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20  Chapter 2

side to side, twisting at the waist, and internal and external 
rotation of the upper and lower extremities with the body in 
anatomical position.

The intersection of the center of all three of these planes is 
the center of gravity (COG; Kendall et al., 1993). Planes that 
do not lie in line with any one of these planes in one of the 
three basic planes are described as oblique planes (Neumann, 
2010). 

An axis is an imaginary straight line around which rotary 
or angular movement occurs. The axis around which move-
ment occurs is always perpendicular to the plane in which 
the movement is occurring. For each of the principal planes, 
there is a corresponding axis and, therefore, movement can be 
described as occurring within a plane and around the associ-
ated (perpendicular) axis. The axis that is perpendicular to 
the sagittal plane is called the mediolateral axis, named by its 
directional orientation, although it is also referred to as the 
frontal, coronal, or X axis in various publications (Muscolino, 
2006; Neumann, 2010). It runs in a left-to-right or right-to-left 
direction. Movements around the mediolateral axis include 
flexion and extension of the trunk, shoulders, elbows, wrists, 
fingers, hips, and knees, as well as dorsi- and plantarflexion of 
the ankle.

The axis that is located perpendicular to the frontal plane 
is referred to as the anteroposterior axis as it is oriented from 
the front to the back or back to the front of the body. It is also 
called the sagittal or Z axis by some authors. The abduction and 
adduction that occurs at the shoulders and hips when doing a 
jumping jack is an example of movement in the frontal plane 
around the anteroposterior axis. Other motions occurring in 
the frontal plane around the anteroposterior axis are lateral 
flexion of the trunk, radial and ulnar deviation at the wrist, 
and inversion and eversion of the foot. 

The axis located perpendicular to the transverse plane runs 
in a superior-inferior direction and is called the vertical axis, 

but may also be labeled the longitudinal or Y axis. Shaking 
one’s head “no” is an example of movement in the transverse 
plane around the Y axis. Motions occurring around this axis 
include internal and external rotation, horizontal abduction 
and adduction, and pronation and supination of the forearm. 

The importance of understanding planes and axes lies in 
the ability of this 3D system to describe movements clearly and 
consistently (Table 2-2). Movement in the sagittal plane and 
around the corresponding mediolateral axis is best visualized 
from the side of the body. Movements taking place in the fron-
tal plane and around the anteroposterior axis are best observed 
from the front of the body. Motion in the transverse plane and 
around the longitudinal axis are most easily visualized from 
a superior or inferior perspective. Using an index card that is 
pierced by a rod (such as a pencil) to represent a plane and its 
corresponding axis can be a valuable and portable tool to help 
practitioners and students alike to visualize these concepts. 

It is critical for the learner to be able to visualize both the 
orientation of and the relationship between the planes and 
axes to fully understand a description of movement, as well as 
to properly conduct assessments such as manual muscle testing 
and passive range of motion (PROM). 

JOINT CLASSIFICATIONS

Neumann (2010) describes a joint as the junction or pivot 
point between two or more bones. Joints can be classified either 
by how much motion is available at the joint or by the type of 
tissue that comprises the junction between the components of 
the joint (Resnick & Kransdorf, 2005). Classification of joints 
based on available motion includes three basic categories: syn-
arthroses, amphiarthroses, and diarthroses. Synarthroses are 
joints that essentially allow no motion. Amphiarthroses are 
joints that are slightly moveable, and diarthroses are joints that 
move freely in the absence of pathology (Table 2-3; Resnick & 
Kransdorf, 2005). The classification of joints based on the type 
of connecting tissue overlaps with the classification based on 
available movement and includes fibrous, cartilaginous, and 
synovial joints.

Figure 2-2. Planes and axes.

Table 2-2
MOTIONS IN EACH PLANE AND AXIS

PLANE AND AXIS MOVEMENTS

Sagittal plane around 
the mediolateral (frontal, 
coronal, X) axis

Flexion, extension, and 
hyperextension 

Frontal (coronal) plane 
around the anteroposterior 
(sagittal, Z) axis

Abduction, adduction, lateral 
flexion, radial and ulnar 
deviation

Transverse (horizontal) 
plane around the vertical 
(longitudinal, Y) axis

Supination, pronation, internal 
and external rotation, neck 
and trunk rotation, horizontal 
abduction and adduction
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Kinesiology Concepts  33

MA = 
length of the effort arm

length of the resistance arm

When the MA is greater than 1, than that lever will have 
good MA and increased efficiency. If the MA is less than 1, 
then that lever will have poor MA and will not be as efficient. 

