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ABSTRACT

Objectives: Undiagnosed balance disorders during childhood can negatively affect children’s
functional abilities such as reading and school performance. The Pediatric Clinical Test of
Sensory Interaction for Balance (P-CTSIB) reflects how children combine and use different
sensory information to react to different conditions in the static balance. This study aimed to
examine balance control in normal 4-6 years old children in Tehran, Iran using P-CTSIB.

Methods: This was a descriptive-analytical study conducted on 121, 4-6 years old preschools
children in Tehran. The P-CTSIB includes 12 conditions that are a combination of visual
conditions (eyes open, eyes closed wearing visual-conflict dome), support surface (stand on
firm surface or foam), and feet positions (feet-together and heel-toe). Descriptive statistics
(mean and standard deviation) and repeated measures and post-hoc tests were used for age and
gender comparisons.

Results: Average standing time, anterior-posterior sway, and lateral sway in the P-CTSIB
conditions were evaluated in different age groups. Different age groups had significantly
different scores on the three items of the test (P<0.05), but there was no significant gender
difference (P>0.05).

Discussion: Given that all children had a better performance on the feet together position in
P-CTSIB, this position can be used to assess balance performance in all 4-6 years old children.
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Highlights

e The Pediatric Clinical Test of Sensory Interaction for Balance reflects how children use different sensory informa-
tion to maintain static balance.

o This test is not an expensive instrument and can easily be used in clinical settings.
o The P-CTSIB with feet-together position can be easily performed by 4 to 6 years old children without balance deficiencie.

e It can be used as a balance screening test for this age group.

Plain Language Summary

Currently, the inefficiency of vestibular function in children is often ignored, and no precise examination is avail-
able in this regard. There are several reasons why the evaluation is not usually performed in children specially lack of
a simple and applicable method for clinical setting. P-CTSIB attempts to evaluate the maturity of vestibular, visual,
and proprioceptive systems and the quality of sensory interactions between these systems. , the current study aimed at
evaluating the balance ability of 4- to 6-year-old children in Tehran, Iran with P-CTSIB. The study was conducted on
this age group due to the difficulty in performing other balance tests on children less than 6 years and there were a few
studies and findings in balance tests on such groups. The study results show that the scores improved with age. The
P-CTSIB with feet-together position can be easily performed by 4 to 6 years old children without balance deficiencies.

1. Introduction

n effective balance control requires com-

bination of vestibular, proprioceptive,

and visual system performances [1]. The

sensory systems involved in balance con-

trol are well-organized and well-devel-
oped in adults, thus the balance and postural control
are achievable in every situation. However, despite the
early anatomical maturation of these systems, they are
not functionally developed in children. The functional
development of the afferent division of the sensory sys-
tem, including vestibular, proprioceptive, and visual
systems, occurs gradually and hierarchically, and starts
after the early maturation of the low-level automatic
motor processes [2].

Vestibular disorders are the most common reasons for
vertigo in children, with a prevalence rates of 7% to
15%, which may lead to secondary physiological symp-
toms and avoidant behaviors with negative effects on
the child’s academic performance and quality of life [3].
These deficiencies during childhood, can affect the abil-
ity to read and study at school [4]. Children with balance
problems may face challenges during activities such as
playing or getting dressed [5].

Adult standard evaluation methods, which detect the
unilateral vestibular disorders, e.g. Videonystagmogra-

phy (VNG) and caloric testing are challenging and in-
sufferable for children [6, 7]. The rotary chair testing is
applied for detecting bilateral vestibular disorders using
the natural rotation simulation. This test is very expen-
sive, and is not available in all clinics [8]. Another test
to evaluate balance performance is the Sensory Or-
ganization Test (SOT) in the Computerized Dynamic
Posturography (CDP), which is useful in evaluating
patients without postural stability. This test provides a
more integrated evaluation of balance performance than
the above-mentioned assessments which only examine
the vestibulo-ocular reflex. However, it is less used in
clinical assessments due to its high cost, long processing
time, and large equipment [8].

