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The purpose of this study was to evaluate the amount

of change in transverse tibial rotation at the knee

achieved through the use of shoe modification. In addition,

an attempt to evaluate the Q-angle dynamically through the

stance phase to reflect changes in transverse tibial

rotation was made. Ten male subjects were filmed as they

ran on a treadmill at a 2.82 m/sec pace and transverse

tibial rotation data was collected simultaneously from an

affixed electrogoniometer at the knee joint. The subjects

were tested under three conditions: 1) barefoot, 2)

running shoe, and 3) shoe plus standard orthotic. The

results of the study showed that an unprescribed, standard

orthotic was ineffective in changing foot pronation and

transverse tibial rotation at the knee. It also showed

that there was no relationship between leg-heel alignment

measurements of pronation and electrogoniometric measure-

ments of transverse tibial rotation. Q-angle measurements

could not be obtained from the film date due to difficulty

in visualizing body landmarks.
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CHAPTER I

INTRODUCTION

The "fitness boom" has had a tremendous impact on the

popularity of recreational running. Estimates indicate

that approximately 25 million individuals run regularly at

least five miles each week (Brody, Konecke, Day, & Kryder,

1981). With this increase in the number of participants,

there has been a concomitant increase in the number of

reported running related injuries (Dunn, 1980; James, Bates,

& Osternig, 1978). Whether the observed musculoskeletal

problems arise as a result of training errors or as a result

of anatomic variances whose detrimental effects are ampli-

fied by the "accumulated impact loading" experienced in

distance running, the knee joint is particularly susceptible

to injury, with knee pain being the most common complaint

(James, et al., 1978).

The occurrence of knee pain is often secondary to a

patellar malalignment problem (Zimbler, Smith, Scheller, &

Banks, 1980). In particular, extensor mechanism malalign-

ment is the most frequent precursor of peripatellar pain,

chondromalacia patella, and recurrent patellar subluxation

or dislocation (Levine, 1979). Despite an increase in the
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incidence and subsequent awareness of knee problems, the

form of treatment is varied and often unsuccessful.

The most popular initial treatment for knee pain

resulting from extensor mechanism malalignment is conserva-

tive. This form of treatment may include rest, immobiliza-

tion in extension, quadriceps strengthening, warm soaks, or

600 mg. of aspirin three to four times each day for six to

twelve weeks (Levine, 1979; Zimbler, et al., 1980).

Patients who do not respond to this conservative treatment

can then be considered for operative treatment (Zimbler,

et al., 1980).

There exists over 100 reported operative procedures

for patellar malalignment syndromes (Zimbler, et al., 1980).

Some of the more common procedures include variations of

tibial tubercle transfers, proximal realignments, distal

realignments, patellar shaving, and patellectomies

(Hughston & Walsh, 1979; Zimbler, 1980). Removal of

the patella alleviates the patellofemoral malalignment

condition and the associated symptoms but it also creates

additional problems in that the strength of the quadriceps

and the force distribution properties of the patella are

compromised (Frankel & Nordin, 1980). Hungerford and

Barry (1979) state that "the patella is not to be compared

with the appendix, even though some surgeons' attitude

toward patellectomy might lead one to this conclusion."

Both the immediate and long term results of the various



3

surgical procedures have been unsatisfactory (Zimbler,

et al., 1980). The problems encountered with operative

procedures include, 1) a high failure rate in improving

patellar alignment and decreasing knee pain, 2) moderate

to severe osteoarthritis, and 3) a decreased effective

lever arm of the quadriceps (Hungerford, et al., 1979;

Zimbler, et al., 1980).

Medio-lateral patellar alignment can be evaluated by

measuring the so called Q-angle (Insall, Falvo, & Wise,

1976), i.e., the angle formed between the line of applica-

tion of the quadriceps muscle and the patellar tendon

(Hungerford & Barry, 1979). This angle is measured with

the lower extremities in a neutral position. It would

appear as though no attempts have been made to dynamically

assess changes in the Q-angle during gait.

