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Abstract
Background  The modified four square step test (mFSST) is frequently used in the evaluation of dynamic balance in individu-
als with balance problems. However, the reliability of the mFSST has not been examined in individuals undergoing anterior 
cruciate ligament reconstruction (ACLR) surgery.
Purpose  The aim of this study was to examine the test–retest reliability of the mFSST in individuals undergoing ACLR 
surgery.
Methods  Forty-eight patients who had ACLR surgery were included in this study. Patients performed a total of four mFSSTs, 
two times each, by two different raters over seven days.
Results  In the current study, the mFSST demonstrated excellent test–retest and inter-rater reliability. The intraclass correla-
tion coefficient for mFSST was 0.92. The standard error of measurement and minimal detectable change for mFSST were 
0.15 and 0.41, respectively.
Conclusion  The mFSST has excellent test–retest and inter-rater reliability in patients with ACLR. It is a valid and reliable 
tool for evaluating dynamic balance in patients with ACLR. We think that mFSST, which is a clinical evaluation test, can 
be preferred because it is easy to score and does not require special equipment.
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Introduction

The anterior cruciate ligament (ACL) represents the most 
frequently injured ligament within the knee joint [1]. It is 
well known that an injured ACL requires reconstruction 
surgery because the biological healing capacity of the ACL 
is very low. ACL reconstruction (ACLR) is very important 
to restore the functional stability of the knee and prevent its 
early degeneration. Surgical reconstruction does not fully 
restore the original structure and biomechanical properties 
of the ACL [2]. Pain, loss of knee joint stability, and mus-
cle atrophy are seen in patients exposed to ACLR surgery. 
The ACL is known to be rich in proprioceptors, and these 
proprioceptors form a reflex protective arc for stable muscle 
contractions [3, 4]. In ACL injuries, knee mechanorecep-
tor inputs are absent or reduced, resulting in loss of lower 
extremity stabilisation and balance. Therefore, the assess-
ment of balance in patients after ACLR is very important 
for return to activities of daily living and sport. Moreover, 
considering that the predominant injury mechanisms often 
entail actions like abrupt changes in direction or deceleration 
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during cutting maneuvers, landings with knee extension 
subsequent to jumping, or rotations while the foot remains 
fixed on the ground and the knee is in an extended position, 
it becomes imperative to scrutinize potential post-surgical 
issues arising from these maneuvers [5].

Upon reviewing the existing literature, it becomes evi-
dent that various assessments such as the timed up and go 
test (TUG) and the four-square step test (FSST) have been 
established to appraise the dynamic balance of patients with 
lower extremity injuries. [6]. Among these evaluations, the 
FSST stands out as a frequently utilized tool for clinical 
assessments of individuals with lower extremity injuries. 
The FSST is a test consisting of four squares in which sticks 
are placed diagonally on a flat surface. The test is used to 
evaluate balance in patients with lower extremity injuries 
[7]. The modified four-square step test (mFSST) uses a band 
instead of sticks to facilitate stepping over the obstacle [8]. 
Introducing a modification, the modified four-square step 
test (mFSST) substitutes the sticks with a band, thereby 
facilitating the traversal of the obstacle [8]. This adjust-
ment preserves the essence of the test, offering a nuanced 
approach for individuals experiencing challenges with lower 
extremity balance.

To date, the validity, test–retest reliability, and inter-rater 
reliability of the mFSST have been studied in individuals 
with Parkinson’s disease [9], stroke [10], multiple sclerosis 
(MS) [11] and total knee arthroplasty [12]. Given its capac-
ity to assess dynamic balance and swift stepping in various 
directions, the mFSTT holds promise as a valuable tool for 
appraising dynamic balance during the postoperative phase 
among individuals who have undergone ACLR procedures. 
It is well known that in order for clinical evaluation tests to 
be applied to a specific case group, their validity and reliabil-
ity must be proven. The purpose of this study is to determine 
the test–retest reliability, inter-rater reliability, and validity 
of the mFSST in individuals with ACLR surgery.

Materials and Methods

Participants

This cross-sectional study involved 48 individuals who 
underwent ACLR surgery. To the best of our knowledge, no 
previous investigation has studied the mFSST performance 
specifically in individuals with ACLR. However, Lexell and 
Downham suggested that reliability studies should include 
a sample size of 30–50 participants in rehabilitation meas-
ures [13]. The study included patients who had undergone 
ACLR surgery and voluntarily agreed to participate. Forty-
eight individuals who had undergone reconstruction surgery 
performed by the same surgeon, using the same surgical 
method and graft, were enrolled in the study. The inclusion 

criteria for participation were being over 18 years old, hav-
ing a minimum of 6 months since the reconstruction sur-
gery, and not requiring revision surgery. Exclusion criteria 
included having multiple ligament injuries in the knee joint 
and additional lower extremity injuries.

