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Abstract

Background Postural instability and gait abnormalities are frequently observed after an ankle sprain. A modified Four
Square Step Test (mFSST) was developed to assess dynamic balance during gait. The aim of this study was to evaluate
the reliability and validity of the mFSST in individuals with ankle sprains.

Methods The study included 39 individuals with grade 1 and 2 ankle sprains with a mean age of 30.36+6.21 years.
The dynamic balance of the participants was assessed with the mFSST and Timed Up & Go test (TUG). To determine
the test-retest reliability of the mFSST, the test was repeated approximately 1 h apart.

Results The test-retest reliability of the mFSST was excellent (ICC=0.85). Furthermore, when the concurrent validity
of the mFSST was examined, a high correlation was found between with the TUG (r=0.78, p <0.001).

Conclusion The mFSST is a valid and reliable clinical assessment method for evaluating dynamic balance during
walking in individuals with ankle sprains. We think that the mFSST is preferable in clinical evaluations because its
platform is easy to prepare and requires very little equipment.
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Introduction
Ankle sprains are one of the most common musculoskel-
etal injuries [1-3]. Ankle sprains account for approxi-
mately 14% of all emergency hospital visits; moreover,
ankle sprains are the subject of approximately 76.7%
of studies examining ankle injuries [4]. In patients with
ankle sprains, loss of range of motion, swelling, muscle
weakness, and impaired postural control are observed in
the acute phase [4, 5]. Studies have shown that impaired
proprioception and neuromuscular control in individuals
with ankle sprains can lead to re-injury and chronic ankle
instability [6, 7]. In addition, pain and loss of function
after a sprain negatively affect activities of daily living [8].
There are many measurement methods to be used
in the clinic to evaluate postural control and balance in
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individuals with ankle sprains. Various measurements,
such as Time Up & Go test (TUG), balance error scoring
system, Star Excursion Balance Test (SEBT), and side-hop
test, are used to evaluate postural stability and balance in
individuals with ankle sprains [9-11]. While these tests
provide a comprehensive evaluation of general dynamic
balance, their specificity in assessing stepping balance in
various directions is limited, which is a critical consider-
ation in conditions such as ankle sprains. For instance,
the SEBT primarily concentrates on multidirectional
reaching with the foot, offering a less comprehensive
assessment of stepping balance. Additionally, the time-
consuming nature of performing the entire SEBT poses
a practical challenge for clinicians [12]. Furthermore, the
side-hop test, despite its performance-oriented nature,
introduces a potential risk of re-injury when applied dur-
ing the acute phase. Therefore, tests specifically designed
to evaluate step-taking in diverse directions and dynamic
balance aligned with an individual’s daily activities hold
greater potential for individuals with ankle sprains [13].
The Modified Four Square Step Test (mFSST) is a per-
formance test that assesses dynamic balance linked to
various sensory and motor systems, including proprio-
ception, vestibular, and visual systems [14]. The validity
and reliability of mFSST were examined in individuals
with stroke [14], Parkinson’s disease [15], multiple scle-
rosis [16], total knee arthroplasty [17], anterior cruciate
ligament reconstruction [18], and older adults [19], and it
was concluded that it is a valid and reliable measurement
method for the assessment of dynamic balance. The most
important advantage of mFSST over dynamic balance
measurement methods is that it requires less equipment
and is easy [14].

As it is known, in order for clinical assessment tests to
be applied in a case group, their psychometric proper-
ties must be examined [20]. Examining the psychomet-
ric properties of the mFSST in individuals with ankle
sprains will enable it to be used reliably in studies to be
conducted in individuals with ankle sprains. Despite an
extensive literature review, no prior study investigat-
ing the validity and reliability of the mFSST in individu-
als with ankle sprain was identified. Thus, the aim of our
study was to examine the validity and reliability of the
mFSST in individuals with ankle sprain.

Methods

Participants and setting

The study was conducted as a cross-sectional validity
and reliability study with the inclusion of 39 individu-
als with ankle sprains. The participants were diagnosed
with ankle sprain by an orthopedic and traumatologist,
and the assessment tests were performed by a physio-
therapist. Participants were evaluated in a room with a
quiet and distraction-free flat floor. The duration of the
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tests was measured with the help of a stopwatch. The
study was conducted in accordance with the Declaration
of Helsinki. Before the evaluations, the participants were
informed about the study, and their verbal and written
informed consent was obtained. The ethics committee’s
approval of the study was approved by Mus Alparslan
University Scientific Research and Publication Ethics
Committee (Date: 07.07.2023, Number: 07-2023/73).

