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Abstract. [Purpose] The aim of this study was to examine the intrarater and interrater reliability of the Star Ex-
cursion Balance Test (SEBT), thereby increasing understanding of its efficient utilization. [Subjects and Methods]
There were 67 subjects (49 female; 18 male). For the SEBT, eight lines were made using tape at 45-degree angles
from the center of a circle. The experiment was conducted in the following order: the anterior, anterior-medial,
medial, posterior-medial, posterior, posterior-lateral, lateral, and anterior-lateral directions. Intraclass correlation
coefficients (ICC) (3,1) were used to evaluate the intrarater and interrater reliability (2,1) for each reach distance,
while the standard error of measurement (SEM) and smallest detectable distance (SDD) were employed to assess
absolute reliability. [Results] For intraratar reliability, the ICC values for all directions ranged from 0.88 to 0.96,
SEM values ranged from 2.41 to 3.30, and SDD values ranged from 6.68 to 9.15. For interrater reliability, the ICC
values for all directions ranged from 0.83 to 0.93, SEM values ranged from 3.19 to 4.26, and SDD values ranged
from 8.85 to 11.82 [Conclusion] The SEBT is a highly reliable tool for measuring dynamic balance. Measurements
for intrarater reliability are more reliable than measurements for interrater reliability. When measurement for eight
directions was difficult, the SEBT was used. While the anterior, posteromedial, and posterolateral directions em-
ployed in the Y Balance Test Kit™ can be utilized, this study recommends using the reverse Y Balance Test Kit™
method with the posterior direction, not the anterior direction.
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INTRODUCTION

The Star Excursion Balance Test (SEBT) is a tool to as-
sess the dynamic balance of healthy people and athletes' .
This evaluation tool uses closed-kinetic chain exercises,
specifically single-leg squat exercises which require appro-
priate range of motion in the hip joints, knees and ankle
joints; and muscle strength; and proprioceptive and neuro-
muscular adjustments® dynamic balance is measured from
eight directions which are highly related®: the anterior,
anterior-medial, medial, posterior-medial, posterior, poste-
rior-lateral, lateral, and anterior-lateral directions. The most
widely used process for the SEBT was developed by Hertel
et alV. Each exercise is conducted six times, and measure-
ments are taken three times for each of the eight directions.
Hertel et al.” and Plisky et al.%) reported high intraclass cor-
relation coefficients (ICC) ranging from 0.78 to 0.96.

Therefore, the SEBT offers high reliability in evaluating
dynamic balance and has the advantage of the capability to
measure the dynamic balance of both healthy people and
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athletes. However, practicing the exercise for measurement
and measuring dynamic balance is time intensive?, and the
intrarater and interrater reliability differ. In addition, it is
claimed that the dynamic balances of each of the eight di-
rections are highly related®, but no study has compared the
dynamic balances of these directions. Therefore, the aim
of this study was to analyze and compare intrarater and in-
terrater reliability of the SEBT in order to increase under-
standing of its most efficient utilization.

SUBJECTS AND METHODS

This study involved 67 subjects, who understood its
purpose and voluntarily consented to participate. There
were 49 female subjects (age, weight, and height: 20.5+0.6,
54.2+7.5 kg, and 161.5£5.5 cm, respectively) and 18 male
subjects (age, weight, and height: 21.4+1.6, 69.6£10.7 kg,
176.7£5.4 cm, respectively). The subjects had no musculo-
skeletal diseases or neurological problems that negatively
influenced dynamic balance. All participants signed an in-
formed consent form, and the study was approved by the in-
stitutional review board of the Catholic University of Busan
(document number: CUPIRB-2013-042).

For the SEBT, eight lines were made using tape at 45
degrees from the center of a circle”. The experiment was
conducted in the following order: the anterior, anterior-me-
dial, medial, posterior-medial, posterior, posterior-lateral,
lateral, and anterior-lateral directions. The subjects posi-
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tioned the bilateral arms on the iliac crest of the waist” and
the heels at the intersection of the eight lines in the center
of the circle. The subject stretched one leg to its maximal
extent and lightly touched one line with the end of the big
toe while maintaining his/her balance. After touching the
line, the subject returned to the erect position with both legs
in the center. Using the same method, measurements were
taken for the other seven directions. The rater measured the
distance from the center of the circle to the point where the
subjects touched each line. Measurements were taken three
times after the subjects practiced the exercise six times, in
accordance with the method of Hertel et al). Rater A con-
ducted measurements twice to measure intrarater reliabil-
ity, while raters. B and C conducted measurement once to
measure interrater reliability.

ICCs were used to evaluate intrarater (3,1) and interrater
reliability (2,1) for each reach distance. ICCs were evalu-
ated according to the following standard: poor<0.40, fair
= 0.40—0.70, good = 0.70—0.90, excellent>0.90%. The stan-
dard error of measurement (SEM) (standard deviation (SD)x

VJ(-ICC) ) and smallest detectable difference (SDD) (1.96

x [2 xSEM)!? were employed to assess absolute reliability.
Data collected from this study were analyzed using SPSS
17.0. The significance level was set at a.= 0.05.

RESULTS
For intrarater reliability, the ICC values for all directions

ranged from 0.88 to 0.96, SEM values ranged from 2.41
to 3.30, and SDD values ranged from 6.68 to 9.15 (Table

1). Table 1 shows the mean, 95% confidence interval (CI),
SEM, and SDD values. For interrater reliability, the ICC
values for all directions ranged from 0.83 to 0.93, SEM val-
ues ranged from 3.19 to 4.26, and SDD values ranged from
8.85 to 11.82 (Table 2).

