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Today's massage, bodywork, and fitness professionals are
increasingly becoming members of the healthcare team.
These professionals collaborate with physicians, physical
therapists, occupational therapists, chiropractors, nurse care
managers, attorneys, insurance companies, and other health-
care providers. Professionals must have a clear understand-
ing of muscle and joint function beyond simple actions. This
allows them to communicate clearly, maintain credibility,
and obtain reimbursement for therapeutic work. The emerg-
ing requirement for "outcome-based" justification of treat-
ments further supports the need for a thorough understand-
ing of the body in motion.

Functional Anatomy was written to help students of
human movement and bodywork understand how anatomical
structures work together to create motion. Developing an un-
derstanding of the body in all of its complex synchronicity is
critical for students of massage and bodywork. These careers
require the therapist to create concise and effective treatment
plans. Fitness and sports professionals are routinely called
upon to analyze complex movement patterns in order to
maximize the athlete's performance and prevent injury.

Beyond these pragmatic benefits, an understanding of
functional anatomy develops heightened intellectual and
artistic appreciation of the human body in motion. With a
deep understanding of structure-function relationships, we
begin to see the client's body as a living, breathing, moving
marvel. Functional ~ Anatomy: Musculoskeletal ~ Anatomy,
Kinesiology, and Palpation for Manual Therapists can as-
sist you in exploring the structures and anatomical relation-
ships responsible for movements such as walking, running,
lifting, and throwing. You will be guided through activities
that involve inspecting, touching, and moving these struc-
tures, enabling you to create a solid, three-dimensional

image of the human body and its movement potential.

ORGANIZATION AND CONTENT

The chapters in Functional Anatomy are organized to build
anatomical regions "from the ground up." This means
deeper structures are identified first, and then structural lay-
ers are added. This organization helps readers understand
the relationship between static structures such as bones, lig-
aments, and joint capsules and dynamic functions of mus-
cles. Muscles are presented from superficial to deep to de-
velop systematic palpation skills. Functional Anatomy also
groups muscles together functionally. For example, the
latissimus dorsi and teres major are located next to each
other in the body, have a common insertion, and perform the
same actions. Because of this, they are considered sequen-
tially in Chapter 4.

The first three chapters in the book describe how the
body is put together and how it achieves movement. In
Chapter 1, the basic structures and systems of the body, the
text's organization of the layers of the human body, and the
language of anatomy and movement are discussed and ex-
plored. Chapter 2 provides an in-depth investigation of bones
and joints, including their basic structure, various shapes and
functions, classification, and location of the different types in
the body. Chapter 3 delves into skeletal muscles, including
their functions, properties, fiber directions and types, the dif-
ferent types of contractions they create, and how they are
regulated. After studying these introductory chapters, you
should understand the basic structures of the body and meth-
ods for creating movement. You will also have developed a
language for discussing these concepts.

Each of the remaining six chapters explores a specific
region of the body. These chapters follow a consistent tem-
plate, with the same type of information occurring at the
same place in each chapter. This predictability will help you
locate any topic within a given chapter quickly and easily.

The recurring elements in the first half of each chapter
include, in order:

* competency-based objectives

* overview of the region

* surface anatomy

+ skeletal structures

* bony landmark palpation

* muscle attachment sites

* joints and ligaments

» superficial muscles of the region

¢ deep muscles of the region

* special structures located in the region (other than bones,
ligaments, and muscles)

* movements allowed by the region's joints

* passive and resisted range of motion techniques

This opening section is followed by a set of one- or two-
page profiles of each muscle pertinent to that region. Profiles
include an illustration of the muscle showing its origin, inser-
tion, and fiber arrangement and direction. Text descriptions of
the muscle attachments, actions, and innervations are located
next to this image. The profile also includes a description of
the muscle's functional anatomy: that is, the relationships it
has with other muscles, how it works in the body beyond its
actions, and common imbalances or dysfunctions associated
with it. Finally, the profile explains in simple, easy-to-follow
steps how to palpate and lire the muscle against resistance. A
photograph shows proper positioning of the practitioner and
client, as well as the pertinent bony landmarks and muscle
features. The simple, consistent design of each muscle profile



ensures ease of use in the classroom or lab. as well as for
studying and quick reference.

A section discussing the functional aspects of the body
region follows the muscle profiles. This section includes in-
formation on synergist and antagonist relationships and a
photo essay called Pulling It in Motion, which explores the
structure-function relationships involved during activities
of daily living and sport.

