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Single leg balance test to identify risk of ankle
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Background: Ankle sprains are a common and potentially disabling injury. Successful prediction of
susceptibility to ankle sprain injury with a simple test could allow ankle sprain prevention protocols to be
initiated and help prevent disability in the athletic population.

Objective: To investigate the ability of the single leg balance (SLB) test, carried out at preseason physical
examination, to predict an ankle sprain during the autumn sports season.

Design: Prospective cohort study

Setting: High school varsity athletics and intercollegiate athletics.

Main outcome measure: Ankle sprains in athletes with positive SLB tests.

Results: The association between a positive SLB test and future ankle sprains was significant. Controlling
for confounding variables, the relative risk for an ankle sprain with a positive SLB test was 2.54 (95%
confidence inferval, 1.02 to 6.03). Athletes with a positive SLB test who did not tape their ankles had an
increased likelihood of developing ankle sprains. The relative risk for ankle sprain for a positive SLB test
and negative taping was 8.82 (1.07 to 72.70). A history of previous ankle injury was not associated with
future ankle sprains in this study. The « value for interrater reliability for the SLB test was 0.898 (p<<0.001).
Conclusions: An association was demonstrated between a positive SLB test and ankle sprain. In athletes
with a positive SLB test, not taping the ankle imposed an increased risk of sprain. The SLB test is a reliable
and valid test for predicting ankle sprains.

injury. The ankle is one of the most injured joints,

especially in American football, soccer, and volleyball.'™
Ankle sprain accounts for 12-20% of all sports injuries.”” It
causes 16% of all sports injury time loss.*

Disability from ankle sprains in athletes can be severe, with
40% of patients having dysfunction that persists for as long as
six months after the injury.” This dysfunction includes a
reduction in proprioception after acute ankle sprains.”” In
addition, athletes with multiple ankle sprains have significantly
decreased kinaesthetic awareness and proprioception.'' '* This
loss in proprioception is a potential risk factor for re-injury.”

Stabilometry is a reliable and non-invasive technique
developed to assess equilibrium disturbances. It records body
sway with pressure sensors set at the vertex of regular triangle
plates. Numerous studies have used stabilometry equipment to
record differences between injured and uninjured ankles, as
well as changes after injury in postural sway and propriocep-
tion.* ' '* Athletes with higher stabilometry scores have been
shown to be at increased risk of sustaining an ankle injury.” '

Stabilometry equipment is expensive and not readily
available for preparticipation examination (PPE) screening
of athletes. A screening tool available at a low cost and able to
predict ankle sprains would be very useful. The single leg
balance test (SLB test), described as early as 1965, may be
such a tool, as it can be carried out inexpensively and with
limited training."”

The goals of this prospective cohort study of male and
female high school and college athletes were to determine
whether the SLB test can predict future ankle sprains,
whether a history of previous ankle sprain is a predictor of re-
injury of the ankle, and whether the interobserver reliability
of the SLB test is satisfactory.

To our knowledge, this is the first attempt to measure
postural sway using the SLB test in asymptomatic athletes
and to correlate these findings with frequency of ankle
injury. Successfully predicting susceptibility to ankle sprain
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injury in athletes with this simple test could allow specific
training prevention protocols to be initiated. This could
prevent disability and decrease health care costs in the
athlete population.

METHODS

Participants

In the autumn season, all athletes in men’s American football,
men’s and women’s soccer, and women’s volleyball were
invited to participate from one high school and three local
colleges. Athletes were enrolled prospectively during the PPE,
when the primary investigator was available. From this
convenience sample, 230 male and female athletes were
screened at the end of their PPE using the SLB test. The
primary investigator was a clinician who evaluated all athletes’
SLB tests and was blinded to the PPE results. Athletes were
excluded from the study if they were not cleared for athletics
without restriction during the PPE for any reason, if they had
any previous ankle fracture, or if they had an ankle sprain
within the previous six weeks. No athlete wore ankle braces
during the study. Participants with a history of ankle taping
were requested to continue to tape. The participants were
followed for 14 weeks until the completion of the fall season.

