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Context: Bilateral improvements in postural control have
been reported among individuals with acute lateral ankle sprains
and individuals with chronic ankle instability (CAI) when only the
unstable ankle is rehabilitated. We do not know if training the
stable ankle will improve function on the unstable side.

Objective: To explore the effects of a unilateral balance-
training program on bilateral lower extremity balance and
function in individuals with CAI when only the stable limb is
trained.

Design: Cohort study.
Setting: University clinical research laboratory.
Patients or Other Participants: A total of 34 volunteers (8

men, 26 women; age¼ 24.32 6 4.95 years, height¼ 167.01 6
9.45 cm, mass ¼ 77.54 6 23.76 kg) with CAI were assigned to
the rehabilitation (n¼ 17) or control (n¼ 17) group. Of those, 27
(13 rehabilitation group, 14 control group) completed the study.

Intervention(s): Balance training twice weekly for 4 weeks.
Main Outcome Measure(s): Foot and Ankle Disability

Index (FADI), FADI Sport (FADI-S), Star Excursion Balance
Test, and Balance Error Scoring System.

Results: The rehabilitation and control groups differed in

changes in FADI-S and Star Excursion Balance Test scores

over time. Only the rehabilitation group improved in the FADI-S

and in the posteromedial and anterior reaches of the Star

Excursion Balance Test. Both groups demonstrated improve-

ments in posterolateral reach; however, the rehabilitation group

demonstrated greater improvement than the control group.

When the groups were combined, participants reported im-

provements in FADI and FADI-S scores for the unstable ankle

but not the stable ankle.

Conclusions: Our data suggest training the stable ankle

may result in improvements in balance and lower extremity

function in the unstable ankle. This further supports the

existence of a centrally mediated mechanism in the develop-

ment of postural-control deficits after injury, as well as improved

postural control after rehabilitation.
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Key Points

� The rehabilitation group performed better over time on the Foot and Ankle Disability Index Sport and the Star
Excursion Balance Test (SEBT) in the anterior, posteromedial, and posterolateral directions, but this was not
dependent on ankle.

� Training the stable ankle may provide therapeutic benefit to the unstable ankle.
� Performance on the Balance Error Scoring System did not reflect a therapeutic benefit of the neuromuscular-control

training program, but the result should be interpreted with caution.
� Clinicians should consider incorporating rehabilitation of the stable ankle in the overall plan for patients who may not

be ready to initiate aspects of rehabilitation on the unstable ankle.

L
ateral ankle sprain (LAS) is one of the most
common injuries that athletes and recreationally
active individuals sustain. Researchers have esti-

mated that approximately 23 000 ankle sprains occur each
day in the United States, equating to 1 sprain per 10 000
people.1 As many as 33% to 42% of these injuries result in
chronic ankle instability (CAI).2,3 In the literature, CAI has
been defined as the tendency of the ankle to ‘‘give way’’
during normal activity and can occur in the absence of
mechanical instability.4–6 One explanation for this tendency
is that damage to the peripheral mechanoreceptors that
provide proprioceptive input results in altered efferent
modulation. Together, the changes in afferent input and

efferent output are recognized as altered neuromuscular
control (NMC). When specifically considering the role of
NMC in facilitating joint stability, NMC has been defined
as ‘‘the unconscious activation of dynamic restraints
occurring in preparation for and in response to joint motion
and loading.’’7 Ultimately, altered NMC is thought to result
in functional ankle instability.3,4,8 Even after the injury has
healed, mechanoreceptors may not function properly,
resulting in NMC deficits that can lead to CAI.3,8

In addition to damage at the level of the receptors,
changes in central nervous system processing and integra-
tion also may contribute to CAI.9,10 Evidence has suggested
that when an injury occurs, this central mechanism for
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NMC is disrupted.9–12 Reports of bilateral postural-control
deficits after acute LAS have provided further evidence that
central pathways are affected by injury.9,10,13 In addition,
researchers10,14–16 have found bilateral improvements in
NMC and postural stability after rehabilitation of acute
LAS and CAI. This suggests that NMC is not controlled
solely by peripheral mechanoreceptors and that deficits
after LAS may be partly due to adaptations in the central
pathways. Whereas investigators10,14–16 have shown a
carryover effect after training the involved lower extremity,
no one has examined whether training the stable ankle
results in improvements to the unstable ankle.

