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From the beginning of life, humans develop, refine, and
perfect various movements to perform functional tasks
for daily life, work, and recreational activities, and to
play sports. To enhance the development of movement
or assist with the return to function after injury, one
must first understand typical human movement. The
term kinesiology, from the Greek word kinein, meaning
“to move,” and the addition of the English suffix -/ogy,
meaning “to study,” is the scientific study of movement
and performance. Several branches of science, particu-
larly anatomy, physiology, physics, and biomechanics,
contribute to the science of kinesiology. Human anat-
omy lays the foundation by providing information about
the structures of the body, and physiology outlines the
interactions between these structures and various body
systems. Physics describes the concepts of force and mass
and their relationship in movement through the under-
standing of mechanics. Biomechanics applies the con-
cepts of mechanics to human movement. The study of
human kinesiology includes examination of human struc-
wres, study of the individual and collective functions of
the joints, and understanding concepts related to forces
that produce or prevent movement. Once these concepts
are understood, studies related to how injury, disorders,
disease, and aging affect human movement and function
and how the human body is capable of adapting to these
challenges can be explored.

To begin the study of human movement, this text first
discusses universal terms to describe various types of
movement and the directions and planes in which they
occur. Motion can occur in Jinear paths and angular arcs,
both of which are necessary for the accomplishment of
daily tasks, recreation, and sports. The way body segments
move in relationship to each other determines their func-
tion and how tasks are accomplished. The legs function
in two entirely different ways depending on whether the
feet are on the floor when moving from sitting to stand-
ing or free from a surface when kicking a ball. Arms can
be free to throw a ball, or stationary o push up from the
arms of a chair when moving from sitting to standing. For

~ movement to occur, external forces such as those from
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and extern

eir magnitude
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healing and
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To describe and discuss anatomical structures and move-
ment in a consistent manner, there is a universal reference
or starting point: the anatomical position. This funda-
mental reference depicts the human body in a standing
position facing forward, arms at the side of the body, and
the palms of the hands facing forward (Fig. 1.1). This
position is the reference for describing anatomical struc-
tures, planes of movement, and axes of rotation.

In the anatomical position, structures and their rela-
tionship to each other are described in standard directional
terms. Medial and lateral are terms used to describe the
relationship of a point to the midline of cither the entire
body or a body segment. A point closer to the midline is
described as medial to other sites, whereas a site farther
from the midline is described as lateral 1he ulna bone in
the forearm is medial to the radius, The sternum in the tho-
rax is medial to the ribs. Anterior and posterior reference
the relationship between a location and the front (anterior)
or back (posterior) of the body. The patella is anterior 1
the femur. The spine is posterior to the sternum. When
discussing the relationship between a site and the trunk,
the terms proximal and distal are used. A site closer 0 the
trunk than another site is considered proximal; for exam-
ple, the hip is proximal to the knee. The knee 1s }!I'ﬂ-\‘im'-‘l
to the ankle. Sites distal are farther from the trunk. The
foot is located distal to the knee. The knee is distal to the
hip. Superior and inferior describe structures in terms ot
being above or below another structure. The terms used O
describe directions and examples using the terms are out-
lined in“Table 1.1 and depicted in Figures 1.2 and 13-
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CHAPTER1 Principles of Kinesiology and Biomechanics 5

‘The terms cephalic and eranial can be used o deseribe
positions closer to the head; caudal relates to positions
closer to the feet. Superficial deseribes structures or
areas that are closer to the surface, whereas deep refers
to structures that are farther from the surface. The skin is
superficial to muscle tissue in the body.

OSTEOKINEMATICS

PLANES OF MOTION

The skeletal system moves through three-dimensional
space as the body performs daily activities, such as rising
to stand from a chair or reaching overhead for an object.
This same three-dimensional movement produces com-
plex movements when performing higher-intensity work
during exercise and various recreational and sport activ-
ities. Three cardinal (principal) planes of motion cor-
respond to the dimensions of space: sagittal, frontal, and
horizontal (transverse). Osteokinematics describes the
movement of the skeletal system through these planes of
motion using a body standing in the anatomical position
as the reference. If the motion occurs in only one plane,
it is considered a straight plane or uniplanar movement.
Most of the motion that occurs during human movement
takes place through more than one plane and is considered
multiplanar. As a person rolls over in bed, moves to a sit-
ting position, and then stands, the various sections of the
body move through all the cardinal planes of motion. An
Figure 1.1 In the anatomical position, arms at the side, palms athlete throwing a ball moves the arm and body through
facing forward. a combination of planes of motion to produce ball flight.

