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Abstract

The validity and reliability of the Lafayette stability platform are well-established for double
leg testing. However, no evaluation of single leg (SL) stance on the platform was discovered
yet. Therefore, this study aimed to investigate the reliability of conducting the SL stance on
the Lafayette platform. Thirty-six healthy and active university students (age 23.2 + 3.2
years; BMI21.1 £ 3.1 kg/mz) were tested twice, one week apart (week 1; W1, week 2; W2).
They stood on their dominant leg with eyes-open (EO) and eyes-closed (EC) in random
order. Three successful trials of 20 seconds each were recorded. The duration during which
the platform was maintained within 0° of tilt was referred to as time in balance (TIB). At all-
time points, TIB was consistently longer in EO (EOw4: 17.02 £ 1.04s; EOw»: 17.32 £ 1.03s)
compared to EC (ECyy4: 11.55 +1.73s; ECw»: 13.08 + 1.82s). A £10 seconds difference
was demonstrated in the Bland-Altman analysis in both EO and EC. Lower standard error of
measurement (SEM) and coefficient of variation (CV) indicated consistent output. High
intraclass correlation coefficient (ICC) values were seen between weeks (EO = 0.74; EC =
0.76) and within weeks (EOw = 0.79; EOw» = 0.86; EC\y1 = 0.71; ECw2 = 0.71). Although
statistical measures (i.e., SEM, CV, and ICC) indicated good reliability of Lafayette for SL
tasks, the wide agreement interval is yet to be clinically meaningful. Factors underlying the
wide variation need to be identified before Lafayette is used for TIB assessment.

Introduction

An acceptable degree of reliability is essential for the instruments used in clinical testing. Reli-
ability is defined as the reproducibility of measurements [1]. In other words, reliability refers
to the ability of a tool in producing consistent measurements over time during test-retest eval-
uation [2, 3]. Balancing apparatus with established reliability ranged from simple wobble
board [4] to more sophisticated systems, such as force plates [5, 6], Biodex stability system [7,
8], and Computerized Dynamic Posturography (CDP) [9].
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Lafayette stability platform is a system that utilizes an unstable base to assess dynamic
balancing tasks, especially in double leg (DL) stance conditions [10-12]. Lafayette system
is comparatively more versatile than some other existing systems because it allows the
users to set their own test parameters, including testing time and angle limits to suit their
needs. This system offers a good alternative when initiating assessment of subjects with
impaired balance as it involves intuitive side-to-side uniplanar, and not multiplanar move-
ments. Tilting of the platform from the horizontal plane against time can be captured by
the Lafayette system [13]. A wide variation in the tilt angle is suggestive of impairment in
postural control. Good postural control relies on the integrity of the somatosensory and
neuromotor systems which include visual, vestibular, and ankle proprioceptive signals
[14,15].

Balance performance plays a vital role in maintaining daily functions and human
maneuvering [14], especially among athletes [16]. A good sense of balance and lower limb
strength [17] are essential in the execution of an immediate change of direction in a game
[18]. Athletes who fail to fully maneuver their body control, speed, and sense of balance
while changing direction commonly suffer lower extremity injuries such as ankle sprain
[19]. Thus, for these individuals to be able to return to play rapidly, balance training is pri-
oritized to improve the recovery rate, and balance tests are used to determine return to
playtime [20].

The Lafayette stability platform has been utilized widely for balance training, particularly in
the double leg (DL) stance condition. These studies namely investigated the effect of bare-
footed or in shod [21], the influence of dynamic training between genders [12] or the balance
assessment using the saccadic eye movements on postural stability on unstable platforms [22].
All these research protocols implemented DL stance exclusively. Although the DL stance is
undeniably important in human posture, a single leg (SL) stance is equally essential by taking
into consideration that both DL and SL movements are used in daily life as well as in sports
[23]. Balance performance on the Lafayette stability platform is usually measured as time in
balance (TIB) i.e. the duration during which the platform is stabilized before it eventually devi-
ates beyond a pre-determined angle.

Researchers frequently used the SL stance in assessing postural control, which includes
improving postural control among Parkinson’s patients [24], enhancing the attentional focus
in children with autism [25], and determining the risks of fall among elders [26], however, SL
stance has not been performed on the Lafayette stability platform. Currently, no known study
has published the reliability of the Lafayette stability platform for SL stance testing. On the
other hand, for DL stance, Murray [27] was one of the first to demonstrate convincing results
from the study of validity and reliability of the Lafayette stability platform. Murray [27]
reported that thirty students volunteered for the motor balance testing using DL stance, with
0.91 product-moment correlation attained from the test-retest assessment. In addition, day-
to-day evaluation on the technical part (i.e. horizontal maximum inclination of each side of
the platform) showed a 0.002-microvolt difference. Hence, it was concluded that the Lafayette
stability platform is a reliable instrument for motor balancing [28]. More recently, more stud-
ies also cited the platform as a reliable measure of balance for DL stance [28-30]. Considering
its potential for use in a range of testing requirements and study population, it is important to
determine its reliability. This study aimed to investigate the reliability of conducting the SL
stance on the Lafayette stability platform. Lafayette stability platform may be an alternative for
training, rehabilitation, as well as balance assessment apparatus regardless of the DL or SL
stance tasks. It was hypothesized that the Lafayette stability platform will demonstrate accept-
able agreement between weeks and satisfactory test-retest evaluation due to its simplicity and
robust design.
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Methodology
Participants

A total of thirty-six healthy and physically active university students (17 males, 19 females; age
23.2 + 3.2 years; height 1.7 £ 0.1 m; weight 59.8 + 11 kg; BMI 21.1 * 3.1 kg/m?) were recruited
between January 2021 and December 2021. The study was conducted in the Psychomotor lab-
oratory, UM Arena. This study was approved by the Medical Research Ethics Committee
(MREC) of the University of Malaya Medical Centre (201984-7710) and in accordance with
the Declaration of Helsinki. The protocols and flow of the testing were explained to the partici-
pants prior to commencement. All participants provided a written consent form and were
reimbursed for their participation.

