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ABSTRACT

THE EFFECTS OF PROPRIOCEPTIVE TRAINING ON POSTURAL SWAY

USING THE BIOMECHANICAL ANKLE PLATFORM SYSCEM~ ON HEALTHY
SUBJECTS

By Mark Hoffman

The use of proprioceptive training is commonly used in
the rehabilitation of subjects with lower extremity
injuries. The use of propriocceptive training enables
injured subjects to reduce proprioceptive deficits, and
increase their ability to maintain postural control. The
effects of proprioceptive training has not been researched
in healthy subjects.

The purpose of this study was to investigate the
effects Biomechanical Ankle Platform Systenﬁ¥ training, on
the postural sway of healthy subjects (N=28). Subjects were
pre tested on the Kistler force platform while standing on
the bare foot of the dominant leg in a modified Romberg
position. Subjects trained 3 times per week for 10 weeks.
Following post testing significant differences were found on
both the medial-lateral (X) and anterior-posterior (Y)
parameters of postural sway. In conclusion, 10 weeks of
proprioceptive ankle disk training significantly decreased
postural sway in both the medial-lateral and anterior-

posterior directions.
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CHAPTER I

INTRODUCTION

Ankle injuries are the most commonly reported injuries
in running and jumping sports (Balduini & Tetzlaff, 1982).
Chronic functional instabilities often result from ankle
sprains and are characterized by the subjective complaint of
the ankle "giving way" during normal activities (Freeman &
Wyke, 1967; Gauffin, Tropp, & Odenrick, 1988; Tropp,
Askling, & Gillquist 1985; Tropp, Ekstrand, & Gillquist,
1984a). Proper treatment and rehabilitation facilitate the
return of an athlete to activity and decrease the incidence
of re-injury. The two most common causes for residual ankle
instabilities that can be addressed by rehabilitation are
peroneal muscle weakness and proprioceptive defects
(Lentell, Kratzman, & Walters, 1990).

The peroneal muscles are located on the lateral side of
the lower leg. They evert and plantar-flex the foot and
ankle (Hoppenfeld, 1976). Mincr weakness is commonly found
in the peroneal muscle group of the lower leg following
injury (Lentell et al., 1990). This weakness decreases the

subject’s ability to dynamically stabilize the ankle during

activity.



Historically, ankle inijury care and prevention have
focused on muscular strengthening, while neglecting the
other major cause of ankle instabilities, proprioceptive
deficits. In recent years, more emphasis has been placed on
proprioceptive training which has been shown to reduce the
incidence of functional instabilities and prevent the
reoccurrence of ankle injuries (Freeman, Dean, & Hanham,
1965; Gauffin et al., 1988; Tropp, Askling, & Gillquist,
1985; Tropp, Ekstrand, & Gillquist, 1984b). Proprioceptive
ankle disk training was designed to assist in re-educating
the proprioceptive mechanism to minimize coordination
problems (Freeman et al., 1965; Gauffin et al., 1988; Tropp,
Askling, & Gillquist, 1985; Tropp et al., 1984Db).

Freeman et al. (1967) suggested that functional
instabilities of the foot and ankle are due to motor
incoordination. They concluded that decreased coordination
results from articular deafferentation caused by afferent
mechanoreceptor damage that occurs during injury. During
ankle disk coordination training the damaged afferent joint
receptors are re-educated and the muscles are strengthened
(Freeman et al., 1967; Glencross & Thorton, 1981).

Proprioceptive deficits were first quantitatively
measured by Freeman et al. (1965), using a modified Romberg

test. The modified Romberg test measures postural sway
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which is a direct measure of proprioception and an indicator
of proprioceptive defects (De Carlo, Rettig, & Talbot, 1986;
Sahlstrand, Ortébgren & Nachemson, 1978; Tropp et al.,
1984). Sahlstrand et al. (1978) refined a specific detailed
protocol for the quantitative investigation of postural
sway, using a force platform, that has been widely adopted
for research (De Carlo et al., 1986; Gauffin et al. 1988;
Tropp et al. 1984a; Tropp, Askling & Gillquist, 1985;

Tropp, Odenrick & Gillquist, 1985;).

Statement of Problem

Injuries to joint connective tissues can damage
afferent mechanoreceptors causing disruption of the
proprioceptive mechanism (Freeman et al., 1967). As stated
earlier, ankle disk coordination training increases
proprioception in subjects with a history of ankle injuries
(Freeman et al., 1965; Gauffin et al., 1988; Tropp, Askling,
& Gillquist, 1985; Tropp et al., 1984b). However, similar
research has not been conducted to determine if
proprioceptive ankle disk coordination training can benefit
subjects without previous injury. If healthy subjects can
increase their proprioception, then the incidence of

functional instabilities may decrease.



Statement of Purpose

The purpose of this study was to investigate the
effects of a training program using the Biomechanical Ankle
Platform System (BAPS™) on proprioception of subjects

without a history of lower extremity injury.

Significance of Study

Prevention of athletic injuries may be the most
difficult aspect in the realm of athlete care. This is
especially true in the case of ankle injuries, which are the
most commonly reported athletic injuries (Garrick, 1977).
Tropp, Askling and Gillquist (1985) reported that 17% of all
soccer injuries were ankle sprains. If the initial injury
can be prevented by increasing proprioception through ankle
disk coordination training, then the incidence of functional

instabilities in the athlete should ultimately be reduced.

Null Hypothesis

Following a 10 week period of BAPS™ training, subjects
will show no significant change in proprioception as

measured by postural sway evaluation on the force platform.



Delimitations

The following delimitations existed in this
investigation:

1. Subjects had no history of injury to the lower
extremity or known balance related conditions.

2. Subjects ranged in age from 14 to 19.

3. Volunteers were accepted from a high school student
population.

4. The proprioceptive training tool was the
Biomechanical Ankle Platform System (BAPS").

5. The force platform was used to measure postural

sway (proprioception).

Limitations

The following were limitations applied to the current
study:

1. Determination of the subject's dominant side was
based on three functional tests: preferred kicking leg test,
stair test, and balance recovery test. While these tests
are commonly employed, they are not infallible.

2. Use of BAPS" as a training tool was a limitation to

the study because there is no existing research to document



that the BAPS™ promotes proprioception and decreases
postural sway.

3. Determination of proprioceptive changes through
force plate evaluation was a limitation because it is based
on a research assumption that indicates postural sway is a

direct measure of proprioception.

4. Subject motivation could not be controlled.

Definition of Terms

The following definitions will be used in this study
and are presented here for clarification.

Anterior Drawer Sign- An orthopedic ligamentous stress

test designed to test the integrity of the anterior
talofibular ligament and performed by stabilizing the tibia
and fibula while manually drawing the talus and foot forward
(Arnheim, 1989; Hoppenfeld, 1976; McGee, 1987; Roy & Irvin,

1983).