TABLE 1.1 Anatomical Direction Terms

Term Definition Example
Medial Closer to the midline of the body The ulna is medial to the radius.
I;atcral Farther away from the midline of the body The radius is lateral to the ulna.
Anterior Closer to the front of the body The .st.crnum is anterior to the spine.
Posterior Closer to the back of the body The femur is posterior to the patella.
Proximal Closer to the trunk The hip'is pn;m'nml to the knee.
Distal Farther from the trunk The knee ;5'£..ii_$'tnl m lll.t: hip.
Superior Describes a structure above another
s ':Il_'i_f_i:ripr. Describes a structure below another . |
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Figure 1.2 The ulna is medial to the radius, and the radius is
lateral to the ulna. The hip is proximal to the knee, and the knee
is distal to the hip. The sternum is located superior to the pelvis,
and the pelvis is inferior to the sternum.

Sagittal Plane

The sagittal plane is oriented vertically and divides the
body and segments of the body into right and left sec-
tons. Movement such as flexion and extension that occurs
anterior (front) to posterior (back) or posterior to anterior
occurs in the sagittal plane. As the arm reaches forward
and up to retrieve an object, it is moving in the sagit-
tal plane. Flexing and extending the elbow occur in the
sagittal plane. Figure 1.4 depicts the body divided in
the sagittal plane and various body segments moving
in the sagittal plane.

Frontal Plane

The frontal (coronal) plane is also positioned vertically
and dissects the body and its segments into front and back
portions. Moving the arm or leg out to the side, moving
it away from the body, and laterally bending the neck or

Figure 1.3 The sternum is anterior to the spine, and the
spine is posterior to the sternum. The femur is posterior to the
patella, and the patella is anterior to the femur.

trunk sideways are examples of movement in the frontal
plane. The frontal plane is the plane of motion for side-
ways motion such as abduction znd adduction, as shown
in Figure 1.5.

Horizontal Plane

Rotational movement that occurs narallel to the ground
takes place in the horizontal {transverse) plane. This
plane is oriented in the horizontal position and divides the
body and its segments into upper and lower parts. Exam-
ples of movement occurring in the horizontal plane are
rotating the hip or shoulder medially (inward) toward _the
body or laterally (outward) away from the body. Turning
the forearm so that the palm is facing upward (supind-
tion) or downward (pronation) and rotating the trunk are
movements that occur in the horizontal plane. Figure 1-_‘(’
illustrates examples of movement occurring in the hor'-
zontal plane. :
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CHAPTER 1 Principles of Kinesiology and Blomechanics 7

Figure 1.4 (A) In the sagittal plane, the body and body seg-
ments are divided into right and left sections. (B) During shoul-
der flexion and extension, the arm moves in the sagittal plane
around an axis that is oriented in the frontal plane. (C) The
elbow and hip are flexing ir the sagittal plane around a frontal
axis.

AXIS OF ROTATION

As a body part moves in one of the three-dimensional
planes, it revolves around a pivot point, or an axis of
rotation. This axis around which the movement occurs
is always perpendicular to the plane of motion. A sagit-
tal axis runs in an anterior-posterior orientation (in the
sagittal plane), and movement occurs in the frontal plane.
Abduction and adduction of the extremities as they move
in a sideways direction away from and toward the body
oceur in the frontal plane around a sagittal axis, Figure 1.5
illustrates o sagittal axis during shoulder and hip abduc-
tion., Conversely, a frontal axis lies in the frontal plane, as
“depicted in Figure 1.4, and is oriented medial-lateral (side
to side); with flexion and extension movements occurring
around its axis. As the arm flexes forward in the sagital
plane, it is rotating around a frontal axis. Rotational move-
ment of a body segment occurs in the horizontal plane

