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Context: The effects of prophylactic ankle braces on lower
extremity functional performance in healthy participants have
not been studied extensively.

Objective: To determine if prophylactic ankle braces affected
multidirectional reach distances during a test of dynamic balance.

Design: Crossover.
Setting: Laboratory.
Patients or Other Participants: Thirty-six healthy, physical-

ly active volunteers (18 men, 18 women; age 5 23.6 6
2.7 years, height 5 173.8 6 9.3 cm, mass 5 74.4 6 12.7 kg,
reach-leg length 5 91.9 6 5.1 cm).

Intervention(s): Volunteers performed balance testing in 3
conditions: unbraced, while wearing a semirigid ankle brace,
and while wearing a lace-up ankle brace.

Main Outcome Measure(s): We used the Star Excursion
Balance Test, calculating the mean of 3 attempts in 8 directions

(anterior, anterior-medial, medial, posterior-medial, posterior,
posterior-lateral, lateral, and anterior-lateral), normalized by the
participant’s reach-leg length. Data were collected after 6
practice attempts for each of the conditions according to a
balanced Latin square.

Results: Bracing condition had no effect (P . .05) on any of
the Star Excursion Balance Test directional measures. The
largest mean difference due to bracing was 2.5% between the
lace-up brace condition and the control in the posterior reach
direction. This indicates that the actual reach differences due to
bracing were less than 5.08 cm (2 inches) in length.

Conclusions: Clinicians can be confident that the prophy-
lactic use of ankle braces does not disrupt lower extremity
dynamic balance during a reaching task in healthy participants.

Key Words: single-limb stance, dynamic balance, postural
stability

Key Points

N Compared with no brace, semirigid and lace-up ankle braces had no effect on any Star Excursion Balance Test measures
in healthy volunteers.

N Clinicians can feel confident that the prophylactic use of ankle braces in healthy participants does not disrupt lower
extremity dynamic balance during a reaching task.

T
he ankle is often injured during sporting events.1 As
a result, many athletes and sports medicine person-
nel recommend the use of prophylactic ankle braces

to reduce the rate of injury, regardless of a previous history
of ankle injury.2,3 In addition to the prophylactic effects of
ankle braces, researchers have shown proprioceptive4–6 and
mechanical5,6 benefits. Prophylactic ankle braces, classified
as either lace-up or semirigid, limit ankle motions
associated with lateral ankle sprains (plantar flexion and
inversion).7 However, each classification of bracing limits
the motions differently and to various degrees.7 Semirigid
braces restrict more inversion range of motion (ROM),
whereas lace-up style ankle braces more effectively decrease
plantar-flexion and dorsiflexion ROM.7 Thus, functional
performance may be affected differently depending on the
style of brace worn, even in a healthy person.

The results of past research have not been consistent
regarding the effects of ankle bracing on performance.8–14

This lack of consensus may be due to the variety of
methods and measures used to assess brace efficacy.
Authors investigating whole-body performance tasks, such
as vertical jump height,9,10 sprint speed,9,10 agility drills,9,10

and 1-legged static balance tests,11,12 reported no effect of
bracing on such measures. However, other authors

indicated that bracing did affect 1-legged static balance13

and 2-legged drop landing measures.14 When an individual
uses an ankle brace during functional tasks, the body may
compensate mechanically by relying more on gross
movements elsewhere in the kinetic chain, such as at the
hip and knee, than on isolated movements of the ankle.
Other investigators may have attempted to identify bracing
effects on static single-limb variables in order to limit
mechanical compensation.8,11,12 By using static, single-limb
tasks to measure the effects of bracing, it is understandable
that postural control variables would be improved,8 not
affected,11,12 or negatively affected13 by ankle bracing.
However, information regarding the effects of ankle
bracing during single-limb, closed-chain, multiplanar tasks
remains limited.