Dominant Side- The side of the body determined dominant

in two out of the three following tests: subject selected
side used to kick a ball, subject selected side first used
in climbing stairs, and subject selected side used to
stabilize the body when balance is disturbed (Appendix E).

Force Platform- A device used to quantify postural sway

that responds to projection on the horizontal base plane of
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the movements of the body's center of gravity (Sahlstrand et
al., 1978).

Functional Instability- A condition characterized by

the subjective complaint of "giving way" commonly seen as a
residual symptom of ankle injury. Functional instabilities
may be present in the absence of mechanical instabilities
(Tropp, Odenrick, & Gillquist, 1985).

Healthy Subject- Subjects having no known history of

vestibular disturbances or lower extremity injury where
symptoms persisted longer than 7 days.

Kinesthesia- The ability to discriminate joint
position, relative weight of body parts, and joint movements
including, direction, amplitude, and speed (Newton, 1982).

Mechanical Instabilities- The presence of a positive

anterior drawer test of the ankle joint (Tropp, Odenrick, &

Gillquist, 1985).

Mechanoreceptors- Afferent nerve receptors found in

structures surrounding joints of the body. They produce
impulses that travel to the spinal cord through dorsal
nerve-roots, and project to the cerebellum. They function
in the perception of posture and motion. Their feedback is
essential in the control of muscular contraction and body

movement (Freeman et al., 1967).



Postural Sway- Postural sway is a naturally occurring

phenomenon that occurs in the sagittal and lateral planes.
It represents a complex reflex process, involving the
acquisition and processing of sensory information and
execution of motor commands (Sahlstrand et al., 1987).

Proprioception- The awareness of posture, movement, and

changes in equilibrium and the knowlédge of position,
weight, and resistance to objects in relation to the body
(Davis, 1985). It enables the muscles to vary their
contraction forces in immediate response to fluctuations in
the rotary moments of force that develop at the joint of the
foot and the entire lower extremity during locomotion.
Properly innervated muscles function together to control the
amount of joint motion as they also prevent motion from
occurring outside the normal plane of motion of the joint
(Gray, 1986).

Stabilometery- An objective, quantitative m:thod for

studying postural control or sway during a modified Romberg

test on a force platform (Sahlstrand et al., 1987)

Summary
The most commonly reported injuries in running and

jumping sports are ankle injuries (Balduini & Tetzlaff,

1982). In the past, ankle injury treatment and



rehabilitation have focused primarily on strengthening the
ankle musculature. Presently, ankle treatment and
rehabilitation target muscle strengthening and
proprioceptive training. Proprioceptive training is now
emphasized because research has shown that proprioceptive
deficits exist following injury to the ankle joint and
surrounding structures, and that ankle disk training
decreases the deficit (Freeman et al., 1967; Gauffin et
al., 1988; Tropp, Askling, & Gillquist, 1985; Tropp et al.,
1984b) .

Proprioceptive training which has been demonstrated to
prevent the reoccurrence of ankle injuries has not been
studied in healthy subjects (Freeman et al., 1967; Gauffin,
et al., 1988; Tropp, Askling, & Gillgquist, 1985; Tropp, et
al., 1984b). Proprioceptive ankle disk training promotes
re-education of the proprioceptive mechanism and can be
quantified by evaluation of the Romberg test on the force
plate.

The modified Romberg test, tests postural sway, a
direct measure of proprioception and an indicator of
proprioceptive defects (De Carlo, et al., 1986; Sahlstrand,
et al., 1978; Tropp et al., 1984a). If healthy subjects are
capable of increasing proprioception in the lower limb, the

incidence of functional instabilities may decrease.
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The purpose of this study was to investigate the
effects of ankle disk coordination training on
proprioception of subjects without history of lower
extremity injury, using the Biomechanical Ankle Platform
System (BAPS™).

The effects of ankle disk coordination training
programs have not yet been thoroughly researched in
healthy subjects. If healthy subjects can train
proprioceptively, the incidence of injury may be

reduced (Soderberg, Cook, Rider, & Stephenitch, 1991}.



CHAPTER II

REVIEW OF LITERATURE

Introduction

The purpose of this study was to investigate the
effects of ankle disk coordination training on
proprioception of subjects without history of lower
extremity injury. In this chapter, related literature is
presented. Initially, a discussion of the pertinent anatomy
and physiology will be reviewed. Next, studies and
literature related to proprioceptive defects and functional
instabilities of the ankle are discussed. Information
related specifically to ankle disk training and BAPS' is
reviewed in the third section of this chapter. Becanse
considerable research on proprioception and its measurement
has evolved in recent years the fourth section presented in
this chapter is a review of commonly used and accepted

measures of proprioception. A summary concludes the

chapter.

Proprioception

The terminology used in the discussion of
proprioception often varies. Therefore, standard

definitions of proprioception and kinesthesia must be
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presented. Proprioception is the component of postural
control that is responsible for keeping the body's center of
gravity within the area of support through coordination of
afferent and efferent nerve activity and muscle fiber
function. Kinesthesia, on the other hand, is "the ability
to discriminate joint position; relative weight of body
parts, and joint movements including, direction, amplitude,
and speed" (Newton, 1982, p. 27). Only the components of
kinesthesia directly related to proprioception are addressed
in this review.

Historically, proprioception has been difficult to
measure. Freeman et al. (1965) reported that functional
instabilities of injured ankles, decreases in postural
control, and proprioception could be determined from a
modified Romberg test. However, in two studies conducted by
Tropp (Tropp et al., 1984b; Tropp, Odenrick, and Gillquist,
1985), injured limb proprioceptive values obtained by having
the subjects perform a modified Romberg test on a force
platform were not significantly different from non-injured
limb values. Tropp and counterparts adopted a stabilometric
protocol designed by Sahlstrand et al. (1978) which

evaluated postural sway in both the frontal and sagittal

planes.
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Frontal plane, not sagittal plane, deviations of the
center of pressure have been reported to be a more accurate
indicator of proprioceptive deficits than an average of the
two values (Friden, Zatterstrom, Lindstrand, & Moritz,
1989). Friden et al. (1989) conducted a study of paticnts
with acute ankle sprains to determine if there was an
increase of postural sway in the frontal plane, which was
believed to be a direct indicatqr of a proprioceptive
deficit. These researchers referenced previous research
that reported a high correlation between the movement of
other body segments (such as the sternum, hip, and knee) in
the frontal plane, and movement of the center of pressure in
the frontal plane. Based on past research, these
researchers developed a new protocol. It focused solely on
the movements of the center of pressure in the frontal plane
as measured using the force platform. With this new
protocol, the authors felt that error in postural sway
measure was decreascd because it eliminated sagittal sway
values. By eliminaling the sagittal sway values from the
calculation of tota. sway, frontal sway became the actual
indicator of proprioception.

They tested 55 healthy subjects bilaterally to obtain
reference group valies. The experimental group was

comprised of 14 subiects (10 male and 4 female) with acute
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ankle ligament lesions. The subjects were tested with and
without a brace between three and eight days post-injury.
The modified Romberg test on a force platform was used to
assess proprioception.