Protocols

The study was methodologically structured as a test–retest 
study. Ethical endorsement for the study was obtained from 
Muş Alparslan University Scientific Research and Publica-
tion Ethics Committee (Decision no: 4-2023/32), and the 
research protocol was aligned with the principles articulated 
in the Declaration of Helsinki. Prior to participation, both 
verbal and written informed consent was secured from all 
enrolled patients. Demographic information of the patients, 
mFSST score, Berg Balance Scale (BBS) score, and TUG 
score were recorded. The mFSST was re-evaluated at 1 h 
intervals by two different physiotherapists. A subsequent re-
evaluation by these same physiotherapists was conducted 
at the same 1-h intervals following a lapse of 7 days. This 
approach was undertaken to ensure comprehensive and con-
sistent evaluation of the mFSST performance over time.

Outcome Measures

Modified Four Square Step Test (mFSST)

The mFSST evaluates dynamic stability during stepping 
forward, sideways, and back. Two strips of tape, each one 
meter long, are needed for the test. Two strips of tape are 
glued diagonally to the floor, and a platform consisting of 
four squares is obtained. Each of these four square platforms 
is numbered 1–4 clockwise. At the beginning of the test, 
the patient standing in the 1st frame with his face directed 
towards the 2nd frame should step into each frame as fast 
as possible, without touching the bands, in successive order 
(2–3–4–1–4–3–2–1). It is said that both feet should touch 
the ground. The elapsed time is recorded in seconds (Fig. 1) 
[11].

Time Up & Go Test (TUG)

The TUG test is a reliable test to evaluate walking speed 
and dynamic balance. Persons to whom the TUG test will 
be applied are seated on a chair, and a distance of 3 m is 
marked in front of them. Participants are asked to complete 
this distance by walking and returning at their normal speed 
and pattern. In the meantime, the evaluation is completed 
by recording the time measured with the stopwatch (Fig. 2) 
[14].
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Berg Balance Scale (BBS)

The participants’ balance was assessed using the BBS. The 
BBS assesses the ability to maintain balance in different 
positions, postural changes and movements. On a scale of 
14 questions, each question is scored between 0 and 4 points 
(0: unable, 4: normal). The scale gives a total score between 
0 (dependent) and 56 (independent) [15].

Statistical Analysis

Statistical analyses and Blant-Altman plots were conducted 
through the use of IBM SPSS (version 25) and MedCalc 
(version 20). The assumptions required under statistical 
tests (normality, linearity, etc.) were investigated with the 
Shapiro–Wilk test, some visual graphs (histograms, P–P 
and Q–Q graphs, etc.), and scatter plots. Parametric tests 
(such as Pearson correlation analysis) were utilized after 
it was established that there was no significant problem in 

terms of violating the relevant assumptions. Quantitative 
data were presented with a mean and standard deviation 
depending on the characteristics of the data, while quali-
tative data were presented with frequency and percentage 
values. The inter-rater (ICC) and test–retest (ICC) reliabil-
ity of the mFSST were assessed using intraclass correlation 
coefficients (ICC). The ICC classification ranges from good 
(0.60–0.80) to excellent (0.80–1.0) [16]. Concurrent valid-
ity was examined by determining the correlation between 
the mFSST and other measurement tools, including using 
Spearman correlation coefficients (r). The degree of cor-
relation was interpreted as (i) low [0.05–0.4], (ii) moderate 
[0.4–0.7] and (iii) high [0.7–1.0] according to the coefficient 
value [17]. The level of statistical significance was set at 
0.05. The minimal detectable change (MDC95) and Standard 
Error of Measurement (SEM95) were calculated in the for-
mula given below. These formulae were applied for mFSST: 
Formula (1) MDC95 = 1.96*SEM*√2 and Formula (2) 
SEM95 = SD*√(1 − ICC). Blant-Altman plots were devel-
oped to measure test–retest and inter-rater reliability using 
both test and retest scores and are given in Fig. 3. When the 
graphs are examined, it is seen that the test and retest evalu-
ations of both raters are within 95% confidence limits and 
have a homogeneous dispersion with low deviations around 
zero. When the inter-rater agreement is analyzed over the 
test and retest measurements, it can be claimed that there is 
a high level of agreement.