Single-limb dynamic balance can be assessed in multiple
directions using the Star Excursion Balance Test
(SEBT).15,16 Participants assume a single-leg stance and
reach as far as possible in 8 directions, thereby challenging
their dynamic balance.17 Previous researchers and ankle
brace manufacturers identified restricted ROMs while
participants wore ankle braces.7,18 However, this factor
has not been assessed under dynamic balance conditions,
such as those induced by the SEBT. In the SEBT,
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contralateral-limb reach distances may be affected, espe-
cially in directions purportedly limited by the style of the
prophylactic ankle brace. For example, if plantar flexion
and dorsiflexion are limited by a lace-up style brace, reach
in the anterior and posterior SEBT directions may be
limited. Similarly, if inversion and eversion are restricted
by a semirigid brace, we expect to see decreased perfor-
mance in the medial and lateral SEBT directions.
Therefore, our study had 2 purposes: (1) to determine if
bracing had an overall effect on SEBT reach distance, and
(2) to compare the effects of 2 ankle braces on SEBT reach
distance in healthy participants.

METHODS

Design

We used a crossover design with brace condition
(unbraced [UB], semirigid [SR], or lace-up [LU]) as the
independent variable. The dependent variables were the
mean SEBT reach distance of 3 attempts in each of the 8
directions (anterior [A], anterior-medial [AM], medial [M],
posterior-medial [PM], posterior [P], posterior-lateral [PL],
lateral [L], and anterior-lateral [AL]; Figure). Normaliza-
tion procedures were based on those of Gribble and
Hertel,17 who used the leg length (%LL) of the reach leg
(nondominant leg performing the reach in each direction).
All testing was performed in the laboratory setting.

Participants

Thirty-six physically active, healthy male and female
college-aged volunteers (18 men, 18 women; age 5 23.6 6
2.7 years, height 5 173.8 6 9.3 cm, mass 5 74.4 6 12.7 kg,
reach-leg length 5 91.9 6 5.1 cm, right-leg dominant 5 28,
left-leg dominant 5 8) consented to participate. Individuals

were excluded if they reported any (1) somatosensory
condition that could impair balance, (2) previous head
injury resulting in a loss of consciousness, (3) lower
extremity injury or feelings of ‘‘giving way’’ that resulted
in any time loss of physical activity from practice or
competition within the past year, (4) feelings of either ankle
giving way at the time of the study and unrelated to previous
injury, (5) flu-like or cold-like symptoms within the past
6 weeks, which could impair balance, or (6) pregnancy.
Lastly, volunteers were excluded if they were unable to
perform the SEBT during the practice session. This study
was approved by the university’s institutional review board.

Instruments

The SEBT is a multidirectional test designed to measure
dynamic balance. The SEBT grid, as shown in the Figure,
was constructed using 16 interlocking mats (61.0 cm 3
61.0 cm 3 1.27 cm) to form a 243.8 3 243.8-cm2 mat. Four
243.8 3 3.8-cm2 white lines were painted on the mats, with
each centimeter marked and every 5 cm labeled. The
directions were labeled in reference to the reach direction in
relation to the stance limb and consisted of A, AM, M,
PM, P, PL, L, and AL. Each direction was at a 456 angle to
the next direction. The SEBT testing procedures used were
the same as those previously reported.15–17,19–23 Reliability
for the SEBT has been determined, with intraclass
correlation coefficients ranging from .67 to .87.15 Intra-
tester values were established during pilot testing and post
hoc analyses for each direction in attempts 1 and 2 in each
brace condition for all 36 participants. All analyses were
based on procedures described by Portney and Watkins.24

The intratester values (intraclass correlation coefficients
3,1) calculated for each direction were as follows: A 5 .96,
AM 5 .95, M 5 .97, PM 5 .97, P 5 .98, PL 5 .97, L 5 .96,
and AL 5 .94.