Measurements of six parameters were recorded. In the
first parameter (mean value of the distance between the
center of pressure and the reference line on the force
platform) there was no significant difference between
injured and uninjured ankles. Parameter II (the standard
deviation of Parameter I) measured the amplitude but not the
frequency of the movements. There was a significant
correlation between increased sway and injury and the
authors concluded that Parameter II could discriminate well
between injured and uninjured. In Parameter III, where
frequency and amplitude of movement were recorded, a
correlation greater than .7 indicated that this parameter
could be used to discriminate between injured and uninjured
ankles. The authors reported that Parameter IV, measured
values similar to Parameter II, but with less sensitivity.
In Parameter V and VI (number of sway amplitudes exceeding 5
and 10 mm, respectively), significance was found in both
Parameter V and VI allowing the authors to use these
parameters to differentiate between injured and uninjured

ankles.
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The reliability and validity of force platform
evaluations have long been concerns of researchers. 1In a
study by Goldie, Bach, and Evans (1989) these concerns were
addressed. They stated the validity of using any of several
force platform measure has not been established. Three
basic indices have been used historically in force platform
research: measures of the variability of horizontal forces,
measures of the variability of the center of pressure, and
measurements of the total excursion of the center of
pressure. Another concern is that no external criterion
exists in which validity can be established. Reliability of
measures have been based solely on empirical findings, and
no research exits that has compared the reliability of
different measures.

The purpose of Goldie's study (1989) was to investigate
the correlations between different measures of postural
control on the force platform, to examine the retest
reliability of measures, and to establish sensitivity of the
different measures. Twenty-eight volunteers (mean age 28.1)
who were free of balance related problems and leg injury
within three months of being tested were tested, in 14
different stances with eyes opened and closed. The trials

were 32 s in length and the sampling frequency was 40 Hz.
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In regard to the testing stance to be used in this
study (preferred leg with eyes open) the results showed the
variability of medial-lateral, and anterior-posterior
forces were the two most sensitive (valid) measures of
stability. These two measures also resulted in the highest
values of retest reliability. The normative values (force
variability) for the medial-lateral and anterior-posterior
were calculated to be approximately 2.8 £ .6 and 2.0 £ .6 N
(approximate values taken from chart). In conclusion, the
authors reported that movements in the frontal plane were
indicative of injury. They felt previous similar studies
failed to yeild significant differences because of the

stabilometric technique used.

Bnatomy/Physiology

Newton {(1982) discussed the anatomy, physiology, and
specific characteristics of the four types of afferent
receptors acting on joints of the body. He also discussed
the role of mechanoreceptors in detecting joint angle,
reflex responses, and kinesthesia. According to Newton
(1982), Type I, Type II, and Type III receptors are
recognized as "true" joint receptors because they detect
joint stress and have a direct action targeted at relieving

that stress. Type IV receptors are classified as pain
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receptors and are not "true" joint receptors because they
function solely to detect stress and initiate a pain signal.
All four types of receptors are found in or around
diarthrodial joints and their supporting non-contractile
tissues. The concentration and distribution of these
mechanoreceptors varies between joints and species (Newton,
1982).

Type I receptors, typically found on the joint capsule
and collateral ligaments, have static and dynamic function.
They provide constant sensory feedback to the central
nervous system independent of the activity at the joint
level. They are slow adapting sensory endings with a low
threshold of activation (Newton, 1982).

Type II receptors are found primarily in two locations:
the junction of the synovial membrane at the joint capsule,
and in the joint's fat pads. They occur at highest
concentrations in distal joints on the medial and lateral
aspects. Type II receptors are dynamic with a low threshold
of activation that rapidly adapt to changes in the joint.

They are activated via a stretch or deformation of the joint
| capsule (Newton, 1982).

The largest of the receptors are the Type III. Found

only in joints of the extremities, they are highly

concentrated in the collateral ligaments. They are
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characterized by a high threshold of activation and slow
adaptation to change. These dynamic Type III receptors are
typically active only at extreme degrees of active or
passive joint ranges or during high levels of longitudinal
stress (Newton, 1982).

Type IV receptors function as pain receptors and may be
found in ligaments, capsules, or fat pads. They are
characterized by free or lattice type endings that are slow
adapting and have a high threshold of activation. Normally
they are active only during extreme mechanical deformation,
direct chemical (algesic substances), or mechanical
irritation (Newton, 1982).

The connection between joint receptors and muscular
activity supports the involvement of joint receptors in
reflexive responses. As mentioned above, reflexive
responses are a coordination of joint receptors and muscular
activity (Newton, 1982).

The function of the Type I receptor is to detect speed
and direction of movement of the joint. Because Type II
receptors are rapidly adapting, they are capable of
detecting small and accelerating movements. Type III
receptors are reported to function as detectors of joint
position and direction of motion. A unique interaction

between the receptors provides proprioceptive feedback
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needed for coordination and reflex activities (Nzwton,
1982).

In 1967 Freeman and Wyke published a landmark study
that targeted the influence of mechanoreceptors upon reflex
and muscular activity. They evaluated the motor unit
activity of a cat's hind leg during passive movements using
electromyographic studies. Specifically, they evaluated the
reflex input from the cat ankle joint capsule's
mechanoreceptor to the related motor neurons.

Passive ankle plantar flexion and dorsiflexion of
anesthetized cats were performed through an angle of 1500
during electromyographic analysis. Resection of skin,
removal of tendons, and other invasive procedures were
conducted to remove sensory input from other receptors, and
to isolate the sensory activity of the joint
mechanoreceptors. An increase in the level of general
anesthesia depressed other involved reflexes (Freeman et
al., 1967).

The conclusions of this study set the foundation for
much of the research that has been conducted on
mechanoreceptors. Freeman et al. (1967) concluded: 1)
corpuscular end-organs in the ankle joint act as slow and
rapidly adapting mechanoreceptors, 2) introducing local

anesthesia into the ankle joint of the cat causes
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interruption of mechanoreceptor afferent functions and
abolishes articular reflexes during passive joint movements,
3) articular mechanoreceptor reflexes may operate
polysynaptically by way of the gamma motor neuron loop
(Freeman et al., 1967).

In an attempt to test Freeman's theory, Glencross et
al. (1981) conducted a study to determine if proprioceptive
defects exist following ankle injury. The goal of their
study was to report the effects of joint injury on the
ability to reposition the ankle to a previously established
position.

The researchers studied 24 subjects, 13 males and 11
females, between the ages of 18 and 24. All subjects were
at least eight months post injury, had full range of motion,
were pain free, and denied recent injury. Subjects were
divided into three groups according to their severity of
injury rated by the O‘Donaghue scale. The testing procedure
evaluated the subjects ability to reposition the ankle to a
previously established joint angle. Multiple joint angles
were tested, and the injured ankle was compared to the
uninjured ankle of each subject.