Testing

The primary investigator was blinded to the athlete’s previous
ankle injury status. The SLB test was defined as standing on
one foot without shoes with the contralateral knee bent and
not touching the weight bearing leg; the hips were level to
the ground; the eyes open and fixed on a spot marked on the
wall; and then the eyes are closed for 10 seconds. The athlete
reports any sense of imbalance. The investigator notes if the
athlete’s legs touched each other, the feet moved on the floor,
the foot touches down, or the arms moved from their start
Abbreviations: ATC, certified athletics trainer; PPE, preparticipation
examination; SLB, single leg balance
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Table 1 Demographic characteristics of the study population
Sex Female 80 (34.8%)
Sport Football 100 (43.5%)
Women'’s soccer 54 (23.5%)
Men’s soccer 50 (21.7%)
Volleyball 26 (11.3%)
Age (years) Mean (SD) 18.4 (2.2%)
Range 14 to 21
Question 1 Do you tape your ankle(s)? Number answering yes 125 (54.3%)
Question 2 Have you had an ankle sprain in the last two years? Number
answering yes 106 (46.1%)
Question 3 If you had more than one ankle sprain, how many? Number with
more than one sprain 68 (29.8%)
Question 4 When you had your last ankle sprain, what did you do for
treatment? Number who went to ATC (% of 106) 44 (41.5%)
Question 5 If you had an ankle sprain did you do balance retraining?
Number answering yes (% of 106) 34 (32.1%)
Values are n (%) unless stated otherwise.
ATC, certified athletics trainer.

position.'® If the athlete had a positive test (failed to remain
balanced or described a sense of imbalance) during the first
trial, a second trial was carried out, with the results of the
second trial counting (positive or negative) for analysis. Both
legs were tested. An SLB test was considered positive if the
athlete was unable to carry out the test on either or both legs.

Informed consent
Consent for participation was obtained from the athletes or
from the parents of athletes under 18 years of age.

Questionnaire
A questionnaire, which included baseline information on age,
sex, school, and five screening questions, was distributed
during the PPE.

The five questions were:

Question 1: Do you tape your ankle(s)?

Question 2: Have you had an ankle sprain in the last two
years?

Question 3: If you had more than one ankle sprain, how
many?

Question 4: When you had your last ankle sprain, what did
you do for treatment?

Question 5: If you had an ankle sprain did you do balance
retraining?

Collection of results

Each school (one high school and three colleges) had a certified
athletics trainer (ATC) who was blinded to the SLB test score.
The ATC from each school reported the ankle sprains on
previously coded forms. For logistical reasons at each school, all
athletes who chose to be taped or who were injured were taped
more than 30 minutes before practice. The ATCs were requested

Table 2 Distribution of positive and negative single leg
balance test
Positive ~ Negative Ankle
Category SLB test  SLB test  sprains
Sex Female 42 38 12
Male 65 85 16
School High school 27 33 7
College 80 90 21
Sport Football 48 52 8
Men’s soccer 17 33 8
Women’s soccer 30 24 9
Volleyball (women) 12 14 3
SLB, single leg balance.

Table 3 Single leg balance test and ankle sprains

Ankle sprain
Yes No
Positive SLB test Yes 19 88
No 9 114

SLB, single leg balance.

to note any athlete with a negative answer to a history of taping
who requested ankle taping. An ankle sprain injury was defined
as trauma that disrupted the structures of the ankle and which
occurred during a team sponsored practice or competition
session, and caused the athlete to miss the rest of practice or
competition, or miss the next scheduled team practice or
competition. Ankle injuries were confirmed by examination by
the primary investigator. All ankle sprains were cared for
appropriately. Athletes with a sprain during the season were not
counted more than once in the study.

Reliability

An interrater reliability test was carried out on a separate
occasion on uninjured athletes not participating in the study.
Two people (the primary investigator and an ATC) simulta-
neously observed each athlete undertake the SLB test. The
athlete followed the previously outlined protocol for testing
except that two tests were done on both ankles. Each
examiner was blinded to the other’s results. The test was
scored positive or negative.

Statistical analysis

The analysis was done using SPSS v.11.5. We used the %> test or
Fischer’s exact test when the expected frequency was less than
5 in one square of the 2x2 y? test. The Mantel-Haenszel method
was used when controlling for confounding variables.

Power calculations for a f value of 0.2 and an a value of
0.05, with an estimated 18% sprain rate in a positive SLB test
and a 10% rate in a negative SLB test, produced a sample size
of 98 athletes needed in the positive and negative SLB test
groups. Interobserver variability in the interpretation of the
SLB test was computed using the k statistic including 95%
confidence intervals (CI).

RESULTS

During the course of the study, 28 ankle sprains were

reported in the 230 athletes. Demographic and study test

characteristics of the 230 athletes are listed in tables 1 and 2.
The association between a positive SLB test and ankle

sprains was significant (x>*=5.833, df=1, p=0.016)
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Per cent of athletes with future
ankle sprains
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Number of old ankle sprains

Figure 1 Previous injury and percentage with new sprains.

