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VALIDITY AND RELIABILITY OF THE FOUR SQUARE
STEP TEST IN TYPICALLY DEVELOPED CHILDREN

ORIGINAL ARTICLE

ABSTRACT

Purpose: The purpose of this study was to evaluate the reliability and the validity of the four
square step test (FSST), and level of agreement between the FSST and the timed up and go test
(TUG) in typically developed children.

Methods: Two raters assessed 150 children aged 5 to 10 years in two consecutive days. Concurrent
and discriminative validities were determined. To evaluate the intra- and inter-rater reliability,
the intra-class correlation coefficient (ICC) was used. The Bland-Altman plot and analysis were
performed to evaluate the agreement between the measurements obtained by two raters and by
the FSST and TUG.

Results: The FSST and TUG scores were strongly correlated (r=0.685, p=0.001). The FSST was
able to distinguish between children by age groups (p=0.001). The ICC2.1 and ICC2.2 estimates
were 0.86 and 0.81, respectively. For the assessments of two raters, the Bland-Altman plot showed
that all values fell within 95% limits of agreement. Bias was calculated as -0.12+0.50. The 96%
of the data points were within the +1.96 SD of the mean difference for the FSST and TUG scores.
Bias was calculated as 0.47+0.80.

Conclusion: The FSST is a valid and reliable test to assess the dynamic balance of typically
developed children. However, the FSST cannot be substituted for the TUG.

Key Words: Balance; Children; Reliability; Validity.

TiPiK GELiISIM GOSTEREN COCUKLARDA DORT KARE
ADIM TESTININ GECERLIK VE GUVENIRLIGI

ARASTIRMA MAKALESI

0z

Amag: Bu calismanin amaci, tipik gelisim gosteren ¢ocuklarda dort kare adim testinin (FSST)
gtivenirlik ve gecerligini ve FSST ve siireli kalk yiiri testi (TUG) ile arasindaki uyum diizeyini
degerlendirmekti.

Yontem: 5-10 yas arasi 150 ¢ocuk iki degerlendirici tarafindan ardisik iki giinde degerlendirildi. Es
zamanli ve ayirt edici gecerlikler belirlendi. Degerlendirici ici ve degerlendiriciler arasi guivenirligi
degerlendirmek icin, sinif-ici korelasyon katsayisi (ICC) kullanildi. iki degerlendirici tarafindan
yapilan olciimler ve FSST ve TUG arasindaki uyumu degerlendirmek icin Bland-Altman grafigi ve
analizi yapildi.

Sonuclar: FSST ve TUG kuvvetli sekilde iliskiliydi (r=0,685, p=0,001). FSST, cocuklari yas
gruplarina gore ayirt edebildi (p=0,001). ICC2.1 ve ICC2.2 tahminleri sirasiyla 0,86 ve 0,81'di.
iki degerlendiricinin degerlendirmeleri icin, Bland-Altman grafigi, tim degerlerin % 95'lik uyum
limitleri icinde oldugunu gésterdi. Yanhlik -0,12+0,50 olarak hesaplandi. Veri noktalarinin % 96'si
FSST ve TUG skorlari icin ortalama farkin +1,96 standart sapmasi icindeydi. Yanlilik 0,47+0,80
olarak hesaplandi.

Tartisma: FSST, tipik gelisim gésteren cocuklarda dinamik dengeyi degerlendirmek icin gecerli ve
guvenilir bir testtir. Bununla birlikte, FSST, TUG testinin yerine kullanilamaz.

Anahtar Kelimeler: Denge; Cocuk; Giivenirlik; Gecerlik.
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INTRODUCTION