Given these reports of bilateral deficits after unilateral
injury and improvements in NMC and postural stability in
the stable ankle after training only the unstable ankle, it is
conceivable that training the stable ankle in individuals
with CAI would result in improvements of the unstable
ankle. This is meaningful because clinicians may be able to
begin neuromuscular retraining earlier and the athlete may
be able to return to sport participation better prepared
without increasing the time missed. After an acute LAS,
many athletes return to sport participation within 15 days17

despite postural-control deficits being measured up to 21
days after injury9 and many reporting pain and functional
deficits 6 months later.17 Researchers18 also have recom-
mended that NMC training should not begin immediately
because of pain and weight-bearing restrictions. Therefore,
the amount of time spent restoring NMC before return to
sport participation is minimal, likely resulting in athletes
returning with residual dysfunction and increased risk for
reinjury. By beginning NMC retraining sooner, it is
plausible that athletes may return to sport participation
with less dysfunction and more prepared for the functional
demands of sport. Therefore, the purpose of our study was
to explore the effects of a 4-week, unilateral balance-
training program on bilateral lower extremity balance and
function in individuals with CAI. Our hypothesis was that
bilateral improvements would occur after training of the
stable ankle.

METHODS

Participants

Thirty-four people (8 men, 26 women; age ¼ 24.32 6
4.95 years, height ¼ 167.01 6 9.45 cm, mass ¼ 77.54 6
23.76 kg) with a history of CAI volunteered for this study
by responding to a campus-wide e-mail invitation. The first
17 volunteers formed the rehabilitation group, and the
second 17 composed the control group. Of the 34
volunteers for whom we collected data at baseline, 13
reported bilateral CAI. Seven volunteers (4 rehabilitation
group, 3 control group) did not return for posttesting
because of schedule conflicts. Of those 7 volunteers, 4 had
bilateral CAI. No participant withdrew from the study
because of adverse effects of the treatment program. Thus,
complete data were available for 27 participants (13
rehabilitation group, 14 control group). All participants
provided written informed consent, and the study was
approved by the Institutional Review Board at Shenandoah
University.

To establish eligibility for participation, we modified a
questionnaire from Kaminski et al19 and administered it to

each volunteer to confirm the presence of CAI. Although
psychometric data for this questionnaire have not been
published, it has been used in several studies.20–22

Currently, no diagnostic criteria for CAI are universally
accepted and evidence based. We included volunteers if
they reported a history of more than 1 ankle sprain, had not
sustained an ankle sprain in the 6 months before the study,
were between the ages of 13 and 35 years, reported a
feeling of the ankle giving way, and attributed this
instability to previous ankle sprains. We excluded volun-
teers if they reported a history of ankle fracture, anterior
cruciate ligament injury, or balance or vestibular disorder
or were undergoing any type of physical rehabilitation for
the lower extremity at the time of the study.

Testing Procedures

At baseline testing, we administered the Foot and Ankle
Disability Index (FADI), FADI Sport (FADI-S), Star
Excursion Balance Test (SEBT), and Balance Error Scoring
System (BESS) to the rehabilitation and control groups for
both the unstable and stable ankles. We defined the
unstable ankle as the ankle the participant reported as
giving way and the stable ankle as the ankle the participant
reported as more steady. If the participant had bilateral
CAI, a stable ankle was assigned manually in a systematic
random fashion. We counterbalanced the order of tests and
test items (SEBT reach directions, BESS test conditions) to
prevent order from affecting the data. Participants from
both groups returned for follow-up testing, which was
identical to the baseline testing, 4 weeks later.

