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Abstract

Objectives: To evaluate the responsiveness of the classic Star
Excursion Balance Test (SEBT) and of a modified version
performed on a soft surface (Airex Balance-Pad). The classic
Star Excursion Balance Test is widely used in persons with
chronic ankle instability. For the use in healthy athletes, the
test can be made more difficult by performing it on a soft
surface.

Design: Pre-post study with balance assessment before and
after a five-week intervention.

Setting and participants: A convenience sample of 28 healthy
adults performed both SEBT variants at baseline and after
five weeks (9 sessions) of sensorimotor and strength training.
To quantify the responsiveness of the classic SEBT and the
SEBT performed on a soft foam (Airex Balance-Pad), effect
sizes and standardized response mean were calculated for
both test variants.

Results: The difference between the Standardized Response
Mean of the sum of three directions in the SEBT performed
on an Airex Balance-Pad and the SEBT performed on a firm
ground was 0.15 in favour of the SEBT on the Balance-Pad
with a 95% confidence interval of -0.51 to 0.21).

Conclusion: The SEBT performed on a soft underground is
slightly more responsive than the SEBT on a firm under-
ground.

Résumé

Objectif: Evaluer la sensibilité au changement du classique
Star Excursion Balance Test (SEBT) et une version modifiée
accomplie sur une surface instable (Airex Balance-Pad). Le
classique SEBT est souvent utilisé pour évaluer les personnes
ayant une instabilité chronique de cheville. Chez les athletes
sains, le test peut étre effectué de maniere plus ardue si
effectué sur une surface instable. Design: étude de cohorte
avec évaluation de I’équilibre avant et aprés une intervention
de 5 semaines. Méthode et participants: un échantillon de
convenance de 28 adultes sains accomplissant les deux
variantes de test avant et apres 5 semaines d’entrainement
sensori-moteur et de force (9 séances). Pour quantifier la
sensibilité au changement du classique SEBT et le SEBT
accompli sur une surface instable, la taille de I'effet et la
moyenne standardisée ont été calculées pour les deux
variantes de tests. Résultats: La différence entre la moyenne
standardisée de la somme des 3 directions du SEBT effec-
tuées sur le Airex Balance-Pad et le SEBT classique était
de 0.15 en faveur du SEBT sur la surface instable [IC 95%
(-0.51 a2 0.21)]. Conclusion: le SEBT effectué sur une surface
instable est 1égerement plus sensible au changement que le
SEBT classique sur une surface stable.
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Introduction

Testing static and dynamic postural stability is important
as deficiencies in postural stability have been shown to be
arisk factor for lower limb injuries and in particular ankle
sprains [1, 2]. Furthermore, testing of postural stability is
important to evaluate sensorimotor exercise programmes
that are run for example to help reduce ankle sprains [3].
Ankle sprains count up to 30% of all sports injuries and
the incidence rate in the general population presenting
to an emergency department with an ankle sprain was
2.15 per 1000 person-years [4]. The incidence was higher
in athletes and after an initial injury (recurrence up
to 80%) [5].

Balance can be improved [6, 7] and sensorimotor, neu-
romuscular, “coordination” or balance training can reduce
injuries of the lower extremity in athletes of different high
risk sports [8§—11].

A widely used balance test is the Star Excursion Balance
Test (SEBT), consisting of a set of reaching movements of
one leg while standing on the other leg. The classic SEBT
is performed on a firm underground. The SEBT is reliable
and valid to predict lower extremity injuries [12]. In a pre-
vention-setting with healthy persons, the test might be too
easy to detect a meaningful change (ceiling effect). The
responsiveness (ability to detect change) of the test might
be improved when the SEBT is performed on a soft, com-
pliant and thus unstable underground. The SEBT performed
on an Airex Balance-Pad showed to be more difficult in a
group of healthy athletes and recreationally active healthy
young adults [13]. However, the relative responsiveness of
the SEBT performed on a firm underground and the SEBT
performed on a compliant surface is unknown. Therefore
we set out to evaluate the relative responsiveness of the two
versions of the SEBT in a group of healthy young adults
who performed a five week (nine sessions) sensorimotor
and strength exercise programme.

