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Introduction

The ability to maintain the body’s position in

ABSTRACT

Introduction: The brief balance evaluation systems test (Brief-BESTest) is a
balance assessment tool consisting of eight items that assess the six components of
the postural control development system. It is a valid and reliable test for assessing
balance for various physical conditions in different populations; however, it has not
been investigated in typical school-aged children. The study aimed to establish the
reliability and validity of the Brief-BESTest in children aged five to seven years
old.

Methods: A total of 26 children (13 boys, 13 girls, age= 76.65 + 9.63 months) were
included, and their balances were assessed by the Brief-BESTest and pediatric
balance scales (PBS). The same rater completed the test-retest of the
Brief-BEST test one week later. The intraclass correlation coefficient (ICC) models
3,1 were used to investigate test-retest reliability. The Spearman correlation
coefficient was used to determine the correlation between the Brief-BESTest and
PBS. The standard error of measurement (SEM) and minimal detectable change
(MDC) were also investigated. Differences were considered statistically significant
when the p-value was less than 0.05.

Results: The test-retest reliability of the Brief-BESTest results ICC (3,1) values of
0.94 (95%CI = 0.86 - 0.97) with the p-value of < 0.001. The correlation between
the Brief-BEST test scores and the PBS scores was the Spearman’s rho values of
0.509 with significance p values of 0.008. The SEM and MDC were 0.72 and 1.9,9,
respectively.

Conclusion: Brief-BESTest has excellent test-retest reliability and moderate
concurrent validity when used in typical children aged five to seven years old.
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of one and six months [3-5]. Until age three, the trunk
serves as the major postural reference, consistent with
egocentric  orientation control [2, 6]. Some

space while maintaining stability and orientation during
a task is known as postural control [1]. Postural control
develops throughout life and is related to motor
milestones such as head control or lifting, sitting,
creeping, crawling, standing, walking, and running [1,
2]. Infants coordinate sensory and motor input between
the head and trunk, extending the sensory-motor
principles of head postural control to the trunk muscles

2.

They learn to sit by stimulating the postural
responses with the somatosensory and vestibular
systems and use their postural muscles between the ages

proprioceptive systems mature between the ages of three
and four years. Visual information is the first sensory
system to emerge and fully mature just by age five [7].
At the age of seven, visual and somatosensory inputs are
fully developed, and the structures responsible for motor
control are fully developed and have generally reached
mature postural control [7, 8]. The entire postural
control system is fully developed at the age of 12
because the vestibular system is only fully matured at
that age [7]. Therefore, it can be said that the postural
control system is not completely developed between the
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ages of five and seven, and thus, it is necessary for early
detection.

The postural control development of the
children can be assessed with various balance
assessment tools, which are commonly used in clinical
settings. These tools include the Timed Up and Go Test
(TUG), which measures the time taken to stand up,
walk, turn, and sit down, providing a quick assessment
of basic mobility [9, 10], Pediatric Balance Scale Test
(PBS), which evaluates static and dynamic balance
through 14 tasks but can be time-consuming [11-13],
Pediatric Reach Test (PRT), which assesses forward
reach while maintaining balance, focusing on dynamic
aspects of balance [14, 15], Mini Balance Evaluation
Systems Test (Mini-BESTest), which includes 14 tasks
derived from the original BESTest, providing a
comprehensive assessment of dynamic balance across
four components of the balance systems but requiring a
longer administration time [16, 17] and brief balance
evaluation systems test (Brief-BESTEest) [18-20].

Among these tests, Brief-BESTest was
developed in 2012 by Padgett et al. based on the original
balance evaluation systems test (BESTest). It comprises
eight items with the highest item-section correlation,
representing the six postural control components [20,
21]. Previous research indicates that the Brief-BESTest
was utilized to evaluate balance impairment in different
populations with various conditions, including multiple
sclerosis, Parkinson's disease [20, 21], stroke,
community-dwelling older individuals [22], children
with cerebral palsy and youth with visual impairments
[18, 19]. The reliability of the Brief-BESTest was
excellent, with the intraclass correlation coefficient
(ICC) with 95% confident interval (Cl) values of 0.94
(0.98 - 0.99), which matched the interrater reliability
levels of the original BESTest [18-22]. The Brief-
BESTest showed a strong correlation (Spearman’s rho
=0.93) with the PBS [18], a 14-item balance assessment
tool, which is a gold standard commonly used in clinical
settings [11, 12]. When comparing the Brief-BESTest to
the Mini-BESTest, which derives from the original
BESTest, the Brief-BESTest is more practical and
particularly advantageous in clinical settings where time
constraints are a concern. The Brief-BESTest covers six
components of the postural control systems, while the
Mini-BESTest covers only four. This makes the Brief-
BESTest less time-consuming while still maintaining
comprehensive assessment capabilities. Overall, Brief-
BESTest is easy to use and less time-consuming,
combines strong validity and reliability, and helps
evaluate functional balancing performance [18, 19].