Every chapter of the book closes with a concise sum-
mary, review questions, and study activities. The latter in-
cludes specific exercises aimed at kinesthetically engaging
the covered material.

FEATURES

Functional Anatomy will guide you to a deeper understand-
ing of the structure and function of the human body by en-
gaging not only your mind, but also your other senses.
Features include dynamic, colorful visuals, kinesthetic exer-
cises to enhance your palpatory skills, and individual and
group activities. Each region of the body is explored from
the inside out to enhance understanding of structural rela-
tionships and movement possibilities. Simple, easy-to-fol-
low instructions for palpation of bony landmarks and each
muscle profiled are provided.

Functional Anatomy recognizes that you may be expe-
riencing the challenges of learning a new language. To help
you in acquiring this new language, we include within each
muscle profile a guide to correct pronunciation of the mus-
cle name. The companion Web site (thePoint.lww.com/cael)

also includes an auditory guide to pronunciation, so you can
hear proper pronunciation of each muscle profiled.

A Synergist/'Antagonist table is included in each re-
gional chapter. A photograph of a specific body motion,
such as flexion or extension, is accompanied by a list of all
muscles that contribute to that motion. Each motion is
paired with its opposite in order to help you appreciate bal-
anced muscle relationships.

Each regional chapter also discusses and illustrates
passive and resisted range of motion procedures for
assessing normal joint function. This is included to help
you physically access the specific structures identified in
this text.

As mentioned earlier, each regional chapter contains a
section called Putting It in Motion, which identifies and ex-
plains specific actions that contribute to motions we use in
daily activity or in sports. The photographs of these move-
ments are enhanced to show the pertinent muscle groups
driving the action. This feature is linked to the animations
on the student resource site, which further explore some of
these movements.

The Try This activity located at the end of each chapter
includes a simple, kinesthetic activity that engages one or
more key concepts identified in the chapter. Easy-to-follow

steps are listed, as well as any special equipment that may be
needed. For example, the Try This in Chapter 1 instructs
readers to verbally position or move a partner in ways de-
scribed on cards they create. This activity engages multiple
senses and encourages correct use of anatomical terms and
concepts.

The student resource site for this text has been devel-
oped alongside this manuscript in order to ensure strong
connections between the special features of the book, stu-
dent study materials, and teacher resources. Although the
text is a stand-alone product, it can be greatly enhanced
when wused in conjunction with the companion student
resource site at thePoint.lww.com/cael. Features of the re-

source site include animations that correspond with the
Putting It in Motion segment in each regional chapter. These
animations sequentially reveal muscle functions during
common activities such as walking, jogging, standing, and
throwing. Other features include video footage of palpation,
study questions for self-assessment, a Stedman's audio glos-
sary of the muscles profiled, and searchable full text online.
The inside front cover of the text contains more details in-
cluding the passcode you will need to gain access to the site.
In addition to the student resources, instructors will also
have access to lesson plans, PowerPoint presentations, and
Brownstone Test Generator.

DESIGN

The design of Functional Anatomy creates a user-friendly,
predictable, and interactive experience for readers. The text
and art are arranged to allow quick-reference for study as
well as maximum usability during classroom activities such
as guided palpation exercises. Specific icons identify where
these activities are located and when they are linked to the
ancillary materials. All of these features will help you de-
velop competency in the key skills identified in each of the
chapter objectives.

FINAL NOTE

I hope that Functional Anatomy helps you discover new and
exciting things about the human body. It is intended to en-
hance your personal and classroom experience and engage
you in exploring how the body works. I encourage you to try
as many of the activities as possible, utilize the learning
tools provided, and embark upon your educational journey
with wonder and curiosity.

Please contact me at functionalbook@hotmail.com with

any comments or suggestions about this book. My students
have always been both an inspiration and my toughest crit-
ics, and I wish for that to continue. Your perceptions, re-
sponses, and experiences with this text are valuable and I am
interested in what you have to share. In the meantime, thank
you and enjoy.

- Christy Cael
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Introduction

to the

Human Body
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A

Chapter Outline

COMMUNICATING ABOUT THE BODY

Regional Terms
Anatomical Position
Directional Terms
Planes of Movement
Axes

Joint Movements

STRUCTURES OF THE HUMAN BODY
Tissue Types in the Body

Epithelial  Tissue

Connective Tissue

Components of Connective

Tissue

Types of Connective Tissue

Muscle  Tissue
Nervous Tissue

Learning Objectives

After working through the material in this chapter, you should be able to:

LABEL THE REGIONS OF THE HUMAN BODY ON A DIAGRAM.