Figure. Star Excursion Balance Test grid for left-leg dominant participants. (Posterior direction not shown.) Abbreviations: A, anterior;
AM, anterior-medial; M, medial; PM, posterior-medial; P, posterior; PL, posterior-lateral; L, lateral; AL, anterior-lateral.
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Procedures

Each volunteer reported to the laboratory dressed in
shorts, a T-shirt, and his or her own low-cut athletic shoes
for 1 session lasting approximately 45 minutes. The session
included screening, familiarization, and data collection.

Screening consisted of providing informed consent,
completing a health-history questionnaire, determining
the dominant leg, and measuring the nondominant-leg
length. Once inclusion criteria were met, the participant’s
dominant or stance leg was determined according to which
limb was used in at least 2 of the 3 following tests:
recovering balance after a posterior push, stepping up on a
box, and kicking a ball through a goal.25 The first test to
determine leg dominance involved perturbing the volunteer
in the anterior direction, applied midway between the
scapulae, with enough force to displace the center of
gravity and require the participant to step forward to
recover balance. The leg used to recover balance was
deemed dominant. The second test used a 20-cm step; the
leg that performed the step up was considered the
dominant leg. The third test involved kicking a ball
through a 1-m goal using a single kick while standing
10 m from the goal. The leg used to kick the ball was
determined to be dominant.

Because the nondominant leg was used as the reach limb
during data collection, its limb length was measured from
the anterior superior iliac spine to the center of the medial
malleolus of the ipsilateral leg. This measure (cm) was taken
while the participant lay supine on a treatment table. The leg
length was used to normalize the reach distances, so that
treatment effects could be compared among volunteers.17

Participants completed SEBT practice sessions before
data collection. One attempt included 1 reach in each of the
8 test directions. Six attempts were performed under each
brace condition, for a total of 18 practice attempts, to
reduce learning effects, as suggested by Hertel et al.19 Data
collection consisted of SEBT attempts for each brace
condition, for a total of 9 attempts. The order of braced
conditions was randomized according to a balanced Latin
square. Data collection occurred immediately after the
practice session in each brace condition to limit loss of any
learning effect gained from the practice attempts.

The lace-up brace (Ankle Stabilizer Orthosis; Medical
Specialties, Inc, Charlotte, NC) and semirigid brace (T2
Active Ankle; Active Ankle Systems, Jeffersonville, IN)
were sized and fitted according to manufacturer’s specifi-
cations before that condition’s practice session. The same
certified athletic trainer applied all braces for practice and
test attempts. The participants wore socks supplied by the
investigators for all practice and data collection SEBT
attempts. Volunteers wore their own athletic shoes; the
condition and amount of wear varied.

The participant began by standing on the dominant leg
at the center of the SEBT grid (Figure). The plantar aspect

of the first metatarsophalangeal joint (‘‘ball of the foot’’)
was positioned on the intersecting lines at the center of the
grid to maintain consistency in foot placement among
brace conditions. Using the reach leg and starting on the
ground from the center of the grid, the volunteer was
instructed to reach the maximal distance possible and
touch the line using the most distal part of the reach foot,
without supporting the body weight with the reach leg,
while maintaining the dominant leg in the center of the
grid. The reach leg was then immediately returned to the
start position. The next directional reach was performed,
without rest, until all 8 directions were completed for each
attempt. The order of the directional reaches was as
follows: A, AM, M, PM, P, PL, L, AL.16,17,19 Individuals
were encouraged to reach as far as possible but were not
provided feedback on their strategy or movement pattern
to complete the task. After a successful attempt, the
participant rested for approximately 15 seconds before the
next attempt19 or up to 5 minutes17 between bracing
conditions. During the time between bracing conditions,
the volunteer was fitted for the subsequent condition. Each
individual completed 27 attempts, including 6 practice
attempts and 3 data collection attempts for each of the 3
bracing conditions.

