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Abstract

Increased tension in the iliotibial band has been implicated as the cause of

atraumatic pathological syndromes of the lower extremity, such as "iliotibial band

friction syndrome" and "snapping hip syndrome". Iliotibial band friction syndrome is

characterized by inflammation and thickening of the iliotibial band and an adjacent bursa

at the lateral femoral condyle of the knee. In "snapping hip syndrome", the iliotibial band

is said to "snap" over the greater trochanter as the hip flexes and extends. Stretching

exercises for the iliotibial band have often been a major part of the treatment protocol in

these syndromes as intrinsic stiffness of the band is thought to contribute to the

disorders. Some patients have recurrences after treatment and some require more

aggressive treatment such as cortisone injection and/or surgery. Ober's test, a manual

diagnostic technique assesses passive hip adduction. Variations of Ober's test described

in the literature have not yet been shown to be valid or reliable indicators of iliotibial

band passive tension. In order to design and implement effective treatment protocols for

these patients and elucidate the mechanisms involved in these syndromes, further

investigation of the contributions of iliotibial band to the resultant joint moment about

the hip in the frontal plane is needed.

kt this study, the resultant joint moment about the hip (RJMH¡,) in the frontal plane

during hip adduction and abduction over a range of 30o was measured using

dynamometry. The effect of three different limb positions on the passive resultant joint

moment was compared in normal subjects, 18 males (age 30.5+5.2 yrs) and i8 females

(age 27.75 + 4.6 yrs). Right and left lower extremities were measured in 10 of the

subjects for a bilateral comparison. The three limb positions tested were: knee flexed 90o

and hip extended with neutral abduction/adduction while extending (K90), knee flexed

90o and hip extended with hip fully abducted while extending (KH90), knee extended 0'
and hip extended with neutral abduction/adduction while extending (K0). Comparison of

K90 and KH90 results showed that hip abduction while extending the hip made no



difference to the RJMsu,. Extending the knee from 90o flexion increased the passive

moments on average by 5 Nm. There was no difference in stiffness between the three test

conditions. Hysteresis was greater during K90 and KH90 than K0 in females. Males

showed significantly greater moments, stiffness and hysteresis than females in all three

test conditions. Comparison of right and left data showed no significant differences.

The dynamometry protocol and analysis methods developed in this study have

elucidated some concems regarding Ober's test for evaluating intrinsic tension of the

iliotibial band during passive hip adduction. It is recommended is that Ober's test be

used as an adjunctive clinical test for patient's with suspected iliotibial band dysfunction

rather than as a diagnostic test. This study has shown that changing the knee angle makes

a significant difference in the intrinsic tension of the iliotibial band. The data collected in

this study can now serve as a control group for future study comparisons to patient

samples.
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Definition of Terms

Knee Joint Angle and Axis for FlexionÆxtension

The knee joint angle is formed in the sagittal plane between the following bony

points: the greater trochanter, the lateral femoral condyle, and the lateral malleolus.

Tnro degrees is equal to the angle formed when the three points are in line with each

other. This corresponds to knee extension.

The knee joint axis for flexion/extension runs horizontally through the femoral

condyles through a line connecting the area of insertion of the collateral and cruciate

ligaments. It is landmarked at the lateral femoral condylar insertion of the lateral

collateral ligament.

Hip Joint Angle and Axis for Abduction/Adduction

The hip joint angle is formed in the frontal plane between the following bony points:

the ipsilateral anterior superior iliac spine, the greater trochanter, and the lateral

femoral condyle.

Adduction is the movement of the lower extremity towards the midline of the body

and abduction is movement away from the midline.

The hip joint axis for abduction/adduction runs through the center of the femoral

head about a sagittal axis. It is landmarked as lying I to 2 cm. below the middle one

third of the inguinal ligament and on a horizontal line running halfway between the

pubic tubercle and the greater trochanter.
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Hip Joint Angle and Axis for FlexionÆxtension

The hip joint angle is formed in the sagittal plane between the following bony

points: the ipsilateral anterior superior iliac spine, the greater trochanter, and the

lateral femoral condyle.

The hip joint axis for flexion/extension runs through the center of the femoral head

about a frontal axis. It is landmarked at the lateral aspect of the greater trochanter of

the femur.

Moment

Is the product of the force (N) and the length of the moment arm (m) which is the

perpendicular distance from the line of action of force to the axis of rotation (Enoka,

1988).

Force

Is the product of mass times acceleration. The unit of measure is the Newton (N).

One Newton is equal to 1 kilogram times meters over seconds squared (Enoka,

1988).

Thigh

That part of the lower extremity encompassing the, hip and knee joints and the

structures between those joints.

Angular Velocity

The change in angular position of a body divided by the time over which

displacement occurs expressed in radians or degrees per second (Enoka, 1988).

Angular Acceleration

The change in angular velocity of a body divided by the time over which change

occurs expressed in radians or degrees per second squared (Enoka, 1988).

Slope

Rate of change in one variable (dependent variable, or y-axis variable) relative to

another variable (independent variable, or x-axis variable); "rise over run" (Enoka,

1e88).
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Stiffness

The slope of a force-length graph; the change in force per unit change in length

(N/mm) (Enoka, 1988). Angular stiffness (Nm/deg) corresponding to the change in

moment over angle.

Strain

The change in length relative to the initial length (expressed as a percentage)

(Enoka, 1988).

Strain Energy

The potential energy (J) stored by a system when it is stretched from a resting

position (Enoka, 1988).

Hysteresis Loop

A history-dependent relationship in which the loading and unloading phases do not

coincide. For example, the change in length (deformation) of a tissue when a force is

released does not retrace the curve (the forceJength relationship) obtained when the force

was first applied (Enoka, 1988).



lntroduction

As far back as the early 1900's the iliotibial band has been implicated as a

contributing factor to various lower extremity ailments and to lower back discomfort

(ober, 1987; Trendelenberg, 1895; Yount, 1926). During the polio epidemic in the

1940's the iliotibial band came under scrutiny due to contractures of the iliotibial band

occurring secondary to this disease (Gose and Schweizer, 1989). The literature over the

past 20 years has been mainly directed towards the role of the iliotibial band in

atraumatic pathological syndromes about the knee (Gose and Schweizer, 1989).

Particular attention has been directed towards the "iliotibial band friction syndrome",

also known as "iliotibial band syndrome", which occurs at the lateral aspect of the knee

(Gose and Schweizer,I9S9). This syndrome most commonly occurs in distance runners

but is also often seen in numerous other amateur and professional sports (Barber and

sutker, 1992; Grady et a1.,1986; Holmes et al., 1993; Hooper, 1989; Messier and Pittala,

1988; Noble, 1980; Noble et al., 1982;Orava, 1978; Reid er al, 1987; Renne, 1975;

Sutker et al., 1981). Patients suffering with iliotibial band friction syndrome are first

treated with conservative methods which include: nonsteroidal anti-inflammatory drugs,

stretching exercises, ultrasound, massage, ice, heat, and modification of activities and

exercise equipment (Barber and Sutker, 1992;Holmes et al., 1993; Hooper, 1989; Grady

et al., 1986; Martens et al., 1989; Messier and Pittala, 1988; Noble, 1980; Noble er al.,

1982; Orava, 1978; Sutker et al., 1981). Many patients fail to recover fully and some

tend to have recurrence of signs and symptoms (Firer, 1992; Holmes et al., 1993). Some

patients have gone on to have cortisone injections and/or surgery (Firer, 1992; Holmes et

al.,1993: Noble, 1980; Martens et al., 1989; Orava, 1978; Sutker et al., 1981). Another

fairly common syndrome thought to involve the iliotibial band is the "snapping hip

syndrome " in which the band is said to "snap" over the greater trochanter (Brignall and

Stainsby, 1991; Dickinson, 1928; Larsen and Johansen, 1986; Reid et al., 1987;

Schaberg et al., 1984). This syndrome is commonly seen in ballet dancers (Reid et al.,



1987) but is also seen in the general populace from childhood to old age (Larsen and

Johansen, 1986). Treatment has included both non-surgical and surgical methods (

Brignall and Stainsby,I99I; Larsen and Johansen, 1986; Reid et al.,I9B7).

In the text book Gra)¡'s Anatomy (i989) the iliotibial band is generally considered to

be a strong thickening of the fascia lata found on the lateral aspect of the thigh. The

iliotibial band is considered to be closely related to and therefore influenced by many

surrounding muscles and other passive structures in the pelvis and lower extremity. The

iliotibial band is intimately connected to the fascia lata which has widespread

attachments to the tibia, fibula, patella, femur, and pelvis (Gerlach and Lierse, 1990).

Because of the iliotibial band's extensive attachment it has been described as belonging

to a "bone-fascia-tendon" system in the lower extremity (Gerlach and Lierse, 1990).

Muscles that have been described as inserting into the proximal portion of the iliotibial

band include tensor fasciae latae, gluteus maximus, and gluteus medius (Evans, 1979;

Kaplan, 1958). While there seems to be no question that the tensor fasciae latae does in

fact insert into the iliotibial band, there is some controversy regarding whether both

gluteus maximus and medius insert into the iliotibial band (Evans, 1979; Grood et al.,

1981;Kaplan, i958).

Biomechanically the iliotibial band has been described as participating in a variety

of roles such as: a producer of abduction torque about the hip (Inman, 1947), a ligament

(Evans, 1979; Kaplan, 1958), a tendon (Gerlach and Lierse, 1990), participating in a

"tension band effect" along the lateral aspect of the thigh (Gerlach and Lierse, 1990), an

anterolateral knee joint stabilizer in upright standing (Gerlach and Lierse, 1990; Kaplan,

1958; Terry et al., 1986; Terry et al., 1993), a producer of extensor and flexor moments

about the knee (Gerlach and Lierse, 1990; Kaplan, 1958), and participating in patellar

support and tracking (Gerlach and Lierse, 1990). One of the functions of fascia

encircling a muscle is to constrain the muscle during active contraction. Therefore the

iliotibial band may also be considered as participating in fascial constraint of active

muscles since it is intimately connected to the fascia lata (Gerlach and Lierse, 1990).



By virtue of the anatomy, the forces arising in the iliotibial band are thought to be

influenced by both intrinsic and extrinsic factors. Increased tension arising in the

iliotibial band due to changes in the passive properties of the tissue has been considered

as an etiological factor in the iliotibial band and snapping hip syndromes (Brignall and

stainsby, 1991; Firer, 1992: Grady et al., 1986; Hooper, 1989; Larsen and Johansen,

1986; Noble, 1980; Noble et a1.,1982; Reid et al., r98'h schaberg et a1., 1984). changes

in position of the lumbar spine and pelvis, hip, or knee will alter passive fascial and

passive and active muscular tension through an alteration in the lengtMension

relationships. This, in turn, will influence the resultant moments about joints created by

the tissues which span those joints. It thus follows that the resultant tension in the

iliotibial band will be affected by the changes in force produced by the fascial and

muscular structures connected to it. To what extent changes in segmental position affect

the passive tension of the iliotibial band has not been investigated. The question of

changes in iliotibial band tension due to joint position changes and ultimately

biomechanical function has not previously been addressed. It is also unclear as to the

effect of active muscle tension on the tension within the iliotibial band.

To date Ober's test, a manual technique, has been widely used to evaluate iliotibial

band tension. A number of variations of this manual procedure have been described

(Hoppenfeld, 1916; Kendall and McCreary, 1983; Magee, 1987; Noble et al., 1982,

Ober, 1987; Puniello, 1993). In these descriptions a number of variables exist including:

the degree of knee flexion, hip abduction, hip rotation, pelvic and lumbar spine

positioning, passive versus active assisted testing, and guidelines used for rating the test

as positive or negative. The validity and reliability of the various techniques has not been

established.

Clinical experience demonstrates that many patients suffering from the iliotibial

band and snapping hip syndrome fail to respond to present day conservative treatment

protocols. Further understanding of the functional role played by the iliotibial band and

improved assessment techniques may contribute to improved conservative treatment and



a greater percentage of patients who recover completely. Ultimately, this may decrease

the number of patients that go on to have cortisone injections and./or surgical treatment.

The purpose of this study was to investigate the contribution of the iliotibial band to

the passive resultant joint moment about the hip in the frontal plane in normal subjects

using dynamometry.



Review of Literature

Anatomy

Anatomical studies of the iliotibial band and associated fascia and muscles have

been reported since the 1800's. The distal insertion of the iliotibial band onto the lateral

aspect of the proximal tibial tubercle (Gerdy's tubercie) was initially described by Gerdy

in 1855 and Segond in 1879 (Gose and Schweizer, t989). This description of the

insertion is still used today (Evans, 1979;Kaplan, 1958).

Kaplan (1958) did a comparative study of the anatomy of the iliotibial band in

different mammals including chimpanzee, gorilla, bear, lion, cat and dog. He concluded

that none of these mammals showed the existence of a distinct iliotibial band, but all had

a tensor fasciae latae muscle which blended with the fascia lata high in the thigh. He also

studied stillborn infants and found that the tensor fasciae latae was part of the gluteal

group and that the iliotibial band is made up of longitudinal fibers which are not entirely

differentiated from the fascia lata .

Iliotibial Band Description and Attachments

The iliotibial band has also been referred to as the iliotibial tract by various

researchers. kr this study we will refer to it as the iliotibial band (ITB), as it is commonly

termed today.

The ITB has most currently been described as a strong, thick, vertically oriented

group of fibers of the fascia lata found over the lateral aspect of the thigh in the book

Grav's Anatoml¡ (1989). Proximally the ITB splits into two layers. The superficial layer

ascends lateral to tensor fasciae latae to reach the iliac crest. Most investigators agree that

the ITB attaches along the iliac crest with many of the fibers originating at the iliac

tubercle (Evans, 1979). The deeper layer attaches to the superior aspect of the

acetabulum and lateral aspect of the hip joint capsule blending with the iliofemoral

ligament (Evans, l9l9). The ITB runs distally to insert mainly to the lateral tibial



tubercle (Gerdy's tubercle). Some fibers blend anteriorly with the lateral patellar

retinaculum (Evans, 19'79; Gerlach and Lierse, 1990; Kaplan, 1958) and some connect to

the anterior fibers of the biceps femoris tendon (Geriach and Lierse, 1990). The ITB also

has attachment to the lateral collateral ligament and medial collateral ligament of the

knee joint (Gerlach and Lierse, 1990). There is some inconsistency regarding

descriptions of attachment of the mid portion of the ITB over the middle thigh area.

According to Kaplan (1958) who studied the ITB by cadaveric dissection, the ITB is

intimately connected to the intermuscular septum and linea aspera extending from the

greater trochanter to the superior aspect of the lateral condyle of the femur. Distally, the

ITB is then free of bony connections between the upper portion of the femoral condyle

and the lateral tibial tubercle. Evans (1979) also studied the ITB through cadaveric

dissection. He disagreed with Kaplan's description of attachment of the ITB to the linea

aspera. He reported that it is the horizontal fibers of the fascia lata which form the lateral

intermuscular septum that attaches to the linea aspera. However, he did agree that there

is some attachment to the lateral femoral condyle.