Methods

Experimental Approach to the Problem

To test the main question of our study, i.e. the comparison
of the responsiveness (standardized mean response) be-
tween the SEBT on firm underground versus SEBT on a soft
underground (Airex Balance Pad), we choose a test-retest
design with five weeks of sensorimotor and resistance train-
ing (nine sessions) between the two measurements. The five
week of resistance training was based on published exercise
programmes that are known to improve balance (see e.g.
[14, 15]). Because reliability of a test should be known, we
calculated the Intra Class Correlation Coefficients for the
three repetitions.

Subjects
A convenience sample of 30 healthy persons (20 females,
10 males, mean age 24 SD 4.9) was recruited. Two partici-
pants dropped out because of illnesses unrelated to the
exercise programme. The mean age of the remaining 28
(20 females, 8 males) participants was 24 years with a SD
of 4.9.

All participants signed an informed consent form. Ethi-
cal approval was provided by the Cantonal Ethical Com-
mittee of the Valais.

Procedures

Interventions

The participants performed sensorimotor exercises on solid
surface, on a wobble board, on foam, on a small trampoline, on
a kettle board and on a slack-line. In the first week the exercis-
es were performed without additional tasks, in the following
week additional tasks such as catching and throwing a ball or
small jumps were introduced in a progressive way. In addition,
the participants did resistance exercises with 10 to 12 repeti-
tions with high movement velocity and submaximal load and
three to four sets per exercise. From the third week on, an iso-
metric pre-fatigue-exercise of 30 seconds was introduced be-
fore each set. In the last three weeks plyometric exercises and
the contrast-method (e.g. after 12 slow squats the participants
performed 12 jumps, i.e. different resistance training modali-
ties were combined) were introduced. The rest-duration be-
tween the sets was twice as long as the set duration.

The exercises were chosen in order to maximize the effects
on lower leg strength (ankle, knee and hip extensors, knee
flexors, hip adductors and abductors, as well as trunk muscles)
and to improve static as well as dynamic balance.

Measures

Dynamic balance was measured with the Star Excursion Bal-
ance Test (SEBT) [16-18]. Measurements were performed be-
fore the five week intervention period (t0, baseline) and after
the intervention period (t1) in the same procedure and order,
and by the same assessors. The participants had to stand bawre-
foot on one leg and reach as far as possible with their other leg
in different predefined directions, marked with tape. The
reached distance was measured in centimetres and standard-
ized on the leg length by dividing each distance by the leg
length and then multiplying by 100 [18]. The normalized values
are percentages of the excursion distance in relation to the leg
length. We measured the leg lengths from the anterior superior
iliac spine to the distal tip of the medial malleolus with a tape
measure. Participants lay supine.

The SEBT has high intra- and inter-tester reliability (ICCs
between 0.81 and 0.96) [19] and is able to detect balance
deficits, especially in patients with chronic ankle instability.
We hypothesized that a modified SEBT, i.e. performed on a
soft and instable surface, the Airex Balance-Pad (Alcan
Airex, Sins, Switzerland) would be better able to detect
change; therefore, the participants performed the SEBT
three times per direction on a hard surface and three times
on the Airex Balance-Pad. The best value of the three trials
was taken for the analysis. We used a protocol where only
the antero-medial, medial and postero-medial directions
were tested [17], see Figure 1. The order of the tests was

posters-rmedial postero-miedial
/—/—h myelial medial  .——]
antero-medial antero-medial
Right-Leg Stance Left-Leg Stance

Figure 1: Directions used for the Star Excursion Balance
Test. Only one leg was tested, i.e. the leg on which the parti-
cipant felt more comfortable.
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always the same, i.e. we did not randomize the order but kept
it the same for all participants. We tested only one leg. To
determine the leg, the participants stood for 20 seconds on
each leg and decided afterwards on which leg they wanted
to test. If they couldn’t decide, we ask them on which leg
they stand if they kick a ball. This was the leg on which they
had to stand during the SEBT. After at least three practice
trials for each direction, three trials were measured. The
number of practice trials was determined by an observer
who evaluated visually with a ruler whether there was still
an improvement between two trials. If there was no impro-
vement between the second and the third trial, the measure-
ment trials started. If there was still an improvement, then
further practice trials were performed. One examiner
marked the most distal location of the reach foot as it con-
tacted the floor. The measurement was discarded if the par-
ticipant was unable to stay on one leg, when the heel lifted
off or when the foot of the reach leg was used to provide
support (i.e. did not only touch the ground lightly).