Results

The demographic information of individuals who underwent 
ACLR is provided in detail in Table 1.

In Table 2, the mean clinical measurement values are 
given.

Both the inter-rater and test–retest reliability of the 
mFSST in individuals with ACLR are presented in Table 3. 
The test–retest reliability of the mFSST demonstrated excel-
lent results (ICC = 0.92, 95% CI 0.86–0.96), as did the inter-
rater reliability (ICC = 0.92, 95% CI 0.85–0.95).

The concurrent validity of the mFSST in individuals with 
ACLR is reported in Table 4. The mFSST showed a strong 
positive correlation with the TUG test (r = 0.765, p < 0.001). 
Furthermore, there was a significant negative correlation 
between the BBS and the mFSST (r = − 0.868, p < 0.001).

Discussion

To the best of our knowledge, this is the pioneering study 
to scrutinize the test–retest reliability and validity of the 
mFSST within the context of individuals who have under-
gone ACLR. The outcomes of the present study affirmed the 

Fig. 1   Modified four square step test

Fig. 2   Time up & go test
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excellent test–retest reliability of the mFSST among indi-
viduals following ACLR. Furthermore, the study established 
its validity in appraising both dynamic balance and overall 
balance, by the significant correlations observed between 
mFSST and BBS as well as TUG. Additionally, the pre-
sent study also presented, for the first time within the ACLR 

population, the values for MDC and SEM pertaining to the 
mFSST.

The FSST was originally developed to evaluate dynamic 
balance in older adults. However, it is currently used in neu-
rological populations and common musculoskeletal patholo-
gies. In FSST, sticks or rods are used to divide the platform 

Fig. 3   Bland–Altman plots 
for inter-rater reliability of the 
mFSST and test–retest reliabil-
ity of the mFSST
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into four squares. In mFSST, on the other hand, in order to 
remove the obstacle during the step, a band was attached 
instead of the sticks or rod, and the platform was divided into 
four squares. Thus, it was tried to make it easier to overcome 
the obstacle during the step with mFSST [10].

In the present study, the test–retest reliability of the 
mFSST was found to be excellent (ICC > 0.80) and there 
was a strong correlation with balance assessment tools such 
as TUG and BBS (r > 0.50). Considering the studies exam-
ining the validity and reliability of the mFSST in different 

populations, the ICC value was found to be 0.99 in individu-
als with MS [11], 0.97 in individuals with geriatrics [8], 0.90 
in individuals with stroke [10], 0.97 in individuals with total 
knee arthroplasty [12], and between 0.96 and 0.99 in indi-
viduals with Parkinson’s disease [9]. In the present study, the 
ICC value of mFSST was found to be 0.92, and test–retest 
reliability was excellent in accordance with the literature.

Previous research has indicated impairment of dynamic 
balance in the long term in patients undergoing ACLR. 
Furthermore, the assessment of dynamic balance in ACLR 
patients typically encompasses established tests like BBS 
and TUG. To determine the concurrent value of mFSST, 
TUG, and BBS were used. Strong correlations were 
observed between mFSST and TUG (r = 0.765, p < 0.001) 
as well as between BBS and mFSST (r = − 0.868, p < 0.001). 
Studies examining the concurrent validity of mFSST found a 
strong association between mFSST and TUG in MS patients 
(r = 0.78, p < 0.001) [11]. Likewise, a strong relationship 
was found between mFSST and TUG in geriatric indi-
viduals and those with stroke (r = 0.75, p < 0.001, r = 0.72, 
p < 0.001, respectively) [8, 10]. The present study findings 
align harmoniously with existing literature, thus reinforcing 
the notion that the mFSST constitutes a valid method for 
the assessment of dynamic balance in patients with ACLR.

