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Introduction

Down syndrome  (DS) is one of the most common 
chromosomal birth defects in children.[1] Often postural 
instability plays a major contributing role to the motor 
disorders in children with DS.[2] Deficits in postural 
control in DS are often associated with problems in 
motor coordination and sensory‑motor integration. 
Other neuro–muscular anomalies, such as hypotonia, 
retained primary reflexes, and slow performance of 
volitional reaction not only leads to delayed development 
in motor and cognitive functions, but also problems with 
body balance.[2] Postural stability is a prerequisite for 

performing a number of complex gross motor activities 
and hence affects the child’s interaction with peers, 
play activities, and participation in social activities. To 
address these problems, a lot of emphasis is now being 
given to community‑based balance and strength training 
programs in individuals with DS that encourages 
participation in leisure activities and interaction with 
peers.[3‑6] Therefore, accurate measures of static and 
dynamic balance in a community or school based 
setting are required to assess the effectiveness of the 
balance training and to examine the severity of balance 
problems.[7]

Villamonte et  al. estimated the reliability of 16 static 
and dynamic balance tests in individuals with DS aged 
5–31 years and found that only 3 tests were reliable in 
young males and females.[8] However, the results of 
this study cannot be generalized to the population with 
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DS because of three reasons. First, this study included 
a wide age range and insufficient sample size. As 
children grow into adolescents and adults, there occurs 
maturation of the organizational processes influencing 
balance control resulting in large differences in their 
performances on balance measures.[9,10] Therefore, to 
obtain better estimates of psychometric properties of 
a balance measure, it must be evaluated in a specific 
age group.[8] Second, the reliability of the balance tests 
was computed only in terms of Interclass Correlation 
Coefficients (ICC). In recent years, several authors have 
recommended that no single reliability estimate should 
be used for reliability studies.[11] For example, ICC or 
Pearson’s correlation coefficient values are affected 
by sample heterogeneity to such a degree that a high 
correlation may still mean unacceptable measurement 
error.[12] In general, correlation coefficients should 
be assessed with absolute reliability measures like 
the standard error of measurement  (SEM) because a 
combination of approaches is more likely to give a true 
picture of reliability.[11] Third, it did not recommend any 
standardized balance test that could be used in children 
and adolescents with DS.

To be applicable in clinical and community‑based 
settings, balance tests must be reliable and valid, 
use readily available equipment, require a little 
experience to master, easy to administer and cost 
effective. Another important consideration is that the 
balance tests should account for the complexity and 
multidimensional nature of balance that is determined 
by three components:  (1) The musculoskeletal 
system  (biomechanical components),  (2) automatic 
postural reactions  (motor coordination components), 
and  (3) postural orientation  (sensory organization 
components).[13] Therefore, balance assessments should 
incorporate protocols that can assess these components 
separately. One of the clinical balance measures that is 
easy to use and evaluates different balance components 
is the static and dynamic timed standing balance 
test (SDSBT). It is a clinical test that has been proven to be 
appropriate and reliable in healthy adolescents.[14] SDSBT 
is simple in instrumentation and uses no sophisticated 
technique to evaluate patients’ balance under eyes open 
and eyes closed standing conditions.[14] It has been tested 
in different patient populations, but its psychometric 
properties in measuring balance among the children and 
adolescents with DS are not yet established.[15,16] To test 
a clinical measure for its psychometric properties, it is 
suggested that reliability should be tested for first in a 
new measurement tool, since the measure will never be 
valid if it is not adequately consistent in whatever value 
it indicates from repeated measurements.[12] The purpose 
of this study was to estimate the sensitivity to change 

and reliability of SDSBT to assess standing balance in 
children with DS aged 8-17 years. The sensitivity to 
change was evaluated to judge whether the measurement 
error would be small enough to justify the use of SDSBT 
to detect change over time in children with DS.