DRAW THE ANATOMICAL POSITION AND EXPLAIN ITS IMPORTANCE IN UNDERSTANDING
HUMAN MOVEMENT.

USE APPROPRIATE DIRECTIONAL TERMS WHEN DESCRIBING LOCATIONS OF ANATOMICAL
FEATURES OF THE HUMAN BODY.

IDENTIFY THE THREE PLANES OF MOVEMENT AND THEIR CORRESPONDING AXES, AND
DEMONSTRATE MOVEMENTS POSSIBLE FOR EACH.

IDENTIFY THE MAIN SIRUCTURES OF THE BODY INVOLVED IN HUMAN MOVEMENT, AND
STRATEGIES FOR LOCATING AND PALPATING EACH.

DESCRIBE THE FUNCTIONS OF VARIOUS SPECIAL STRUCTURES IN THE BODY, INCLUDING
SKIN, BLOOD VESSELS, LYMPHATICS, NERVES, CARTILAGE, AND BURSAE.

BODY STRUCTURES INVOLVED IN Fascia  Layers
HUMAN MOVEMENT Palpating ~ Fascia
Bone

SPECIAL STRUCTURES

Skin
Structure  of the Skin

Shapes  of Bones
Palpating ~ Bone

Ligament
Palpating  Skin

Blood Vessels
Lymphatic Vessels and Nodes

Structure of Ligaments
Palpating Ligaments

Muscle
Types  of Muscle Nerv.es
Palpating ~ Muscle Cartilage
Bursae

Tendon
Shapes  of Tendons
Palpating Tendons
Fascia

Structure  of Fascia



2 Functional Anatomy: Musculoskeletal Anatomy, Kinesiology, and Palpation for Manual Therapists

Imagine that a client is referred to you because he "can't use
his arm." You might wonder what this means. Which joint
is involved? What movements are affected? Or perhaps
you've been further instructed to "look at his golf swing."
How would you describe what you are seeing? Fortunately,
a universal system of communication has been established
to precisely describe the regions of the human body and
their movements. This shared language, called anatomical
terminology, allows for a common understanding and point
of reference for professionals, scholars, and students. We
begin by introducing you to this specialized language.
Human movement requires the coordinated efforts of sev-
eral body structures. The bones and muscles provide a system
of levers, which are held together by ligaments, tendons, joint
capsules, and fascia. These are supported by special structures
that provide nutrients, stimulation, or protection. We complete

Chapter 1 by exploring these locomotive and special structures.

COMMUNICATING ABOUT
THE BODY

When communicating about the human body, it is important
to use the language that has been agreed upon by scientists,
scholars, and health care providers.

Head (cephalic)
Skull (cranial)

Forehead (frontal)
Eye (orbital)
Cheek (buccal)
Ear (otic)

Nose (nasal)
Mouth (oral)

Face (facial)

Chin (mental)

Neck (cervical)
Chest (pectoral)

Armpit (axillary) Breastbone

(sternal)
Arm (brachial
(bra ) Breast
Bt abalbon (mammary)
"”].M'f;l";h:-‘ Naval
or cubital) (umbilical)
Forearm
i Hip (coxal
(antebrachial)-23 i
Groin
Wirist (inguinal)

(carpal)

-

/

P

Palm

/7{ (palmar)

Thigh
femoral

Hand
(manual)

Fingers

(digital or f

phalangeal) Pubis (pubic)
Anterior surface
of knee (patellar)

Leg (crural) Shin (tibial)

Ankle (tarsal)~

Toes (digital ~

Top of foot
and phalangeal)

(dorsal)

A

1-1. Regions of the body in the anatomical position. A. Anterior.

Back of elbow

Regional Terms

If a classmate were describing to you a tissue injury in a
client's leg, you might assume that the injury was located
in the thigh when your classmate actually meant the lower
leg. To avoid such mix-ups, precise names are assigned to
different regions of the body (FIG. 1-1). This is the first
point of reference and the beginning of anatomical

communication.

Anatomical Position

Even when using regional terminology, miscommunication
can occur if both parties don't share the same point of refer-
ence. That's where the anatomical position comes in. In
western medicine, anatomical position is described as body
erect and facing forward, feet parallel, arms extended at the
sides, and palms facing forward (FIG. 1-IA.B). This position
of the body is used to describe the relative location of
anatomical features as well as to describe movements of the
various parts of the body. Most anatomical textbooks and
charts utilize this position when depicting and describing the
body's structures.