The most comprehensive description of the ITB was reported by Gerlach and Lierse

(1990). They studied the lower extremity connective tissue of a female cadaver from

which the muscles of the gluteal region and lower extremities were removed. The

structure and direction of the fibers of the 'hollow' lower extremity were prepared and

observed with polarized light. According to these investigators the ITB originates

indirectly from the iliac crest via the fascia lata, tensor fasciae latae, and tendon of the

gluteus maximus. It travels over the greater trochanter as if on a roller bearing and

indirectly attaches to the femur through the intermuscular septa, and by a tendinous

insertion of the caudal part of the gluteus maximus, to the gluteal tuberosity. The ITB is

anchored at the linea aspera, tibia, fibula, and it continues distally in the crural fascia. It

has no direct attachment to the greater trochanter or to the lateral femoral condyle. The

upper third of the ITB is intimately connected to the ventral and dorsal fascia lata. The

lower two thirds of the ITB are enclosed by a "bag" constructed by the fascia lata. This



"bag" is described as follows: ventral fibers of the fascia lata run up and dorsally passing

over the dorsal edge of the ITB. There they change direction and now run horizontaliy

ventral behind the ITB. At the ventral edge of the ITB they change their orientation again

running dorsally downwards passing over the ITB but underneath the fibers coming from

ventral upwards. As stated above, the ITB continues laterally into the leg where its strong

vertical fibers are interwoven with the crural fascia. The crural fascia attaches to the

medial and anterior margins of the tibia and to the fibula via the anterior and posterior

crural intermuscular septa. The strong vertically tightened fiber bundle of the ITB ends at

the ankle joint by fixing to the lateral malleolus. On the basis of these anatomical

findings these authors conclude that the ITB is not part of the fascia lata but exists as an

independent tendon of the pelvic deltoid muscle (i.e. gluteus maximus and tensor fasciae

latae) (Gerlach and Lierse, 1990).

Iliotibial Band's Knee Attachments

The structure of the ITB's attachment around the knee joint has been studied in

detail by a several investigators (Fulkerson and Hungerford, 1990; Seebacher et al.,

1982;Terry et a1., 1986). Seebacher et al.. (l9SZ) dissected the lateral aspect of 35 knees;

15 were fresh-frozen specimens of adults and 20 were cadaver knees preserved in

formalin. These investigators divided the lateral structures into three layers. The first and

most superficial layer is composed of two parts: the ITB and its expansion anteriorly, and

the superficial portion of the biceps femoris and its expansion posteriorly. The second

layer is formed by the quadriceps retinaculum anteriorly and two patellofemoral

ligaments posteriorly. The first two layers adhere to each other in a vertical line at the

lateral margin of the patella. The third layer is described as the lateral part of the joint

capsule. Just posterior to the overlying ITB the knee joint capsule divides into two

laminae.

A more descriptive study of anterolateral structures was undertaken by Terry et al..

(1986) who dissected 17 fresh and fresh-frozen knees from specimens ranging in age



from 19 toT2years. They identified five layers of fascia at the anterolateral aspect of the

knee joint in all dissections. At the patella the layers coalesce with the tendon of the

vastus lateralis muscle to form a conjoined tendon. The first layer is the aponeurotic

layer. It is the most superficial and is composed of fibers crossing the anterior aspect of

the patella and patellar tendon to connect with the sartorius muscle on the medial aspect

of the knee. Fascia covering the vastus lateralis and biceps femoris muscles blends with

this layer. The second layer is known as the superficial layer and consists of the vastus

lateralis muscle, the iliopatellar band, the lateral patellotibial ligament, the ITB, and the

biceps femoris muscle. The iliopatellar band connects the anterior aspect of the ITB and

femur to the patella. The lateral patellotibial ligament originates from the inferior aspect

of the iliopatellar band and inserts anterior to Gerdy's tubercle on the tibia. The third

layer is the middle layer and it is composed of fibers which are tightly applied to the

underside of the second layer. These fibers run oblique to those of the superficial layer.

The fourth or deep layer of fibers is found beneath the middle layer. It begins close to the

termination of the lateral intermuscular septum and covers a triangular area on the lateral

supracondylar face of the femur. It then extends laterally in the coronal plane and curves

distally following the lateral femoral condyle, blending with the superficial layer in the

sagittal plane. The fifth layer is known as the capsulo-osseous layer. Proximally, its

origin blends with the fascia covering the plantaris muscle and lateral head of the

gastrocnemius muscie. Distally, it inserts just posterior to Gerdy's tubercle on the lateral

tibial tuberosity. Laterally the short head of biceps femoris inserts into the fifth layer of

the ITB all along its course. Posteriorly the ITB is associated with the long head of

biceps and its insertion onto the head of the fibula. The authors concluded that the deep,

capsulo-osseous and superficial layers of the ITB function as an anterolateral ligament of

the knee. Functionally, they believed that the posterolateral origin of the capsulo-osseous

layer, reinforced by the deep layer, tethers the superficial layer to the femur to provide a

sling behind the lateral femoral condyle. As the knee approaches extension the origin -

insertion of the deep and capsulo-osseous layers separate thus tightening the ITB in the



superficial layer. This prevents posterior femoral subluxation on a fixed tibia near full

knee extension (Terry et al. 1986). Fulkerson and Hungerford (1990) described a deep

transverse retinaculum with fiber orientations and attachments similar to the second layer

described in the work of Terry and colleagues. These investigators also stated that there

is stronger retinacular support laterally than medially at the knee (Fulkerson and

Hungerford, 1990).

Muscles Associated with the Iliotibial Band

Agreement about the muscles that insert into the proximal portion of the ITB has not

been universal. One of the reasons for the controversy is that there is a lack of agreement

about the insertion of the gluteal muscles. Upon dissection Evans (1979) did not observe

an increase in the number of vertical fibres of the fascia lata from gluteus maximus and

therefore concluded that this muscle was not involved with the ITB. Kaplan (1958) and

Gral¡'s Anatoml¿ book (1989) simply stated that the gluteus maximus inserts into part of

the ITB. Evans is the only investigator that felt the gluteus medius attached to the ITB.

He stated that many of the central, multipennate fibres of gluteus medius arise directly

from the overlying ITB (Evans, 1979).

All investigators seem to agree that the ITB fuses with the tensor fasciae latae

muscle. According to Kaplan (1958) the tensor fasciae latae originates from a small area

just lateral to the origin of sartorius over the anterior superior iliac spine, from an area

approximately two to three cm. along the iliac crest and from a small area of the

anterolateral surface of the iliac fossa blending with gluteus minimus and the gluteal

fascia. The muscle blends with the fascia lata below the level of the greater trochanter.

The ITB extends behind the muscle between the iliac crest and the knee. The book

Gray's Anatomy (1989) is in agreement with Kaplan's description of the origin but adds

that it descends between and is attached to the two layers of the ITB of the fascia lata.

This textbook states that the iength of the muscle is variable and fibres may even reach

the lateral femoral condyle.
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Considering tensor fasciae latae's intimate attachment to the ITB, a review of the

function of this muscle is warranted. Descriptions of the action of the tensor fasciae latae

have varied considerably since the 1800's. They have ranged from leg extension and

lateral rotation to medial rotation of the thigh in a flexed or extended position. Acting

with "reverse origin insertion" it has been thought to abduct and to flex the pelvis on the

femur. It has also been described as a tensor of the fascia lata causing compression of the

muscles encased by the fascia (Kaplan, 1958). Grant (1942) described the tensor fasciae

latae as a flexor, abductor and medial rotator of the thigh when the leg is free. With the

leg fixed it produces pelvic flexion, abduction and lateral rotation on the thigh . He

thought that it acted through the ITB to keep the extended knee extended and the flexed

knee flexed.

The text book Gra)¡'s Anatom)¡ (1989)states that this muscle acts through the ITB to

extend the knee with lateral rotation of the leg. It may also assist in abduction and medial

rotation of the thigh. In standing it helps to steady the pelvis on the femur acting as a

segmental stabilizer and, through the ITB, steadies the femoral condyles on the tibia,

thus helping to maintain the erect posture during quiet standing. Inman (1947) studied

the line of action of the tensor fasciae latae muscle using cadavers. The muscle was

dissected from the bodies, soaked in a 25Vo solution of sodium iodide, replaced, and x-

rayed using standard technique. From this experiment the line of action of the tensor

fasciae latae was assumed to coincide with that of the ITB. This study lead to the

conclusion that forces produced by this muscle primarily produce tensile forces in the

ITB.

Contrary to some of the previously mentioned investigators, Kaplan (1958) did not

believe the ITB to have any tendency to produce rotation about the knee since the ITB

was inserted into the lateral muscular septum and linea aspera and therefore it would not

permit any longitudinal movement. He did feel that the ITB is important during the erect

posture because tension between the ilium and the upper portion of the lateral femoral

condyle provides an additional stabilizing ligament for the knee joint.

10



Biomechanics and lliotibial Band Function

Inman (1941) was one of the first researchers to investigate the biomechanical role

played by the ITB. Using a theoretical model he calculated torque about the hip joint that

the abductor muscles and tensor fasciae latae should apply during one legged standing

and compared this to an estimate of what the muscles did apply based on an

experimental model which incorporated EMG to examine the pattern and magnitude of

muscle activity. The EMG magnitude was used to estimate the torque produced by the

muscle. He found that, with the pelvis level, the values for experimental torque were

significantly lower than the values for theoretical torque. From this he deduced that

factors other than muscle forces were responsible for holding the pelvis level. He then

studied the original experimental subjects again, first with the pelvis elevated

approximately 15o on the unsupported side and then with the pelvis depressed

approximately 10' to 20" on the unsupported side. He discovered that as the pelvis

elevated the abductor muscle force increased and as it depressed the muscle force

decreased. On palpation of the thigh with the pelvis depressed he found that the fascia

lata was tense. Inman concluded that this tension in the fascia lata and ITB was the other

factor responsible for suppofing the pelvis in a level position and provided a resistance

proportional to pelvic depression. Because of the role played by the fascia lata in

assisting gluteus medius, gluteus minimus, and tensor fasciae latae to control pelvic

positions, the subsequent mass of these muscles was small as the force output required

by them was less than if they did not have the assistance of the fascia lata. Hence one of

the proposed biomechanical actions of the ITB is to control the position of the pelvis

when it is level or depressed in the unsupported limb.

Evans (1919) agreed with Inman that the ITB produces an abductor torque which

provides the greater resistance to hip adduction when the pelvis is depressed. Evans

directed his investigation to the weight bearing side where the pelvis elevates rather than

the non-weight bearing depressed side. He suggested that the weight bearing side of the

pelvis elevates and the hip adducts until it "hangs" on the ITB which then would counter-

11



balance the body weight. As such, the ITB assists the abductors in preventing

Trendelenberg gait. Evans also theorized about the ITB's actions at the knee joint. He

proposed that the ITB is responsible for the stability of the lateral compartment of the

knee and has an extensor action when the knee is extended. Evan's theories are based on

anatomical features, not experimental data.

The ITB has been labelled as both a ligament and tendon by various authors. A

ligament is defined as a band of fibrous tissue connecting bones or cartilages. A tendon

is commonly defined as a fibrous cord of connective tissue continuous with the fibers of

a muscle and attaching the muscle to bone or cartilage. Kaplan (1958) expressed his

opinion that the ITB acts as a ligament connecting the ilium to the knee, and that it is not

a tendon. He supported his contention on the results of two experiments in which he

investigated the transmission of tension in the ITB to movement of the knee. In his first

experiment he transected the midportion of the ITB in a cadaver and applied an

unspecified amount of tension to the distal half of the ITB. No knee motion was seen. In

the second experiment he performed an unspecified amount of faradic stimulation of the

tensor fasciae latae and gluteus maximus in patients under general anaesthesia. There

was no control of joint angle of hip and knee. Again he did not see any knee motion. He

thus arrived at his conclusion that there was no transmission of action of these two

muscles to the knee and therefore the ITB acted as a ligament not a tendon (Kaplan,

1958). Evans (1979),like Kaplan, believed that the ITB acts as a ligament. He gave no

rationale for his belief. Gerlach and Lierse (1990) described the ITB as a tendon. They

stated that it does not belong to the fascia lata but exists as an independent structure

which glides in a bag formed by horizontal and oblique fibers of the fascia lata.

The ITB has also been described as having a "tension band effect" in the lower

extremity (Gerlach and Lierse, 1990). During single support, the femoral shaft undergoes

a bending load in the frontal plane resulting in tension on the lateral aspect of the femur

and compression medially. Not surprisingly, the strongest parts of the connective tissue

system are located laterally. The function of the "tension band effect" provided by the
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ITB, lateral fascia lata and vertical fibers of the lateral intermuscular septum is therefore

to decrease these tensile stresses exerted on the femur. The "tension band effect"

continues down into the leg where the vertically oriented lateral connective tissue

structures may decrease stresses on the tibia. The connection of the ITB, fascia lata, and

intermuscular septum to the bones was modeled by Gerlach and Lierse as a rigid "bone-

fascia-tendon" system. They emphasised the point that the ITB is only part of this system

and therefore cannot be considered as a "tension band" functioning as a separate entity.

The "bone-fascia-tendon" model also served to provide a system whereby the connective

tissue is tightened by activation of the muscle cross-section inserting into ITB. This

tightening increases the "tension band effect" of the bone-fascia-bone system (Gerlach

and Lierse, 1990).

The role of the ITB in providing stability to the anterolateral aspect of the knee has

been discussed in the literature (Gerlach and Lierse, 1990; Grood et al., 1981; Kaplan,

1958; Terry et al., 1986; Terry et al., 1993). Terry et al. (1993) clinically and surgically

examined 82 patients with acute (less than three weeks) anteromedial-anteriolateral

rotary instabilities. They found that variations in injuries to the ITB conelated with

variations in abnormal motion demonstrated by clinical tests for anteromedial-

anterolateral rotatory instability. Capsulo-osseous layer injuries correlated highest with

variations in abnormal tibial movement demonstrated by the following clinical tests: the

pivot shift, varus stress at 30o flexion, and anterior tibial translation at 90" flexion. They

concluded that the capsulo-osseous layer of the ITB functions as an anterolateral

ligament of the knee. Mild adduction instabilities at the knee have been reported as

complications following surgery for anterolateral instability of the knee in which the ITB

was subjected to manipulation (Kaplan, 1958; Satku et al., 1990). These observations

support the above conclusion that the ITB functions as an anterolateral ligament of the

knee.

Grood et al. (1981) studied the structures preventing straight medial and lateral

laxity in 16 cadaver knees. The restraint to lateral opening provided by the ligament-like
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action of the popliteus and the femorotibial portion of the ITB were minimal compared

to other knee ligaments. However the authors believed that the results did not reflect the

in vivo restraining action of the popliteus and femorotibial portion of the ITB since the

muscle forces transmitted by these structures were not in effect. Also the cadaver

specimens had been cut at the mid-femoral level, therefore there was loss of the proximal

attachments of the ITB (Grood et a1., 1981).

Another functional effect of the ITB that has been alluded to in the literature is the

production of an extensor and flexor moment about the knee. Some authors feel that

tension in the ITB due to contraction of the tensor fasciae latae keeps the extended knee

extended and the flexed knee flexed (Gerlach and Lierse, 1990; Kaplan, i958). Gerlach

and Lierse (1990) state that the ITB is also a part of the "reserve" extensor mechanism

of the knee joint.

Many authors have made reference to the ITB's attachment to the lateral aspect of

the patella (Evans, 1979; Fulkerson and Hungerford,lgg0; Gerlach and Lierse,1990;

Kaplan, 1958; Seebacher et al.,1982; Terry et al., 1986). It has been concluded by some

that the ITB plays a role in lateral patellar stabilization and tracking (Fulkerson and

Hungerford, 1990; Gerlach and Lierse, 1990; Puniello, 1993; Terry et al, 1986).

Evidence supporting this concept is that patellofemoral maltracking and chondromalacia

have been reported as complications following manipulation of the ITB during surgery

for anterolateral instability of the knee (Satku et al., 1990).