The results showed a significant decrease in the

ability to reposition the injured ankle to the previously
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demonstrated joint position. There were no significant
findings related to the severity of injury.

In conclusion, the authors reported that ankle injuries
decrease joint position sense. The authors also stressed
the need for rehabilitation, which they concluded is as much
a relearning process as a physical recovery phase (Glencross
& Thorton, 1981).

In another study to test Freeman's deafferentation
theory, De Carlo et al. (1986) conducted a study on the
effects of local anesthesia on proprioception at the ankle.
A local injection of Xylocaine was introduced into the
anterior talofibular ligament of the ankle of 24 healthy
subjects (12 male and 12 female) in an attempt to induce
deafferentation. According to Freeman's theory of
deafferentation, postural sway as measured by a modified
Romberg test should increase as deafferentation occurs.

The effect of repeated testing of the subjects was the
only area of testing that showed statistical significance.
There were no significant differences between the injected
and the non-injected ankles of the subjects.

In conclusion, the authors reported the lack of
significance was due to poor testing apparatus construction.
They reported that since the apparatus did not allow full

range of motion of the ankle joint, not all of the joint
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receptors, especially Type I and Type II, could be

accurately tested. However, the authors demonstrated that

through repeated testing on the apparatus proprioception can

be learned.

Proprioceptive Defects

A study conducted by Tropp, Odenrick and Gillquist
(1985) evaluated the correlation between mechanical and
functional instabilities of the ankle joint. They included
25 male soccer teams from a Swedish soccer division.
Eighteen players from each team were selected, six players
were excluded due to recent severe injury. Of the remaining
444 players, 47 were randomly selected for stabilometry
evaluations. The protocol described by Sahlstrand et al.
(1978) tfor stabilometry evaluation was adopted for the
study. Functional instabilities were defined subjectively
as the ankle giving way. Mechanical instabilities were
defined as a positive anterior drawer of the ankle.

Thirteen percent of the mechanically stable ankles
exhibited functional instabilities. Of the 47 subjects
selected for stabilometry, 29 ankles had functional
instabilities; 18 of these 29 showed significantly higher
stabilometery recordings. Of the 18 ankles without

functional instabilities, only 4 showed an increase of
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postural sway in the post test. There were no differences
in stabilometry readings based on the presence or absence of
mechanical instabilities (Tropp, Odenrick, & Gillquist,
1985).

In another study evaluating kinesthesia and balance of
injured subjects, Garn and Newton (1988) tested Freeman's
deafferentation theory. They used 30 subjects who self
reported at least two sprains of one ankle and no injury to
the other ankle. The purpose was to test Freeman's theory,
which stated that kinesthesia and balance would decrease due
to mechanoreceptor damagc following ankle injury (Freeman et
al., 1965). Garn and Newton (1988) hypothesized that there
would be no decrease in either kinesthesia or balance
between the injured and uninjured sides of each subject.

All subjects in the study (24 males and 6 females)
reported at least two lateral ankle sprains in one ankle
while the other ankle had no history of injury. A
kinesthesiometer was used to passively move the subjects
ankle at a speed of .3° per s, and balance was subjectively
measured using a one-legged standing balance test.

The procedure consisted of 30 trials on each ankle (15
trials of no movement and 15 trials of movement). The
subjects were to respond "yes" or "no" at the end of each

trial when asked if movement had occurred. Balance was
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tested using two 30 s trials on each leg (one with eyes open
and one with eyes closed). Following the completion of the
trials, the subject reported which leg resulted in the most
difficulty in balancing.

The results from this investigation showed a decrease
in the accuracy of detecting passive movement in ankles with
multiple sprains. In 53% of the subjects balance was
perceived to be worse on the injured leg. The results caused
the authors to reject their hypothesis and accept Freeman's

theory (Garn & Newton, 1988).

Injury Prevention

Ankle orthosis and coordination training on an ankle
disk have been reported to decrease the incidence of injury
of players with a history of ankle injury. Orthoses protect
the ankle mechanically while coordination training protects
functionally (Tropp, Bskling, & Gillguist, 1285).

Tropp, Askling, and Gillquist (1985) concucted a study
that involved 25 male Swedish soccer teams. Eighteen
subjects were chosen from each team (N=450). They were
divided into three groups. Group one was the control, group
two was the orthosis group, and group three was the

coordination training group. In group three, only those
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players with previous injury participated in the training
(N=65) .

The coordination training, for the first 10 weeks, was
10 min sessions, 5 times per week. Following the initial 10
weeks, the athletes continued to train for 5 min, 3 times
per week for the duration of the season.

The results showed that both injured ankle disk
training and wearing an orthosis reduced injury rates.
Sprains were more frequent in the athletes with previous
injury than in athletes with no history of injury (Tropp,
Askling, & Gillquist, 1985).

In yet another study using stabilometery, prediction of
injury based on stabilometric values was evaluated.
Prediction plays a major role in the prevention of injury,
and Tropp et al. (1984b) reported that stabilometery may be
used as a predictor of injury. They also report this to be
the only known study relating stabilometery and injury
rates.

The control group consisted of 30 active males with no
history of injury to the lower leg. This group was used to
establish normative stabilometery values for comparison to
the test group in this study.

The test group was composed of a senior soccer division

with 180 players (12 teams), but 53 were excluded for
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various reasons. All subjects were examined for old
injuries which were classified as an injury that required
either hospital care, medical consultation, or absence from
practice or competition for more than one week.
Stabilometric values were obtained on all subjects prior to
the start of regular season activity.

The results showed that 29 of the 127 (23%) players had
pathological stabilometery readings and that 23 of the 127
subjects sustained an ankle injury (18%). Of the 29
subjects with proprioceptive defects, 12 sustained an ankle
injury for a 42% incidence of injury. Conversely, 98 of
the 127 (77%) subjects had normal stabilometric recordings
when compared to the control group. Of these 98 subjects,
only 11 sustained an injury to the ankle (11% injury
incidence). In conclusion, the authors reported that soccer
players with functional instabilities, as measured by

stabilometery, have an increased risk of injury.

Disk Training

In one of the first studies conducted to determine the
effects of coordination disk training, Freeman et al.,
(1965) compared the treatment effects of immobilization,
conventional physical therapy, and physical therapy with an

emphasis on coordination training. The period of



27

immobilization was three weeks long with partial weight
bearing. The conventional physical therapy group received
treatment that targeted pain control and muscle
strengthening. The group that underwent coordination
training was required to proprioceptively train on balance
boards similar to the BAPS”.

In conclusion, the authors reported that there were
significant decreases in the subjective and objective
instabilities in proprioceptive training group as measured
by the modified Romberg test. The other modes of treatment
did not prove to be significant in reducing instabilities.

