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Introduction

Abstract

Background: Weight abnormalities are a growing global health concern, particularly
among adolescents. While the association between weight abnormalities and postural
instability has been explored in various populations, its impact on adolescent postural
control remains less understood. Purpose: This study aimed to compare the effect of
different weight statuses and postural control in adolescents. Methods: Two hundred
adolescents ranging from 16 to 18 years were categorized into normal weight, obese,
overweight, and underweight groups based on body mass index (BMI) percentiles.
Postural stability was assessed using a force platform, measuring the anteroposterior
(AP) and mediolateral (ML) sway length range of the center of pressure (COP) trajectory
and average COP speed. Results: Obese, overweight, and underweight adolescents
exhibited significant increased AP sway compared to their normal-weight peers, while
there was no significant difference between the obese and overweight groups. Obese and
underweight adolescents exhibited significantly greater ML sway compared to their
normal-weight peers, while there was no significant difference between the normal and
overweight groups. Conclusion: The findings indicate a strong association between
weight abnormalities (obesity, overweight, or underweight) and impaired postural
stability in adolescents. Increased or decreased body weight and altered body geometry
likely contribute to these postural deficits. Early identification and targeted interventions
are crucial for addressing postural instability in this population.

Keywords: Postural Stability, Adolescents, Center of Pressure, Body Mass Index.

and prevention categorizes adolescent obesity

Overweight and obesity were categorized
according to body mass index (BMI) thresholds
with distinctions made based on gender®. While
childhood is characterized by body fat
accumulation in both sexes, divergent patterns
emerge during puberty, with a tendency toward
decreasing body fat percentage in boys and
increasing percentage in girls?. The World Health
Organization (WHO) and center for disease control

based on BMI percentiles relative to same-aged
peers. An adolescent is classified as obese if their
BMI exceeds 95th. Those with a BMI between the
85th and 95th percentiles are considered
overweight. This approach acknowledges normal
BMI variations during adolescence®,

Underweight adolescents can be classified
using CDC criteria when BMI below 5th percentile
and adolescent with a BMI between the 5th and
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85th percentile for their age and gender is of
healthy weight *°.

Postural control is the mechanism
employed to achieve the state of balance®.Humans
exhibit a dynamic interplay of sensory, motor, and
vestibular systems to uphold an erect posture.
Sensory systems detect deviations in this
alignment, triggering neural responses that
modulate muscle
activation to restore equilibrium. This intricate
process ensures postural control across both static
and dynamic conditions’.

The vertical ground reaction force (GRF)
generated upon ground contact opposes
gravitational forces and maintains upright posture.
The specific point of GRF application on the foot
is termed the center of pressure (COP). Variations
in COP position and trajectory during static stance
serve as indicators of balance control efficiency®?®.
By analyzing COP dynamics, researchers can
indirectly assess the body's ability to regulate its
center of gravity'®

Emerging evidence suggests that pediatric
obesity, particularly in prepubescent individuals, is

associated  with  impaired  proprioception,
potentially  contributing to balance and
coordination difficulties. While the precise

mechanisms remain elusive, proposed etiologies
include excessive strain on joints and sensory
receptors due to overweight, limited physical
activity, and structural alterations in weight-
bearing joints associated with obesity .

Research has shown that sensory input can either
trigger or prevent changes in body balance. This
suggests that the body uses information from these
senses to automatically adjust its position and
maintain stability!>14,

Body sway, measured during static
standing, is commonly used to assess postural
control. This sway reflects the body's continuous
adjustments to maintain balance under minimal
external and internal disturbances. It allows for
quantitative measurement of postural stability*>.

Static posturography is a valuable tool for
the accurate and objective evaluation of postural
stability. The methodology involves utilizing a
specialized force platform to record the distribution
of ground reaction forces exerted by the feet.
Subsequent computer-based analysis of these data
yields quantitative measures of the individual's

center of pressure (COP) fluctuations, providing
insights into postural control mechanisms?"8,

In bipedal stance, weight distribution is typically
evenly distributed across both feet 1°2°, However,
shifts in the center of gravity necessitate alterations
in weight distribution, underscoring the foot's role
in preserving postural stability. Pressure plate
technology offers a valuable means of assessing
these balance dynamics?%?2,

Previous research has established a link
between obesity and impaired postural stability,
particularly as measured by center of pressure
displacement, across adult, elderly, and pediatric
populations. However, the specific influence of
varying weight categories (normal weight, obese,
overweight, and underweight) on static balance and
postural  stability  within  the adolescent
demographic (aged 16-18 years) remains
underexplored. This study aimed to compare the
effect of different weight status and postural
control in adolescents.

Methods

Study Design

This retrospective observational study was
conducted in accordance with ethical principles of
the 1975 Helsinki Declaration at Delta University
for Science and Technology's biomechanics
laboratory from November 2023 to April 2024.
Registered on ClinicalTrials.gov (NCT06458621
on 21/06/2024), the study protocol was approved
by the Faculty of Physical Therapy's Ethics Review
Committee  at  Delta  University (NO
F.P.T2407025). Prior to participation, all subjects
provided written informed consent.

