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Abstract

Background: This study aimed to explore the relationships among different indices and
the underlying latent structure of dynamic postural control in young female volleyball
players. It used factor analysis of indices from stabilogram diffusion analysis (SDA), the
modified Star Excursion Balance Test (mSEBT), and the Weight-Bearing Lunge Test (WBLT)
to generate hypotheses regarding the relationships among these measures. Methods: In
total, 34 female middle- and high-school volleyball players participated in this study. The
SDA was performed using center-of-pressure (COP) data obtained during a single-leg
vertical jump landing task, and the critical point (CP) was calculated. Lower-limb reach
distances in the anterior (ANT), posteromedial (PM), and posterolateral (PL) directions
were measured using the modified mSEBT. In addition, hallux-to-wall distance (HWD)
was measured using the WBLT. Exploratory factor analysis was conducted to examine the
latent factor structure among these indices. Results: The Kaiser-Meyer-Olkin value was
0.63, and Bartlett’s test of sphericity had significant results (p < 0.001). Considering the
factor retention decision and the study’s theoretical framework, a two-factor solution was
adopted for factor analysis, yielding a cumulative explained variance of 79.77%. Factor 1
had high factor loadings for the ANT, PM, and PL directions. Meanwhile, factor 2 showed
high factor loadings for CP and HWD. Conclusions: Factor 1 reflected the spatial dynamic
balance ability associated with the mSEBT and may be related to it. Moreover, factor 2 may
indicate the temporal characteristics of COP variability assessed via the SDA and based on
ankle mobility-related characteristics. However, because this was an exploratory pilot study
with a small sample size, the findings should be considered as preliminary hypotheses.

Keywords: postural balance; athletes; volleyball; stabilogram diffusion analysis; modified
Star Excursion Balance Test

1. Introduction

Several sports movements, such as jump landing and changing direction, require
advanced dynamic postural control [1-6]. In movements involving single-leg support,
sensory input, muscle output, and neural control strategies must function in an integrated
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manner to appropriately control the body’s center of mass in response to perturbations [7,8].
In volleyball, movements involving single-leg support, such as landing after spiking
or blocking, are commonly required [3,4]. In particular, young female players exhibit
differences in postural control during landing movements due to neuromuscular control
characteristics and lower-limb alignment associated with growth and development [9].
Considering these sport-specific characteristics, the dynamic postural control characteristics
of young female volleyball players should be evaluated from multiple perspectives.

The Star Excursion Balance Test (SEBT) and the modified SEBT (mSEBT) are widely
used to evaluate dynamic postural control [10-15]. The mSEBT is used to assess dynamic
balance ability and reach distance in three directions, serving as an indicator of these
abilities. However, the mSEBT is influenced by multiple factors, including ankle range of
motion, muscle strength, proprioception, and trunk control [16-18].

In recent years, postural control has increasingly been viewed as a complex system,
and the importance of nonlinear analyses of postural sway data obtained from force plates,
motion capture systems, and accelerometers has been emphasized [19]. Accordingly,
attention has shifted toward evaluating not only the spatial aspects of dynamic balance
ability but also the temporal characteristics of postural sway. Stabilogram diffusion analysis
(SDA), which uses time-series data from the center of pressure (COP), is used to analyze
temporal changes in postural control. SDA is a technique for examining the time-related
features of COP variability. Its key parameter, the critical point (CP), has been proposed as
an indicator of the temporal transition in COP fluctuation patterns (Figure 1). Consequently,
SDA has been used to evaluate the temporal aspects of postural control, which differ from
the spatial dynamic balance assessed by the mSEBT [20,21].
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Figure 1. SDA analyzes COP time-series data. A schematic of a typical stabilogram diffusion curve,
based on the mean square displacement (MSD) from the COP time series, shows two regions: a
short-time region and a long-time region. The intersection of the regression lines fitted to each region
marks the critical point (CP). The short-time region indicates open-loop control without sensory
feedback, while the long-time region reflects closed-loop control with sensory feedback. Hence, the
CP signifies the transition from open-loop to feedback control.