The FADI and FADI-S. The FADI assesses activities of
daily living related to ankle function, and the FADI-S
evaluates sport-specific tasks. The items for both tests are
scored on a Likert scale from 0 (unable to do) to 4 (no
difficulty at all), and the total score for each test is
converted into a percentage, with 100% indicating no
dysfunction. The FADI consists of 26 items with a total
possible score of 104 points, and the FADI-S consists of 8
items with a total possible score of 32 points. Both tests
have moderate to good intersession reliability (intraclass
correlation coefficient [ICC] ¼ 0.84–0.93), are sensitive to
differences between individuals with and without CAI, and
are responsive to improvements after rehabilitation.20

The SEBT. The SEBT evaluates dynamic balance with a
series of unilateral balance tests in which the participant is
instructed to stand on 1 lower extremity while reaching a
maximal distance with the other lower extremity.23 This
test originally was designed to assess reach in 8 directions.
The SEBT has moderate to good intratester reliability (ICC
¼ 0.78–0.96),23 identifies reach deficits between ankles in
individuals with CAI, identifies reach differences between
individuals with and without CAI,22,24 and responds to
improvements after rehabilitation.21

Researchers22 have shown redundancy in the 8 directions
originally described in the SEBT. To avoid this redundancy,
we used a modified version of the SEBT with only 3
directions (anterior, posterolateral [PL], and posteromedial
[PM]). We chose the anterior direction for its simplicity in
familiarizing the participants with the test. We selected the
PL and PM directions because they have been shown to
respond to improvements after rehabilitation.21 The PM
direction is also the most predictive of performance in all
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directions.22 For the anterior reach, the participant started
with the great toe of the stance foot positioned just behind a
line demarcating the center of the grid. For the PM and PL
directions, the heels were placed just in front of the line
demarcating the center of the grid. We instructed the
participants to place hands on hips for the duration of each
trial. From the start position, he or she assumed single-limb
stance and reached with the opposite leg as far as possible in
each of the 3 directions. At the end of each reach, the
participant tapped the great toe of the reaching limb to the
tape and then immediately returned to the start position. To
minimize a learning effect, 6 practice trials were afforded in
each direction.23 After the practice trials, the participant
completed 3 measured trials. The mean of the 3 measured
trials was normalized to the participant’s height, as described
by Gribble and Hertel,25 and recorded for analysis.

The BESS. The BESS was designed to evaluate static
balance by measuring the ability of the participant to
maintain the test position for 20 seconds with the eyes
closed under 6 conditions: bipedal stance, single-limb
stance, and tandem stance performed on both firm and foam
surfaces. The BESS has fair to good intratester reliability in
healthy athletes (ICC ¼ 0.87–0.98)26,27 and has been
reported to detect differences between individuals with
and without CAI.28

The participants performed conditions requiring a firm
surface on a tile floor and those conditions requiring a foam
surface on a piece of 19.5-in (49.5-cm)-long 3 16-in (40.6-
cm)-wide 3 2.5-in (6.4-cm)-high medium-density foam for
double- and single-limb activities and on a 62-in (157.5-cm)-
long 3 8-in (20.3-cm)-wide 3 2.5-in (6.4-cm)-high medium-
density foam balance beam for tandem-stance activities. We
instructed the participants to remain in the test position for 20
seconds with their hands on their iliac crests, heads up, and
eyes closed. An error was recorded each time participants
engaged in any of the following: (1) lifting hands off the iliac
crests; (2) opening their eyes; (3) stepping, stumbling, or
falling; (4) moving the hip more than 308 in any direction; (5)
lifting any part of the heel; or (6) remaining out of the
position for more than 5 seconds. If participants committed 2
errors simultaneously, only 1 error was recorded.