First-class levers can vary in the amount of MA, depending 
on the location of the axis in relation to the resistance force 
and effort force arms. In second-class levers, the effort arm is 
always greater than the resistance arm, so second-class levers 
have significant MA (always less than 1). Conversely, in third-
class levers, the effort arm is shorter than the resistance arm, 
so there is poor MA (always greater than 1). Third-class levers 
have the least capacity to overcome resistance. In the human 
body, muscles that attach further from the joint generally 
have greater MA than muscles that attach closer the joint; 
however, this will vary depending on the position in the ROM 
(Muscolino, 2006).

Gench and colleagues (1995) point out that it may seem 
paradoxical that the levers least found in the body are the 
levers that are capable of the greatest MA. They add that this 
would be true if we used our bodies to move great amounts 
of weight slowly. However, our bodies are more often used in 
activities requiring movement of smaller weights or moving 
quickly, and this is consistent with an abundance of third-class 
lever systems.

While it may seem that the predominance of third-class 
levers would make the human body perform inefficiently and 
ineffectively, there are distinct benefits to this arrangement. 
In a third-class lever, while the magnitude of the force needed 
to move the joint is great, the movement produced distally is 
through a much greater arc than that produced proximally. 
The shorter the lever arm of the effort force produced, the 
greater the movement of the distal end of the lever (Levangie 
& Norkin, 2011). This greater movement and speed is not 
true in a second-class lever, where there is MA and effi-
ciency in terms of force output but relatively little change in 

Figure 2-26. Examples of third-class levers.

Figure 2-25. Examples of second-class levers.
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274  Chapter 9

and the position of the head in space in relation to grav-
ity. This system influences muscle tone, especially in the 
antigravity extensor muscles, and helps to maintain stable 
visual perception when the person or environment moves. 
Proprioception is important in informing the body where the 
head is in relation to the body. The muscle spindles, Golgi ten-
don organs, and proprioceptors are instrumental in informing 
the body about the current position of joints, whether the joint 
is static or moving, the range and duration of movement, the 
velocity and acceleration of body segments, the pressure and 
tension in joint structures, and the relative lengths of muscles. 
Tactile input relays information regarding the focus of pressure 
on the soles of the feet, which is indicative of the location of 
the line of gravity within the BOS. Vision tells us the relation 
of the head to the object. The role of vision cannot be overem-
phasized because vision is the most far-reaching sensory system 
and strongly dominates our perception of the environment and 
our adaptation to it.

Posture and balance depend on the functional relationship 
between the spine and the hips as it relates to movement of 
both the upper and lower extremities. Balance needs to be 
maintained between the pelvis and feet, the trunk and pelvis, 
and the head on the trunk. Weight is distributed over each 
foot and between the two feet. Postural adjustments are made 
based on sensory input from the visual, proprioceptive, and 
vestibular systems.

Postural control has been defined as “the ability to maintain 
stability of the body and body segments in response to forces 
that threaten to disturb the body’s equilibrium” (Levangie & 
Norkin, 2011, p. 485). It is influenced by a person’s size, age, 
gender, and body type. External forces affecting standing pos-
ture include inertia, gravity, and ground reaction forces, while 
internal forces are muscle activity and passive tension in inert 
structures. Disruptions in equilibrium can occur in dynamic 
postural movements, such as walking, running, jumping, 

throwing, or lifting, or can interfere with stability in static 
postures, such as sitting, standing, lying, or kneeling. 

Normal Spinal Curves
The spine has four naturally occurring curves, as seen in 

Figure 9-7.
The structures of the spine with the four curves provides 

balance and strength, and the junction of one curve with 
the next is often a site of much mobility (Magee, 2014). The 
thoracic and sacrococcygeal regions curve in a convex direc-
tion posteriorly; the cervical and lumbar areas bend in a 
convex direction anteriorly. The cervical and lumbar curves 
exist before birth and are called primary curves, whereas the 
thoracic and sacrococcygeal curves are secondary curves that 
develop in infancy and young childhood (Gench et al., 1995). 
Other curves associated with the spine occur when there is 
an increase in an anterior curve (lordosis), an increase in the 
posterior curve (kyphosis), or the existence of a lateral curve 
(scoliosis). 

Standing
The stability of one’s body is dependent on the relation-

ship of the COG with the BOS. The COG is a point of the 
body at which the entire weight of the body is concentrated. 
This is the balance point at which the vertical and horizontal 
planes meet (Greene & Roberts, 1999). In an upright position, 
the COG in humans is generally accepted to be at S1 or S2, 
although the precise COG for each person depends on the 
proportions of that individual. Specific centers of gravity for 
each body segment have been determined as well.