(table 3.) The relative risk (RR) for an ankle sprain with a
positive SLB test during the PPE was 2.43 (95% CI, 1.15 to
5.14.) Controlling for sex, sport, school, previous history of
ankle sprain, and taping, we found that the common odds
ratio was 2.54 (95% CI, 1.02 to 6.03) (p<0.05).

Two subgroups of the athletes with a positive SLB test had
notably higher relative risk of ankle sprains. The first subset was
athletes who did not tape their ankle and may or may not have
had a history of ankle sprains. Those with a positive SLB test
were found to be significantly more likely to develop ankle
sprains (Fischer’s exact test, x> = 6.124, df = 1, p = 0.023). The
relative risk for ankle sprain for a positive SLB test and negative
taping was 8.82 (95% CI, 1.07 to 72.70). The second subset was
athletes with no history of ankle sprains and who did not tape
their ankles. Those with a positive SLB test had an increased
relative risk of future ankle sprains (Fischer’s exact y* = 4.489,
df=1, p=0.03; RR = 7.18 (95% CI, 1.05 to 61.7)).

Athletes answering yes to the question “Have you had an
ankle sprain in the last two years?” (n = 106) did not show
an association with ankle sprains in the study (y*>=1.568,
df=1, p=0.21; RR=1.659 (95% CI, 0.75 to 3.68)). Athletes
having an ankle sprain in the last two years were much more
likely to have a positive SLB test (yx*=13.176, df=1,
p=0.00). The odds ratio for a positive SLB test with a
history of an ankle sprain compared with no history of an
ankle sprain was 2.66 (95% CI, 1.56 to 4.54). We found that
those athletes reporting two or more ankle sprains were more
likely to have a positive SLB test (y>=5.873,df =1, p=0.01).
The odds ratio for a positive SLB test if an athlete reported
two or more ankle sprains compared with those with fewer
than two ankle sprains was 2.026 (95% CI, 1.14 to 3.60).

We did not find a significant relation between questions 3,
4, and 5 and ankle sprains. Figure 1 shows number of old
ankle sprains with the percentage of new ankle sprains over
the study period; 26.4% of the athletes saw a doctor for their
last ankle sprain, 41.5% reported that they saw their trainer
for their last ankle sprain, and only 8.5% said they saw both a
doctor and a trainer for their last ankle sprain. Only 32.1% of
athletes remembered doing balance training for their last
ankle sprain. Neither question 4 nor question 5 showed a
significant association with a positive SLB test.

Interrater reliability for the SLB test was investigated in 10
athletes similar to our study group but not participating in the
study. The « statistic was 0.898 (SE =0.07, T score = 5.709,
p<<0.01). Table 4 shows the agreement between testers.

DISCUSSION

In this cohort study of high school and college age athletes
over one autumn season, we were able to demonstrate
prospectively an association between ankle sprains and a
positive SLB test (common odds ratio = 2.54 (95% CI, 1.02 to
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Table 4 Interrater reliability testing

Tester 1
Positive Negative
SLB test  SLB test  Total
Tester 2 Positive SLB test 16 1 17
Negative SLB test 1 22 23
Total 17 23 40

SLB, single leg balance.

6.03)). Our finding is in agreement with that of three other
investigations. Tropp ef al studied male soccer players
prospectively and found greater postural sway in those who
sprained their ankles.” Leanderson ef al reported that
proprioceptive deficits could predict ankle injury suscept-
ibility in basketball players."” Finally, McGuine et al showed
that in high school basketball players preseason measure-
ment of balance predicted susceptibility to ankle sprain
injury.'® The SLB test could thus be used to predict those at
greatest risk of ankle sprains.

In previous studies, postural sway has been shown to
predict the susceptibility to ankle sprains. Most high schools
cannot afford stabilometry and a less expensive screening
tool would be useful. We used the SLB test and were able to
show a significant association between a positive SLB test
and ankle sprains. We found a high relative risk in those
athletes with a positive SLB test who did not have a history of
ankle sprains nor taped their ankles (relative risk = 7.18 (95%
CI, 1.06 to 61.7)). Additional studies in this group of
previously uninjured athletes would be useful to determine
whether they should be targeted for prevention. Further
studies are also needed to determine whether balance
training in this group would be beneficial.