Participants:

Two hundred adolescents from both sexes with age
range between (16-18) years were participated in
this study. They were selected from a secondary
school student from El Ryad secondary school
Kafer Elsheikh governorate and first level
university students from Delta University for
Science and Technology classified to four equal-
sized groups: obese, overweight, underweight, and
normal weight. Inclusion criteria mandated the
absence of musculoskeletal deformities, foot
abnormalities, peripheral neuropathies, prior
orthopedic procedures. While morbid obesity
(BMI > 99th percentile) was excluded?,
Assessment tools
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Participant selection adhered to CDC growth charts
for children and adolescents aged 2 to 20 years to
assess growth parameters and identify potential
health concerns. Anthropometric measurements
were obtained using a medical electronic scale
(model Tcs-200 Rt, Perlong Medical Equipment
Co., Ltd., China) with a precision of 100 grams for
mass and 5 mm for height, accommodating a
measurement range of up to 200 kg and 2.1
meters?*. Balance and gait analysis were conducted
using the FREEMED platform and FREESTEP
software (Sensor Medica, Inc., ltaly)?*?. The
portable and lightweight FREEMED platform,
equipped with a high-resolution 160-sensor array,
captured plantar pressure distribution at a sampling
rate of 500 Hz. Subsequent analysis was performed
using FREESTEP software, which employed 3D
isobaric analysis to quantify parameters such as
center of gravity, pressure distribution, and foot
contact patterns. These data were automatically
compared to normative values to the following
parameters would be tested: Anteroposterior (AP)
sway length rang of COP trajectory on (Y-AXis)
(Delta Y), Figure (1). Mediolateral (ML) sway
length rang of COP trajectory on (x-Axis) (Delta
X), Figure (1). Average COP speed or velocity,
Figure (2).

Assessment procedures

Participant weight was determined using a
platform electronic scale (TCS-200-RT). To
minimize measurement error, participants were
instructed to remove footwear, jewelry, and
outerwear before ascending the scale platform.
Subjects were required to maintain a still, upright
posture with equal weight distribution across both
feet?®. Weight measurements were rounded down
to the nearest 0.1 kg. Height measurements were
obtained using a stadiometer (TCS-200-RT) with a
precision of 0.5 cm.

o |
© @

Figure (1): Anteroposterior (AP) sway length rang
of COP trajectory on (Y-Axis) (Delta Y) and
mediolateral (ML) sway length rang of COP

trajectory on (x-Axis) (Delta X).

-----

Figure (2): Average COP speed or velocity.

Participants were measured barefoot in the
Frankfort horizontal plane. The sliding headpiece
of the stadiometer was carefully adjusted to the
highest point of the participant's head?’.
Participants aged 2 to 18 were categorized using
CDC growth charts. Weight, height, and BMI were
measured. The appropriate growth chart based on
age and sex was selected. BMI was calculated
using weight and height and plotted on the chosen
chart. The plotted point's position relative to
percentile curves indicated the child's growth status
compared to peers. Percentiles outside the 5th to
95th range suggested potential nutritional concerns
and required further evaluation. Participants were
be classified according to the percentile into four
statuses as represented in table (1).
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Table (1): Status of participants according to CDC
Growth Charts 5th and 95th percentile
Anthropometric | Percentile Cut- Nutritional
Index off Values Status Indicator
BMI-for-age > 95th Obesity
BMI-for-age > 85th and < Overweight
95th
BMI-for-age < 5th Underweight

Participants stood on a force platform in a
quiet room for a static standing trial. They were
free to converse with a partner positioned two
meters away. Data on the anterior-posterior (AP)
and mediolateral (ML) for the center of pressure
(COP) displacement were collected over an 80-
second period??°, The testing protocols usually
included performing an experimental testing trial
before applying the actual trial, involving six trials
with  varying visual and proprioceptive
conditions®®3L,

For both trials, participants adopted a
standardized posture with feet shoulder-width apart
and a 45-degree ankle angle. Data was collected at
a sampling frequency of 25 Hz to ensure
comparability with previous studies

Results

(www.sensormedica.com).  The  test trials
comprised six conditions: eyes open (EO) and eyes
closed (EC) with both feet on the platform,
followed by EO and EC conditions with the right
and left leg lifted, respectively. Each condition
lasted 20 seconds for the bilateral feet support
standing trials and 10 seconds for the single-leg
trials, resulting in an 80-second total test
duration®L,

Statistical analysis

Prior to the final analysis, data were
assessed for normality using the Shapiro-Wilk test.
As the data for all four groups deviated from a
normal distribution, non-parametric tests were
employed to compare results across different BMI
categories. Specifically, the Mann-Whitney U test
was used for independent sample comparisons,
with Z-values and corresponding significance
levels reported. Statistical analyses were
performed using SPSS version 25, and descriptive
statistics were calculated for each BMI group to
provide a comprehensive overview of the results.
The significance level was set at p < 0.05 to
determine statistical significance.