Training Protocol

The rehabilitation group participated in the training
protocol twice per week for 4 weeks, and the control group
was instructed to continue their normal activities. Each
training session lasted about 30 minutes. The training
protocol consisted of supervised exercise with a focus on
restoring static and dynamic postural control (Figure 1).
The exercises were selected to reflect common exercises
used in clinical practice and exercises previously reported
in similar intervention studies.15,16,19,21,29–31 The exercise
program of each participant was progressed based on his or
her performance during the training sessions. To ensure
consistency among participants, we developed specific
criteria for progression (Figure 1). During the treatment
session, participants performed the exercises with only the
stable ankle.

Statistical Analysis

We used independent t tests to compare the rehabilitation
and control groups at baseline on the BESS bipedal

conditions. To compare the rehabilitation and control
groups and the stable and unstable ankles at baseline on
all other tests, we calculated separate 2 3 2 repeated-
measures analyses of variance for each dependent variable.
The between-subjects factor was group (rehabilitation,
control), and the within-subject factor was ankle (stable,
unstable). When examining side-to-side differences at
baseline, we analyzed data only from participants with
unilateral instability. To examine the effects of the training
program, we calculated separate 2 3 2 3 2 repeated-
measures analyses of variance for each dependent variable.
The between-subjects factor was group (rehabilitation,
control), and the within-subject factors were ankle (stable,
unstable) and time (pretest, posttest). When we found an
interaction, we performed post hoc testing using paired and
independent t tests with Bonferroni correction to determine
where the within-groups and between-groups differences,
respectively, occurred. We also calculated effect sizes
(ESs) as the difference between means divided by the SD
for all findings that were different. The absolute values for
all ESs are reported. The SD for the pretreatment mean was
used when calculating the ES between sessions. The SD for
the control group or control ankle was used when
calculating the ES between groups or ankles, respectively.
We used SPSS (version 15.0 for Windows; SPSS, Inc,
Chicago, IL) to calculate descriptive and inferential
statistics and set the a level for all analyses a priori at .05.

RESULTS

Between-Groups and Within-Groups Comparisons at
Baseline

We found no differences between groups at baseline for
any outcome measure. However, we did identify a main
effect for side for the FADI (F1,19¼ 24.49, P , .001, ES¼
1.01), FADI-S (F1,19¼ 44.83, P , .001, ES¼ 1.40), SEBT
anterior (F1,19 ¼ 6.82, P ¼ .02, ES¼ 0.27), and SEBT PM
(F1,19 ¼ 9.90, P ¼ .005, ES ¼ 0.36) at baseline (Table).
When we combined the groups, participants performed
better on the stable ankle than on the unstable ankle for
each of these measures. We found no other differences
between the stable and unstable ankles. No participant in
either the rehabilitation or control group had any errors for
the bipedal firm-surface condition on the BESS; therefore,
we did not perform any analyses using these data.

Between-Groups and Within-Groups Comparisons
Across Time

The FADI and FADI-S. We identified a time-by-group
interaction (F1,24 ¼ 6.377, P ¼ .02) for FADI-S scores.
When we combined data for both ankles, participants in the
rehabilitation group reported an improvement in function at
posttest (t25¼ 4.33, P , .001, ES ¼ 0.72, 95% confidence
interval [CI] of difference ¼ 6.32, 17.16), and participants
in the control group reported no change in function (t26 ¼
1.59, P ¼ .12, ES ¼ 0.17, 95% CI of difference ¼�5.68,
7.20; Figure 2A).

Analysis of the FADI and FADI-S scores also revealed a
side-by-time interaction for FADI (F1,25 ¼ 11.611, P ¼
.002) and FADI-S (F1,24¼ 18.666, P , .001). Participants
reported no changes in the stable ankle for either the FADI
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(t26 ¼ 1.20, P ¼ .24, ES ¼ 0.16, 95% CI of difference ¼
�2.11, 0.55) or the FADI-S (t25¼1.723, P¼ .10, ES¼ 0.24,
95% CI of difference ¼ �6.42, 0.57), whereas they did
report improvements for the unstable ankle on the FADI
(t26¼ 3.278, P ¼ .003, ES ¼ 0.52, 95% CI of difference ¼
1.58, 6.87) and the FADI-S (t26 ¼ 4.163, P , .001, ES ¼
0.81, 95% CI of difference ¼ 5.70, 16.82) when we
combined groups (Figure 2B and C).

