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Abstract

Background: Adolescence is characterized by rapid physical growth and neuromuscular
reorganization, which may influence the development of postural control. Gender-specific
differences in pubertal timing suggest that girls may achieve postural stability earlier than
boys, but evidence remains inconsistent. This cross-sectional pilot study aimed to examine
gender differences in static postural control among adolescents. Material and methods: A
total of 59 students (28 females, 31 males; mean age 13.49 £ 0.97 years) from two schools in
Bari, Italy, participated. Postural stability was assessed during bipedal and single-leg stance
tasks under eyes-open and eyes-closed conditions using an inertial sensor placed at the
lumbosacral region. The primary outcomes were sway path length and oscillation ellipse
area. Results: Females demonstrated significantly shorter path length in eyes-open bipedal
stance (p = 0.027, d = —0.51), as well as reduced ellipse area (p = 0.047, d = —0.44) and path
length (p = 0.010, d = —0.62) in eyes-closed bipedal stance. No significant gender differences
were observed in single-leg stance. Conclusions: These findings support the hypothesis
that adolescent girls exhibit superior postural stability compared to boys, particularly
under challenging sensory conditions. Such differences may reflect earlier maturational
processes and suggest possible implications for motor development, injury prevention, and
sports training.

Keywords: motor development; pubertal maturation; postural stability; sensorimotor
integration; balance assessment; adolescent health

1. Introduction

Adolescence represents one of the most dynamic periods of human development,
characterized by rapid and profound changes in physical growth, body composition,
and neuromuscular coordination [1,2]. This critical developmental window, spanning
approximately from 10 to 19 years of age, encompasses the pubertal growth spurt, a period
of accelerated linear growth that fundamentally alters body proportions and biomechanical
characteristics. The timing and magnitude of these changes exhibit distinct gender-specific
patterns, with girls typically experiencing their growth spurt approximately two years
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earlier than boys [3]. Understanding how these developmental differences influence
postural control has important implications for adolescent motor development, injury
prevention, and sports performance.

The adolescent growth spurt is perhaps most dramatically exemplified by the peak
height velocity (PHV), defined as the period when individuals achieve their maximum rate
of linear growth [4]. Research indicates that peak height velocity occurs at a mean age of
13.5 years and 11.5 years in boys and girls, respectively, with whole-year peak height
velocity reaching 9.5 cm/y in boys and 8.3 cm/y in girls [5]. This temporal difference
in maturation has cascading effects on various physiological systems, including those
responsible for maintaining postural equilibrium. The rapid changes in stature, body
mass distribution, and limb proportions that characterize this period create a dynamic
environment where the postural control system must continuously adapt to evolving
biomechanical constraints [6].

During the adolescent period, postural control, the ability to maintain the body’s
center of mass within the base of support, undergoes significant reorganization [7]. This
complex sensorimotor process integrates visual, vestibular, and proprioceptive inputs to
generate appropriate motor responses that ensure stability during both quiet standing and
dynamic activities [8]. The developmental trajectory of postural control during adolescence
is particularly intriguing because it occurs against the backdrop of rapid anthropometric
changes that potentially challenge system stability. Previous research has demonstrated
that postural control continues to mature throughout childhood and adolescence, with
adult-like performance typically achieved by the mid-to-late teenage years [9].

The intersection of gender-specific developmental patterns and postural control mat-
uration has emerged as an area of considerable scientific interest. Emerging evidence
suggests that the earlier onset of puberty in girls may confer advantages in terms of
postural stability during the adolescent period. Recent findings provide novel evidence
that postural control is superior in early adolescent girls than boys nine months prior to
PHYV, likely associated with an earlier maturation of muscle coordination. These findings
challenge traditional assumptions about motor development and suggest that the tem-
poral aspects of pubertal maturation may have previously underappreciated effects on
neuromuscular function [10].

The mechanisms underlying potential gender differences in adolescent postural con-
trol are multifaceted and likely involve both structural and functional adaptations. From
an anthropometric perspective, girls and boys follow distinct developmental trajectories
during puberty [11]. Girls typically experience earlier stabilization of their growth pa-
rameters, potentially allowing for more rapid optimization of postural control strategies.
Additionally, differences in body composition, limb proportions, and center of mass lo-
cation between genders may create distinct biomechanical environments that influence
postural stability [12]. The earlier completion of skeletal maturation in girls may result in
reduced inertial instability during the critical period of postural system development.