This study included 200 participants of high school and undergraduate students. They were divided into
4 categories, with equal numbers according to BMI values, Gender values: 98 males and 102 females.
The average values subgroups of these groups are summarized in Table (2).

Table (2): Central tendency indicators by investigated subgroups (gender, age, anthropometric indicators and
BMI values)
Group Parameters Minimum Maximum | Mean SD Variance
Obese Age 16 18 17.56 0.667 0.445
N=50 Weight 69 130 101.82 | 13.65 86.31
Gender (M/F) Height 1.49 1.89 1.727 0.097 0.010
24 (48%): 26 (52%) BMI 30 42.20 33.89 2,510 6.301
Normal Age 16 18 17.47 0.655 0.429
N=50 Weight 47 95 65.26 1.054 11.12
Gender (M/F) Height 1.48 1.89 1.684 0.079 0.017
22(44%): 28(56%) BMI 19.30 28 22.646 2.006 4.027
Overweight Age 16 18 17.61 0.680 0.462
N=50 Weight 68 99 83.34 7.912 62.59
Gender (M/F) Height 153 1.89 1.681 0.817 0.007
24(48%): 26(52%)
BMI 26.90 31 29.24 1.024 1.051
Under Weight Age 16 17 17.54 0.699 0.488
N=50 Weight 43 70 54.47 7.458 55.62
Gender (M/F) Height 1.56 1.96 1726 | 0.1134 0.013
23(46%): 27(58%)
BMI 16.50 19 18.09 0.4882 0.238
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The comparison of the results between the 4 groups (by ranks) means of the nonparametric Mann-
Whitney U test, with the expression of Z values and the associated significance thresholds are summarized
in tables 3-5.

The comparison of the results between the groups for Delta Y (AP) Axis -mm test shown that there
were no significant differences between the obese and overweight groups (P > 0.05), on the other hand,
there were significant differences between the obese and normal weight groups, between the results of the
obese and underweight groups, between overweight and underweight groups, between normal weight and
overweight groups, between normal weight and underweight groups (P < 0.05), Table (3).

Table 3: The comparison of the results between the groups for Delta Y (AP) Axis- mm test.

Item Group N | Mean Sum of Mann- Z Sig. (2-tailed)
Rank Ranks Whitney U
Delta Y (AP) Normal 50 | 42.13 | 2106.50 831.500 -2.885 0,004*
Axis/mm Obese 50 | 58.87 | 2943.50
Normal 50 | 43.60 | 2180.00 905.000 -2.379 0,025*

overweight 50 | 57.40 | 2870.00

Normal 50 | 43.24 | 2167.00 887.000 -1.503 0,012*
under weight 50 | 57.76 | 2888.00

overweight 50 | 47.50 | 2425.00 876.000 -3.689 0,033*
under weight 50 | 52.50 | 2625.00

Obese 50 | 52.78 | 2639.00 | 1136.000 -0.786 0,432
overweight 50 | 48.22 | 2411.00

Obese 50 | 50.72 | 2536.00 | 1239.000 -1.167 0,011*
under weight 50 | 50.28 | 2514.00

Correlation bivariate was significant at the 0.05 level (2 - tailed). *: significant.
Table (4) shown the comparison of the results between the groups for Delta X (ML) Axis - mm test. There
were significant differences between the obese and normal weight groups, between the obese and
overweight groups, between the obese and underweight groups, between normal weight and underweight
groups, between overweight and underweight groups (P < 0.05), on the other hand, there were non-
significant differences between the results of the normal weight and overweight groups (P > 0.05).

Table 4: The comparison of the results between the groups for Delta X (ML) Axis - mm test.
Item Group N | Mean Sum of Mann- Z Sig. (2-tailed)
Rank Ranks Whitney U
Delta X (ML) Normal 50 | 41.74 | 2078.00 812.000 -3.020 0.034*
Axis/mm Obese 50 | 59.26 | 2963.00
Normal 50 | 45.91 | 2295.50 1020.500 -1.582 0.114
overweight 50 | 55.09 | 2754.50
Normal 50 | 41.50 | 2075.00 800.000 -3.103 0.002*
under weight 50 | 59.50 | 2975.00
overweight 50 | 44.74 | 2237.00 962.000 -1.986 0.047*
under weight 50 | 56.26 | 2813.00
Obese 50 | 56.58 | 2829.00 946.000 -2.096 0.036*
overweight 50 | 44.42 | 2221.50
Obese 50 | 53.01 | 2650.50 1124.500 -2.824 0.026 *
under weight 50 | 47.99 | 2399.50
Correlation bivariate was significant at the 0.05 level (2 - tailed). *: significant.
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The comparison of the results between the groups for the Average speed -mm test for shown
there were significant differences between the obese and normal weigh groups, between the obese and
overweight groups, between the obese and underweight groups, between the results of overweight and
underweight groups, between normal weight and underweight groups (P <0.05), on the other hand,
there were non-significant differences between the results of the normal weight and overweight groups
(P >0.05), Table (5).