The Q-angle may be altered by modifying transverse

pelvic rotation, femoral rotation or tibial rotation

(James, et al., 1978). Alteration of transverse tibial

rotation is of particular interest because of its depen-

dence on foot function during the support phase of gait.

James, et al. (1978) stated that transverse plane rotation

during pronation must occur at the knee, secondary to

the obligatory tibial rotation during pronation and

supination. Because the range of subtalar pronation can

be altered through the use of various running shoes or

orthotics (James, et al., 1978), it would therefore appear
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that such modifications would also change the Q-angle.

Alteration of patellar alignment via a shoe or orthotic

would be a valuable alternative to surgical tibial tubercle

transfers or tendon realignments.

Purpose of the Study

The purpose of this study was to evaluate the amount

of change in transverse tibial rotation achieved through

the use of shoe modifications. Also, the Q-angle was

studied to determine whether it can be evaluated dynamically

to reflect any changes in transverse tibial rotation.

Significance of the Study

The significance of this study is that it provides

objective evidence as to the feasibility of altering

patello-femoral alignment via a conservative, non-surgical

approach. The study also provides an assessment of the

validity of the Q-angle and leg-heel alignment measurements

as a means of objectively evaluating the amount of realign-

ment achieved.

Delimitations of the Study

The delimitations in this study of tibial rotation

and Q-angle changes produced by alteration of footwear

include the following:

1. Only twelve (12) young male adults were used as

subjects.
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2. Each subject's performance was evaluated on the

basis of three trials for each condition.

3. The conditions examined were limited to three

types of footwear.

4. Only subjects who customarily wore size 9-1/2

shoes were used as subjects.

5. Only the support phase of gait was evaluated.

Limitations of the Study

The limitations in the analysis of tibial rotation

and Q-angle changes produced by footwear alterations

include the following:

1. Normal cinematographic analysis limitations were

recognized.

2. The difficulty in accurately locating necessary

body landmarks on some individuals was recognized.

3. Potential differences may exist between measure-

ments acquired with the goniometer and actual knee motion

because the true joint axis is inaccessible. The axis

utilized for measurement was therefore an estimate of the

loci of joint motion. The electrogoniometer used in this

study, however, reputably absorbs translations at the knee

joint, thereby facilitating location of the joint axis.

Definition of Terms

The following definitions are presented to clarify

terms that appear in the text and might be ambiguous:
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Q-angle. The angle between the line of application

of the quadriceps force and the direction of the patellar

tendon. It is measured by drawing one line from the antero-

superior iliac spine to the center of the patella and a

second line from the center of the patella to the center of

the tibial tubercle. The angle formed by the bisection of

these two lines is the Q-angle.

Support or stance phase. The phase of gait which

begins with initial contact of the foot with the walking

surface and ends when the foot leaves the walking surface.

Foot strike. Marks the beginning of stance phase

when the heel first contacts the ground. The foot

generally is slightly supinated, the knee angle is maximum,

and the leg is in front of the body's center of gravity.

Toe off. Marks the end of stance phase. The foot

is generally supinated to stabilize the midtarsal joints

to aid in push-off. The leg is extended behind the body's

center of gravity.

Pronation. Eversion of the calcaneus relative to the

midline of the lower leg.

Supination. Inversion of the calcaneus relative to

the midline of the lower leg.

Maximum pronation. Position of greatest eversion of

the calcaneus relative to the lower leg.

Minimum pronation. Position of least eversion of the

calcaneus relative to the lower leg.
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Transverse tibial rotation. Rotation of the tibia in

a horizontal plane about a longitudinal axis.



CHAPTER II

REVIEW OF LITERATURE

This chapter will present a review of literature

related to the purpose of the study presented in Chapter

I. Anterior knee pain is a commonly reported symptom. It

would appear as though athletes are particularly suscep-

tible to injuries which result in this condition. James,

Bates, and Osternig (1978) found that knee pain was the

most common complaint associated with running injuries. In

this study, 29% of the subjects examined reported symptoms

of knee pain.