The SEBT. We identified a time-by-group interaction for
the SEBT reach in all 3 directions: anterior (F1,25¼ 12.430,

P ¼ .002), PM (F1,25 ¼ 4.461, P ¼ .045), and PL (F1,25 ¼
6.840, P ¼ .02). The rehabilitation group reached farther
over time in the anterior (t25¼ 4.72, P , .001, ES¼ 0.98,
95% CI of difference¼ 1.62, 4.12) and PM (t25¼ 3.92, P¼
.001, ES ¼ 0.67, 95% CI of difference ¼ 2.10, 6.73)
directions, whereas the control group demonstrated no
change over time in the anterior (t27¼ 1.99, P¼ .057, ES¼
0.21, 95% CI of difference¼�0.04, 2.37) or PM (t27¼1.30,
P ¼ .21, ES ¼ 0.19, 95% CI of difference ¼�2.38, 0.54)
directions when we combined the data for both ankles.

Figure 1. Training protocol. a Exertools, Petaluma, CA. b The Hygenic Corporation, Akron, OH.
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When reaching in the PL direction, both the rehabilitation
(t25 ¼ 4.67, P , .001, ES ¼ 1.24, 95% CI of difference ¼
3.28, 8.43) and control (t27 ¼ 3.84, P ¼ .001, ES ¼ 0.38,
95% CI of difference ¼ �2.91, �0.89) groups reached
farther over time when we combined the data for both
ankles, but the rehabilitation group demonstrated greater
improvements than the control group (Figure 3A through
C).

For reach distance in the PM direction, we noted a main
effect for side. When we combined data for both groups at
both times, participants reached farther in the PM direction
when standing on the stable ankle than on the unstable
ankle (F1,25 ¼ 5.081, P ¼ .03, ES ¼ 0.19).

The BESS. For the BESS tandem-stance foam condition,
we discovered a side-by-group interaction (F1,25¼ 4.363, P
¼ .047). When we combined data for both testing sessions,
the control group committed more errors with the unstable
ankle in front than did the rehabilitation group (t59¼2.73, P
¼ .008, ES ¼ 0.77, 95% CI of difference ¼�3.09, �0.47),
whereas we found no difference between groups when the
stable ankle was in front (t59 ¼ 0.67, P ¼ .51, ES ¼ 0.15,
95% CI of difference ¼ �1.66, 0.83; Figure 4). We also
noted a main effect for time for performance under the
tandem-stance foam-surface condition. Participants
performed better at posttest when we combined data for
both groups and both ankles (F1,25¼ 9.272, P¼ .005, ES¼
0.50). For the single-limb–stance foam-surface condition,
we identified a main effect for side (F1,25¼ 6.310, P¼ .02,
ES ¼ 0.33). Participants committed a greater number of

errors on their unstable ankles than on their stable ankles
when we combined data for both groups at both times.

DISCUSSION

We examined the efficacy of a 4-week, unilateral
balance-training program on bilateral lower extremity
balance and function in individuals with CAI. Overall,
the data supported our hypothesis. For the FADI-S and
SEBT anterior, PM, and PL, participants in the rehabilita-
tion group performed better over time, and this was not
dependent on ankle. Participants in the control group did
not show any change over time for the FADI-S or SEBT
anterior or PM. For the SEBT PL, participants in the control
group improved, but the improvement was greater among
the participants in the rehabilitation group. These findings
suggest that the unstable ankle improved even though
participants performed rehabilitation on the stable ankle
only.