An a priori sample size calculations were performed using G*Power statistical software,
whereby a minimum of 19 participants were required to achieve an effect size of 0.80 and
power of 90% [5]. Inclusion criteria were both male and female aged between 18 and 25 years
old, physically active with no musculoskeletal pain that may affect the testing. Physically active
was defined as having the regular exercise of at least 30 min per day of at least 3 days a week
[21]. Participants with prior experience with the stability platform were excluded from the
study to avoid any random bias during testing. In addition, participants with lower extremity
injury (acute or overuse) that prevented them from participating in sports activities for at least
one day in the previous 6 months were also exempted [21] to minimize the external factors
that might affect the result.

Lafayette stability platform setup

Lafayette Stability Platform Model 16030 (Lafayette, Indiana, USA) that was used consisted of
a 65 x 107 cm solid wooden platform, allowing a maximum deviation of 15° from the horizon-
tal to either side of the platform. The platform was placed 0.16 m from the frame and 0.22 m
from the floor, a safety rail was mounted at the front to prevent participants from falling if they
lose their balance [13].

Initially, the connection of the Universal Serial Bus (USB) cable of the platform with the
Psymlab software in the computer was checked. A pre-test was conducted to verify the desig-
nation of the protocols (i.e. name of the task, number of trials, duration of each trial). The SL
stance was set for the 20s of each trial in the Psymlab. A beep sound was produced at the start
and end of testing for each trial. Additionally, the results of each participant were examined to
ensure the tilting angle was recorded for each trial per participant.

Protocol

Participants were required to do simple stretches and plyometrics of the lower limb [31] to
prepare the muscles and avoid muscle cramps due to sudden movements, which include 10s of
standing quadriceps and hamstring stretch, ankle plantar and dorsiflexion active stretches,
ankle eversion and inversion movements, and ending with 20 double leg hops.

Participants were tested only with their dominant leg with no assessment on the non-
dominant leg, in which the dominant leg was defined as the leg used to kick a ball [32]. The
ball kick test is a simple and reliable test in differentiating limb dominance [33]. The use of
dominant leg in SL reliability is common because the lower limb balance was affected by the
strength of the dominant leg [34]. Participants positioned their dominant leg on the line
marked in the middle of the platform [35]. While barefooted, the participants stood on their
dominant leg while the contralateral leg was lifted approximately 10 cm above the platform.
The arms were allowed to hang at the side (Fig 1) [8]. The participants were required to

PLOS ONE | https://doi.org/10.1371/journal.pone.0280361 January 17, 2023 3/12


https://doi.org/10.1371/journal.pone.0280361

PLOS ONE

Reliability of single leg stance on Lafayette stability platform

Line marked for the
positioning of foot

Fig 1. A participant performed a single leg (SL) stance in eyes-open (EO) condition. The dominant leg was
positioned on the line marked in the middle of the platform.

https://doi.org/10.1371/journal.pone.0280361.9001

balance under two testing conditions, eyes-open (EO) and eyes-closed (EC), in random
order. The participants held the rail and were positioned in the SL stance. They were asked
to release their hands and maintain balance once the test start (a beep sound was generated).
Participants were allowed to make multiple attempts until they achieve three successful trials,
whereby they are able to keep their balance for at least 20s [36]. The TIB measurements
obtained from the three successful trials were averaged to reduce the variability error. The
low number of trials was to negate the potential of learning effect and to avoid fatigue [8].
The trials were repeated if the non-dominant leg touched the platform or if the participants
lost their balance before the 20s is up. The same protocol was applied a week later. Partici-
pants were advised to refrain from intense physical activity and to report any injuries during
the week. The same tester performed the experiment in both weeks to avoid random bias in
the experiment setting.

Using the Psymlab software (Lafayette Instrument, version 1.1.1.25998), time in balance
(TIB) between the two testing sessions was recorded. TIB (in seconds) was defined as the dura-
tion in which the platform was maintained within the range of 0° from the horizontal plane.
The longer TIB indicated better postural control.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280361 January 17, 2023 4/12


https://doi.org/10.1371/journal.pone.0280361.g001
https://doi.org/10.1371/journal.pone.0280361

PLOS ONE

Reliability of single leg stance on Lafayette stability platform

Statistical analysis

Comparison of the data from thirty-six participants between two different time points (i.e.
Week 1, W1 and Week 2, W2) and between trials for each testing condition (i.e. EO and EC)
were computed using MedCalc statistical software version 20.009 (Medcalc Software Ltd, Ost-
end, Belgium). Along with 95% limits of agreement (LoA), Bland-Altman analysis was per-
formed to assess the agreement between data sets obtained at W1 and W2. A scatterplot was
constructed, where the differences between two measurements (W1-W2) were plotted against
the mean of two measurements ((W1+W2)/2). The 95% LoA is defined as +1.96 standard devi-
ation (SD) [37]. No significant difference between the measurements was reflected if the line
of equality were within the interval [37]. A narrower 95% LoA indicated better agreement
between measurements [38]. Additionally, intraclass correlation coefficient specifically model
3, k form (ICC3,k) for a two-way model, average measures, and absolute agreement were com-
puted to quantify the reliability of the measurement [39]. To interpret the ICC values, the ICC
classification of Barbado et al. [40] (less than 0.5, low; between 0.5 and 0.69, moderate; between
0.70 and 0.89, high; between 0.9 and 1.00, excellent) was applied. The level of significance was
set at 0.05. Absolute reliability using standard error of measurement (SEM) (precision) was
also determined using the following formula [8]. SD is the mean SD of W1 and W2 [8]. The
measurements were considered reliable when SEM is less than 1 [41].