A clinical study by Puniello (1993), investigated the relationship between ITB

tightness and medial glide of the patella in patients (n=17) with patellofemoral

dysfunction. The ITB flexibility was examined using Ober's test. Patellar medial glide

was performed according to Maitland's description (Maitland, 1986). Seventy percent of

patients studied demonstrated a decreased medial glide and ITB tightness. The results of

the study supported the author's hypothesis that there is a relationship between ITB

flexibility and medial patellar glide. However, the author acknowledged that further

study is needed to investigate which hip and knee position imparts the most stretch to the

T4



ITB, and that a discrepancy exists as to whether a medial or lateral patellar glide

stretches the lateral retinaculum (Puniello, 1993).

Summary of Potential Iliotibial Band Functions

¡ Functions as a producer of abduction torque about the hip (Inman, 1947) through

passive elastic contribution.

o Functions as a either a tendon (Gerlach and Lierse, 1990) or ligament (Evans,

1979;Kaplan, 1958) about the knee.

o Functions as part of a connective tissue system ("bone-fascia-tendon") having a

"tension band effect" which reduces lateral bending moments on the femur

during weight bearing in the upright posture (Gerlach and Lierse, 1990).

o Role as an anterolateral stabilizer of the knee joint (Gerlach and Lierse, 1990;

Kaplan, 1958;Terry et al., 1986; Terry etal., L993).

o Production of extensor and flexor moments about the knee to keep the extended

knee extended and the flexed knee flexed (Kaplan, 1958).

¡ Functions as part of patellar retinaculum to support and influence patellar

tracking (Gerlach and Lierse, 1990).

o Fascial constraint of active muscles which may aid in the production of force

(Kaplan, 1958).

"lliotibial Band Friction Syndrome"

The Iliotibial Band Friction Sydrome (ITBFS) syndrome is not infrequently

encountered in clinical practice. It is mainly seen in middle and long distance runners

(Barber and Sutker, 1992; Grady et al., 1986; Hooper, 1989; Messier and Pittala, 1988;

Noble 1980; Noble et al., 1982: Orava,1978; Renne, 1975; Sutker et al., 1981) but has

also been found in skiing, aerobics, circuit training, orienteering, weight training
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(Hooper, 1989; orava, 1978), cycling (Barber and sutker, 1992; Holmes et al., 1993;

Hooper, 1989), and ballet dancers (Reid et al., 1987). The pathological process is thought

to be due to friction arising from contact between the ITB and the lateral femoral

epicondyle during repeated knee flexion/ extension movement. (Barber and Sutker,

1992;Holmes et al., 1993; Hooper, 1989; Messier and Pittala, 1988; Noble, 1980; Noble

et al., 1982; Orava, 1978; Renne, 1975; Sutker et al., 1981). This constant rubbing of the

ITB against the epicondyle is believed to initiate a local inflammatory reaction within the

ITB (Barber and Sutker, 1992; Hooper, 1989; Messier and Pittala, 1988; Noble, 1980;

Noble et al., 1982; Orava, 1978; Renne 1975; Sutker, 1981). Some authors have

suggested that a "bursa" develops between the epicondyle and ITB in response to the

local initation (Hooper, 1989; Orava, I9l8). Others believe that an existing bursa

underlying the ITB at the lateral femoral epicondyle becomes inflamed (Barber and

Sutker, 1 992; Noble, I 980; Noble et aL, 1982; Renne, 1 975 ; Ekm an et a1.,I99 4).

Murphy and colleagues (1992), studied six patients with ITBFS using magnetic

resonance (MR) imaging. MR signal intensity abnormalities were found deep and

superficial to the ITB adjacent to the femoral epicondyle. The signal intensity

abnormalities did not seem to involve the ITB itself but rather the adjacent soft tissues.

Furthermore the abnormal images did not appear to be contained by the confines of the

normal synovial space. Ekman and colleagues (1994), also studied seven patients

diagnosed with this syndrome using MR imaging. These investigators found imaging

signals consistent with fluid deep to the ITB in the area of the lateral femoral condyle in

five out of the seven patients. These researchers also compared the patient group to a

control group of age- and sex-matched individuals without any evidence of lateral knee

pain. Through this comparison they demonstrated a significantly thicker ITB over the

lateral femoral condyle in the patient group.

On assessment, patients with ITBFS present with local pain over the lateral femoral

epicondyle which is made worse with pressure over the area (Barber and Sutker, 1992;

Grady et a1.,1986; Holmes et al., 1993; Hooper, 1989; Noble et al., 1982; Orava, 1978;
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Renne, 1975; Sutker, 1981). Pain has been described as radiating up the ITB (Hooper,

1989; Orava, 1978) and down to the tibial attachment (Noble, 1980; Noble et al., 1982;

Orava, 1918). Occasional crepitation, snapping or mild pitting edema has been reported

over the affected area (Barber and Sutker, 1992; Holmes, 1993; Hooper, 1989; Noble,

1980; orava, 1978; Renne, 1975). Pain may be provoked by applying pressure over the

lateral femoral epicondyle or I-2 cm. proximal to it and then extending the knee from

90" flexion. At 30'of flexion pain will be elicited (Grady et al., 1986; Hooper, 1989;

Noble, 1980). The most common associated factor seems to be training error, with too

rapid an increase in quantity and./or quality of training (Barber and Sutker, 1992; Holmes

et al., 1993; Hooper, 1989; Noble, 1980; Noble et al., 1982; Renne,l975; Sutker et al.,

1981). Inadequate footwear (Barber and Sutker,1992; Renne, 1975;Sutker et al., 1981),

biomechical abnormalities in the lower extremity (Grady et al., 1986; Messier and

Pittala, 1988; Noble, 1980; Orava, 1978; Renne, 1975), persistent running on the same

side of cambered roads (Barber and Sutker, 1992;Hooper, 1989; Noble et al., 1982), and

running on hills (Messier and Pittala, 1988; Sutker et al., 1981) have also been cited as

possible causes.

Finally, a tight ITB has been implicated as a causative factor (Grady et al., 1986;

Holmes et al, 1993; Noble, 1980; Noble et al., 1982; Reid et al., L98'l). stretching is the

most common method of treating a 'tight' ITB. Of the lower extremity biomechanical

abnormalities the following conditions have been listed as causing increased tightness in

the ITB: excessive structural genu varum (Noble, 1980), excessive ligamentous laxity of

the knee causing functional genu varum (Holmes et al., 1993; Noble, 1980), and

excessive internal rotation of the tibia on the femur (this may be secondary to excessive

intoeing when running, or abnormal pronation of the foot during stance phase of running,

or improper cleat positions when cycling) (Grady et al., 1986; Holmes et a1., 1993;

Noble, 1980). Contrary to the above, a study of i9 case histories in athletes diagnosed

with ITBFS showed no correlation between the development of ITBFS and the presence

of pes planus, pes cavus, orthotic use or knee alignment (Barber and Sutker, 1992).
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Furthermore, a study of 16 military personnel cases diagnosed with this syndrome did

not find any abnormal degrees of genu varus or valgus (Renne, 1975). A clinical study of

61 cyclists over a six year period did identify a positive correlation between cyclists with

lower extremity malalignment forcing the lower leg into internal rotation and increased

susceptibility to ITBFS (Holmes et al., 1993).

"Snapping Hip Syndrome"

"Snapping hip" can be categorized as internal or extemal. The external snapping has

generally been thought to be associated with thickening of the posterior border of the

ITB or the anterior border of the gluteus maximus (Brignall and Stainsby, l99l; Larsen

and Johansen, 1986; Mayer, 1919; Satku et al., 1990; Schaberg et al., 1984). ITB

tightness resulting in increased friction as the ITB crosses over the greater trochanter has

been implicated as a predisposing factor (Reid et al., 1987). kr hip extension the

thickened ITB lies posterior to the greater trochanter, during flexion it flicks forward

causing a snap (Brignall and Stainsby, l99l). Other possible causes of snapping hip

syndrome that have been listed in the literature include: movement of the iliofemoral

ligament over the anterior hip capsule, osteochondromatosis, loose bodies in the hip joint

(Schaberg et a1., 1984), subluxation of the hip joint (Mayer, 1919; Schaberg et al., 1984),

abnormally large superior margin of the greater trochanter and osteochondromas of the

greater trochanter (Larsen and Johansen, 1986). Mayer (1919) was one of the earliest

investigators of this syndrome; he documented four case studies of the snapping hip

syndrome. Three patients were successfully treated with an apparatus which applied firm

pressure posterior to the greater trochanter. From this he deduced that an abnormal

relaxation during gait of the gluteus maximus may be responsible for the snap. The

fourth patient appeared at surgery to have a larger than normal greater trochanter and was

treated successfully with division of the fascia over the trochanter.

Larsen and Johansen (1986), did an operative study of 31 hips with a two year

clinical diagnosis of snapping hip syndrome. The posterior half of the ITB was resected
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at the site of the insertion of the gluteus maximus in 27 patients. While in four patients

an incised posterior flap of the ITB was sutured to the anterolateral surface of the fascia.

These authors reported finding an "abnormally stiff and thick" ITB in 30 of 31 operated

patients. Nine patients had residual snapping. Biopsies of the ITB were done in nine

cases and five showed degenerative changes with fibrosis. The authors concluded that

some cases of snapping hip were due to factors other than just thickening of the ITB.

They also did a comparison of radiograms of the patient group and 15 controls which

showed an increased incidence of coxa vara in the patient group. From this the authors

suggested that the decrease in angulation of the femoral neck results in shorter lever arms

for the gluteus medius and minimus causing the abduction moments to be less effective

and thereby increasing stress on the superior part of the ITB.

ln Vivo Assessment of Passive Tissue

Clinical Assessment Techniques of Iliotibial Band Tension

In 1935 Ober (Ober, 1981) first described the clinical test which now bears his name

for assessing the amount of tension in the ITB. Ober thought that a tight ITB was an

important factor in the occuffence of "lame backs" in patients whose sacroiliac and

lumbosacral x-rays were norrnal. The test was developed to evaluate the amount of

possible contracture in the ITB. To perform the test the subject was placed in sidelying;

holding the pelvis steady, the examiner then abducted and extended the top limb in the

coronal plane. The knee was held flexed at 90" and the lower limb was allowed to

adduct. If the thigh adducted beyond the median line of the body there was considered to

be no contracture present.

Since Ober's time there have been numerous and variable descriptions of this test in

the literature (Hoppenfeld, I976; Kendall and McCreary, 1983; Magee, 1987; Noble et

al., 1982; Puniello, 1993).
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Magee (1987) describes Ober's test as follows:

"The patient is in the sidelying position with the lower limb

flexed at the hip and knee for stability. The examiner then passively

abducts and extends the patient's upper leg with the knee straight or

flexed to 90o. The examiner slowly lowers the upper limb and if a

contracture is present, it will remain abducted and will not fall to the

bed. When doing this test, it is important to extend the hip slightly so

that the ITB passes over the greater trochanter of the femur. To do

this, the examiner stabilizes the pelvis at the same time to stop the

pelvis'falling backwards' ." (page 249)

Magee stated that the ITB has greater stretch placed on it when the knee is extended.

Another variation given by Hoppenfeld (1976) also describes the patient in side

lying. The examiner abducts the lower limb as far as possible and flexes the knee to 90o

while keeping the hip joint in the neutral flexion\extension and rotation to decrease

tension in the ITB. The limb is then released; if there is a contracture of the fascia lata or

ITB the thigh will remain abducted. Kendall and McCreary (1983) accounted for many

factors in their description. They described the test with the thigh in neutral between

medial and lateral rotation and in very slight extension. With the knee extended the thigh

drops in adduction towards the table allowing the toes to drop below the level of the

table-top. The lateral aspect of the trunk on the under side remains in contact with the

table. If the limb fails to drop when the pelvis is fixed, a tightness of the tensor fasciae

latae and ITB is indicated. Noble (1980) suggested that a tight ITB may be discovered by

performing Ober's test. He declared that if any ITB shortening is present the hip will

remain passively abducted in direct proportion to the amount of shortening. Puniello

(1993) described Ober's test with the patient in sidelying and the lower leg flexed 90o at

the knee for support. The pelvis is supported by the examiner and table. The lower limb

is then flexed at the knee to 90o and the hip is brought from flexion/abduction to neutral

(extended to be in line with trunk) with neutral rotation and then allowed to adduct. The
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end point was reached when the pelvis began to tilt laterally. The ITB was considered to

be tight if the hip could not adduct beyond neutral compared to the univolved leg.

Summarizing the various versions of Ober's test a number of variables can be

identified:

a) Lower limb position:

i) knee flexion at 90o versus fully extended, and

ii) amount of hip abduction and internal/external rotation.

b) Pelvic and lumbar spine positioning and stabilizing.

c) Passive test versus actively assisted by the patient.

d) The definition of a positive versus negative test result.

Further investigation of these factors is necessary as they may influence the final

assessment of ITB tension.

'When 
deliberating upon the amount of knee flexion to use, not only the change in

the passive tensile properties of the ITB, fascia lata, and quadriceps mechanism should

be considered, but also the position of the patella. In full knee extension the patella lies

proximal to the intercondylar groove of the femur. A study by Fujikawa and associates

(1983 a), done on human cadavers showed that at full extension the patella contacted the

supratrochlear fat pad of the distal femur and that this contact was either under little or

no load. At 25" of knee flexion a contact area on the femur was found at the proximal

margin of its articular sutface. As the angle of knee flexion progressively increased the

contact area on the femur moved distally without shifting medially or laterally. These

findings are also supported by the cadaveric experiments (Goodfellow et a1.,1976).Due

to the lack of bony congruency and compressive forces between the patella and femur in

the extended position the patella seems to be more vulnerable to forces exerted on it

through surrounding soft tissue structures, namely the retinaculum. Schutzer and

colleagues (1986 a) stated that because the patella is a sesamoid bone within the

quadriceps expansion, the equilibrium of the patella is constantly affected by static and
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dynamic forces acting in both the transverse and longitudinal planes. Studies of patellar

tracking using CT scanning with static positioning have shown the patella to exhibit

more tilting and lateral/medial motion during the last 30'of knee extension (Schutzer et

al., 1986 a; Schutzer et a1.,1986 b). Conversely, at 90' of flexion the patella sits within

the intercondylar groove of the femur (Fujikawa et al., 1983 a; Goodfellow et al., 1976).

Studies of patellar tracking using CT scanning have also shown the patella to become

more centralized within the intercondylar groove at approximately 30o (and more) of

knee flexion (Schutzer et al., 1986 a; Schutzer et al., 1986 b). Patellar movement is

thought to be influenced by internal forces produced by articular surface contact and the

shape of the articular surfaces as well as surrounding soft tissues (Fujikawa et al., 1983

b). Hungerford and Barry 0919) stated that once patellar-trochlear contact is made, the

resultant flexion compresses the patella against the femur. They felt that congruence of

the patellofemoral joint and this force provides considerable stability to the patella. Due

to increasing compressive forces and bony congruence with increasing degrees of knee

flexion it thus follows that there may be less lateral mobility of the patella in flexion. The

ITB is intimately connected to the lateral patella and is suited to influence the motion of

the patella. Therefore increased tension in the ITB may be dissipated by lateral patellar

movement with the knee extended but not with the knee flexed to 90". Based on these

anatomical observations, Melchione and Sullivan (1993) hypothesised that the ITB

would be under greater tension during Ober's test with the knee joint flexed to 90o as

opposed to the kneejoint extended.

The position of the hip will also affect ITB tension. By considering the anatomical

attachments of the ITB it can be seen that the amount of abduction/adduction will vary

tautness in the ITB. As described earlier, the ITB has an indirect origin from the iliac

crest and innominate bone. It then runs in a vertical fashion to various attachments on the

fibula and tibia. 'When the lower limb is passively adducted at the end of Ober's test

manoeuvre, the separation of origin and insertion (increased ITB length) tenses the ITB.