Gauffin et al. (1988) showed that functional
instabilities and proprioceptive defects can be decreased
through proprioceptive ankle disk coordination training.
The major conclusion made by the authors was that functional
instabilities result from a disturbance in the central
control mechanism for posture. This theory disputes
Freeman's theory of functional instabilities. The basis for
Freeman's theory is that functional instabilities result
from damage to the afferent mechanoreceptors of the joint
involved.

The study examined 10 males with subjective complaints
of functional instabilities. All subjects underwent eight

weeks of ankle disk training. None had ever been trained
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proprioceptively. The training period was 10 min at a rate
of 5 times per week for 8 weeks. Proprioceptive defects
(postural sway), were measured using a combination of the
force plate and video analysis. The force plate measured
the variance of the center of pressure from the origin of
the X and Y axis, while the video analysis, analyzed
compensatory movements of the trunk and limbs to maintain
postural equilibrium.

The results showed decreases in the distance of
movement of the center of pressure and a decrease in the
amplitude of the movements on the force plate. The video
analysis confirmed the increase in postural control
following ankle disk coordination training. The authors
also reported decreased stabilometric values when the
subjects were tested on the unaffected legq.

In conclusion, decreases in stabilometric values have
been reported by many authors. The results of the video
analysis indicated that proprioceptive training may increase
the efficiency of the central postural control mechanism,
not the function of the afferent mechanoreceptors, as
previously reported by Freeman et al. (1967).

Mechanoreceptor damage causing ankle injuries and
functional instabilities were also studied by Tropp et al.

(1984a) . In their study, they sought to determine if
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functional instabilities were caused by acute ankle sprains,
and to determine 1f the functional instabilities could be
decreased by ankle disk coordination training or ankle
taping.

Three groups of subjects were studied. One group had
acute ankle sprains. A second group had functional
instabilities and trained on an ankle disk. A third group of
subjects with functional instabilities were taped
prophylacticlly for the study. The acute ankle sprain group
was proprioceptively tested once. The subjects were tested
as soon following injury as pain and swelling would allow.
The training group was tested twice. The first test was
prior to a training period of six weeks at a frequency of 15
min every day. The subjects trained both the affected and
the unaffected legs. The ankle taping group subjects were
tested with and without tape to eliminate situational
variations.

The results showed no significant difference between
the injured and the uniniured leg. The ankle disk
coordination training group decreased postural sway in both
the affected and the unaffected limbs. There were no
significant differences in the subjects of the taping group.

In conclusion, there was no evidence that acute injury

caused functional instabilities. Also, no significance was
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found in the effect of ankle taping on postural sway.
However, ankle disk coordination training significantly
decreased postural sway in the affected and the unaffected
limbs causing the author to support the theory that postural
control is a central control pattern.

The issue of determining the mechanism of an increased
postural sway following ankle injury has been the primary
focus of past ankle proprioceptive research. However, a
study conducted in 1991 focused on the effects of ankle disk
training of healthy and injured subject's lower leg
musculature (Soderberg et al., 1991). Twenty-eight subjects
(14 injured and 14 healthy) participated in the study
designed to measure subject's myoelectrical activity of the
lower leg muscules while the subject rotated on the BAPS".

The results of an analysis of variance showed no
significant differences between the injuréd and non-injured
groups. The authors reported that normal and injured lower
legs respond the same during use of the BAPS™. They also
reported that varying the difficulty of the task, by
changing the size of the hemisphere used under the board,
changed muscular activity patterns in the same way in both
injured and non-injured ankles. In addition, changing the

direction of rotation changed muscular activity patterns.
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Summary

Proprioception is defined as the component of postural
control that is responsible for keeping the body's center of
gravity within the area of support through coordination of
afferent and efferent nerve activity and muscle fiber
function. There are four types of joint mechanoreceptors
involved in the proprioceptive feedback loop (Newton, 1982).
Freeman et al. (1967) stressed the importance of
mechanoreceptors in reflexes and muscular activity. Freeman
et al. (1967) formed the "Freeman's deafferentation theory"
which stated that a proprioceptive deficit exists following
injury to joint mechanoreceptors.

A decrease in proprioception or postural control can be
quantified using a force platform (Tropp et al., 1984a), and
having the subject perform a modified Romberg test (Freeman
et al., 1965). The most significant information obtained
from a modified Romberg test is postural sway in the frontal
plane (Friden et al., 1989).

In an attempt to test Freeman's theory, Garn and Newton
(1988) studied subjects with a history of ankle sprains of
one ankle and no injury to the ipsilateral ankle. The

results from their investigation caused them to accept

Freeman's theory.
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Ankle disk training has been shown to reduce
proprioceptive deficits (Tropp, Askling, & Gillquist, 1985).
They compared the effects of ankle disk training and ankle
orthosis and concluded that ankle disk training was more
effective in injury prevention than ankle braces. Freeman
et al. (1965) compared the effects of immobilization,
conventional physical therapy, and phyéical therapy with an
emphasis on coordination training. They found that
significant decreases in the subjective and objective
instabilities as measured by the modified Romberg test in
subjects who proprioceptively trained.

In conclusion, proprioceptive deficits exist following
injury to the afferent nerve receptors of joints. These
deficits can be reduced by the implication of proprioceptive

disk training and injury rate may be reduced through the

same mode of training.



CHAPTER III

METHODS

Introduction

The purpose of this study was to investigate the
effects of ankle disk coordination training, using the
Biomechanical Ankle Platform System (BAPS™), on
proprioception of subjects without a history of lower
extremity injury.

In this chapter, the methods are presented. Initially,
subject selection, and requirements are discussed. Followed
by an explanation of experimental protocol and the related
instrumentation. Next, a brief discussion of statistical

considerations and applications are presented.

Subjects

The subjects in this study were male and female
students at Homestead High School in Cupertino, CA. Thirty-
six subjects volunteered to participate. This population
was selected because it represented a population that may
benefit from proprioceptive training. The purpose and the
experimental protocol were explained to all subjects. Prior
to possible enrollment as subjects, the volunteers were
allowed and encouraged to ask questions about the study.

Written permission from Homestead High School was obtained
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before the initiation of the subject search (Appendix BA).
Prior to participation in the study, the subjects and the
parents or guardians, of those under 18 years of age, were
required to give informed consent meeting the requirements
of the San Jose State University Institutional Review Board
of Human Subjects (Appendix B). When subjects were assigned
to their experimental group, they were given a number. The
only person with knowledge of the subject's name and number
was the primary researcher.

Potential subjects were screened through the use of a
participant information form (Appendix C) prior to
participation in the study. If the subjects reported a
history of lower leg injury with symptoms which lasted more
than one week, they were excluded from the study. Subjects
were also excluded if they indicated the presence of a

balance related disorder.

Experimental Protocol

The subjects were required to read and sign a human
subject informed consent form (and obtain parental
permission when under the age of 18 years of age) (Appendix
B) in accordance with University policy.