Anterior knee pain can be caused by a variety of

pathologies. Outerbridge (1964) diagnosed chondromalacia

patella in 80% of 50 female cases and 30% of 50 male cases.

Zimbler, Smith, Scheller, and Banks (1980) stated that at

least 10% of all athletic injuries involving the knee are

associated with subluxation or dislocation of the patella.

Irrespective of the diagnosis, it is recognized that all

of these conditions generally are secondary to extensor

mechanism malalignment (Insall, Falvo, & Wise, 1976; James,

et al., 1978; Levine, 1979).

The treatment modalities associated with extensor

malalignment may be classified as being either surgical or

8
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non-surgical. The conservative, non-surgical treatment of

immobilization in extension, anti-inflammatory medication

and vastus medialis strengthening is generally preferred.

Patients who do not respond to these procedures are con-

sidered for operative treatment (Zimbler, et al., 1980).

The operative procedures generally involve relocation of

the tibial tubercle or reattachments and releases of

muscle and fascial bands. There exists numerous surgical

techniques which have been employed for these purposes.

A summary of the investigations which have evaluated

common surgical technique follows:

1. Crosby and Insall (1976) conducted an eight year

follow-up study of 31 patients who had tibial tubercle

transfers. Sixty-eight percent of the patients were found

to subsequently suffer from severe osteoarthritis. Other

studies of distal tubercle transfers report weakening of

the quadriceps mechanism and rapidly progressing chondro-

malacia (Zimbler, et al., 1980).

2. Madigan, Wissinger, and Donaldson (1975) studied

the short term effects of vastus medialis obliqus transfers

in 19 knees. The surgical procedure consisted of 1) a

standard medial arthrotomy, 2) transfer of the vastus

medialis laterally and distally on the patella, and 3) a

lateral retinacular release in 8 of the 19 knees studied.
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In a follow-up study conducted between 8 and 88 months

after the surgery, a 42% failure rate was reported.

3. Heywood (1961) studied the results of proximal

realignment procedures. Discontinuation of this surgical

procedure was recommended.

4. The results of 38% of patellar shaving procedures

were judged to be unsatisfactory (Bentley, 1970).

5. Levine (1979) stated that there does not exist a

surgical procedure which produces consistent, beneficial

results.

Shoe modifications are frequently utilized to alter

foot function. It would appear that similar modifications

could be utilized as an alternative treatment for extensor

malalignment problems.

The Q-angle is used to statically assess the amount

of patellar malalignment. In many cases, it is a determi-

nant for the selected surgical procedure to correct

extensor mechanism malalignment (Insall, et al., 1976;

Zimbler, et al., 1980). The Q-angle, is in turn, dependent

upon the amount of transverse tibial rotation. Tibial

rotation occurs during the support phase of gait and has

been found to be directionally dependent upon subtalar joint

pronation and supination (Brody, 1980; James, et al., 1978).

Due to the difficulties associated with the direct measure-

ment of transverse tibial rotation, leg-heel alignment has
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been used as an indirect measure (James, et al., 1978).

Bates, Osternig, Mason, and James (1978) obtained leg-heel

angle measurements using cinematography to study the effects

of foot orthotics on lower extremity functioning. The results

of this study supported the conclusion that foot orthotic

devices can be used successfully to modify both the period

of pronation and the amount of maximum pronation. In addi-

tion, it was found that even a simple shoe could signifi-

cantly alter certain aspects of lower extremity funcitoning

during the support phase of gait (Bates, et al., 1978).

James, et al. (1978), used a goniometer to study leg-

heel alignment during jogging performances. The following

subtalar joint movements were reported:

1. Just before foot strike, the foot assumes slight

supination.

2. Immediately after foot strike, rapid pronation

occurs for approximately 70% of the cycle.

3. Maximum pronation occurs at approximately 40%

of the support phase.