(¥ Scanned with OKEN Scanner



8 PART| FOUNDATION CONCEPTS
;n-(-.;mci averdcal (Tongitudinal) axis (sce g, Lo)As the
‘_C'-“] rotates from sde o side, 1t s moving around a ver-
treal axis, ¥
,\hlmu.uh 'lhl"*- d'l\LJ,;_\,\h,n SCCIS 1o l]l"\t'l‘iht‘ an axis as
, “"“”“i““"'_‘ stationary poant, in reality the axis moves
slightly as the scgment moves through the motion. The
small shitt in the location of the axis is due to the lack of
complete symmetry resulting from changes in the curva-
ture of the joint surfaces. Figi\rc 1.7 clcpii‘ls an example of
Ih_“ <light shift in a joint axis, called the instantaneous axis
of rot tion. As the knee moves during flexion and exten-
s1on, t!u: axis of rotation moves slightly because the distal
end of the femur is nota gcnmctric:lll}-‘ perfect sphere.

OSTEOKINEMATIC MOVEMENT
TERMINOLOGY

Universal terms describe osteokinematic movements as
they occur in planes of motion around axes. Table 1.2
provides an overview of common osteokinematic move-
ment terms, the planes and axes that represent the move-
ment, and examples of functional movement related to
the terms. (Descriptors specific to each region are pre-
sented in the individual chapters related to the joint.)
Flexion describes the motion that occurs when the angle
betrween two bones decreases, as when the forearm moves
closer to the upper arm during elbow flexion. Extension
movements increase the angle between the two bones
that form the joint, as when the elbow straightens and
the forearm moves away from the upper arm. In most
cases. the muscles that cross the anterior aspect of joints
flex the joints, while those located on the posterior aspect
extend the joints. In the spine, movements that bring the
head and trunk anterior to the vertical axis are flexion
movements, whereas posterior movements are described
as spinal extension. Abduction and adduction represent
segments moving away from and toward the midline,
respectively. Moving the leg away from the body in the
frontal plane is abduction of the hip. Moving the leg from
this position back toward the trunk is adduction. Medial
rotation occurs when the anterior surface of a bone
rotates toward the midline, and lateral rotation occurs
when the surface rotates away from the midline. The
shoulder and hip rotate in medial and Jateral rotation.
Museles located on the lateral aspect of a joint typically
abduet the joint and may assist with lateral rotation. Joint
adduction and medial rotation are often accomplished by
muscles located on the medial aspect of a joint. In the
forcarm, this rotation is called pronation (palm down-
ward) and supination (palm upward); in the foor, 1t is
called eversion and inversion. Circumduction is a term
used to deseribe circular motion of a body segment mov-
ing through at least two different planes of movement.
Figure 1.8 illustrates typical motions occurring during
flexion, extension, abduction, adduction, and medial and
Jateral rotation.

in Figure 1.8 illustrate the proximal
ment rcnmininlu stationary v.:hilc the distal sep-
ment moves toward or away from it. These same maotiong
rsal of action when the distal segment
ary and the pre yximal hony segment moves
om the distal bone. In an example of 4
clbow, the hand is placed on the
arm of a chair holding the forearm relatively still while
the upper arm moves away from thc forearm as a person
pushes with the arms into a standing position. Although
the upper arm moves away from the forearm rather than
the forearm moving away from the upper arm, the elbow
moves into extension as the angle berween the two bones
increases. In another example of a reversal of action
during a chin-up exercise, the hands are fixed on a bar and
the upper arm moves toward the forearm as the elbow
(lexes and decreases the angle between the two bones.

The examples

hony sey

Cin OCCur as i reve
remains station
toward or away r
reversal of action at the

DEGREES OF FREEDOM

edom refer to the number of planes of
that can occur at a specific joint. For
ulder and the hip can move in flexion
| plane), abduction and adduction
and lateral rotation (horizontal
plane). Because the joints have the capability for motion
in three planes of movement, they are described as hav-
ing three degrees of angular freedom. In contrast to these
joints, the elbow moves only in flexion and extension,
having one degree of angular freedom, as the joint moves
in only one plane of motion. The metacarpophalangeal
joints of the hand have two degrees of freedom, as flexion
and extension and abduction and adduction motions can

occur at these joints.