However, there were fewer studies of the Brief-
BESTest in the children population [18, 19], and the
measurement properties of the test have been
established only for atypical children such as those with
cerebral palsy [18] and children and adolescents with
visual impairment [19]. Furthermore, it is not
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appropriate to reference the properties of the Brief-
BESTest scores in other populations [23], and the
validity and reliability of the Brief-BESTest in typical
school-aged children have not been demonstrated.
Further research was necessary to determine the
psychometric  properties of the Brief-BESTest,
particularly in  typical school-aged children.
Additionally, the whole postural control development
system is not fully mature in children ages five and
seven. Therefore, this study aims to establish the
concurrent validity and test-retest reliability of the
Brief-BESTest in typical school-aged children between
the ages of five and seven. Based on earlier research and
clinical expectations, we hypothesized that the Brief-
BESTest would exhibit good test-retest reliability and
concurrent solid validity when compared to established
measures such as PBS. This study aims to provide
detailed points for these measurement properties in
typical school-aged children.

Methods
Study designs and participants

An observational study design was used to
investigate the test-retest reliability and concurrent
validity of the Brief-BESTest. A random sample of
children aged 5-7 years old was recruited for this study.
Participants were included if they were between five and
seven and could understand and follow instructions in
the Myanmar Language. The study excluded
participants who had undergone neurologic or
orthopedic surgery within the previous 12 months or
whose intellectual or behavioral limitations prevented
them from fully participating in the tests. Furthermore,
participants who used mobility assistance equipment or
had any medicine with a sedative effect within 24 hours
of testing and could not finish the test were also
excluded. The characteristics of the children are shown
in Table 1. Before collecting data, the parents of
potential participants were given a consent form that
included the purpose of the study and the research
protocol, and they consented to participate.

Procedures

Data collection was done by the
physiotherapist, who was trained to use the Brief-
BESTest and PBS testing procedures before starting the
data collection. The training involved standardized
instruction sessions and practice assessments to ensure
consistency. The participants were asked to perform the
items as instructed, with the items taken randomly from
the Brief-BESTest assessment form. The items in the
Brief-BEST assessment form are (i) hip/trunk lateral
strength for biomechanical constraints, (ii) functional
reach forward for stability limits, (iii) standing on one
leg left and right for transitions-anticipatory postural
control, (iv) compensatory stepping lateral, left and
suitable for the reactive postural response, (v) stance
with eyes closed on foam surface for sensory
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orientation, and (vi) timed up and go test for gait
stability. The score is rated 0 to 3, with 3 reflecting no
balance impairment and 0 representing severe balance
impairment, for a maximum score of 24 [20, 21]. After
the Brief-BESTest, the PBS assessment was performed
and scored with the PBS assessment form with
standardized instructions, including 14 items related to
static and dynamic balance, which are sitting to
standing, standing to sit, transfers, standing
unsupported, sitting unsupported, standing with eyes
closed, standing with feet together, standing with one
foot in front, standing on one foot, turning 360 degrees,
turning to look behind, retrieving an object from the
floor, placing alternate foot on a stool and reaching
forward with an outstretched arm [11]. The scores for
the items range from 0 to 4 on a 5-point ordinal scale (0-
1-2-3-4) with a maximum score of 56 points; a higher
number indicates better performance in terms of
functional balance [11]. After 7-day intervals, the
participants were evaluated with the Brief-BESTest by
the same assessor at the same place for the test-retest
reliability.