On the first testing date, subject age, sex, and weight

were obtained (Appendix D), and leg dominance was determined
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through the implementation of three functional tests
(Appendix E). Prior to the pre-test, subjects were randomly
assigned to either the experimental or control group. The
pre-test stabilometery recordings were obtained using the
modified Romberg test on the Kistler force platform. The
modified Romberg test used in this study positioned the
subject standing on their dominant bare foot with the
opposite hip held in a self selected position. A visual
focus light source was placed 3 m in front of the subject.
Prior to the beginning of measurement, the subjects were
allowed to test this position for 20 s. Trials were 26 s in
length. Following the pre-test, the subjects were
introduced to the BAPS" training, and testing schedules were
established.

The training sessions were approximately 10 min in
length. Training started on the lowest progression of the
BAPS™, and progressed according to subject aosility
determined by a progression test. Although upper body
stabilization was allowed during the training, emphasis was
placed on minimizing such assistance. The subjects were
instructed to place the foot of the leg being trained on the
BAPS™ and rotate at a self selected speed. The initial
direction of rotation was subject selected, and changed

every 10 s of the 40 s trial. Five trials were completed
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every session. Before a subject was allowed to move to a
more difficult level of BAPS™ progression, they were
required to successfully complete a progression test. The
test consisted of having the subject perform a 20 s trial
with no upper body stabilization. During their progression
test, direction was switched once on the command of the
tester. If the subject was able to perform the test without
a loss of balance, they were allowed to progress to the next
training level.

The training period was 10 weeks long and three times
per week (30 sessions). Absence from more than three
training sessions eliminated the subjects from the study.
Following ten weeks of training, the subjects were retested

on the force platform.

Instrumentation

Two pieces of equipment were used in this study. The
first was the Kistler Force platform (Appendix F) and the
second was the Biomechanical Ankle Platform System (BAPS™)
(Appendix G).

The force platform was used to measure postural sway.
The foot was placed at the origin of an established
reference line. As the subject stood on the force platform

in the modified Romberg position for 26 s, measurements of
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medial-lateral and anterior-posterior were recorded at a
frequency of 50 Hz. The middle 20 s of data (1000 samples)
were used in the calculation of results.

The Biomechanical Ankle Platform System” was used as
the proprioceptive training device in this study. The shape
and design of the platform was based on anatomical,
neurological, and biomechaincal considerations, and was
designed to allow proportional amounts of motion in all

ankle planes of motion (Gray, 1986).

Analysis

Each subject trial consisted of 1000 data points for
the X and Y parameters. Standard deviations for both
parameters were calculated to give a sway varability value
for both the X and Y parameters in each trial. The three
values, one from each trial, for each parameter were then
averaged to produce the mean sway varability (MSV) for the X
and Y parameters for each subject (Goldi et al., 1989).
Following the calcuation of the MSVs, the pre and post
values for each subject were compared and gain scores
calculated. An ANOVA was applied to the gain scores to test
the hypothesis that no change would be experienced by the

experimental group compared to the control.



38

Summary

The purpose of this study was to investigate the
effects of ankle disk coordination training on
proprioception of subjects without history of lower leg
injury.

Subjects were high school students who were required to
meet the study's definition of "healthy" subject and
complete the required consent forms.

Subjects were pre and post tested on the Kistler force
platform to determine postural control. Following the pre-
test, the subjects in the experimental group trained for 10
weeks using the BAPS" while subjects in the control did not
train. At the end of the training period, the post-tests
were conducted, and the data statistically analyzed.
Statistical analysis included standard deviations of both
the medial-lateral (X) and the anterior-posterior (Y)
parameters were conducted to obtain the mean sway value
(MSV);. An ANOVA was applied to the gain scores for each
dependant variable to determine overall significance of

results between the experimental and control groups.



CHAPTER IV

RESULTS

Introduction

The effects of proprioceptive ankle disk training on
postural sway of healthy subjects using the BAPS™ were
investigated in this study. Postural sway, an indicator of
proprioception, was quantified through the use of the force
platform. Measures of mean sway variability (MSV) were
calculated for each subject in the medial-lateral (X), and
the anterior-posterior directions (Y). The amount of change
from pre to post testing for both parameters was calculated
for each subject. An Analysis of Variance (ANOVA) was
applied to the gain scores of each parameter at an alpha
level of .05 to determine if there was a significant
treatment effect. Additional descriptive statistics were

calculated.

Subjects/Training

Thirty-four male and female high school students from
Homestead High School agreed to participate in the study.
Four of the subjects did not meet the healthy subject
participation criteria and two subjects did not complete the
study for personal reasons resulting in a subject number of

28 (females = 12, males = 16). Table 1 presents descriptive



Table 1

Subject and Training Information

Subject Gender Age WT Dominant Final BAPS
Number (vr) (kg) Leg Level
1E F 17 57 L 3
2E M 17 115 R 5
3E M 16 94 R 4
SE M 17 80 R 4
6E M 17 103 L 3
TE M 16 70 L 4
BE M 18 102 R 4
9E F 16 54 R 3
10E M 17 70 R 3
11E M 18 87 R 4
12E M 18 76 R 3
13E M 15 68 L 4
14E F 17 59 R 4
15E F 15 55 L 3
1cC M 15 81 R -
2C F 18 55 R -
3C M 17 84 L -
41c F 15 63 R -
5C F 18 60 R -
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(table continues)

Subj Gender Age WT Dominant Final BAPS
Number {(vr) (kqg) Leg Level
C F 17 62 L -
8C F 15 61 R -
9C M 15 101 R -
10C M 16 67 R -
1iC M 17 67 R B
12C F 15 56 R -
13C M 17 75 R -
14C F 15 47 R -~
15C F 14 55 R -
M 16.4 72.3
Sb 1.1 17.8

and demographic information of the subjects (N=28). The
mean age of the subjects was 16.4 * 1.1 years. All of the
subjects reached at least level 3 (of 5 levels) while only
one subject reached level 5. Seventy-five percent of the

subjects were right leg dominant.

Proprioceptive Testing

Sway variability was measured during three trials and
the MSV was calculated for each subject pre-training (Tables

3 and 4) and post training (Table 5 and 6). The average X
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and Y force values for pre testing were 3.05 % 1.15 and 2.51
+ .86, respectively, compared to the post values of 2.56 %
.83 for X and 2.19 * .72 for Y. The effect size for the X
parameter was .22 and .47 for the Y parameter. The average
changes between pre and post testing in the experimental and
control groups for the X parameter were .82 * .96 and .15 &
.55, respectively. For the Y parameter the values were
.50389 + .544028 for the experimental compared to .124808 %
.154178 for the control.

The ANOVA for the X parameter (Table 6) resulted in a
significant difference, F(1,26) = 5.09, p=.033. Significance
was also found in the Y parameter, F(1,26) = 6.29, p=.019
(Table 7).