Methods

This was a nonblinded, comparison study conducted 
on children with DS. The study was approved from the 
University Review Board on Ethics for research, and the 
study protocol has been registered in Trials Registry of 
India (CTRI/2014/08/004932). The study was conducted 
at a special school for children with disabilities. A prior 
informed consent was obtained from the school authorities, 
as well as from all the participants’ parents/guardians. 
Nature and purpose, procedures, risks, and benefits of 
the study was explained to them while taking due care to 
avoid any bias. They were ensured that confidentiality of 
the data would be maintained. The study was conducted 
according to guidelines for biomedical research on 
human participants, laid by World Medical Association 
Declaration of Helsinki at 64th General Assembly meeting, 
Brazil, October 2013.

Sample characteristics
The study was designed to recruit nine subjects to have 
80% power with an expected reliability (ρ0) of >0.6 and an 
expected width of 0.2 at P = 0.05 level.[17,18] Convenience 
sampling technique was used to recruit nine children 
and adolescents with DS (6 boys, 3 girls) aged 8–17 years 
from a sample of 19 children between September 2014 
and November 2014 with pilot trial being conducted in 
the month of June to August, 2013. Children with DS 
were included if they could understand and follow a 
simple command, and stand independently without 
assistive devices. Subjects were excluded if they reported 
a history of any musculoskeletal injury 6 weeks prior to 
recruitment. Every child was shown how the test had 
to be performed, and a 15 s practice trial was given in 
each condition. A digital stopwatch was used to measure 
the time required to maintain each test position that 
was recorded to the nearest 1/100 of a second. The test 
was conducted barefoot to maintain uniformity. All the 
anthropometric measures  (height, weight, waist‑hip 
ratio) were recorded in the beginning of the study.

Procedure
The static balance was tested by standing on a 
floor and dynamic balance by standing on a foam 
pad (50 cm × 48 cm × 8 cm, 0.8 kg). The test was conducted 
with four different protocols  (eyes open static, eyes 
closed static, eyes open dynamic, and eyes closed 
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dynamic) and the order of each protocol was randomized 
by lottery method to control measurement bias. A rest for 
30 s was provided between protocols. The dominant leg 
was identified by asking the subject to kick a ball prior to 
testing. For all four balance tests, each subject completed 
three trials on each leg.

Static balance
Participants were asked to place their hands on their hip 
and to focus on a target which was placed at the eye level, 
at a distance of 4 m from them. They were then asked to 
stand on their right foot and raise the opposite foot from 
the floor (90° knee flexion) as in Figure 1. The electronic 
stopwatch was started as soon as the subject raised the 
foot from the floor and was stopped on the loss of balance. 
Loss of balance included removal of one hand from the 
hip, touching the floor with the nonweight-bearing foot, 
or movement of the weight-bearing foot from its original 
position on the floor. The same procedure was repeated 
with closed eyes. The stop watch was stopped on opening 
of eye and loss of balance.

Dynamic balance
The same procedure was again repeated on a foam 
surface [Figure 2] with an eye open and eye closed. Here, 
the stopwatch was started as above but was stopped 
on the loss of balance or on the movement of the foam 
from its original position. Due to small sample size, the 
assessment was made on three occasions, by the same 
examiner with 2 days interval between each session.

Data analysis
The main cl inical  outcome measure was the 
time  (seconds) required to maintain each position 
under static and dynamic balance testing conditions. 
Data analysis was performed using the Statistical 
Package for Social Science, IBM® SPSS® v20  (IBM 