Statistical analysis

Data analysis was performed using SPSS
version 28.0 software. Shapiro-Wilk analyzed the
normality of the Brief-BESTest and PBS data and the
result showed the data were not normally distributed.
Therefore, the concurrent validity was analyzed using
the Spearman correlation coefficient to evaluate
correlations between the Brief-BESTest and PBS, with
the rho value of 0.70 or higher generally considered to
show a strong relationship. In contrast, a coefficient
between 0.40 and 0.70 indicated a moderate
relationship, and below 0.40 was a weak relationship
[24]. The p-value < 0.05 was considered statistically
significant.

Test-retest reliability of the Brief-BESTest
total scores in typically developing children is
calculated using the ICC model (3,1) values of 95% CI.
ICC values are interpreted whereby below 0.50 is
considered poor reliability, between 0.50 and 0.75 is
moderate reliability, between 0.75 and 0.90 is good
reliability, and above 0.90 is excellent reliability [24].
Additionally, absolute reliability was determined by
calculating the standard error of measurement (SEM)
and minimal detectable change (MDC) using the
equations

SEM = Standard Deviation (SD)pooled x V(1-1CC)
and MDC = 1.96 x \2 x SEM
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Ethical approval

This study proposal was approved by the
Institutional Review Board of the Research Ethics
Review Committee for Research Involving Human
Subjects, Chulalongkorn University, with approval
number 215/66 on October 20, 2023.

Results

The mean scores of the Brief-BESTest, along
with SD values, are shown in Table 2. The test-retest
reliability of the Brief-BESTest results in significant-
excellent test-retest reliability with the ICC (3,1) values
of 0.94 (95% CI = 0.86 - 0.97) with the p-value of <
0.001. This high ICC indicates a very high level of
consistency in the test scores over repeated
administrations, suggesting that the Brief-BESTest is a
reliable tool for assessing balance in typical school-aged
children. The SEM and MDC of the Brief-BESTest test-
retest reliability were 0.72 and 1.99, respectively (Table
2). The SEM indicates the precision of individual test
scores; a lower SEM reflects higher precision. The
MDC represents the smallest change that exceeds
measurement error, thus indicating a real change in
balance performance if the score changes by at least 1.99
points. The score of the PBS is 54.46 + 1.17 (Mean %
SD). The correlation between the Brief-BEST test
scores and the PBS scores was the Spearman’s rho
values of 0.51 with significance p-values of 0.008,
which means that there was moderate concurrent
validity of the Brief-BESTest, as it aligns reasonably
well with another established standardized measure of
balance, the PBS.

Table 1 Demographic data of the participants (n=26)

Demographic

Data n (%) Mean = SD

Gender 26 -

Male 13 (50%) -

Female 13 (50%) -
Age (months) - 76.65 £ 9.63
Weight (kg) - 21.76 £5.83
Height (cm) - 117.12 + 7.54
BMI (kg/m?) - 15.66 + 2.79
Arm length (cm) - 49.65 £ 3.42
Leg length (cm) - 59.61 + 4.32

Note: n (%) = number of the participants (percentage of
the participants)
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Table 2 Outcome values of the test-retest reliability of the Brief-BESTest in school-aged children

Outcome Mean Scores (SD) ICCy 95% ClI p-value SEM MDC
Baseline After 7 Days
Brief- 19.96 19.69 £ 2.77 0.94 0.86-0.97 <0.001 0.72 1.99
BESTest +
3.27

Note:_ICC 1= Intraclass correlation coefficient model (3,1), 95% Cl= 95% confidence interval, p-value= significant
level of <0.05, SEM= standard error of measurement, MDC= minimal detectable change

Discussion

The purpose of this study was to determine the
Brief-BESTest's concurrent validity and test-retest
reliability in children with typical development. Our
study found that the Brief-BESTest had high test-retest
reliability, with low SEM and MDC values, and
moderate concurrent validity when employed in
typically developing children.