Although randomization of our groups would strengthen
these findings, the lack of between-groups differences at
baseline provides some support for the validity of our
findings. Scores for the FADI, FADI-S, and SEBT anterior
and PM for all participants with unilateral CAI were greater
for the stable ankle, indicating better postural stability and
function and suggesting these measures are sensitive to
deficits related to CAI. When we applied these baseline
analyses to the results of the pretest-posttest analysis, we
included only participants with unilateral instability in the

Figure 1. Continued from previous page.
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baseline analysis. Thus, it is possible that the subset was
slightly different from that analyzed at posttest. In addition,
approximately 20% of our participants did not complete the
study. Whereas this threatens the validity of our findings,
the withdrawal rate between groups was similar, and none
of the participants withdrew because of adverse effects of
the study. This helps support the validity of our findings.

Several possible explanations exist for the bilateral
improvements measured in our study. Changes in the
central pathways of the central nervous system likely
underlie the bilateral improvements observed. Research-
ers9,10 have suggested that alterations may occur at the
spinal or supraspinal level after injury. These centrally
mediated changes, in turn, may result in bilateral postural-
control deficits as reported after acute ankle sprain.9 With
proper rehabilitation, neuromuscular reeducation possibly
can alter and enhance the central processing of afferent
somatosensory information and the efferent response to the
input. Several authors14–16 have reported bilateral improve-
ments in NMC and function in individuals with CAI after
unilateral training. It is unlikely that the improvements
measured in our study are due to participants training the
unstable ankle independently, as they denied performing
training outside of the supervised sessions. Given that the
control group demonstrated few improvements and our
outcome measures have been reported to be stable across
time in individuals with CAI,20,23,25 neither natural healing
nor a learning effect explains the improvements we
measured.

Although researchers14–16 have reported bilateral im-
provements after unilateral training, we are the first to
demonstrate that training the stable ankle may result in
improvements to the unstable ankle. Before this study,
researchers had reported improvements to only the stable
ankle. Given the likely disruption of local mechanorecep-

tors, ligamentous structures, and possibly dynamic stabi-
lizers in the affected ankle, it was not clear if the unstable
ankle would demonstrate the same improvement that has
been reported in the stable ankle. One also may have
expected the patients’ levels of confidence and anxiety to
limit performance on the unstable lower extremity if they
trained only the stable leg. We are the first to provide
preliminary evidence that training the stable ankle may
provide therapeutic benefit to the unstable ankle. In
addition, our findings support those of Rozzi et al16 that
changes in the central mechanism of NMC may be achieved
after only 4 weeks of rehabilitation.

Unexpectedly, scores on the FADI and FADI-S for the
unstable ankle improved across time, and this was not
dependent on whether the participant trained. We hypoth-
esize that the rehabilitation group had such a large
improvement in FADI and FADI-S scores for the unstable
ankle compared with the control group that even when
scores for both groups were combined, an improvement in
the unstable ankle still was observed. We do not expect,
however, that the improvements reported by the control
group would be clinically important, as they reflect only a
1.8-point change (1.33%) on the FADI and a 6.5-point
change (5.87%) on the FADI-S. In contrast, the rehabili-
tation group improved by 6.7 points on the FADI and 17.6
points on the FADI-S. Unfortunately, the minimal clinically
important differences (MCIDs) for the FADI and FADI-S
have not been established. However, the Foot and Ankle
Ability Measure, which has the same sport subscale as the
FADI and a very similar activities-of-daily-living subscale,
is reported to have an MCID of 8 points for the activities-
of-daily-living subscale and an MCID of 9 points for the
sport subscale when used among those with musculoskel-
etal conditions of the leg, ankle, or foot.32 The MCIDs for
the FADI and FADI-S likely would be similar to those for

Table. Between-Groups and Within-Groups Comparisons at Baseline

Measure Ankle

Chronic Ankle Instability Group, Mean 6 SD

Rehabilitation (n ¼ 12) Control (n ¼ 9) Total (n ¼ 21)