4. After maximum pronation, the subtalar joint

begins to supinate, passing from pronation into supination

at approximately 70% of the support phase.

Kettlecamp, Johnson, Smidt, Chao, and Walker (1970)

used an electrogoniometer to directly measure transverse

tibial rotation. A pattern of tibial internal and external

rotation was observed which was similar to the pattern of
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subtalar motion observed by James, et al. (1978). The

following are some of the observations made by Kettlecamp,

et al. (1970), in their three-plane electrogoniometer study

of knee motion.

1. External rotation occurred just before heel strike.

2. Internal rotation began after heel strike and

continued throughout most of stance phase.

3. Maximum internal rotation occurred approximately

half-way through stance phase.

4. Internal rotation began to decrease after heel-

off and continued through toe-off and into the swing phase.

In summary, research reveals an increased awareness of

the prevalence of knee pain secondary to extensor mechanism

malalignment. Treatment of the symptoms of extensor

mechanism malalignment are conservative while treatment

of the condition itself is surgical. A summary of the

investigations evaluating common surgical techniques

reveals unsatisfactory results and the need for an alter-

nate method of treatment.

The effectiveness of shoe modification to control

pronation or supination has been demonstrated in past

findings. Since tibial rotation has been found to be

directionally dependent on subtalar pronation and supina-

tion, it also should be affected by shoe modifications.

It appears, however, that no research has been conducted in

this area. It also appears that no studies have been
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conducted to determine if the Q-angle reflects changes in

transverse tibial rotation when evaluated dynamically

through the support phase of gait. If it can be shown

that the Q-angle is a reliable measure of tibial rotation,

it could become a valuable tool in assessing the effective-

ness of shoe modifications in correcting extensor mechanism

malalignment.



CHAPTER III

PROCEDURES

The purpose of this study was to assess changes in

transverse tibial rotation achieved through the use of

shoe modification. It was also determined if the Q-angle

could be evaluated dynamically to reflect changes in

transverse tibial rotation.

Subjects

The subjects used in this study were twelve (12)

males from North Texas State University (Denton, Texas).

The only requirements for subject selection was that they

were between 18 and 35 years of age, and that they ordinar-

ily wore shoes of the same size as those used during the

study.

Instrumentation

Range of Motion Measurement Elements
and Amplification System

Direct measures of transverse tibial rotation at the

knee were obtained using a C.A.R.S.-U.B.C. electrogoniometer

(C.A.R.S.-U.B.C., Arthritis Society, Vancouver, B.C., Canada

V5Z lL7). The C.A.R.S.-U.B.C. electrogoniometer (elgon)

was recently developed and shown to be a suitable

14
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measurement device for a variety of applications including

athletic performance evaluation, management of amputees,

and evaluation of pre and post-surgical performance (Hannah,

Foort, Cousins, & Cooper, 1979). Godfrey and Falconer

(1980) studied the reliability of the C.A.R.S.-U.B.C.

electrogoniometer with respect to motion at the knee joint

during the gait cycle. As a result of this study, it was

concluded that the elgon is a reliable tool for a kinematic

analysis of the knee over repeated trials and from day to

day (Hannah & Falconer, 1980). Polyurethane parallelograms

attached to the potentiometers absorb all translation at

the knee joint thereby allowing measurement of pure rotation

in three planes. This gives the elgon self-aligning

capabilities and allows only approximate positioning of

the measuring module at the joint line (Arthritis Society,

1979).

Voltage changes resulting from movement of the affixed

potentiometers were transmitted via fine wires to an analog

to digital converter (Model 752-ADC, TransEra Corporation,

Provo, Utah 84601) and a Tektronix 4052 graphics calculator

(Model 4052, Tektronix Inc., Beaverton, Oregon 97005). A

light switch was used to synchronize the data collected by

the electrogoniometer with the parameters extracted during

the cinematographic analysis.
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Cinematographic Analysis

Two high speed 16mm motion picture cameras (Model

DBM-54, Teledyne Camera Systems, Arcadia, California 91006)

operating at 100 frames per second were used to record the

performance of each subject. One of the cameras was posi-

tioned so that the optical axis was directed toward the

anterior aspect of each subject. A plane mirror was

vertically oriented at 45 degrees to the anticipated plane

of motion for each subject. The cameras and mirror were

aligned appropriately to record the motion of the entire

left lower extremity (Figure 1). The experimental set-up

was such that the lateral, anterior, and posterior perspec-

tives of the left lower limb during the stance phase were

recorded on film.