Considering difficulties in clinical balance assess-
ments, Shumway Cook et al. introduced the Clinical Test
of Sensory Interaction on Balance (CTSIB). The CTSIB
is the clinical version of the Sensory Organization Test
(SOT), useful for the assessment of static balance. This
test does not use computerized force plate technology,
and is not an expensive instrument. In addition, it has
been designed to systematically assess the effects of vi-
sual, vestibular, and proprioceptive systems on static bal-
ance, and can easily be used in clinical settings [9].

The pediatric version of this test is called the Pedi-
atric Clinical Test of Sensory Interaction for Balance
(P-CTSIB). The P-CTSIB reflects the child’s ability to
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combine and use different information to react in different
positions in tatic balance [10]. Crowe et al. standardized
the test process and examined its reliability in 24 children
aged 4-9 years without balance disorders. This study indi-
cated a high inter-rater reliability for this test [11].

Other studies showed a high reliability of P-CTSIB in
feet-together position among children [12, 13]. Christy
et al. also examined the reliability of vestibular func-
tions in children with sensory neural hearing loss com-
pared to healthy children aged 6 to 12 years. They used
the Modified Clinical Test of Sensory Interaction in
Balance (mCTSIB), which is normally used in adults.
In this modified version, the test was performed only
in 4 positions (positions 3 and 6 of the P-CTSIB were
removed). Their results showed that all of the positions,
except position 4 (the hardest position), had a high reli-
ability. Their study also indicated a significant differ-
ence in balance performance between this age group
and the test [4].

Geldlof et al. performed the test-retest assessment of
static and dynamic balance on 20 children aged 9 to 10
years using the limit of stability test and mCTSIB. The
results showed a moderate to high reliability for all 4
sensory states of mCTSIB [14]. Although studies in-
dicate the effectiveness of vestibular rehabilitation for
children with vestibular hypofunction, the usefulness
and effectiveness of vestibular rehabilitations are rare-
ly assessed in these age groups, due to lack of simple
and inexpensive clinical tests for children. Given the
negative effects of vestibular deficiency on motor per-
formance, postural control, etc. it seems necessary to
use simple, valid, and reliable tests with normative data
to assess the balance system in children [4]. Therefore,
considering the advantages of this test for balance as-
sessment in children and being easy-to-use for clinical
settings, also there are no studies using this test in Iran,
also considering the limited previous studies in this age
group, the current study aimed to evaluate this test in
4-6 years old Iranian children.

2. Methods

A total of 121 children aged 4 to 6 years from some
kindergartens in Tehran participated in our study. The
participants were selected using the random cluster
sampling method. The researcher explained the study
objectives and procedure to the parents and they pro-
vided the written informed consent. The inclusion cri-
teria consisted of children aged 4 to 6 years, no history
of neurological problems, uncorrected visual impair-
ment, developmental motor disorders, and educational
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problems, based on parental report; Lack of regular
exercise, and no use of sedative and efficacious drugs
that can affect children’s nervous system and balance
system or improve their ability to acquit with the test.
The data were collected from different regions, (1 kin-
dergarten in the North, 2 in the West, and 1 in the South
of Tehran) during winter 2016.

Initially, the children were explained about the test and
the importance of their cooperation. They were remind-
ed about the procedure of the test before each stage, if
necessary. The duration of the static balance, the amount
of anterior-posterior sway of the body, and lateral sway
of the body were evaluated under six different sensory
conditions and two different standing positions (feet to-
gether and heel-toe position, 12 positions in total).

The combination of three states of visual variables (eyes
open, eyes closed, and wearing a visual-conflict dome)
and the three states of the support surface variable (stand-
ing on a firm surface and a foam) shaped the six sensory
situation levels of the test. These six situations were as
follows: 1. Standing on a firm surface with eyes open; 2.
Standing on a firm surface with eyes closed; 3. Using a
visual-conflict dome, standing on a firm surface with eyes
open; 4. Standing on a foam with eyes open; 5. Standing
on a foam with eyes closed; and 6. Using a visual-conflict
dome, and standing on a foam with eyes open (Figure 1).