USA). Normality of collected data was checked using 
Shapiro–Wilk test. As the data did not follow a normal 
distribution, the test score data were transformed 
logarithmically and then back transformed to report 
the geometric mean and 95% confidence interval (CI). 
When data are skewed, geometric mean and 95% CI are 
then appropriate parameters to express the arithmetic 
mean and standard deviation (SD).[19] The reliability of 
the assessment instrument was calculated by estimating 
its relative and absolute reliability. Relative reliability 
is the degree to which individuals maintain their 
position in a sample over repeated measurements and 
was assessed using ICC1, k  (k = 3).[11] ICC values from 
0.75 to 0.89 represented good reliability and 0.90–0.99 
represented excellent reliability.[20] Absolute reliability 
is the degree to which repeated measurements vary 
for individuals. It will be assessed using SEM, which 
is the SD of measurement errors.[11] SEM was used 
as a measure of absolute reliability and calculated as 
SEM = SD × √ (1‑reliability).[21] Sensitivity to change was 
calculated using the smallest real change (SRC). Based 
on the SEM, the SRC with 95% confidence is calculated 
as 1.96× √2 × SEM at P < 0.05.[12] Differences between 
two consecutive measurements that are greater than 
the SRC can be interpreted as real change with 95% 
certainty. SRC is not the “clinically relevant change,” but 
a clinimetric property of a measurement instrument.[22,23]

Results

A total of nine children with DS were recruited for the 
study, six boys and three girls. Subject demographics 
are presented in Table  1. There was no significant 
difference in any demographic variable between boys 
and girls. Table 2 shows the geometric mean with 95% 
CI, median with range, ICC, SEM, and 95% SEM of 

Figure 1: A child with down syndrome performing the timed static 
standing balance test by standing over the flat surface (a) AP view 
(b) Lateral view

ba

Figure 2: A child with down syndrome performing the timed dynamic 
standing balance test by standing over the foam surface (a) AP view 
(b) Lateral view

ba
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timed standing balance test in all four conditions eyes 
open static, eyes closed static, eyes open dynamic, and 
eyes closed dynamic. Eyes open static condition had the 
highest test scores and greatest dispersion of its middle 
50% median values.

All conditions showed excellent ICC values ranging 
between 0.91 and 0.93. SEM scores and 95% SEM for 
eyes open and closed under dynamic conditions were 
smaller than eyes open and closed under static condition, 
an important consideration during the comparison 
of observed scores and true scores for independent 
condition. For example, the SEM for eyes open dynamic 
is 0.21 and 95% SEM is ± 0.41. This implies that when a 
child with DS has scored 4 s on the eyes open dynamic 
condition, one can be 95% sure that his/her true score 
ranges from 3.59 to 4.41. Overall, all test conditions 
demonstrated excellent SEM percentages. Table 2 also 
shows the SRCs for all test scores. According to the 
SRC values, a change of at least 2 s for static balance 
conditions, and a change of at least 1 s for dynamic 
balance conditions is needed between two sessions to be 
95% confident that a real change has occurred.

Discussion

SDSBT is a clinical test that evaluates balance under 
static and dynamic balance conditions. This study 
demonstrated the excellent relative and absolute 
reliability with an ability to detect relatively small 
differences over time. The study is carried out with an 
aim to establish the reliability of static and dynamic 
balance in the children with DS. The foam pad used for 

the dynamic balance condition was easily available, easy 
to clean, easy to transport and easy to use for a child 
with DS when comparing with other balance measuring 
instruments such as balance master. Therefore, it is 
extremely useful in a school or community setting.

This is the first study that estimated timed measurements 
of balance in children with DS. Other studies that 
investigated standing balance in children and adults with 
DS did not report the maximum time required to maintain 
balance.[7,8,24] Comparison of the timed static standing 
balance under eyes open and closed conditions reveals 
significant differences between typical children and 
children with DS. Typical children aged 4–9 years of age 
scored a maximum mean of 25.3 s under eyes open static 
and 6.3 s under eyes closed static conditions, whereas, in 
our study children with DS scored 4.21 and 2.68 s under 
eyes open static and eyes closed static, respectively.[25] 
Similarly, large differences exist between healthy adults 
and those with disabilities as shown by the available 
evidence. A maximum mean of 30 s was reported in eyes 
closed static condition for healthy adults in comparison 
to adults with stroke who scored 2.8 s on the paretic and 
6.6 s on the nonparetic leg during unilateral stance.[15,26]