Another mechanism thought to increase tension in the ITB is 'hooking' the ITB around
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the greater trochanter as the leg is moved from flexion to extension. hr hip extension the

ITB lies posterior to the greater trochanter, it moves anteriorly when the hip is flexed.

Clinicians have used various amounts of hip abduction while extending the leg in order

to ensure that the ITB does, in fact, move posterior to the greatu trochanter. By ensuring

the ITB's movement posterior to the greater trochanter it removes the tension produced if
the ITB was left anterior and thus hooked around the trochanter during extension and

adduction. Retained anterior positioning of the ITB with respect to the greater trochanter

may produce a false positive result in Ober's test.

According to Gerlach and Lierse (1990) the ITB normally travels over the greater

trochanter as if on a roller bearing, however there is no evidence indicating at what

degree of abduction or adduction this action might be prevented or to what extent this

influences the abduction/adduction moments produced by the physical presence of the

greater trochanter. There has been no study documenting whether the addition of

increased ranges of abduction during the flexion to extension movement is needed to

'unhook' the ITB from around the greater trochanter.

Some examiners have taken into account positioning of the hip with respect to

internal and external rotation (Kendall and McCreary, 1983). Apart from producing

direct tension changes in the ITB, rotation of the hip may produce ligamentous and or

passive muscular tension about the joint limiting the amount of passive hip adduction.

Also, the position of the ITB with respect to the greater trochanter may be altered during

adduction. The impact of the amount of internal and external rotation on the test results

is unknown.

Due to the extensive proximal attachment of the ITB to the ilium, pelvic and

consequently lumbar spine-pelvic position changes will have an effect on the tension

within the ITB. Whether this effect is substantial enough to make a difference to the

outcome measure in Ober's test has not been investigated. The work done by Inman

(1947) as outlined earlier is related to this train of thought. Through his experiments

Inman showed that in an upright position tensile forces that were transmitted through the
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ITB increased as the pelvis moved from an elevated position to a sagging position. The

abductor muscles, in turn, produced a gteater amount of abductor torque as the pelvis

moved from a sagging position to an elevated position (Inman, 1947). Evans, (1979) on

the other hand, implied that the reverse is true. That is, the ITB produces its greatest

amount of abduction torque when the pelvis is elevated. Evans however gave no

experimental evidence to support his contentions. Both these experimental models differ

from the Ober's test in that they are examining the ITB in an upright posture when the

muscles would likely have greater activity. Most accounts of Ober's test indicate that it is

a passive test done in a reclined position. In the written accounts given of Ober's test the

examiners suggested that there is a pelvic/spinal positioning influence on the ITB as each

account describes some sort of stabilizing in this area when performing the test.

Another factor that has not been addressed is the extent to which active contraction

of tensor fasciae latae and the glutei muscles affect the outcome of Ober's test.

Descriptions of this test outline movements that the examiner performs on the subject.

Since this test is reportedly done to assess the passive characteristics of the ITB then care

must be taken to ensure the patient is in fact fully relaxed. However there is no mention

in the literature describing the importance of having the subject relax and./or possible

steps that may be taken to ensure relaxation.

Assessment of Moments and Stiffness using Dynamometry

The contribution of passive tissue forces to the moments or torques created about a

joint such as the hip has not been clearly elucidated or well studied. Recently the

contribution of these passive elements has been investigated using dynamometry to help

determine passive hip joint moments through ranges of motion comparable to those

observed in activities of daily living. Vrahas and colleagues (1990), performed a study

on fifteen males, ages 22-63. They used a dynamometer which passively rotated the

thigh segment through a range of hip flexion/extension while continuously measuring the

resistive moment. Surface EMG electrodes over the gluteus maximus and rectus femoris
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muscles were used to verify the absence (or undetectably low level) of muscle activity

during the testing. Recordings were made with the knee flexed to 90, 80, 60, 40, and 20

degrees and at speeds of 10, 30, and 60 degrees per second. As the speed of the

movement increased, the joint moment showed increased magnitude and range during

the reversal of direction of movement owing to acceleration dependent effects. Analysis

was restricted to the regions without this effect (constant angular velocity region)

resulting in smaller valid ranges as the speed increased. The magnitude of the passive hip

moments in the constant angular velocity sections was found to be speed independent

over the range of speeds used. Progressive knee flexion consistently increased the

passive moments resisting hip extension and progressive knee extension increased the

passive moments resisting hip flexion. Changes in moments were greatest at the

extremes of motion. Moments measured for hip flexion were consistently lower than

those during extension. It was concluded that, in comparison to resultant joint moments

calculated for normal gait, the contribution of the passive moments was relatively small

(i.e. 5Vo of total moment at heel strike and llVo at toe off). The effect of contracture or

other pathology might result in a larger contribution. These authors also investigated the

effect of deliberately moving the mechanical axis of rotation of the dynamometer 4 cm

anterior, posterior, rostral and caudal from the estimated hip axis of rotation. They found

that the measured passive moments changed by a maximum of 4.0 Nm. They also

measured day{o-day differences in the same subjects and found they were similar to the

axial positioning differences. They concluded that the small differences in positioning

(i.e. up to 4 cm) were primarily responsible for the day to day variability. Lastly, they

measured within-session differences in the same subject by repeating a beginning portion

of the test at the end of the test sequence. These measurements differed on average by

only 0.75 Nm.

To date, studies investigating passive torque and stiffness have been conducted on

the following peripheral joints: metacarpophalangeal (MCP) (Wright and Johns, 1960;

'Wright, 1973), elbow (Wiegner and'Watts, 1986), ankle (Broberg and Grimby, 1983;
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Study Joint n age Range of Motion Torque (Nm) Stiffness

Weigner and Watts

(1986)

Broberg and Grimby

(1e83)

Chesworth and

Vander voort

(1e8e)

Mansour and Audu

(1e86)

Vrahas et al.

(1ee0)

Yoon and Maruour

(t982\

Elbow

Ankle

Ankle

Knee

Hip

Hip

t9

15

l1

15

15

15

I

I

20-78

18-49

2t-40

4l-60

61-80

24

22-63

34

10 DF

10 DF

1O DF

Hip 12 flex./Knee 0/Ankle 10 DF

Hip 12 flex/Knee0/AnklelO PF

Hip 60 flex/Knee 0

Hip 0 /Knee 0

Hip O/Knee 33

Hip 0/Knee 51

Hip 65 flex/Knee 0

Hip 65 flex/Knee 33

Hip 65 flex/ Knee 51

tuil

15

(average)

4

5.93

6.95

6.74

55

40

18.4

12

l5

30

55

55

10

0.40 - 1.8

(Nm/rad)

0.46

0.61

0.61

(Nm/deg)

Table 1: Table of stiffness and joint moments recorded from studies of various joints.

Hufschmidt and Mauritz,1985; Weiss et a1.., 1986; Chesworth and Vandervoort, 1989;

Chesworth and Vandervoort, 1995), knee (Mansour and Audu, 1985; Such et al., 1975),

and hip (Yoon and Mansour,l9\Z; Vrahas et a1.,1990). Tissue stiffness (Nm/deg) is

represented by the slope of a momenlangle graph. Table 1 represents values for passive

torque and stiffness that have been reported in normals.

Passive torque and stiffness values have been associated with variables such as age

(Chesworth and Vandervoort, 1989; Hufschmidt and Mauritz, 1985; Such et al., 1975;
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Weiss et al., 1986; Wright, I973;Wright and Johns, 1960; Vrahas et a1.,1990), sex (Such

et al.,1975;Wright and Johns, 1960; Wright, 1973), temperature flMright, 1973; Wright

and Johns, 1960), and soft tissue volume of associated limb segments (Hufschmidt and

Mauritz,1985; Such et al.,l9l5; 'Wiegner 
and Watts, 1985).

Chesworth and Vandervoort (1989) evaluated passive ankle torque values and

stiffness in healthy women from three different age groups (21-40 years, 4I-60 years, 61-

80 years). The range of motion tested was from 10o dorsiflexion to 10" plantarfiexion.

There was no significant difference in stiffness or torque between the age groups tested.

However, these researchers found large standard deviations in all three age groups for

both variables investigated. This large variablitiy was in keeping with previous studies.

Hufschmidt and Mauritz (1985), reported a standard deviation that was 447o of the mean

for passive torque at iOo dorsiflexion in normal young adults

'Weiss 
and associates (i986), investigated passive stiffness in the ankles of normal

young adults and found standard deviations that were 29Vo to 35Vo of the mean. Wright

and Johns (1960) imposed sinusoidal passive motion upon MCP joints of normal

subjects. They found a significant difference in passive stiffness with age. Subjects in

their sixth decade were ten times stiffer than those in the first decade. Such and

coworkers (1975), studied passive torque values and stiffness in 70 knees of normal

individuals, age range from 21 to 65 years. They showed that the energy loss per cycle

(hysteresis) increased with age from the second to the sixth decade. Adjacent decades

were not significantly different from each other. Passive stiffness did not change with

age. Vrahas and associates (1990) did not find any age-related differences in their study

of passive moments about the hip joint in 15 male subjects, age 22 to 63. Passive

stiffness has been shown to be temperature dependent. Increased stiffness of I0-20Vo was

observed by decreasing the temperature of the joint to 18oC. Conversely, increasing the

joint temperature to 48oC decreased stiffness by 20Vo (Wright, 1973).

A consistent difference of passive stiffness and torque values have been shown in

the sexes whereby males have greater values than females (Such et al., 1975; Wright,
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1973; Wright and Johns, i960). An explanation given for this difference is that female

joints are generally smaller than male joints flMright, 1913). Last of all, passive stiffness

has been strongly correlated with cross-sectional area of surrounding soft tissues.

Wiegner and Watts (1985), assessed passive stiffness in the elbow joint of 19 normal

subjects, 1 I males and eight females. Age range was 20 to 78. An increase in stiffness

occurred with an increase in arm volume (r = .76). Hufschmidt and Mauritz (1985),

found a moderate correlation (r = .506) between calf cross-sectional area and passive

torque values at 10o dorsiflexion. Such and coworkers (1975), found that dissipated

energy and peak to peak torque values about the knee joint significantly increased with

an increase in thigh girth.

Summary

Anatomical

Through review of the anatomy, the intimate connection between the ITB, fascia

lata and lateral intermuscular septum can readily be appreciated. The ITB is attached via

these connective tissue structures to the ilium, femur, tibia and fibula. Therefore the "in

vivo" test as described by Ober does not just evaluate the ITB, it evaluates the "bone-

fascia-tendon system" of the thigh. One must account for numerous factors including the

muscles which attach to the ITB when assessing this system (Evans, 1979; Kaplan,

1958). These include the tensor fasciae latae, the gluteus maximus, and the gluteus

minimus muscles.

Biomechanics and Iliotibial Band Function

There are gaps in knowledge about the biomechanical actions of the ITB. Inman's

(1947) study on the structures responsible for the production of abduction torque and

Kaplan's (1958) investigations on the stimulation of tensor fasciae latae and gluteus

maximus in anaesthetised patients are two of the few reported studies. However, these

studies were uncontrolled and poorly documented. Arguments as to whether the ITB

28



functions as a ligament or tendon (Evans, I9l9; Gerlach and Lierse, 1990; Kaplan, 1958)

are based on Kaplan's muscle stimulation observations (Kaplan, 1958) and the

unresearched, educated opinions of others (Evans, 1979; Gerlach and Lierse, 1990).

References to the ITB's function as a "tension band effect" (Gerlach and Lierse, 1990),

and production of extensor and flexor moments at the knee (Gerlach and Lierse, 1990;

Kaplan 1958), have been based on unsubstantiated opinions. Researchers using

anatomical data have strongly suggested that the ITB in normal function does assist in

patellar tracking and support (Gerlach and Lierse, 1990; Seebacher et al., 1982; Teny et

al., 1986; Terry et al., 1993). The question as to whether the ITB provides lateral stability

to the knee is based on supposition by some authors (Gerlach and Lierse, 1990; Williams

and'Warwick, 1989; Kaplan, 1958), in vivo anatomical and clinical studies (Terry et al.,

1986; Terry et al., 1993), and cadaveric anatomical studies (Grood et al., i981).

Pathological Syndromes

Biomechanical dysfunction of the ITB has been implicated as an etiological factor in

various clinical syndromes, particularly the ITBFS and the snapping hip syndrome. The

proposed dysfunction of the ITB has been an increase in forces transmitted through the

ITB, either intrinsic or extrinsic in nature. Intrinsic tension is defined as that due to

contracture of the ITB itself. Extrinsic tension may be due to numerous external causes.

The following is a list of proposed external causes that may subsequently change tension

in the ITB:

1. Abnormal internal rotation of the tibia on the femur during gait. Exampie:

Excessive or prolonged pronation of the foot into midstance phase resulting in

excessive or prolonged internal rotation of the tibia. This may lead to increased

tension in the ITB as it moves over the lateral femoral condyle during knee

flexion/extension.

2. Abnormal activation patterns of the tensor fasciae latae and glutei. Abnormal

activation patterns including magnitude of activation of these muscles may
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produce altered patterns of tension produced in the ITB and/or overall increased

tension in the ITB. Weakness of the glutei may also cause a Trendelenberg gait.

The resulting abnormal pelvic depression in the frontal plane may also alter

patterns of tension in the ITB.

Abnormal fascial connections from the quadriceps and/or hamstrings to the ITB

at proximal and/or distal ends. This may produce increased tension in certain

areas of the ITB or the entire ITB, or alter the direction of the resultant forces

ultimately exerted by the ITB.

Abnormal action of the internal and/or external rotators of the hip. For example,

abnormal increased tension of the iliopsoas may result in decreased hip extension

and medial rotation. This may influence the relative position of the ITB and the

greater trochanter during lower extremity movements causing an increased

tension in the ITB.

Abnormal femoral neck angle. Examples: anteversion/retroversion, coxa

valgalvara. This may cause a change in length between the proximal origins of

the ITB and the distal insertions of the ITB which in turn could increase or

decrease tension in the ITB.

Bony anomalies of the femur. Examples: abnormally large greater trochanter or

lateral condyle. The result of this may be increased tension in the ITB when it

crosses over these structures.

Abnormal tracking of the patella. Example: Increase or decrease in medial forces

produced by the vastus medialis oblique muscle. This could result in an increased

or decreased tension in the lateral retinaculum and./or a change in Q angle which

would be transmitted to the distal end of the ITB. This may in turn alter the force

or direction of the ITB's action at the knee.

Abnormal or inflamed bursa at the hip or knee. Example: Inflammation of bursa

over the greater trochanter or lateral femoral condyle. This may result in a

restriction of movement of the ITB over these bony prominences due to local

4.

5.

6.

7.

8.
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development of scar tissue or because of the enlarged, inflamed bursa. kritation

of the ITB may lead to inflammation of the ITB itself causing intrinsic increased

tension.

9. Excessive structural genu varum or excessive ligamentous laxity of the knee

causing functional genu varum. This may result in increased tension of the ITB

as it is stretched over the knee joint.

10. Leg length discrepency. This may result in uneven iliac heights which may cause

increased or decreased tension in the ITB depending on whether the leg is longer

or shorter.

Examining the possible causes that may lead to increased tension in the ITB it is

easy to see that definitive clinical testing is needed to try to prioritize possibilities that

may lead to the etiology of ITB dysfunction. Experimental study is needed to establish a

precise relationship between the development of these syndromes and increased tension

in the ITB due to either intrinsic or extrinsic causes.

ttln Vivo" Assessment of Passive Tissue

It is important to differentiate between intrinsic and extrinsic factors in the

development of tension changes in the ITB. The clinical implications of this are well

founded as some patients diagnosed with ITBFS have failed to improve with

conventional treatment which includes stretching of the ITB (Barber and Sutker, 1992;

Firer, 1992; Hooper, 1989; Martens et al., 1989; Orava, 1978; Sutker et al., 198i).