The children were asked to stand with hands-on-hips
and maintain balance for 30 seconds or the occurrence
of a new postural adjustment, in all of the test positions.
The postural adjustment is a function defined as hands
off hips, the movement of one or both feet from the ini-
tial position, opening the eyes during the closed-eye con-
dition, or the need of examiner’s assistance to prevent
falling [11]. The duration of standing (static balance) and
the degrees of lateral sway and anterior-posterior sway
were registered. The duration of standing is defined as
the start time of the test until the occurrence of a new pos-
tural adjustment [11], which was measured in seconds
using a chronometer. The maximum standing time was
considered 30 seconds to prevent fatigue in children. A
sheet in millimeter sizes was placed behind the children
to evaluate the amount of sway in a 1x1 m space. The
total amount of sway was noted on both sides and on the
vertical and horizontal plates.

A laser beam was placed on children’s head using a tensile
headband to indicate the frequency of sway on the milli-
meter plate. The children’s sway rate was determined by
beam of the laser mounted on the plate behind them and
marked by the examiner. A conflict dome, made by a lantern

Sayadi N, et al. Investigating Static Balance Control in 4- to 6-Year-Old Children. IRJ. 2018; 16(3):271-288.
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Figure 1. Some conditions of P-CTSIB

paper and a total of horizontal and vertical lines inside it,
limited the child’s vision from the opposite, up, and down,
as well as both sides, in positions 3 and 6 [15] (Figure 2).
Two examiners performed the test procedure [11]. The first
one marked the sway rate in different directions on the plate
behind the children. The second one directed the child and
regulated their position correctly, and was also alert to pre-
vent them from falling and recorded the time.

The best response with the longest static balance dura-
tion was recorded for the analysis, in all of the 6 con-
ditions for the feet together and heel-toe situation. Be-
tween each stage, one minute rest time was given to the
children in order to prevent the effect of fatigue.

The test procedure took about 30 minutes. The test was
performed in an environment with the least distraction
factors so that the child could focus on the balance task.
The results were analyzed statistically using SPSS16.

A B
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Descriptive statistics, repeated measures and post-hoc
tests were used for data analysis.

3. Results

A total of 121 children aged 4-6 years were examined
by P-CTSIB test. Descriptive statistics (mean and stan-
dard deviations) and repeated measures and post-hoc
tests were used for age and gender comparison, per-
formed for the 3 variables of the test, including stand-
ing (static balance) duration, anterior-posterior, and
lateral sway. Descriptive statistics for standing duration,
antero-posterior sway, and lateral sway for feet together
position are shown in Tables 1, 2, and 3. As shown, the
mean score of standing duration in feet together position
increased and the mean score of lateral and AP sway de-
creased by age.

Figure 2. a. Laser beam and tensile headband for keeping the laser on child’s head; b. Foam in size 50x50 cm; and c. Conflict

dome for visual conflict
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Table 1. Descriptive data for standing duration in feet together position in P-CTSIB