Standing upright depends on the weight distribution on 
each foot; weight distribution between the two feet; and the 
balance of the pelvis over the feet, trunk over the pelvis, and 
head over the trunk. Posture and balance have been compared 
to stacking movable blocks, where balance is achieved between 
each block and the weight is distributed between two sides of 
the body. Changes in the position of the pelvis result in auto-
matic realignment of the spine, especially in the lumbar region. 
Being in an upright stance has definite advantages for using 
one’s hands in complex tasks, but it also creates a position that 
is inherently unstable because the COG of the body is over a 
relatively small BOS (Galley & Forster, 1987). Different stand-
ing postures, ideal and faulty, are shown in Figure 9-8.

If the head is too far forward or too far back, tension, strain, 
and pain in neck muscles; headache; and eye strain may result. 
The line of gravity continues to a point just in front of the 
shoulder, a point just behind the center of the hip joint, a point 
just in front of the center of knee joints, and approximately 5 
to 6 cm in front of the ankle (Cook & Hussey, 1995). The cer-
vical, thoracic, and lumbar regions of the spine maintain the 
normal curve, and the scapula is flat against the upper back 
(no winging or tipping). The pelvis and hips are in neutral 
position, and the hip and knee are neither flexed nor extended. 
The ankle is also in a neutral position relative to plantarflex-
ion and dorsiflexion. 

One cannot maintain a symmetrical stance for long, and 
standing is not a static activity. There is a continuous slight 
sway, and the magnitude of the sway tends to be larger in those 

Figure 9-7. Normal curves of the spine.
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Figure 9-7. Normal curves of the spine.

hwells
Highlight



The Hip and Pelvis  293

joint, which lacks synovial tissue or fluid. The pubic symphysis 
is reinforced by the superior and inferior pubic ligaments, and 
the joint allows limited motion. The lumbosacral joint (an 
amphiarthrodial joint) joined by intervertebral fibrocartilage 
at L5 and S1, allows movement of the pelvis relative to the 
trunk. It is reinforced by strong iliolumbar and sacrolumbar 
ligaments and the continuation of spinal ligaments (anterior 
and posterior longitudinal ligaments, ligamenta flava, interspi-
nal and supraspinal ligaments). 

Sacroiliac Joints
The sacroiliac joints are the articulations of the two pelvic 

bones with the symphysis pubis.
The joint helps to transfer weight from the spine to the 

lower extremities and acts to decrease forces and provide shock 
absorption. The articulation of the sacrum and ilium anteriorly 
forms a synovial joint, while the posterior articulation between 
the sacral tuberosities and the ilium forms a syndesmosis joint, 
which provides elasticity to the pelvic ring (Magee, 2014). The 
close-packed position of the sacroiliac joint is where the top 
part of the sacrum moves down and forward relative to the 
fixed pelvis (nutation). Because of the varied articulation sur-
faces, the sacroiliac joint is actually part of three different kine-
matic chains: a lower extremity kinematic chain connecting 
the sacrum, innominate bones, and the lower extremity; L4-L5 
to the sacrum; and innominate bone to sacrum to innominate 
bone (Donatelli & Wooden, 2010).

In childhood, the sacroiliac joint is a synovial joint but 
changes from a diarthrodial to a modified amphiarthrodial 
joint in adulthood. In childhood, the surfaces of the joint are 
smooth, allowing gliding motions. After puberty, the surfaces 
become rougher and, throughout life, fibrous plaques form, 
restricting motion and, at times, ankylosis results (Cohen, 
2005; Magee, 2014). The joint is reinforced by the anterior sac-
roiliac, interosseous, and posterior sacroiliac ligaments, and the 
sacrotuberous and sacrospinous ligaments provide secondary 
joint stability (Neumann, 2002). The long posterior sacroiliac 
ligaments limit anterior pelvic rotation (counternutation), and 
the short posterior sacroiliac ligament limits all pelvic and 
sacral movement (Magee, 2014). 

The kinematics of the sacroiliac joint are complex, and 
there is controversy regarding amount and type of motion that 
occurs and where the axes of motion are located. There is some 
motion that occurs here, but very little. Since this joint is in 
a closed kinetic chain with the pubic symphysis, any motion 
at the sacroiliac joint results in motion at the pubic symphysis 
(Levangie & Norkin, 2011).