The inclusion criteria were: (1) individuals with a
first-time unilateral ankle sprain at least 3 months ago;
(2) sedentary individuals with a metabolic equivalence
(MET) level of <600 METs per week according to the
International Physical Activity Questionnaire; (3) indi-
viduals with ankle sprain diagnosed by an orthopedic and
traumatology specialist with grade 1-2 severity; (4) indi-
viduals who volunteered to participate in the study. Sub-
jects with ankle fracture, other neuromuscular pathology,
ankle dislocation, grade 3 ankle sprain, and recurrent
ankle sprain were excluded from the study. The study
conducted by Lexell and Downham was used as a refer-
ence for the calculation of the sample size of the study
[21]. According to the results of this study, it was stated
that the sample size should consist of 30-50 participants
in reliability studies of clinical assessment tests.

Data collection

Sociodemographic characteristics of the participants
(age, body mass index-BMI, injury history, history of
ankle sprain, and injured extremity) were recorded before
the study. Participants were examined by an orthopedic
and traumatology specialist with 20 years of experience
in the field (MY). To avoid inter-rater bias, all clinical
assessment tests were performed by a physiotherapist
specialized in orthopedic rehabilitation (MC). In the first
evaluation, mFSST was performed, and then the TUG
test was evaluated after an adequate rest period (five
minutes) was provided. One hour later, after the first
assessment, mFSST was re-evaluated by the same physio-
therapist in all patients.

Modified Four Square Step Test (mFSST)

The mFSST is a clinical test that assesses dynamic balance
while stepping forward, backward, and sideways. The test
was performed on a floor divided into four square, which
was formed by gluing two one-meter-long tapes perpen-
dicular to each other. These four squares were numbered
clockwise from 1 to 4 respectively. At the beginning of
the test, participants stood in square 1, facing square 2.
Participants were then asked to step forward, to the right,
backward, and to the left as quickly as possible, starting
with their self-selected foot (2-3-4-1, respectively). Then,
they were asked to step counterclockwise to the right
side, forward, left side, and backward and come back to
square 1 (4-3-2-1, respectively). The test protocol was
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explained to the participants before the test. Two trial
tests were conducted to ensure that the participants
understood the test. The test was conducted once to
avoid fatigue of the participants. The completion time of
the test was recorded in seconds. In cases of loss of bal-
ance or touching the bands during the test, the test was
repeated after 5 min [14].

Timed Up & Go Test (TUG)

The TUG was developed to assess dynamic balance and
mobility. For the test, the participants were asked to stand
up from the chair without support with their hands, walk
3 m, and then walk back to the chair without support and
sit down again. The stopwatch was started when the par-
ticipants stood up from the chair and stopped when they
returned to the chair and sat down again. The test was
repeated three times, and the average time was recorded
in seconds [22].

Statistical analysis
The statistical analysis of the study was designed to cover
descriptive statistics, correlation and reliability analyses.
The descriptive statistics were reported via arithmetic
mean, standard deviation and min-max results for quan-
titative data (age, BMI, etc.) and frequency and percent-
age values for qualitative data (gender, grade, etc.). The
relationship between TUG and mFSST for both test and
retest measurements was assessed with Spearman’s cor-
relation coefficient. The intra-class correlation coefficient
(ICC) was utilized to determine the level of agreement
between test and retest measurements in the mFSST.
Additionally, the standard error of measurementy;
(SEMg;) and the minimal detectable changey; (MDCys)
were evaluated to determine the level of error between
measurements (i.e. to measure the stability of the mea-
surements) and to detect the minimal change that falls
outside the measurement error, respectively. ICC, the
SEMgy; and the MDCy; score values were calculated at
95% confidence level to assess the reliability and con-
sistency between test and retest measurements of the
mFSST. The SEMy; and MDCy; scores were calculated
using the formulas given below:

1\1DC95:196 X SE]\’[% X \/2

where corresponds to the standard deviation based on
the difference values of measurements. Regarding SEMy;
and MDCy; scores, lower values indicate more consistent
and generalizable results. The ICC coefficient is inter-
preted as good for [0.60-0.80] range and excellent for
[0.80-1.0] range [23]. In order to confirm the reliability
between measurements, Bland-Altman and violin plots
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Table 1 Descriptive statistics of demographic variables (n=39)