Perhaps it is because the problem does not lie intrinsically within the ITB and so

stretching it does not resolve or prevent the problem from recurring. To date the Ober's

test has been widely used to determine whether the ITB is intrinsically tight. This test has

been described in a variety of ways. The variable factors include the degree of knee

flexion, hip abduction, hip rotation, pelvic and lumbar spine positioning and control, and

passive versus active assisted testing. There has been no investigation of the effect, if
any, each of these factors has on the final outcome of the Ober's test. There are also no
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specific guidelines to use when rating the final outcome as a positive or negative test.

Without this information, there is no foundation on which to base a decision as to which

of these techniques is the most reliable measurement. It therefore is apparent that

research directed towards these variable factors is needed and warranted.

Using dynamometry Vrahas and colleagues (1990) have provided a comprehensive

study on the role of passive structures about the hip and knee joints during hip

flexion/extension. The moment produced by the passive structures during hip

abduction/adduction has not been investigated using this method. "In vivo", the passive

structures resisting hip adduction would encompass the musculofascial structures of the

lateral aspect of the thigh. (i.e. ITB, fascia lata, lateral intermuscular septum, tensor

fasciae latae and gluteal muscles.)

As clinical evaluation of the hip joint moments produced in the frontal plane

encompasses the moment produced by all of these structures, a study using dynamometry

would provide experimental information which would be useful in the clinical setting as

well as providing a foundation for further research.
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Purpose

This study focused on objective assessment, using dynamometry, of the passive

contributions to the resultant joint moment about the hip (RJMHrr,) in the frontal plane.

The effect of limb position changes on the RJMsn, in the frontal plane (ftJ[1[ü,'r^') *ill
be examined.

Objectives

The objectives of the study were to:

a) Develop a dynamometry apparatus suitable for evaluation of RJMnn, in the

frontal plane.

b) Develop a reliable protocol for assessingthe ftJXIirü^" on a dynamometer.

c) Develop an analysis technique for assessingthe ftJl¡tf)i'r^' data.

d) Determine the RJM|;", stiffness and hysteresis for

and female control groups for comparison to ITBFS

syndrome.

asymptomatic male

and snapping hip

i)

iÐ

Examine the influence of knee joint angle onRJMi,'r^' .

Examine the influence of 'hooking' the ITB on the femoral

trochanter during evaluation of RJM::,',^' .

Perform bilateral comparison of RJM::;" .iii)

Clinical Relevance

Information gained from this study will be used to develop both a dynamometry and

a manual technique for assessing tension in the passive musculofascial structures of the

lateral aspect of the thigh. Better understanding of the influence of different hip and knee

positions on the RJMun, during abduction and adduction would be beneficial for

35



increased conformity in clinical assessment of ITB leading to improved inter and intra-

rater reliability during clinical manual testing. By studying normal subjects a control

group will be established whose values may be used in future comparisons with patients

who have been diagnosed with dysfunction of the ITB.

Hypotheses

1. A change in knee joint angle from 0" to 90o flexion will change the RJMsu,

during passively imposed hip adduction and abduction.

Initial positioning of the subject using 30" of hip abduction (i.e. unhooking the

ITB from around the greater trochanter) while extending the hip versus using

neutral hip abduction while extending the hip will not change the RJMnn, during

passively imposed hip adduction and abduction.

RJMi,i^', stiffness and hysteresis will be greater for males than for females.

RJMnu, and stiffness during adduction and abduction will not show any

significant differences between the right and left limb.

Limitations

l.Alignment of the joint axis of rotation with the dynamometer axis of rotation may

not remain coaxial throughout the test.

Vrahas and colleagues (1990) in their study of passive hip moments during hip

flexion/extension, investigated the effect of deliberately moving the mechanical axis of

rotation 4 cm anterior, posterior, rostral and caudal from the estimated hip axis of

rotation. These investigators found that the measured passive moments changed by a

maximum of 4.0 Newtonmeters (Nm). Therefore, when analyzing the results from this

study an allowance of 4.0 Nm should be given for possible differences due to

malalignment of the joint and mechanical axes.

2.

J.

4.
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2. Acceleration-dependent inertial effects caused by alternately abducting/adducting

the hip joint will not allow the examination of some of the data at the end of ranges to be

used for comparison. A speed of 10o/s was been chosen for testing as acceieration effects

are minimized at this speed (Vrahas et al., 1990).

Delimitations

This study was designed to obtain data from normal individuals in order to make

comparisons to individuals with diagnosed dysfunction of the ITB. The age range chosen

was between 18 years and 40 years as this is the range commonly seen in patients

diagnosed with dysfunction (Noble, 1980; Orava, 1978).

Limb position changes during hip abduction/adduction testing will involve the hip

and knee. The pelvis will be held in a neutral position in the test protocol. The effect of

pelvic positioning on changes in tension in the ITB has been investigated in the past with

the conclusion that it does affect the ITB's tension (Inman, 1947). Investigation of

position changes of the pelvis using dynamometry was not examined as development of

a method to examine the influence of pelvic position is beyond the scope of the cuffent

study.

Assumptions

1. The knee joint axis for flexion/extension is assumed to be in line with the

palpable tip of the lateral femoral condyle at the insertion of the lateral collateral

ligament of the knee.

2. The hip joint axis for abduction/adduction is assumed to lie one to two

centimetres below the middle one third of the inguinal ligament and on a

horizontal line running halfway between the pubic tubercle and the greater

trochanter.

3. The hip joint axis for flexion/extension is assumed to be in line with the lateral

tip of the greater trochanter.
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4. The hip joint axis for abduction/adduction is assumed to be coaxial with rhe axis

of rotation of the dynamometer arm.

5. The actual position of the limb segments is assumed to be correct using surface

landmarks and a goniometer.

6. It is assumed that the moment produced due to the weight of the subject's limb

will be adequately corrected using the "gravity compensation" provided by the

dynamometer manufacturer.
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Methodology

Subjects

The data from 36 subjects (18 males and 18 females) was used in this study. Sample

size was determined by a power analysis with the power index set at 3.60 (0.05 alpha,

0.05 beta) (Hassard, 199l)(See Appendix A).

Inclusion Criteria

Subjects between the ages of 18 and 40 years were included in this study. Subjects

had no history of pain or injury of the lumbar spine, pelvis, hip, knee, ankle, and foot.

Each subject was given an examination by the primary investigator (See Appendix B).

The examination was done to determine if the subject had any deviation from the

average postural alignment and range of motion of the lower extremity joints, pelvis and

lumbar spine.

Exclusion Criteria

Any subjects that had the following findings were not included in the study: three or

more positive postural findings, decreased range of motion, positive findings on knee

ligament stress tests, decreased passive patellar accessory movements. Also excluded

from the study were subjects with other orthopaedic or medical conditions including

pregnancy or previous term pregnancies.

Recruitment

A sample of convenience was drawn from the physiotherapy student population of

the University of Manitoba and general populace through word of mouth.

Informed Consent

All subjects gave written informed consent prior to participation in this investigation

(See Appendix C). The protocol for this study was approved by the University of
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Manitoba Faculty of Medicine committee on the use of Human Subjects in Research in

February, 1994 (See Appendix C).

Instrumentation

Kinetic-Communicator

Passively imposed motion of the lower limb in the frontal plane was achieved by

using an isovelocity dynamometer - the Kinetic-Communicator (Kin-Com 500H,

Chattecx Corporation, Hixson, TN.). The Kin-Com dynamometer is a microcomputer-

controlled hydraulic instrument. The mechanical validity and reliability of the Kin-Com

lever arm and strain gauge systems has been verified by Fanell and Richards (1986).

During testing the dynamometer measures force, angle, and angular velocity via a strain

gauge transducer, a potentiometer, and a tachometer respectively. The data from each

transducer are sampled at 100 Hz and stored on computer for analysis.

Procedure

Pilot and Reliability Test

A pilot and reliability test was performed prior to starting this primary investigation

(See Appendix D). Very good test-retest reliability was achieved with Intraclass Correlation

Coefficients (ICC) exceeding 0.78 for the parameters measured. Some modifications of the

test protocol were made based on findings from this test to further improve the protocol . A

pilot test using muscle stimulation to the tensor fasciae latae and gluteus medius was also

performed (See Appendix D). Results found were not sufficient to wanant further

investigation given that the subjects tolerance to stimulation was low.

Subject Instruction

Each subject was asked not to partake in any form of exercise other than activities of

daily living on the day of the testing. Similar to the clinical situation, no wann-up
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exercises were done prior to testing. All subjects were asked to wear loose, non-

restrictive clothing for the test procedure. Each subject was allowed to acclimatize to

room temperature prior to testing. Room temperature was within the same range (18-22"

C) for all subjects. Prior to each test session the test protocol was explained to each

subject. Each subject was instructed not to move or engage in conversation during the

testing.

Practice Session

Visual examination of the moment/angle data generated from the reliability study

demonstrated a systematic decrease in the moment data over successive repetitions

which was attributed to leaming of relaxation by the subjects. The momenlangle curves

stabilized after 5 or more repetitions. Therefore it was felt that practice sessions prior to

testing were imperative to ensure consistent, minimal levels of muscle contraction.

During the practice session the subject was positioned on the dynamometer in the

position that was to be tested. Ten repetitions of the test position were performed using

the same dynamometer settings that were to be used during testing. Ten repetitions was

chosen based on observations from the reliability testing. Each subject was questioned

about comfort during the practise sessions. If there was any discomfort minor

adjustments were made at this time without compromising the test position and the

practise session was repeated. If adjustments to the position did not alleviate the

discomfort, testing was discontinued. Maintenance of subject positioning, alignment, and

relaxation were also noted during the practise session. If any of these factors were found

to be unsatisfactory they were corrected and the practice session was repeated. If the

subject was unable to maintain these factors testing was discontinued. None of the

subjects tested were discontinued due to these factors.

39



Test Session

The three test conditions (See Test Protocol) were randomly performed on each

limb tested. The right limb was tested on all subjects. In addition, the left limb was tested

on ten of the subjects - four males and six females. Test sessions were performed

immediately following the practice session. They were executed without changing the

subject position that had just been adopted for practice. Two sets of five repetitions of

each test position were carried out and data were stored on the dynamometer computer.

Test Protocol

Subject Positioning

A metal leg brace with foam padding (IROM leg brace, Donjoy) was placed on the

leg that was to be tested. This brace was designed to allow the subject's knee joint to be

mechanically fixed in 10 degree increments within the range of flexion/extension

motion. The brace also prevented any rotation of the leg and foot segment in the

transverse plane. The subject was then instructed to side lie on their left side on the

dynamometer bench. A pillow was placed under the head for comfort. The right hip joint

axis of rotation for abduction/adduction was visually aligned with the actuator arm axis

of rotation. The pelvis and lumbar spine were placed in a neutral position in all three

anatomical planes. The pelvis and lumbar spine were then stabilizedin this position with

strapping which went around the subject's hips and the dynamometer bench. The

subject's right leg was then positioned in one of the following three conditions:

1. K90: With the hip joint flexed to 45o and held in neutral rotation and neutral

abduction/adduction, the hip joint was passively extended to end range. The

knee joint was then fixed in 90o of flexion using the leg brace.

2. K0: Condition #1 but with the knee joint fixed at 0" of flexion/extension.

3. KH90: Condition #1 but abduct the hip 30' while bringing it into extension (i.e

unhooking the ITB from around the gteater trochanter).
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Following positioning of the test leg, the leg brace supporting this limb was then

attached to the actuator moment arm. This was accomplished using a specially designed

two ringed bracket. The bracket was securely attached to the distal end of a metal rod on

the lateral side of the leg brace which ran the length of the femur. The rings of this

bracket were slid onto a bar protruding at a right angle from the distal end of the actuator

moment arm. It was then held in place by a screw. The brace and bracket were designed

to allow a means of passively suspending the lower limb from the force transducer

attached to the dynamometer actuator arm. This apparatus also prevented rotation of the

leg about its longitudinal axis and maintained the knee joint at a fixed, designated

flexion/extension angle. The bracket and brace ensured that the subject's leg was

carefully positioned and securely strapped onto the dynamometer arm. The secure

affangement limited relative motion between the limb and actuator arrn to minimize the

error in moment calculation due to acceleration and angular velocity mismatch between

the actuator arm and limb.

Dynamometer Protocol

The RJMsp wâs recorded during abduction/adduction using the Kin-Com passive

mode where the dynamometer passively imposes motion of the attached segments within

a preset range of motion. The dynamometer accelerates and decelerates the actuator arm

and attached segments to a preset angular speed through the specified range of motion.

Figure i depicts the angular position and moment data recorded for typical subject for

condition K90.

The hip joint was moved through a 30o range of motion which consisted of 15' of

abduction (negative) and 15o of adduction (positive) with 0o corresponding to the lower

limb horizontal. The horizontal lower limb position very closely approximated neutral

abduction/adduction.

The start position of the test movement was at 15o of abduction. From this position

the limb was passively adducted 30o towards the midline of the body.

41



Adducted l5

-10

Abducted -.l5

r0

o
O)
C

+c'õ
-)
.g
- -5

l5
tr
?i2
C
0)
ESe

.F
C'õ

ã6
-
Cge
:fv
6e.

l0
0

0 25 35l5 20

Time (s)

Figure 1. Angular position and resultant hip joint moment data for a set of five repetitions for the
K90 condition for a typical subject. The hip joint angle (top panel) corresponds to the frontal plane
(0 degrees = neutral abladduction). The resultant hip joint moment (bottom panel) is equal to the
product of the dynamometer force (N) and the moment arm (m). For the moment data, the positive

/t

/\ I

n

/\tt
/\
/\/t

I

/\

/\

I

I

i\
/\

/\

/\

I

I
ttlt

l
l I

\ t\ l

I
I

I

I

ìttl \/

\

\ I

l
I

\

l \/
\/

\/
\/

\

\ \/ \

l \/
Ìt

\/
\/

\i
U

I I I

1t,

I
l I

I
,l I ',i I

Y

,l[ \t I\ \ \
V J' U U' \

direction corresponds to an abductor moment. 42



The end position of the test movement was at 15" of adduction. From this position

limb movement was reversed and abducted 30' away from the mid-line of the body back

to the start position.

Test sessions recorded two sets of five repetitions in each limb position tested. One

repetition consisted of passive movement of the limb through 30' of adduction to the end

position followed immediately by 30' of abduction back to the start position. There was

no pause in movement at the start and end positions as the actuator arm/limb reversed

direction at these points. This continuous cycle of movement was repeated five times to

make up one set.

The moment generated by the weight of the limb was measured for all subjects prior

to beginning the testing. After each subject was positioned and the limb suspended from

the force transducer of the dynamometer actuator arm and the lower limb was placed in a

horizontal position. This position was verified using a small bubble level. The subject

was then asked to completely relax and the maximum force (N) was recorded. The

length of the moment arm which was the distance from strain gauge force transducer to

the dynamometer axis of rotation was also recorded.

The dynamometer angular acceleration was set to the low setting and angular speed

was set to 10"/s.