Balance is a complex motor characteristic that has
physiological, biomechanical, and psychological
components, and it may be static or dynamic.
Both the static or dynamic balance is essential
for accomplishing in functional tasks involved in
activities of daily living (1,2). Static balance refers
to maintain the center of mass within the base of
support while the body is not moving. In contrast,
dynamic balance refers to anticipating and
reacting to changes in balance as the body moves
through space (3). Recent research has shown that
independent mobility is linked to emotional, social,
motor, language, and other developmental benefits
in children. Independent and safe mobility allows
children to increase their interaction with the
peers (4). Therefore, assessing children’s balance
using valid and reliable instruments is vital for
ensuring the development of safe mobility and
independence with functional tasks. Currently,
dynamic balance could be evaluated using clinical
or laboratory tests. However, clinical balance tests
are more practical and cheaper than laboratory-
based tests (5). In clinical settings, both single
balance measures and batteries of balance
tests can be used for evaluating stability during
locomotion in typically developed children. The
timed up & go (tug) test, pediatric balance scale,
berg balance scale, functional walking test, and
timed up and down stairs are commonly used tests
and have evidence for good validity and reliability
(6). Among these tests, no single measure has been
reported as the gold standard in the assessment of
dynamic balance in children. Therefore, the use of
tests, in combination, could substantially enhance
the prediction of overall dynamic balance (6). In
recent years, in addition to these dynamic balance
tests, the four square step test (FSST), which
was originally designed for the elders (7), has
been the subject of research for dynamic balance
assessment of pediatric populations. It was shown
that FSST was a valid and reliable measure for
assessing the dynamic balance in children with
cerebral palsy and Down syndrome (8,9). In a pilot
study conducted in 15 typically developed children,
Salis and Samuel have found that the FSST had
good inter- and intra-rater reliability. The authors
have noted the need for further researches in large
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sample size (10). In another study conducted in 30
typically developed children, Leizerowitz and Katz-
Leurer have reported that the lenient version of the
FSST was a feasible, moderately reliable, and valid
test to assess dynamic balance in this population
(11). Based on the current literature, it appears
that there is insufficient evidence to support the
use of the FSST in typically developed children. The
purpose of this study was to evaluate the concurrent
and discriminative validity and reliability of FSST,
and the level of agreement between the raters for,
TUG and FSST in typically developed children.

METHODS
Study Design and Participants

This observational study was carried out at Cihangir-
Dizova Elementary School in Famagusta, North
Cyprus, between October 2018 and January 2019
after the approval of the Eastern Mediterranean
University BAYEK Health Ethics Subcommittee.
Before the study, the Directorate of North Cyprus
Primary Education Department was informed
for the study and the permission was obtained.
Written informed consent was obtained from all
participants’ primary caregivers and assent. A
priori sample size calculation was performed using
the PASS (2005), taking into account the statistical
tests to be used in the analyses (12). A sample size
of 146 subjects with four observations per subject
achieves 80% power to detect an ICC of 0.60 under
the alternative hypothesis when the ICC under
the null hypothesis is 0.50 using an F-test with a
significance level of 0.05. Considering the drop-
out risk of the participants due to various reasons,
the initial sample size was increased to 150
subjects. Inclusion criteria used for selecting the
subjects were (1) aged 5 to 10 years, (2) absence
of musculoskeletal or neurological disorders, (3)
no history of any orthopedic surgery, and (4) not
uncorrected visual acuity.

Assessors and Procedures

Two physiotherapists with four years of experience
in physiotherapy and rehabilitation units assessed
participants on two separate days. Before the trial,
testing instructions to be delivered to participants
(7,13) were translated and adapted into Turkish.
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In order to maximize potential agreement and to
improve rating accuracy, reliability, and validity,
assessment skills of the raters were refreshed
through training.

The administration of the tests was performed in a
corridor of the school. Assessments were performed
in a quiet and adequately lighted environment to
minimize the distraction. Participants were tested
with their regular footwear. The demographic
information of participants was recorded. The
dynamic balance performances on the FSST were
assessed by Rater A and B independently, and this
assessment repeated 24-h later. In order to avoid
any discrimination between children participating
in the study, the TUG test also was repeated by
two raters with a 24-hour interval. The participants
were allowed to rest up to five minutes between
the sessions. A stopwatch was used to measure
time to complete the FSST and TUG tests.

FSST Assessment Protocol

A square was formed by using four 90 cm long canes
placed on the ground. The sequence was explained
and demonstrated to the participants. They were
allowed one practice trial and, subsequently, two
trials. Instructions were given and encouraged to
complete the sequence as fast as possible without
touching the canes. The sequence of trial was
1,2,3,4,1,432,1. If a participant touched canes
or performed test sequences inaccurately, or both
feet of the participant did not make contact with
the floor in each square, the trial was considered
as unsuccessful, and the test was repeated. One
unsuccessful trial was allowed. The best time was
taken as the score of FSST, which was completed
successfully (10,11).