Table 5: The comparison of the results between the groups for the average speed -mm test
Item Group N | Mean Sum of Mann- Z Sig. (2-tailed)
Rank Ranks Whitney U
Average speed Normal 50 | 47.14 | 2357.00 128.000 -1.167 0.050*
/mm. s Obese 50 | 53.86 | 2693.00
Normal 50 | 55.75 | 2787.50 987.500 -1.810 0.070
overweight 50 | 45.25 | 2262.50
Normal 50 | 45.31 | 2265.00 1190.000 -2.849 0.040*
under weight 50 | 55.21 | 2784.00
overweight 50 | 39.53 | 1976.50 701.500 -3.782 0.041*
under weight 50 | 61.47 | 3073.50
Obese 50 | 58.80 | 2940.00 835.000 -2.861 0.046*
overweight 50 | 42.20 | 2110.00
Obese 50 | 48.61 | 2430.50 1155.500 -2.456 0.005*
under weight 50 | 52.39 | 2619.50
Correlation bivariate was significant at the 0.05 level (2 - tailed). *: significant.

Discussion

This study aimed to investigate the relationship
between different weight categories and postural
stability parameters in adolescents between (16-18)
years based on recommendation in children and adults’
studies that adolescents have different feet
morphology compared to these categories of ages
which requires for further investigation in COP
sway changes, limited researches for balance
investigation in underweight. Anteroposterior (AP)
sway length rang of COP trajectory on (Y-AXis)
(Delta Y), Mediolateral (ML) sway length rang of
CORP trajectory on (x-Axis) (Delta X) and average
COP speed or velocity were measured as
parameters representing the and postural stability.
The study findings provide a significant difference
between obese and normal adolescents in both
delta Y and delta X. This suggests that that obese
individuals have less ability to maintain postural
stability when compared with individuals with
normal weight. The increased overall body weight
leading to greater AP and ML shifts during stance
could be explained by the contribution made by an
altered body geometry in obese individuals and of
the relationship between postural stability and
increased body weight relates to the contribution

made by foot mechanoreceptors to balance control
revealed by previous studies.

The altered body geometry in obese
individuals exhibited significantly greater anterior
pelvic tilt compared to non-obese individuals. This
postural alteration can contribute to excessive
lumbar lordosis due to the anatomical connection
between the pelvis and lumbar spine®. Obesity
may contribute to increased anterior pelvic tilt due
to alterations in body geometry resulting from
excessive abdominal adiposity. This postural
deviation is often accompanied by a significantly
enhanced lumbar lordosis angle®. Excess
abdominal fat shifts the body's center of gravity
forward, resulting in an increased anterior pelvic
tilt**3, consequently, obese individuals require a
more substantial ankle torque to offset the
increased gravitational force. Corbeil et al
suggested that obese individuals with excess
abdominal fat may be more likely to fall than those
with normal weight.

Previous research has established a positive
correlation between postural instability and
increased body mass index (BMI). The current
study findings corroborate these results, indicating
that individuals with obesity exhibit greater
postural sway in both the mediolateral and
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anteroposterior planes compared to normal-weight
counterparts. Moreover, we observed a significant
association between increased body mass and
exaggerated postural responses to perturbations.
These findings suggest that obesity may contribute
to postural instability through alterations in static
and dynamic balance control mechanisms®.

The link between increased body weight
and poorer postural stability might be explained by
changes in how the feet provide balance
information. Studies show that heavier people have
larger foot contact areas and distribution their
pressure increased on the heel, midfoot, and
metatarsal regions the compared to those of normal
weight>4!, Research by Hills and colleagues®®
found that obese individuals exert notably higher
pressure on their heels, midfoot, and forefoot
compared to others. This is significant as it could
potentially affect the body's sensory receptors.

It's generally accepted that the hip and torso are
crucial for maintaining balance side-to-side, while
the pelvis contributes to sideways movements?.,
During downward body movements, the head
initiates motion, followed by the trunk and hips.

The findings indicate significantly greater
mediolateral sway among individuals with
obesity*.

Obesity can negatively impact one's ability
to withstand muscle fatigue. This fatigue can
hinder balance and demand more mental effort to
maintain stability®. Previous studies have shown
that individuals with excess body fat experience
greater difficulty maintaining posture and balance.
Park et al. found that increased fat mass is
associated with higher perceived exertion during
postural challenges®®. Additionally, Maffiuletti et
al. demonstrated that obesity weakens the
quadriceps muscles, making it harder to counteract
postural disturbances*.