Calculation of Moments

The moment derived from the dynamometer reflects the contribution all soft tissues

spanning the joint including active and passive components of musculotendinous tissue,

as well as other passive structures. In addition, the dynamometer moment includes the

moment due to inertia of the attached segments and angular acceleration of the limb

(which only occurs at end range during non-constant velocity motion), the moment due

to the weight of the limb (which is compensated using the 'gravity correction' of the

dynamometer). Once the dynamometer moment is compensated it reflects the RJM¡¡¡,..
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In order to attribute the RJMH¡,. to the action of passive tissues one must insure that the

muscles are relaxed.

a) Moment due to Inertia and Angular Acceleration

h this experiment we felt that any contribution to the overall moment by the

moment due to inertia and angular acceleration would be negligible and restricted to a

small range of motion (See Figure 2) by the use of a low acceleration and speed setting.

Data analysis was restricted to isovelocity regions.

b) Moment due to the V/eight of the Limb

In the horizontal position, the moment due to the weight of the limb (Mwr, Nm) was

calculated by multiplying the force (N) recorded and the actuator moment arm (m) (See

Appendix E). When considering the Mwr- as derived by the Kin-Com system it is

important to consider the foilowing factors that may affect this numerical value.

1. Moment created due to the resistance of the passive tissues. (abductors and/or

adductors). It was assumed that the moment due to this factor would be

negligible in the neutral position as there is minimal stretching of these

structures when the limb is positioned in a neutral abduction/adduction position.

2. Moment of the Weight of the Limb is dependent upon the position of the limb.

The force transducer is primarily sensitive to forces applied at 90o. If the limb is

not securely attached to the actuator arm then part of the weight of the limb will

not be measured by the transducer. Given a 10" deviation between actuator arm

and limb, a discrepancy due to this factor would only account for a I.5Vo enor

(I-COS10'x 100).

3. In the test position chosen for this study the subject was in a sidelying position

on the Kin-Com table. The limb is thus suspended between two points - the

actuator arm and the pelvis on the Kin-Com table. The percentage of limb

weight which was supported by the pelvis is unknown. This would contribute to
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the error in the measurement of the weight of the limb as measured by the force

transducer of the actuator arm. This would effect the accuracy of 'gravity

compensation' provided by the Kin-Com software.

4. Moment due to active contraction of abductors and/or adductors muscles about

the hip. Every effort was taken to minimize the contribution of the active muscle

forces.

Relaxation of the subject was important during the testing procedure to ensure that

the correct weight of the limb was suspended from the force transducer of the actuator

arm. Active contraction of the hip abductors would reduce the amount of limb mass

measured by the actuator arm. Conversely, contraction of the hip adductors would

increase the downward force acting upon the actuator arm and thus increase the force

recorded by the Kin-Com.

M1y¡ was also calculated using regression equations which estimate body segment

weights and locations of center of gravity (See Appendix E). These equations were

developed by Chandler and coworkers who used middle aged male cadaver specimens

for derivation of the equations (Chandler et a1.,1975). Subject body mass (kg) was

recorded using a scale, and thigh, leg and foot measurements were taken using a

measuring tape. For comparison purposes only, these parameters (listed in Table 6,

Appendix F) were used to estimate the Mwr-.

Data Collection and Reduction

Data were sampled at a rate of 100 Hzby the Kin-Com analog to digital converler

and stored on the Kin-Com computer as .cht files (cht = chart). Each subject had 6 chart

files - two files per each test condition with five test repetitions in each file. The files

were then exported onto a 3.5 inch, '720 k, floppy disc then stored in an analysis

computer. The files were converted using a custom designed software program to obtain
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the following parameters: time, angle, angular velocity, angular acceleration and

moment. The converted files were stored as .bai files (bai = batch). The .cht files were

also converted into .dat files (dat = data) which contained values for the following:

maximum moment (Nm), angle at maximum moment (o), velocity at maximum moment

("/s), minimum moment (Nm), angle at minimum moment ("), velocity at minimum

moment (o/s), average moment (Nm), work (J), maximum power (IM), and average

power (W) for each repetition. Chart files and converted files were stored in the

computer's hard drive in subdirectories for each subject. The .bai files were then

imported into a spreadsheet (Quattro Pro) for analysis.

Moment/angle graphs, in which the angle was plotted on the X (horizontal) axis and

the RJM¡1¡, (Nm) was plotted on the Y axis, were generated for each subject and each

test position. Figure 2 represents the XY plot of moment and angle for a typical subject

for condition K90 for a set of five repetitions. The first five and last five repetitions were

placed on separate graphs. Therefore each subject had 6 graphs for hip

abduction/adduction: two with the knee at 90o flexion (K90), two with the knee at full

extension (K0), and two with the knee at 90o flexion with the hip abduction manoeuvre

(i.e. unhooking component) (KH90). Visual comparison of the momenlangle graphs

was made between the first five repetitions and the second set of five repetitions. In all

subjects this comparison revealed very good consistency. Progressive relaxation of the

subject would be revealed as progressive shifts in the moment langle plots. With subject

familiarisation, a progressive shift in the curves was not evident. In addition, the curves

were very smooth consistent with a low level of muscle contraction. This was true for all

subjects and all three test conditions regardless of the order of the positions tested. The

second set of five repetitions was used for further analysis.

The moment values were derived from the momentlangle data for the following

positions: end range adduction, end range abduction, abduction and adduction at -10o

(i.e. 10' of adduction from zero neutral position), abduction and adduction at 0' (i.e.

46



neutral position), abduction and adduction at +10' (i.e. 10o of abduction from zero

neutral position). The moment values were entered into a spreadsheet to obtain the

following moment data; end range adduction, end range abduction, 0" adduction, 0o

abduction, difference between 0o abduction and 0o adduction, difference between end

range adduction and end range abduction, difference between +10" adduction and -10o

adduction, difference between +10o abduction and -10o abduction, difference between

end range adduction and -5o adduction, difference between end range adduction and -5o

abduction. The difference between 0o abduction and 0" adduction was chosen to be

representative of the hysteresis as it was consistently the greatest difference observed

between abduction/adduction in the moment angle graphs. The slope of the

moment/angle relationship corresponds to angular stiffness (Nm/deg). The difference

between end range abduction and end range adduction divided by the range of motion

corresponded to overall stiffness. Other stiffness values for angular sub-ranges were also

derived including a mid-range calculation (+10" to -10'), and for the last five degrees of

adduction.
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Figure 2 Moment/angle plot for the K90 condition. Same data as shown in Figure 1. The
consistency of the five repetitions is apparent and is representative of all subjects and test
conditions (K0, K90, KH90). The acceleration-dependent, inertial moments can be observed at the
end of range of motion (a,b). The moment values were recorded for adduction and abduction at end
range, -10, 0 and +10 degrees. The passively imposed motion direction is shown with arrows.

Statistical Analysis

Statistical analysis was performed using Quattro Pro Version 6.0 and Systat Version

5.0 for Windows. The level of significance was assessed at an alpha level of 0.05.

The mean, standard deviation, standard error, and the range were calculated for each

parameter for each condition (K90, KH90, K0) (See Table 7, Appendix G).

A splirunit ANOVA (See Table 2) was performed because the design was mixed

(within and between comparisons). Within subject comparisons were made for the three

conditions (K90, KH90, K0) and between subject comparisons were made for each sex.

The test conditions were randomized. A complete factorial ANOVA was performed

resulting in an interaction term (sex by condition). Even though ANOVA is a robust
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inferential method, certain assumptions are required of the data to employ ANOVA

which are as follows: interval or ratio data, groups are mutually exclusive, data follow a

normal distribution, groups have equal variances. The data met all these assumptions.

A one way ANOVA was performed to compare the right and left extremities of 10

individuals.

Further, a one way ANOVA with Tukey's multiple comparison test was used to

evaluate differences between the three conditions for each sex.

Bar graphs (mean and standard error of the mean) were created for both males and

females and right and left sides for each of the parameters investigated. Visual inspection

of the bar graphs, along with results from Tukey's post-hoc comparisons were used to

reveal significant differences between group means.

Independent t-tests were performed on demographic and anthropometric data.
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Test for effect called: Sex

Test of Hypothesis

Source SS DF MS F P

Hypothesis 827.787 I 821.787 25.018 0.000

Error 1124.981 34 33.088

Test for effect called: Condition

Test of Hypothesis

Source SS DF MS F P

Hypothesis 362.296 2 181.148 102.209 0.000

Enor 120.519 68 1.172

Test for effect called: SexxCondition

Source SS DF MS F P

Hypothesis 4.519 2 2.259 1.275 0.286

Error 120.519 68 1.772

Table 2: An example split-unit ANOVA table for end range abduction moment (Nm).
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Results

Subject Demographics

Mean values for subject demographics and anthropometrics are

Individual subject demographic and anthropometric data are outlined

outlined in Table 3.

in Appendix F.

Dynamometry Apparatus, Protocol and Analysis

The DonJoy knee brace and custom made bracket for attachment to the

dynamometer lever arrn were effective in controlling knee flexion angle and hip rotation

in the transverse plane while providing good suspension of the lower limb. After a brief

familiarisation period provided by the practise session, subjects were able to relax. This

was demonstrated by the consistency of the momenlangle plots. This consistency held

true for all subjects and all three test positions regardless of the order of testing.

Results from the test-retest reliability study performed prior to beginning this

investigation revealed a strong linear relationship using Pearson correlation coefficient

with a small inter-test intercept. The intra-class correlation coefficients were greater than

18

31(5)

7e(e.7)

42(1.7)

42(1.8)

24(1.0)

Table 3: Mean(SD) demographic and anthropometric data.
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0.78 corresponding to very good test-retest reliability. Using the original pilot protocol

without familiarisation, the average test-retest difference for end range adduction was 2.9

Nm for K90 and 1.4 Nm for K0. The average test-retest difference for end range

abduction was 4.8 Nm for K90 and 5.6 Nm for K0.

Resultant Joint Moment of the Hip during AbductionlAdduction

The means, standard deviations, and standard errors of K90, KH90, K0 for males

and females at end range adduction, end range abduction, +10o, 0", -10' abduction and

adduction are listed in Table 7, Appendix G.
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'When comparing the KH90 to the K90 moment angle graphs there was no

consistent shift between the graphs. This indicates that the moments recorded during

KH90 were the same as the moments recorded during K90. All means of K90 compared

to means of KH90 showed no significant difference (See Figure 3 and 4). The average

difference between the end range abduction means for K90 and KH90 was 0.50 (t 0.21)

Nm. The average difference between the end range adduction means for K90 and KH90

was 0.14 (x. 0.26) Nm. There was an upward shift of the K0 moment/angle data

compared to the K90 plots in all but one subject. This shift indicates that a greater

moment was recorded during K0 versus K90. All means of K0 compared to means of

K90 revealed a significant difference (See Figure 3 and 4). The average difference
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Adduction
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Figure 4. Maximum
sexes.
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between the end range abduction means for K90 and K0 was 3.6 (+ 0.38) Nm. The

average difference between the end range adduction means for K90 and K0 was 4.56 (+

0.51) Nm. Tukey's multiple comparison test demonstrated a significant difference

between K90/K0 and KH90Æ(0 for both sexes.

The difference between the mean at 0o abduction and 0' adduction was calculated

for K90, KH90 and K0. There was no significant difference in hysteresis between K90

and KH90. The comparison of both K90 and KH90 to K0 showed a significant

difference in hysteresis whereby K90 and KH90 had greater values than K0 (See Figure

5). Tukey's multiple comparison test demonstrated that the hysteresis difference between

conditions was significant in the male sample only. The females also showed a

difference but it was not significant.
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Figure 5. Hysteresis represented by the difference in moment at 0o for the abduction
and adduction traces (mean + SE) for all three conditions and sexes.
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The slope of the moment

measured. Stiffness (Nm/deg)

(degrees). The mean values

follows:

angle graph represents the stiffness of the tissue being

is defined as the moment (Nm) divided by the angle

of the slopes for males and females combined are as

Full Range (30 degrees)

K90 = 0.687 (Nm/deg)

KH90 =0.667 (Nn/deg)

K0 = 0.657(Nm/degrees)

Mid Range (20 degrees)

K90 = 0.575 (Nrr/deg)

KH90 =0.557 (Nm/deg)

K0 = 0.554(Nm/degrees)

End Range Add (5 degrees)

K90 = 0.74 (Nrr/deg)

KH90 =0.728 (Nm/deg)

K0 = 0.744(Nm/degrees)
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When examining the difference between the slopes through full range of K90 and
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Figure 6. Stiffness (mean + SE) through full range for all conditions and both sexes.
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K0 for each subject the following values were found:

1) In 20 subjects K0 was more stiff than K90. Of these 20, six had stiffness values

that were equal to or greater than 0.25 Nm/deg and seven had a value of only 0.05

Nm/deg greater.

2) In nine subjects K0 was less stiff than K90. Out of these nine people two were

equal to or greater than 0.25 Nm/deg and three had a value of only 0.05 Nm/deg greater.

3) In seven subjects there was no difference in stiffness between K0 and K90.

Stiffness
(Nm/deg)

W tu'"

il7,i|fi)l r" 
^t"

Figure 7. End range abduction stiffness (mean + SE) for all test conditions and sexes. End
range stiffness was derived for the last 5 degrees of adduction.
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M a I e/Fem al e Com pari son

The following statements were true for both male and female subjects:

1) All mean moments of K90 compared to mean moments of KH90 showed

no significant difference (See Figure 3 and 4).

2) All mean moments of K90 compared to mean moments of K0 show a significant

difference (See Figure 3 and 4).

Comparison of mean moment values of males to females showed a significant

difference at end range abduction (See Figure 3), and mid range abduction and adduction

for K90, KH90, and K0. End range adduction did not show a significant difference

between males and females (See Figure 4).

The males had significantly greater values for stiffness than females in all areas of

the range tested (i.e. full range, mid range, end range) during both adduction and

abduction. This was true for K90, KH90, and K0 (See Figure 6).

Males showed significantly greater values for hysteresis at 0o abduction/adduction

than females during K90, KH90, and K0 (see Figure 5).

Interactions

Interactions between test conditions and sexes indicate that there was a change

occurring in one group but not the other. The only interaction found using the split-unit

ANOVA occur¡ed at end range adduction. Conditions K90 and KH90 showed no

significant difference between males and females. Condition K0 showed a marginal

difference between males and females whereby the males had greater moment values

than the females.
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Bilateral Comparison

There was no significant difference between right and left and between the different

test conditions for the mean difference at 0o abduction/adduction (see Figures 8 A 9).

There was no significant difference in comparison of right and left values for stiffness

for K90, KH90, and K0 (See Figure 10).
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Figure 8. Bilateral comparison of maximal adduction moment (mean + SE) for all
conditions.
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Figure 9. Bilateral comparison of hysteresis (mean + SE) for all conditions.
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Figure 10. Bilateral comparison of full range of motion stiffness (mean + SE).
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Discussion

The results of this study indicate that when performing Ober's test on normal

subjects, the abduction manoeuvre, which supposedly unhooks the ITB from around the

greater trochanter during hip extension did not have an effect on the resultant joint

moment during hip adduction/abduction when compared to performing the test without

the abduction manoeuvre. This was true regardless of sex or side tested. This finding

suggests that the concept of the ITB becoming hooked around the greater trochanter of

the femur as the hip is extended if the abduction manoeuvre is not performed and thus

increasing tension within the ITB is false. As this investigation was performed on normal

subjects, it is possible that in subjects with abnormally increased intrinsic tension in the

ITB or abnormal bone morphology, a difference may have been found using the

abduction manoeuvre. However, if the ITB did become hooked around the greater

trochanter during this test, this would indicate an abnormal finding.

Changing the knee angle from full extension to 90" flexion did significantly change

the RJM recorded during hip adduction/abduction. RJM¡¡¡, with the knee in full

extension was an average of 5 Nm greater than the RJMsn' recorded with the knee flexed

90'. This finding was true regardless of sex or side tested.