Degrees of fre
angular motion
example, the sho
and extension (sagitta
(frontal plane), and medial

Clinical Connection 1.1

e

Loss of even one degree of freedom in a joint from
either paralysis or loss of range of motion can result
~in dysfunction of the entire extremity. Consider
an athlete who is attempting to throw a ball but
is experiencing shoulder pain. The athlete may be
able to hold the ball with the hand, flex the elbow
during a windup, but because of pain with shoul-
der movement doesn’t have the shoulder range of
motion needed to throw the ball. Another example
“of this concept is a person who loses the ability t©
flex the shoulder but has the ability for the hand
to hold a hairbrush and flex the elbow through full
range. Due to the shoulder dysfunction, the person
~ may be unable to lift the brush up toward the head
to brush the hair. S i

._J.d:ﬂ’.ﬂ
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Figure 1.5 (A) The upper and lower extremities are moving in the frontal plane as they abduct away from the midline of the body.
The cervical spine is side-bending to the right, also in the frontal plane. (B) The shoulder and hip are moving in the frontal plane

around an axis that is oriented in the sagittal plane.

TABLE 1.2 Osteokinematic Movement Terms

Plane Axis Terms

Functional Movement Example

Sagiral plane Frontal axis Flexion, extension

The forearm brings the hand toward the mouth for cating during
elbow flexion, As it returns to its original position, it is moving in
extension.

Frontal plane Sagirtal axis Abduction, adduction

Stepping into a car with one leg first is an example of hip abduction.
The hip is moving the lower extremity away from the trunk,

Vertical axis Medial rotation,

lateral rotation

Horizontal plane

Pouring liquid out of a glass requires forearm pronation (medial rota-
tion of the forearm).

KINEMATICS

Human movement is analyzed in terms of position, veloc-
ity, and acceleration. The previous sections described
the planes and axes around which movement can occur.

Velocity describes both the speed and direction of move-
ment, while acceleration describes the rate ar which
velocity changes aver time. Both these terms are discussed
in greater detail in Chapter 2. Movement can occur as lin-
ear or angular (rotational) mation or as a combination of
the two.

(¥ Scanned with OKEN Scanner




10 PART |

FOUNDATION CONCEPTS

Figure 1.6 (A) The spine is rotating to the left, moving in the horizontal plane around a vertical axis. (B) The right arm is rotating
medially in a horizontal plane around a vertical axis. The left leg is rotating laterally.

LINEAR MOTION

I_inear motion, in which all parts of the object move in the
same direction and parallel to each other, is also known
as translation, or translatory motion. Linear motion can
be desceribed as movement in cither a straight line or a
curved line and is measured in units of meters (in) or feet
(ft). When describing linear motion of the body as a whole
unit, 2 clinician may document that a person walked 50 ft
{15.29 m) on a level surface.

Straight Line Motion

Straight line linear (rectilinear) motion depicts point-
to-point straight movement. Typically, the movement
is in a two-dimensional or three-dimensional system in
the planes established by the Cartesian coordinate sys-
~tem (Fig. 1.9). The system describes the position of any
point in three-dimensional space. The movement occurs
on the x, y, or z ordinance. Linear movement can take
- place in an anterior/posterior, medial/lateral, or verti-
cal direction. An example of linear movement is the

path of an object as it drops vertically from a height. In
the body, limb and trunk movements do not typically
occur in a purely linear fashion. Gliding linear motions
occur between the surfaces of synovial joints as the limb
moves in a rotation arc of movement. This passive lin-
ear motion is called accessory movement (joint play)
and describes the amount slight joint motion that occurs
between most joint surfaces. This gliding motion of
surfaces rarely occurs without some degree of rotation
accompanying the gliding. Figure 1,10 illustrates the
linear gliding motion between the carpal bones in the
wrist. (This gliding motion is addressed in greater detail
in the arthrokinematics discussion in Ch:l[;tCI' 3 and for
cach joint specifically in the individual chapters related
to specific joints.)

