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Objective: To examine the effects of a 6-week strength and
proprioception training program on clinical measures of bal-
ance, and to introduce characteristics of a single-case research
design that may be beneficial to the athletic training profession
as both a research and a clinical tool.
Design and Setting: A multiple baseline design across

subjects was used to assess the effects of the intervention. The
training program was performed three times a week and
consisted of manual muscle strengthening and proprioception
training for the plantar flexor, dorsiflexor, inversion, and ever-
sion muscle groups.

Subjects: Three subjects (age = 17.6 + 1.24 yr, wt = 78.6 ±
1.07 kg, ht = 186.2 + 4.3 cm) who had previously sustained
first-degree lateral ankle sprains.
Measurements: Dynamic balance was tested three times a

week using a single-plane balance board (SPBB). Each subject
was tested for two double-leg conditions (forward/backward,
right/left) and one single-leg condition (forward/backward) for

each extremity. The dependent variable was the number of
times that the balance board made contact with the floor. Visual
inspection was used to evaluate whether the treatment resulted
in a change of performance.

Resufts: Although the intervention did not produce obvious
improvements in balance for all evaluation criteria for all testing
conditions, it is apparent that the strength and proprioception
training program positively influenced all three subjects' ability
to balance dynamically on an SPBB. A change in mean scores
from baseline to intervention phase was evident for all testing
conditions. However, a change in slope and level was not as
apparent for all testing conditions, especially the single-leg
conditions.

Conclusion: The results revealed that the strength and
proprioception training program produced improvements in the
ability to balance as assessed dynamically on an SPBB.
Key Words: ankle sprain, postural sway

A rehabilitative program integrating strength and propri-
oception concepts is common when treating lower
extremity injuries.1-3 Although functional implication

for improving proprioception following injury to structures of
the lower leg is still being examined,37 proprioception training
is often indicated following injury to the lower extremity.
Proprioception (somatosensation) is a distinct component of
balance. It is the cumulative neural input to the central nervous
system from the mechanoreceptors in the joint capsules,
ligaments, muscle tendons, and skin.8 When these structures
are subjected to mechanical deformation, action potentials are
conducted to the central nervous system (CNS), where the
information can influence muscular response and position
sense. The integration of afferent neural input to the CNS
contributes to the body's ability to maintain postural stability.

Deficits in proprioception are commonly evaluated with static
measures of balance, such as the modified Romberg test, or with
dynamic measures of balance assessed with computerized force
platforms.9-13 The expense of such computer-assisted evaluation
limits the use of these tests with a broader population. We used a
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single-plane balance board (SPBB) to assess dynamic balance
because of its affordability and ease of use.

Our purposes were to evaluate the effectiveness of a 6-week
strength and proprioception training program on the ability to
improve dynamic balance and to introduce characteristics of a
single-case research design that may be beneficial to the athletic
training profession as both a research and a clinical tool.

Single-case experimental designs offer a research approach
that closely mimics a typical rehabilitation process. For exam-
ple, the athlete reports to the athletic trainer with a problem. As
clinicians, we identify a disorder and then offer an intervention.
The identification of a problem is similar to establishing a
baseline. As the athlete returns for treatment we continue to
reevaluate and then proceed with the current treatment or,
maybe, alter our treatment. The repeated measurement and
interventions that we use in everyday practice offer an ideal
arrangement for performing single-case examinations.

Single-case design, to our knowledge, has not been reported
in the athletic training literature. A single-case or single-
subject experimental design is characterized by the following:
identification of a baseline measure, repeated measurement of
the dependent variable, repeated manipulation of the indepen-
dent variable, a comparison within the individual across
differing conditions, one or a few subjects, a replication of
effects, and, ideally, a measurement that is objective.14 In
contrast, case studies are frequently reported in the athletic
training literature and are considered a prescientific mode of
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Fig 1. Visual representation of a change in means (graphs A and B)
and a change in level (graphs C and D).

reporting findings.'5 Case studies are not classified as experi-
mental designs because they lack controls that would eliminate
or minimize other possible sources of variations. 15 Case studies
document clinical findings without controlling the independent
variable in a stringent manner.