Base of skull

(occipital) Head (cephalic or

cranial)

Neck (cervical)
Shoulder (acromial)

Shoulder blade
(scapular)

Spinal column
(vertebral) Upper

limb

(olecranal) 8

Between
hips (sacral)
Back of hand

.Bllitf'nt.r.( (dorsal)
(gluteal)
Hollow behind Lower
limb

knee (popliteal)

Calf (sural)

Sole (plantar)

Heel (calcaneal)

B

B. Posterior.
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1-2. Directional terms. A. lateral view. B. Anterior view.

Directional Terms

Starting from anatomical position, yon can describe rela-
tive positions of different body structures (FIG. 1-2). For

example:

* The chest is anterior to the spine.

e The hand is distal to the elbow; that is. the hand is far-
ther from the point of attachment than the elbow, which
is more proximal.

* The head is superior to the shoulders.

* The nose is medial to the ears; that is. the nose is closer

to the body midline than the ears, which are more lateral.

Directional terms are useful for describing the location of
injuries, as in. "The client is experiencing soreness about
two inches proximal to the left patella." They are also use-
ful when describing positions of the body, such as. "The ath-
lete should finish the movement with the hands just lateral
to the hips."

Relative terms not shown in Figure 1-2 describe how
close to the surface of the body a structure lies. These in-
clude the terms superficial (closer to the surface) and deep
(farther from the surface of the body). For example, the
scalp is superficial to the skull, whereas the brain is deep to
the skull.
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Proximal

Distal

Proximal

Distal

Planes of Movement

Now that anatomical position and appropriate directional
terminology have been established, we're ready to explore
the language of human movement. The human body moves
in complex ways, which can make description difficult.
Scientists have categorized and simplified the terminology
of human movement in an effort to heighten understanding
and communication. This strategy encourages consistent de-
scription and analysis of complex human movements by
breaking them down into simpler parts.

Motions occur at the joints of the body in one of three
general directions: front to back, side to side, or rotationally.
To describe these movements precisely, it helps to visualize
the body transected by one of three large imaginary planes.

The first plane, which divides the body vertically into
right and left halves, is called the sagittal plane (FIG. I-3A).
Front-to-back movements occur parallel to this imaginary
plane. Swinging your arms and legs back and forth with
walking are examples of sagittal movements.

The second plane divides the body into front and back
halves. It is called the frontal plane (FIG. 1-3B). Side-to-side
movements occur parallel to this imaginary plane. The arm
and leg movements that occur when you do jumping jacks

are examples of frontal movements.
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1-3. Planes of the body. A. Sagittal plane. B. Frontal plane. C. Transverse plane.

rior regions. It is called the transverse plane (FIG.

The third plane divides the body into superior and infe-
1-3C).

Rotational or turning movements occur parallel to this imag-

inary plane. Turning your leg out or your head to look over

your shoulder are examples of transverse movements. The

word ftransverse means "across,

so a transverse view of the

body is sometimes referred to as a cross-section.

Axes

Each of the three types of movement,

sagittal (front-to-

back), frontal (side-to-side), and transverse (rotational) must

occur around an axis (a pivot point). Visualize a wheel turn-

ing on its axle. The axle is the axis that the wheel turns

around. Each of the three planes of movements has a corre-

sponding axis around which movement occurs. This axis is

always perpendicular (at a right angle) to the corresponding

plane.

Understanding these imaginary axes, along with their

counterpart planes, helps us communicate precisely about

movement. For example:

The front-to-back movements that occur on the sagittal
plane pivot around the frontal axis (FIG. 1-4A). This
means that movements such as swinging your arms
while walking (front to back) occur in the sagittal plane
and pivot around an imaginary line that goes through the
shoulder from right to left. This is also true when you
bend forward at the waist. The body is moving in the
sagittal plane (front to back) around a frontal axis (tran-
secting at a right angle side to side) that goes through
the pelvis.

The side-to-side movements that occur in the frontal
plane pivot around the sagittal axis (FIG. 1-4B). This

means that the leg and arm movements during jumping
jacks occur in the frontal plane and pivot around imagi-
nary lines that go through the hips and shoulders from
front to back. This is also true when you tip your head to
the side. This movement occurs on the frontal plane
(side to side) around a sagittal axis (transecting at a right
angle front to back) that goes through the cervical verte-
brae of the neck.