A SEBT composite score was calculated as the sum of the
three directions, i.e. by simply adding the values of each of
the three directions.

Statistical Analyses

The test-retest reliability of the three tests for each direction
in the SEBT, performed on one day before the intervention
started was assessed with Intraclass Correlation Coefficients
with a 2-way random model and the absolute agreement meth-
od implemented in SPSS [20]. To compare the responsiveness
across both versions of the SEBT, standardized response
means (SRMs) were calculated for each in participant by di-
viding the change score (end of exercise period minus base-
line values) by the standard deviations of the change scores
of the whole sample. We compared SRMs across both ver-
sions with a paired t-test, following the method used by Puhan
et al. [21]. SRMs were calculated in STATA, version 12.0
(StataCorp LP, USA). In addition, we calculated effect sizes,
i.e. mean score change divided by the standard deviation of
time point one, as well as paired t-tests to evaluate the statis-
tical significance of the difference before-and-after the inter-

ventions in the SEBT test on (a) firm surface an (b) soft sur-
face.

We calculated the standard error of the measurement
(SEM) with the formula: SD(pooled)*(/(1-ICC).

The SEM can be used to determine the “minimum detec-
table change” (MDC95%) for the measurement, i.e., the
amount of change required in an individual’s balance score,
in order to be sure with a given level of confidence, that the
“change is real”, over and above measurement error. The
MDC95% was calculated with the formula: 1.96*(2)*SEM,
which is equivalent to 2.77*SEM.

Results

Reliability of the modified SEBT, i.e. performed on the Airex
Balance-Pad was good and comparable with the classic SEBT.
The ICC values were (first value for SEBT on the Bal-
ance-Pad, second values for classic SEBT): 0.87 vs. 0.78 (an-
tero-medial), 0.86 vs. 0.89 (medial), 0.85 vs. 0.87 (poste-
ro-medial).

Table 1 shows values at baseline, at the end of the exercise
period and the change. All changes were statistically signifi-
cant and the effect sizes were moderate to large. However, the
changes were smaller than the minimal detectable change at
a 95% confidence level (see table 1).

The responsiveness for the sum of all three directions was
better for the modified SEBT compared to the classic SEBT:
SRM of 1.27 (95% CI 0.88 to 1.66) for the classic SEBT and
a SRM of 1.42 (95% CI 1.04 to 1.81) for the modified SEBT.
The difference in the SRM between both variants was -0.15
(95% -0.51 to 0.21). There is only a small advantage for the
responsiveness of the modified SEBT and this difference is
still compatible with the Null-Hypothesis that there is no
difference in the responsiveness. Table 1 shows the SRMs
for all directions. There was only one difference in the
SRMs statistically significant: In the postero-medial direc-
tion, the SRM was significantly higher for the modified
SEBT. The difference was -0.53 with a 95% CI from -0.96
to -0.10.

e =5 o 23 <=3 o3 E_E ;5 -+
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Antero-Medial | 90.9(52)| 936(60)| 26(10t042)| 860 901| 41(1.9t06.3)| 0.64(0.25t01.03) 0.73(0.35t0 112)| -0.09(-0.60 to 0.41)
ES: 0.51 63 (8.1 ES: 0.50
MDC5: 5.2 MDCY5: 8.2

Medial 941(71)| 991(70)] 50(34t067)] 876 941| 65(42t089| 119(0.80t0 1.57)]1.07(0.68t0 1.46)] 0.11(-9.29t0052)
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Postero-Medial | 977(10.0) 1037(87) 60(39t082)|  905| 977| 72(55t08.9)] 1.09(0.71t01.48)| 1.62(1.24 0 2.01)| -0.53(-0.96 to -0.10)
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Sum over three 282.7| 296.4(237)| 137(95t017.9)]  2641| 2819]17.8(13.0t022.7)] 1.27(0.88101.66)| 1.42(1.04t0 1.81)| -0.15(-0.51 to 0.21)
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Table 1: Standardized Response Means for the different SEBT versions.