Foot and Ankle Disability Index Unstable 87.92 6 10.49 88.67 6 8.79 88.24 6 9.57

Stable 96.67 6 4.29 99.56 6 1.33 97.90 6 3.60a

Foot and Ankle Disability Index Sport Unstable 71.00 6 20.64 69.56 6 12.61 70.38 6 17.27

Stable 92.42 6 9.80 97.56 6 5.46 94.62 6 8.46a

Star Excursion Balance Testb

Anterior reach Unstable 36.17 6 2.24 38.41 6 6.53 37.13 6 4.60

Stable 37.37 6 3.18 39.75 6 6.38 38.39 6 4.82a

Posteromedial reach Unstable 41.50 6 3.94 42.79 6 5.09 42.05 6 4.40

Stable 42.45 6 5.72 45.21 6 4.07 43.63 6 5.15a

Posterolateral reach Unstable 36.65 6 4.66 41.33 6 5.05 38.66 6 5.27

Stable 38.33 6 4.53 41.30 6 3.98 39.60 6 4.46

Balance Error Scoring System

Bipedal stance, firm surface Bipedal 0.00 6 0.00 0.00 6 0.00 0.00 6 0.00

Single-limb stance, firm surface Unstable 4.08 6 3.06 3.78 6 2.82 3.95 6 2.89

Stable 2.83 6 2.08 2.44 6 2.40 2.67 6 2.18

Tandem stance, firm surface Unstable 0.83 6 1.11 1.78 6 2.54 1.24 6 1.87

Stable 2.17 6 4.51 0.78 6 0.97 1.57 6 3.47

Bipedal stance, foam surface Bipedal 0.17 6 0.58 0.33 6 0.71 0.15 6 0.50

Single-limb stance, foam surface Unstable 8.67 6 4.23 8.44 6 3.28 8.57 6 3.76

Stable 8.08 6 3.34 7.33 6 3.64 7.76 6 3.40

Tandem, foam surface Unstable 3.42 6 3.20 6.44 6 1.94 4.71 6 3.08

Stable 3.67 6 2.10 4.11 6 3.33 3.86 6 2.63

a Indicates difference compared with the unstable ankle when all participants with unilateral chronic ankle instability were pooled together (P
, .05).

b Reported as a percentage of height.
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Figure 2. A, Interactive effect between time and group on Foot and Ankle Disability Index Sport scores (mean 6 SE). a Indicates the Foot
and Ankle Disability Index Sport scores differed between pretest and posttest (P , .05). B, Interactive effect between side and time on Foot
and Ankle Disability Index scores (mean 6 SE). a Indicates the Foot and Ankle Disability Index scores differed between pretest and
posttest (P , .05). C, Interactive effect between side and time on Foot and Ankle Disability Index Sport scores (mean 6 SE). a Indicates the
Foot and Ankle Disability Index Sport scores differed between pretest and posttest (P , .05).
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Figure 3. A, Interactive effect between time and group on Star Excursion Balance Test (SEBT) anterior reach distances (mean 6 SE). a

Indicates the SEBT anterior reach distances differed between pretest and posttest (P , .05). B, Interactive effect between time and group
on SEBT posteromedial reach distances (mean 6 SE). a Indicates the SEBT posteromedial reach distances differed between pretest and
posttest (P , .05). C, Interactive effect between time and group on SEBT posterolateral reach distances (mean 6 SE). a Indicates the SEBT
posterolateral reach distances differed between pretest and posttest (P , .05).
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the Foot and Ankle Ability Measure. Whereas the reported
improvement over time possibly was due to a natural course
of healing, this is unlikely based on a study20 in which the
authors reported the FADI and FADI-S were reliable over 4
weeks in participants with CAI.