* Finally, the rotational movements that occur on the
transverse plane pivot around the longitudinal axis (FIG.
1-4C). For example, the movement of turning your head
to look over your shoulder occurs in the transverse plane
and pivots around an imaginary line that runs superi-
orly-inferiorly through the spine. Similarly, when you
turn your shoulder to throw a Frisbee, your arm turns on
the transverse plane (rotation) around a longitudinal axis
through the shoulder (transecting at a right angle up and
down).

Joint Movements

Movements that occur along each of the three planes and
their corresponding axes have unique names. Motions that
occur on the sagittal plane around the frontal axis are
1-5A). Flexion de-
scribes the bending of ajoint on this plane so that the joint

called flexion and extension (FIG.

angle is made smaller. Extension describes the movement
of a joint on this plane so that the joint angle is made
larger.

Motions that occur on the frontal plane around a sagit-
1-5B).
Abduction occurs when an extremity (arm or leg) or part of

tal axis are called abduction and adduction (FIG.

an extremity (hand, fingers, etc.) is moved away from the
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1-4. Axes around which movement occurs. A. Movements in the sagittal plane pivot around the

frontal axis. B. Movements in the frontal plane pivot around the sagittal axis. C. Movements in

the transverse plane pivot around the longitudinal axis.

center or midline of the body. Adduction occurs when an
extremity or part of an extremity is moved toward the mid-
line of the body. Remember, anatomical position is always
the starting point when describing relative position or move-
ment. Therefore, abducting the hand describes bending the
wrist toward the thumb and adducting describes bending the
wrist toward the pinky finger.

Finally, motions that occur on the transverse plane
around the longitudinal axis are simply called rotation (FIG.
1-5C). Rotational movements in the trunk are differentiated
as right rotation and left rotation, while these same move-

|

Extension Flexion Abduction

ments in the extremities are termed internal rotation and
external rotation. Internal rotation describes turning mo-
tions toward the midline and external rotation describes
turning motions away from the midline of the body. These
same motions are also called medial (internal) and lateral
(external) rotation.

Specialty motions exist at several locations in the
human body, including the scapula (shoulder blade), shoul-
der, forearm, wrist, hip, ankle, and foot. Each of these spe-
cialty motions will be discussed in appropriate chapters on
these body regions.

External
rotation

1-5. Movements allowed by joints. A. Flexion and extension of the hip. B. Abduction and ad-

duction of the hip. C. Internal and external rotation of the hip.
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STRUCTURES OF THE
HUMAN BODY

Anatomy is the study of an organism's structures. As you
begin to explore the structures of the human body, you
will discover how their unique size, shape, and other fea-
tures contribute to their function, or physiology. You'll
also discover how both form and function contribute to
human movement, the study of which is called kinesiol-
ogy. Throughout this textbook, we will use written de-
scriptions, images, and our sense of touch (palpation) to
gain a deeper understanding of human anatomy, physiol-

ogy, and kinesiology.

Tissue Types in the Body

A tissue is a group of cells that share a similar structure and
function. The body is almost entirely composed of just four
basic types of tissue: a covering tissue called epithelium, a
supporting tissue called connective tissue, muscle tissue,

and nervous tissue (FIG. 1-6).
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Epithelial Tissue

Epithelial tissue covers the body's internal and external sur-
faces and is found in the outer layer of skin, lining the
body's cavities, and within glands. Epithelial tissue protects,
absorbs, filters, and secretes substances in the body.
Because epithelium is in contact with external and some-
times destructive environments, this type of tissue regener-
ates easily, constantly repairing and replacing dead or dam-
aged cells.

There are three functional categories of epithelial

tissue:

e Surface epithelium contains sheetlike layers of cells
that are located on the internal or external body surfaces.
It functions as a protective mechanical barrier, as seen
with the skin, or to secrete protective substances as in
the urinary tract.

* Glandular epithelium produces and delivers substances
to the external or internal surfaces of the body or di-
rectly into the bloodstream. Sweat glands, salivary
glands, and tear glands are all comprised of glandular
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1-6. The four tissue types in the body. A. Epithelial tissue. B. Connective tissue. C. Muscle

tissue. D. Nervous tissue.



epithelium, as are the pituitary, thyroid, and adrenal
glands.

e Sensory epithelium contains specialized cells that are
able to perceive and conduct specific stimuli. These cells
are critical to the function of the special senses of hear-

ing, sight, smell, and taste.