Chronic  obesity may compromise
mechanoreceptor function, thereby hindering the
body's capacity to respond effectively to postural
perturbations.  Regardless of the precise
mechanism, individuals with obesity demonstrate
impaired balance recovery following postural
instability. Weight reduction, achieved through
either hypocaloric intervention or bariatric surgery,
has been associated with improvements in balance
control parameters, including center of pressure
displacement speed and range in both
anteroposterior and mediolateral directions*. The

relationship between obesity and postural stability
remains inconclusive. Previous studies have
yielded varying findings regarding COP
displacement in individuals with obesity compared
to normal-weight controls. While some research
has indicated no significant differences in
mediolateral COP sway between these groups®,
others have reported increased COP oscillations in
individuals with obesity*’#, Furthermore, the
impact of weight loss interventions on postural
stability parameters, such as COP velocity, has
demonstrated inconsistent results, with some
studies showing no significant changes following
weight reduction®?. Contrary to expectations, obese
women exhibited reduced mediolateral sway
compared to their normal-weight counterparts.
This counterintuitive finding can be attributed to a
compensatory widening of the base of support due
to increased body mass and lower limb adiposity.
The resulting enhanced lateral stability may
mitigate the anticipated risk of falls associated with
obesity. These results align with the absence of
significant differences in ML sway between
overweight and normal-weight participants®.
Contemporary  findings indicate a
correlation between increased weight and an
anterior shift in the body's center of gravity. This
anterior displacement is associated with altered
postural control, as evidenced by increased AP
center of pressure excursion. However, we
observed minimal changes in mediolateral COP
displacement in overweight individuals compared
to their normal-weight counterparts®.
Paschalis et al., (2013) proposed that excessive
body mass in overweight individuals may
contribute to the development of neuromuscular
imbalances. These imbalances are likely
influenced by alterations in body geometry and
posture. Given the critical role of proprioception
from leg muscles in maintaining postural stability,
reduced position sense in overweight individuals
could increase their risk of falls. The study's
findings suggest a correlation between abnormal
BMI and significant impairments in lower limb
proprioception during static conditions . A
sedentary lifestyle has been associated with
diminished lower limb proprioceptive function,
accompanied by reductions in muscle strength and
mass, which may subsequently compromise motor
control, particularly postural stability >,
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This study examined the relationship
between weight category and postural stability
among adolescents. Findings revealed a significant
association between obesity and increased postural
sway in both AP and ML directions, indicating
poorer balance control compared to normal-weight
peers. While obesity typically contributes to
postural instability, an unexpected finding was the
reduced mediolateral sway in the obese group. This
counterintuitive result is attributed to a
compensatory widening of the base of support due
to increased body mass. These findings underscore
the complex interplay between obesity, body
geometry, and postural control mechanisms.

A cross-sectional study involving 75 young
adults aged 18-23 was conducted to examine
postural sway. Participants were categorized into
underweight, normal weight, and obese groups
based on BMI. Postural sway was assessed under
both eyes-open and eyes-closed conditions. While
underweight individuals exhibited a predominant
AP sway pattern, no significant differences in sway
magnitude were observed compared to the normal
weight group. These findings suggest a potential
association between underweight and altered
postural control mechanisms, warranting further
investigation into factors such as plantar flexor
muscle function®.

The present findings replicated previous
research demonstrating increased AP sway in
underweight compared to normal weight
individuals. However, in contrast to prior study, we
observed a statistically significant divergence in
mediolateral sway, with underweight participants
exhibiting greater sway than their normal weight
counterparts. Paschalis et al., (2013) posit that
reduced body mass in underweight individuals may
contribute to alterations in foot morphology. Such
morphological  changes could  potentially
exacerbate neuromuscular imbalances, thereby
increasing the risk of falls and associated injuries
in daily life activities™.

A 30-second quiet standing trial was
conducted among 26 adult women classified into
four weight categories: obese, overweight, normal
weight, and underweight. Analysis of mean
velocity revealed significant differences between
the underweight group and the other weight
categories, except for the obese and overweight
groups. These findings align with the study
hypothesis, indicating a relationship between

underweight status and increased mean velocity
during quiet standing®.

Variations in body mass index have been
associated with alterations in muscle tone, which
may subsequently influence overall balance %°.
Muscle strength is a critical factor influencing
postural stability. Individuals within an ideal BMI
range tend to exhibit superior muscle strength
compared to those with suboptimal BMI.
Consequently, individuals with a healthier body
composition often demonstrate enhanced postural
balance®®>’, Underweight due to malnutrition is
associated with a reduction in muscle strength®®.
Individuals with suboptimal BMI may exhibit
decreased muscle strength, which can subsequently
compromise postural balance. Reduced muscle
mass, tone, and strength, particularly evident in
underweight individuals, can impair
proprioception and coordination, leading to
increased postural instability 56-°,

Limitations:

The present study, while offering valuable
insights, is subject to certain methodological
limitations. The cross-sectional design precludes
the establishment of causal relationships between
weight  category and  postural stability,
necessitating longitudinal studies to elucidate
temporal dynamics. Additionally, the focus on a
limited set of postural stability parameters may not
comprehensively capture the intricate factors
influencing balance. Incorporating a broader
assessment of postural control would provide a
more holistic understanding.

Furthermore, the study did not account for
potential confounding variables such as physical
activity levels, muscle strength, and neuromuscular
factors, which could influence postural stability
independently  of  weight category. The
generalizability of the findings may be limited by
the specific characteristics of the adolescent
population studied.