SEM = SDv/1 — ICC (1)

Lastly, the reliability of the platform was further confirmed using the coefficient of variation
(CV). Both intersubject (between-subject) and intrasubject (within-subject) variability were
calculated to assess the reproducibility of the SL stance on the platform [42]. The reproducibil-
ity was considered acceptable when CV is <30% [43].

Results

The test-retest reliability of the SL stance on a Lafayette stability platform was determined over
two different sessions one week apart. The findings of the mean TIB calculated from three tri-
als of the 20s each during EO and EC were summarized in Table 1.

Using the Bland-Altman plot, the TIB differences between trials and LoA for the two
testing conditions (i.e EO and EC) were illustrated in Figs 2 and 3. The mean difference
(bias) between EOyy; and EOyy, was -0.30s (95% confidence interval (CI) -0.211 to 1.51).
Upper and lower LoA for EO were 10.19s (95% CI 7.07 to 13.31) and -10.79s (95% CI -2.73
to -1.72). Whereas the ECyy; and ECyy, had a mean difference of -1.53s (95% CI -3.09 to
0.02). Upper and lower LoA for EC were 7.48s (95% CI 4.81 to 10.16) and -10.54s (95% CI
-13.22 to -7.86).

Based on the Bland-Altman plot, the scatterplot graph demonstrated most of the TIB points
were evenly distributed within the interval in both EO and EC. There were few outliers
detected beyond the interval, however, the majority of the TIB points were within LoA.

Table 1. Lafayette stability platform test-retest reliability evaluation.

Mean time in balance (TIB) (s) w1 W2 SEM ICC
Eyes-open (EO) 17.02 £ 1.04 17.32 £ 1.03 0.53 0.74
Eyes-closed (EC) 11.55+1.73 13.08 +1.82 0.87 0.76

Note. TIB: time in balance, s: second, W1: Week 1, W2: Week 2, SEM: standard error of measurement, ICC: intraclass correlation coefficient

https://doi.org/10.1371/journal.pone.0280361.t001
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Differences of TIB

(W1-W2) (s)
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Fig 2. Bland-Altman plot for the time in balance (TIB) of the single leg (SL) stance task in eyes-open (EO) condition. The differences
between Week 1 (W1) and Week 2 (W2) were plotted against the mean of W1 and W2. The solid line (blue) indicated the mean
difference (bias). The interval between upper and lower limits represented the 95% Limit of Agreement (LoA).

https://doi.org/10.1371/journal.pone.0280361.9002

Furthermore, the lines of equality were within the LoA and close to the mean difference for
both EO and EC. As such, this showed that no significant trend existed in the TIB data
between the two weeks, which indicated the absence of systematic bias. Additionally, the p-
value reported from the Bland-Altman analysis indicated no significant difference between the
two data sets (W1 vs W2) in both conditions (EO, p = 0.736; EC, p = 0.054).

The reliability of the platform was further assessed using ICC. The computed ICC between
weeks demonstrated high ICC values during EO (ICC = 0.74, 95% CI = from 0.58 to 0.85) and
EC (ICC =0.76, 95% CI = from 0.61 to 0.86) with appropriately moderate to high 95% CI
between data sets. Moreover, the calculated ICC within the weeks (three consecutive trials) in
each condition revealed high ICC values for all the trials (EOwy;, ICC = 0.79; EOwys,,

ICC = 0.86; ECyy1, ICC = 0.71; ECyy,, ICC = 0.71).

As shown in Table 1, a lower SEM value during EO compared to EC condition indicated a
more precise score in EO condition. Additionally, CV values for both inter- and intrasubject
variability were below 30%, which is in the acceptable range. The intersubject variability rang-
ing from 0% to 26.89% during EO and 1.21% to 28.49% during EC. While the intrasubject var-
iability ranged from 0% to 26.61% during EOyy; and 0% to 27.17% during EOyy,, whereas
1.05% to 27.78% during ECywy; and 1.37% to 29.2% during ECyy.».
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Differences of TIB during EC
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Fig 3. Bland-Altman plot for the time in balance (TIB) of the single leg (SL) stance task in eyes-closed (EC) condition. The
differences between Week 1 (W1) and Week 2 (W2) were plotted against the mean of W1 and W2. The solid line (blue) indicated the
mean difference (bias). The interval between upper and lower limits represented the 95% Limit of Agreement (LoA).

https://doi.org/10.1371/journal.pone.0280361.9003

Discussion

SL testing has been widely assessed on force plates and Biodex stability system, but usually not
assessed using the Lafayette stability platform. Considering that SL testing are sensitive and
able to distinguish postural impairment between injured and healthy individuals, thus, this
study aimed to investigate the test-retest reliability of the SL stance on a Lafayette stability plat-
form among physically active university students. Results indicate low SEM values, high ICC
values, and lower subject variability, which suggest acceptable degree of reliability; however,
the 95% LoA from the Bland-Altman plot was wide.