Table 2

Experimental Group Pre Training X Parameter
Descriptive Data ’

Subject Gender Pre X Post X Change in

Number MSV (N} MSV (N) MSV (N)

1E F 2.95 1.75 1.20

2F M 4.73 3.31 1.42

3E M 4.17 3.45 0.72

5E M 5.68 2.80 2.88

6E M 3.40 2.75 0.65

7E M 4.05 1.77 2.28

8E M 3.89 4.66 ~0.77

9E F 2.57 2.02 0.55

10E M 2.38 2.14 0.24

11E M 5.15 3.68 1.47

12E M 2.92 2.75 0.17

13E M 2.59 2.49 0.10

14E F 2.05 1.49 0.56

15E F 2.09 2.07 0.01

M 3.47 2.65 0.82
SD 1.16 0.88 0.96

N=Newtons



Table 3

Experimental Group Pre Training Y Parameter
Descriptive Data

Subject Gender Pre Y Post Y Change in

Number MSV (N) MSV (N) MSV (N)
1E F 2.06 1.49 0.57
2E M 4.16 3.16 1.00
3E M 2.90 3.16 -0.26
5E M 4.41 2.82 1.58
6E M 3.64 2.60 1.04
7E M 2.57 1.51 1.06
8E M 3.70 3.68 0.02
9E F 2.06 1.77 0.29
10E M 2.04 1.93 0.11
11F M 3.81 2.98 0.82
12F M 2.66 2.43 0.22
13E M 2.20 2.36 -0.16
14E F 1.73 1.06 0.67
15E F 2.07 1.98 0.09
M 2.86 2.35 0.50
sD 0.91 0.76 0.54

N=Newtons



Table 4

Control Group Post Training X Parameter
Descriptive Data

Subject Gender Pre X Post X Change in

Number MSV (N) MSV (N) MSV (N)
1C M 4.27 4.34 -0.07
2C F 2.10 1.82 0.28
3C M 3.06 2.27 0.80
ac F 2.61 2.45 0.16
5C F 2.54 2.85 -0.31
7C F 1.51 1.38 0.13
8C F 1.74 2.22 -0.49
9C M 4.78 3.34 1.44
10C M 2.74 2.60 0.14
11C M 2.51 3.18 ~0.67
12¢ F 1.70 1.74 ~0.05
13C M 3.00 2.31 0.69
14cC F 1.12 1.36 -0.24
15C F 3.11 2.79 0.32
M 2.63 2.48 0.15
sD 1.01 0.81 0.55

N=Newtons



Table 5

Control Group Y Post Training Parameter

Descriptive Data

I

SD

N=Newtons

Subject Gender

Number
1C

2C
3C
4c
5C
c
8C
9C
10C
1icC
12C
13C
l4C

15C

M

F

L T - - < I

!

Post Y Change in

Pre Y
Msv (N) MsV (N)

3.80 3.64
1.47 1.37
2.59 2.56
2.19 2.15
1.89 1.67
1.56 1.24
1.54 1.66
2.95 2.172
2.40 2.26
2.33 2.45
2.04 1.71
2.19 1.84
1.12 1.10
2.22 2.17
2.16 2.04
0.68 0.68

MSV (N)
0.16

0.10
0.03
0.04
0.22
0.32

-0.11

46



Table 6

Single-Factor ANOVA for X Parameter (MSVs)

Experimental
Change (X)
1.20 0.55
1.42 0.24
0.72 1.47
2.88 0.17
0.65 0.10
2.28 0.56
-0.77 0.01
Groups Count
X EXP 14.00
X CONT 14.00
SS
Between 3.11
Within 15.89
Total 19.00

Control
Change (X)
-0.07 1.44

0.28 0.14

0.80 -0.67

0.16 -0.05
-0.31 0.69

0.13 -0.24

-0.49 0.32

Summary
Sum of Average Variance
Squares
11.48 0.82 0.92
2.14 0.15 0.30
Sources of Variation
af MS F
1.00 3.11 5.09
26.00 0.61

27.00

.03

F crit

47



Table 7

Single-Factor ANOVA

for Y Parameter (MSVs)

Experimental
Change (V)
0.57 0.29
1.00 0.11
-0.26 0.82
1.58 0.22
1.04 -0.16
1.06 0.67
0.02 0.09
Groups Count
Y EXP 14.00
Y CONT 14.00
SS
Between 1.01
Within 4.16
Total 5.16

Control
Change (Y)
0.16 0.23
0.10 0.14
0.03 -0.12
0.04 0.33
0.22 0.35
0.32 0.02

-0.11 0.05
Summary

Sum of Average Variance
Squares
7.05 0.50 0.30
1.75 0.12 0.02

Sources of Variation

df MS F P
1.00 1.01 6.29 .02
26.00 0.16

27.00

F crit

48



CHAPTER V

SUMMARY, DISCUSSION, CONCLUSIONS, RECOMMENDATIONS

Introduction

The majority of all previous ankle disk proprioceptive
research has investigated training effects on the postural
sway of subjects with a histofy of injury. The purpose of
this study was to investigate the effects of a 10 week
proprioceptive BAPS™ training period on postural sway of
healthy subjects. The Null hypothesis was that following a
10 week BAPS”™ training period, subjects iﬁ the experimental
group, compared to the control group, would show no
significant difference in proprioception as measured through

a postural sway evaluation.

SUMMARY

In summary, 28 healthy male and female subjects
participated in this study. Subjects in the experimental
group (N=14) trained for 10 weeks at a frequency of 3 times
per week for approximately 10 min each session. The
subjects in the control group (N=14) did not train. The

training tool was the Biomechanical Ankle Platform System
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(BAPS™) and the testing device was the Kistler force
platform. The force platform measured sway in the medial-
lateral (X) and the anterior-posterior (Y) directions.
Statistically, an ANOVA (alpha =.05) was conducted on the
experimental and control group's gain scores for postural
sway of both parameters. Significant differences were found
in both the X and Y parameters. 1In conclusion, 10 weeks of

BAPS™ training significantly decreased postural sway in the

X and Y directions.

Discussion

The ANOVA for the medial-lateral (X) parameter,
F(1,26) = 5.09, p<.05, and the ANOVA for the anterior-
posterior (Y) parameter, F(1,26) = 6.29, p<.05 indicate a
significant difference between groups in each parameter.
Normative values of force variability for postural sway
evaluations using the force platform were reported by Goldie
et al. (1989). The values for the medial-lateral (X) sway
of subjects being tested on the preferred leg with eyes open
are 2.8 + .6 and the combined pre and post averages this
study were X = 2.81 + 1.0. For the Y parameter Goldie
reported normative values of 2.0 + .6 compared to 2.30 £ .8

for this investigation. The results found here were
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remarkably similar to theé results reported by Goldie. This
may indicate high instrument reliability.

Proprioceptive deficits have been shown to exist
following ankle injuries (Garn & Newton, 1988; Glencross &
Newton, 1981; Tropp, Odenrick, & Gillquist, 1985). Several
authors have also demonstrated that proprioceptive ankle
disk training, similar to BAPS™ training, decreases injury
induced postural sway changes (Freeman et al., 1965; Gauffin
et al., 1988; Tropp et al., 1984a). In this study
proprioceptive training effects were investigated in a
healthy population, and in agreement with previous research,
a significant decrease of postural sway resulted.