Curved Line Motion

Curved line (curvilinear) motion is movement from
one point to another in an arched path. This movement
combines translation and rotation of a segment. The
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Figure 1.7 A sagittal view of the femur, tibia, and fibula. The

axis of motion moves slightly as the knee moves during flexion
and extension,

axis around which the movement occurs is not fixed but
rather shifts in space. An example of curvilinecar motion
is the vertical displacement of the center of the body as it
moves upward and downward during walking. Curvilin-
ear motion of the center of mass of the body and linear
motion of the entire body that occur during walking are
shown in Figure 1.11.

- ROTARY MOTION

Rotation or rotary motion (also called angular motion)
describes the arc of motion of a body around an axis,
Joints in which the body part moves in a circular path
around a pivot point represent this axis of rotation. An
example of body segment rotation occurs when the arm
rotates medially around a vertical axis during shoulder
medial rotation. Rotary motion also occurs in the frontal
plane as the arm or leg moves in abduction and adduc-
tion in the frontal plane around a sagittal axis. During
rotary motion, each point on the limb moves in the same
direction, time, and angle but through different distances,
The movement is measured using the polar coordinate

CHAPTER 1

Principles of Kinesiology and Biomechanics 1

system, which documents the angle in one dimension
between two fixed points and is measured in degrees. In
Figure 1.12, the lower leg is rotating around the knee
joint axis from 07 to 90? of motion.

GENERAL MOTION

Most of the motion that occurs between joint surfaces
and during limb and trunk movement represents a
combination of translation and rotation and is known
as general motion. When a person is running on a flat
surface, the body is moving in a straight linear motion,
while the lower extremities are rotating at the hip, knee,
and the ankle axes to propel the body forward. Lifting
an object overhead is an example of linear motion of
the object as it moves upward and rotation motion of
the upper extremity joints as they rotate around their
axes to perform the lift. Whether the movement of body
segments or the body as a whole is translatory or rota-
tional, it is classified as either active or passive move-
ment. Active movements occur when muscles contract
and provide the force to move a body segment, such
as when hip flexor muscles lift a leg to step up onto a
step or when the hand brings food to the mouth. These
movements are results of the internal forces produced
by muscles and an intact neurological system. Forces
besides those produced by muscles produce passive
movement, such as a push or pull produced by another
person on the body or by the pull of gravity on the mass
of an object. A clinician holding a client’s leg and mov-
ing the leg into flexion is an example of the leg passively
being moved.

KINEMATIC CHAINS OF MOTION

As the body moves throughout daily life, it accomplishes
movements and tasks as the various joints work together,
forming chains of movement in an extremity. When a
person reaches for an object on a high shelf, the trunk
must provide a stable static base on which the scapula can
upwardly rotate, the shoulder flex, and the elbow and wrist
extend so that the fingers and thumb can grasp the object.
Each of the joints performs as a link in the chain in the
total motion of the extremity. As a person rises to standing
from sitting in a chair, the feet provide a stable base, as the
knees, hips, and trunk move into extension, each contrib-
uting to the achievement of an erect standing position.

Open Kinematic Chain Movement

During kinematic chains of motion, the body moves in
cither open kinematic chains (OKC) or closed kine-
matic chains (CKC). Open chain movement occurs
when the proximal portion of the limb segment or
chain is fixed and not moving, while the distal portion
of the limb is moving. Typically, these motions oceur in
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Shou!dr lateral and medial rotation Elbow flexion and extension

Forearm supnation and pronation

Ankle Inversion and eversion 3 .Trunk 'Hon and extension

Trunk and neck sidebending Trunk and neck ratatan

Figure 1.8 Types of joint motion,
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Figure 1.9 Linear movement occurs in a straight line along a
coordinate of the Cartesian coordinate system.
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CHAPTER1 Principles of Kinesiology and Biomechanics 13

Figure 1.10 A sagittal view of the wrist in flexion. Linear

movement (arrows) occurs between carpal bones during wrist
movement,

Figure 1.11 During the gait cycle, the entire body moves in a linear motion, whereas the center of gravity (COG) of the body moves
in a curvilinear motion. The highest point of the curve occurs during midstance of the limb; the lowest point occurs during heel strike.

