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Abstract

Background: Balance deficits are often overlooked, or missed all
together, in children. Catching these deficits early could potentially
reduce the number of injuries these individuals may incur, without
intervention. The miniBEST test is a well-regarded, psychometrically
robust balance assessment, used to establish the origins of impair-
ments in adults.

Purpose: The purpose of this study was to determine normative
values for balance using the Mini-BESTest in typically developing
children aged 7-17.

Methods: One hundred and one typically developing public school
participants between the ages of 7-17 participated in this norma-
tive cross-sectional study. Age, gender, anthropometric measures,
and activity levels were documented. Participants were assigned to
groups by age; 7-10 years, 11-13, and 14-17.

Results: A significant difference was found between groups for to-
tal mean score from group one, (the youngest), when compared to
groups two and three. The means based on group age are 23.84,
24.97, and 25.43 respectively; mean scores are similar to adult
normative values. The standard error of the mean (SE) assessed
for these scores was .177 with a SD of 1.78 95% Cl= .17-.52. The
standard error of measurement (SEm) was calculated at 1.42 points,
95%Cl = 22.22 - 27.78 points. There were no significant differences
between total scores for subjects of normal weight vs. overweight/
obese. Gender was also not a significant score factor. A miniBEST
item analysis found that 83.92% of subjects were unable to achieve
a full score on item 14 the TUG with cognitive dual task.

Conclusion: The Mini-BESTest is an appropriate balance assess-
ment tool for typically developing children aged 7-17.
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Introduction

Balance is a performance-related component of physical fitness
that involves the maintenance of the body’s equilibrium while
stationary or moving [1]. In 2016, 5.3% of the population of children
experienced dizziness or balance problems in the United States [2]
of that percentage, 18.6% reported the balance problems to be a
“moderate”, “big”, or “very big” problem [2]. Balance deficits are
often overlooked, or missed all together, in children. Catching these
deficits early could potentially reduce the number of injuries these
individuals may incur, without intervention. This is an initiative of
Healthy People 2020, to identify and treat those with balance deficits
[2]. Assessing pediatric balance during yearly physicals in children
with subjective complaints or in those with objective measures such
as lower extremity weakness may help identify these children with
balance deficits. A valid and comprehensive measure is important in
ensuring development and functional independence of children [1]
Obtaining data for age groups of typically developing children to
reference over time is desirable.

Balance impairments have been clearly noted in numerous
childhood diseases and disorders that include, but are not limited to,
Cerebral Palsy (CP) [3,4] Traumatic Brain Injury (TBI) [4], Autism
Spectrum Disorder (ASD) [5] and Muscular Dystrophy (MD) [6].
However, the balance measures that are commonly used for the
pediatric population do not comprehensively assess standing postural
control and omit some key components of mobility and independence.
Sibley et al. assessed validated measures of standing balance in the
pediatric population and determined the components of postural
control captured in each [7]. The items included commonly described
balance components of functional stability limits, underlying
motor systems, static stability, verticality, reactive postural control,
anticipatory postural control, dynamic stability, sensory integration
and cognitive influences [7] to date, no validated pediatric measures
examine all nine components of balance. In fact, most measures
evaluated three or less balance components. Cognitive contributions,
functional stability limits and verticality were not included in most
of the tools studied. More importantly, not a single measure included
reactive postural control, which is essential in children who are active.

Although there is no comprehensive test currently being used in
all pediatric settings that include the majority of balance components,
there is a test currently in use for adult patients that captures eight out
of nine of these elements. The Mini-BESTest (a shortened version of
the Balance Evaluation System Test) encompasses eight components
of balance, only missing functional stability limits. This is more
comprehensive than any of the current validated balance assessments
currently being utilized for pediatric patients [7]. Although this test is
not commonly used in pediatrics, its use in children has been tested and
published in the literature. Dewar et al., examined the reproducibility
of the Mini-BESTest for typically developing children and the results
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found that it can discriminate postural control abilities in children
with typical development and can detect progress between days [8].
In addition, Dewar et al., found the Mini-BESTest had high inter- and
intra-rater reliability using Intraclass Correlation Coefficients (ICCs=
.56-.86) [8]. The Mini-BESTest addresses the existing gaps in pediat-
ric measures and it is clear that further research is recommended for
this population.

