartilages to the sternum. There are 12 pairs of ribs. The ribs are numbered 1-12 in
accordance with the thoracic vertebrae.

Parts of a Typical Rib

The posterior end of a typical rib is called the head of the rib (see Figure 9.6). This region
articulates primarily with the costal facet located on the body of the same numbered thoracic
vertebra and to a lesser degree, with the costal facet located on the body of the next higher
vertebra. Lateral to the head is the narrowed neck of the rib. A small bump on the posterior
rib surface is the tubercle of the rib, which articulates with the facet located on the
transverse process of the same numbered vertebra. The remainder of the rib is the body of
the rib (shaft). Just lateral to the tubercle is the angle of the rib, the point at which the rib
has its greatest degree of curvature. The angles of the ribs form the most posterior extent of
the thoracic cage. In the anatomical position, the angles align with the medial border of the
scapula. A shallow costal groove for the passage of blood vessels and a nerve is found along
the inferior margin of each rib.

Rib Classifications

The bony ribs do not extend anteriorly completely around to the sternum. Instead, each rib
ends in a costal cartilage. These cartilages are made of hyaline cartilage and can extend for
several inches. Most ribs are then attached, either directly or indirectly, to the sternum via
their costal cartilage (see Figure 9.11). The ribs are classified into three groups based on their
relationship to the sternum.

Ribs 1-7 are classified as true ribs (vertebrosternal ribs). The costal cartilage from each of
these ribs attaches directly to the sternum. Ribs 8-12 are called false ribs (vertebrochondral
ribs). The costal cartilages from these ribs do not attach directly to the sternum. For ribs 8-
10, the costal cartilages are attached to the cartilage of the next higher rib. Thus, the cartilage
of rib 10 attaches to the cartilage of rib 9, rib 9 then attaches to rib 8, and rib 8 is attached to
rib 7. The last two false ribs (11-12) are also called floating ribs (vertebral ribs). These are
short ribs that do not attach to the sternum at all. Instead, their small costal cartilages
terminate within the musculature of the lateral abdominal wall.
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CHAPTER 10: PECTORAL GIRDLE

The appendicular skeleton includes all of the limb bones, plus the bones that unite each limb
with the axial skeleton Figure 10.1). The bones that attach each upper limb to the axial
skeleton form the pectoral girdle (shoulder girdle). This consists of two bones, the scapula
and clavicleFigure 10.2). The clavicle (collarbone) is an S-shaped bone located on the
anterior side of the shoulder. It is attached on its medial end to the sternum of the thoracic
cage, which is part of the axial skeleton. The lateral end of the clavicle articulates (joins) with

the scapula just above the shoulder joint.
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Figure 10.2 Pectoral Girdle The pectoral girdle consists of the clavicle and the scapula,
which serve to attach the upper limb to the sternum of the axial skeleton.

The scapula (shoulder blade) lies on the posterior aspect of the shoulder. It is supported by
the clavicle and articulates with the humerus (arm bone) to form the shoulder joint. The
scapula is a flat, triangular-shaped bone with a prominent ridge running across its posterior
surface. This ridge extends out laterally, where it forms the bony tip of the shoulder and joins
with the lateral end of the clavicle.

The right and left pectoral girdles are not joined to each other, allowing each to operate
independently. In addition, the clavicle of each pectoral girdle is anchored to the axial
skeleton by a single, highly mobile joint. This allows for the extensive mobility of the entire
pectoral girdle, which in turn enhances movements of the shoulder and upper limb.
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Clavicle
The clavicle is the only long bone that lies in a horizontal position in the body (see Figure

10.2). The clavicle has several important functions. First, anchored by muscles from above, it
serves as a strut that extends laterally to support the scapula. This in turn holds the shoulder
joint superiorly and laterally from the body trunk, allowing for maximal freedom of motion
for the upper limb. The clavicle also transmits forces acting on the upper limb to the sternum
and axial skeleton. Finally, it serves to protect the underlying nerves and blood vessels as
they pass between the trunk of the body and the upper limb.

The clavicle has three regions: the medial end, the lateral end, and the shaft. The medial end,
known as the sternal end of the clavicle, has a triangular shape and articulates with the
manubrium portion of the sternum. This forms the sternoclavicular joint, which is the only
bony articulation between the pectoral girdle of the upper limb and the axial skeleton. This
joint allows considerable mobility, enabling the clavicle and scapula to move in
upward/downward and anterior/posterior directions during shoulder movements. The
sternoclavicular joint is indirectly supported by the costoclavicular ligament (costo- =
“rib”), which spans the sternal end of the clavicle and the underlying first rib. The lateral
or acromial end of the clavicle articulates with the acromion of the scapula, the portion of
the scapula that forms the bony tip of the shoulder. There are some sex differences in the
morphology of the clavicle. In women, the clavicle tends to be shorter, thinner, and less
curved. In men, the clavicle is heavier and longer, and has a greater curvature and rougher
surfaces where muscles attach, features that are more pronounced in manual workers.

Scapula
The scapula is also part of the pectoral girdle and thus plays an important role in anchoring

the upper limb to the body. The scapula is located on the posterior side of the shoulder. It is
surrounded by muscles on both its anterior (deep) and posterior (superficial) sides, and thus
does not articulate with the ribs of the thoracic cage.

The scapula has several important landmarks (Figure 10.3). The three margins or borders of
the scapula, named for their positions within the body, are the superior border of the
scapula, the medial border of the scapula, and the lateral border of the scapula.
The suprascapular notch is located lateral to the midpoint of the superior border. The
corners of the triangular scapula, at either end of the medial border, are the superior angle of
the scapula, located between the medial and superior borders, and the inferior angle of the
scapula, located between the medial and lateral borders. The inferior angle is the most
inferior portion of the scapula, and is particularly important because it serves as the
attachment point for several powerful muscles involved in shoulder and upper limb
movements. The remaining corner of the scapula, between the superior and lateral borders, is
the location of the glenoid cavity (glenoid fossa). This shallow depression articulates with
the humerus bone of the arm to form the glenohumeral joint (shoulder joint). The small
bony bumps located immediately above and below the glenoid cavity are the supraglenoid
tubercle and the infraglenoid tubercle, respectively. These provide attachments for muscles
of the arm.
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Figure 10.3 Scapula The isolated scapula is shown here from its anterior (deep) side and its
posterior (superficial) side.

The scapula also has two prominent projections. Toward the lateral end of the superior
border, between the suprascapular notch and glenoid cavity, is the hook-like coracoid
process (coracoid = “shaped like a crow’s beak”). This process projects anteriorly and curves
laterally. At the shoulder, the coracoid process is located inferior to the lateral end of the
clavicle. It is anchored to the clavicle by a strong ligament, and serves as the attachment site
for muscles of the anterior chest and arm. On the posterior aspect, the spine of the scapula is
a long and prominent ridge that runs across its upper portion. Extending laterally from the
spine is a flattened and expanded region called the acromion or acromial process. The
acromion forms the bony tip of the superior shoulder region and articulates with the lateral
end of the clavicle, forming the acromioclavicular joint (see Figure 10.2). Together, the
clavicle, acromion, and spine of the scapula form a V-shaped bony line that provides for the
attachment of neck and back muscles that act on the shoulder, as well as muscles that pass
across the shoulder joint to act on the arm.

The scapula has three depressions, each of which is called a fossa (plural = fossae). Two of
these are found on the posterior scapula, above and below the scapular spine. Superior to the
spine is the narrow supraspinous fossa, and inferior to the spine is the broad infraspinous
fossa. The anterior (deep) surface of the scapula forms the broad subscapular fossa.