DISCUSSION

Plisky et al.® used the same method as the present
study—practicing the exercise six times and measuring dy-
namic balance three times—and reported that the test-retest
reliability ranged from 0.89 to 0.93. The present study also
exhibits high reliability, ranging from 0.88 to 0.96, using
the same method. In a recent study, however, the subjects
practiced the exercise four times, and their dynamic bal-
ance was measured three times, resulting ICCs ranging
from 0.84 to 0.92!D. Therefore, if there is no difference in
reliability, measuring dynamic balance after practicing the
exercise four times is recommended, instead of measuring
dynamic balance after practicing the exercise six times'D.

The SEM, a measure of absolute reliability, provides
estimates for the error size of each measured score and is
an indicator of the reliability of indexes'?. The SDD' is
another measure of absolute reliability and is used with the
small reference difference (SRD)'?. The SDD is defined
as a reliability level of 95% of the SEM between measured
scores. It measures the sensitivity of changes in measured
values and, together with the SEM, is a change index re-
flecting the reliability of indicators'?. Lower SEM and SDD
values indicate higher reliability of the accuracy and preci-
sion of the measured values. When the SEM value is less

Table 1. Intrarater reliability (one later) for all reach directions

Direction Mean (%) ICC 3,1) 95%CI SEM SDD
Anterior 99.53 0.88 0.81-0.93 3.24 8.99
Anterior-Lateral 102.77 0.91 0.85-0.94 2.89 8
Lateral 100.13 0.96 0.93-0.97 2.41 6.68
Posterior-Lateral 94.1 0.93 0.88-0.96 33 9.15
Posterior 83.86 0.95 0.92-0.97 2.5 6.93
Posterior-Medial 717 0.94 0.91-0.97 2.41 6.68
Medial 72.2 0.96 0.94-0.98 2.49 6.9
Anterior-Medial 84.9 0.91 0.85-0.94 2.58 7.16

All values except the ICC are normalized to the excursion distance (excursion distance/leg length x 100).

Table 2. Interrater reliability for all reach directions

Direction Mean (%) ICC (2,]) 95%ClI SEM SDD
Anterior 101.85 0.83 0.75-0.89 3.68 10.2

Anterior-Lateral 106.01 0.88 0.82-0.92 3.59 9.96
Lateral 103.22 0.93 0.89-0.95 3.19 8.85
Posterior-Lateral 97.46 0.88 0.82-0.92 4.26 11.82
Posterior 88.07 0.88 0.81-0.92 4.14 11.49
Posterior-Medial 81.44 0.9 0.85-0.94 3.76 10.41
Medial 76.05 0.93 0.89-0.95 37 10.24
Anterior-Medial 86.19 0.84 0.77-0.90 3.87 10.73

All values except the ICC are normalized to the excursion distance (excursion distance/leg length x 100).



than 10% of the average measured value or the highest mea-
sured value, the measurement error is small, and therefore,
the measurement is reliable'?.

In the present study, the intrarater SEM, SDD, and ICC
values were 2.41-3.30, 7.16—8.99, and 0.88-0.96, respec-
tively, and the interrater SEM, SDD, and ICC values were
3.19-4.26, 8.85-11.82, and 0.88—0.93, respectively. Com-
paring the intrarater and interrater SEM and SDD values,
the intrarater ICCs ranging from 0.88 to 0.96 were high.
Therefore, using one rater to measure dynamic balance dur-
ing the SEBT, is more than using multiple raters.

Plisky et al.!¥ used the Y Balance Test Kit™ (Functional
Movement Systems, Danvile, VA, USA) while conducting
SEBTs to measure dynamic balance from three directions
in order to resolve the difficulty of measuring dynamic
balance from eight directions. The Y Balance Test Kit™
was designed to measure dynamic balance from the ante-
rior, posteromedial, and posterolateral directions. Plisky
et al.!¥ reported that the ranged of the intrarater ICC and
SEM were 0.85-0.89 and 2.01-3.11, respectively, and that
those of the interrater ICC and SEM were 0.99-1.0 and
0.69-0.73, respectively. These results are similar to those
of the present study in which SEBT was measured from
eight directions. Therefore, the Y Balance Test Kit™ may
be utilized when measuring SEBT from eight directions is
difficult. In a study by Plisky et al.!?, the intrarater absolute
reliability index SEM (2.01-3.11) was lower than the inter-
rater SEM (0.69—0.73). As in the present study, intrarater
measures are more reliable than interrater measures when
the Y Balance Test Kit™ is used. However, when the Y
Balance Test Kit™ was used in the present study, the ICC,
SEM, and SDD values from the posterior directions were
more reliable than those from the anterior directions. There-
fore, the present study proposes a reverse Y Balance Test
Kit™ method using the posterior directions, instead of the
anterior directions. Herrington et al.'¥ applied the SEBT to
normal subjects and patients with anterior cruciate ligament
injury and reported obvious differences in dynamic bal-
ance. It is concluded that the SEBT is a highly reliable tool
to measure the dynamic balance of normal people and ath-
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letes; however, intrarater measurements are more reliable
than interrater measurements. Research on the reliability of
the SEBT when measuring dynamic balance from three di-
rections using the Y Balance Test Kit™ is needed.
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