There are several different mechanisms that may contribute to the increase in the

RJMnn, when the knee is extended. First of all, when the knee is extended the ITB

undergoes a relative increase in length. This increase in length of the ITB would create

an increase in intrinsic forces transmitted through the ITB. An increased length of the

ITB in full knee extension may be demonstrated using both mathematical and anatomical

models. Mathematically, the angle formed from the posterior aspect of the femur to the

posterior aspect of the tibia changes from 90o to 180o as the knee is moved from 90o

flexion to full extension. This increase in angle will increase the length of the tissues

spanning the distance from the pelvis to below the knee joint (this includes the ITB).

Anatomically, the ITB assumes a different position with respect to the lateral femoral
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condyle as the knee extends. In 90' of flexion the ITB sits posterior to the condyle

whereas in full extension it sits anterior to the condyle. This change in position with

respect to the lateral femoral condyle may also cause an increase in length and thus

intrinsic forces transmitted through the ITB. Also, Terry and coworkers (1986)

discovered that as the knee extends towards zero degrees the origin and insertion of the

deep and capsulo-osseous layers of the ITB separate. Because of the superficial layer's

attachment to the deeper layers this separation of the deeper layers tighten the superficial

layer of the ITB.

Secondly, the viscoelastic properties of the muscles associated with the ITB must be

considered as the ITB lengthens. Muscles in series with the ITB (i.e. tensor fasciae latae)

will lengthen as the ITB lengthens. This stretching of the muscle will contribute to the

increase in RJMI¡¡, through the passive properties of the musculotendinous system. The

percentage of RJMHp increase due to stretching of the muscle will depend upon the

amount of lengthening of the muscle. The amount of lengthening that will occur within

the muscle will be influenced by the compliance of the ITB. A stiffer ITB will increase

the stretch of the muscular component to a greater extent than a compliant ITB. Thus the

passive contribution of the muscles to the increase in moment will depend upon the

intrinsic stiffness of the ITB.

Last of all, it is likely that the moment arm of the ITB about the hip in the frontal

plane for adduction/abduction did not change. This factor can thus be excluded as a

possible mechanism contributing to the increased RJMrru, .

Tissue stiffness did not show any significant differences between K90, KH90 and

K0 in any part of the range. This was true for both right and left lower limbs tested. One

would expect an increase in stiffness with an increase in intrinsic tension of the ITB as

demonstrated by the greater moment values for K0 versus K90 and KH90. A possible

explanation for this is that the amount of stretch placed on the ITB with the change in

knee joint angle from K90 to K0 was not sufficient to shift the momentlangle value. It is

possible that a change in stiffness might have occurred if a greater range of
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abduction/adduction was used. A functional range of motion (30') was chosen for this

study. Comparison of sexes showed that males had greater values for stiffness than

females in all three test conditions and in all ranges tested. This is in keeping with

findings from previous studies (Such et a1.., 1975; Wright, 1973; Wright and Johns,

1960).

Significant forms of energy that have been considered when analysing human

movement include: potential energy due to gravity, potential energy due to strain,

translational kinetic energy, rotational kinetic energy, energy that is degraded into heat,

and liberated metabolic energy (Enoka, 1988). Potential energy is formed when work is

done on an object to counteract the effect of another force. Kinetic energy is acquired by

an object when a force does work against its inertia and changes its motion. Since the

performance of work requires the expenditure of energy, energy has been described as

the capacity to do work (Enoka, 1988). In this study the moment created due to the

weight of the limb and thus the potential energy due to gravity was coffected for by the

Kin-Com dynamometer. No metabolic energy was used to produce work in this

experiment as movement was passively performed by the dynamometer. Assuming a low

level of muscle activity, the work was done by the passive (inert) tissues of the leg using

potential energy due to strain and rotational kinetic energy.

In plotting a moment/angle graph our data demonstrated a hysteresis loop. This

indicates that the amount of energy exerted during adduction/abduction was not equal.

During passive movement of the leg some of the energy was converted into heat due to

frictional effects within tissues and the hip joint. This degradation of energy into heat

will account for the hysteresis. It is also possible that during hip adduction a small

amount of the energy was transferred to other inert structures associated with the ITB,

such as the surrounding fascia lata and the lateral retinaculum of the knee joint. The

results in the male sample indicated that hysteresis had significantly greater values for

K90 and KH90 compared to K0. This implies that as the intrinsic tension of the ITB

increased from K90 to K0, as suggested by the increase in moment values, the amount of

62



strain energy and kinetic energy available within the ITB increased as less was lost

through hysteresis effects. The females also showed greater values for K90 and KH90

compared to K0 but this difference was not significant. This could possibly be due to a

Type tr error. The results also showed that males had greater hysteresis values than

females in all three test conditions. Previous studies of passive moments have

commented on comparison of male and female stiffness but not on hysteresis. Therefore,

we are unable to compare these findings with other researchers. A possible explanation

of the greater values for hysteresis found in the male sample is that males have a greater

cross-sectional area in the surrounding soft tissues thus the degradation of energy into

heat will be greater. It is difficult to provide an explanation for the difference between

K0 and K90/KH90 found in the male sample.

In this study the dynamometer passively imposed hip joint adduction/abduction and

recorded the RJMnn. The moments that could potentially contribute to the RJMsrp

include both active and inert structures. On the lateral aspect of the leg the active

structures include the gluteus medius and minimus and tensor fasciae latae. The inert

structures include the ITB and its associated connective tissue attachments as described

under Anatomy. On the medial aspect of the leg the adductor muscles and their

associated tendons constitute the active and inert structures respectively. Other inert

structures that may potentially contribute to the RJMsn, include the hip joint ligaments.

The passive moment produced by the hip joint ligaments is unknown but based on their

anatomical arrangement it is likely that the contribution to the passive RJMsp during

adduction/abduction is minimal. The consistency of the graphical representations support

the contention that the subjects were indeed relaxed during the passive movement of

their leg. Therefore the moments recorded by the dynamometer can be assumed as being

representative of the inert tissues of the thigh.

In the start position (i.e. hip abduction) the dynamometer passively imposed motion

to move the leg downwards (i.e. adduct the hip). The moment produced by the

dynamometer counteracted the moment of the lateral tissues resisting adduction in an

63



upward direction as well as aided the moment of the medial tissues pulling downward

into adduction. Conversely, in the stop position (i.e. hip adduction) the dynamometer

passively imposed motion to move the leg upwards (i.e. hip abduction). This moment

was assisted by the moment of the lateral structures pulling upwards and resisted by the

moment of the medial structures pulling downwards. Thus the moment recorded by the

dynamometer was potentially a combination of the moment of the tissues resisting and

aiding adduction and abduction. We have assumed that the active structures were relaxed

during the passive movement. Thus any moment due to the abductor or adductor

musculature would be due to their thixotrophic effects and any moment due to active

contraction of the musculature was likely negligible. 'We have demonstrated a

significant change in the RJMH¡, values in the adducted and abducted positions when

comparing K90Æ(0. This change indicates that a structure spanning the knee joint has

made a significant contribution to the RJMsu, during adduction and abduction. Since the

adductor muscles do not cross the knee joint and the ITB does, this leads to the

conclusion that during passive hip adduction/abduction the ITB made a significant

contribution to the dynamometer recordings.

To summarizethe moments involved in this study:

The Kin-Com recorded the RJMg¡, during passively imposed adduction/abduction.

Moment due to the weight of the limb was corrected using calculations performed by

the Kin-Com system.

Moment due to the inert tissues had a significant contribution from the ITB.

There are no data in the literature with which we can directly compare the findings.

Passive moments about the hip have been studied using dynamometry in the sagittal

plane only (Vrahas et al., 1990; Yoon and Mansour, 1982). Therefore a direct

comparison is not possible. Vrahas and colleagues (1990) found maximal moments of

1.

2.

J.
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about 18 Nm at 60" of hip flexion with the knee fully extended. Yoon and Mansour

(1982) reported moments of approximately 35 to 50 Nm. However these investigators

used a different convention for angles than Vrahas and colleagues so care must be taken

when comparing their data. Maximal moments generated in our study were 36 and 29

Nm for K90, 33 and 38 Nm for K0, for males and females respectively. It appears from

these data that passive moments generated about the hip are significantly greater in the

frontal plane than in the sagittal plane when comparing mid-portions of the ranges.

Kinetic analysis of the lower limbs during walking was done by Eng and Winter

(1995) using a three-dimensional inverse dynamics model. These researchers found that

23Vo of the total work done by the hip joint was done in the frontal plane. This is

comparatively large when considering the amount of frontal plane work done by the

other lower extremity joints (i.e. knee joint l IVo, anþJe joint 7Vo). There has been no

documentation of the numerical value (in Nm) of the resultant moment at the hip

generated in the frontal plane. Therefore we are unable to estimate the percentage of the

contribution of the passive structures to the total work load in this plane

During normal gait there is a medially directed vector about the hip joint as the limb

is loaded in stance phase. This adducting vector is maintained throughout stance phase

(Perry,I99T). This would imply that an adduction vector is also acting upon the ITB at

the hip and knee joints since it spans both joints. Thus a medially directed vector acts

upon the ITB as it crosses the lateral femoral condyle during knee extension. A force

profile of the ITB and lateral femoral condyle could potentially be calculated during knee

extension in normal gait. We have found that the passive moment during hip adduction

increases as the knee extends from 90o to 0". Therefore this force profile acting at the

lateral femoral condyle would be expected to increase as the knee extends. It is plausible

that this force profile may change in patients demonstrating ITBFS if the intrinsic forces

transmitted through the ITB are increased in this patient population. This may contribute

to the etiology of ITBFS.
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We have shown that the dynamometry apparatus and protocol developed in this

study for evaluation of RJM¡¡¡, in the frontal plane is reliable (ICC > 0.78). The average

day to day variability observed was similar to that reported by Vrahas and colleagues

(1990). They noted a typical day to day variability of 2 Nm. We found an average day to

day variablity of 2.9 Nm for K90 and 1.4 Nm for K0 at end range adduction.

The data coilected in this study for asymptomatic males and females may serve as

control data for future comparison of patients suffering with ITBFS and snapping hip

syndrome.

Ober's test, which is presently used to assess these patients manually, evaluates end

range passive hip adduction. The dynamometer protocol developed in this study for

passive hip motion has shown to be reliable in evaluating end range adduction the day to

day variability of end range adduction being even less variable than end range abduction.

The dynamometer protocol and Ober's test differ in that the dynamometer assesses the

moment within a preset range and Ober's test assesses the range available dependent

upon the moments generated. Assuming that patients with ITBFS and snapping hip

syndrome have an intrinsically tighter than normal ITB, it is possible that patients

afflicted with ITBFS and snapping hip syndrome may have full range of adduction

motion but have greater moments at these end ranges. These patients may be diagnosed

with a negative Ober's test yet still have an intrinsically tighter ITB than normal. This

may possibly lead to misdiagnosis or predispose these individuals to recurrence of injury

if treatment is discontinued when full range is attained rather than when normal

moments are generated. Ober's test has been rated as positive if the adduction range of

motion is decreased on the symptomatic side compared to the asymptomatic side. This

type of evaluation is only valid if the patient is affected unilaterally. The data collected

from our study of passive dynamometry allows patients with ITBFS and snapping hip

syndrome to be compared to a control goup of asymptomatic individuals. We have

demonstrated that the frontal plane RJMHTp generated on right and left sides is the same.

Therefore future comparisons of patients with ITBFS and snapping hip syndrome may be
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made regardless of side of their condition. The dynamometer protocol and analysis

assesses RJM¡¡¡, throughout the range of motion thus giving an objective measurement

of tissue stiffness. Again assuming that patients with ITBFS and snapping hip syndrome

have greater intrinsic tightness of the ITB than normal, we would expect these patients to

demonstrate gteater values for stiffness. In future dynamometry studies of patient groups

it may be possible to grade the severity of the injury and estimate the expected recovery

time depending on the numerical value of stiffness as well as the range of motion in

which stiffness has changed. It is possible to evaluate tissue resistance throughout the

range manually and then record it by means of aforce/angle plot. However, the reliablity

of this type of manual method when using Ober's test has not been evaluated. One major

advantage of Ober's test versus dynamometry in assessing patients with ITBFS and

snapping hip syndrome is that it may be performed quickly in the clinician's office

without the expense of more elaborate equipment. Perhaps in future Ober's test may be

used more as an adjunctive test whereby patient's with suspected ITB pathology can be

sent on for further dynamometry evaluation.

The clinical implications of the above discussion when performing an Ober's test

are as follows:

1) It is not necessary to abduct the hip during the extension phase ofthe test.

2)The same knee position must consistently be used to achieve test-retest reliability,

and inter-tester reliability.

3) Tissue stiffness, hysteresis and moment values are greater in males compared to

females throughout the range of motion.

4) h the normal population there is no difference in tension between the right and

left lower extremities.
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Conclusions

In normal subjects:

1. KH90 (abduction manoeuvre) did not make a difference to the passive resultant joint

moment about the hip in the frontal plane when compared to K90.

2. Changing the knee angle from K90 to K0 increased the passive resultant joint moment

about the hip in the frontal plane by an average of 5 Nm.

3. Tissue stiffness, moment values, and hysteresis are greater in males than females

throughout the range of motion.

4. There is no difference in the resultant joint moment about the hip in the frontal plane

between right and left lower extremities.

CI inical Gonsiderations

1. 'When performing Ober's test, place the knee into full extension as greater moments are

generated and therefore a problem is more likely to be detected.

2. Full knee extension should be used when recommending a stretching technique to

achieve greater tension in the ITB.

3. 'When performing Ober's test, the examiner should consider resistance felt throughout

the range of hip adduction (i.e. tissue stiffness) and not just the end range of hip

adduction achieved (i.e. range of motion). We suggest drawing a force/angle graph of

resistence felt during hip adduction. Such a graph would allow the examiner to better

assess and record tissue stiffness. This recording can be used for future comparisons to

evaluate treatment effectiveness. This concept is akin to the movement diagram as

described by Maitland (1986).

4. The effect of hip rotation, tibial rotation, and pelvis and lumbar spine positioning on the

outcome of Ober's test has not yet been investigated. Therefore, these variables should

be controlled to attain better test reliability. We suggest maintaining hip rotation, tibial
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rotation and the pelvis and lumbar spine in a neutral position in all three anatomical

planes.

5. Ober's test should be used as an adjunctive test for individuals with suspected ITB

pathology.

Future Considerat¡ons

1. Comparisons of patient's diagnosed with ITBFS and snapping hip syndrome to the

control group established in this study should be done.

2. The effect of changing the knee joint angle by 10' increments from 90o flexion to 0o

extension on the passive resultant joint moment about the hip in the frontal plane should

be investigated.
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Appendix A - Power Test used to Determine Sample Size.

The following general formula (Hassard, 1991) was used to determine the sample

size;

o
n = (PI _)'

þ¿

where PI is the power index, o is the standard deviation, pt¿ is themean difference.

The power index used was 3.60, the standard deviation was 9 and the mean

difference was i2. This calculation produced a value of I .29. The standard deviation and

mean difference values were based on a study of passive hip flexion and extension

moments with variable degrees of knee flexion (Vrahas et al., 1990) An allowance was

made for a difference of 4 in our standard deviation due to possible misalignment of the

mechanical and joint axes' during the testing. Our study is measuring passive hip

abduction/adduction and knee flexion/extension moments. Due to the discrepancy of

movement directions and joints between studies we decided to increase the sample size

to an arbitrary number of 18 to increase the power of the study. V/e will thus be studying

18 males and 18 females which gives a total sample population of 36.
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Appendix B - Screening Test

Screening Test

1. Posture Analysis

a) pelvic heights level, no anteriorþosterior rotation or inflaring/outflaring of

innominate bones.

b) no spinal scoliosis.

c) rule out obvious genu valgus/varus/recurvatum, and foot

pronation/supination abnormalities.