In this study, the reliability of the SL stance on a Lafayette stability platform was analyzed
using a combination of reliability measures, unlike previous studies. Park et al. [44], in a sys-
tematic review of the evaluation of the test-retest reliability studies, found that the majority of
the studies used only two types of statistical analyses in quantifying the instruments’ reliability.
These included ICC and SEM [5, 8, 40], Bland-Altman and ICC [6], and ICC with correlation
coefficient [45]. Hanninen et al. [46] applied an additional Wilcoxon ranked test to assess the
mean difference between testing sessions. We, on the other hand, adopted a more rigorous
method by using a combination of analyses (i.e. ICC, CV, SEM) including a graphical analysis
of the Bland-Altman plot to enhance the confidence in our conclusion.
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The Bland-Altman plot produced widely distributed data points of £10s difference in the
LoA, which may be considered a huge interval in the context of balance performance [47].
Compared to previous research, which proposed a difference of 7 points as a priori for the two
measurements to achieve a clinical significance [48], LoA statistics in this study may not be
representable, inferring a poor agreement based on the Bland-Altman analysis.

We had attempted to minimize the wide variation in the outcome by averaging the three
trials, ensuring the measurements more similar to each other. This method is not uncommon
and had been adopted by other researchers [49, 50]. As human performance can be inconsis-
tent due to various factors, including the balance loss due to loss of concentration [36] and
false foot positioning [35], using only one measure, either selecting the best reading or the first
reading, may result in falsely wide variation in performance [51].

Despite the poor agreement in the Bland-Altman analysis, high ICC values in both condi-
tions portrayed a reliable SL stance on the platform. No clear consensus has been reported on
the applicable standard values for acceptable reliability using ICC. In an earlier study, Fleiss
classified ICC generally as >0.75 to be excellent [52], however, the findings should be inter-
preted with caution in regard to the study’s field. Conversely, the ICC cutoff (i.e. threshold)
adopted in this study was more relevant and has been used in previous reliability studies that
assessed force platform’s postural sway measures [53] and gait using tri-axial accelerometer
[54]. When compared with the other ICC values in the previous test-retest reliability studies of
SL stance, Laessoe et al. [4] reported an ICC value of 0.87 on an instrumented wobble board,
whereby a study of a dynamic SL stance using Biodex stability system quantified an ICC value
of 0.65 [8] during EO condition. With high ICC values and appropriately moderate to high
similarity of the 95% CI between data sets, the Lafayette stability platform is considered as a
reliable tool for SL stance.

Lower SEM values in both conditions indicated higher precision of the TIB measurements
between the trials [4, 8]. This implies the platform is able to produce consistent output at dif-
ferent time points. The evaluation of the reliability of the SL stance on a Lafayette stability plat-
form was further strengthened with the coefficient of variation (CV). Findings in this study
showed a CV of <30%, in inter-and intrasubject variability in both conditions, which were in
the acceptable range for the field experiments. A similar CV threshold was reported in previ-
ous reliability studies, including the validation of devices [43, 55] to the fitness measurements
[56], suggesting CV ranges of <30% were common in reliability studies. Hence, CV values in
this study may be considered acceptable. Lower subject variability during EO suggested a
homogeneity in the TIB measurements between weeks and repeated trials. These findings
were common in the assessment with one type of population [42], in which this study engaged
only physically active university students. Referring to Park et al. [44] and Atkinson and Nevill
[51], we considered the statistical analyses performed in this study to be comprehensive and
exhaustive.

Overall, the participants displayed better SL postural control on the platform during EO.
This was demonstrated by the longer TIB measurements during SL stance and lower disper-
sion of TIB data points in the Bland-Altman analysis during EO compared to EC. It is believed
that balance performance without vision is complicated and challenging. Barbierri et al. [57]
denoted that insufficient visual information increases postural instability, which may reflect
lower thresholds of postural responses in intermittent feedback control. Ku et al. [14] added
that individuals rely more on vestibular and proprioception during EC, particularly on the
ankle proprioception as the ankle-foot complex is the only part of the body contacting the
ground [15]. In accordance with Ponce-Gonzalez et al. [6], the tasks with EO yield more reli-
able results than with EC.
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A SL stance on a Lafayette stability platform may stimulate ankle joint movement and insti-
gate external perturbation if the user fails to control their balance. This may represent a chal-
lenging task, as the platform is unstable and deviates in the mediolateral direction freely.
Compared to the other SL task such as Timed Unipedal Stance Test and Balance Error Scoring
System, which uses manual timing and scoring [5], tilt measurement from the Lafayette stabil-
ity platform could be more relevant and accurate [4]. Therefore, we would like to advocate the
use of Lafayette stability platform as an alternative balance device. However, further investiga-
tions are still needed to elucidate the underlying factors (e.g. lower limb strength, perceived
stability/confidence level) that are responsible for the wide variation in the results found here.

The present study had several limitations. The findings of this study may not be generalized
to the general population as data were collected from the physically active students. Future
studies may recruit larger cohorts in order to perform subgroup analysis to identify confound-
ing factors for the wide LoA. Confounding factors can also be explored by recruiting other tar-
get populations (i.e. middle age/geriatric, those who had undergone rehabilitation and spinal
cord injured survivors). Furthermore, the participants were tested barefoot in our study. Test-
ing with and without shoes on the Lafayette stability platform may yield contradicting find-
ings. Lastly, it may also be worthwhile to investigate if the reliability of the Lafayette platform
will be compromised when fatigue sets in such as when more repetitions or trials were per-
formed, or when subjects are required to maintain balance for longer period.