The acromioclavicular joint transmits forces from the upper limb to the clavicle. The
ligaments around this joint are relatively weak. A hard fall onto the elbow or outstretched
hand can stretch or tear the acromioclavicular ligaments, resulting in a moderate injury to the
joint. However, the primary support for the acromioclavicular joint comes from a very strong
ligament called the coracoclavicular ligament (see Figure 10.2). This connective tissue band
anchors the coracoid process of the scapula to the inferior surface of the acromial end of the
clavicle and thus provides important indirect support for the acromioclavicular joint.
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CHAPTER 11: BONES OF UPPER LIMB

The upper limb is divided into three regions. These consist of the arm, located between the
shoulder and elbow joints; the forearm, which is between the elbow and wrist joints; and
the hand, which is located distal to the wrist. There are 30 bones in each upper limb.
The humerus is the single bone of the upper arm, and the ulna (medially) and
the radius (laterally) are the paired bones of the forearm. The base of the hand contains eight
bones, each called a carpal bone, and the palm of the hand is formed by five bones, each
called a metacarpal bone. The fingers and thumb contain a total of 14 bones, each of which
is a phalanx bone of the hand.

Humerus

The humerus is the single bone of the upper arm region (Figure 11.1). At its proximal end is
the head of the humerus. This is the large, round, smooth region that faces medially. The
head articulates with the glenoid cavity of the scapula to form the glenohumeral (shoulder)
joint. The margin of the smooth area of the head is the anatomical neck of the humerus.
Located on the lateral side of the proximal humerus is an expanded bony area called
the greater tubercle. The smaller lesser tubercle of the humerus is found on the anterior
aspect of the humerus. Both the greater and lesser tubercles serve as attachment sites for
muscles that act across the shoulder joint. Passing between the greater and lesser tubercles is
the narrow intertubercular groove (sulcus), which is also known as the bicipital
groove because it provides passage for a tendon of the biceps brachii muscle. The surgical
neck is located at the base of the expanded, proximal end of the humerus, where it joins the
narrow shaft of the humerus. The surgical neck is a common site of arm fractures.
The deltoid tuberosity is a roughened, V-shaped region located on the lateral side in the
middle of the humerus shaft. As its name indicates, it is the site of attachment for the deltoid
muscle.
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Figure 11.1 Humerus and Elbow Joint The humerus is the single bone of the upper arm
region. It articulates with the radius and ulna bones of the forearm to form the elbow joint.
Distally, the humerus becomes flattened. The prominent bony projection on the medial side is
the medial epicondyle of the humerus. The much smaller lateral epicondyle of the
humerus is found on the lateral side of the distal humerus. The roughened ridge of bone
above the lateral epicondyle is the lateral supracondylar ridge. All of these areas are
attachment points for muscles that act on the forearm, wrist, and hand. The powerful grasping
muscles of the anterior forearm arise from the medial epicondyle, which is thus larger and
more robust than the lateral epicondyle that gives rise to the weaker posterior forearm
muscles.

The distal end of the humerus has two articulation areas, which join the ulna and radius bones
of the forearm to form the elbow joint. The more medial of these areas is the trochlea, a
spindle- or pulley-shaped region (trochlea = “pulley”), which articulates with the ulna bone.
Immediately lateral to the trochlea is the capitulum (“small head”), a knob-like structure
located on the anterior surface of the distal humerus.

The capitulum articulates with the radius bone of the forearm. Just above these bony areas are
two small depressions. These spaces accommodate the forearm bones when the elbow is fully
bent (flexed). Superior to the trochlea is the coronoid fossa, which receives the coronoid
process of the ulna, and above the capitulum is the radial fossa, which receives the head of
the radius when the elbow is flexed. Similarly, the posterior humerus has the olecranon

fossa, a larger depression that receives the olecranon process of the ulna when the forearm is
fully extended.

Ulna

The ulna is the medial bone of the forearm. It runs parallel to the radius, which is the lateral
bone of the forearm (Figure 11.2). The proximal end of the ulna resembles a crescent wrench
with its large, C-shaped trochlear notch. This region articulates with the trochlea of the
humerus as part of the elbow joint. The inferior margin of the trochlear notch is formed by a
prominent lip of bone called the coronoid process of the ulna. Just below this on the anterior
ulna is a roughened area called the ulnar tuberosity.

To the lateral side and slightly inferior to the trochlear notch is a small, smooth area called
the radial notch of the ulna. This area is the site of articulation between the proximal radius
and the ulna, forming the proximal radioulnar joint. The posterior and superior portions of
the proximal ulna make up the olecranon process, which forms the bony tip of the elbow.
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Figure 11.2 Ulna and Radius

More distal is the shaft of the ulna. The lateral side of the shaft forms a ridge called
the interosseous border of the ulna. This is the line of attachment for the interosseous
membrane of the forearm, a sheet of dense connective tissue that unites the ulna and radius
bones. The small, rounded area that forms the distal end is the head of the ulna. Projecting
from the posterior side of the ulnar head is the styloid process of the ulna, a short bony
projection. This serves as an attachment point for a connective tissue structure that unites the
distal ends of the ulna and radius.

In the anatomical position, with the elbow fully extended and the palms facing forward, the
arm and forearm do not form a straight line. Instead, the forearm deviates laterally by 5-15
degrees from the line of the arm. This deviation is called the carrying angle. It allows the
forearm and hand to swing freely or to carry an object without hitting the hip. The carrying
angle is larger in females to accommodate their wider pelvis.

Radius

The radius runs parallel to the ulna, on the lateral (thumb) side of the forearm (see Figure
11.2). The head of the radius is a disc-shaped structure that forms the proximal end. The
small depression on the surface of the head articulates with the capitulum of the humerus as
part of the elbow joint, whereas the smooth, outer margin of the head articulates with the
radial notch of the ulna at the proximal radioulnar joint. The neck of the radius is the
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narrowed region immediately below the expanded head. Inferior to this point on the medial
side is the radial tuberosity, an oval-shaped, bony protuberance that serves as a muscle
attachment point. The shaft of the radius is slightly curved and has a small ridge along its
medial side. This ridge forms the interosseous border of the radius, which, like the similar
border of the ulna, is the line of attachment for the interosseous membrane that unites the two
forearm bones.

The distal end of the radius has a smooth surface for articulation with two carpal bones to
form the radiocarpal joint or wrist joint (Figure 11.3 and Figure 11.4). On the medial side of
the distal radius is the ulnar notch of the radius. This shallow depression articulates with the
head of the ulna, which together form the distal radioulnar joint. The lateral end of the
radius has a pointed projection called the styloid process of the radius. This provides
attachment for ligaments that support the lateral side of the wrist joint. Compared to the
styloid process of the ulna, the styloid process of the radius projects more distally, thereby
limiting the range of movement for lateral deviations of the hand at the wrist joint.

Carpal Bones

The wrist and base of the hand are formed by a series of eight small carpal bones (see Figure
11.3). The carpal bones are arranged in two rows, forming a proximal row of four carpal
bones and a distal row of four carpal bones. The bones in the proximal row, running from the
lateral (thumb) side to the medial side, are the scaphoid (‘“boat-shaped”), lunate (“moon-
shaped”), triquetrum (“three-cornered”), and pisiform (“pea-shaped”) bones. The small,
rounded pisiform bone articulates with the anterior surface of the triquetrum bone. The
pisiform thus projects anteriorly, where it forms the bony bump that can be felt at the medial
base of your hand. The  distal bones (lateral to  medial) are
the trapezium (“table”), trapezoid (“resembles a table”), capitate (“head-shaped”),
and hamate (“hooked bone”) bones. The hamate bone is characterized by a prominent bony
extension on its anterior side called the hook of the hamate bone.
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Figure 11.3 Bones of the Wrist and Hand .
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The carpal bones form the base of the hand. This can be seen in the radiograph (X-ray image)
of the hand that shows the relationships of the hand bones to the skin creases of the hand
(see Figure 11.4). Within the carpal bones, the four proximal bones are united to each other
by ligaments to form a unit. Only three of these bones, the scaphoid, lunate, and triquetrum,
contribute to the radiocarpal joint. The scaphoid and lunate bones articulate directly with the
distal end of the radius, whereas the triquetrum bone articulates with a fibrocartilaginous pad
that spans the radius and styloid process of the ulna. The distal end of the ulna thus does not
directly articulate with any of the carpal bones.