Single-case designs are most commonly evaluated by
examining the effects of the intervention over time using
visual analysis. Statistical analysis may also be used in
single-case designs, but its use is often a subject of debate.'6
A recent discussion of the statistical considerations in
single-case designs, specifically related to the discipline of
sports medicine, was undertaken by Bates'7 and Reboussin
and Morgan.'8 Similarly, interested readers may find a more
comprehensive review of the topic in Kazdin14 and Kratoch-
will and Levin.'6

Data are often collected in phases, ie, baseline and interven-
tion. The effect of the intervention is clear when systematic
changes in behavior occur during each phase in which the
intervention is being withdrawn or presented.'4 Thus, the
magnitude and rate of change is evaluated. The magnitude of
change is assessed by a change in mean or change in level. The
change in mean refers to a change in the arithmetic mean from
one phase or condition to another (see Fig 1, graphs A and B).
A change in level refers to a shift or discontinuity of perfor-
mance from the end of one phase to the beginning of the next
phase.'4 A consistent change in level following the implemen-
tation or withdrawal of an intervention indicates that the

Fig 2. Visual representation of a change in trend, or slope (graphs
E and F), and latency of change (graphs G and H).

changes were a result of the treatment (Fig 1, graphs C and D).
The rate of change is determined by examining changes in
trend and latency of the change. A change in trend, or slope,
details systematic increase or decrease over time (Fig 2, graphs
E and F). Therefore, a change in trend is demonstrated by a

change in the direction of data pattern movement. 19 Latency of
the change refers to the period between the onset or termination
of one condition and changes in performance (Fig 2, graphs G
and H).14 The sooner that changes in performance follow an
intervention, the more confident we can be of the treatment
effect. A researcher/clinician can be confident that a treatment
is effective when there are changes in mean, level, trend, and
latency of change following the intervention.

METHODS

Participants
We measured three boarding school male subjects on their

ability to balance. All subjects had signed a consent-to-
participate form or had parental permission prior to testing.
The three subjects were high-school-letter winners, had previ-
ously sustained first-degree lateral ankle sprains, had no
occurrence of an injury to either lower extremity within the
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Table 1. Descriptive Values (Means and Standard Deviations) for
the Three Subjects

Subject Age (y) Weight (kg) Height (cm) Injured Extremity

S1 19 79.38 190.5 Left
S2 18 79.38 187.9 Right
S3 16 77.11 180.3 Right
Mean (SD) 17.6 (1.24) 78.6 (1.07) 186.2 (4.3)

3-month testing period, and were not participating in any other
lower extremity-strengthening program during the testing pe-

riod. Descriptive information for the three subjects is presented
in Table 1.
We selected these subjects because they were good candidates

for a preventive strength and proprioception training program as a

result of prior and recurrent inversion ankle sprains. All three
subjects reported suffering what could be determined (from past
history) to be first-degree inversion ankle sprains. Subjective
information supplied by the subjects revealed that past inversion
ankle sprains did not require the use of ambulatory aids, and
dysfunction following injury did not exceed 1 week. Objective
evaluation of each subject with the anterior drawer and talar tilt
tests revealed no obvious mechanical laxity when compared with
the contralateral extremity.

Setting

Subjects were tested in an office adjacent to the athletic
training room. The testing area was partially isolated from
distractions, but occasionally another athlete passed through
the area. Prior to any baseline testing, subjects reported to the
athletic training room and were introduced to the testing
procedure and training apparatus.

Dependent Measure

We tested dynamic balance three times a week using an

SPBB. The SPBB was a 161/2 by 16½/2-inch wooden board with
a 3½/2-inch axis of rotation (Fig 3). The balance board could
contact the floor in one of two planes (forward/backward or

right/left). Each subject was tested for two double-leg condi-
tions (forward/backward, right/left) and one single-leg condi-
tion (forward/backward) for each extremity (Fig 3). The
dependent variable was the number of times that the balance
board made contact with the floor. A "touch" was recorded
when the SPBB came in contact with the floor as evidenced
either visually or audibly. At each testing session the observer
counted and recorded the scores for each subject.