Connective Tissue

Of the four types of tissue, connective tissue is by far the
most abundant: It is found in nearly all of the structures in-
volved in human movement. Primary movement structures
such as bone, tendons, ligaments, and fascia are considered
connective tissues, as are support tissues such as cartilage,
adipose (fat), and even blood.

Components of Connective Tissue
Connective tissue consists of individual cells scattered
within an extracellular matrix (FIG. 1-7). The extracellular
matrix is made up of various fibers suspended in a fluid
known as ground substance. This fluid contains water, gly-
cosaminoglycans, proteoglycans, and glycoproteins. Its
unique chemistry allows the ground substance to exist as ei-
ther watery liquid (sol) or firm solid (gel) depending upon
chemical composition, amount of tension, and temperature.
The term thixotropy describes the ability of the ground sub-
stance to become more liquid as movement and temperature
of the tissue increases.

Suspended within the ground substance are three types
of fibers:

¢ Collagen libers are long, straight strands of protein
wound together like rope. These fibers confer tensile
strength and flexibilily to connective tissue and are more
abundant in tissues requiring strong resistance to force
such as ligaments and tendons.

@
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¢ Reticular fibers are thin proteins that resist force in
multiple directions and help hold structures together.
These fibers help hold supporting structures such as
blood vessels and nerves in place.

¢ Elastic fibers contain the protein elastin and appear
branched and wavy. Their presence confers resiliency to
the connective tissue, allowing it to return to its original
shape after being stretched.

Individual cells are scattered within the extracellular
matrix. These cells vary according to the tissue's location and
function, but typically include fibroblasts, cells that produce
and secrete proteins that make up the fibers in the extracellu-
lar matrix. Specialized types of connective tissues have spe-
cific names for their fibroblasts; for example, in bone they are
called osteoblasts and in cartilage they are called chondrob-
lasts. Other examples of individual cells found in connective
tissue include immune cells like macrophages, which re-
spond to injury or infection, and adipocytes (fat cells) in
which oil fills most of the internal space of the cell.

Types of Connective Tissue

Together the ground substance, specialized protein fibers,
and individual cells within connective tissue make up a
highly variable, dynamic structure. That is, connective tis-
sue changes its appearance and function by varying the
amounts and ratios of its component parts.

e Loose connective tissue has high levels of ground sub-
stance and fewer fibers. It includes adipose tissue (fat
tissue) and the hypodermis, also called the superficial
fascia, just below the skin.

¢ Dense connective tissue is thicker and stronger with
more collagen fibers and less ground substance than
loose connective tissue. Tendons, ligaments, joint cap-
sules, and periosteum around bones are all examples of
dense connective tissue.

1-7. Cells and fibers of connective tissue. Various cells within the ground substance allow

connective tissue to support other tissues, transport nutrients and wastes, protect against invaders,

and store energy. Collagen fibers, reticular fibers, and elastic fibers give connective tissue tensile

strength, flexibility, and resiliency.
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¢ Fluid connective tissue is watery because of the pres-
ence of plasma, which is 90% water, in the extracellular
matrix. Blood and lymph are examples of fluid connec-
tive tissue.

e Supporting connective tissue is strong and solid be-
cause of the additional calcium salts deposited in its
ground substance. Examples are cartilage and bone.

Since connective tissue is found throughout the body, it
should not surprise you to learn that it has many functions;
however, its main function is usually identified as support-
ive. Connective tissue forms a continuous network through-
out the body, binding, supporting, and reinforcing other tis-
sues. It also enables the body to transport nutrients and
wastes, and houses immune cells that protect against harm-
ful invaders. Finally, connective tissue stores energy in the
form of fat cells.

Muscle Tissue

Muscle tissue is a network of muscle cells that contain con-
tractile protein structures called myofibrils. The myofibrils
are stimulated by the nervous system to contract or shorten,
creating movement. The force generated by shortening of
the myofibrils is transmitted into surrounding connective
tissue called myofascia. This force is what drives internal
and external human movement. Muscle tissue characteris-

tics and types will be explored further in Chapter 3.

Nervous Tissue

Nervous tissue is a complex network of nerve cells, called
neurons, and support cells. It has the unique ability to be
stimulated, conduct a stimulus, and respond to stimulation.
Electrical impulses travel from one neuron to another or be-
tween the neuron and other cells, such as muscle cells.
These impulses serve as communication between the nerv-
ous system and other tissues, allowing the nervous system
to monitor and regulate the body's internal and external en-
vironment. Nervous tissue and its role in movement will be
explored further in "Special Structures" and later in
Chapter 3.