Three number coded cards were placed in the field of

view of each camera and filmed during each trial. The

identification codes corresponded to assigned subject,

trial, and shoe condition numbers. A linear and vertical

reference was included in the optical fields to facilitate

the subsequent determination of linear measurements from

the film. Temporal scales were obtained via a timing light

generator used in conjunction with the cameras.

Shoes

Three shoe conditions were examined in the study:

1. Barefoot
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Fig. 1--Experimental Set-Up
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2. Experimenter-provided running shoes

3. Experimenter-provided running shoes with heel

seat and medial wedge orthosis.

Testing Procedures

All of the testing sessions were conducted in the

Exercise Physiology Laboratory, Division of Physical

Education, North Texas State University, Denton, Texas.

Prior to the testing sessions, the electrogoniometer

was calibrated by equating known angles to the obtained

voltage outputs. To facilitate the subsequent location of

anatomical reference points, each subject was asked to wear

shorts. At the beginning of each testing session, a

measurement of each subject's Q-angle was obtained with a

manual goniometer. These measurements were recorded with

the subject in a supine position and according to estab-

lished protocol (Levine, 1979). In addition, each subject

was given instructions on the experimental procedures and

asked to read and sign and informed consent form for

participation. A copy of the informed consent form appears

in Appendix A. Particular emphasis was placed on instruct-

ing the subject to utilize the same running gait during

each trial as he customarily used during jogging perform-

ances.

Prior to the first trial by each subject, a clearly

visible mark was drawn on the skin overlying the superior
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and inferior border of the tibial tubercle. This facili-

tated the location of the landmark during the film analysis

phase of the study. A straight line was drawn down the

middle of the posterior surface of the left leg. This line

extended from the popliteal fossa to the upper border of

the calcaneus. A second line was drawn over the midline

of the calcaneus and down the midline of the achilles pad

and heel counter of the running shoe. The electrogoniometer

was applied by fastening the pelvic frame around the waist

so that the limb attachment hung down the lateral aspect

of the subject's left lower extremity. The thigh frame

was attached to the lateral aspect of the thigh parallel

to the femur. The shank frame was secured along the

lateral aspect of the leg parallel to the tibia. The

measuring module was then positioned at the joint axis by

adjusting the telescope and locking it in place.

With the arms of the electrogoniometer securely

attached, each subject was allowed to run on a treadmill

until he had adjusted to any perceived peculiarities in the

condition. Treadmill running was selected over terrain

running to control foot placement and to minimize perspec-

tive error in filming. The running speed arbitrarily

selected for the study was 2.82 meters/sec. (9:30 min/mile

pace). The imposition of a constant running speed was

included to control for changes in the measured variables

associated with different speeds of travel.
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Each subject performed nine trials, corresponding to

three trials for each of the three conditions. A counter-

balance design was used to assign the order of performance

of each condition.

The motion of the left lower limb as it moved through

the support phase of gait was recorded on film. Direct

recordings of transverse tibial rotation were also obtained

during the stance phase using the electrogoniometer.

Data Acquisition Procedures

The processed film was analyzed with the aid of a

Lafayette 16mm stop-action analyzer (Model AAP-200,

Lafayette Instrument Co., Lafayette, Indiana 47902) in

conjunction with a Numonics Electronic Digitizer (Model

1200, Numonics Corporation, North Wales, Pennsylvania

19454). The digitizer was interfaced to a Tektronix 4052

Graphics Calculator (Tektronix Inc., Beaverton, Oregon).