Agreement

We conducted observer agreement checks on 20% of the
observation sessions for subjects 2 and 3 and calculated
agreements by a method similar to the point-by-point agree-

ment procedure.14 Following each testing condition in which
observer agreement was scored, observer agreement was de-
termined from the total number of times that the SPBB touched
in a particular direction. For example, if observer 1 determined
that the board touched 12 times in the forward position and

Fig 3. The single-plane balance board (SPBB), double-leg testing
condition.

observer 2 determined that the board touched 11 times in the
forward position, eleven was used as the score for agreement
and one was used as the score for disagreement. Observer
agreement was conducted for baseline and intervention phases.
The mean agreements were 0.91 during baseline and 0.92
during the intervention phase, indicating that two independent
scorers obtained highly similar scores.

Experimental Procedure and Design

The primary investigator performed all observations, except
for the sessions when interobserver agreement was scored. The
testing lasted approximately 5 minutes, and the training session
lasted 10 minutes per session for three sessions per week. We
observed the subjects under baseline and intervention condi-
tions. The change from baseline to intervention phases was

made according to time-lagged procedures required by a

multiple baseline design. A multiple baseline design shows the
effects of a treatment by revealing that a subject's performance
during baseline differs from performance during treatment and
that those differences are not simply the result of time passing.
The intervention phase was initiated with 1-week time lags.
For example, subject 1 (S1) began the intervention phase after
1 week of baseline testing, subject 2 (S2) began the interven-
tion phase after 2 weeks of baseline testing, and subject 3 (S3)
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began the intervention phase after 3 weeks of baseline testing.

The interventions were staggered in this way so that subjects

could begin the strength and proprioception training session as

soon as possible. In order to assess the effectiveness of the

training program, we wanted the intervention to last minimally

4 to 6 weeks. As a result, we could not sustain longer baselines

because the subjects would not be on campus to test.

During each 40-second testing procedure, we asked the

subjects to focus on an "X" marked on a wall directly in front

of them while they tried to maintain their balance on the board

and to prevent the edge of the board from touching the ground.

Subjects stood with their knees slightly flexed (5-15o)

and their arms held at their sides. In the single-leg testing

condition the nonweightbearing extremity was not allowed

to touch the supporting leg. We began recording when each

subject was properly positioned on the board and indicated

he was ready. On each occasion, subjects were tested for a

total of four tests, all with the eyes open. Double-leg stance

was tested in the forward/backward and right/left position,

and single-leg stance was tested in the forward/backward

position only. The right/left condition was not tested in

single-leg stance because it was shown during pilot testing

that the task was too difficult to perform. Rather than

increase the width of the axis of rotation and have a different

axis of rotation for different testing positions, we decided to

test only the forward/backward condition with the single-leg

stance condition.

Baseline

Baseline data were collected three times a week, and the

testing period lasted approximately 5 minutes. Baseline condi-

tions lasted for three testing sessions for SI1, seven testing

sessions for S2, and fifteen testing sessions for S3.

Strength Training

The strength and proprioception training program was pe

formed three times a week for 6 weeks and was describc

previously. Data were collected under similar conditions fora

subjects. At the conclusion of the study, SlI had received ti

treatment conditions for 20 sessions (6.7 weeks), S2 hz

Fig 4. The kinesthetic ankle board (KAB).
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received the treatment conditions for 15 sessions (5.2 weeks),

and S3 had received the treatment conditions for 16 sessions

(5.5 weeks).

The strength program consisted of a manual muscle resis-

tance program for both extremities. The resistance for the

isotonic contractions was performed by the primary investiga-

tor and consisted of manually resisting the following lower

extremity movements: ankle plantar flexion, dorsiflexion, in-

version, and eversion. The subject was supine for all strength

movements except for the plantar flexion movement. In this

instance the subject was prone. The primary investigator

provided a constant resistance in all of the four directions. The

subject was instructed to push as hard as he could for each

repetition. Each repetition lasted approximately 3 seconds. The

primary investigator counted out loud to maintain a consistent

3-second duration for each repetition. Subjects performed 3
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sets of 10 repetitions for each strength movement. Following
each strength training session, subjects then performed exer-

cises targeted to improve proprioception.