The four distal carpal bones are also held together as a group by ligaments. The proximal and
distal rows of carpal bones articulate with each other to form the midcarpal joint (see Figure
11.4). Together, the radiocarpal and midcarpal joints are responsible for all movements of the
hand at the wrist. The distal carpal bones also articulate with the metacarpal bones of the
hand.

Metacarpophalangeal
joints Interphalangeal joints

Carpometacarpal
joints

Midcarpal joint
Radiocarpal (wrist)
joint

Figure 11.4 Bones of the Hand This radiograph shows the position of the bones within the
hand. Note the carpal bones that form the base of the hand. (credit: modification of work by
Trace Meek)

In the articulated hand, the carpal bones form a U-shaped grouping. A strong ligament called
the flexor retinaculum spans the top of this U-shaped area to maintain this grouping of the
carpal bones. The flexor retinaculum is attached laterally to the trapezium and scaphoid
bones, and medially to the hamate and pisiform bones. Together, the carpal bones and the
flexor retinaculum form a passageway called the carpal tunnel, with the carpal bones
forming the walls and floor, and the flexor retinaculum forming the roof of this space (Figure
11.5). The tendons of nine muscles of the anterior forearm and an important nerve pass
through this narrow tunnel to enter the hand. Overuse of the muscle tendons or wrist injury
can produce inflammation and swelling within this space. This produces compression of the
nerve, resulting in carpal tunnel syndrome, which is characterized by pain or numbness, and
muscle weakness in those areas of the hand supplied by this nerve.
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Figure 11.5 Carpal Tunnel

Metacarpal Bones

The palm of the hand contains five elongated metacarpal bones. These bones lie between the
carpal bones of the wrist and the bones of the fingers and thumb (see Figure 11.3). The
proximal end of each metacarpal bone articulates with one of the distal carpal bones. Each of
these articulations is a carpometacarpal joint (see Figure 11.4). The expanded distal end of
each metacarpal bone articulates at the metacarpophalangeal joint with the proximal
phalanx bone of the thumb or one of the fingers. The distal end also forms the knuckles of the
hand, at the base of the fingers. The metacarpal bones are numbered 1-5, beginning at the
thumb.

The first metacarpal bone, at the base of the thumb, is separated from the other metacarpal
bones. This allows it a freedom of motion that is independent of the other metacarpal bones,
which is very important for thumb mobility. The remaining metacarpal bones are united
together to form the palm of the hand. The second and third metacarpal bones are firmly
anchored in place and are immobile. However, the fourth and fifth metacarpal bones have
limited anterior-posterior mobility, a motion that is greater for the fifth bone. This mobility is
important during power gripping with the hand (Figure 11.6). The anterior movement of
these bones, particularly the fifth metacarpal bone, increases the strength of contact for the
medial hand during gripping actions.

(a) Loosely held (b) Firmly gripped
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Figure 11.6 Hand During Gripping During tight gripping—compare (b) to (a)—the fourth
and, particularly, the fifth metatarsal bones are pulled anteriorly. This increases the contact
between the object and the medial side of the hand, thus improving the firmness of the grip.

Phalanx Bones

The fingers and thumb contain 14 bones, each of which is called a phalanx bone (plural =
phalanges), named after the ancient Greek phalanx (a rectangular block of soldiers). The
thumb (pollex) is digit number 1 and has two phalanges, a proximal phalanx, and a distal
phalanx bone (see Figure 11.3). Digits 2 (index finger) through 5 (little finger) have three
phalanges each, called the proximal, middle, and distal phalanx bones. An interphalangeal
joint is one of the articulations between adjacent phalanges of the digits (see Figure 11.4).

Surgical neck fracture

Transverse humeral fracture

Fractures of the Humerus

Supracondylar fracture

Normal

Normal
Colles Fracture of the Distal Radius
Figure 11.7 Fractures of the Humerus and Radius Falls or direct blows can result in

fractures of the surgical neck or shaft of the humerus. Falls onto the elbow can fracture the
distal humerus. A Colles fracture of the distal radius is the most common forearm fracture.
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CHAPTER 12: PELVIC GIRDLE

The pelvic girdle (hip girdle) is formed by a single bone, the hip bone or coxal bone (coxal
= “hip”), which serves as the attachment point for each lower limb. Each hip bone, in turn, is
firmly joined to the axial skeleton via its attachment to the sacrum of the vertebral column.
The right and left hip bones also converge anteriorly to attach to each other. The
bony pelvis is the entire structure formed by the two hip bones, the sacrum, and, attached
inferiorly to the sacrum, the coccyx (Figure 12.1).

Unlike the bones of the pectoral girdle, which are highly mobile to enhance the range of
upper limb movements, the bones of the pelvis are strongly united to each other to form a
largely immobile, weight-bearing structure. This is important for stability because it enables
the weight of the body to be easily transferred laterally from the vertebral column, through
the pelvic girdle and hip joints, and into either lower limb whenever the other limb is not
bearing weight. Thus, the immobility of the pelvis provides a strong foundation for the upper
body as it rests on top of the mobile lower limbs.

Sacroiliac joint

Sacral promonitory

Sacrum

Pelvic brim

Acetabulum
Coccyx

Obturator foramen

= § - =
I u
\ '\ \ AR L !(‘ Pubic symphysis
Ischial tuberosity X

W\

Ischiopubic ramus

Figure 12.1 Pelvis The pelvic girdle is formed by a single hip bone. The hip bone attaches
the lower limb to the axial skeleton through its articulation with the sacrum. The right and left
hip bones, plus the sacrum and the coccyx, together form the pelvis.

Hip Bone

The hip bone, or coxal bone, forms the pelvic girdle portion of the pelvis. The paired hip
bones are the large, curved bones that form the lateral and anterior aspects of the pelvis. Each
adult hip bone is formed by three separate bones that fuse together during the late teenage
years. These bony components are the ilium, ischium, and pubis (Figure 12.2). These names
are retained and used to define the three regions of the adult hip bone.
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Figure 12.2 The Hip Bone The adult hip bone consists of three regions. The ilium forms the
large, fan-shaped superior portion, the ischium forms the posteroinferior portion, and the
pubis forms the anteromedial portion.

The ilium is the fan-like, superior region that forms the largest part of the hip bone. It is
firmly united to the sacrum at the largely immobile sacroiliac joint (see Figure 12.1).
The ischium forms the posteroinferior region of each hip bone. It supports the body when
sitting. The pubis forms the anterior portion of the hip bone. The pubis curves medially,
where it joins to the pubis of the opposite hip bone at a specialized joint called the pubic
symphysis.

Hium

The curved, superior margin of the ilium is the iliac crest. see Figure 12.2). The rounded,
anterior termination of the iliac crest is the anterior superior iliac spine. This important
bony landmark can be felt at your anterolateral hip. Inferior to the anterior superior iliac spine
is a rounded protuberance called the anterior inferior iliac spine. Both of these iliac spines
serve as attachment points for muscles of the thigh. Posteriorly, the iliac crest curves
downward to terminate as the posterior superior iliac spine. Muscles and ligaments
surround but do not cover this bony landmark, thus sometimes producing a depression seen
as a “dimple” located on the lower back. More inferiorly is the posterior inferior iliac spine.
This is located at the inferior end of a large, roughened area called the auricular surface of
the ilium. The auricular surface articulates with the auricular surface of the sacrum to form
the sacroiliac joint. Both the posterior superior and posterior inferior iliac spines serve as
attachment points for the muscles and very strong ligaments that support the sacroiliac joint.