TUG Assessment Protocol
A three-meter pathway on the testing floor was
marked with red-colored masking tape. The TUG

Table 1: Characteristics of the Participants (n=150).

was administered using one standard chair. The
TUG was explained and demonstrated to the
participants. They were allowed one practice trial
and, subsequently, two trials. If the participant
ran on the pathway, or stopped at the turn, or did
not sit down right away, the trial was considered
as unsuccessful, and the test was repeated. One
unsuccessful trial was allowed. The best time was
taken as the score of TUG, which was completed
successfully (6).

Statistical Analysis

All statistical analyses were carried out using the
IBM SPSS Statistics software version 22.0 (IBM
Corporation, Armonk, NY, USA). Before statistical
tests were conducted, we checked potential outliers
and missing data. Normal distribution assumptions
of the data were checked using the Shapiro-Wilk
test. Evaluations of concurrent and discriminative
validity were based on the mean scores from the
first measurement of rater A. Pearson’s correlation
coefficient (r) was used to assess the concurrent
validity of FSST. Pearson’s correlation coefficient
was interpreted as follows: 0.00-0.19=very
weak;  0.20-0.39=weak;  0.40-0.59=moderate;
0.60-0.79=strong; and 0.80-1.00=very strong (14).
Dynamic balance is influenced by multiple variables,
including biological fitness and age (15,16). Based
on the literature, we hypothesized that FSST
classifies children into age groups based on the
dynamic balance assessments. The children were
divided into three age groups: (1) 5- to 6-year-
olds (2) 7- to 8-year-olds, and (3) 9- to 10-year-
olds. Between-groups discriminative validity of the
FSST was evaluated using the one-way analysis of
variance (ANOVA) with Bonferroni post-hoc test.
Both intra- and inter-rater reliability were assessed
using intraclass correlation coefficients (ICC). ICC2.1
and ICC2.2 estimates and their 95% confidence
intervals were calculated based on absolute-

Variables Participants (n=150)

Mean+SD Min-Max
Age (years) 7.79+1.68 5-10
Gender (females/males) 77/ 738 51.3/48.70°
Weight (kg) 29.24+9.30 16-67
Height (cm) 128.83+10.42 104-157

Sfrequency, °percentages.

Y -
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Table 2: Our Square Step Test Scores of Children by Age Groups Based on the First Assessment of Rater A.
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Age Groups n Mean+SD Min-Max 95% CIf for mean ps
5-6 years 31 5.43+0.95 4.03-7.47 5.08-5.78

7-8 years 53 4.41+0.80 3.05-6.53 4.19-4.63 0.001*
9-10 years 66 3.95+0.66 3.00-5.61 3.79-4.11

*p<0.05. *One-way ANOVA, Bonferroni Alpha=0.016, *Cl: Confidence Interval.

agreement (17,18). ICC estimates were interpreted
as follows: <0.50=poor; 0.50-0.75=moderate; 0.75-
0.90=good; and >0.90=excellent reliability (17).

Bland and Altman plots were constructed to
demonstrate agreement between TUG and FSST,
and between assessments of rater A and B. The
mean difference between the assessments was
reported as bias. The mean difference + (standard
deviation of the mean difference multiplied by 1.96)
was reported as 95% limits of agreement (LOA).
Bland and Altman recommended that 95% of data
points should lie within two standard deviations of
the mean difference for a good agreement (19).
The statistical significance level was set at p<0.05.

RESULTS

The characteristics of the participants are shown
in Table 1. A total of 150 subjects aged between 5
and 10 were included in the study.

The FSST demonstrates statistically significant
strong positive correlation (r=0.685, 95% CI;
0.589-0.761 p=0.001) with the TUG. As shown in
Table 2, results from the one-way ANOVA analysis

showed that dynamic balance assessed using the
FSST were able to distinguish between the groups
(F,14,=38293, p=0.001). Bonferroni post-hoc
analysis indicated significant differences between
the mean FSST score of each age category (all p’s
<0.05). The 95% confidence intervals of the FSST
scores in each age category did not overlap.

ICC2.1 estimate for inter-rater reliability was 0.86
(95% Cl; 0.81-0.90). ICC2.2 estimate for intra-rater
reliability was calculated as 0.81 (95% Cl 0.74-
0.86).

On the Bland and Altman plot, for the first day
assessments of the FSST, the 95% of the data
points were within the +1.96SD of the mean
difference (Figure 1). Upper LOA and lower LOA
were -1.11 and 0.87, respectively. Bias was
calculated as -0.12+0.50 (95% Cl -0.3-0.04).