Our result showed excellent reliability since
the current study used the ICC model (3,1) and involved
test-retests with the same rater [24], who practiced
before starting the data collection, and the Brief-
BESTest instructions were standardized [20]. The
consistency of the test administration might also be one
of the reasons why our results were excellent, as the
rater tested at the same place, with the same
environment, with the same standardized procedure, and
with the same time interval for the retest. Furthermore,
this study focused on children between the ages of five
and seven who have immature and varied postural
control, and the results showed high reliability, which is
consistent with the findings from the studies in children
with cerebral palsy [18] and neurological patients [20,
25, 26]. In the stroke population, there was likewise
excellent reliability (ICC(2,1)= 0.97-0.97, p<0.001)
[25]. ICC(3,1) values of 0.98 with 95% CI 0.95-0.99
were observed in the study involving children with
cerebral palsy, indicating strong intra-rater reliability
[18]. Excellent reliability suggests that the Brief-
BESTest can be a reliable tool in clinical settings for
evaluating balance in children with typical
development. High reliability is crucial as it ensures that
the test results are consistent over time, making it a
dependable tool for tracking balance performance and
guiding therapeutic interventions.

For the concurrent validity, the PBS and the
Brief-BESTest showed a moderate association with a
Spearman’s rho of 0.51, indicating the Brief-BESTest
has moderate concurrent validity. There can be various
reasons, as both assessments focus on four aspects of
postural control: biomechanical restrictions, stability
limitations, transitions for anticipatory postural
adjustment, and sensory orientation. However, some
aspects of postural control, like gait stability and the

time up-and-go test, can be better reflected by the Brief-
BESTest than by the PBS [18]. Moreover, the children
got full scores in most of the PBS items, but in some of
the Brief-BESTest items, they did not get the full scores;
it might be because of the structures of the items; for
example, in the item for sensory orientation, of the
Brief-BESTest, “stand with eyes closed on the foam
surfaces” for 30 seconds is the full score, but for the
PBS, the item is only to stand with eyes closed and only
for 10 seconds for the full score. Additionally, a few of
the children who participated in our research had varied
body weights—that is, some were underweight and
some overweight. Our study differs slightly from earlier
findings; the Brief-BESTest and PBS showed a good
relationship [18, 27]. Strong correlations with Berge
Balance measures (Spearman’s rho = 0.87, p-value <
0.001) were found in the stroke patient trial, indicating
good concurrent validity [25]. However, in a study of
children, adolescents, and youth with visual
impairments, the correlation between the Brief-BESTest
and activities-specific balance confidence scale (ABC)
scores was slightly lower than in other populations [19,
21].

Understanding the error of a measurement tool
is essential for determining its application for
therapeutic decision-making [24]. Previous studies
discovered that the SEM was 1.55 and 1.40 in patients
with neurological problems [26], as well as in elderly
people living in nursing homes [28], which indicates
less precision compared to our findings. The SEM in our
study was 0.72, which is satisfactory for the Brief-
BESTest's absolute reliability. Furthermore, the test-
retest reliability of the Brief-BESTest is precisely
excellent when used in the typical children population
because of the indication for MDC of 1.99. The lower
the MDC, the more excellent the reliability [24]. The
MDC values of the Brief-BESTest were 3.19, 4.00, and
4.30 in patients undergoing complete knee replacement
[27], elderly residents of nursing homes [28], and
individuals suffering from neurological conditions [26],
respectively, suggesting less ability to identify a
noticeable change in the overall scores of the test [27,
28].
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There were some limitations in our study. The
first one is age limitation since it only included children
who were normally developing between the ages of 5
and 7 years. Secondly, the generalizability of our study
cannot be generalized to the overall child population
worldwide as the study was conducted in the Southeast
Asia child population, and the lifestyle and nurturing
style is different. Therefore, the scores for the Brief-
BESTest for other regions might be different from those
of our study. Lastly, we didn’t implement specific
controls to ensure participants maintained the same
physical status during the 7-day interval between tests
for the test-retest. Nonetheless, the clinical use of Brief-
BESTest is still possible for evaluating the postural
aspects of children's balance development procedures.
Future research is needed to ensure that the Brief-
BESTest is reliable and valid for application in a wide
range of child populations, incorporating stricter
controls or monitoring to ensure the consistency in
participants’ physical activity levels during the study
period.

Conclusion

The Brief-BESTest has acceptable concurrent
validity and excellent test-retest reliability. Therefore,
this increases the confidence in using this test in clinical
settings. The high reliability of the test ensures
consistent results, providing confidence in its use for
evaluating postural control in young children.
Additionally, including all six components of the
postural control system in the Brief-BESTest makes it a
comprehensive tool for identifying balance issues and
informing targeted intervention strategies for the
impacted components. This makes the Brief-BESTest a
valuable resource for clinicians aiming to assess and
improve balance in the child population.
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