The mFSST is a practical assessment tool character-
ized by straightforward administration, minimal spatial and 
equipment requirements (tape and stopwatch), and swift 
completion. When compared to widely used balance out-
come measures like the BBS and TUG in individuals under-
going ACLR surgery, the mFSST exhibits certain advan-
tages. The BBS necessitates a significant time investment 
for completion, and its tasks may not adequately challenge 
and uncover dynamic balance deficits detectable through the 
mFSST. Similarly, the TUG demands a comparable time-
frame, yet the mFSST excels due to its heightened level of 
difficulty, encompassing obstacle negotiation and temporal 
constraints. The mFSST, encompassing multi-directional 
stepping and dynamic balance assessment, holds promise 
for post-reconstruction evaluation in ACL injuries. This 

Table 1   Participants’ demographics features (n = 48)

SD standard deviation, BMI body mass index

(n = 48)

Mean SD Min Max

Age (years) 33.0 5.9 21 44
Height (cm) 167.9 9.6 160 192
Weight (kg) 75.7 15.4 65 93
BMI (kg/m2) 26.8 3.2 20 30
Post-surgery time (months) 8.3 1.8 6 12

n (%)
Injured side Right 39 81.3

Left 9 18.8
Dominant side Right 37 77.1

Left 11 22.9

Table 2   The mean values of the measurements of the mFSST, TUG, 
and BBS

1: First rater, 2: Second rater
SD standard deviation, mFSST modified four square step test, TUG​ 
time up & go test, BBS Berg Balance Scale

(n = 48) Min Max

Mean SD

mFSST (1) Test 7.6 1.0 6.2 10.0
Retest 7.5 1.1 6.0 9.3

mFSST (2) Test 7.7 1.0 6.2 9.4
Retest 7.9 1.0 6.1 9.7

TUG​ 7.43 0.87 6.0 9.15
BBS 49 4.77 39 56

Table 3   Reliability of the mFSST in individuals with ACLR

SD standard deviation, ICC intraclass correlation coefficient, SEM 
standard error of measurement, MDC95 minimum detectable change 
at the 95% confidence interval, mFSST modified four square step test

Difference 
(mean ± SD)

Inter-rater 
(ICC1,2)

Test–retest 
(ICC1,1)

SEM95 MDC95

mFSST − 0.06 ± 0.57 0.92 (0.85–
0.95)

0.92 (0.86–
0.96)

0.15 0.41

Table 4   Relationship of mFSST 
to balance tests

mFSST modified four square 
step test, TUG​ time up & go 
test, BBS Berg Balance Scale, 
r spearman correlation coeffi-
cient, p < 0.001

mFSST

TUG​
 r 0.765
 p  < 0.001

BBS
 r − 0.868
 p  < 0.001
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potential utility is particularly relevant for injuries charac-
terized by mechanisms such as cutting maneuvers involving 
direction alteration or deceleration, along with landing with 
knee extension subsequent to jumping, which predominantly 
contribute to the injury profile.

The SEM value of clinical measurement tests represents 
the level of error that may occur during the measurements. 
Clinicians should be aware of this value when using the 
relevant measurement test to avoid any misinterpretation 
of the results. Therefore, it is important to report the SEM 
values of clinical tests in the literature. The SEM indicates 
the error value in relation to the test result value [18]. In our 
study, the SEM value of mFSST in individuals with ACLR 
was 0.15. Similarly, it was reported that the SEM value was 
1.11 in individuals with total knee arthroplasty [12] and 0.34 
in individuals with MS [11]. However, the SEM value of 
mFSST in individuals with stroke and Parkinson’s has not 
been examined.

The MDC value of clinical measurement tests represents 
the minimum detectable change between measurements. 
Clinicians need to be aware of this value before interpreting 
the results of the relevant measurement test, as it is crucial 
for assessing improvements or worsening of the measured 
parameter in routine patient follow-ups. Without knowing 
the MDC value, it is possible to make incorrect decisions 
about the clinical significance of changes in the measured 
parameter [18]. Therefore, it is important to report the MDC 
values of clinical tests in the literature. In the present study, 
the MDC value of mFSST in individuals with ACLR was 
0.41. Similarly, it was reported that the MDC value was 
3.10 in individuals with total knee arthroplasty [12], 0.94 
in individuals with MS [11], and 6.73 in individuals with 
stroke [10].

There are some strengths and limitations to the present 
study. The strength of the present study is that the reliabil-
ity of the mFSST was examined by two raters in individu-
als with ACLR. On the other hand, the fact that the entire 
population of the present study was male is a limitation. As 
is known, the incidence of ACL injuries is more common in 
women than in men.

Conclusions

The test–retest and inter-rater reliability of the mFSST are 
excellent, and its concurrent validity is strong in individuals 
with ACLR. The mFSST is a convenient and time-efficient 
test. Additionally, the MDC and SEM values derived from 
this study will serve as important references for future inves-
tigations assessing the balance level of patients with ACLR.
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