Mean SD Minimum Maximum
Age (years) 30.36 6.21 19 44
BMI (kg/mz) 23.70 3.30 21 27
Duration of injury (week)  15.71 412 12 21

Count Percentage (%)

Gender Male 22 564

Female 17 436
Dominant lower Right 29 744
extremity Left 10 256
Injured ankle side Right 22 56.4

Left 17 43.6
Injury level Grade 1 22 564

Grade2 17 436

SD: Standart deviation, BMI: Body mass index

Table 2 The relationships between TUG and mFSST for both test
and retest measurements

mFSST (Test) mFSST (Retest)
TUG (sec) r 0.78 0.69
p <0.001 <0.001

p<0.001, r: Spearman’s correlation coefficient, mFSST: Modified Four Square
Step Test, TUG: Timed Up & Go test

representing the dispersion of test-retest measurements
are separately presented.

Throughout the study, the assumption of normality,
which is one of the assumptions of parametric test (e.g.
Pearson coefficient), was checked by Shapiro-Wilk test
and the assumption of linearity via scatter plot. The sig-
nificance level was set as fixed at 0.05. The results were
derived by using R (version 4.3.2) and MedCalc (version
22) softwares.

Results
Demographic and physical characteristics of 39 individu-
als with ankle sprains included in the study are given in
Table 1.

In the second part of the study, the relationship
between the mFSST score and the TUG score for test
measurements was analyzed via Spearman correlation
analysis and given in Table 2. The interpretation refer-
ence is given as follow [24]: (i) low for 0.05<r<0.40, (ii)
moderate for 0.40<r<0.70, (iii) high for 0.70<r<1.00.
The test (r=0.78) and retest (r=0.69) measures of the
mESST were both positively, high and statistically signifi-
cantly correlated with the TUG (p<0.001).

The ICC, SEMy; and MDCgy; scores of the mFSST
scores are provided in Table 3 in summary. According to
these results, the ICC score indicates that there is excel-
lent consistency (reliability) between the test and retests
measurements, while the SEMy; and MDCgy; scores are
reasonable and adequate.

For more insight and to support the reliability of the
measurements, a Bland-Altman plot of the test and retest
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Table 3 The intra-class correlation coefficient and confidence interval range values from mFSST
Measurement Mean (SD) ICC Confidence Interval of ICC SEM, MDC,ys
(95%)
Lower Bound Upper Bound
mFSST Test 13.40 (2.05) 0.85 0.73 0.92 042 1.16
(se0) Retest 1368 (2.03)

mFSST: Modified Four Square Step Test, ICC: Intra-class correlation coefficient, SEMys: Standard error of measurement, MDCy,: Minimal detectable change
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Fig. 1 The Bland-Altman plot based on the test and retest measurements
for the mFSST

measurements was obtained and presented in Fig. 1.
According to this figure, the test difference scores are
within the 95% confidence interval and show a spread
around zero. Furthermore, the violin plot was obtained
and given in Fig. 2 in order to have a clearer understand-
ing of the distribution of the rater’s scores. Figure 2 indi-
cates that the test scores are quite close to each other,
consistent and more stable, and no unusual changes are
detected.

Discussion

Previous studies have concluded that the Four Square
Step Test (FSST) is valid and reliable in dynamic bal-
ance assessment. The mFSST, which was developed as a
modified version of the FSST, was made safer and easier
in clinical evaluations by using a band instead of a cane.
According to the results of the present study, the test-
retest reliability of the mFSST is excellent in individuals
with ankle sprains and that it is a valid clinical assessment
method when compared with the TUG.

Research indicates that a minimum of 73% of individu-
als experiencing ankle sprains develop persistent symp-
toms such as pain, sensations of instability (giving way),
impaired proprioception and neuromuscular control.
These residual symptoms elevate the risk of re-injury and
contribute to the development of chronic ankle instabil-
ity [25—-27]. Studies have reported that mechanical ankle
instability following an ankle sprain is not fully recovered

within the initial 6-12 weeks post-injury [28]. A sub-
stantial portion of patients continue to exhibit mechani-
cal laxity and report instability, reduced function, pain,
and/or swelling for up to one year after the initial injury.
Despite improvements in initial symptoms, individu-
als with an ankle sprain should undergo comprehensive
rehabilitation. Evidence suggests that inclusive rehabili-
tation programs, encompassing proprioceptive, neuro-
muscular control, and balance training, can significantly
diminish the risk of recurrent ankle sprains [25, 28].