The shallow depression located on the anteromedial (internal) surface of the upper ilium is
called the iliac fossa. The inferior margin of this space is formed by the arcuate line of the
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ilium, the ridge formed by the pronounced change in curvature between the upper and lower
portions of the ilium. The large, inverted U-shaped indentation located on the posterior
margin of the lower ilium is called the greater sciatic notch.

Ischium

The ischium forms the posterolateral portion of the hip bone (see Figure 12.2). The large,
roughened area of the inferior ischium is the ischial tuberosity. This serves as the attachment
for the posterior thigh muscles and also carries the weight of the body when sitting.
Projecting superiorly and anteriorly from the ischial tuberosity is a narrow segment of bone
called the ischial ramus. The slightly curved posterior margin of the ischium above the
ischial tuberosity is the lesser sciatic notch. The bony projection separating the lesser sciatic
notch and greater sciatic notch is the ischial spine.

Pubis

The pubis forms the anterior portion of the hip bone (see Figure 12.2). The enlarged medial
portion of the pubis is the pubic body. Located superiorly on the pubic body is a small bump
called the pubic tubercle. The superior pubic ramus is the segment of bone that passes
laterally from the pubic body to join the ilium. The narrow ridge running along the superior
margin of the superior pubic ramus is the pectineal line of the pubis.

The pubic body is joined to the pubic body of the opposite hip bone by the pubic symphysis.
Extending downward and laterally from the body is the inferior pubic ramus. The pubic
arch is the bony structure formed by the pubic symphysis, and the bodies and inferior pubic
rami of the adjacent pubic bones. The inferior pubic ramus extends downward to join the
ischial ramus. Together, these form the single ischiopubic ramus, which extends from the
pubic body to the ischial tuberosity. The inverted V-shape formed as the ischiopubic rami
from both sides come together at the pubic symphysis is called the subpubic angle.

Pelvis

The pelvis consists of four bones: the right and left hip bones, the sacrum, and the coccyx
(see Figure 12.1). The pelvis has several important functions. Its primary role is to support
the weight of the upper body when sitting and to transfer this weight to the lower limbs when
standing. It serves as an attachment point for trunk and lower limb muscles, and also protects
the internal pelvic organs. When standing in the anatomical position, the pelvis is tilted
anteriorly. In this position, the anterior superior iliac spines and the pubic tubercles lie in the
same vertical plane, and the anterior (internal) surface of the sacrum faces forward and
downward.

The three areas of each hip bone, the ilium, pubis, and ischium, converge centrally to form a
deep, cup-shaped cavity called the acetabulum. This is located on the lateral side of the hip
bone and is part of the hip joint. The large opening in the anteroinferior hip bone between the
ischium and pubis is the obturator foramen. This space is largely filled in by a layer of
connective tissue and serves for the attachment of muscles on both its internal and external
surfaces.
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Several ligaments unite the bones of the pelvis (Figure 12.3). The largely immobile sacroiliac
joint is supported by a pair of strong ligaments that are attached between the sacrum and
ilium portions of the hip bone. These are the anterior sacroiliac ligament on the anterior
side of the joint and the posterior sacroiliac ligament on the posterior side. Also spanning
the sacrum and hip bone are two additional ligaments. The sacrospinous ligament runs from
the sacrum to the ischial spine, and the sacrotuberous ligament runs from the sacrum to the
ischial tuberosity. These ligaments help to support and immobilize the sacrum as it carries the
weight of the body.
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Figure 12.3 Ligaments of the Pelvis The posterior sacroiliac ligament supports the
sacroiliac joint. The sacrospinous ligament spans the sacrum to the ischial spine, and the
sacrotuberous ligament spans the sacrum to the ischial tuberosity. The sacrospinous and
sacrotuberous ligaments contribute to the formation of the greater and lesser sciatic foramina.
The sacrospinous and sacrotuberous ligaments also help to define two openings on the
posterolateral sides of the pelvis through which muscles, nerves, and blood vessels for the
lower limb exit. The superior opening is the greater sciatic foramen. This large opening is
formed by the greater sciatic notch of the hip bone, the sacrum, and the sacrospinous
ligament. The smaller, more inferior lesser sciatic foramen is formed by the lesser sciatic
notch of the hip bone, together with the sacrospinous and sacrotuberous ligaments.

The space enclosed by the bony pelvis is divided into two regions (Figure 12.4). The broad,
superior region, defined laterally by the large, fan-like portion of the upper hip bone, is called
the greater pelvis (greater pelvic cavity; false pelvis). This broad area is occupied by
portions of the small and large intestines, and because it is more closely associated with the
abdominal cavity, it is sometimes referred to as the false pelvis. More inferiorly, the narrow,
rounded space of the lesser pelvis (lesser pelvic cavity; true pelvis) contains the bladder and
other pelvic organs, and thus is also known as the true pelvis. The pelvic brim (also known
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as the pelvic inlet) forms the superior margin of the lesser pelvis, separating it from the
greater pelvis. The pelvic brim is defined by a line formed by the upper margin of the pubic
symphysis anteriorly, and the pectineal line of the pubis, the arcuate line of the ilium, and the
sacral promontory (the anterior margin of the superior sacrum) posteriorly. The inferior limit
of the lesser pelvic cavity is called the pelvic outlet. This large opening is defined by the
inferior margin of the pubic symphysis anteriorly, and the ischiopubic ramus, the ischial
tuberosity, the sacrotuberous ligament, and the inferior tip of the coccyx posteriorly. Because
of the anterior tilt of the pelvis, the lesser pelvis is also angled, giving it an anterosuperior
(pelvic inlet) to posteroinferior (pelvic outlet) orientation.

Female

Figure 12.4 Male and Female Pelvis The female pelvis is adapted for childbirth and is
broader, with a larger subpubic angle, a rounder pelvic brim, and a wider and more shallow
lesser pelvic cavity than the male pelvis.

Comparison of the Female and Male Pelvis

The differences between the adult female and male pelvis relate to function and body size. In
general, the bones of the male pelvis are thicker and heavier, adapted for support of the
male’s heavier physical build and stronger muscles. The greater sciatic notch of the male hip
bone is narrower and deeper than the broader notch of females. Because the female pelvis is
adapted for childbirth, it is wider than the male pelvis, as evidenced by the distance between
the anterior superior iliac spines (see Figure 12.4). The ischial tuberosities of females are also
farther apart, which increases the size of the pelvic outlet. Because of this increased pelvic
width, the subpubic angle is larger in females (greater than 80 degrees) than it is in males
(less than 70 degrees). The female sacrum is wider, shorter, and less curved, and the sacral
promontory projects less into the pelvic cavity, thus giving the female pelvic inlet (pelvic
brim) a more rounded or oval shape compared to males. The lesser pelvic cavity of females is
also wider and more shallow than the narrower, deeper, and tapering lesser pelvis of males.
Because of the obvious differences between female and male hip bones, this is the one bone
of the body that allows for the most accurate sex determination. provides an overview of the
general differences between the female and male pelvis.
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CHAPTER 13: BONES OF LOWER LIMB

Like the upper limb, the lower limb is divided into three regions. The thigh is that portion of
the lower limb located between the hip joint and knee joint. The leg is specifically the region
between the knee joint and the ankle joint. Distal to the ankle is the foot.

The lower limb contains 30 bones. These are the femur, patella, tibia, fibula, tarsal bones,
metatarsal bones, and phalanges. The femur is the single bone of the thigh. The patella is the
kneecap and articulates with the distal femur. The tibia is the larger, weight-bearing bone
located on the medial side of the leg, and the fibula is the thin bone of the lateral leg. The
bones of the foot are divided into three groups.