The x- and y- coordinates of the following landmarks were

digitized and recorded for each film frame for each trial:

1. left anterior superior iliac spine of the pelvis

2. tibial tubercle of the left tibia

3. center of the left patella

4. the marked landmarks (2) on the shoe

5. two points on the line drawn on the back of the

leg
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6. two points on the line drawn on the skin over the

posterior surface of the left calcaneus

7. greater trochanter of the left femur

8. lateral epicondyle of the left femur

9. lateral malleolus of the left fibula

The data thus obtained was used in conjunction with a

series of computer programs which computed the x- and y-

displacements of each of the landmarks, the Q-angle, sub-

talar joint pronation, and the angle of knee flexion.

Direct measures of tibial rotation were obtained by

using the electrogoniometer. The electrogoniometer

displacement data, the computed Q-angles, knee flexion

angles, and pronation measurements were "smoothed" using

cubic spline curve fitting techniques.

The temporal and kinematic values at the following

instants were recorded for subsequent statistical analysis:

1. heel strike

2. minimum pronation

3. maximum pronation

4. toe off

Average values were computed for the smoothed parameters

for each condition.

Statistical Analysis

A statistical analysis (p < 0.05), utilizing repeated

measures analysis of variance procedures were conducted to
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ascertain if differences exist between the barefoot, shoe,

and orthotic conditions with the instantaneous kinematic

and temporal characteristics of the left foot support phase

entered as the dependent variables. If main effects were

determined then simultaneous confidence intervals were

used as a post hoc analysis to reveal specific condition

differences. The Pearson product moment correlation tech-

nique was utilized to determine the relationship between

the indirect and direct methods of measuring tibial

rotation in the transverse plane.



CHAPTER IV

RESULTS

This chapter presents the statistical results

calculated to achieve the research purposes stated in

Chapter I. Figures 2 to 4 are graphic representations

of computed average values for the smoothed parameters

for each condition. Table I presents descriptive data

for the ten subjects. Tables II through VIII provide the

mean and standard deviation for the variables observed

under each condition, and the correlation between a direct

and indirect method of measuring transverse tibial rotation.

The significant findings obtained for the pronation

data were 1) amount of time spent in pronation, 2) amount

of pronation at start of stance phase, and 3) maximum

pronation achieved. In all three, post hoc analysis

revealed that there was a significant difference between

the barefoot condition and the shoe or shoe plus orthotic

condition.

The analysis of knee flexion data demonstrated

similar findings in that there was a significant difference

between the barefoot and shoe conditions but not between

the shoe condition and shoe plus orthotic condition.

Significant findings occurred in 1) amount of knee flexion

23



PHYSICAL

TABLE I

DATA FOR ALL SUBJECTS,

Subject Age Weight (lbs.) Height (inches)

1 24 186 73

2 20 155 72

3 19 183 70

4 27 175 70

5 22 170 71

6 24 165 72

7 23 145 67

8 27 154 69

9 31 130 67

10 26 175 70

M=24.3 M=163.8 M=70.1

S= 3.59 S= 17.71 S= 2.02

24
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TABLE VIII

CORRELATIONS BETWEEN PRONATION AND
INTERNAL TIBIAL ROTATION

Condition Correlation

Barefoot.......-.......................0.... -.302

Shoe.......................................... .080

Shoe & Orthotic ..................... ... .... 070

TABLE IX

SIGNIFICANT CONDITION EFFECTS

Variable F-ratio df P

Pronation at start of
stance 9.497 2, 16 .002

Maximum pronation 4.502 2, 16 .028

Time spent in pronation 10.487 2, 16 .002

Flexion at start of stance 3.863 2, 16 .043

Maximum flexion 8.036 2, 16 .003

Relative flexion 10.827 2, 16 .001

Time of minimum internal
rotation 4.909 2, 16 .024
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at start of stance, 2) maximum knee flexion achieved, and

3) relative knee flexion. Where the term "relative" is

used in this chapter, it refers to the difference between

the initial and maximum values of a given parameter.