A mistrial was operationally defined if any of the
following occurred: (1) the participant placed more body
weight than a light touch on the reach leg to stop the body
from falling in that direction, (2) the reach leg came to rest
on the mat, (3) the stance leg’s ball of the foot moved from
the center of the grid, or (4) the reach leg could not be
returned to the center of the grid under control as
subjectively determined by the primary investigator.17

Data from mistrials were discarded and recollected.
Maximums of 6 mistrials during practice sessions and 2
mistrials during data collection were allowed. However, all
participants tested were able to perform the SEBT, and no
one was excluded from the study due to mistrials.

The primary investigator (L.H.) marked a dot on the
SEBT line to correspond with the touch of the reach foot in
each of the test directions. Reach distances were measured
at the completion of testing for each brace condition while
the volunteer was resting. Reach distances were measured
to the nearest 0.5 cm with a tape measure and recorded
from the center of the grid to the investigator’s dot mark
for each of the 8 directions. The dot marks were removed
from the SEBT mat after each brace condition, so the
individual was blinded to his or her previous performance.

Statistical Analysis

The mean of the 3 attempts in each direction was
calculated for each brace condition and normalized to
%LL. The computed %LL in each direction was used in
the analysis.

Table 1. Normalized Reach Scores (%LL) for Condition and Direction (Mean 6 SD)
a

Condition Anterior Anterior-Medial Medial Posterior-Medial Posterior Posterior-Lateral Lateral Anterior-Lateral

Unbraced 86.1 6 8.8 91.5 6 9.9 97.6 6 9.5 104.3 6 11.4 105.5 6 12.3 93.4 6 12.1 78.4 6 12.0 78.2 6 9.2

Lace-up brace 85.2 6 7.7 90.4 6 8.1 97.3 6 10.1 103.4 6 11.0 102.36 13.3 93.5 6 14.1 77.6 6 12.8 78.4 6 10.2

Semirigid brace 86.1 6 9.0 90.2 6 9.8 97.5 6 10.2 102.7 6 11.8 103.4 6 13.1 93.1 6 13.6 77.0 6 12.9 77.8 6 11.1

Abbreviation: %LL, percentage of leg length.
a n 5 36, df 5 18. No main effect for brace condition was noted in any of the reach directions.
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We computed 8 separate 1-way (brace) analyses of
variance with repeated measures to assess the effect of
brace condition on SEBT direction (A, AM, M, PM, P, PL,
L, AL) scores using Number Cruncher Statistical Software
(version 2004; NCSS, Kaysville, UT). The a level was set a
priori at .05.

RESULTS

Bracing condition had no effect on any of the SEBT
directional measures (P . .05; Table 1). To reduce the
chance of a type II error, we calculated 95% confidence
intervals using the Tukey-Kramer multiplier to compare
data with a 5%LL practical difference, which represents a
4.6-cm (,2-in) reach distance difference (Table 2). None of
the confidence intervals exceeded the 5% practical differ-
ence.

DISCUSSION

We investigated the effect of 2 common styles of ankle
braces on the ability to reach with the opposite limb in 8
directions and found that neither brace diminished
dynamic balance compared with the control condition.
Although previous researchers7 found that prophylactic
ankle braces restricted motion, these restrictions did not
affect dynamic balance in our study. Our results are in
agreement those of previous authors,9,10,12,14,26 who
demonstrated that ankle bracing did not reduce functional
performance.

We expected a difference among bracing conditions in
the SEBT directions due to previous findings5,7,18,27,28 of

restricted ROM with semirigid and lace-up ankle braces.
The semirigid brace restricted more frontal-plane ROM
than did the lace-up brace, whereas the lace-up brace
restricted more sagittal-plane ROM.7,18 We expected
differences among bracing conditions, because if ROM
was restricted with ankle brace use, then opposite-limb
reach distances also would decrease due to the motion
needed in the braced stance leg. Earlier studies of ROM
with ankle braces involved single-plane measures; ours
incorporated measures in multiple planes of movement.
The multidirectional nature of the SEBT and lack of
significant findings in our study may suggest that
performance on a dynamic balance task is maintained in
healthy individuals, regardless of whether a brace is worn.
Whether ankle ROM is limited by the brace, causing other
segments in the kinetic chain to compensate and achieve
necessary motion, is unknown.