Conclusions

The test-retest evaluation of the SL stance on the Lafayette stability platform showed acceptable
agreement as measured by ICC, SEM, and CV in both EO and EC conditions except for LoA.
A more rigorous recruitment criteria, in addition to being uninjured and physically active,
may yield a better test-retest reliability score for the Lafayette stability platform for SL tasks.

Supporting information

S1 File. Bland-Altman data.
(DOCX)

S2 File. Standard error of measurement (SEM) and coefficient of variation (CV) data.
(DOCX)

Author Contributions

Conceptualization: Rizal Razman.

Formal analysis: Mahmoud Danaee.

Project administration: Nureen Zaghlul.

Supervision: Siew Li Goh, Rizal Razman, Chow Khuen Chan.

Writing - original draft: Nureen Zaghlul, Siew Li Goh, Rizal Razman, Chow Khuen Chan.

Writing - review & editing: Nureen Zaghlul, Siew Li Goh, Rizal Razman, Mahmoud Danaee,
Chow Khuen Chan.

References

1. Vaz§, Falkmer T, Passmore AE, Parsons R, Andreou P. The case for using the repeatability coefficient
when calculating test-retest reliability. PLoS ONE 2013; 8(9): 1-7. https://doi.org/10.1371/journal.pone.
0073990 PMID: 24040139

PLOS ONE | https://doi.org/10.1371/journal.pone.0280361 January 17, 2023 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280361.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280361.s002
https://doi.org/10.1371/journal.pone.0073990
https://doi.org/10.1371/journal.pone.0073990
http://www.ncbi.nlm.nih.gov/pubmed/24040139
https://doi.org/10.1371/journal.pone.0280361

PLOS ONE

Reliability of single leg stance on Lafayette stability platform

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Heale R, Twycross A. Validity and reliability in quantitative studies. Evidence-Based Nursing 2015; 18
(3): 66—67. https://doi.org/10.1136/eb-2015-102129 PMID: 25979629

Mohamad MM, Sulaiman NL, Sern LC, Salleh KM. Measuring the validity and reliability of research
instruments. Procedia—Social and Behavioral Sciences 2015; 164-171.

Laessoe U, Weinreich A, Norre M, Rosenkrans J, Scharf A. Evaluation of functional ankle instability
assessed by an instrumented wobble board. Physical Therapy in Sport 2019; 35: 133-138. https://doi.
org/10.1016/j.ptsp.2018.12.002 PMID: 30554122

Choi YM, Dobson F, Martin J, Bennell KL, Hinman RS. Interrater and intrarater reliability of common
clinical standing balance tests for people with hip osteoarthritis. Physical Therapy 2014; 94(5): 696—
704. https://doi.org/10.2522/ptj.20130266 PMID: 24557648

Ponce-Gonzalez JG, Sanchis-Moysi J, Gonzalez-Henrlquez JJ, Arteaga-Ortiz R, Calbet JAL, Dorado
C. Areliable unipedal stance test for the assessment of balance using a force platform. Journal of
Sports Medicine and Physical Fitness 2014; 54(1): 108-117. PMID: 24445552

Parraca JA, Olivares PR, Carbonell-Baeza A, Aparicio VA, Adsuar JC, Gusi N. Test-retest reliability of
Biodex balance SD on physically active old people. Journal of Human Sport and Exercise 2011; 6(2):
444-451.

Arifin N, Azuan N, Osman A, Abu WWB. Intrarater test-retest reliability of static and dynamic stability
indexes measurement using the Biodex stability system during unilateral stance. Journal of Applied Bio-
mechanics 2014; 30: 300-304. https://doi.org/10.1123/jab.2013-0130 PMID: 23878204

Pickerill ML, Harter RA. Validity and reliability of limits-of-stability testing: A comparison of 2 postural
stability evaluation devices. Journal of Athletic Training 2011; 46(6): 600—-606. https://doi.org/10.4085/
1062-6050-46.6.600 PMID: 22488184

Kiss R, Brueckner D, Muehlbauer T. Effects of single compared to dual task practice on learning a
dynamic balance task in young adults. Frontiers in Psychology 2018; 9: 1-8.

Brueckner D, Gépfert B, Kiss R, Muehlbauer T. Effects of motor practice on learning a dynamic balance
task in healthy young adults: A wavelet-based time-frequency analysis. Gait & Posture 2019; 70: 264—
269. https://doi.org/10.1016/j.gaitpost.2019.03.019 PMID: 30909006

Schedler S, Brueckner D, Kiss R, Muehlbauer T. Effect of practice on learning to maintain balance
under dynamic conditions in children: are there sex differences? BMC Sports Science, Medicine and
Rehabilitation 2020; 1-7.

Muelas R, Sabido R, Barbado D, Javier F. Visual availability, balance performance and movement com-
plexity in dancers. Gait & Posture 2014; 40: 556—-560.

Ku PX, Osman NAA, Abas WABW. Balance control in lower extremity amputees during quiet standing:
A systematic review. Gait & Posture 2014; 39: 672—682. https://doi.org/10.1016/j.gaitpost.2013.07.006
PMID: 24331296

Han J, Anson J, Waddington G, Adams R, Liu Y. The role of ankle proprioception for balance control in
relation to sports performance and injury. BioMed Research International 2015.

Bednarczuk G, Wiszomirska I, Rutkowska I, Skowronski W. Effect of sport on static balance in athletes
with visual impairments. J Sports Med Phys Fitness 2019; 59 (8): 1319-1327.