We found that failure to tape the ankles was detrimental in
athletes with a positive SLB test. Though taping the ankles
during the study was not done in a uniform fashion and was
done at least 30 minutes before practice, it appeared to be
helpful in those athletes with a positive SLB test. Our findings
support the role of taping in athletes at increased risk.

We were unable to find an association between a history of
previous ankle sprain and new ankle sprain in this study.
This was probably because most athletes with a history of
ankle sprain (91%) reported taping their ankles. Other factors
may also have played a role, such as balance training.

We did not find a significant sex difference in the SLB test
results. The difference in sensitivity of SLB testing between
male and female soccer players was not significant for this
small sample. Future studies could explore differences
between male and female athletes for the SLB test.

We found excellent agreement between the physician and
the ATC in reproducibility testing, with a high « statistic of
0.898. This is important for verification of generalisability of
the SLB test to other settings and testers. We feel these
findings support the excellent reliability of the SLB test.

The study has certain limitations. Some extrinsic factors were
not available for analysis and this could have influenced the
final results. We did not have a recording of daily weather,
practice, or game exposure. Taping ankles and bracing ankles
have been shown to be effective methods of preventing ankle
sprains, and some but not all of the members of teams studied
here were taped. We were unable and unwilling to prevent any
athlete from taping their ankles. When taping was used, it was
done more than 30 minutes before practice and in all cases
taping was applied more than 60 minutes before any ankle
injury. The value of taping becomes questionable after 20 to 30
minutes.”® *' Logistical and financial limitations of most high
school and smaller college training rooms prevent taping
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What is already known on this topic?

® Ankle sprains are a common injury

o Athletes with increased centre of pressure on stabilo-
metry are more |ike|y to deve|op ankle sprains

o Stabilometry equipment is not widely available to high
school and college sports medicine providers
e Treating ankle proprioception deficits reduces injury

What this study adds?

o The single leg balance test can be used in a
preparticipation setting to identify athletes with an
increase risk of ankle sprains

immediately before practice and re-taping every 30 minutes
throughout practice and games. In the high schools the athletes
would be taped before boarding a bus to games approximately
one to two hours before the start of the game. No athletes were
reported by the ATC to have started taping their ankle during
the study.

Though no one with ankle weakness determined by PPE
was included in the study, measurements of inversion and
eversion strength were not obtained. It could be argued that
the SLB test was a marker of a poor inversion to eversion
strength ratio (a risk factor identified by Baumhauer et al)
instead of poor proprioception at the ankle, as we had not
undertaken stabilometry measurements on each subject.”
Future studies looking at the ankle inversion to eversion
strength ratio and the stabilometry score with the SLB test
would help answer this question.

Conclusions

In this study of high school and college male and female
athletes, preseason SLB test predicted susceptibility to ankle
sprain injury. We found that lack of a previous ankle sprain and
not taping increased the likelihood of ankle sprains in the
athletes with a positive SLB test. While the SLB test served as a
predictor of injury, the exact mechanism responsible for this
increased risk of injury remains unknown. Further research is
necessary to determine the mechanism and to refine the SLB
test to increase its sensitivity. Prospective research needs to be
undertaken to determine whether these results can be general-
ised to other athletic populations such as basketball players. In
addition, prospective studies are needed to determine whether
treatment of groups such as those without a previous injury but
with a positive SLB test can be treated before an athletic season
to limit injury.
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O o N o

The author is to be commended for attempting to provide a
simple, reliable method, the single leg balance (SLB) test, to
identify athletes at risk of ankle sprain during the upcoming
season. Any apparent sex differences were not statistically
significant owing to the small sample size, as pointed out in
the discussion. This could be a point for future research. The
SLB test, used in conjunction with a more detailed history of
any clinical instability and a careful physical examination
looking for muscle weakness, could help identify those
individuals who would benefit from bracing/taping, muscle
stengthening, and propioceptive training. There is great
potential for future research.

E J Swenson
University of Rochester, Orthopaedics, Rochester, New York, USA;
jswenur@yahoo.com

This was a very well done, concise study that indicates that
future risk of ankle injury can be predicted reliably using a
simple inexpensive test. The value of this study is wide
ranging. It could reduce the number of ankle injuries, their
costs, and time lost by athletes if instituted. Further studies,
as suggested by the authors, may identify the pathophysiol-
ogy of a positive test, further arming the sports medicine
specialist with tools for prevention and treatment.

S H Grindel
Spectrum Health, Reed City Campus, Reed City, Michigan, USA;
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