TO = baseline values, T1 = values after the intervention period. ES: Effect Size (mean difference divided by baseline standard
deviation). MDC95: minimal detectable change at the 95% confidence level. SRM: Standardized Response Mean (dividing
the change scores of each participant (follow-up minus baseline score) by the standard deviation of the change scores of the
whole sample. CI: Confidence Interval.
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Discussion

This study with 28 healthy young adults showed that a modi-
fied version of the Star Excursion Balance Test (SEBT) per-
formed on a soft and unstable underground (Airex Balance-
Pad) was only slightly more responsive than the classic
version of the SEBT on firm underground. Both versions
showed good reliability.

There are some limitations of this study: (a) the small sam-
ple size led to wide confidence intervals in the differences of
the SRM and therefore we cannot exclude that the true diffe-
rence in the responsiveness between the two versions of the
SEBT could be as large as 0.51, which might be considered as
a large difference. (b) we only included healthy participants
which provides information for a prevention but not for a reha-
bilitation setting. (c) we did not analyse all possible directions
of the SEBT but only three. (d) Although the effect sizes for the
changes in the SEBT values before the interventions and after
the five weeks intervention are moderate to large, the changes
are smaller than the minimal detectable change at the 95%
confidence level. Therefore, if an individual person shows a
change in the SEBT similar to our mean change, we still
couldn’t exclude that the observed change is only due to a mea-
surement error. Munro & Herrington [22] reported similar va-
lues for the minimal detectable change (they called it smallest
detectable difference, but the formula were the same as in our
study). If we adhere strictly to the MDC95, we have to state that
the SEBT might only detect very large changes. Some experts
state that the 95% confidence level for the minimal detectable
change is to stringent and that lower confidence values, e.g. at
the 90% confidence level should be reported [23, 24]. However,
even with these lower MDC confidence levels, our changes are
lower than the MDC values. For the group level, this does not
pose any problem, but for the assessment of an individual per-
son we should be aware of this limitation. It is important to
consider a further limitation that our study and the study of
Munro & Herrington have in common [22]: in our and in their
study the MDC (they called it SDD) was calculated with stan-
dard deviations and standard error of measurements assessed
from healthy young participants. Strictly spoken, we cannot
extrapolate these values to patients and therefore MDCs for
patients are still to be evaluated. Furthermore, it could be that
more practice trials could have improved the reliability of our
measurements. Only one study reported on the use of the SEBT
on a soft foam underground [13]. The SEBT-scores were 5% to
10% lower for the version on soft underground. Our results are
consistent with this.

Several studies used the SEBT to evaluate changes before
and after an intervention [25-27]. Compared to the study of
Filipa et al [26], we had a shorter training period (five weeks
versus eight weeks and less training sessions (9 versus 16).
The exercises used were similar. The changes were in a simi-
lar order compared to our study. Filipa et al and Hale et al.
had a control group that showed no improvement in the SEBT
test. These findings support the statement that our observed
changes are not only due to a simple learning effect.

Further research should evaluate the SEBT on a soft com-
pliant underground in patients with chronic ankle instability
of patients after knee injuries. Furthermore, it is unclear whe-
ther temperature of the foam has an influence on the compli-
ance, i.e. on the amount of the destabilizing effect of the
cushion (pad). The influence of temperature or other parame-
ters (age of the tissue, time in use, etc.) on the compliance of
the pad should be evaluated.

Implication for the practice: Because of this increased dif-
ficulty and the improved responsiveness, although not in all
directions statistically significant, we recommend for healthy
persons to perform the Star Excursion Balance Test on a soft
underground.

Conclusion

The reliability of the Star Excursion Balance Test performed
on firm underground and the version performed on a compli-
ant, soft underground is good. The responsiveness is slightly
better with the version on the soft, compliant and thus unsta-
ble underground, but this difference was only significant for
the postero-medial direction. Therefore, we suggest that the
SEBT version on the soft underground is used in a prevention
setting or in rehabilitation of sportive patients.
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