Neuromotor factors may also contribute to observed gender differences in postural
control. The coordination of multiple muscle groups required for effective postural control
involves complex patterns of muscle activation and inhibition. Research suggests that girls
may develop more efficient neuromuscular strategies earlier in adolescence, possibly related
to their advanced maturational status. The integration of sensory information, particularly
the weighting and reweighting of visual, vestibular, and proprioceptive inputs, may also
follow gender-specific developmental patterns that influence postural performance [13].

Furthermore, hormonal influences during puberty may differentially affect neuromus-
cular development between genders. The distinct hormonal profiles associated with male
and female puberty could influence muscle strength development, neural connectivity, and
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sensorimotor integration in ways that impact postural control [14]. Girls” earlier exposure
to pubertal hormones may facilitate earlier maturation of the neural circuits responsible for
postural regulation.

The practical implications of understanding gender differences in adolescent postural
control extend beyond basic developmental science. Adolescence is a period of increased
participation in sports and physical activities, coinciding with elevated injury risk, particu-
larly for certain types of lower extremity injuries [15]. If girls indeed demonstrate superior
postural control during certain phases of adolescence, this information could inform tar-
geted intervention strategies, training protocols, and injury prevention programs [11].
Additionally, understanding the normal developmental trajectory of postural control can
help clinicians identify adolescents who may be experiencing atypical development and
could benefit from targeted interventions.

The current body of literature, while growing, presents some conflicting findings
regarding gender differences in adolescent postural control. Some studies have reported
superior postural stability in girls, while others have found minimal gender differences
or advantages for boys in specific conditions [16-18]. These discrepancies may be related
to differences in study methodologies, the specific developmental phases examined, the
postural tasks employed, and the metrics used to quantify postural performance. Evidence
indicates that postural control is better in early adolescent girls than boys, with increased
coactivation in ankle joint muscles related to better postural control [19,20], yet the general-
izability and underlying mechanisms of these findings require further investigation.

The assessment of postural control in adolescents typically involves analysis of center
of pressure (COP) movements during quiet standing tasks [21]. Key parameters include
anteroposterior and mediolateral displacement ranges, mean velocity of COP movement,
and various measures of sway area and frequency content. These measures provide insights
into the strategies employed by the postural control system and the overall effectiveness of
postural regulation. Differences in these parameters between genders could reflect distinct
underlying control mechanisms or developmental timelines.

Despite increasing interest, the literature shows inconsistent evidence regarding
gender-related differences in adolescent postural control; a recent work showed that males
generally demonstrate better postural stability with eyes open, while females display re-
duced sway range and improved stability with eyes closed, indicating that males may
rely more on vision for balance [22], while other studies showed inconsistent sex-related
differences in balance performance [23]. Moreover, few studies have systematically ex-
amined these variations across sensory conditions [24-26]. In this context, the present
study investigated static balance in a sample of adolescents from Southern Italy, focus-
ing on gender-related differences. The analysis considers sway path length (PL) and
oscillation ellipse area (EA) as primary indicators. We hypothesized that adolescent girls
would demonstrate superior postural stability compared to boys, particularly under more
challenging sensory conditions.

2. Materials and Methods
2.1. Participants

This cross-sectional pilot study initially recruited 69 volunteers. Participants were
selected from two schools in Bari, Italy, with the assistance of physical education teachers
who supported the project. After obtaining informed consent from parents, 59 students
completed the testing phase. These were organized into two groups: 29 middle school
pupils (15 boys, 14 girls; mean age 12.65 + 0.55 years; average height 150.66 + 8.25 cm;
mean body mass 45.14 £ 9.72 kg), 30 fourth-grade pupils (16 boys, 14 girls; mean age
14.30 £ 0.47 years; height 160.67 & 6.86 cm; body mass 53.47 + 8.30 kg). All subjects were
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right-leg dominant, as determined by self-report and confirmed through the observation
of habitual motor tasks (e.g., kicking a ball). The sample of 59 participants was primarily
determined by practical considerations, including resource availability and recruitment
feasibility as well as on previous similar studies [10,27].

Participants had to satisfy the following inclusion criteria: (a) fall within the targeted
age range (11-15 years old); (b) be able to perform the balance tests; and (c) understand
and comply with the testing instructions.