The Mini-BESTest was developed using factor analysis to
identify the items of the BESTest that represented dynamic balance.
Rasch analysis was then used to improve the BESTest categories
and eliminate some items, which amounted to 3 of the 7 domains
[9]. The result was the Mini-BESTest with 14 items requires only
10-15 minutes in comparison to the BESTest which can take up to
60 minutes to administer [10]. The Mini-BESTest encompasses 4
postural control domains, as follows; anticipatory, reactive postural
control, sensory orientation, and dynamic gait. The Mini-BESTest
covers a broad spectrum of balance performance tasks, including
dynamic body stability, transfers, gait, variation of support surfaces
and of visual conditions, obstacle negotiation, reactions to external
forces and performance during dual-tasking. Items are scored 0
(unable to perform or requiring help) to 2 (normal performance).
The Mini-BESTest can be accessed at: http://www.bestest.us/
files/7413/6380/7277/MiniBEST revised final 3 8 13.pdf

Yingyongyudha et al. compared four balance evaluations including
the Berg Balance Scale (BBS), Timed Up and Go (TUG), BESTest and
Mini-BESTest. Results favored the Mini-BESTest over the BESTest
because it demonstrated the highest ability to correctly identify adults
with a history of falls, due to the Mini-BESTest’s high positive and
negative likelihood ratios. The Mini-BESTest has a cutoff score for
identifying history of falls at 16 out of 28, at a sensitivity of 85% and
a specificity of 75%. In addition, the Mini-BESTest had the highest
post-test accuracy when using the suggested cutoff scores [11].
In addition, Yingyongyudha et al., found that there was no ceiling
effect or responsive ceiling effect when using the Mini-BESTest
unlike other balance tests such as the BBS [11]. Franchignoni et al.
supported these findings, reporting that the Mini-BESTest has high
validity, intrarater reliability, and interrater reliability. Additionally,
this study showed that the Mini-BESTest is an accurate measure of
postural balance control [9]. Although the BESTest has more content,
the Mini-BESTest may be the best balance assessment tool to utilize
when analyzing balance in the pediatric population because of the
reduced administration time and higher accuracy [11]. This is an
important consideration when considering the negligible benefit of
the ICC of the BES Ttest over the miniBest [8].

The Mini-BESTest addresses gaps in pediatric measures and
research, and in addition, has shown it can discriminate postural control
abilities in children [8]. The lack of normative data affects the utility
of'this test overall as it affects the ability to recognize balance deficits,
fall risks, and progress monitoring. Clinicians need to be able to
utilize the information they obtain from this test to further their clinical
decision making regarding their plan of care. Normative scores on
the Mini-BESTest for individuals between the age of 7 to 17, would
allow for its widespread use amongst pediatric patients with postural
control issues, regardless of their diagnosis. It would also allow both
clinicians and patients to understand and observe the deficits they
currently possess as well as their progress throughout their treatment.
Therefore, the purpose of this study was to develop normative data
using the Mini-BESTest in typically developing children aged 7 to 17.

Methods

This one-time normative cross-sectional study was approved by
the New York Institute of Technology’s Institutional Review Board.
Informed consent from the legal guardian and assent from each
participant, age 11 and older, representing groups two and three
was obtained prior to testing (Office for the Protection of Research
Subjects, 2014). This was a sample of convenience.