The posterior portion of the foot is formed by a group of seven bones, each of which is
known as a tarsal bone, whereas the mid-foot contains five elongated bones, each of which
is a metatarsal bone. The toes contain 14 small bones, each of which is a phalanx bone of
the foot.

Femur

The femur, or thigh bone, is the single bone of the thigh region (Figure 13.1). It is the longest
and strongest bone of the body, and accounts for approximately one-quarter of a person’s
total height.

The rounded, proximal end is the head of the femur, which articulates with the acetabulum
of the hip bone to form the hip joint. The fovea capitis is a minor indentation on the medial
side of the femoral head that serves as the site of attachment for the ligament of the head of
the femur. This ligament spans the femur and acetabulum, but is weak and provides little
support for the hip joint. It does, however, carry an important artery that supplies the head of

the femur.
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Figure 13.1 Femur and Patella The femur is the single bone of the thigh region. It
articulates superiorly with the hip bone at the hip joint, and inferiorly with the tibia at the
knee joint. The patella only articulates with the distal end of the femur.

The narrowed region below the head is the neck of the femur. This is a common area for
fractures of the femur. The greater trochanter is the large, upward, bony projection located
above the base of the neck. Multiple muscles that act across the hip joint attach to the greater
trochanter, which, because of its projection from the femur, gives additional leverage to these
muscles. The greater trochanter can be felt just under the skin on the lateral side of your
upper thigh. The lesser trochanter is a small, bony prominence that lies on the medial aspect
of the femur, just below the neck. A single, powerful muscle attaches to the lesser trochanter.
Running between the greater and lesser trochanters on the anterior side of the femur is the
roughened intertrochanteric line. The trochanters are also connected on the posterior side of
the femur by the larger intertrochanteric crest.

The elongated shaft of the femur has a slight anterior bowing or curvature. At its proximal
end, the posterior shaft has the gluteal tuberosity, a roughened area extending inferiorly
from the greater trochanter. More inferiorly, the gluteal tuberosity becomes continuous with
the linea aspera (“rough line”). This is the roughened ridge that passes distally along the
posterior side of the mid-femur. Multiple muscles of the hip and thigh regions make long,
thin attachments to the femur along the linea aspera.

The distal end of the femur has medial and lateral bony expansions. On the lateral side, the
smooth portion that covers the distal and posterior aspects of the lateral expansion is
the lateral condyle of the femur. The roughened area on the outer, lateral side of the condyle
is the lateral epicondyle of the femur. Similarly, the smooth region of the distal and
posterior medial femur is the medial condyle of the femur, and the irregular outer, medial
side of this is the medial epicondyle of the femur.

The lateral and medial condyles articulate with the tibia to form the knee joint. The
epicondyles provide attachment for muscles and supporting ligaments of the knee.
The adductor tubercleis a small bump located at the superior margin of the medial
epicondyle. Posteriorly, the medial and lateral condyles are separated by a deep depression
called the intercondylar fossa. Anteriorly, the smooth surfaces of the condyles join together
to form a wide groove called the patellar surface, which provides for articulation with the
patella bone. The combination of the medial and lateral condyles with the patellar surface
gives the distal end of the femur a horseshoe (U) shape.

Patella

The patella (kneecap) is largest sesamoid bone of the body (see Figure 13.1). A sesamoid
bone is a bone that is incorporated into the tendon of a muscle where that tendon crosses a
joint. The sesamoid bone articulates with the underlying bones to prevent damage to the
muscle tendon due to rubbing against the bones during movements of the joint. The patella is
found in the tendon of the quadriceps femoris muscle, the large muscle of the anterior thigh
that passes across the anterior knee to attach to the tibia. The patella articulates with the
patellar surface of the femur and thus prevents rubbing of the muscle tendon against the distal
femur. The patella also lifts the tendon away from the knee joint, which increases the
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leverage power of the quadriceps femoris muscle as it acts across the knee. The patella does
not articulate with the tibia.

Anterior view

Figure 13.2 The Q-Angle The Q-angle is a measure of the amount of lateral deviation of the
femur from the vertical line of the tibia. Adult females have a larger Q-angle due to their
wider pelvis than adult males.

Tibia

The tibia (shin bone) is the medial bone of the leg and is larger than the fibula, with which it
is paired (Figure 13.3). The tibia is the main weight-bearing bone of the lower leg and the
second longest bone of the body, after the femur. The medial side of the tibia is located
immediately under the skin, allowing it to be easily palpated down the entire length of the
medial leg.
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Figure 13.3 Tibia and Fibula The tibia is the larger, weight-bearing bone located on the
medial side of the leg. The fibula is the slender bone of the lateral side of the leg and does not
bear weight.

The proximal end of the tibia is greatly expanded. The two sides of this expansion form
the medial condyle of the tibia and the lateral condyle of the tibia. The tibia does not have
epicondyles. The top surface of each condyle is smooth and flattened. These areas articulate
with the medial and lateral condyles of the femur to form the knee joint. Between the
articulating surfaces of the tibial condyles is the intercondylar eminence, an irregular,
elevated area that serves as the inferior attachment point for two supporting ligaments of the
knee.

The tibial tuberosity is an elevated area on the anterior side of the tibia, near its proximal
end. It is the final site of attachment for the muscle tendon associated with the patella. More
inferiorly, the shaft of the tibia becomes triangular in shape.

The anterior apex of this triangle forms the anterior border of the tibia, which begins at the
tibial tuberosity and runs inferiorly along the length of the tibia. Both the anterior border and
the medial side of the triangular shaft are located immediately under the skin and can be
easily palpated along the entire length of the tibia. A small ridge running down the lateral
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side of the tibial shaft is the interosseous border of the tibia. This is for the attachment of
the interosseous membrane of the leg, the sheet of dense connective tissue that unites the
tibia and fibula bones. Located on the posterior side of the tibia is the soleal line, a diagonally
running, roughened ridge that begins below the base of the lateral condyle, and runs down
and medially across the proximal third of the posterior tibia. Muscles of the posterior leg
attach to this line.

The large expansion found on the medial side of the distal tibia is the medial
malleolus (“little hammer”). This forms the large bony bump found on the medial side of the
ankle region. Both the smooth surface on the inside of the medial malleolus and the smooth
area at the distal end of the tibia articulate with the talus bone of the foot as part of the ankle
joint. On the lateral side of the distal tibia is a wide groove called the fibular notch. This area
articulates with the distal end of the fibula, forming the distal tibiofibular joint.

Fibula

The fibula is the slender bone located on the lateral side of the leg (see Figure 13.3). The
fibula does not bear weight. It serves primarily for muscle attachments and thus is largely
surrounded by muscles. Only the proximal and distal ends of the fibula can be palpated.

The head of the fibula is the small, knob-like, proximal end of the fibula. It articulates with
the inferior aspect of the lateral tibial condyle, forming the proximal tibiofibular joint. The
thin shaft of the fibula has the interosseous border of the fibula, a narrow ridge running
down its medial side for the attachment of the interosseous membrane that spans the fibula
and tibia. The distal end of the fibula forms the lateral malleolus, which forms the easily
palpated bony bump on the lateral side of the ankle. The deep (medial) side of the lateral
malleolus articulates with the talus bone of the foot as part of the ankle joint. The distal fibula
also articulates with the fibular notch of the tibia.

Tarsal Bones

The posterior half of the foot is formed by seven tarsal bones (Figure 13.4). The most
superior bone is the talus. This has a relatively square-shaped, upper surface that articulates
with the tibia and fibula to form the ankle joint. Three areas of articulation form the ankle
joint: The superomedial surface of the talus bone articulates with the medial malleolus of the
tibia, the top of the talus articulates with the distal end of the tibia, and the lateral side of the
talus articulates with the lateral malleolus of the fibula. Inferiorly, the talus articulates with
the calcaneus (heel bone), the largest bone of the foot, which forms the heel.