Participants were excluded if they had sustained injuries, experienced a concussion,
or had any neurological conditions within the previous six months. Individuals who
reported ongoing issues with joints, tendons, muscles, uncorrected visual impairments,
diagnosed vestibular dysfunction, or use of medications that could affect balance were also
not considered. Only trials in which participants could maintain standing posture without
noticeable compensatory adjustments were analyzed.

All participants provided written informed consent prior to testing. The study was con-
ducted in accordance with the Declaration of Helsinki. Ethical approval was obtained from
the Research Ethics Committee of the University of Bari (protocol code 0015637 116/02/23).

2.2. Testing and Procedures

Participants were instructed to maintain a parallel bipedal stance (feet shoulder-width
apart, side by side), standing as still as possible on a designated area of the floor. Participants
were free to decide their exact foot placement within the parallel stance, based on what
felt most comfortable for maintaining stability. All trials were carried out using the same
stance configuration.

In the first trial, participants were asked to fix their gaze on a cross located 5 m in
front of them and to remain motionless for 30 s. This distance was used to provide a
clear and stable visual reference point without excessively stimulating ocular convergence
or accommodation that could interfere with postural control. Any visible compensatory
adjustments, such as stepping, lifting a foot or toe, or removing a hand from the hip,
resulted in the trial being discarded and repeated. In the single-leg (SL) stance, subjects
were asked to balance on one leg while keeping their arms relaxed along the sides of the
body. Each single-leg trial lasted 10 s, and both the dominant (DL) and the non-dominant
leg (NL) were evaluated in separate trials.

Rest intervals of at least 90 s were provided between trials, during which participants
could move freely around the room. The order of trials was kept constant, with the
eyes-open (OE) condition always preceding the eyes-closed (CE) condition. This ensured
that participants’ stability was confirmed before attempting the more demanding CE
stance, thereby minimizing the risk of falls. Data collection took place during a physical
education class under the supervision of the researchers and physical education teachers.
All participants were able to understand the procedures and successfully completed every
task, ensuring the reliability of the collected data.

Postural stability was assessed using an inertial measurement unit (IMU) sensor (Gyko,
Micorgate, Bolzano, Italy) [28] (Figure 1), placed over the lumbosacral region (between
L4 and S1) using an adjustable elastic belt. This placement allowed accurate monitoring
of body center of mass displacements during balance tasks (Figure 2). Previous studies
have validated the use of an IMU placed at the lower lumbar region as a reliable proxy
for estimating whole-body center of mass (CoM) motion and postural sway. One of
them [29] demonstrated strong correlations between sway parameters derived from a
lumbar-mounted IMU and those obtained from a force platform in both the mediolateral
and anteroposterior directions during quiet standing, confirming that trunk acceleration
could reflect CoM displacement. More recently, another study [30] reported that sway
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metrics derived from a single IMU positioned at L5 showed moderate-to-strong associations
with force-plate measures across static and dynamic balance tasks, further supporting the
validity of this approach.

Figure 1. IMU sensor device (Gyko, Microgate, Bolzano, Italy).

BIPEDAL STANCE SINGLE-LEG STANCE

Figure 2. Graphical representation of the experimental setup.

The sensor recorded two primary parameters: sway path length (PL), which measures
the total length of the trajectory of postural sway, representing the extent and control of
oscillatory movements, and oscillation ellipse area (EA), which measures the area of the
ellipse enclosing sway dispersion, providing a measure of overall stability.

Before each measurement session, the IMU sensor was calibrated following standard
procedure. In brief: (1) the device was powered on and connected to the GykoRePower
software (v.1.1.2.0); (2) the unit was placed on a stable, horizontal surface in a known
orientation, and the “Test GyKo” initialization routine was executed in the software to
perform internal sensor calibration and sensor-fusion initialization (this routine optimizes
accelerometer/gyroscope offsets and alignment parameters). (3) Immediately prior to
each subject recording, we acquired a 5 s static quiet-standing baseline trial to align the
sensor reference frame with the participant’s anatomical axes (anatomical calibration), allow
residual zero-offset estimation, and verify stable accelerometer and gyroscope readings [31,32].
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Data were collected at the device’s native sampling frequency and processed using the
GykoRePower (v.1.1.2.0) export and our custom analysis pipeline.