Proprioception Training

Proprioception training consisted of performing 3 sets of 25
repetitions (with a single-leg stance) on the kinesthetic ankle
board (KAB) (patent pending), in both clockwise and counter-
clockwise directions (Fig 4). Proprioception training was

performed bilaterally.
The KAB has two .45-kg (1-lb) cylinders that are con-

tained on a track shaped like a "+" on the underside of the
platform. The cylinders are free to roll in this track as the
KAB is moved in varying directions. The purpose of the
free-moving cylinders is to attempt to increase propriocep-
tive feedback to the mechanoreceptors and joint receptors in
the ankle. To our knowledge, this is the first time that this
training apparatus has been used.

Subjects were seated in a chair and were instructed to keep
their knees at a 900 angle while maintaining contact with the
top of the KAB with their respective extremities. Subjects were
instructed to keep the periphery of the board in contact with the
floor as they moved the board clockwise and counterclockwise.
Proprioception training with a circular board is commonly used
to attempt to increase range of motion and proprioception
following injury to the lower extremity.
To evaluate whether the treatment resulted in a change of

performance we applied the principles of visual inspection
discussed previously. We looked for changes in the mean

performance across phases, changes in the level of perfor-
mance (shift at the point that the phase is changed), changes in
trend (differences in the direction and the rate of change across

phases), and latency of change (rapidity of change at the point
that the intervention is introduced or withdrawn) to determine
whether a reliable effect had occurred.14

Table 2. Number of Touches for Each Subject for the Baseline
and Intervention Phases for All Testing Conditions (Means,
Standard Deviations)

Baseline Intervention
Subject (Test Condition) Mean (SD) Mean (SD)

S1
Double-leg forward/backward 12.3 (3.3) 5.7 (3.6)
Double-leg right/left 25.6(2.6) 10.7 (5.0)
Right leg forward/backward 12.3 (7.5) 3.4 (4.5)
Left leg forward/backward 13.6 (3.8) 2.2 (2.4)

S2
Double-leg forward/backward 17.8 (3.9) 8.4 (3.9)
Double-leg right/left 15.8 (3.5) 9.6 (4.1)
Right leg forward/backward 19.7 (2.6) 7.6 (4.0)
Left leg forward/backward 13.8 (4.8) 7.2 (2.7)

S3
Double-leg forward/backward 13.7 (2.2) 9.8 (2.5)
Double-leg right/left 18.7 (2.8) 12.0 (1.2)
Right leg forward/backward 16.7 (4.2) 8.6 (2.4)
Left leg forward/backward 15.4 (4.8) 6.6 (1.7)
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Fig 6. Values for all subjects for the double-leg right/left testing
condition.

RESULTS

Double-Leg Forward/Backward Condition

There was a clear change in means from the baseline phase
to the intervention phase for all three subjects (Table 2). There
was a change in level and latency of change for subjects S I and
S3, but not for S2. There was a change in slope for SI and S2
and appears to be a change in slope for S3. Thus the change in
the dependent measure from baseline to the intervention phase
can be attributed to the strength and proprioception training
program for all three subjects for this condition (Fig 5).

Double-Leg Right/Left Condition
There was a clear change in the means from the baseline

phase to the intervention phase for all three subjects (Table
2). There was a change in level and latency for subjects S1
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and S3, but not for subject S2. There appeared to be a Right-Leg Forward/Backward Condition
change in slope for subject Si1, but not for subjects 52 and
S3. It appeared that the intervention was effective in There was a clear change in the mean scores from the
improving the subjects' ability to balance on an SPBB for baseline phase to the intervention phase for all three subjects
this condition (Fig 6). (Table 2). There was a change in level and slope only for SI.
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There was no change in latency for all three subjects. There Left-Leg Forward/Backward Condition
was not a clear change in all criteria from baseline to
intervention phase for the right-leg forward/backward condi- There was a clear change in the mean scores from the
tion. However, the clear change in mean score indicates that baseline phase to the intervention phase for all three subjects
the treatment did have an effect on the improvement of all (Table 2). There was a clear change in level, latency, and slope
subjects' ability to balance dynamically even in the absence of for SI and S2, but not for S3. Based on these criteria, it can
other supporting criteria (Fig 7). also be determined that there was an improvement in the
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subjects' ability to balance on an SPBB following the treatment
phase (Fig 8).