The mSEBT reflects spatial dynamic balance ability, and SDA can serve as an in-
dicator of the effects of temporal neural control strategies. Thus, these measures may
evaluate different aspects of dynamic postural control. Further, dynamic postural control is
likely influenced not only by spatial dynamic balance ability and temporal neural control
characteristics but also by structural constraints related to ankle function. In particular,
ankle dorsiflexion range of motion is involved in controlling anterior tibial inclination and
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center-of-mass displacement during landing. It may also be involved in spatial balance
ability and temporal postural control strategies [22-24]. Ankle mobility has been linked
to COP sway and postural stability, and changes in ankle function can influence COP
control during postural regulation [25,26]. Thus, ankle dorsiflexion range of motion may
be associated with not only to the spatial dynamic balance evaluated by the mSEBT but
also to the temporal aspects of COP variability measured by the SDA. However, dynamic
postural control is a complex process involving neuromuscular control, muscle strength,
activation patterns, sensory input, and cognitive function [27,28], making it challenging
to fully assess with only a few measures such as the mSEBT, SDA, and ankle mobility.
Therefore, reach distances from the mSEBT, CP from the SDA, and ankle dorsiflexion range
of motion should be viewed as indicators of specific facets of dynamic postural control.
However, the latent structure underlying the associations among these indicators has not
yet been completely elucidated.

This study aimed to analyze the relationships among various postural control mea-
sures obtained from the mSEBT, SDA, and ankle mobility assessments in young female
volleyball players. Using factor analysis, we explored their underlying factor structure and
generated hypotheses. We expected that the mSEBT and SDA would each form separate
latent factors, representing spatial dynamic balance and postural control, respectively.
Meanwhile, ankle dorsiflexion range of motion may be linked to both the mSEBT and SDA
indicators, as it is a key physical function of dynamic postural control. However, its exact
role within the latent structure was examined without prior assumptions.

2. Methods
2.1. Study Design

This was an exploratory cross-sectional study.

2.2. Participants

The study included 34 female volleyball players from one junior high school and
two high school teams who consented to participate (Table 1). The inclusion criteria
were as follows: (1) students who participated in club activities without any restrictions,
(2) those without any history of psychiatric disorders, (3) those without any history of
neurological disorders, (4) those without any history of lower-limb orthopedic surgery
within 1 year before the assessment, and (5) those without any history of lower-limb injury
requiring absence from sports participation for >2 weeks within the last 6 months. The
exclusion criteria included individuals with lower-limb pain during sports participation.
Additionally, a pre-participation interview confirmed that none of the participants had
a history of chronic ankle instability (CAI) or recurrent ankle sprains (Figure 2). After
obtaining the coaches’ cooperation, the study’s purpose and procedures were explained
to both the players and their parents. Written informed consent was then obtained from
all participants and their parents. This study was approved by the institutional ethics
committee of our hospital (Approval No. 25-001).

Table 1. Characteristics of the participants.

Age (years) 152 +£15

Height (cm) 157.7 £ 6.2

Weight (kg) 528 +79
Duration of athletic career (years) 41+33

Mean =+ standard deviation.
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Female junior high and high school
volleyball players
(n=36)

Excluded

Lower limb pain during volleyball
participation
(n=2)

Included in the analysis
(n=34)

Figure 2. Flowchart of the inclusion and exclusion of participants.

2.3. Tasks

The tasks comprised a landing-stabilization task following a single-leg vertical jump
and the mSEBT task.

2.4. Measurement Procedures

Measurements were obtained using a force plate (S5-FP40AO; Sports Sensing Co., Ltd.,
Fukuoka, Japan) and a tape measure (Shinwa Measuring Co., Ltd., Niigata, Japan).

The outcomes of dynamic posture control were the SDA parameters derived from
COP data obtained during the single-leg vertical jump landing test and the modified SEBT
(mSEBT). In addition, ankle joint mobility was assessed using the Weight-Bearing Lunge
Test (WBLT) [29].

The mSEBT is a common test used for evaluating lower-limb dynamic balance, with
reliability scores reported to range from ICC = 0.51 to 0.95. It has also been linked to
muscle strength, joint range of motion, proprioception, and neuromuscular control [30,31].
The WBLT shows high intra-rater reliability (0.97-0.98) and inter-rater reliability (0.99) for
measuring ankle dorsiflexion range of motion [32]. SDA analyzes the temporal structure of
postural sway from COP time-series data [33], and its reliability and applicability depend
on measurement conditions like the number of trials and their duration [21]. Additionally,
SDA reliability varies with participant characteristics, including visual conditions, age, and
disease status [34]. Consequently, it is frequently used to characterize the temporal features
of postural control.