2.3. Statistical Analysis

All analyses were conducted using IBM SPSS Statistics, version 26 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics (means and standard deviations) were calculated
for all dependent variables separately for males and females. To exclude potential con-
founding effects of anthropometric characteristics, preliminary independent-samples ¢-tests
were performed on age, height, body mass, and BMI to verify group comparability. The
assumption of normality was assessed using the Shapiro-Wilk test. As all variables met
this assumption, gender differences in postural control were examined with independent-
samples t-tests. Effect sizes were calculated using Cohen’s d, interpreted as small (0.2),
medium (0.5), or large (0.8) [33]. Statistical significance was set at p < 0.05.

3. Results

A total of 59 adolescents (28 females, 47.5%; 31 males, 52.5%) were included in the
analysis. The mean age of participants was 13.49 years (SD = 0.97). Mean height was
155.75 cm (SD = 9.05), mean body mass was 49.37 kg (SD = 9.88), and mean BMI was
20.29 kg/m? (SD = 3.49). No significant differences were found between males and females
in age (t = —0.20, p = 0.840), height (t = —0.46, p = 0.651), body mass (t = 0.49, p = 0.629), or
BMI (t = 0.81, p = 0.422). Descriptive statistics for postural control variables are presented
in Table 1.

Table 1. Anthropometric differences between the participants.

Males Females

Mean/SD Mean/SD
Age (years) 13.516 £ 0.962 13.464 £ 0.999
Height (cm) 156.258 + 9.430 155.179 4+ 8.739
Body mass (kg) 48.774 + 9.909 50.036 4 9.991
BMI (kg/mz) 19.942 + 3.574 20.680 =+ 3.409

Note: data are expressed as mean (+SD). Abbreviations: BMI, body mass index.

Under OE conditions, no significant gender difference was observed in the area of
the EA (t = —1.32, p = 0.096, d = —0.34), while PL was significantly reduced in females
compared to males (t = —1.97, p = 0.027, d = —0.51). Under CE conditions, females showed
significantly reduced EA (t = —1.70, p = 0.047, d = —0.44) and PL (t = —2.38, p = 0.010,
d = —0.62) compared to males (Table 2).

Table 2. Postural control parameters during bipedal stance under OE and CE conditions.

Male (N = 31; Female (N = 28;

Variables Mean + SD) Mean + SD) t P d
OE—EA (cm?) 8.254 £+ 14.096 4.649 £+ 3.272 —1.320 0.096 —0.344
OE—PL (cm) 77.728 + 54.754 56.722 + 14.518 —1.967 0.027 —0.513
CE—EA (cm?) 6.600 £ 5.154 4.619 £+ 3.541 —1.703 0.047 —0.444
CE—PL (cm) 76.678 + 31.257 60.844 4+ 16.952 —2.382 0.010 —0.621

Note: data are expressed as mean (£SD). Abbreviations: OE, open-eyes; EA, ellipse area; PL, path length;
CE, closed eyes.

Figure 3 shows no significant gender differences for bipedal stance under OE condition
in the EA and reduced PL in females.
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Figure 3. Differences for open eyes ellipse area and path length.

Figure 4 shows significantly reduced EA and PL in females compared to males for
bipedal stance under CE conditions.
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Figure 4. Differences for closed-eyes ellipse area and path length.

For SL-stance, no significant differences were found between females and males in
either the DL condition (t = —0.18, p = 0.430, d = —0.05) or the NL condition (t = —1.16,
p =0.125,d = —0.30) (Table 3).

Table 3. Postural control parameters during SL stance on DL and NL conditions.

Variables (Me::llazllf SD) (ME:::I ileéD) t P d
SL-DL—EA (cm?) 68729 + 115014  69.970 +97.485  —044 0518  —0.012
SL-DL—PL (cm) 56811 +36.144 49156 +29.793  —0882 0191  —0230
SL-NL—FEA (cm2) 75915+ 104397 53464 +75211 0939 0176  —0.245
SLNL—PL (cm)  61.045+36019  46932+28593  —1.655 0052 0431

Note: data are expressed as mean (£SD). Abbreviations: SL, single leg; DL, dominant leg; EA, ellipse area;
PL, path length; NL, non-dominant leg.

Figure 5 shows no significant gender differences for single-leg stance in the dominant
and non-dominant leg.
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Figure 5. Differences for dominant and non-dominant single-leg ellipse area and path length.
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4. Discussion

Although adolescence represents a critical period of neuromuscular reorganization,
few studies have examined how maturational timing and sensory integration interact to
shape postural stability, presenting mixed results where some show female superiority
and others find no difference, largely due to methodological heterogeneity and limited
exploration across sensory conditions [22-26].