One hundred and one children aged 7 to 17 years who participated
in regular gym classes, participated in the study. Subjects were
recruited from the local community, camps, and schools in the
surrounding area. Our study sites also consisted of community soccer
leagues for children from 4-17 years. We also collected data at a high
school volleyball game. Players and their eligible siblings and friends
were invited to participate. Participants were consented/assented and
tested on the same day. None of the consented participants dropped
out. Inclusion criteria included: children aged 7 to 17, considered
to be in good health, with no medical diagnosis. Exclusion criteria
included: any major musculoskeletal injury not medically cleared, any
neurological, orthopedic or developmental condition, the use of any
assistive devices, or any other health issues that would interfere with
the subjects’ safety during this study. All subjects were screened prior
to testing for exclusion criteria. Demographic data for each subject
was collected including height, weight, gender and shown in table
1. All subjects performed the 14 tasks of the Mini-BESTest in the
same order, with step-by-step verbal instructions and demonstration.
To assure uniformity, each test item instruction was read to the subject
for the entire test.

All examiners were trained online, scoring methodology and
administration of the Mini-BESTest. The researcher’s backgrounds
were as physical therapy students one year from graduation and a
seasoned PT with 30 + years’ experience. Reliability training was
provided to all examiners. Three Mini-BESTest videos were viewed
and scored by the researchers. Video was viewed by all researchers
independently and scored over two consecutive days to ensure intra-
rater reliability. The scores were compared amongst researchers to
ensure inter-rater reliability. Excellent interrater agreement was
obtained .89. This reliability is in keeping with Dewar and colleagues’
findings. [12].

Sample size was based on a study done by Lusardi and colleagues
in the development of functional performance norms in 76 persons
from 66 to 10lyears [13]. In this study, norms for multiple
performance tests were assessed including the Berg Balance Scale
and Timed Up and Go. Subjects were divided by decade, with the
largest group having 34 participants. Statistics including means
standard deviations, and 95% confidence intervals were calculated by
decade of age, gender, and assistive device. This study was selected
because, like Lusardi, this study aimed to determine the score of a
typically developing children on the Mini-BESTest based on age [13].
Likewise comparing the MiniBEST score achieved of a child to an
age referenced mean score and standard deviation may be useful for
clinicians in determining progress, and plan of care.

Data Analysis

Statistical analyses were performed using IBM SPSS version 25.
The alpha level was set at p<0.05 for all statistical comparisons. De-
scriptive statistics and measures of central tendencies were run for the
participants’ demographic data. Analysis of variances were employed
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to the total score achieved and subscores for each balance attribute for
the Mini-BESTest. Post hoc calculations were applied utilizing t-tests
adjusted with the Bonferroni correction factor. Standard error of
measurement and standard error of the mean were calculated. Score
frequencies were assessed for each item on the miniBEST.

Results

Of the 101 subjects, 55 (54%) were female (Table 1). Based on
BMI percentiles, 75 (77%) subjects were identified as normal weight
(5th-85th percentile) and 14 (14%) subjects were overweight or obese
(85th percentile and greater) with the remainder of subjects classified
as underweight (less than the 5th percentile.) When asked their favor-
ite after school activity, 72 (74%) subjects reported physically active
pursuits.

Mini-BESTest total score by group means are shown in table 2.
Table 2 demonstrates significant between group differences, table 3
demonstrates where the statistically significant differences by groups
(in age) were noted using ANCOVA between the groups using BMI
and gender as covariates. Additionally, ANOVA results indicated
there were no within group differences for the combined or subscore
sections. There were no differences noted between the groups based
on gender (p.=.198) or BMI (p.=.314.)

The standard error of measurement (SEm) was calculated to be
1.42 points, 95% CI = 22.02 to 27.78 points. This indicates that the
measurement scores within this range are 95% accurate.

Score frequency was calculated for all items and is shown in figure
1. Question 14 in the dynamic gait subcategory, assessed the Timed
Up and Go test with dual tasking with a cognitive component. Only
16.8% of the participants achieved a perfect score, the lowest per-
centage of all questions. The only other item that less than 55% of
the participants scored a perfect 2 was item 5, the backwards-reactive
balance perturbation.