The Bland and Altman plot for data based on the
Rater B assessments of TUG and FSST indicated
that 96% of the data points were within +1.96SD
of the mean difference (Figure 2). Upper LOA and
lower LOA were 2.04 and -1.1, respectively. Bias

100
0
0% 08 ° QLo +1,96 SD
o o e
[+] [+ [+]
p o omeoo g o op
2 = o, ®
g g © e "o o
o S o
. *— 38 2050 5
- ®© @ 00%8 8 o Mean
g AT g
(=]
T %0 0 0® o
o ® % °
o
1,00+ O © &L 9
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Q
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T T r T T T T
200 300 400 500 600 700 800

Mean of Rater A and RaterB

Figure 1: Bland and Altman plot for the data based on first the four square step test assessments of Rater A and Rater B.
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Figure 2. Bland and Altman plot for data based on the Rater B assessments of the timed up and go test and the four square

step test.

was calculated as 0.47+0.8 (95% Cl 0.3-0.6).
DISCUSSION

The results of this study indicated that the
FSST was significantly related to the TUG. It
also demonstrated good discriminative validity
by differentiating children according to their
age groups. The FSST scores were stable and
consistent over repeated administrations. There
was a good inter-rater agreement. However, the
level of agreement between the FSST and TUG was
not sufficient.

Leizerowitz and Katz-Leurer have found a
moderately significant correlation between the
original form FSST and TUG scores (rs=0.53; 95%
Cl10.21-0.75, p<0.05) (11). Contrary to their finding,
we found a strong correlation between FSST and
TUG scores (r=0.69, 95% Cl 0.59-0.77, p=0.001).
If we consider 95% Cl's of the size of correlation
coefficients, it is clear that there is an overlapping
between the interval estimates. Therefore, this
result could not be interpreted as dissimilarity of
the findings of two studies.

Maturation and maintenance of balance is a
complex and active sensorimotor function (20,21).
Proprioceptive, visual, vestibular, and cognitive
systems play a significant role in balance control.
The maturation of these systems does not take
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place at the same time. Previous studies reported
that maturation of the proprioceptive system
takes place at 3 to 4 years of age, subsequently
visual and vestibular systems (22,23). Lonescu et
al. reported that the maturation process occurs
throughout childhood until the age of 12 years
(24) and does not reach adult level, even at the
age of 14-15 years (25). Based on this finding,
it was expected that any test used to assess the
dynamic balance of typically developing children
should differentiate the age groups. In this study,
those children with lower age groups were rated
as exhibiting low levels of dynamic balance control.
This is an expected finding indicating that the FSST
has also a good discriminative validity. However, it
should be noted that no other studies have been
conducted to investigate the discriminative validity
of the FSST on these age groups, therefore it is
difficult to support this finding in relation to the
literature.

ICC based results of this study showed that the
inter-rater reliability of the FSST scores was good.
Intra-rater estimates ranged from moderate to
good. Both findings were in agreement with the
previous studies (10,11).

In this study, we found that 95% of the data points
of Rater A and B were within +1.96 SD of the mean
difference of their assessments. The bias was



not significant because the line of equality that is
“0” line was within the confidence interval of the
mean difference of two assessments. This finding
indicated that the inter-rater agreement of the
FSST scores was good. On the contrary, there was
a significant bias on the mean difference of the
FSST and TUG scores. Because the line of equality
was not within the confidence interval of the mean
difference of the FSST and TUG scores, based on
this result, we concluded that the FSST could not be
used in place of the TUG. It was not surprising that
the TUG, and FSST was used to detect different
types of balance and mobility. The FSST is used
to assess dynamic stability and the ability of the
subject to step over low objects forward, sideways,
and backward. On the contrary, the TUG test is
used to assess a person’s mobility that requires
both static and dynamic balance.

This study was conducted on children aged 5-10
years. Therefore, results cannot be generalized to
children of all ages. It is a limitation of the study.
The strength of this study was two folds. Firstly,
the study was conducted on a sufficiently powered
sample size. Secondly, in this study, both statistical
and graphical methods were used to establish the
agreement of two tests. In conclusion, the FSST
test is a valid and reliable method to measure the
dynamic balance of typically developed children.
Further study is needed to establish strong evidence
on the issue.
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