DISCUSSION

Measurement of balance has numerous potential applica-
tions in athletic training, such as determining the effects of
injury, surgery, and external devices such as tape and braces on
balance. Following injury, assessing deficiencies of balance is
often accomplished using static tests of balance. The purpose
of our study was to assess a dynamic test of balance and to
determine if improvements were possible following a 6-week
strength and proprioception training program. Our preliminary
results suggest that a manual resistance strength and proprio-
ception training program can improve the ability to balance for
dynamic testing conditions.

Although the intervention did not produce obvious improve-
ments in balance for all evaluation criteria for all testing
conditions, it is apparent that the strength and proprioception
training program has positively influenced all three subjects'

ability to balance dynamically on an SPBB. The change in
mean scores from baseline to intervention phase is evident for
all testing conditions.

However, the changes in slope and level were not as

apparent for all testing conditions, especially the single-leg
conditions. It is apparent from the data that there is a greater
learning curve for the single-leg conditions. We feel that this
can be explained because of the increased difficulty in per-
forming these tests. The transition from baseline to interven-
tion is commonly determined when the baseline behaviors
stabilize so that subsequent data points can be predicted. One
limitation of our study is that we did not have this luxury. As
is often the case in the clinical setting, we wanted to start the
strength and proprioception intervention with our subjects as

quickly as possible. Time constraints necessitated starting the
intervention phase so that each subject would have an equal
and adequate interval of training before he had to leave campus
for summer vacation.

Changes in mean, level, latency, and slope assure that an

intervention is successful. A change in mean was evident for
all conditions. However, a change in the other parameters was

not as evident, especially when examining the injured extrem-
ity. For example, S1, who had injured his left ankle, demon-
strated a change in all measures for the left-leg forward/
backward conditions. Thus, the affected extremity was
influenced in a positive manner via the treatments. The
improvement for S2 and S3 (right ankle sprain) in the right-leg
forward/backward conditions was not as clear when examining
changes in level, latency, and slope. One explanation for this
difference is that S1 received the treatment condition for a

longer period of time. Further study is needed to examine
objectively treatment parameters such as these that are com-

monly used in the clinical setting.
The integration of strength and proprioception training

exercises is commonly employed following injury to the lower
extremity. Recently, Leanderson et a16 examined a group of
ballet dancers and reported that proprioception can still be
affected 1 year after injury following a rehabilitation program

and subsequent return to competition. The effects of proprio-
ception training have been evaluated using either static4'10 or
dynamic tests of balance on computer-interfaced force plat-
forms.5'6 1-13 Future research is needed to validate the use of
these rehabilitation procedures and devices, with consideration
for differing degrees of dysfunction. We recommend further
examination of the effects of different strength and proprio-
ception programs incorporating inexpensive devices such as
the KAB and SPBB with other established computerized
methods of measurement.

RECOMMENDATIONS

The maintenance of postural stability involves the integra-
tion of multiple physical components. As athletic trainers, we
are interested in examining the relationships of these physical
components for injured and uninjured athletes. The standard-
ization of treatment protocols that are commonly used in
athletic training offers an excellent environment to document
the individual variability that is involved while an athlete is
injured. With attention to detail, we propose that the use of
single-case research designs be considered more frequently in
the athletic training profession.

CONCLUSIONS

The results of this study indicate that a six-week manual
resistance and proprioception training program improved the
performance of three subjects for dynamic tests of balance. Our
findings would support the continued rationale for recommend-
ing strength and proprioception exercises for individuals who
have prior histories of first-degree lateral ankle sprains.6
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