2. Lumbar spine, hip joint, and knee joint active range of motion and combined

movements full and painfree.

3. Thomas test with addition of knee flexion negative; to rule out iliopsoas and rectus

femoris shortening.

4. Passive patellar glides and tilts full painfree range.

5. Knee joint valgus,varus,antedor and posterior shear ligament stress tests normal.

6. I.eg length measurement from the anterior superior iliac spine to the medial

malleolus, no more than2 cm difference.
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Appendix G - Paraphrase and Informed Consent Form

Paraphrase and Informed Consent Form

Laterul Thigh Musculofascial Complex Study

University of Manitoba

The outer thigh of the ieg is made up of muscles and connective tissue collectively

called the musculofascial complex. This musculofascial complex is often involved in

overuse injuries at the hip and knee joints in active adults. These overuse injuries are

thought to be due to increased tension in the musculofascial complex. Thus it is often

clinically examined using a special test to determine the amount of tension present. This

special test involves specific positioning of both the hip and knee joints to stretch the

complex. The purpose of this study is to investigate the effect of different hip and knee

positions on the musculofascial complex during passive movement. Passive movement

is when the subject is completely relaxed and an outside force moves the limb for them.

The study will be done on subjects with a iliotibial band syndrome diagnosis, as well as

subjects without any history of lower iimb abnormalities.

The benefits of this study include an enhanced understanding of the causes of

certain types of overuse injuries that occur in adults active in work and sporting events.

This knowledge will be useful for diagnosis of conditions and development of treatment.

Procedure

You will be asked not to partake in any form of exercise other than your regular

daily living activities on the day of the testing. You will undergo a physical examination

to assess the condition of your lower extremities.

Following this you will be positioned on a dynamometer (a special device for

measuring tension in the tissues). The dynamometer will passively move your hip and

knee joints. You will be given a warm-up session in which the dynamometer wili move

your thigh and leg a number of times. The testing wili consist of 3 different positions on
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the dynamometer. During the testing you will be instructed to completely relax and let

the machine move your leg.

The total duration for testing will be less than t hour. You may be asked to return

for a second test.

You will not be identified in any published report of the results of this study. Your

participation in this study is voluntary, and you are free to withdraw at any time without

prejudice.

You will not receive reimbursement for participation in this study, nor will you be

responsible for any costs directly related to this study.

ff you have any questions or do not understand any aspect of this form, please

contact;

Dr.Dean Kriellaars Pat Eschuk

School of Medical Rehabilitation St.Vital Physiotherapy

University of Manitoba Sports Injury Clinic

I have read the paraphrase and understand the nature of the study including potential

benefits and risks. I have satisfied any questions that I may have had with respect to this

study. I agree to participate in this study and abide by the procedural requirements. I

understand that I may withdraw from the study at any time.

Sisnature of Particioant
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Appendix D - Test-Retest Reliability Study

A test-retest reliability study was performed prior to beginning the main study using

seven normal subjects. Each of the seven subjects was tested in the same manner on two

separate occasions within a two week period with a minimum test separation of 7 days.

Testing was performed by the primary investigator. Subject instruction and practice were

given prior to the testing. Testing was performed on the right lower extremity of all the

subjects.

Linear regression comparing RJMnn, /trip joint angle values from test 1 to test 2 for

each subject was statistically significant (i.e. showed a very strong correlation between

test trials.). A strong linear relationship between test 1 and test? was observed (Pearson

correlation coefficient > 0.9, ICC > 0.78). The intercept value was less than three (Nm).

During consecutive repetitions of each test trial a systematic decrease in moment values

was noted with the final repetitions becoming consistent. Moment values became

consistent within two repetitions with a maximum of four repetitions. This was attributed

to learning of relaxation by the subjects.

Also included in the pilolreliability study was a test which included muscle

stimulation of the gluteus medius and tensor fasciae latae. This test was done with the

subject positioned in K90 (See Subject Positioning). Stimulation was given using 2.5 x

2.5 cm surface electrodes (Respond Select, EMPD and electrical stimulation (30 Hz

pulse rate, 300 us pulse width) was applied to the belly of the tensor fasciae latae and

gluteus medius. The subject's leg was passively moved by the dynamometer through one

cycle of adduction/abduction. The intensity of the stimulation was increased by 5mA for

each consecutive movement cycle. This was continued until the subject reported their

maximal tolerance for the electrical stimulation. The average maximal pulse amplitude

that subjects were willing to endure was 31m4.

Analysis of the stimulation data included generation and visual examination of

RJMH¡, /hip joint angle graphs for each test condition and each test session. Statisical
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analysis of the data included linear regression comparison of matched momenlangle

values recorded during the two test sessions. From observation of the graphical

representions of consecutive movement cycles with progressively increasing intensity of

muscle stimulation the average increase in moment from zero muscle stimulation to

maximal stimulation was 3.87 Nm. This amount of increase in moment was not

sufficient to warrent further investigation. Stimulation of tensor fasciae latae and gluteus

medius would have been used to assess the contribution of these muscles forces to

moments generated about the knee in the flexion/extension plane via the ITB.
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Appendix E - calculation of Moment due to the weight of the
Limb (LWM)

Thigh

,Leg-.'

,Foot,.

39,8

41]3

,,40,

Table 4: Regression Equations developed by Chandler and colleagues (1975) for estimating
body segment weights and location of center of gravity.

Table 5: Mean values for moments due to the weight of the limb segments for male and
female subjects. Values were calculated using regression equations listed in Table 4.
Bottom mean values were calculated from values listed in Table 6; actuator force (N) as
recorded by the Kin-Com dynamometer multiplied by the lever arm length (cm).
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As seen above the average male and female LWM were calculated using both the

Kin-Com and regression equation methods. The variance between the LWM recorded by

the Kin-Com and those calculated by using the equations is felt to be due to the

positioning of the limb on the Kin-Com. Namely, the deviance of the limb from the

horizontal position, and the limb two point suspension from the actuator arrn via the leg

brace and the pelvis.

The difference in values between the males and females as recorded by the Kin-

Com are thought to be due to differences in relaxation, where it is felt through personal

observation that females are able to relax more than males. Male/female differences

found using the regression equations are thought to be due to enor in the equations

themselves. Chandler and colleagues (1975) used only males to determine these

equations thus biasing his sample population toward males. Differences in body weight

distribution and porportion of body fat between males and females may account for the

observed differences.
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Appendix F - Subject Demographics and Anthropometric Data

Table 6: Subject demographics and anthropometric data.

JUBJECT AGE BODY LIMB THIGH LEG FOOT

MALES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

mean

std

23.00

34.00

28.00

32.00

36.00

38.00

28.00

25.00

37.00

32.00

38.00

31.00

34.00

31.00

33.00

22.00

23.00

24.00

30.50

5.22

MASS

78.00

89.00

64.00

92.00

80.00

72.00

80.00

87.00

82.00

86.00

74.00

70.00

70.00

70.00

73.00

99.00

90.00

65.00

78.94

9.69

TESTED

R

R

R

R

R

R

R

L

R

L

R

L

R

L

R

L

R

R

R

R

R

R

R

LENGTH (cm)

44.00

43.00

44.00

42.00

44.00

43.00

43.00

43.00

40.00

40.00

45.00

43.00

42.00

40.00

40.00

39.00

43.00

42.00

42.22

1.69

LENGTH (cm)

39.00

43.00

43.00

42.00

41.00

41.00

40.00

43.00

39.00

43.00

42.00

42.00

44.O0

39.00

38.00

43.00

44.00

43.00

41.61

1.83

LENGTH (cm)

24.00

25.00

23.00

26.00

25.00

27.O0

22.00

25.00

23.00

26.00

24.00

24.00

25.00

23.00

24.O0

24.O0

25.00

25.00

24.44

1.21

84



]UBJECT AGE BODY LIMB THIGH LEG FOOT

FEMALES

1.

2.

3.

4.

5.

6.

7.

L
o

10.

11.

12.

13.

14.

15.

16.

17.

18.

mean

std

26.00

29.00

26.00

23.00

23.00

23.00

29.00

35.00

32.00

33.00

34.00

33.00

29.00

24.00

29.00

21.00

21.00

29.00

27.75

4.66

MASS

61.00

86.00

57.00

58.00

70.00

69.00

57.00

52.00

61.00

67.00

51.00

58.00

63.00

64.00

53.00

57.00

59.00

62.00

59.88

5.53

TESTED

R

R

R

R

R

R

R

L

R

R

L

R

R

R

R

L

R

R

L

R

L

R

R

0.00

0.00

LENGTH (cm)

48.00

49.00

40.00

44.0O

38.00

39.00

41.00

40.00

41.00

40.00

40.00

44.00

40.00

39.00

42.O0

42.O0

38.00

39.00

40.00

40.00

40.00

36.00

42.00

40.24

1.85

LENGTH (cm)

39.00

39.00

38.00

38.00

39.00

40.00

39.00

39.00

37.00

40.00

40.00

40.00

39.00

34.00

41.00

41.00

37.00

38.00

38.00

39.00

38.00

37.00

39.00

38.62

1.56

LENGTH (cm)

23.00

23.00

23.00

22.O0

23.00

22.00

23.00

23.00

23.00

22.00

22.00

23.00

24.00

22.00

23.00

23.00

22.00

20.00

20.00

23.00

23.00

21.00

23.00

22.38

1.00
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Actuator
Force

tN)

Voment Arn
(cm)

Pathology Moment of LimL
Weight (Nm)

1R
2R
3R
4R
5R
6R
7R
7L
8R
8L
9R
9L

10R
10L
11R
11L
12R
13R
14R
15R
16R
17R
18R

mean
SD

66.00
78.00
91.00
79.00
90.00
86.00
77.00
100.00
100.00
84.00
95.00
103.00
91.00
103.00
82.00
93.00
93.00
86.00
89.00
99.00
99.00
93.00
83.00
89.57
9.19

36.00
34.00
34.00
36.00
36.00
39.00
39.00
39.00
38.00
38.00
33.00
33.00
35.00
35.00
36.00
36.00
37.00
37.00
35.00
37.00
35.00
35.00
37.00
36.09
1.74

1.00
1.00
2.00
2.00
0.00
0.00
1.00
1.00
1.00
1.00
1.00

3 PLICA
0.00
0.00
0.00
0.00
0.00
0.00
2.00
0.00
2.00
1.00
1.00
0.74
o.74

23.76
26.52
30.94
28.44
32.4

33.54
30.03

39
38

31.92
31.35
33.99
31.85
36.05
29.52
33.48
34.41
31.82
31.15
36.63
34.65
32.55
30.71
32.29
3.41
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Females

1R
2R
3R
4R
5R
6R
7R
7L
8R
9R
9L

10R
11R
12R
13R
13L
14R
15R
15L
16R
16L
17R
18R

mean
SD

Force
(N)

75.00
100.00
89.00

1 10.00
82.00
80.00
90.00
104.00
89.00
90.00
93.00
89.00
79.00
102.00
89.00
96.00
75.00
86.00
90.00
99.00
108.00
89.00
89.00
91.33
8.96

Moment
Arm (cm)

33.00
35.00
33.00
37.00
36.00
36.00
36.00
36.00
33,00
36.00
36.00
36,00
33.00
33.00
36.00
36.00
37.00
33.00
33.00
34.00
34.00
35.00
36.00
35.00
1.45

Pathology

0.00
1.00
0.00
0.00
1.00
1.00
1.00
0.00
0.00
1.00
1.00
2.00
1.00
1.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
1.00
1.00
0.57
0.58

Moment of limb
Weight (Nm)

24.75
35

29.37
40.7

29.52
28.8
32.4

37.44
29.37
32.4

33.48
32.04
26.07
33.66
32.04
34.56
27.75
28.38
29.7

33.66
36.72
31 .15
32.04
31.96
3.41
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Appendix G - Mean, Standard Deviation, Standard Error, and

Range for Males and Females for each Gondition.

Table 7: The mean, standard deviation, standard error, and range are listed for each sex and
condition at: end range abduction, end range adduction, -10o, 0o, +10o abduction and
adduction.

\an¡li+inn lùlpan Slan¡lar¡l ñar¡ialinn Qlan¡lar¡l F¡rnr Þanna

Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
lMale
Female
lllale
Female
l\lale
Female
lìilale
Female
[/lale
Female
ìlale
¡-emale
Male
=emale
\lale
=emale
\lale
:emale
Vlale
:emale
\Iale
-'emale
Vlale
:emale
ilale
:emale
ilale
:emale
llale
:emale
ilale
:emale
t/lale
:emale
l/lale
--omale

K90 Max.
K90 Max.
K90 Min.
K90 Min.
K90 -1 Oab
K90 -1 Oab
K90 -1 oad
K90 -1 Oad
K90 Oab
K90 oab
K90 Oad
K90 oad
(90 +1 Oab
(90 +1 Oab
(90 +1 Oad
(90 +1 Oad
(H90 Max.
(H90 Max.
(H90 Min.
(H90 Min.
(H90 -1Oab
(H90 -1 oab
(H90 -1 Oad
(H90 -1oad
(H90 Oab
(H90 Oab
(H90 Oad
(H90 Oad
(H90 +1Oab
(H90 +1Oab
(H90 +1Oad
(H90 +1 Oad
(0 Max.
(0 Max.
(0 Min.
(0 Min.
(0 -1oab
(0 -1Oab
(0 -1 Oad
(0 -1Oad
(0 Oab
(0 Oab
(0 Oad
(0 Oad
(0 +1 Oab
(0 +1Oab
(0 +1Oad

28.22
33.278
10.556
9.667
17.33
19.22
13.5

14.11
24.M
28.944
'18.556

21.056
27.667
32.778
23.11
27.5
27.5
JJ

10.33
10.167
17.11
19.22
13.5

14.278
24.11
28.33
18.556
21.056
27.11
32.33
23.22
26.83
31.33

37.389
13.833

15.5
20.556
24.11
17.167
19.61

27.278
32.83

22.667
26.9M
30.11
JO.JJ

25.556

3.719
2.608
2.915
3.1 25
3.941
3.422
2.64
2.454
3.959
3.058
2.791
2.689
!1. D\t

2.819
2.908
3.015
3.468
2.951
2.828
2.64

3.359
3.606
2.706
2.164
3.563
3.049
2.617
2.879
3.41

2.951
2.901
2.875
3.804
4.175
4.315
2.595
3.884
3.27
3.77
2.83

3.268
3.519
3.087
3.316
3.833
3.91
6.862

0.877
0.615
0.687
0.737
0.929
0.807
0.622
0.588
0.933
o.721
0.658
0.634
0.856
0.664
0.685
0.711
0.817
0.695
0.667
0.622
0.792
0.85

0.638
0.51
0.84

0.719
0.617
0.679
0.804
0.695
0.684
0.678
0.897
0.984
1.017
0.612
0.915
0.771
0.89

0.667
0.77

0.829
o.728
0.782
0.903
o.92
1.617

23-35
29-38
6-17
2-16
12-26
13-26
o_.1o

8-'18
19-31
24-U
14-23
16-25
23-34
28-37
18-29
22-32
23-34
28-37
b-tb
6-15
13-23
13-26
9-1 B

1 1-18
19-30
23-33
13-23
17-26
23-34
28-37
18-29
¿¿-J¿

25-40
30-44
2-19

11-19
11-27
1B-29
6-22
14-23
21-34
26-38
13-26
20-32
24-39
29-43
2-35

rlara lñ r1fìa¡l q9 qao cÃ ô atÃ
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