The goniometric results in Tables VI and VII are

reported as maximum, minimum, or relative internal rota-

tion. Although external rotation also occurred, there was

no baseline or reference point to indicate where internal

rotation ended and external rotation began. For example,

with the pronation data, 180 degrees is the neutral refer-

ence point. Anything less than 180 degrees is pronation.

As the forefoot crossed the neutral point and went beyond

180 degrees, it became supination. Such a reference point

was not available for the goniometric data. Therefore,

the data is reported as maximum or minimum internal rota-

tion.

The goniometric results indicated that the only

significant finding was in the time at which minimal

internal rotation occurred in the stance phase. In this

case, the significant difference was between the shoe

condition and the shoe plus orthotic condition. There

was no significant difference between the barefoot and

shoe conditions.



CHAPTER V

DISCUSSION

Summary of the Present Study

The pronation data in this study showed that there

was a significant difference between the barefoot and

shoe conditions in modifying both the period of pronation

and maximum pronation. There was no significant difference,

however, between the shoe and shoe plus orthotic. Previous

studies by Bates et al. (1978) demonstrated that foot

orthotic devices could be used successfully to modify both

the period of pronation and the amount of maximum pronation.

The subjects Bates studied, however, wore a prescribed

rigid orthotic device for a specific running problem.

These subjects had worn the orthotic for at least a year

and had been able to return to their running programs with

no recurrent problems. The orthotic device used in the

present study was an "over the counter" heel cup with a

medial heel wedge added to it. This standard orthotic

was used for all subjects in order to control for variance

introduced by different orthotics. It is obvious, however,

that this standard orthotic was inadequate in controlling

both the maximum amount of pronation and the period of

pronation. This observed failure emphasizes the importance

36
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of proper diagnosis and prescription of orthotics by a

qualified orthopaedist or podiatrist. Although the shoe

itself significantly altered the amount of pronation at

the start of stance, maximum pronation, and period of

pronation, modification of relative pronation was not found

to be significantly altered.

Knee flexion data showed a significant difference

between the barefoot and shoe conditions in knee flexion

at the start of stance, maximum knee flexion, and relative

knee flexion. Less knee flexion was observed in the bare-

foot condition than in the other two conditions. The

significance of this finding is that the subjects appeared

to compensate for the decrease in pronation when wearing a

shoe or shoe plus orthotic, by increasing the amount of

knee flexion. This, in effect, helps to increase the

shock absorption. Bates, etal. (1978) states that prona-

tion is a necessary function which should not be modified

unless it results in injury. He states that if pronation

is eliminated, the normal stresses of running must then

be absorbed by some other mechanisms. The subjects in this

study appeared to demonstrate this compensation. Since

these subjects were not symptomatic pronators, they may

have increased knee flexion to help absorb shock when foot

pronation was limited by the shoe or shoe plus orthotic.

There was no significant difference in maximum knee
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flexion between conditions in Bates' study of subjects who

were symptomatic (Bates, et al., 1978).

The goniometric data revealed no significant differ-

ence between conditions for all parameters studied except

for time at which minimal internal rotation occurred in

the stance phase. In this case, there was a significant

difference between the orthotic condition and the other two

conditions. This indicates that internal rotation at the

knee began sooner after initial contact occurred when the

orthotic was worn. It does not appear to have any relevance

to this study.

A more meaningful occurrence to study would have

been the total time spent in knee internal rotation. Since

the amount of time spent in pronation was significantly

different between the barefoot and shoe conditions, one

would expect similar differences in internal rotation at

the knee. This time measurement could not be obtained,

however, because there was not a distinct neutral point

at which internal rotation began or ended. As discussed

earlier, internal rotation merely increases or decreases

according to voltage changes generated from movement of

the potentiometers.