Figure 1: Mini- BESTest score frequency.

Gender Mini-BES Test Scores
Group Number (n) Average Age BMI (kg/m?)
Boys | Girls Mean SD Min Max
Group 1 (Ages 7-10) 29 8.59+1.18 16 13 16.04 +4.45 23.8 1.7 20 27
Group 2 (Ages 11-13) 35 11.74 £0.78 12 23 18.04 +5.05 25.0 1.6 21 27
Group 3 (Ages 14-17) 37 15.11+1.26 18 19 21.58+2.52 254 1.7 21 28
Total 101 12.07 +2.85 46 55 18.82 +4.65 24.8 1.8 20 28

Table 1: Group demographics and MiniBEST scores.

Source Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared Noncent. Parameter Observed Power
Gender 4.696 1 4.696 1.678 198 017 1.678 250

BMI 3.000 1 3.000 1.026 314 011 1.026 171
Group 40.820 2 20.410 7292 | .001* 131 14.584 930

b. Computed using alpha = .05
* Significant at .05

Table 2: MiniBEST Tests of Between-Subjects Effects.

*Sig.05

95% Confidence Interval
Group Group Mean Difference Std. Error Sig.
Lower Bound Upper Bound

2.00 -1.1438* 42155 .024* -2.1706 -.1170

100 3.00 -1.6048%* 41635 .001* -2.6190 -.5907
1.00 1.1438* 42155 .024* 1170 2.1706

200 3.00 -4610 39584 741 -1.4252 .5032
1.00 1.6048* 41635 .001* 5907 2.6190

300 2.00 4610 39584 741 -.5032 1.4252

Table 3: Between group differences.
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Discussion

This is the first study to assess reference data for children aged
7-17 using the Mini-BESTest. Although normative balance values
have been established in older adults using an assortment of balance
functional tests and measures, there is a gap in the literature in chil-
dren aged 7-17, [7,13]. Previous studies have had limited sample sizes
and utilize numerous functional measures instead of one tool to en-
compass all aspects of balance.

Our results did show a gradual increase in the scores as group
members aged as well as a significant difference between the young-
est age group compared to the older two groups. The means for each
group were as follows: 7-10 year olds scored 23.83, 11-13 year olds
scored 24.97 and 14-17 year olds scored 25.43. In comparison, the
mean scores for adults aged 50-59 was 26.3 and ages 60-69 was 24
[10]. O’Hoski et al., found a significant difference in Mini-BESTest
scores between age groups in older adults between 50-89. Our review
identified a gap in the literature for persons aged 18-50 of Mini-BEST
scores. We did not note any ceiling effects. Other studies have also
indicated the lack of ceiling effect in adults with varying conditions
[9]. Post hoc Bonferroni indicated the youngest group mean scores
were different from the two older groups. This can be seen in Table
2. These findings support the use of the Mini-BESTest in pediatric
populations ages 7-17. Previously used measures for this age group,
such as the Pediatric Balance Scale (PBS) and the Timed Up and
Go (TUG), do not appear to be as effective. Franjoine et al assessed
641 subjects ages 2.3 to 13.6, utilizing the PBS, and found that most
children age 7 years and older demonstrated mastery of PBS items
making it ineffective after that age [9]. Secondly, the TUG empha-
sizes dynamic balance in walking and movement transitions but does
not examine static standing balance, which prevents it from being a
fully comprehensive assessment of balance [14]. As stated in the in-
troduction, the Mini-BESTest encompasses the majority of balance
components and can discriminate amongst balance items. Therefore,
the Mini-BESTest may be a more appropriate tool for identifying bal-
ance impairments, and these scores may be used as a foundation for
assessing their balance ability. Additionally, due to the short adminis-
tration time, this measure would serve as an excellent test for children
to determine the necessity of whether to complete a lengthy proto-
col. Balance has been documented to be potentially compromised
by anthropometric measures throughout the literature [15,16]. In this
study, subjects classified as obese or overweight scored similarly on
the Mini-BESTest in comparison with normal weight peers. A mean
difference of 0.16, indicating nonsignificant statistical difference.
This study found that there are no gender differences affecting the
miniBEST score.