The timed standing balance test has been tested for its 
psychometric properties in many neurologically disabled 
populations. The excellent test‑retest reliability of eyes 
open static test was reported with an ICC = 0.87–0.98 
among individuals with congenital myotonic dystrophy 
type 1 aged 20–60 years.[16] However, the timed balance 
test during unilateral stance was not reliable for adults 
with stroke.[15] In our study, both SDSBT had excellent 
absolute and relative reliability as inferred from the 
high ICC and low SEM values. The differences in the 
reliability estimates of the timed standing balance test 
can be attributed to the differences in age and health 
conditions. Moreover, some studies used arithmetic 
mean while the other used geometric mean to report 
the results, which might have misrepresented the actual 
differences between studies.

One of the major strength of this study was to pay utmost 
attention to the methodological considerations. First, we 

Table 1: Demographic characteristic of the children 
with down syndrome
Characteristics Boys (n=6) 

median (range)
Girls (n=3) 

median (range)
P

Age (years) 14 (8-17) 13 (9-15) 0.36
Height (cm) 148.3 (131-158) 142 (137-144) 0.36
Weight (kg) 44.1 (28.9-67.5) 32.5 (32.1-36.6) 0.21
*BMI 19.9 (16.5-28.1) 17.1 (15.7-18.2) 0.19
†WHR 0.87 (0.81-0.92) 0.88 (0.86–90) 0.92
*Body mass index, †Waist hip ratio, BMI: Body mass index, WHR: Waist‑hip ratio

Table 2: Geometric mean, median, absolute reliability, relative reliability, and sensitivity to change of the timed 
standing balance test
Balance test Geometric mean (95% CI) (sec) Median (range) (sec) ICC SEM (sec) 95% SEM (sec) SRC (sec)
EOS 4.21 (2.08-5.63) 6.4 (1.2-28.9) 0.93 0.46 0.90 1.27
ECS 2.68 (1.59-4.57) 2.15 (1.3-9.4) 0.91 0.59 1.15 1.63
EOD 2.67 (1.55-5.33) 2.25 (1.2-10.7) 0.92 0.21 0.41 0.58
ECD 1.57 (1.05-3.09) 1.6 (0.7-4.6) 0.91 0.22 0.43 0.61
EOS: Eyes open static, ECS: Eyes closed static, EOD: Eyes open dynamic, ECD: Eyes closed dynamic, CI: Confidence interval, ICC: Intraclass correlation coefficient, 
SEM: Standard error of measurement, SRC: Smallest real change
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randomized the order of executing four test conditions 
to control the effect of the ascending order of difficulty. 
Second, the reliability was calculated both in terms of 
ICC and SEM that made the interpretation of results 
more meaningful.

Study limitations
First, a sample size of nine children might not be a 
representative of children with DS. Second, children 
with DS were recruited from a single school that 
might influence the generalizability of results. Third, 
the assessor was not blinded to the second and third 
assessment. Nevertheless, this study was well‑designed 
and adds evidence to the current literature that timed 
standing balance test is sensitive to change and can be 
used to clinically assess standing balance in children with 
DS. As no comparison was used, we cannot advocate the 
use of timed standing balance test over other measures. 
Further research may investigate the reliability and 
validity of the timed standing balance test in younger 
children or adults with DS. Concurrent validity of the 
timed standing test in comparison with other measures 
may also add to its utility in this population.

Conclusion

Timed static and dynamic balance test may be an 
appropriate clinical measure to be used in children 
with DS. Absolute and relative reliability appears to 
be adequate for all four conditions – eyes open static, 
eyes closed static, eyes open dynamic, and eyes closed 
dynamic. Based on the SRC values, it can be suggested 
that this test is sensitive to change under all static and 
dynamic balance conditions.
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