BODY STRUCTURES INVOLVED
IN HUMAN MOVEMENT

In this section we will explore the primary tissues of human
movement, including bone, ligament, muscle, tendon, and
fascia. It is important to understand the structure, function,
location, and texture of each of these tissues. Important sup-
port structures are identified next, including skin, blood ves-
sels, lymphatic vessels and nodes, nerves, cartilage, and bur-
sae. Manual therapists must be aware of these structures to
more clearly understand how the human body works and to
avoid damaging these structures during palpation and en-

gagement of other tissues.

The following basic guidelines will help you learn to

consciously explore anatomy through touch:

* Visualize what you are about to feel. It helps to
have a picture or model of the structure nearby as
you search and explore with your hands.

¢ Go slowly and be patient. Allow your brain time
to register what is being felt with your hands.

¢ Breathe and relax. Consciously relax your hands
and fingers by taking deep, calming breaths.

¢ Close your eyes. Removing sight heightens your
other senses, including touch.

e When in doubt, do less. Don't force the struc-
tures you are palpating; rather, let them mold
themselves into your waiting hands. Palpation
should not be painful.

¢ Allow for variation. Expect differences from
one person to another, as everyone has asymme-
tries and anatomical uniqueness.

e Be curious. You may find structures that differ
from what you expect. This is because anatomy
is influenced by genetic variation, habitual activ-
ities, and injury.

e Practice. Palpation is a skill that must be devel-
oped through repetition. Beginners arc not ex-
pected to be perfect, just willing to try.

For each of the body structures discussed in this sec-
tion, we will provide guidelines for palpation. In this way,
you will learn to differentiate between different types of tis-
sues by touch. General tips for palpation are provided in
Box 1-1.

Bone

We are covering bone first because it is a fundamental struc-
ture of movement. It provides a complex architecture to the
human body and a system of levers that muscles and ten-
dons pull upon to create movement. It is also easy to palpate
and provides crucial bony landmarks for finding muscles,
tendons, and ligaments.

Also called osseous tissue, bone is a type of supporting
connective tissue made up of collagen fibers and minerals
that form the skeleton of the human body. The structure of
this tissue resembles the rings of a tree on a microscopic
level (FIG. 1-8). Individual bones are covered by a layer of
dense connective tissue called periosteum.

Bone has many functions: It provides a framework that
supports and allows movement of the body; it protects vul-
nerable structures such as the brain, spinal cord, and organs;
it stores minerals such as potassium and calcium; and it is a

site for hematopoiesis (formation of blood cells).



1-8. Microscopic view of bone. Osseous tissue
is a mineralized supporting connective tissue that

resembles the rings of a tree.

Shapes  of Bones

Bones come in many shapes and sizes depending upon the
person's age. gender, and activities, as well as the bone's
function in the body (Fig. 1-9):

e Long bones have a distinct shaft in the middle with
bumpy ends. Examples are the humerus (upper arm
bone) and femur (thigh bone).
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* Small, short bones are often cube-shaped and allow
fine, gliding movements in the hand and foot.

* Some bones are flat and somewhat thin, like the sternum
(breastbone) or ilium (one of the pelvic bones).

e Irregular bones are totally unique. These include the
vertebrae of the spine and the facial bones.

* Finally, a unique type of bone called a sesamoid bone is
encased in tendon and helps improve the leverage and
strength of muscles that cross it. The patella (or

kneecap) is a sesamoid bone.

The forces placed upon bones influence their shape.
Gravity and compression determine the density of bones
while tension from the pulling of tendons shapes their
bumps and ridges. Familiarity with these topographical fea-
tures can help you to understand the functions of bones and
how they interact with other structures in the body. Types
and functions of bones will be covered more thoroughly in
Chapter 2.

Palpating Bone

We learn to palpate superficial bones next in our exploration
because their firmness and constant shape make them easy
to locate. Also, successful palpation of bone is necessary be-
fore we can find ligaments and tendons that hold bones

1-9. Bone shapes. Bones come in many
shapes and sizes depending upon the per-
son's age, gender, and activities as well as
the bone's function in the body. A. Long
bones. B. Short bones. C. Irregular bones.