Measurement tools such as SEBT, Single-Leg Hop Test,
Biodex Balance System, and Y-balance test are available
to evaluate the postural balance of individuals with ankle
sprains [25, 29, 30]. However, unlike other measurement
tools, the platform of the mFSST can be easily prepared
and requires very little equipment.

The test-retest reliability of the mFSST has been exam-
ined in different populations. This test was found to be
a reliable measurement method in patient groups such
as Parkinson’s (ICC=0.96-0.99) [15], multiple sclero-
sis (ICC=0.99) [16], stroke (ICC=0.94) [14], elderly
(ICC=0.98) [19], ACL reconstruction (ICC=0.92) [18],
and total knee arthroplasty (ICC=0.97) [17]. In our
study, similar to other populations, we found excellent
test-retest reliability of the mFSST in individuals with
ankle sprains (ICC=0.85). The mFSST was performed in
13.4 s on individuals with ankle sprains. The test execu-
tion time was 18.4 s in the stroke group [14], 13.7 s in
the elderly group [19], 11.4 s in the group with multiple
sclerosis [16], 9.01 s in the group with Parkinson’s disease
[15], 7.6 s in the group with ACL reconstruction [18], and
12.05 s in the group with total knee arthroplasty [17].

Concurrent validity of the mFSST was determined
using the TUG test. The choice of the TUG test in our
study was deliberate for several reasons: first, the SEBT
lacks a time-based component [12]; second, the side-
hop test concentrates on physical performance [13]; and
third, the TUG test is commonly employed for assess-
ing concurrent validity in other studies evaluating the
validity and reliability of the mFSST [14, 16, 18, 19]. This
selection ensures meaningful comparisons of our find-
ings with existing literature. In our study, there was a
strong correlation between mFSST and TUG (r=0.78).
In other populations, correlation coefficients between
mFSST and TUG were 0.72 in individuals with stroke
[14], 0.78 in individuals with multiple sclerosis [16], 0.75
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Fig. 2 The violin plot of test and retest measurements for the mFSST

in elderly individuals [19] and 0.76 in individuals with
ACL-reconstruction [18]. The concurrent validity of the
mFSST was assessed in stroke individuals using the Berg
Balance Score (BBS), Activities-Specific Balance Confi-
dence Scale (ABC), and FSST. The study found a strong
relationship between mFSST and all outcome measures
except ABC [14]. Another study found a strong associa-
tion between mFSST and BBS in the acl-reconstructed
population [18]. The reason why we did not use outcome
measures such as BBS and ABC in this study is that we
think that patient-reported outcome measures would not
provide objective results.

As a result of the study, the SEMy; value of the mFSST
was 0.42 and the MDCy; value was 1.16. While the SEMg;
value represents the margin of error that may occur in
clinical measurement tests, the MDCy; value is impor-
tant as it represents the minimum variation between
clinical measurements. The SEMy; value of mFSST was
0.41 and MDCy; value was 1.13 in individuals with mul-
tiple sclerosis [16]; the SEMgy; value was 2.21 and MDCy
value was 6.12 in the elderly [19]; the SEMgy; value was

mESSTretest

0.15 and MDC,; value was 0.41 in individuals with ACL
reconstruction [18]; and SEMy; value was 1.11 in individ-
uals with total knee arthroplasty [17]. SEMys and MDCyg
of mFSST in other populations were not calculated.

Some limitations of this study can be mentioned. The
first of these is that it may be valuable to prefer a one-
week period between test-retest measurements instead
of approximately one hour to reduce the effect of par-
ticipants learning the test. A second limitation is that
the reliability of the test was evaluated by a single rater.
Another point is that the order of the steps between the
squares during the test should be well explained to the
participants and demonstrated practically. Because the
steps between the squares may be confusing and may
cause a loss of time since it is a time-based test. In future
studies, test-retest reliability should be evaluated by a dif-
ferent rater.
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Conclusion

The test-retest reliability of the mFSST in individuals
with ankle sprain is excellent and its concurrent validity
is strong. Since the test platform is easy to prepare and
requires very little equipment, it can be preferred for
dynamic balance assessment of individuals with ankle
sprain.
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