Three of the subjects in the experimental group and
eight of the subjects in the control group showed slight
increases in postural sway from pre to post testing as
indicated by a negative value for the change in MSV. This
phenomenon is difficult to explain, but may be due to
individual subject activity on the days of testing or even
possibly related to the time of day in which the subjects

were tested.

Conclusions
In conclusion, a 10 week training pericd had a

significant effect on proprioception as measured by postural
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sway. Postural sway during a modified Romberg test is a
direct measure of proprioception (DeCarlo et al., 1986;
Sahlstrand et al., 1978; Tropp et al., 1984).

Prcprioceptive type training of subjects heightens
their postural control and may benefit human movement. When
considering subjects with a history of ankle injury, both
wearing an orthosis and proprioceptive training decrease the
incidence of ankle injury (Tropp, Askling, & Gillquist,
1985). These two findings support the use of proprioceptive

ankle disk training for participants of athletic type

activities.

Recommendations

The experimental group showed significant decreases in
postural sway in both the X and Y directions over the
control group. Therefore, in the area of human movement,
proprioceptive training may be a beneficial adjunct to a
physical fitness training program. However, many unanswered
questions remain concerning the effects of heightened
proprioception. For example, is proprioceptive training
beneficial in reducing the incidence of injury?

Much more research needs to be conducted in the area of
proprioceptive training for healthy subjects. Several

variables were not considered in this study, and several
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areas of this study can be expanded upon. Some of the
variables subject to future research are: gender, age,
height, weight, and the effects on the untrained leg.

Gender and age need to be investigated so that
recommendations can be made population specific. Both
height and weight are important because they directly affect
the position of the subject's center of gravity which may be
related to the ability to control postural sway. The
effects on the untrained leg must be considered because if
there is an induced postural sway discrepancy between the
lower limbs the athlete may be at greater risk of injury.

On the other hand, if there are similar effects on the
untrained leg due to training carry over, the subject need
only train one leg to achieve bilateral results.

In the area of specific methodological changes and
considerations there are two specific recommendations.
First, equal number of males and females should be assigned
to each group. The subjects should be separated into gender
categories and then randomly assigned to a study group.

This would assure an equal number of males and females in
each group and still allow for random selection. Secondly,
standardization of the time of day for pre and post testing
should be considered. As stated above, the effects of

testing during different periods of the day may have
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affected the results of this study. 1In an attempt to
alleviate this possible complication testing times should be

standardized.
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Tel: (408) 522-2500 » FAX: (408) 738-8631
David Payne, Principal

December 11, 1992

To Whom It May Concern

Mark Hoffman has my permlssmn to conduct his study at Homestead High School.

Sincerely,

David R. Peyne
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SAN JOSE A campus of The California State Univorsity
e STATE
5 UNIVERSITY

College of Applied Sciences and Arts * Department of Human Performance
One Washington Square * San José, California 95192-0054 » 408/924-3010 « FAX 408/924-3053
Agreement to Participate in Research

San Jose State University
Department of Human Performance

Responsible Investigator(s): MARK HOFFMAN

Title of Protocol: THE EFFECTS OF PROPRTOCEPTIVE TRAINING ON POSTURAL SWAY USING THE
BIOMECHANICAT, ANKLE PLRTEFORM SYSTEM® ON HEALTHY SUBJECTS.

1. I have been asked (or my child has been asked) to participate in a research
study investigating the effects of proprioceptive training on postural sway.

2. T will be asked to report to San Jose State University Department of Human
Performance for pre and post testing. I will be involved in a training
program that is to take place at Homestead High School. The program will
involve proprioceptive training three times a week for 10 weeks and each
session will last approximately 10 minutes. The training will be conducted
during a regularly scheduled Physical Education class.

3. Due to the subject determined intensity level, the risks of ihjury are no
greater than the risks of every day normal ambulation and activity.

4. The possible benefits associated with this study are an increased knowledge of
proprioceptive training, and possibly decreasing postural sway.

5. Any questions I have associated with this research will be answered by Mark
Hoffman at (408) 725-8454. Complaints about the research may be presented to
Gregory Payne, P.E.D. (Thesis Advisor) at (408) 924-3028. Questions or
complaints about the research, subjects' rights, or research-related injury
may be presented to Serena Stanford, PhD., Assoclate Academic Vice President
for Graduate Studies and Research, at (408) 924-2480.

6. My consent is given voluntarily without being coerced; I may refuse to

participate in this study or in any part of this study, and I may withdraw at
any time, without prejudice to my relations with 8JSU.

7. I have received a signed copy of this consent form for my records.

* The signature of a subject on this document indicates agreement to participate in
the study.
* The signature of a researcher on this document indicates agreement to include the

above named subject imn the research and attestation that the subject has been fully
informed of his or her rights.

Subject's Signature Date

Investigator's Signature Date



% . gi S AN JOSE A campus of The California State University
BHEE UNIVERSHY

College of Applied Sciences and Arts * Department of Human Performance
One Washington Square ¢ San José, California 95192-0054 » 408/924-3010 » FAX 408/924-3053

Parental or Guardian Permission Form

I have read the description of the study (provided on the Consent
to Participate Form) and my signature on this document indicates
approval for the child or ward, listed below, to participate in
the indicated study. This document also serves as a statement
that the child or ward is freely willing to participate.

Name of Child or Ward Parent or Guardian's Signature Date

Relationship to Child or Ward Phone

Full Mailing Address

Investigator's signature
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Potential Subject Information Sheet

Name Date

Sex: Male Female Home Phone Number

Age Weight

Have you ever (in your lifetime) sustained an INJURY (this does not
include shin splints or muscle strains) to the lower extremity (hip to toes)
where the symptoms persisted for longer than three days?

Yes No

Are you aware of any balance related problems that you possess?

Yes No
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Subject Information Sheet

Name Date

Subject Number

Sex M F Home Phone Number

Rge Weight

Subject Number

Group: Control Experimental
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APPENDIX E

Tests Used to Determine Dominance

1) Sﬁbjects kicked a regulation soccer ball that was
rolled to them from a distance of 10 feet. The leg
used to kick the ball was determined to be the dominant
leg.

2) Subjects were asked to step up on an 8 inch bench. The
leg placed on the bench first was determined to be
their dominant leg.

3) The tester stood behind the subject and applied
pressure to the center of the back until balance was
lost. When balance was lost the subject was forced to
step forward. The leg used to make the step forward

was considered to be the dominant leg.

The leg used in at least two of the three above tests was

considered to be the dominant leg used in physical activity.
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APPENDIX F

Kistler Force Platform and Modified Romberg Test
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APPENDIX G

Biomechanical Ankle Platform System (BAPS™)
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