Brughelli M, Cronin J, Levin G, Chaouachi A. Understanding change of direction ability in sport: A review
of resistance training studies. Sports Med 2008; 38(12): 1045—1063. https://doi.org/10.2165/
00007256-200838120-00007 PMID: 19026020

Simpson JD, Koldenhoven RM, Wilson SJ, Stewart EM, Turner AJ, Chander H, et al. Ankle kinematics,
center of pressure progression, and lower extremity muscle activity during a side-cutting task in partici-

pants with and without chronic ankle instability. J Electromyography and Kinesiology 2020; 54: 102454.
https://doi.org/10.1016/j.jelekin.2020.102454 PMID: 32777448

Farley JB, Barrette LM, Keogh JWL, Woods CT, Milne N. The relationship between physical fithess
attributes and sports injury in female, team ball sport players: A systematic review. Sports Med 2020; 6:
45. https://doi.org/10.1186/s40798-020-00264-9 PMID: 32926228

Hrysomallis C. Relationship between balance ability, training and sports injury risk. Sports Med 2007;
37 (6). https://doi.org/10.2165/00007256-200737060-00007 PMID: 17503879

Zech A, Meining S, Hotting K, Liebl D, Mattes K, Hollander K. Effects of barefoot and footwear condi-
tions on learning of a dynamic balance task: a randomized controlled study. European Journal of
Applied Physiology 2018; 118(2). https://doi.org/10.1007/s00421-018-3997-6 PMID: 30267226

Vagaja M, Bizovska L. The influence of saccadic eye movements on postural stability during standing
on an unstable platform. Acta Gymnica 2019; 49(3): 138-143.

Song K, Rhodes E, Wikstrom EA. Balance training does not alter reliance on visual information during
static stance in those with chronic ankle instability: A systematic review with meta-Analysis. Sports Med-
icine 2018; 48(4), 893—-905. https://doi.org/10.1007/s40279-017-0850-8 PMID: 29288435

PLOS ONE | https://doi.org/10.1371/journal.pone.0280361 January 17, 2023 10/12


https://doi.org/10.1136/eb-2015-102129
http://www.ncbi.nlm.nih.gov/pubmed/25979629
https://doi.org/10.1016/j.ptsp.2018.12.002
https://doi.org/10.1016/j.ptsp.2018.12.002
http://www.ncbi.nlm.nih.gov/pubmed/30554122
https://doi.org/10.2522/ptj.20130266
http://www.ncbi.nlm.nih.gov/pubmed/24557648
http://www.ncbi.nlm.nih.gov/pubmed/24445552
https://doi.org/10.1123/jab.2013-0130
http://www.ncbi.nlm.nih.gov/pubmed/23878204
https://doi.org/10.4085/1062-6050-46.6.600
https://doi.org/10.4085/1062-6050-46.6.600
http://www.ncbi.nlm.nih.gov/pubmed/22488184
https://doi.org/10.1016/j.gaitpost.2019.03.019
http://www.ncbi.nlm.nih.gov/pubmed/30909006
https://doi.org/10.1016/j.gaitpost.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/24331296
https://doi.org/10.2165/00007256-200838120-00007
https://doi.org/10.2165/00007256-200838120-00007
http://www.ncbi.nlm.nih.gov/pubmed/19026020
https://doi.org/10.1016/j.jelekin.2020.102454
http://www.ncbi.nlm.nih.gov/pubmed/32777448
https://doi.org/10.1186/s40798-020-00264-9
http://www.ncbi.nlm.nih.gov/pubmed/32926228
https://doi.org/10.2165/00007256-200737060-00007
http://www.ncbi.nlm.nih.gov/pubmed/17503879
https://doi.org/10.1007/s00421-018-3997-6
http://www.ncbi.nlm.nih.gov/pubmed/30267226
https://doi.org/10.1007/s40279-017-0850-8
http://www.ncbi.nlm.nih.gov/pubmed/29288435
https://doi.org/10.1371/journal.pone.0280361

PLOS ONE

Reliability of single leg stance on Lafayette stability platform

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Chomiak T, Vieira F, Hu B. The single-leg-stance test in Parkinson’ s disease. Journal of Clinical Medi-
cine Research 2015; 7(3): 182—185. https://doi.org/10.14740/jocmr1878w PMID: 25584104

Kim'Y, Todd T, Fuijii T, Lim JC, Vrongistinos K, Jung T. Effects of Taekwondo intervention on balance in
children with autism spectrum disorder. Journal of Exercise Rehabilitation 2016; 12(4): 314-319.
https://doi.org/10.12965/jer.1632634.317 PMID: 27656628

Swanenburg J, De Bruin ED, Favero K, Uebelhart D, Mulder T. The reliability of postural balance mea-
sures in single and dual tasking in elderly fallers and non-fallers. BMC Musculoskeletal Disorders 2008;
9:1-10.

Murray JF. Construction of a stabilometer capable of indicating the variability of non-level performance.
Perceptual and Motor Skills 1982; 55: 1211-1215. https://doi.org/10.2466/pms.1982.55.3f.1211 PMID:
7167314

Rogge AK, Réder B, Zech A, Nagel V, Hollander K, Braumann KM, et al. Balance training improves
memory and spatial cognition in healthy adults. Scientific Reports 2017; 7(1): 1-10.