The force plate sampling frequency was chosen as 1 kHz after a preliminary analysis
comparing 500 Hz, 1 kHz, and 2 kHz. The results showed no substantial differences in
CP between 1 kHz and 2 kHz, but the 500 Hz condition exhibited higher variability in
estimated CP values. Thus, a 1 kHz sampling rate was selected for this study to ensure
consistent CP estimation. All measurements were performed on the stance leg, which is
the nondominant leg that plays a primary role in balance control and postural stability [35].
In this study, the dominant leg was identified, and the contralateral leg was considered the
stance leg. In volleyball, asymmetrical movements occur during spiking and landing, with
the nondominant leg serving as both the support and landing leg [36]. Therefore, this study
focused on the nondominant leg, as it was deemed more suitable for evaluation during a
single-leg support task. The dominant leg was determined based on the item “Which foot
do you kick a ball with?” from the Waterloo Footedness Questionnaire-Revised [37]. This
item has shown 100% agreement with observational assessments [38].
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2.4.1. Single-Leg Vertical Jump Landing Test

The participants were instructed to maintain a single-leg standing position on the
force plate with both arms crossed in front of the chest and eyes open and fixed on a visual
marker placed 3 m in front of them. The supporting foot was positioned such that the
center of the calcaneus and the midpoint between the second and third toes were aligned
with a line along the anteroposterior axis passing through the center of the force plate. The
participants were instructed to perform a vertical jump as high as possible from a single-leg
stance on the pivot foot, land on the same lower limb, and maintain a stable standing
position for 20 s. A trial was considered invalid and repeated if the participant could not
maintain the single-leg stance for 20 s or if compensatory balance strategies using the upper
limbs were observed. The number of trials was not predetermined; the task was repeated
until a valid trial was obtained, and the first valid trial was used for analysis. In this study,
28 participants succeeded on the first attempt, 5 on the second, and 1 on the third (Figure 3).

\
v
e 8

Figure 3. Single-leg vertical jump landing test.

2.4.2. mSEBT

The participants were instructed to place both hands on their hips and maintain a
single-leg stance on the test limb while reaching as far as possible with the nonstance
limb in the ANT, PM, and PL directions (Figure 4) [12]. Regarding the learning effect
in the mSEBT, reach distance stabilizes after approximately six trials [13,14]. Therefore,
the participants in this study performed six practice trials in each direction before data
collection. A trial was considered invalid and repeated if the participant did not maintain a
single-leg stance, either hand left the waist, the heel of the stance limb lost contact with the
floor, or the nonstance limb touched the floor during the reach.

Figure 4. mSEBT.
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2.4.3. WBLT

The stance limb was positioned such that the line connecting the center of the calcaneus
and the lateral femoral condyle was perpendicular to the floor, with the heel in contact
with the floor considered as the starting position. With the heel maintained in contact with
the floor, the knee was flexed until the anterior aspect of the patella contacted the wall,
indicating maximal ankle dorsiflexion. The hallux-to-wall distance (HWD) was measured
with a tape measure (Figure 5). Before this study, a preliminary test with five participants
showed that the intra-rater reliability of the WBLT was ICC(1,3) = 0.96, and the standard
error of measurement was 0.68 cm.

Anterior aspect
of the patella

Figure 5. WBLT.

2.5. Data Analysis

The outcome measures included the CP(s) derived from the SDA, calculated from COP
data obtained during the single-leg vertical jump landing test; normalized reach distances
(%) in the ANT, PM, and PL directions, measured using the mSEBT; and normalized HWD
(%) measured with the WBLT.

2.5.1. SDA Using the COP Data Obtained During the Single-Leg Vertical Jump
Landing Test

The SDA conceptualizes COP data as a stochastic process and analyzes postural

control using random-walk theory. The MSD for each time interval (At) was calculated as

follows [33]:
1 N—m

<Ar2(m)> = N_m Y [(xi+m = %)%+ Yigm — ]/i)z}

i=1

where x; and y; represent the COP coordinates at time point i, N denotes the total number of
data points, and m represents the number of data points corresponding to the time interval
At. In SDA, a time lag of roughly 0.01-1.0 s is typically chosen, based on the sampling
frequency, to generate the MSD curve [33]. In our study, At was set to 0.1 s following prior
research [21,39]. Linear regression analysis using the least squares method was performed
on the resulting MSD curve. In addition, the CP, the time at which the transition from the
short-term region to the long-term region occurs, was assessed. Although SDA allows
for the calculation of multiple indices, this was an exploratory pilot study with a limited
sample size; therefore, to account for the number of variables included in the factor analysis,
only CP, which represents the temporal characteristics of COP variability, was adopted as
the representative index. In addition, to confirm variability in jump height, jump height
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was calculated based on flight time obtained from the force plate according to a previous
study, using the following equation [40]:

Jump height = (flight time? x gravitational acceleration)/8

2.5.2. mSEBT Data Processing

The reach distances were measured in triplicate in each of the three directions, and
the mean values were calculated. The lower-limb length was measured from the ante-
rior superior iliac spine to the medial malleolus. The mean reach distances were then
normalized by dividing them by this length, accounting for variation in lower-limb size
among participants. This method allows for a relative assessment of dynamic balance
ability [13,41]. Additionally, the same measurement procedure was used for all participants
to ensure consistency.

2.5.3. WBLT Data Processing

HWD was measured three times, and the average value was calculated. Lower-limb
length was determined using the same method as the mSEBT and following the same
procedure for all participants. The mean HWD was then normalized by dividing it by the
lower-limb length. This normalization aimed to evaluate ankle mobility while accounting
for the effect of lower-limb length.

2.6. Statistical Analysis

Exploratory factor analysis was conducted to extract the latent factors underlying
each variable. Since this study was an exploratory pilot, an a priori sample size calculation
was not performed. For factor analysis, a participant-to-variable ratio of about 320 or
higher is generally recommended [42]. With five variables in this analysis, the ratio was 6.8.
While this falls within the suggested range, it is smaller than typical ratios in large-scale
studies, so the factor analysis should be viewed as exploratory. The principal axis factor
was used for factor extraction. The dynamic postural control-related indicators examined
in this study could be inter-related rather than mutually independent. Therefore, oblique
rotation (promax rotation) was applied. Promax rotation allows correlations among factors
while yielding a simple factor structure, and it is widely used in latent structure analyses
in psychology and motor control research [43]. The number of factors was determined
through a thorough evaluation using the eigenvalues-greater-than-one criterion (Kaiser
criterion) [44], inspection of the scree plot, and parallel analysis. Results showed a two-
factor structure based on the Kaiser criterion and scree plot, while parallel analysis indicated
a one-factor structure. Since this study was an exploratory pilot examining the theoretical
framework of the spatial and temporal aspects of dynamic postural control, a two-factor
solution was chosen as a hypothesis-generating approach. This decision considered not
only statistical criteria but also theoretical validity and interpretability. Additionally, a
factor loading of 0.50 or higher was used as the threshold for substantial contribution to a
factor, aligning with previous research that deems loadings of this magnitude practically
meaningful [45]. We conducted the Kaiser-Meyer-Olkin (KMO) test to assess the data’s
suitability for factor analysis. Statistical analyses were performed using IBM SPSS Statistics
version 29.0 (IBM Corp., Armonk, NY, USA). The significance level was set at 5%.

3. Results
3.1. SDA, mSEBT, and WBLT
The jump height during the vertical jump landing test was 13.3 £ 4.3 cm (mean =+ SD).
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Table 2 shows the results for the SDA-derived variable (CP), the mSEBT variables
(reach distances for the ANT, PM, and PL directions), and the WBLT-derived variable
(HWD).

Table 2. mSEBT, SDA, and WBLT variables.

Variable Mean + SD  Skewness  Kurtosis Shapiro-Wilk W p-Value
SDA

CP (s) 0.80 £ 0.32 1.063 1.663 0.915 0.011
mSEBT

ANT (%) 0.99 + 0.06 0.006 —0.676 0.980 0.776
PL (%) 0.78 £0.10 0.796 0.508 0.950 0.125
PM (%) 0.88 £0.11 0.324 —0.565 0.969 0.441
WBLT

HWD (%) 0.16 £ 0.03 —0.297 1.407 0.963 0.290

Mean =+ standard deviation. CP: critical point, ANT: anterior, PM: posteromedial, PL: posterolateral, HWD:
hallux-to-wall distance.