Brody (1980) and James, et al. (1978) stated that

transverse tibial rotation during the stance phase is

directionally dependent upon subtalar joint pronation and

supination. The present study does not support this. No
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significant relationship was found between goniometric

measurements of transverse tibial rotation and leg-heel

alignment measurements of pronation. The goniometric

measurements appear to be reliable since there was an

observed consistency over repeated trials. With the

increasing use of high speed video studies in the clinical

setting, one may question the validity of leg-heel align-

ment to assess the affects of orthotics on transverse

rotation at the knee joint. The results of the present

study suggest that an electrogoniometer would be a more

valid tool to assess transverse rotation at the knee.

Recommendations for Future Studies

Twelve subjects with a mean age of 24.3 years old

were selected to participate in this study. One subject's

data was eliminated because he was a toe runner. Since toe

runners demonstrate an atypical running pattern, they could

not be used in this study. Another subject was eliminated

when he reported a previous knee injury. The subjects had

not been screened prior to the study. A recommendation for

future studies would be to conduct a trial run to screen

subjects for toe runners and ankle, knee, or hip patholo-

gies. Biomechanics studies typically use small populations

and runners with abnormal gait patterns pollute the results

of the study.
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Dynamic Q-angle data could not be obtained from the

film analysis. It could not be obtained because one of the

bony landmarks, the anterior superior iliac spine, became

obstructed from view by the electrogoniometer's suspension

system as the subjects moved through the stance phase.

Recommendations for future studies would be to use an

alternate suspension system to secure the electrogoniometer.

Other landmarks were quite visible and readily located. In

a previous pilot study of the Q-angle utilizing female

subjects, the tibial tubercle was difficult to visualize.

In the present study utilizing male subjects, this problem

was not encountered.

One final consideration is the possible role the hip

joint may play. It has already been noted that knee

flexion increased when foot pronation was controlled.

Bates, et al. (1978) observed that there was a strong rela-

tionship between foot pronation and ankle dorsiflexion. It

is probable that foot function is also intricately related

to the hip joint. For example, an observation made in the

clinical setting is that patients suffering from piriformis

syndrome, a pathological tightness of the external rotators

of the hip, are frequently observed to be excessive supi-

nators. Such clinical obsrevations, as well as past

studies, indicate the need for studies of the entire lower

kinetic chain and the interrelationships between its
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components. There is a need to study how the modification

or breakdown of one of the components affects the rest of

the kinetic chain.

Conclusions

1. Transverse tibial rotation at the knee was not

significantly altered by shoe modification.

2. No conclusion could be made concerning the

reliability of Q-angle measurements since data analysis of

the Q-angle could not be computed in this study.

3. Indirect measurement of transverse tibial rotation

using leg-heel alignment was not found to be related to a

criterion measure of tibial rotation.



APPENDIX A

SUBJECT INFORMED CONSENT

We appreciate your willingness to be a volunteer

subject in this study. We would like you to realize that

if at any time and for whatever reason you do not wish to

continue in the experiment you are free to withdraw your

participation consent. In addition all of the attending

experimenters are familiar with all aspects of the study

and as such they will be willing to answer any questions

that you may have.

During the course of this experiment you will be

required to jog on a treadmill on three separate occasions.

These occasions will correspond to a barefoot, jogging

shoe and jogging shoe plus orthotic condition. The speed

of the treadmill will be set at a 9 minute mile pace. The

duration of each trial should not exceed 30 seconds. While

you are jogging on the treadmill you will be required to

wear a device which allows us to measure movement at the

knee joint. Because the source of power for this device

is a 1.5 volt battery there exists no known hazards. Motion

picture records will be taken of your left lower limb

while it is in contact with the treadmill. At no time will

the cameras record any part of your body which could later
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easily result in your identification. The data extracted

from the film and electrogoniometric records will be

treated in strictest confidence.

It is our intention to use the results of this study

to discuss the possibility of correcting patella malalign-

ment problems by the use of appropriate footwear. If such

is feasible many of the popular surgical treatments will

become obsolete. The benefits to the large number of

people who suffer from knee pain should be obvious. Again,

thanks for your participation.
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