D. flat bones. E. Sesamoid bones.
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together and connect muscles to them. Below are specific
steps for palpating bone:

1. Mold your arm out in front of you with your elbow
bent.

2. With the pads of your fingers and/or the palm of your
hand, find the pointy end of your elbow (this is the ole-
cranon process of the ulna) (Fig 1-10).

3. Still palpating. bend and straighten your arm. The bone
that you feel should retain its shape as you move your

arm.

4. Keep (he same position and move your fingertips and
thumb toward the sides of your elbow. You should find
two hard bumps, one on each side of your elbow (these
are the epicondyles of the humerus).

5. Bend and straighten your elbow while gently holding
these bumps with your fingers and thumb. They should
also maintain their shape as you move your arm.

6. Gently feel for the edges and features of these struc-
tures. See how far you can follow the olecranon process
of (he ulna distally toward your hand. Sec how far you
can follow the epicondyles of the humerus proximally
toward your shoulder.

1-10. Palpating bone: finding the olecranon process.
The "point of the elbow" is the olecranon process of the
ulna, a bone of the forearm. Joint movement at the elbow

will not change the shape and feel of the olecranon process.

7. Practice this exercise on different parts of your body.
Good places to practice are around the clavicle (collar-
bone), the patella (kneecap), and malleolus (ankle).

8. Practice this same exercise on different people.
Compare yourself and these other people. What features
and qualities are similar? What things arc different?

Ligament

Ligaments are fibrous structures made of dense connective
tissue that connect bones to each other. They prevent move-
ments at joints and contribute to joint stability. Whereas
muscles and tendons are considered dynamic stabilizers
because of their ability to contract and stretch, thereby con-
tributing to movement, ligaments are considered static sta-
bilizers because they do not move.

Structure of Ligaments

Ligaments are composed of a complex network of collagen
fibers that resist stress in multiple directions (FIG. 1-11). This
tissue complexity also contributes to the gristly feel of liga-
ments as compared to the smooth feel of parallel-oriented
tendons.

Ligaments are present at the ends of bones where they
help form joints. Sometimes a network of ligaments will
wrap around an entire joint, creating a joint capsule. We
will explore the structure and function of joint capsules
more thoroughly in Chapter 2.

Another structure related to ligaments is the in-
terosseous membrane. This is a broad sheet of dense con-
nective tissue that is thinner than ligaments and connects
bones along the length of their shafts. Interosseous mem-
branes are found in the forearm and lower leg and are too
deep in the body to palpate.

1-11. Microscopic view of ligament.

Ligaments connect the bones of the body to each
other, providing static stability and preventing
unwanted motion. The varying angles of colla-
gen fibers allow ligaments to stabilize in multiple
directions and contribute to their "gristly" feel

when palpated.



Palpating Ligaments

Because ligaments and tendons often reside in similar loca-
tions in the body, they can be difficult to differentiate. One
strategy for finding ligaments is to palpate the ends of two
adjacent bones and then search for the fibrous connections
between them. Movement will also help you differentiate
these two types of tissue. Tendons will change shape and be-
come more taught during muscle contractions, while liga-

ments remain relatively constant.

1. To palpate ligaments, let's move to our feet. Remove
your shoes and socks and cross your legs with one foot

resting on the opposite knee.

2. Find the medial malleolus (inside ankle bone) with the
pad of your thumb (FIG. 1-12).

3. Move your thumb to the bottom edge of the anklebone

and slightly anterior.

4. Actively move your foot around in circles as you press
down with your thumb, locating the space between the
ankle and foot bones. You should notice the gap between
the bones opening and allowing the deltoid ligament to

become closer to the surface and more easily palpated.

1-12. Palpating ligaments of the ankle. Cross one loot
over the opposite knee and find the bottom edge of the an-
klebone. The deltoid ligament is gristly and connects the
tibia to the ealcaneous, navicular, and talus on the inside of

the foot.
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5. Several ligaments in addition to the deltoid ligament
stabilize the ankle joint. Practice feeling the difference
between the bones, the ligaments, and the tendons that
reside around the ankle and foot.

6. Practice this exercise with different people and compare

your results.

Muscle

Muscle is one of the four main types of body tissue.
Although it is not connective tissue itself, it produces move-
ment by pulling on the dense connective tissue that forms
tendons and attaches to the periosteum of bones. Specific
characteristics and functions of muscles will be discussed
further in Chapter 3.

Types of Muscle

There are three types of muscle in the human body:

* Smooth muscle is present in the walls of hollow organs,
vessels, and respirator