3.2. Factor Analysis

According to the established KMO criteria, KMO values of >0.90, 0.80-0.89, 0.70-0.79,
0.60-0.69, 0.50-0.59, and <0.50 are considered marvelous, meritorious, middling, mediocre,
miserable, and unacceptable, respectively [46]. Therefore, the sampling adequacy in this
study was considered mediocre. Further, Bartlett’s test of sphericity had significant results
(p < 0.001), indicating that the correlation matrix was not an identity matrix. Table 3
displays the correlation coefficients and confidence intervals among the variables, while
Table 4 shows the factor loadings and communalities for each variable. Table 5 provides
the factor correlation matrix. The factor analysis revealed that the two-factor solution
explained 79.77% of the variance, with factor 1 accounting for 47.24% and factor 2 for
32.53%. Variables with factor loadings of >0.5 on factor 1 were the reach distances for the
ANT, PL, and PM directions, whereas CP and HWD had factor loadings of >0.5 on factor 2.

Table 3. Correlation coefficients and confidence intervals for each variable.

) 95% CI
Variables ! p-Value Lower Limit Upper Limit
ANT-PL 0.52 0.00 0.21 0.73
ANT-PM 0.44 0.01 0.12 0.68
ANT-CP —0.10 0.56 —0.43 0.24
ANT-HWD 0.42 0.01 0.10 0.67
PL-PM 0.85 <0.001 0.72 0.92
PL-CP —0.24 0.18 —0.53 0.11
PL-HWD 0.22 0.22 —0.13 0.52
PM-CP —0.32 0.07 —0.59 0.02
PM-HWD 0.21 0.23 —0.14 0.51
CP-HWD —0.28 0.11 —0.57 0.06

r: Pearson’s correlation coefficient; ANT: anterior, PL: posterolateral, PM: posteromedial, CP: critical point, HWD:
hallux-to-wall distance. 95% confidence intervals were calculated based on Fisher’s z transformation.

Table 4. Factor loadings and communalities of parameters for each factor.

Factor 1 Factor 2 Communality
ANT (%) 0.672 0.489 0.691
PL (%) 0.949 0.265 0.971
PM (%) 0.929 0.292 0.948
CP (s) —0.270 —0.684 0.541
HWD (%) 0.272 0.874 0.838
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Table 4. Cont.

Factor 1 Factor 2 Communality
Eigenvalue 2.36 1.63
Variance explained (%) 47.24 32.53
Cumulative variance (%) 47.24 79.77

Factor loadings > 10.50 | are shown in bold. ANT: anterior, PL: posterolateral, PM: posteromedial, CP: critical
point, HWD: hallux-to-wall distance.

Table 5. Factor correlation matrix.

Factor 1 Factor 2
Factor 1 1.00 0.29
Factor 2 0.29 1.00

4. Discussion

In this study, factor analysis was conducted to explore the latent structure among
variables related to dynamic postural control assessed by the SDA and mSEBT, and joint
function assessed by the WBLT, in young female volleyball players. As a result, two factors
were identified: factor 1 comprised indicators associated with spatial dynamic balance
ability, and factor 2 included indicators associated with temporal COP variability and ankle
mobility. While these results suggest potentially consistent relationships among the SDA,
mSEBT, and WBLT, the study’s KMO value of 0.63 indicates only a mediocre sampling
adequacy. This suggests that the factor structure may be affected by sample characteristics
and that the stability and generalizability of these factors are limited. Therefore, the
discussion should be viewed as exploratory and aimed at generating hypotheses.

4.1. Factor 1: Spatial Dynamic Balance Ability

In factor 1, the mSEBT components ANT, PL, and PM exhibited high factor loadings. In
particular, PL and PM had high values (>0.9), suggesting that this factor may be associated
with spatial dynamic balance ability centered on lower-limb reach performance in the
mSEBT. The mSEBT is a task that requires participants to reach as far as possible with
the non-support leg while maintaining posture on the support leg, requiring the ability
to spatially move the body while controlling the center of gravity within the base of
support [14,15]. In particular, PM and PL require coordinated control of the hip abductor
muscles, trunk muscles, and muscles surrounding the ankle joint [16,47]. ANT, despite
having a factor loading of 0.50 or higher, exhibited a lower loading compared to PL and PM.
Additionally, cross-loading was detected, indicating that its contribution to this factor might
be more restricted than the other directions. Further, the significant positive correlation
between ANT and HWD (r = 0.42, p = 0.01) suggests that characteristics of ankle dorsiflexion
range of motion may be partially related to ANT performance. These findings indicate that,
despite the mSEBT’s common use in evaluating spatial dynamic balance, different reach
directions might not reflect a single, unified postural control mechanism. Instead, each
direction could be linked to separate aspects of spatial postural regulation.