Rogge AK, Hoétting K, Nagel V, Zech A, Hélig C, Réder B. Improved balance performance accompanied
by structural plasticity in blind adults after training. Neuropsychologia 2019; 129: 318-330. https://doi.
org/10.1016/j.neuropsychologia.2019.04.005 PMID: 31004689

Kim H, Son SJUN, Seeley MK, Hopkins JTY. Kinetic compensations due to chronic ankle instability dur-
ing landing and jumping. Medicine & Science in Sports & Exercise 2018; 22: 308-317. https://doi.org/
10.1249/MSS.0000000000001442 PMID: 28991043

Patel NN. Plyometric training: A review article. Int J Cur Res Rev 2014; 6 (15): 33-37.

Dingenen B, Vereecken S. Postural stability during single-leg stance: A preliminary evaluation of non-
contact lower extremity injury risk. Journal of Orthopaedic and Sports Physical Therapy 2016; 46(8):
650-657. https://doi.org/10.2519/jospt.2016.6278 PMID: 27374015

Paillard T, Noé F. (2020). Does monopedal postural balance differ between the dominant leg and the
non-dominant leg? A review. Human Movement Science 2020; 74: 102686. https://doi.org/10.1016/].
humov.2020.102686 PMID: 33059226

Akagi R, Tohdoh Y, Takahashi H. Muscle strength and size balances between reciprocal muscle groups
in the thigh and lower leg for young men. International Journal of Sports Medicine 2012; 33(5): 386—
389. https://doi.org/10.1055/s-0031-1299700 PMID: 22377952

De Ridder R, Willems T, De Mits S, Vanrenterghem J, Roosen P. Foot orientation affects muscle activa-
tion levels of ankle stabilizers in a single-legged balance board protocol. Human Movement Science
2014; 33: 419-431. https://doi.org/10.1016/j.humov.2013.12.008 PMID: 24456917

Becker KA, Hung C. Attentional focus influences sample entropy in a balancing task. Human Movement
Science 2020; 72: 1-7.

Giavarina D. Lessons in biostatistics. Past, Present, and Future of Statistical Science 2014; 25(2):
359-372.

HuaY, Qiu W, Xiao Q, Wu Q. Precision (repeatability and reproducibility) of ocular parameters obtained
by the Tomey OA-2000 biometer compared to the IOLMaster in healthy eyes. PLoS ONE 2018; 13(2):
1-11.

Trevethan R. Intraclass correlation coefficients: clearing the air, extending some cautions, and
making some requests. Health Services and Outcomes Research Methodology 2017; 17(2): 127—
143.

Barbado D, Gomez-lllan R, Moreno-Navarro P, Valero-Conesa G, Reina R, Vera-Garcia FJ. Postural
control quantification in minimally and moderately impaired persons with multiple sclerosis: The reliabil-
ity of a posturographic test and its relationships with functional ability. J Sport Health Sci 2020; 9: 677—
84. https://doi.org/10.1016/j.jshs.2018.06.008 PMID: 33308819

Teyhen DS, Shaffer SW, Lorenson CL, Halfpap JP, Donofry DF, Walker MJ, et al. The functional move-
ment screen: A reliability study. Journal of Orthopaedic and Sports Physical Therapy 2012; 42(6): 530—
540. https://doi.org/10.2519/jospt.2012.3838 PMID: 22585621

Fauth MK, Petushek EJ, Feldmann CR, Hsu BE, Garceau LR, Lutsch BN, et al. Reliability of surface
electromyography during maximal voluntary isometric contractions, jump landing, and cutting. J
Strength Cond Res 2010; 24 (4): 1131-1137.

Squara P, Cecconi M, Rhodes A, Singer M, Chiche JD. Tracking changes in cardiac output: Methodo-
logical considerations for the validation of monitoring devices. Intensive Care Medicine 2009; 35(10):
1801-1808. https://doi.org/10.1007/s00134-009-1570-9 PMID: 19593546

Park MS, Kang KJ, Jang SJ, Lee JY, Chang SJ. Evaluating test-retest reliability in patient-reported out-
come measures for older people: A systematic review. International Journal of Nursing Studies 2018;
79: 58-69. https://doi.org/10.1016/j.ijnurstu.2017.11.003 PMID: 29178977

PLOS ONE | https://doi.org/10.1371/journal.pone.0280361 January 17, 2023 11/12


https://doi.org/10.14740/jocmr1878w
http://www.ncbi.nlm.nih.gov/pubmed/25584104
https://doi.org/10.12965/jer.1632634.317
http://www.ncbi.nlm.nih.gov/pubmed/27656628
https://doi.org/10.2466/pms.1982.55.3f.1211
http://www.ncbi.nlm.nih.gov/pubmed/7167314
https://doi.org/10.1016/j.neuropsychologia.2019.04.005
https://doi.org/10.1016/j.neuropsychologia.2019.04.005
http://www.ncbi.nlm.nih.gov/pubmed/31004689
https://doi.org/10.1249/MSS.0000000000001442
https://doi.org/10.1249/MSS.0000000000001442
http://www.ncbi.nlm.nih.gov/pubmed/28991043
https://doi.org/10.2519/jospt.2016.6278
http://www.ncbi.nlm.nih.gov/pubmed/27374015
https://doi.org/10.1016/j.humov.2020.102686
https://doi.org/10.1016/j.humov.2020.102686
http://www.ncbi.nlm.nih.gov/pubmed/33059226
https://doi.org/10.1055/s-0031-1299700
http://www.ncbi.nlm.nih.gov/pubmed/22377952
https://doi.org/10.1016/j.humov.2013.12.008
http://www.ncbi.nlm.nih.gov/pubmed/24456917
https://doi.org/10.1016/j.jshs.2018.06.008
http://www.ncbi.nlm.nih.gov/pubmed/33308819
https://doi.org/10.2519/jospt.2012.3838
http://www.ncbi.nlm.nih.gov/pubmed/22585621
https://doi.org/10.1007/s00134-009-1570-9
http://www.ncbi.nlm.nih.gov/pubmed/19593546
https://doi.org/10.1016/j.ijnurstu.2017.11.003
http://www.ncbi.nlm.nih.gov/pubmed/29178977
https://doi.org/10.1371/journal.pone.0280361