Body weight is transferred from the tibia to the talus to the calcaneus, which rests on the
ground. The medial calcaneus has a prominent bony extension called the sustentaculum
tali (“support for the talus”) that supports the medial side of the talus bone.
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CHAPTER 14: JOINTS

The adult human body has 206 bones, and with the exception of the hyoid bone in the neck,
each bone is connected to at least one other bone. Joints are the location where bones come
together. Many joints allow for movement between the bones. At these joints, the articulating
surfaces of the adjacent bones can move smoothly against each other. However, the bones of
other joints may be joined to each other by connective tissue or cartilage. These joints are
designed for stability and provide for little or no movement. Importantly, joint stability and
movement are related to each other. This means that stable joints allow for little or no
mobility between the adjacent bones. Conversely, joints that provide the most movement
between bones are the least stable. Understanding the relationship between joint structure and
function will help to explain why particular types of joints are found in certain areas of the
body.

The articulating surfaces of bones at stable types of joints, with little or no mobility, are
strongly united to each other. For example, most of the joints of the skull are held together by
fibrous connective tissue and do not allow for movement between the adjacent bones. This
lack of mobility is important, because the skull bones serve to protect the brain. Similarly,
other joints united by fibrous connective tissue allow for very little movement, which
provides stability and weight-bearing support for the body. For example, the tibia and fibula
of the leg are tightly united to give stability to the body when standing. At other joints, the
bones are held together by cartilage, which permits limited movements between the bones.
Thus, the joints of the vertebral column only allow for small movements between adjacent
vertebrae, but when added together, these movements provide the flexibility that allows your
body to twist, or bend to the front, back, or side. In contrast, at joints that allow for wide
ranges of motion, the articulating surfaces of the bones are not directly united to each other.
Instead, these surfaces are enclosed within a space filled with lubricating fluid, which allows
the bones to move smoothly against each other. These joints provide greater mobility, but
since the bones are free to move in relation to each other, the joint is less stable. Most of the
joints between the bones of the appendicular skeleton are this freely moveable type of joint.
These joints allow the muscles of the body to pull on a bone and thereby produce movement
of that body region. Your ability to kick a soccer ball, pick up a fork, and dance the tango
depend on mobility at these types of joints.

A joint, also called an articulation, is any place where adjacent bones or bone and cartilage
come together (articulate with each other) to form a connection. Joints are classified both
structurally and functionally. Structural classifications of joints take into account whether the
adjacent bones are strongly anchored to each other by fibrous connective tissue or cartilage,
or whether the adjacent bones articulate with each other within a fluid-filled space called
a joint cavity. Functional classifications describe the degree of movement available between
the bones, ranging from immobile, to slightly mobile, to freely moveable joints. The amount
of movement available at a particular joint of the body is related to the functional
requirements for that joint. Thus immobile or slightly moveable joints serve to protect
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internal organs, give stability to the body, and allow for limited body movement. In contrast,
freely moveable joints allow for much more extensive movements of the body and limbs.

Structural Classification of Joints

The structural classification of joints is based on whether the articulating surfaces of the
adjacent bones are directly connected by fibrous connective tissue or cartilage, or whether the
articulating surfaces contact each other within a fluid-filled joint cavity. These differences
serve to divide the joints of the body into three structural classifications. A fibrous joint is
where the adjacent bones are united by fibrous connective tissue. At a cartilaginous joint,
the bones are joined by hyaline cartilage or fibrocartilage. At a synovial joint, the articulating
surfaces of the bones are not directly connected, but instead come into contact with each
other within a joint cavity that is filled with a lubricating fluid. Synovial joints allow for free
movement between the bones and are the most common joints of the body.

Functional Classification of Joints

The functional classification of joints is determined by the amount of mobility found between
the adjacent bones. Joints are thus functionally classified as a synarthrosis or immobile joint,
an amphiarthrosis or slightly moveable joint, or as a diarthrosis, which is a freely moveable
joint (arthroun = “to fasten by a joint”). Depending on their location, fibrous joints may be
functionally classified as a synarthrosis (immobile joint) or an amphiarthrosis (slightly
mobile joint). Cartilaginous joints are also functionally classified as either a synarthrosis or
an amphiarthrosis joint. All synovial joints are functionally classified as a diarthrosis joint.
Synarthrosis

An immobile or nearly immobile joint is called a synarthrosis. The immobile nature of these
joints provide for a strong union between the articulating bones. This is important at locations
where the bones provide protection for internal organs. Examples include sutures, the fibrous
joints between the bones of the skull that surround and protect the brain (Figure 14.1), and the
manubriosternal joint, the cartilaginous joint that unites the manubrium and body of the
sternum for protection of the heart.

Coronal
suture

—

Lambdoid Squamous
suture suture
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Figure 14.1 Suture Joints of Skull The suture joints of the skull are an example of a
synarthrosis, an immobile or essentially immobile joint.

Amphiarthrosis

An amphiarthrosis is a joint that has limited mobility. An example of this type of joint is the
cartilaginous joint that unites the bodies of adjacent vertebrae. Filling the gap between the
vertebrae is a thick pad of fibrocartilage called an intervertebral disc (Figure 14.2). Each
intervertebral disc strongly unites the vertebrae but still allows for a limited amount of
movement between them. However, the small movements available between adjacent
vertebrae can sum together along the length of the vertebral column to provide for large
ranges of body movements.

Another example of an amphiarthrosis is the pubic symphysis of the pelvis. This is a
cartilaginous joint in which the pubic regions of the right and left hip bones are strongly
anchored to each other by fibrocartilage. This joint normally has very little mobility. The
strength of the pubic symphysis is important in conferring weight-bearing stability to the
pelvis.

Vertebral body

Intervertebral disc

Lateral view
Figure 14.2 Intervertebral Disc An intervertebral disc unites the bodies of adjacent

vertebrae within the vertebral column. Each disc allows for limited movement between the
vertebrae and thus functionally forms an amphiarthrosis type of joint. Intervertebral discs are
made of fibrocartilage and thereby structurally form a symphysis type of cartilaginous joint.

Diarthrosis

A freely mobile joint is classified as a diarthrosis. These types of joints include all synovial
joints of the body, which provide the majority of body movements. Most diarthrotic joints are
found in the appendicular skeleton and thus give the limbs a wide range of motion. These
joints are divided into three categories, based on the number of axes of motion provided by
each. An axis in anatomy is described as the movements in reference to the three anatomical
planes: transverse, frontal, and sagittal. Thus, diarthroses are classified as uniaxial (for
movement in one plane), biaxial (for movement in two planes), or multiaxial joints (for
movement in all three anatomical planes).
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A uniaxial joint only allows for a motion in a single plane (around a single axis). The elbow
joint, which only allows for bending or straightening, is an example of a uniaxial joint.
A biaxial joint allows for motions within two planes. An example of a biaxial joint is a
metacarpophalangeal joint (knuckle joint) of the hand. The joint allows for movement along
one axis to produce bending or straightening of the finger, and movement along a second
axis, which allows for spreading of the fingers away from each other and bringing them
together. A joint that allows for the several directions of movement is called a multiaxial
joint (polyaxial or triaxial joint). This type of diarthrotic joint allows for movement along
three axes (Figure 14.2). The shoulder and hip joints are multiaxial joints. They allow the
upper or lower limb to move in an anterior-posterior direction and a medial-lateral direction.
In addition, the limb can also be rotated around its long axis. This third movement results in
rotation of the limb so that its anterior surface is moved either toward or away from the
midline of the body.

Acetabulum of
hip bone

Head of femur

Figure 14.3 Multiaxial Joint A multiaxial joint, such as the hip joint, allows for three types
of movement: anterior-posterior, medial-lateral, and rotational.