Condition Age,y Gender No. Mean SD
Girl 19 29.73 1.14
4 Boy 20 29.90 0.44
Total 39 29.82 0.85
Girl 21 30.0 0.00
Hard surface-eyes open 5 Boy 21 29.8 0.47
Total 42 29.9 0.34
Girl 20 30.0 0.00
6 Boy 20 30.0 0.00
Total 40 30.0 0.00
Girl 19 29.26 1.32
4 Boy 20 27.90 2.98
Total 39 28.56 2.40
Girl 21 29.14 1.59
Hard surface-eyes closed 5 Boy 21 29.28 1.45
Total 42 29.21 1.50
Girl 20 29.70 0.97
6 Boy 20 30.00 0.00
Total 40 29.86 0.69
Girl 19 26.68 2.76
4 Boy 20 26.65 2.79
Total 39 26.66 2.74
Girl 21 27.33 3.45
Hard surface-visual
conflict dome 5 Boy 21 28.95 1.77
Total 42 28.14 2.83
Girl 20 29.65 1.34
6 Boy 20 29.85 0.67
Total 40 29.75 1.05
Girl 19 23.10 4.08
4 Boy 20 24.45 4.81
Total 39 23.79 4.46
Girl 21 26.90 3.30
Foam-eyes open 5 Boy 21 26.71 3.14
Total 42 26.80 3.18
Girl 20 29.25 1.37
6 Boy 20 29.05 2.54
Total 20 29.15 2.01

Sayadi N, et al. Investigating Static Balance Control in 4- to 6-Year-Old Children. IRJ. 2018; 16(3):271-288. 275
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Condition Age,y Gender No. Mean SD
Girl 19 18.05 5.80

4 Boy 20 18.85 5.36

Total 39 18.46 5.52

Girl 21 22.09 6.22

Foam-eyes closed 5 Boy 21 23.00 43
Total 42 22.54 5.32

Girl 20 27.15 3.21

6 Boy 20 28.00 3.40

Total 40 27.57 3.29

Girl 19 17.00 5.13

Boy 20 18.40 4.76

Total 39 17.71 4.94

Girl 21 22.47 5.94

Foam-visual conflict dome Boy 21 21.85 4.29
Total 42 22.16 5.13

Girl 20 27.15 3.40

Boy 20 27.55 4.00

Total 40 27.35 3.67

As shown in Tables 4, 5, and 6, descriptive statistics
for standing duration, antero-posterior sway, and lat-
eral sway for heel-toe position, and the mean score of
standing duration in heel-toe position increased and the
mean score of lateral and AP sway decreased by age. The
sample size are smaller in some positions, compared to
those reported in Table 4 (duration) because the degree
of sway was not measured in some cases (14 four-year-

old and 5 five-year-old children) that could not maintain
balance for more than 3 seconds.

For analysis of average standing duration, anterior-
posterior sway and lateral sway by age and by gender,
repeated measures test was used. Analysis of all three
items of the test revealed no significant differences
(P>0.05) between boys and girls (Table 7).

Table 2. Descriptive data for AP sway in feet together position in P-CTSIB

Condition Age,y Gender No. Mean SD

Girl 19 12.27 1.93

4 Boy 20 11.74 2.19

Total 39 12.02 2.04

Girl 21 10.54 2.05

Hard surface-eyes open 5 Boy 21 11.06 2.60
Total 42 10.79 2.32

Girl 20 7.5 2.52

6 Boy 20 8.54 2.40

Total 40 8.03 2.49
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Condition Age,y Gender No. Mean SD
Girl 19 15.32 0.99
4 Boy 20 13.11 2.23
Total 39 14.25 2.01
Girl 21 12.57 2.21
Hard surface-eyes closed 5 Boy 21 13.66 2.97
Total 42 13.10 2.63
Girl 20 9.74 2.83
6 Boy 20 10.90 2.29
Total 40 10.33 2.61
0.91

Girl 19 16.59
1.75

4 Boy 20 15.30
1.5

Total 39 15.97
Girl 21 13.03 1.82

Hard surface-visual conflict dome
5 Boy 21 14.76 2.11
Total 42 13.87 2.12
Girl 20 10.90 2.30
6 Boy 20 11.93 2.15
Total 40 11.41 2.26
Girl 19 16.37 1.9
4 Boy 20 15.11 2.59
Total 39 15.77 2.33
Girl 21 14.00 1.98
5 Boy 21 14.67 2.13
Foam-eyes open