Several groups9,10,14,26 have examined brace effectiveness
during functional testing. However, to our knowledge, no
one has examined the effect of prophylactic bracing on
healthy individuals during dynamic balancing tasks. We
believe it is important to examine dynamic balance to gain
insight into how ankle braces affect motion in specific
directions. Restricted motion in a single direction may
affect one’s performance or risk of injury and, therefore,
whether a brace should be used for prophylactic purposes
in a healthy athlete must be carefully considered. Our
results showed that reach distance was not affected by
either the semirigid or lace-up ankle brace in healthy
individuals. These findings support the continued use of
prophylactic ankle braces and provide evidence that
dynamic balance can be sustained, even while wearing
ankle braces that are claimed to limit ROM.

The trends of our data for reach directions were similar
to those of Gribble and Hertel17: SEBT reach distances
were greater in the posterior and medial directions and less
in the anterior and lateral directions. These findings may be
due to the ease of moving the reach leg in the posterior and
medial directions and the greater difficulty moving in the
anterior and lateral directions, while maintaining a stable
base of support on the dominant leg.

Limitations of our study should be considered. The
dynamic balance we tested is not the same as that involved
in more dynamic sporting activities, such as running or
jumping. Additionally, we did not attempt to study the
injury reduction rate of the brace. Thus, other factors such
as level of protection, cost, fit, and comfort should be of
more importance when selecting a prophylactic brace. It is
also possible that fatigue may have affected performance
on the SEBT attempts. Subjective reports of feeling tired
led us to further analyze our data to determine whether
fatigue was a factor. Separate analyses between attempts 1
and 3 of each bracing condition revealed no differences,
suggesting that subjective fatigue was not a factor on
performance.

In trying to differentiate between statistical and practical
significance, we chose a practical change of 5%LL, which is
approximately a 2-in (5.08-cm) reach difference. As in most
sporting events, a 2-in (5.08-cm) difference in reach can
mean a great deal. Because the largest difference was
2.5%LL, we can conclude assuredly that the bracing did
not influence the reach distance and, therefore, will not
influence a healthy athlete’s performance.

Table 2. Tukey-Kramer Simultaneous Confidence Intervals for the
Multiple Comparisons of the Braced and Unbraced
Conditions (%LL)a

Direction and

Bracing Condition

Mean

Difference

95% Confidence

Interval

Anterior

Semirigid 0.1 22.6 to 2.7

Lace-up 0.9 21.8 to 3.6

Anterior-medial

Semirigid 1.3 21.8 to 4.4

Lace-up 1.1 22.0 to 4.2

Medial

Semirigid 0.1 22.8 to 3.1

Lace-up 0.3 22.6 to 3.2

Posterior-medial

Semirigid 1.5 21.6 to 4.6

Lace-up 0.9 22.3 to 4.0

Posterior

Semirigid 2.1 21.1 to 5.3

Lace-up 2.5 20.7 to 5.7

Posterior-lateral

Semirigid 0.3 22.7 to 3.3

Lace-up 20.1 23.1 to 2.9

Lateral

Semirigid 1.4 21.7 to 4.5

Lace-up 0.8 22.3 to 3.9

Anterior-lateral

Semirigid 0.4 22.7 to 3.6

Lace-up 20.1 23.3 to 3.0

Abbreviation: %LL, percentage of leg length.
a n 5 36, df 5 70, coefficient of variation 5 3.4. Positive values indicate

reductions in reach distance due to the brace.
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CONCLUSIONS

Clinicians can be confident that the prophylactic use of
semirigid and lace-up style ankle braces does not disrupt the
ability to maintain dynamic balance in healthy individuals.
Athletic trainers and athletes should consider the role of
prophylactic ankle braces in preventing ankle sprains and be
certain that the ankle braces will not alter a healthy
individual’s ability to balance under dynamic conditions.
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