At a fibrous joint, the adjacent bones are directly connected to each other by fibrous
connective tissue, and thus the bones do not have a joint cavity between them (Figure 14.4).
The gap between the bones may be narrow or wide. There are three types of fibrous joints. A
suture is the narrow fibrous joint found between most bones of the skull. At a syndesmosis
joint, the bones are more widely separated but are held together by a narrow band of fibrous
connective tissue called aligamentor a wide sheet of connective tissue called an
interosseous membrane.

This type of fibrous joint is found between the shaft regions of the long bones in the forearm
and in the leg. Lastly, a gomphosis is the narrow fibrous joint between the roots of a tooth
and the bony socket in the jaw into which the tooth fits.
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Figure 14.4 Fibrous Joints Fibrous joints form strong connections between bones. (a)
Sutures join most bones of the skull. (b) An interosseous membrane forms a syndesmosis
between the radius and ulna bones of the forearm. (c) A gomphosis is a specialized fibrous
joint that anchors a tooth to its socket in the jaw.

Suture

All the bones of the skull, except for the mandible, are joined to each other by a fibrous joint
called a suture. The fibrous connective tissue found at a suture (“to bind or sew”) strongly
unites the adjacent skull bones and thus helps to protect the brain and form the face. In adults,
the skull bones are closely opposed and fibrous connective tissue fills the narrow gap
between the bones. The suture is frequently convoluted, forming a tight union that prevents
most movement between the bones. (See Figure 14.4a.) Thus, skull sutures are functionally
classified as a synarthrosis, although some sutures may allow for slight movements between
the cranial bones.

In newborns and infants, the areas of connective tissue between the bones are much wider,
especially in those areas on the top and sides of the skull that will become the sagittal,
coronal, squamous, and lambdoid sutures. These broad areas of connective tissue are
called fontanelles (Figure 14.5). During birth, the fontanelles provide flexibility to the skull,
allowing the bones to push closer together or to overlap slightly, thus aiding movement of the
infant’s head through the birth canal. After birth, these expanded regions of connective tissue
allow for rapid growth of the skull and enlargement of the brain. The fontanelles greatly
decrease in width during the first year after birth as the skull bones enlarge. When the
connective tissue between the adjacent bones is reduced to a narrow layer, these fibrous joints
are now called sutures. At some sutures, the connective tissue will ossify and be converted
into bone, causing the adjacent bones to fuse to each other. This fusion between bones is
called a synostosis (“joined by bone”). Examples of synostosis fusions between cranial bones
are found both early and late in life. At the time of birth, the frontal and maxillary bones
consist of right and left halves joined together by sutures, which disappear by the eighth year
as the halves fuse together to form a single bone. Late in life, the sagittal, coronal, and
lambdoid sutures of the skull will begin to ossify and fuse, causing the suture line to
gradually disappear.
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Figure 14.5 The Newborn Skull The fontanelles of a newborn’s skull are broad areas of

fibrous connective tissue that form fibrous joints between the bones of the skull.

Syndesmosis

A syndesmosis (“fastened with a band”) is a type of fibrous joint in which two parallel bones
are united to each other by fibrous connective tissue. The gap between the bones may be
narrow, with the bones joined by ligaments, or the gap may be wide and filled in by a broad
sheet of connective tissue called an interosseous membrane.

In the forearm, the wide gap between the shaft portions of the radius and ulna bones are
strongly united by an interosseous membrane (see Figure 14.4b). Similarly, in the leg, the
shafts of the tibia and fibula are also united by an interosseous membrane. In addition, at the
distal tibiofibular joint, the articulating surfaces of the bones lack cartilage and the narrow
gap between the bones is anchored by fibrous connective tissue and ligaments on both the
anterior and posterior aspects of the joint. Together, the interosseous membrane and these
ligaments form the tibiofibular syndesmosis.

The syndesmoses found in the forearm and leg serve to unite parallel bones and prevent their
separation. However, a syndesmosis does not prevent all movement between the bones, and
thus this type of fibrous joint is functionally classified as an amphiarthrosis. In the leg, the
syndesmosis between the tibia and fibula strongly unites the bones, allows for little
movement, and firmly locks the talus bone in place between the tibia and fibula at the ankle
joint. This provides strength and stability to the leg and ankle, which are important during
weight bearing. In the forearm, the interosseous membrane is flexible enough to allow for
rotation of the radius bone during forearm movements. Thus in contrast to the stability
provided by the tibiofibular syndesmosis, the flexibility of the antebrachial interosseous
membrane allows for the much greater mobility of the forearm.

The interosseous membranes of the leg and forearm also provide areas for muscle attachment.
Damage to a syndesmotic joint, which usually results from a fracture of the bone with an
accompanying tear of the interosseous membrane, will produce pain, loss of stability of the
bones, and may damage the muscles attached to the interosseous membrane. If the fracture
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site is not properly immobilized with a cast or splint, contractile activity by these muscles can
cause improper alignment of the broken bones during healing.

Gomphosis

A gomphosis (“fastened with bolts”) is the specialized fibrous joint that anchors the root of a
tooth into its bony socket within the maxillary bone (upper jaw) or mandible bone (lower
jaw) of the skull. A gomphosis is also known as a peg-and-socket joint. Spanning between
the bony walls of the socket and the root of the tooth are numerous short bands of dense
connective tissue, each of which is called a periodontal ligament (see Figure 14.4¢). Due to
the immobility of a gomphosis, this type of joint is functionally classified as a synarthrosis.

Cartilaginous joints:

As the name indicates, at a cartilaginous joint, the adjacent bones are united by cartilage, a
tough but flexible type of connective tissue. These types of joints lack a joint cavity and
involve bones that are joined together by either hyaline cartilage or fibrocartilage (Figure
14.6). There are two types of cartilaginous joints. A synchondrosis is a cartilaginous joint
where the bones are joined by hyaline cartilage. Also classified as a synchondrosis are places
where bone is united to a cartilage structure, such as between the anterior end of a rib and the
costal cartilage of the thoracic cage. The second type of cartilaginous joint is a symphysis,
where the bones are joined by fibrocartilage.

plate
(temporary
hyaline
cartilage joint)

Pubic symphysis

(@)
Figure 14.6 Cartilaginous Joints At cartilaginous joints, bones are united by hyaline
cartilage to form a synchondrosis or by fibrocartilage to form a symphysis. (a) The hyaline
cartilage of the epiphyseal plate (growth plate) forms a synchondrosis that unites the shaft
(diaphysis) and end (epiphysis) of a long bone and allows the bone to grow in length. (b) The
pubic portions of the right and left hip bones of the pelvis are joined together by
fibrocartilage, forming the pubic symphysis.
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Synchondrosis

A synchondrosis (“joined by cartilage”) is a cartilaginous joint where bones are joined
together by hyaline cartilage, or where bone is united to hyaline cartilage. A synchondrosis
may be temporary or permanent. A temporary synchondrosis is the epiphyseal plate (growth
plate) of a growing long bone. The epiphyseal plate is the region of growing hyaline cartilage
that unites the diaphysis (shaft) of the bone to the epiphysis (end of the bone). Bone
lengthening involves growth of the epiphyseal plate cartilage and its replacement by bone,
which adds to the diaphysis. For many years during childhood growth, the rates of cartilage
growth and bone formation are equal and thus the epiphyseal plate does not change in overall
thickness as the bone lengthens. During the late teens and early 20s, growth of the cartilage
slows and eventually stops. The epiphyseal plate is then completely replaced by bone, and the
diaphysis and epiphysis portions of the bone fuse together to form a single adult bone. This
fusion of the diaphysis and epiphysis is a synostosis. Once this occurs, bone lengthening
ceases. For this reason, the epiphyseal plate is considered to be a temporary synchondrosis.
Because cartilage is softer than bone tissue, injury to a growing long bone can damage the
epiphyseal plate cartilage, thus stopping bone growth and preventing additional bone
lengthening.