The mechanisms underlying the observed
relationship between weight category and postural
stability remain partially understood especially
underweight category. Future research should
explore the contributions of body fat distribution,
alterations in body geometry, and changes in
sensory and motor function to postural control in
this population. By acknowledging these
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limitations, future studies can refine research
methodologies and delve deeper into the complex
interplay between weight category and postural
stability.

Conclusion:

This study examined the relationship
between different weight categories and postural
stability parameters in adolescents. Findings
revealed a significant association between obesity,
overweight, underweight and increased AP sway,
indicating compromised postural control in this
population. Also, Obese and underweight
adolescents exhibited significantly greater ML
sway compared to normal-weight peers.
Adolescents, particularly those with underweight
or overweight status, demonstrated compromised
postural stability compared to their normal-weight
peers. These findings underscore the importance of
comprehensive postural assessments as part of
routine healthcare for this age group. To mitigate
the heightened fall risk associated with postural
instability in obese adolescents, targeted
interventions such as balance training, core
strengthening exercises, and weight management
strategies are recommended. Healthcare providers
should incorporate these strategies into their care
plans.

Further research is imperative to elucidate
the underlying mechanisms linking weight status
and postural control. This knowledge will inform
the development of tailored interventions aimed at
improving postural stability across the weight
spectrum.

ABBREVIATIONS

AP: anterior-posterior, BMI: body mass index,
CDC: Centers for Disease Control and Prevention,
COP: center of pressure, ML: mediolateral.

DECLARATIONS:

Ethics approval and consent to participate

This study adhered to the ethical principles
outlined in the Declaration of Helsinki (1975).
Prior to participation, all subjects provided written
informed consent after a comprehensive
explanation of the study procedures. Ethical
approval was granted by the Ethics Review
Committee for Human Research at Delta
University for Science and Technology's Faculty of
Physical Therapy, Egypt. Participants were assured
of their right to withdraw from the study at any

point without incurring negative consequences.

Consent for publication
NA

Availability of data and materials

The data underpinning this study are accessible
upon reasonable request from the corresponding
author.

Competing interests

The authors declare no competing financial
interests.

Funding

The authors declare no competing financial
interests regarding the research presented in this
manuscript.

Authors’ contributions

Amira H. Mohammed, Dina S. Noaman and
Mohamed N. Al Khouli, and were involved in
study conception and design, as well as
implementation, analysis and interpretation of data,
and manuscript preparation. Dina S. Noaman and
Amira H. Mohammed, carried out the experiments
and made substantial contributions to the drafting
of the article and design of the study. Amira H.
Mohammed, Dina S. Noaman and Mohamed N. Al
Khouli, and Dina S. Noaman made the analysis and
interpretation of the data and revised the article. All
authors have reviewed and approved the final
manuscript.

Acknowledgment

The authors express gratitude to all study
participants and acknowledge the valuable insights
provided by anonymous reviewers.

References

1. Rodd, C., & Sharma, A. K. (2016). Recent
trends in the prevalence of overweight and
obesity among Canadian children. Cmaj,
188(13), E313-E320.

2. Seema, S., Rohilla, K. K., Kalyani, V. C., &
Babbar, P. (2021). Prevalence and contributing
factors for adolescent obesity in present era:
Cross-sectional ~ Study. Journal of family
medicine and primary care, 10(5), 1890-1894.
https://doi.org/10.4103/jfmpc.jfmpc_1524 20

3. Isbaih, M. A. N. (2009). Prevalence of
overweight and obesity among school-age
children in Nablus City (Doctoral dissertation).

Please cite this article as follow:Noaman D,Al Khouli M,Mohammed A,Static Posturographic Analysis for Different Weight Categories in
Adolescents: A Cross Sectional Study,. B Int J PT.2025;3 (1):48-60.D01:10.21608/BIJPT.2025.357486.1064

56


https://doi.org/10.4103/jfmpc.jfmpc_1524_20

10.

11.

12.

B IntJPT 2025 Jun;3(5):48 -60. DOI:10.21608/BIJPT.2025.357486.1064

World Health Organization. (2024, March
1). Obesity and overweight. World Health
Organization. https://www.who.int/news-
room/fact-sheets/detail/obesity-and-
overweight

Center for Disease Control and Prevention
(CDC). (2019). Clinical growth charts. Centers
for Disease Control and Prevention.
https://www.cdc.gov/growthcharts/clinical_ch
arts.htm

Mancini, M., & Horak, F. B. (2010). The
relevance of clinical balance assessment tools
to differentiate balance deficits. European
journal of physical and rehabilitation medicine,
46(2), 239-248.