4.2. Factor 2: COP Fluctuation Patterns and Ankle Mobility

For factor 2, the WBLT showed a strong positive factor loading, while CP had a
negative loading. These results suggest that this factor relates to the ankle dorsiflexion
range of motion and the temporal features of COP variability measured by SDA. In SDA, CP
is identified as the point where the short- and long-term areas intersect on the stabilogram
diffusion curve. It is also linked to the temporal transition features of COP fluctuation
patterns [33]. Conventionally, in SDA, a short CP indicates an earlier transition to sensory
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feedback control. Meanwhile, a long CP reflects a neural control strategy characterized
by prolonged dependence on open-loop control [33]. In this context, previous studies
have reported that neurophysiological indicators, such as electroencephalography and
electromyography, can be combined with COP time series data to analyze the neurological
mechanisms underlying postural control in detail [48]. By contrast, some reports have
shown that SDA is a statistical analysis of COP time-series data and does not directly
evaluate neural activity itself. Consequently, a unified consensus on its interpretation has
not yet been reached [49]. Therefore, when interpreting CP in this study, there is insufficient
evidence to consider it as a direct indicator of neural control strategies. Rather, it should be
interpreted with caution as an indicator of the temporal characteristics of COP variability.

In this study, although CP showed a negative factor loading, WBLT showed a positive
one. This indicates a potential link between ankle dorsiflexion mobility and the timing
features of COP variability. Nevertheless, due to the lack of a definitive consensus on
how to interpret CP physiologically, the underlying mechanisms remain uncertain. Future
research involving neurophysiological assessments is necessary to understand better the
connection between ankle mobility and the temporal aspects of COP variability.

In contrast, in this study, the PL and PM components of the mSEBT had low loadings on
factor 2. This finding suggests that the spatial reach ability assessed by the mSEBT and the
temporal characteristics of COP variability assessed by the SDA do not necessarily reflect
the same underlying structure. This study was an exploratory pilot with a small sample
size and few variables, so we cannot confirm that these two constructs are independent.
Accordingly, the results should be viewed as preliminary evidence indicating that the spatial
and temporal aspects of dynamic postural control might represent separate latent structures.

4.3. Limitation

This study has several limitations. First, the participants were limited to female
volleyball players, who represent a relatively homogeneous population in terms of age,
sex, and sport-specific characteristics. Therefore, whether the findings of this study can be
generalized to athletes from other sports, sexes, or competitive levels remains unclear.

Second, the CP, mSEBT, and WBLT used in this study do not fully capture the overall
latent structure of dynamic postural control; they reflect only a limited aspect, based on
partial relationships among these variables. Third, participants were screened via a pre-
study questionnaire for a history of CAI and recurrent ankle sprains, and none met these
criteria. However, a past single ankle sprain was not an exclusion criterion, so its potential
effect cannot be completely dismissed. Fourth, jump height was not standardized before
testing, which could have affected COP dynamics during landing. Future research should
control jump height to clarify this. Fifth, as a pilot study with a small sample size, the KMO
value was 0.63, indicating limited sampling adequacy. Past research shows small samples
can skew the number of factors and loadings based on sample traits, possibly leading to
different results in other populations [50]. Since only five variables and a limited number
of participants were involved, the factor structure might be sample-dependent. Parallel
analysis suggested a single-factor model, so the two-factor structure used here should be
interpreted cautiously. Overall, these findings should be viewed as hypothesis-generating.
Therefore, additional research with larger sample sizes is necessary to assess the consistency
and reliability of the factor structure identified in this study.

5. Conclusions

In this study, to examine the latent structure underlying dynamic postural control,
factor analysis was conducted on multiple indices obtained from the mSEBT, SDA, and
WBLT in young female volleyball players. Two factors were identified: one related to spatial
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dynamic balance, indicated by high factor loadings across all mSEBT reach directions, and
another linked to the temporal aspects of COP variability and ankle mobility, characterized
by high loadings for CP and WBLT.

However, because this was an exploratory pilot study with a small sample size,
cautious interpretation is warranted when assessing the physiological significance of
these factors. Therefore, future investigations using larger and more diverse populations
should be conducted to validate the reproducibility and generalizability of the factor
structure identified in this study, examine its structural validity through confirmatory
factor analysis, and conduct a more comprehensive evaluation that includes additional
biomechanical variables.
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