PLOS ONE

Reliability of single leg stance on Lafayette stability platform

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

Howell DR, Brilliant AN, Meehan WP. Tandem gait test-retest reliability among healthy child and adoles-
cent athletes. Journal of Athletic Training 2019; 54(12): 1254—1259. https://doi.org/10.4085/1062-
6050-525-18 PMID: 31657636

Hanninen T, Parkkari J, Howell DR, Palola V, Seppanen A, Tuominen M, et al. Reliability of the sport
concussion assessment tool 5 baseline testing: A 2-week test-retest study. Journal of Science and
Medicine in Sport 2021; 24(2): 129—-134. https://doi.org/10.1016/j.jsams.2020.07.014 PMID: 32868203

Callesen J, Richter C, Kristensen C, Sunesen |, Neesby M, Dalgas U, et al. Test—retest agreement and
reliability of the Six Spot Step Test in persons with multiple sclerosis. Multiple Sclerosis Journal 2019;
25(2): 286—294. https://doi.org/10.1177/1352458517745725 PMID: 29260609

Marx RG, Menezes A, Horovitz L, Jones EC, Warren RF. A comparison of two time intervals for test-
retest reliability of health status instruments. Journal of Clinical Epidemiology 2003; 56(8): 730—735.
https://doi.org/10.1016/s0895-4356(03)00084-2 PMID: 12954464

Lachin JM. The role of measurement reliability in clinical trials. Clinical trials 2004; 1: 553-566. https://
doi.org/10.1191/1740774504cn0570a PMID: 16279296

Olsén MF, Romberg K. Reliability of the Respiratory Movement Measuring Instrument, RMMI. Clinical
Physiology and Functional Imaging 2010; 30(5): 349-353. https://doi.org/10.1111/j.1475-097X.2010.
00951.x PMID: 20584032

Atkinson G, Nevill AM. Statistical methods for assessing measurement error (reliability) in variables rel-
evant to sports medicine. Sports Medicine 1998; 26(4): 217-238. https://doi.org/10.2165/00007256-
199826040-00002 PMID: 9820922

Fleiss JL. Reliability of Measurement. The Design and Analsysis of Clinical Experiments 1986; 1-32.

Meshkati Z, Namazizadeh M, Salavati M, Mazaheri M. Reliability of force-platform measures of postural
sway and expertise-related differences. Journal of Sport Rehabilitation 2022; 20(4): 442—456.

Fujiwara S, Sato S, Sugawara A, Nishikawa Y, Koji T, Nishimura Y, et al. The coefficient of variation of
step time can overestimate gait abnormality: Test-retest reliability of gait-related parameters obtained
with a tri-axial accelerometer in healthy subjects. Sensors 2020; 20(577): 1-8. https://doi.org/10.3390/
520030577 PMID: 31972959

Nagymaéaté G, Orlovits Z, Kiss RM. Reliability analysis of a sensitive and independent stabilometry
parameter set. PLoS ONE 2019; 13(4): 1-14.

Lubans DR, Morgan P, Callister R, Plotnikoff RC, Eather N, Riley N, et al. Test-retest reliability of a bat-
tery of field-based health-related fitness measures for adolescents. Journal of Sports Sciences 2011;
29(7): 685—693. https://doi.org/10.1080/02640414.2010.551215 PMID: 21391082

Barbierri FA, Penedo T, Simieli L, Barbieri RA, Zagatto AM, Van Diéen JH, et al. Effects of ankle muscle
fatigue and visual behavior on postural sway in young adults. Frontiers in Physiology 2019; 10: 1-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280361 January 17, 2023 12/12


https://doi.org/10.4085/1062-6050-525-18
https://doi.org/10.4085/1062-6050-525-18
http://www.ncbi.nlm.nih.gov/pubmed/31657636
https://doi.org/10.1016/j.jsams.2020.07.014
http://www.ncbi.nlm.nih.gov/pubmed/32868203
https://doi.org/10.1177/1352458517745725
http://www.ncbi.nlm.nih.gov/pubmed/29260609
https://doi.org/10.1016/s0895-4356%2803%2900084-2
http://www.ncbi.nlm.nih.gov/pubmed/12954464
https://doi.org/10.1191/1740774504cn057oa
https://doi.org/10.1191/1740774504cn057oa
http://www.ncbi.nlm.nih.gov/pubmed/16279296
https://doi.org/10.1111/j.1475-097X.2010.00951.x
https://doi.org/10.1111/j.1475-097X.2010.00951.x
http://www.ncbi.nlm.nih.gov/pubmed/20584032
https://doi.org/10.2165/00007256-199826040-00002
https://doi.org/10.2165/00007256-199826040-00002
http://www.ncbi.nlm.nih.gov/pubmed/9820922
https://doi.org/10.3390/s20030577
https://doi.org/10.3390/s20030577
http://www.ncbi.nlm.nih.gov/pubmed/31972959
https://doi.org/10.1080/02640414.2010.551215
http://www.ncbi.nlm.nih.gov/pubmed/21391082
https://doi.org/10.1371/journal.pone.0280361