Total 42 14.33 2.05
2.42

Girl 20 12.8
1.95

6 Boy 20 13.08
2.18

Total 40 12.94
Girl 19 16.75 i3
4 Boy 20 16.49 1.44
Total 39 16.62 1.45
Girl 21 15.19 1.5
Foam-eyes closed 5 Boy 21 15.46 2.69
Total 42 15.32 2.15
Girl 20 14.48 2.13
6 Boy 20 14.56 1.59
Total 40 14.52 1.85

Sayadi N, et al. Investigating Static Balance Control in 4- to 6-Year-Old Children. IRJ. 2018; 16(3):271-288. 277
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Condition Age,y Gender No. Mean SD

Girl 19 15.89 141

4 Boy 20 16.54 1.74

Total 39 16.20 1.57

Girl 21 15.95 1.96

Foam-visual conflict dome 5 Boy 21 15.58 2.04
Total 42 15.77 1.98

Girl 20 15.56 2.05

6 Boy 20 15.25 1.89

Total 40 15.41 1.95

As shown in Table 8, Analysis of duration, anterior-
posterior sway, and lateral sway by age revealed signifi-
cant differences (P<0.05) on all of three items of the test
between the three age groups.

The post-Hoc test and the Tukey test were used to iden-
tify differences between the age groups. The Tukey’s
post hoc test was used to determine differences in param-
eters, between the age groups (Table 9). Comparison of

average standing duration, anterior-posterior sway and
mediolateral sway between age groups revealed signifi-
cant differences in the three items of the test.

4. Discussion

In the present study, significant differences were found
in average standing time, anterior-posterior sway, and
lateral sway in different age groups (P<0.05). The bal-

Table 3. Descriptive data for lateral sway in feet together position in P-CTSIB

Condition Age,y Gender No. Mean SD

Girl 19 13.32 191

4 Boy 20 12.17 2.36

Total 39 12.77 2.17

Girl 21 10.06 2.85

Hard surface-eyes open 5 Boy 21 11.11 2.56
Total 42 10.57 2.73

Girl 20 7.53 2.28

6 Boy 20 9.07 2.55

Total 40 8.30 2.51

Girl 19 15.43 1.49

4 Boy 20 14.54 1.76

Total 39 15.01 1.65

Girl 21 11.54 2.45

Hard surface-eyes closed 5 Boy 21 12.92 2.23
Total 42 12.21 2.42

Girl 20 9.35 2.26

6 Boy 20 11.35 2.56

Total 40 10.35 2.59
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Condition Age,y Gender No. Mean SD
Girl 19 16.01 1.94
4 Boy 20 14.27 2.11
Total 39 15.18 2.17
Girl 21 12.69 2.20
Hard surface- visual conflict 5 Boy 271 1359 1.80
dome
Total 42 13.13 2.04
Girl 20 10.77 2.20
6 Boy 20 12.21 2.02
Total 40 11.49 221
Girl 19 15.82 2.47
4 Boy 20 15.13 1.63
Total 39 15.49 2.09
Girl 21 14.86 1.7
5 Boy 21 14.22 2.34
Foam-eyes open

Total 42 14.55 2.05
Girl 20 11.98 2.35
6 Boy 20 13.54 2.05
Total 40 12.76 231
Girl 19 16.62 1.01
4 Boy 20 15.71 1.87
Total 39 16.19 1.53
Girl 21 15.34 1.75
Foam-eyes closed 5 Boy 21 15.40 1.89
Total 42 15.37 1.79
Girl 20 14.54 1.75
6 Boy 20 14.57 1.9
Total 40 14.56 1.79
17.28 1.48

Girl 19
16.42 1.97

4 Boy 20
16.87 1.75

Total 39
Girl 21 15.28 1.98

Foam-visual conflict dome

5 Boy 21 15.70 1.85
Total 42 15.48 1.90
Girl 20 14.89 2.03
6 Boy 20 15.17 2.19
Total 40 15.03 2.09

Sayadi N, et al. Investigating Static Balance Control in 4- to 6-Year-Old Children. IRJ. 2018; 16(3):271-288. 279
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Table 4. Descriptive data for standing duration in heel-toe position in P-CTSIB