This work aimed to better characterize how gender and maturational stage influ-
ence postural control during adolescence, a phase when rapid growth and changing
anthropometrics challenge the sensorimotor system, in a cohort of adolescents from
Southern Italy.

Therefore, the present study investigated gender differences in postural control among
adolescents, revealing significant advantages for females in both bipedal stance conditions.
Our findings show that adolescent girls exhibited significantly shorter PL during OE condi-
tions (d = —0.51) and both reduced EA (d = —0.44) and PL (d = —0.62) during CE conditions
compared to boys. These results provide important insights into the developmental trajec-
tory of postural control during adolescence and align with emerging evidence supporting
superior postural stability in females during this critical developmental period.

Our findings of superior postural stability in adolescent girls are consistent with
several recent investigations. Studies [20,34] previously demonstrated that girls have
earlier postural control development and exhibit more adult-like balance compared to
boys, while recent evidence shows that postural control is superior in early adolescent girls
than boys 9 months prior to peak height velocity (PHV), likely associated with an earlier
maturation of muscle coordination [18,35]. Similarly, a cross-sectional study [36] reported
that girls have better balance variables and that girls had better postural stability than boys,
demonstrating superior capability in integrating sensory inputs [37].

The magnitude of gender differences observed in our study (Cohen’s d: —0.44 to
—0.62) suggests moderate to large effect sizes, indicating clinically meaningful differences
between males and females. These effect sizes are comparable to those reported in a
previous study [38], which found significant gender differences in COP parameters during
quiet stance, with girls demonstrating reduced sway amplitude and velocity compared to
boys of similar age.

Our results particularly align with other works [20,39], which reported that boys
exhibited greater anteroposterior and mediolateral COP displacement than girls, with these
differences becoming more pronounced in challenging postural tasks. This pattern suggests
that gender differences in postural control may be task-dependent, with more complex
balance challenges revealing greater disparities between males and females.

The superior postural control observed in adolescent girls in our study can be under-
stood within the broader context of gender-specific developmental trajectories. A systematic
review [11] suggested that the earlier onset of puberty in girls may confer advantages in
terms of postural stability during adolescence. Our findings support this hypothesis, as the
participants in our study (mean age 13.49 years) fall within the typical period when girls
experience more advanced pubertal development compared to boys.

The hormonal changes associated with puberty trigger not only physical but also
behavioral and neuromotor adaptations that may influence postural control development.
The earlier hormonal changes experienced by girls may facilitate earlier maturation of
the neural circuits responsible for postural regulation, potentially explaining the superior
performance observed in our female participants.

Furthermore, the stabilization of growth parameters that typically occurs earlier in
girls may allow for more rapid optimization of postural control strategies. It has been pro-
posed [40,41] that the completion of major anthropometric changes provides a more stable
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biomechanical environment for the development of efficient postural control mechanisms.
Our results suggest that this stabilization may confer measurable advantages in postural
stability metrics.

A particularly noteworthy finding in our study was that gender differences became
more pronounced during CE conditions, where both EA and PL showed significant dif-
ferences, compared to OE conditions, where only PL differed significantly. This pattern
suggests different sensorimotor integration strategies between genders, with implications
for understanding the underlying mechanisms of postural control development.

Similar findings were reported by previous studies [17,42], noting that while girls
had better postural stability than boys, they were more affected by altered sensory input
information, suggesting that girls are more capable of integrating their sensory inputs,
whereas boys treat each sensory input somewhat separately and rely more on somatosen-
sory feedback. This differential reliance on visual versus proprioceptive information may
explain why gender differences were more pronounced in our CE condition.

Different studies [43,44] suggest that the development of postural control involves the
progressive integration of multiple sensory systems, with visual input playing a crucial
role during childhood and adolescence. Our findings suggest that girls may achieve more
efficient sensorimotor integration earlier in development, potentially due to advanced
neural maturation associated with earlier pubertal onset. In the present study, the main
postural metrics, sway PL and oscillation EA, were used as quantitative indicators of
the effectiveness and efficiency of the postural control system. Shorter PL and smaller
EA values reflect a reduced amplitude and velocity of center-of-mass oscillations, which
indicate that the sensory and motor subsystems are interacting with less corrective activity
to maintain equilibrium. Thus, rather than implying that one specific muscular synergy
alone accounts for stability, these metrics capture the global outcome of multisensory and
neuromuscular integration.