Overall, the performance of our participants on the BESS
did not reflect a therapeutic benefit of the NMC training
program. We identified improvements in performance only
when data from the tandem stance on a foam surface for
both groups and both ankles were combined. Use of the
BESS as a measurement tool in our study had several
limitations. Although Docherty et al28 found the BESS was
sensitive in detecting differences between the stable and
unstable ankles in individuals with CAI, this tool was not
effective in detecting differences between ankles at baseline
in our study. Given that individuals with CAI typically
report the ankle giving way during functional tasks,
measures of dynamic balance may be more appropriate.
The reliability of the BESS when used among those with
CAI also must be considered. It has been shown to be fair to
good in individuals without CAI26,27 but has not been
established in participants with CAI. Finally, the respon-
siveness of the BESS has not been investigated in this
population. Our results involving this tool, therefore, should
be interpreted with caution.

Whereas our data suggested the presence of a carryover
effect to the unstable ankle after training the stable ankle,
additional research is needed. Investigators need to identify
the optimal treatment guidelines to accelerate return to
play, maximize function, and reduce the risk for reinjury.
Examining the literature to identify the ideal treatment
guidelines is difficult because great variability exists in the
methods used. Our results and the work of others21,33–35

suggest that improvements in balance do occur after only 4
weeks of training. When we compared our results with
those of investigators using the same outcome measures in
individuals who have completed a 6-week intervention

program, it is unclear if a longer intervention period will
have superior results. In a case report, O’Driscoll et al36

reported larger ESs for SEBT reaches after training than we
measured in our study. However, our ESs were similar to
those reported by Sefton et al.37 Yet given other variations
in the methods and results of these studies, it is difficult to
make a direct comparison. An ideal number of treatment
sessions is also difficult to identify because of variations in
other treatment guidelines and outcome measures and
inconsistent evidence of a dose response. McKeon et al35

performed a study similar to ours in which they examined
the effects of balance training on the FADI and SEBT
scores. Their participants completed 12 sessions over 4
weeks, whereas our participants completed only 8 sessions.
The ESs for the FADI and FADI-S were greater in their
study35 than in our study. However, ESs for the SEBT were
greater in our study than in their study.35 These compar-
isons make it difficult to identify the most appropriate
number of treatment sessions.

Future research involving a more diverse patient
population also will help to validate and generalize our
findings. Specifically, investigators need to study individ-
uals with acute LAS; with and without mechanical
instability, because we did not assess mechanical instability
in our patient population; with unilateral and bilateral
instability; in younger and older age groups; and with
different baseline activity levels. In keeping with the
recommendations of Hiller et al,38 studying these popula-
tions separately in a series of studies may be best to
maintain homogeneous groups and allow for clearer
interpretation of the results. This will help clinicians to
identify which subgroups likely will respond to various
treatment approaches and to best apply the evidence to their
clinical practices.

Despite the potential limitations we described, our data
suggested the presence of a carryover effect to the unstable
ankle after training the stable ankle. We did not see this in

Figure 4. Interactive effect between side and group on Balance Error Scoring System scores (mean 6 SE). a Indicates the Balance Error
Scoring System scores differed between groups (P , .05).
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all dependent measures, which may be explained by the
limitations outlined. This effect may have important
clinical implications for the management of CAI, acute
LAS, and other lower extremity injuries. By training the
stable or uninvolved ankle, clinicians can begin NMC
retraining before permitting individuals to bear weight on
the involved or unstable ankle, before individuals complete
the acute stage of healing, or despite other precautions or
contraindications to exercise due to their injuries. Athletes
with more chronic injuries may be able to perform NMC
and functional retraining at higher levels than otherwise
would be possible by initiating these protocols on the stable
ankle. It is plausible that initiating these activities on the
stable ankle will result in earlier improvements in postural
control and function in the unstable ankle. Ultimately, the
results may be shorter rehabilitation times, earlier return to
sport participation or work, and decreased health care costs.
This practice also may provide psychosocial benefits by
enabling patients to participate in functional retraining
earlier, thus promoting a continued connection with
activities that motivate the patient.

In conclusion, we recommend that clinicians incorporate
rehabilitation of the stable ankle as a part of the overall
rehabilitation plan in patients with CAI. Our data provided
preliminary evidence to suggest that this may result in
carryover of gains in postural control and function to the
unstable ankle.
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