non-weight-bearing positions. In the example of lifting
the arm up to a high shelf, the lim is performing an OKC
motion, Lifting a dumbbell during a biceps curl is exer-
cising the biceps in an open chain activity. Although the
hand is holding the weight in a relatively fixed grasp, the
distal segment of the arm chain is moving toward a ﬁxe_d
proximal shoulder joint. The motion at the distal joints is
independent of the motions at proximal joints; they can
either move in a variety of directions or remain In static

_ positions. The fingers can flex and grasp the dumbbell

during the biceps curl or extend and release the weight;
the finger movement is independent of the elbow and
shoulder movement.

Closed Kinematic Chain Movement

CKC movement occurs when the distal segment of the
movement part is fixed and the proximal segments move
in relationship to the distal segment. These movements
usually occur in weight-bearing positions. Moving from
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Clinical Connect!_or) 14

arv motion is
ape me

In the clinical setting, angular or rotary
ankle dorsiflexion is being measured with a t

N ET iometer ar an inclinometer, In the A
measured with a gonio clin the figure,
asure (), a goniometer (BB), and an inclinometer (C),

Figure 112 The knee is moving from a position of 0° of exten-
sion to 90" of flexion. Each point of the lower limb is moving

in the same direction, at the same time, and through the same
degrees of motion,

a sitting to a standing position is an example of a closed
chain activity, The feet are fixed on 2 surface, while the
more proximal knees, hips, and trunk move into extension
to achieve the standing position. Placing the hands on the

arm of a chair and pushing the elbows into extension is
another example of a closed kinetic chain activity. The dis-
tal hands are fixed on the chair, while the proximal elbow
and shoulder move into extension. Most human activities
are a combination of open and closed chain movement.
Open chain movement occurs as a person lifts a leg from
one step up to the next step when ascending stairs. Once
the foot is on the higher step, the person performs 2
closed chain activity of fixing the foor on the step, while
extending the hip and knee to lift the body weight up onto
the step (Fig. 1.13). Although the terins OKC and CKC

are widely used in the clinic and in il literature, there
are some inconsistencies with the terininology. The terms
distally fixed to represent CKC and . rdistally fixed or

joint isolation exercises to describe (3.0 movements have
been suggested as terms that do not consider the factor of
weight-bearing during the movement.

FORCES

Undcrsmnding the concepts related to external forees and
how these forees act on the body and internal forces gen-
erated by the body are essential to the study of kinesiolog¥
and human movement. Force, in simple terms, is definec
as 4 push or a pull of one object with respect to anothe!
object. Forces have a point and line of application, ma&”
nitude, and direction. An example of an external force
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Figure 1.12 Open and closed chain movement. (A) Open chain movement of the hip, knee, and ankle ona stable fixed trunk and
pelvis as the leg is lifted up toward the step. (B) Closed chain movement of the hip and knee extending on a fixed foot to lift the

body weight up onto the higher step.

the movement produced by a moving bus that disturbs
the balance of a person standing while riding in the bus.
In response to this external force, the body can produce
internal forees o produce movement, change direction
of the movement, or stop movement, as when a muscle
contracts 10 stabilize the person standing while riding in
a moving bus. When the total sum of forces acting on an
object results in movement and changes the position of the
object, displacement of the object oceurs. If these forces
do not result in movement and the object remains in 2
static position, stabilization occurs. Internal forees that
produce movement or stabilization provide the means for
accomplishing functional 1asks throughout everyday life,
However, forces applied 1o the body that are exeessive,
even for a short duration, or submasimal, oceurring repet-
itively over a period of time, have the potential to injure
the body. ‘The lack of typical forces related 10 prolonged
bedrest or immobilization can weaken body systems, caus-
ing degeneration and disability. Forces can also be used

therapeutically to promote healing and increase function

of the human body. Appropriate forces applied during
therapeutic movement of a joint or when strerching 3
muscle can increase joint mobility and improve function.