Condition Age,y Gender No. Mean SD
Girl 19 16.15 3.35

4 Boy 20 16.85 3.57
Total 39 16.51 3.44

Girl 21 19.166 5.40

Hard surface-eyes open 5 Boy 21 19.90 4.33
Total 42 19.78 4.84

Girl 20 24.95 3.54
6 Boy 20 231 4.54

Total 40 24.02 4.12

Girl 19 11.94 2.48

4 Boy 20 12.95 3.57

Total 39 12.46 3.09

Girl 21 14.47 4.8

Hard surface-eyes closed 5 Boy 21 15.04 3.87
Total 42 14.76 4.34

Girl 20 18.05 4.51

6 Boy 20 17.75 4.10

Total 40 17.90 4.25

Girl 19 11.78 3.17

4 Boy 20 13.70 3.32

Total 39 12.76 3.35

Girl 21 14.57 3.94

Hard surface-visual conflict 5 Boy 21 14.85 4.01

dome

Total 42 14.71 3.39

Girl 20 18.10 4.71

6 Boy 20 16.95 3.92

Total 40 17.52 4.32
Girl 19 9.52 2.14

4 Boy 20 10.00 3.30

Total 39 9.76 2.77

Girl 21 14.85 5.57

Foam-eyes open 5 Boy 21 12.76 4.61
Total 42 13.80 5.16

Girl 20 18.25 5.79

6 Boy 20 15.60 4.65

Total 40 16.92 5.28
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Condition Age,y Gender No. Mean SD
Girl 19 5.57 2.06

4 Boy 20 5.20 2.26

Total 39 5.38 2.14

Girl 21 8.52 3.40

Foam-eyes closed 5 Boy 21 7.33 2.92
Total 42 7.92 3.18

Girl 20 11.05 2.60

6 Boy 20 10.57 3.38

Total 40 10.90 2.98

Girl 19 5.15 1.8

4 Boy 20 5.05 1.82

Total 39 5.10 1.78

Girl 21 8.14 3.13

Foam-visual conflict dome 5 Boy 21 7.52 2.8
Total 42 7.83 2.97

Girl 20 10.45 2.21

6 Boy 20 10.95 3.06

Total 40 10.7 2.65

ance control of the children improved, average standing
time increased, and the amount of sway decreased, with
increase in age. More significant age differences were
found in standing time. Less differences were found in
anterior-posterior sway among 4 and 5 year old children.

The $tudy results are in part consistent with those of
Richardson et al. (1992) who performed P-CTSIB on 40
children aged 4 and 5 years, and found no significant differ-

ence in various positions. However, a significant difference
was found between 4 and 5 years old children in position 6
(heel-toe). Overall, the performance of 5-year-old children
was better than 4 years old children, in all positions [16].

In contrast, our study found significant difference be-
tween the 4 and 5 year olds in all conditions. Such dif-
ference can be due to the smaller sample size of the
previous study. In our study, fourteen 4 and 5 years old