ARTICULATIONS OF THE HIP 
ACETABULOFEMORAL

OR COXOFEMORAL JOINT

The hip joint is a ball-and-socket synovial joint formed 
between the os coxa (hip bone) and proximal femur. The hip 
joint is the articulation of the pelvis with the femur, which 
connects the axial skeleton with the lower extremities. The 

function of the hip joint is to increase trunk stability, which 
is provided by bony congruency of joint surfaces, capsular 
reinforcement, and the neuromuscular system. The hip also 
provides support for transmission of forces between the torso 
and lower extremities (Donatelli & Wooden, 2010; Nordin & 
Frankel, 2012).

This joint is often compared to the glenohumeral joint. 
Both are ball-and-socket joints capable of a variety of move-
ments. However, the hip acts more often as a closed-chain 
mechanism, which is opposite to the open kinetic chain of the 
shoulder. This demonstrates the different functions of these 
two ball-and-socket joints. The shoulder functions to enable 
the hands to be used to their most efficient capacity by means 
of significant mobility, whereas the hip provides stability, bal-
ance, and weightbearing to provide postural accommodations 
and locomotion.

The hip joint is made up of the convex acetabulum of the 
pelvic bone and the convex head of the femur. The acetabulum 
is formed by the fusion of part of the ilium, ischium, and pubis 
(innominate bone or the pelvis). The acetabulum is deepened 
by a ring of fibrocartilage—the acetabulum labrum, which is 
located in the lateral aspect of the pelvis. The labrum helps 
maintain the femoral head in the socket during extremes of 
motion, especially flexion. Together with the joint capsule, 
the labrum also acts as a load-bearing structure during flexion 
(Nordin & Frankel, 2012). The acetabulum faces laterally, 
anteriorly, and inferiorly (Kendall & McCreary, 1993). The 
synovial capsule encloses the entire joint, and it thickens and 
forms ligamentous bands (Gench, Hinson, & Harvey, 1995). 
This strong articular capsule is reinforced by iliofemoral, pubo-
femoral, and ischiofemoral ligaments (Kendall & McCreary, 
1993). The capsule thickens anterosuperiorly where most forces 
occur to enhance joint stability.

The head of the femur fits deeply in the acetabulum. The 
femoral head is attached to the femoral neck, which projects 
anteriorly, medially, and superiorly at an angle of inclination 
of 125 degrees. This angle of inclination is between the axis of 
the femoral neck and the medial side of the shaft of the femur 
within the frontal plane. Angles greater than 125 degrees are 
called coxa valga, and angles less than 125 degrees are called 
coxa vara. Angles of inclination greater than or less than 125 
degrees can cause inequities in the hip joint, leading to defor-
mity and pain.

Osteokinematics
The resting position of the hip is 30 degrees flexion, 30 

degrees abduction, with slight external rotation. The close-
packed position is in extension, internal rotation, and abduc-
tion, and this is the position of greatest bony congruency. The 
capsular pattern is flexion, abduction, and internal rotation, 
and the order may vary.

Arthrokinematics
The head of the femur is convex, while the acetabulum 

is concave, so most motions of the femoral head will be in 
a direction opposite to the motion of the distal end of the 
femur (Table 10-1; Houglum & Bertoti, 2012; Kisner & Colby, 
2012; Levangie & Norkin, 2011). The motions of flexion and 
extension are almost purely spin, with spinning occurring in 
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joint, which lacks synovial tissue or fluid. The pubic symphysis 
is reinforced by the superior and inferior pubic ligaments, and 
the joint allows limited motion. The lumbosacral joint (an 
amphiarthrodial joint) joined by intervertebral fibrocartilage 
at L5 and S1, allows movement of the pelvis relative to the 
trunk. It is reinforced by strong iliolumbar and sacrolumbar 
ligaments and the continuation of spinal ligaments (anterior 
and posterior longitudinal ligaments, ligamenta flava, interspi-
nal and supraspinal ligaments). 

Sacroiliac Joints
The sacroiliac joints are the articulations of the sacrum and 

the iliac bones.
The joint helps to transfer weight from the spine to the 

lower extremities and acts to decrease forces and provide shock 
absorption. The articulation of the sacrum and ilium anteriorly 
forms a synovial joint, while the posterior articulation between 
the sacral tuberosities and the ilium forms a syndesmosis joint, 
which provides elasticity to the pelvic ring (Magee, 2014). The 
close-packed position of the sacroiliac joint is where the top 
part of the sacrum moves down and forward relative to the 
fixed pelvis (nutation). Because of the varied articulation sur-
faces, the sacroiliac joint is actually part of three different kine-
matic chains: a lower extremity kinematic chain connecting 
the sacrum, innominate bones, and the lower extremity; L4-L5 
to the sacrum; and innominate bone to sacrum to innominate 
bone (Donatelli & Wooden, 2010).