Krause, A., Freyler, K., Gollhofer, A., Stocker,
T., Braderlin, U., Colin, R., Topfer, H., &
Ritzmann, R. (2018). Neuromuscular and
Kinematic Adaptation in Response to Reactive
Balance Training - a Randomized Controlled
Study Regarding Fall Prevention. Frontiers in
physiology, 9,
1075.https://doi.org/10.3389/fphys.2018.0107
5

Lapszo, J., Giovanis, V., Prusik, K., & Prusik,
K. (2012). Balance control contributors - the
relationships between leg strength and balance
control  ability in  seniors. Acta  of
bioengineering and biomechanics, 14(3), 3-8.
Kilby, M. C., & Newell, K. M. (2012). Intra-
and inter-foot coordination in quiet standing:
footwear and posture effects. Gait &
posture, 35(3), 511-516.
https://doi.org/10.1016/j.gaitpost.2011.11.018
Pineda, R. C., Krampe, R. T., Vanlandewijck,
Y., & Van Biesen, D. (2020). Reliability of
center of pressure excursion as a measure of
postural control in bipedal stance of individuals
with intellectual disability: A pilot study. PloS
one, 15(10), e0240702.
https://doi.org/10.1371/journal.pone.0240702
Pau, M., Kim, S., & Nusshaum, M. A. (2012).
Does load carriage differentially alter postural
sway in overweight vs. normal-weight
schoolchildren? Gait & posture, 35(3), 378—
382.
https://doi.org/10.1016/j.0aitpost.2011.10.354
Hoffman, S. G., Reed, M. P., & Chaffin, D. B.
(2011). A study of the difference between
nominal and actual hand forces in two-handed
sagittal plane whole-body

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

exertions. Ergonomics, 54(1), 47-59.
https://doi.org/10.1080/00140139.2010.53502
1

Nejc, S., Jernej, R., Loefler, S., & Kern, H.
(2010). Sensitivity of body sway parameters
during quiet standing to manipulation of
support surface size. Journal of sports science
& medicine, 9(3), 431-438.

Simoneau, M., & Teasdale, N. (2015). Balance
control impairment in obese individuals is
caused by larger balance motor commands
variability. Gait & posture, 41(1), 203-208.
https://doi.org/10.1016/j.gaitpost.2014.10.008
Simsek, T. T., & Simsek, I. E. (2020). Balance
and postural control. Comparative Kinesiology
of the Human Body, 467-475.
https://doi.org/10.1016/b978-0-12-812162-
7.00026-6

Duarte, M., & Freitas, S. M. (2010). Revision
of posturography based on force plate for
balance evaluation. Revista brasileira de
fisioterapia (Sao Carlos (Sao Paulo,
Brazil)), 14(3), 183-192.

de Oliveira, J. M. (2017). Statokinesigram
normalization method. Behavior Research
Methods, 49, 310-317.

van der Kooij, H., Campbell, A. D., &
Carpenter, M. G. (2011). Sampling duration
effects on centre of pressure descriptive
measures. Gait & posture, 34(1), 19-24.
Ohlendorf, D., Kerth, K., Osiander, W.,
Holzgreve, F., Fraeulin, L., Ackermann, H., &
Groneberg, D. A. (2020). Standard reference
values of weight and maximum pressure
distribution in healthy adults aged 18-65 years
in  Germany. Journal  of  physiological
anthropology, 39(1), 39.
https://doi.org/10.1186/s40101-020-00246-6
Sangwan, S., Green, R. A., & Taylor, N. F.
(2014). Characteristics of stabilizer muscles: a
systematic review. Physiotherapy Canada,
66(4), 348-358.

Shumway-Cook, A., & Woollacott, M. H.
(2007). Motor Control: Translating Research
into Clinical Practice. In Google Books.
Lippincott Williams & Wilkins.
https://books.google.com.eg/books/about/Mot
or_Control.htmI?id=BJcL 3enz3xMC&redir_e
sc=y

Hadian, M. R., Negahban, H., Talebian, S.,
Salavati, M., Jafari, A. H., Sanjari, M. A,

Please cite this article as follow:Noaman D,Al Khouli M,Mohammed A,Static Posturographic Analysis for Different Weight Categories in
Adolescents: A Cross Sectional Study,. B Int J PT.2025;3 (1):48-60.D01:10.21608/BIJPT.2025.357486.1064

o7


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/j.gaitpost.2011.11.018
https://doi.org/10.1371/journal.pone.0240702
https://doi.org/10.1016/j.gaitpost.2011.10.354
https://doi.org/10.1080/00140139.2010.535021
https://doi.org/10.1080/00140139.2010.535021
https://doi.org/10.1016/j.gaitpost.2014.10.008
https://doi.org/10.1186/s40101-020-00246-6
https://books.google.com.eg/books/about/Motor_Control.html?id=BJcL3enz3xMC&redir_esc=y
https://books.google.com.eg/books/about/Motor_Control.html?id=BJcL3enz3xMC&redir_esc=y
https://books.google.com.eg/books/about/Motor_Control.html?id=BJcL3enz3xMC&redir_esc=y

23.

24.

25.

26.

217.

28.

29.

30.

31.