A change in score of 2+ points can be considered a true change
not chance. Dewar and colleagues used the standard error of the mean
(SE) to detect the smallest detectable change (SDC) and found that
1.3 points are required to have true change [8]. Our findings agree
regarding the SDC when using the SEm. In adults, Godi et al, found
the SEm to be 1.26 points, our results indicate that children are similar
to adults in this regard as well [17]. Although our findings support the
Mini-BESTest as an appropriate tool for determining balance deficits
in children, during the TUG with dual task item (TUG COG) partic-
ipants demonstrated less success than other items. As can be seen in
Figure 1. This finding is consistent with other studies published in
the literature. Franchignoni et al., found that participants were most

likely to achieve a 1 (out of 2 possible points) on item 14 [9,10] who
conducted the Mini-BESTest on healthy adults ages 50 and up, found
this section had the lowest scores and all age groups struggled with
counting backwards before the physical task was added [10]. These
lower scores could be attributed to a decrease in performance in
situations of dual tasking, with one or both of the tasks being slightly
compromised [18]. Ruffieux et al., discusses how dual tasks require
more central processing and much more of a “cost” when maintaining
postural control to attend to both tasks. This was noted in our study,
as the children struggled to attend to both tasks. We noted that the
children had significant increases in the amount of time necessary to
complete the TUG COG. Hagmann-von Arx discusses the bottleneck
theory and the capacity sharing theory stating that dual tasking
requires cognition that is processed sequentially and when switching
from one task to another, it may lead to lowered performance in one
or both tasks [19]. The meta-analysis by Ruffieux recommends more
research to determine the dual task effects on children, since there
is not much evidence to support these theories in the articles [18].
Our study found that many children had difficulty with counting
backwards whilst performing the TUG, but not necessarily due to
a deficit. The subjects were able to successfully perform the TUG
without the cognitive aspect, indicating lower scores could be a result
of a lack of cognitive ability to perform the task rather than a balance
deficit. It is not recommended to remove item 14 since dual tasking
is a part of everyday life and an element of dynamic balance. Padgett
et al., who found the dual-task TUG to be the least representative
item of balance in the entire test when tested on 20 adults, support
this observation [20-24]. Suggestions for further studies include
assessing a version of the mini-BESTest that applies modifications
to item 14 still requiring the use of executive functioning, but with
a more age appropriate task. Dewar et al., created a version of the
Mini-BESTest that is more appropriate for children called the Kids-
BESTest. This modifies item 14 to counting by 2’s or listing random
numbers [8]. This alternative should be tested in typically developing
children. Item 5, reactive balance in a posterior direction was also
more difficult for this cohort of children. This was previously found
by Dewar et al., whose participants had increased variability during
this task [8].

A recommendation for further studies would include the
development of validity of the mini-BESTest in the pediatric
population as reliability and reproducibility has been established.
Future studies that assess persons between the ages of 18 and 50 are
warranted, to address the void in the literature and assess the validity
for use with persons in this age group that have balance deficits.
Another study to assess typically developing children over time
using the mini BEST would be beneficial. Subjects were recruited
as a sample of convenience, which can present potential limitations
such as the generalizability of our results to all typically developing
children aged 7-17. Our sample sizes were small. This may have
created a potential limitation during our study.

The present study makes two important contributions to the
existing literature by, (1) providing reference values for the Mini-
BESTest for children 7-17 and (2) suggesting that the Mini-BESTest
could be an appropriate measure to identify change in balance deficits
in the domains of the tool in children. Lastly, this study his study adds
to the pool of few studies with typically developing children.
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Conclusion

The assessment of balance in the pediatric setting is essential

when performing an evaluation and monitoring progress. When look-
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