INTERNAL FORCES

Internal forces considered in biomechanics include active
contractile and passive noncontractile forces generared
from structures within the body. Muscle contractions gen-
erate internal contractile forces that cause muscles w work
as stabilizers preventing movement or 4s mover responsi-
ble for producing motion as the body moves duning daily
activities. Noncontractile forces consist of the passive tene
sion produced from connective tissues: Bgaments, joimt
capsules, intramuscular connective tissue, and bones. The
passive forces provide statie stability for joints and can
augment forees generated during movement. Connective
tissue structures surrounding myofibeils in @ muscle ply
a role in generating passive forces during eccentric active
muscle contractions. When the arm controls the lowering
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Clinical Connection 1.3

I-"?‘.F’-‘:-‘*"'@"'_m\\" tendinapathy is a common injury
seen an reereational golfers, tennis players, and those
WII}I occupations that require powerful/repetitive
WISt and hand movements. Lateral elbow pain,
!'f“m'“”ii'h aripping, and upper extremity dysfunc-
ton can result from this condition, Wrist extensor

- uscles produce internal forces over and over in a
repetitive pattern that contributes to the chronic

coveruse injury. Wrist, grip, and proximal muscle
weakness of the core, shoulder girdle, and proximal
jomts can also contribute to the condition. Exter-
nal forces stemming from inadequate equipment
(e.g., an nappropriately sized equipment grip),
inadequate playing surfaces, poor technique, and
poor ergonomic environments can play additional
roles in the resultant tissue injury. Although exces-
sive or inappropriate forces produce this dysfunc-
tion, correct forces applied during rehabilitation
can increase mobility, strength, endurance, power,
moror control, and body function.

of a weight against gravitational forces, both the active
force of the muscle fibers and the passive forces of the
connective tissue counter the weight being held by the
arm. The concepts related to forces produced by internal
structures are discussed in greater detail in later chapters.

EXTERNAL FORCES

Forces produced outside of the body are considered
external forces and must be overcome by internal forces
if movement is to occur. These forces include externally
applied forces, fricton, and gravity. ('}ravitj:’ is a constant
force that acts on all objects as an external force playing a
miajor role in human movementand balance. Other forces
in nature include wind, water, terrain—virtually anything
that comes in contact with a body segment. External forces
w0 the human body can also be applied by manual resis-
tance or through the use of exercise equipment. These
forces can be encountered as one lifts objects or opens
doors. External forces can move, stabilize, o, if applied in
excess, injure the body, Friction is an external foree that
produces resistance to movement between objects in con-
ract with each other. Increased friction can improve sta-
bility, as seen when irregular tread is put on a shoe. It can
also resultin damage, as when the rubbing between o shoe
and the skin causes skin damage and produces a blister,

TYPES OF FORCES |
 Forces, often’ referred to as loads, acting on the hody
_can produce movement or stabilize the body against

structures.

These loads also have the ‘I|l‘illl}' Lo injure
or damage body structures. Iigure .|.H I.”'lll‘dr;uus the
- 1'“!“‘,‘ of forees that are t_'.llllulll.llt.lt_tl h}' hmt}
o, Internal muscle contractions ;Ill't| externally
applicd forees can produce |c:1.ﬁtlfll or l?”.Ml.T (tll.‘tlr;u:-
tion) forces to joints and their structures when forces
1 object in opposite dircctions, produc.

pull on the san . | :
ing a strain on the object. Ligament anc tendon tissyes

produce internal resistance Lo tenston !:nrcus [h.-.u stretch
them during movement and activity. 1 h.l.' tension forces
act in opposite directions to pu.II ru;ucrm'}s :1];:11-.[,b] Itf"\"
ever, structures debilitated by discase or immobilization
able of resisting tension forees that clongate
es, and injury can result. The skel-

other lorees,

structures

may be incap
and overstretch tissu : .
etal system undergoes continuous _conl|rrcss‘|\'f:‘f()rccs
during weight-bearing nctivnws‘ of the extremities and
spine. These forces act in ([ircctu?ns 1‘u~.vnrtl.cnch other,
compressing structures. Compression forces from muscle
contractions can also produce forces directed toward the
joint tissue and surfaces. These forces approximate the
joint surfaces, causing compression stresses. Axial com-
pression describes compression forces along the long
axis of a structure such as the spine. Skeletal systems that

,-—-\
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