Table 5. Descriptive data for AP sway in heel-toe position in P-CTSIB

Condition Age,y Gender No. Mean SD

Girl 13 13.75 1.62

4 Boy 12 13.30 2.52

Total 25 13.54 2.07

Girl 19 12.38 2.17

Hard surface-eyes open 5 Boy 18 13.26 2.26
Total 37 12.81 2.23

Girl 20 12.16 1.78

6 Boy 20 11.95 2.49

Total 40 12.06 2.14

Sayadi N, et al. Investigating Static Balance Control in 4- to 6-Year-Old Children. IRJ. 2018; 16(3):271-288.
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Condition Age,y Gender No. Mean SD
Girl 13 13.46 2.37
4 Boy 12 13.50 2.18
Total 25 13.48 2.24
Girl 19 13.76 2.26
Hard surface-eyes closed 5 Boy 18 13.89 2.18
Total 37 13.82 2.19
Girl 20 12.92 1.83
6 Boy 20 13.67 2.38
Total 40 13.29 2.1
Girl 13 13.56 2.36
4 Boy 12 14.65 2.87
Total 25 14.13 2.16
Girl 19 13.15 2.42
Hard surface-visual conflict 5 BeY 18 13.85 243
dome
Total 37 13.49 2.42
Girl 20 12.92 211
6 Boy 20 13.29 2.50
Total 40 13.10 2.29
Girl 13 13.06 2.07
4 Boy 12 12.17 1.81
Total 25 12.63 1.96
Girl 19 13.33 2.79
5 Boy 18 13.58 2.52
Foam-eyes open
Total 37 13.45 2.63
Girl 20 12.80 2.35
6 Boy 20 13.44 2.44
Total 40 13.12 2.39
Girl 13 12.59 2.66
4 Boy 12 12.85 2.46
Total 25 12.71 2.52
Girl 19 13.36 2.69
Foam-eyes closed 5 Boy 18 13.19 2.24
Total 37 13.28 2.45
Girl 20 12.65 2.69
6 Boy 20 13.55 2.24

Total 40 13.10 2.45
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Condition Age,y Gender No. Mean SD

Girl 13 13.16 3.46

4 Boy 12 13.44 2.59

Total 25 13.30 3.01

Girl 19 13.51 2.65

Foam-visual conflict dome 5 Boy 18 13.49 2.51
Total 37 13.50 2.55

Girl 20 12.99 1.61

6 Boy 20 12.20 2.54

Total 40 12.59 2.14

children could not control their balance for more than 3
seconds in the 5 and 6 heel-toe positions.

This result is in line with the study by Richardson, con-
ducted on forty 4 and 5 years old children, in which only
6 could keep their balance for more than 3 seconds in the
5 and 6 heel-toe positions. A possible explanation can
be that, visual input and proprioception are incorrect or

removed, in positions 5 and 6. Therefore, children must
control their balance only by relying on the vestibular
system that is not properly mature in this age. Also,
these positions and especially the heel-toe position are
the most difficult parts of the test. According to Richad-
son, there seems to be a development in the selection of
sensory strategies for balance control in difficult balance

Table 6. Descriptive data for lateral sway in heel-toe position in P-CTSIB

Condition Age,y Gender No. Mean SD

Girl 13 17.13 0.92

4 Boy 12 17.16 133

Total 25 17.14 1.11

Girl 19 15.99 1.63

Hard surface-eyes open 5 Boy 18 16.69 1.67
Total 37 16.33 1.66

Girl 20 14.163 1.90

6 Boy 20 15.33 2.36

Total 40 14.98 2.14

Girl 13 17.69 1.45

4 Boy 12 17.62 1.17

Total 25 17.66 1.30

Girl 19 16.96 133

Hard surface-eyes closed 5 Boy 18 17.30 1.46
Total 37 17.13 1.39

Girl 20 16.58 1.80

6 Boy 20 16.85 1.65

Total 40 16.72 1.71

Sayadi N, et al. Investigating Static Balance Control in 4- to 6-Year-Old Children. IRJ. 2018; 16(3):271-288.
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Condition Age,y Gender No. Mean SD
Girl 13 17.71 1.78
4 Boy 12 17.24 1.79
Total 25 17.48 1.76
Girl 19 17.32 1.62
Hard surface-visual conflict dome 5 Boy 18 17.84 1.11
Total 37 17.58 1.41
Girl 20 16.65 1.23
6 Boy 20 16.76 2.07
Total 40 16.70 1.68
Girl 13 17.67 1.47
4 Boy 12 18.22 1.18
Total 25 17.93 1.34
Girl 19 17.05 1.79
5 Boy 18 17.36 1.67
Foam-eyes open