Growing layers of cartilage also form synchondroses that join together the ilium, ischium,
and pubic portions of the hip bone during childhood and adolescence. When body growth
stops, the cartilage disappears and is replaced by bone, forming synostoses and fusing the
bony components together into the single hip bone of the adult. Similarly, synostoses unite
the sacral vertebrae that fuse together to form the adult sacrum.

Examples of permanent synchondroses are found in the thoracic cage. One example is the
first sternocostal joint, where the first rib is anchored to the manubrium by its costal cartilage.
(The articulations of the remaining costal cartilages to the sternum are all synovial joints.)
Additional synchondroses are formed where the anterior end of the other 11 ribs is joined to
its costal cartilage. Unlike the temporary synchondroses of the epiphyseal plate, these
permanent synchondroses retain their hyaline cartilage and thus do not ossify with age. Due
to the lack of movement between the bone and cartilage, both temporary and permanent
synchondroses are functionally classified as a synarthrosis.

Symphysis

A cartilaginous joint where the bones are joined by fibrocartilage is called
a symphysis (“growing together”). Fibrocartilage is very strong because it contains numerous
bundles of thick collagen fibers, thus giving it a much greater ability to resist pulling and
bending forces when compared with hyaline cartilage. This gives symphyses the ability to
strongly unite the adjacent bones, but can still allow for limited movement to occur. Thus, a
symphysis is functionally classified as an amphiarthrosis.

The gap separating the bones at a symphysis may be narrow or wide. Examples in which the
gap between the bones is narrow include the pubic symphysis and the manubriosternal joint.
At the pubic symphysis, the pubic portions of the right and left hip bones of the pelvis are
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joined together by fibrocartilage across a narrow gap. Similarly, at the manubriosternal joint,
fibrocartilage unites the manubrium and body portions of the sternum.

The intervertebral symphysis is a wide symphysis located between the bodies of adjacent
vertebrae of the vertebral column. Here a thick pad of fibrocartilage called an intervertebral
disc strongly unites the adjacent vertebrae by filling the gap between them. The width of the
intervertebral symphysis is important because it allows for small movements between the
adjacent vertebrae. In addition, the thick intervertebral disc provides cushioning between the
vertebrae, which is important when carrying heavy objects or during high-impact activities
such as running or jumping.

Synovial joints are the most common type of joint in the body (Figure 14.7). A key structural
characteristic for a synovial joint that is not seen at fibrous or cartilaginous joints is the
presence of a joint cavity. This fluid-filled space is the site at which the articulating surfaces
of the bones contact each other. Also unlike fibrous or cartilaginous joints, the articulating
bone surfaces at a synovial joint are not directly connected to each other with fibrous
connective tissue or cartilage. This gives the bones of a synovial joint the ability to move
smoothly against each other, allowing for increased joint mobility.

Articular
capsule
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Figure 14.7 Synovial Joints Synovial joints allow for smooth movements between the
adjacent bones. The joint is surrounded by an articular capsule that defines a joint cavity
filled with synovial fluid. The articulating surfaces of the bones are covered by a thin layer of
articular cartilage. Ligaments support the joint by holding the bones together and resisting
excess or abnormal joint motions.
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Structural Features of Synovial Joints

Synovial joints are characterized by the presence of a joint cavity. The walls of this space are
formed by the articular capsule, a fibrous connective tissue structure that is attached to each
bone just outside the area of the bone’s articulating surface. The bones of the joint articulate
with each other within the joint cavity.

Friction between the bones at a synovial joint is prevented by the presence of the articular
cartilage, a thin layer of hyaline cartilage that covers the entire articulating surface of each
bone. However, unlike at a cartilaginous joint, the articular cartilages of each bone are not
continuous with each other. Instead, the articular cartilage acts like a Teflon® coating over the
bone surface, allowing the articulating bones to move smoothly against each other without
damaging the underlying bone tissue. Lining the inner surface of the articular capsule is a
thin synovial membrane. The cells of this membrane secrete synovial fluid (synovia = “a
thick fluid”), a thick, slimy fluid that provides lubrication to further reduce friction between
the bones of the joint. This fluid also provides nourishment to the articular cartilage, which
does not contain blood vessels. The ability of the bones to move smoothly against each other
within the joint cavity, and the freedom of joint movement this provides, means that each
synovial joint is functionally classified as a diarthrosis.

Outside of their articulating surfaces, the bones are connected together by ligaments, which
are strong bands of fibrous connective tissue. These strengthen and support the joint by
anchoring the bones together and preventing their separation. Ligaments allow for normal
movements at a joint, but limit the range of these motions, thus preventing excessive or
abnormal joint movements. Ligaments are classified based on their relationship to the fibrous
articular capsule. An extrinsic ligamentis located outside of the articular capsule,
an intrinsic ligament is fused to or incorporated into the wall of the articular capsule, and
an intracapsular ligament is located inside of the articular capsule.

At many synovial joints, additional support is provided by the muscles and their tendons that
act across the joint. A tendon is the dense connective tissue structure that attaches a muscle
to bone. As forces acting on a joint increase, the body will automatically increase the overall
strength of contraction of the muscles crossing that joint, thus allowing the muscle and its
tendon to serve as a “dynamic ligament” to resist forces and support the joint. This type of
indirect support by muscles is very important at the shoulder joint, for example, where the
ligaments are relatively weak.

Additional Structures Associated with Synovial Joints

A few synovial joints of the body have a fibrocartilage structure located between the
articulating bones. This is called an articular disc, which is generally small and oval-shaped,
or a meniscus, which is larger and C-shaped. These structures can serve several functions,
depending on the specific joint. In some places, an articular disc may act to strongly unite the
bones of the joint to each other. Examples of this include the articular discs found at the
sternoclavicular joint or between the distal ends of the radius and ulna bones. At other
synovial joints, the disc can provide shock absorption and cushioning between the bones,
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which is the function of each meniscus within the knee joint. Finally, an articular disc can
serve to smooth the movements between the articulating bones, as seen at the
temporomandibular joint. Some synovial joints also have a fat pad, which can serve as a
cushion between the bones.

Additional structures located outside of a synovial joint serve to prevent friction between the
bones of the joint and the overlying muscle tendons or skin. A bursa (plural = bursae) is a
thin connective tissue sac filled with lubricating liquid. They are located in regions where
skin, ligaments, muscles, or muscle tendons can rub against each other, usually near a body
joint (Figure 14.8). Bursae reduce friction by separating the adjacent structures, preventing
them from rubbing directly against each other. Bursae are classified by their location.
A subcutaneous bursa is located between the skin and an underlying bone. It allows skin to
move smoothly over the bone. Examples include the prepatellar bursa located over the
kneecap and the olecranon bursa at the tip of the elbow. A submuscular bursa is found
between a muscle and an underlying bone, or between adjacent muscles. These prevent
rubbing of the muscle during movements. A large submuscular bursa, the trochanteric bursa,
is found at the lateral hip, between the greater trochanter of the femur and the overlying
gluteus maximus muscle. A subtendinous bursa is found between a tendon and a bone.
Examples include the subacromial bursa that protects the tendon of shoulder muscle as it
passes under the acromion of the scapula, and the suprapatellar bursa that separates the
tendon of the large anterior thigh muscle from the distal femur just above the knee.

Tendon of
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Figure 14.8Bursae Bursae are fluid-filled sacs that serve to prevent friction between skin,
muscle, or tendon and an underlying bone. Three major bursae and a fat pad are part of the
complex joint that unites the femur and tibia of the leg.

A tendon sheath is similar in structure to a bursa, but smaller. It is a connective tissue sac
that surrounds a muscle tendon at places where the tendon crosses a joint. It contains a
lubricating fluid that allows for smooth motions of the tendon during muscle contraction and
joint movements.
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