In childhood, the sacroiliac joint is a synovial joint but 
changes from a diarthrodial to a modified amphiarthrodial 
joint in adulthood. In childhood, the surfaces of the joint are 
smooth, allowing gliding motions. After puberty, the surfaces 
become rougher and, throughout life, fibrous plaques form, 
restricting motion and, at times, ankylosis results (Cohen, 
2005; Magee, 2014). The joint is reinforced by the anterior sac-
roiliac, interosseous, and posterior sacroiliac ligaments, and the 
sacrotuberous and sacrospinous ligaments provide secondary 
joint stability (Neumann, 2002). The long posterior sacroiliac 
ligaments limit anterior pelvic rotation (counternutation), and 
the short posterior sacroiliac ligament limits all pelvic and 
sacral movement (Magee, 2014). 

The kinematics of the sacroiliac joint are complex, and 
there is controversy regarding amount and type of motion that 
occurs and where the axes of motion are located. There is some 
motion that occurs here, but very little. Since this joint is in 
a closed kinetic chain with the pubic symphysis, any motion 
at the sacroiliac joint results in motion at the pubic symphysis 
(Levangie & Norkin, 2011).

ArticulAtions of the hip 
AcetAbulofemorAl 

or coxofemorAl Joint

The hip joint is a ball-and-socket synovial joint formed 
between the os coxa (hip bone) and proximal femur. The hip 
joint is the articulation of the pelvis with the femur, which 
connects the axial skeleton with the lower extremities. The 

function of the hip joint is to increase trunk stability, which 
is provided by bony congruency of joint surfaces, capsular 
reinforcement, and the neuromuscular system. The hip also 
provides support for transmission of forces between the torso 
and lower extremities (Donatelli & Wooden, 2010; Nordin & 
Frankel, 2012).

This joint is often compared to the glenohumeral joint. 
Both are ball-and-socket joints capable of a variety of move-
ments. However, the hip acts more often as a closed-chain 
mechanism, which is opposite to the open kinetic chain of the 
shoulder. This demonstrates the different functions of these 
two ball-and-socket joints. The shoulder functions to enable 
the hands to be used to their most efficient capacity by means 
of significant mobility, whereas the hip provides stability, bal-
ance, and weightbearing to provide postural accommodations 
and locomotion.

The hip joint is made up of the concave acetabulum of the 
pelvic bone and the convex head of the femur. The acetabulum 
is formed by the fusion of part of the ilium, ischium, and pubis 
(innominate bone or the pelvis). The acetabulum is deepened 
by a ring of fibrocartilage—the acetabulum labrum, which is 
located in the lateral aspect of the pelvis. The labrum helps 
maintain the femoral head in the socket during extremes of 
motion, especially flexion. Together with the joint capsule, 
the labrum also acts as a load-bearing structure during flexion 
(Nordin & Frankel, 2012). The acetabulum faces laterally, 
anteriorly, and inferiorly (Kendall & McCreary, 1993). The 
synovial capsule encloses the entire joint, and it thickens and 
forms ligamentous bands (Gench, Hinson, & Harvey, 1995). 
This strong articular capsule is reinforced by iliofemoral, pubo-
femoral, and ischiofemoral ligaments (Kendall & McCreary, 
1993). The capsule thickens anterosuperiorly where most forces 
occur to enhance joint stability.

The head of the femur fits deeply in the acetabulum. The 
femoral head is attached to the femoral neck, which projects 
anteriorly, medially, and superiorly at an angle of inclination 
of 125 degrees. This angle of inclination is between the axis of 
the femoral neck and the medial side of the shaft of the femur 
within the frontal plane. Angles greater than 125 degrees are 
called coxa valga, and angles less than 125 degrees are called 
coxa vara. Angles of inclination greater than or less than 125 
degrees can cause inequities in the hip joint, leading to defor-
mity and pain.

Osteokinematics
The resting position of the hip is 30 degrees flexion, 30 

degrees abduction, with slight external rotation. The close-
packed position is in extension, internal rotation, and abduc-
tion, and this is the position of greatest bony congruency. The 
capsular pattern is flexion, abduction, and internal rotation, 
and the order may vary.

Arthrokinematics
The head of the femur is convex, while the acetabulum 

is concave, so most motions of the femoral head will be in 
a direction opposite to the motion of the distal end of the 
femur (Table 10-1; Houglum & Bertoti, 2012; Kisner & Colby, 
2012; Levangie & Norkin, 2011). The motions of flexion and 
extension are almost purely spin, with spinning occurring in 
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