Total 37 17.20 1.71
Girl 20 16.25 2.25
6 Boy 20 17.65 1.85
Total 40 16.95 2.15
Girl 13 17.26 0.85
4 Boy 12 16.68 1.11
Total 25 16.98 1.01
Girl 19 18.00 1.18
Foam-eyes closed 5 Boy 18 17.50 1.81
Total 37 17.75 1.52
Girl 20 17.54 1.60
6 Boy 20 17.45 2.09
Total 40 17.50 1.84
1.52

Girl 13 17.10
1.48

4 Boy 12 16.66
1.48

Total 25 16.89
Girl 19 17.86 1.21

Foam-visual conflict dome

5 Boy 18 17.60 1.53
Total 37 17.73 1.36
Girl 20 17.92 1.46
6 Boy 20 17.69 1.49

Total 40 17.80 1.46
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Table 7. Items of P-CTSIB by gender

Variable Sex No. Mean SD P*
Girl 60 19.88 0.30
Standing duration 0.96
Boy 61 19.90 0.29
. . Girl 52 13.36 0.15
Anterior-posterior 0.46
sway Boy 50 13.53 0.16
Girl 52 15.30 0.14
Mediolateral sway 0.42
Boy 50 15.46 0.15
*Based on repeated measures test
Table 8. Items of P-CTSIB by age
Variable Age,y Mean P*
4 17.24
Standing duration 5 19.80 <0.001
6 22.63
4 14.21
Anterior-posterior sway 5 13.64 <0.001
6 12.49
4 16.29
Mediolateral sway 5 15.42 <0.001
6 14.43
*Based on repeated measures test
positions at ages 4 to 6. This development seems to oc- and feet-together positions. It could be concluded that
cur for few 4 to 5 years old children [16]. older children can keep their balance better in difficult
sensory conditions [5]. Also, there was a significant dif-
Our results are consistent with those of Deitz et al. ference in the frequency of sway and standing time
(1991) who examined balance performance with P-  between the 4-year-old and 6-year-old children in our

CTSIB on 109, 6 to 9 years old children in the heel-toe  §tudy. Performing the heel-toe position was also harder

Table 9. Pairwise comparison of age groups in items of P-CTSIB

Variable Age,y Age,y p*
5 <0.001
4
Standing duration 6 <0.001
5 6 <0.001
5 0.049
4
Anterior-posterior sway 6 <0.001
5 6 <0.001
5 0.002
4
Mediolateral sway 6 <0.001
5 6 <0.001

*Based on Tukey test
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for children in the Deitz’s study which is in line with
our results [5].

A study conducted by Sunderraj et al. (2010) on healthy
children aged 7-12 years showed that the subjects used
the support base in all directions, as CTSIB score in-
creased. This result is in line with our study that indi-
cated CTSIB score increases and balance control ability
improves with age [9]. Therefore, improving in postural
control ability is a result of proprioceptive, visual and ves-
tibular system development. Thus, researchers should
study this test in different age groups and compare the
results, in order to determine the developmental effects.

There was no significant gender difference in average
standing time, anterior-posterior sway, and lateral sway.
This suggests that the study population follow the same
developmental path for balance control, and there are
similar interactions between vestibular, proprioceptive,
and visual systems in both genders. Richardson et al.
also found no significant gender difference in P-CTSIB
scores [16]. Limited studies investigated the difference
between genders on this test in children.

Some limitations of this study included prolonged
testing and child’s tiredness. This study designed mea-
surement tools for measuring postural sway in clinical
settings. Applying more accurate tools like ours is rec-
ommended for the exact measurement of postural sway
with the same advantages of easiness, simplicity, and
inexpensiveness.

5. Conclusion

The P-CTSIB with feet-together position can be easily
performed by 4 to 6 years old children without balance
deficiencies. This is a simple and inexpensive test and
can be easily used in clinics to assess balance control
in children. Given the study limitations, further studies
should focus on the heel-toe position in this age group,
and the findings of this test should be examined in chil-
dren with related balance disorders.
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