The mechanisms underlying the superior postural control observed in girls may
involve differences in neuromuscular coordination strategies. Recent research [20] reported
that adolescent girls exhibit greater tibialis anterior-medial gastrocnemius coactivation, a
pattern that has been associated with enhanced ankle joint stability and reduced postural
sway. However, this local mechanism represents only one element within the broader
and highly integrated system governing postural control. Effective balance maintenance
depends not only on distal ankle strategies but also on the coordinated involvement of hip
and trunk musculature, the dynamic reweighting of visual, vestibular, and proprioceptive
information, and adaptive neural processes at the central level. Consequently, the shorter
sway PL and smaller oscillation EA observed in girls in the present study should be
interpreted as global indicators of more effective multisystem coordination rather than
as evidence of a single muscular mechanism. These findings likely reflect an earlier
maturation of sensorimotor integration pathways and postural strategy optimization rather
than isolated changes in ankle muscle activity.

Additionally, it was reported [45] that gender differences in postural control may be
related to differences in muscle strength and activation patterns, with girls developing
more efficient neuromuscular strategies during adolescence. The shorter PL and reduced
EA observed in our female participants may reflect these more mature activation patterns.

Interestingly, our study found no significant gender differences in SL balance perfor-
mance, contrasting with the clear advantages observed in bipedal stance conditions. This
finding is consistent with some previous research [46] suggesting that gender differences
in postural control may be task-specific and dependent on the complexity and demands
of the balance challenge and noting that while gender differences were evident in quiet
bipedal stance, these differences were less pronounced or absent in single-leg balance



Appl. Sci. 2025, 15, 11140

10 of 13

tasks. This may reflect the fact that SL balance represents a more challenging task that
requires maximum effort from all participants, potentially minimizing the impact of subtle
developmental differences.

Our findings suggest that the superior postural control observed in adolescent girls
may be associated with distinct injury risk profiles between genders. Previous studies have
reported that impaired postural stability and altered neuromuscular control are linked
to a higher incidence of lower limb injuries, including anterior cruciate ligament sprains
and ankle instability, particularly in adolescent athletes [11,47]. Although these studies
indicate that poorer postural control is associated with increased injury susceptibility,
such associations should not be interpreted as evidence of a direct causal relationship.
The present results, therefore, may reflect maturational or sensorimotor differences that
influence movement strategies and joint stabilization capacity, rather than direct protection
from specific injuries. In this context, the more stable postural patterns observed in girls
could contribute to a different balance between stability and movement adaptability, with
potential implications for sport participation and injury prevention programs.

From a clinical perspective, understanding normal developmental patterns of pos-
tural control can help healthcare providers identify adolescents who may be experienc-
ing atypical development. The reference values and gender differences reported in our
study may inform screening protocols and intervention strategies for adolescents with
balance-related concerns.

5. Limitations and Future Directions

Several limitations should be considered when interpreting our findings. First, the
cross-sectional design limits our ability to track developmental changes over time. Longitu-
dinal studies following individuals through the pubertal transition would provide more
definitive insights into the temporal aspects of postural control development.

Future research should consider incorporating more diverse assessment protocols,
as subtle changes in postural control in adolescents could be better assessed based on
the results of combined static and dynamic tests. Additionally, the inclusion of pubertal
maturation assessments would allow for more precise characterization of the relationship
between biological development and postural control performance.

The use of inertial sensors, while providing valuable insights into overall postural
stability, may not capture the full complexity of postural control strategies. Future studies
incorporating force platform analysis, electromyography, and kinematic assessments would
provide a more comprehensive understanding of the underlying mechanisms.

Finally, the small sample size and the geographical setting could limit the generaliza-
tion and make the results preliminary.

6. Conclusions

Our study’s results demonstrated superior postural control in girls under challenging
standing sensory conditions. These findings support the hypothesis that earlier pubertal
maturation in girls confers advantages in terms of postural stability development. The
moderate to large effect sizes observed suggest clinically meaningful differences that
may have important implications for motor development, injury prevention, and sports
performance. Future longitudinal research incorporating comprehensive developmental
assessments will be crucial for fully understanding the mechanisms underlying these
gender differences and their long-term implications for motor function and health.
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