B IntJPT 2025 Jun;3(5):48 -60. DOI:10.21608/BIJPT.2025.357486.1064

Mazaheri, M., & Parnianpou, M. (2008).
Reliability of Center of Pressure Measures of
Postural Stability in Patients with Unilateral
Anterior Cruciate Ligament Injury. Journal of
Applied Sciences, 8(17), 3019-3025.
https://doi.org/10.3923/jas.2008.3019.3025
Barlow, S. E., & Expert Committee (2007).
Expert committee recommendations regarding
the prevention, assessment, and treatment of
child and adolescent overweight and obesity:
summary report. Pediatrics, 120 Suppl 4,
S164-S192.
https://doi.org/10.1542/peds.2007-2329C
Elabd, O. M., El Nahass, B. G., & Ibrahim, M.
M. (2023). Pathological gait in partial foot
amputation versus peripheral neuropathy. Gait
& posture, 100, 41-48.
https://doi.org/10.1016/j.gaitpost.2022.11.064
Sgro, F., Monteleone, G., Pavone, M., &
Lipoma, M. (2014). Validity Analysis of Wii
Balance Board Versus Baropodometer
Platform Using an Open Custom Integrated
Application. AASRI  Procedia, 8, 22-29.
https://doi.org/10.1016/j.aasri.2014.08.005
Blaszczyk, J. W. (2016). The use of force-plate
posturography in the assessment of postural
instability. Gait & posture, 44, 1-6.

Wessels, J., Walsh, C. M., & Nel, M. (2019).
Smoking habits and alcohol use of patients with
tuberculosis at Standerton  Tuberculosis
Specialised Hospital, Mpumalanga, South
Africa. Health SA = SA Gesondheid, 24, 1146.
https://doi.org/10.4102/hsag.v24i0.1146
Umer, W., Li, H., Lu, W., Szeto, G. P. Y., &
Wong, A. Y. (2018). Development of a tool to
monitor static balance of construction workers
for proactive fall safety management.
Automation in Construction, 94, 438-448.
Salehi, L., Shokrvash, B., Jamshidi, E., &
Montazeri, A. (2014). Physical activity in
Iranian older adults who experienced fall
during the past 12 months. BMC geriatrics, 14,
1-6.

Heick, J. D., & Alkathiry, A. (2024). Impact of
concussions on postural stability performance
using the head shake-sensory organization test.
International journal of sports physical therapy,
19(1), 1454.

Wrisley, D. M., Stephens, M. J., Mosley, S.,
Wojnowski, A., Duffy, J., & Burkard, R.
(2007). Learning effects of repetitive

32.

33.

34.

35.

36.

37.

38.

39.

40.

administrations of the sensory organization test
in healthy young adults. Archives of physical
medicine and rehabilitation, 88(8), 1049-1054.
https://doi.org/10.1016/j.apmr.2007.05.003
Suits, W. H. (2021). Clinical measures of
pelvic tilt in physical therapy. International
journal of sports physical therapy, 16(5), 1366.
Onyemaechi, N. O., Anyanwu, G. E., Obikili,
E. N., Onwuasoigwe, O., & Nwankwo, O. E.
(2016). Impact of overweight and obesity on
the musculoskeletal system using lumbosacral
angles. Patient preference and adherence, 10,
291-296. https://doi.org/10.2147/PPA.S90967
Lockhart, T. E., Frames, C. W., Soangra, R., &
Lieberman, A. (2019). Effects of Obesity and
Fall Risk on Gait and Posture of Community-
Dwelling Older Adults. International journal of
prognostics and health management, 10(1),
019.

Cieslinska-Swider, J., Blaszezyk, J. W., &
Opala-Berdzik, A. (2022). The effect of body
mass reduction on functional stability in young
obese women. Scientific Reports, 12(1), 8876.
Alonso, A. C., Brech, G. C., Bourquin, A. M.,
& Greve, J. M. (2011). The influence of lower-
limb dominance on postural balance. Sao Paulo
medical journal = Revista paulista de medicina,
129(6),410413.https://doi.org/10.1590/s1516-
31802011000600007

Catan, L., Amaricai, E., Onofrei, R. R., Popoiu,
C. M, lacob, E. R., Stanciulescu, C. M., Cerbu,
S., Horhat, D. I, & Suciu, O. (2020). The
Impact of Overweight and Obesity on Plantar
Pressure in Children and Adolescents: A
Systematic Review. International Journal of
Environmental Research and Public Health,
17(18), 6600.
https://doi.org/10.3390/ijerph17186600

Kim, K. C., Fayed, A., Schmidt, E., Carvalho,
K. A. M. D., Lalevee, M., Mansur, N., & de
Cesar Netto, C. (2023). Relationship between
obesity and medial longitudinal arch bowing.
Foot & Ankle International, 44(11), 1181-
1191.

Helmy, A. M., Hassan, A. M., & Abdelhamid,
A. S. (2023). Effect of Gender on Plantar
Pressure Distribution in  Normal Adults.
Egyptian Journal of Physical Therapy, 15(1),
12-17.

Catan, L., Amaricai, E., Onofrei, R. R., Popoiu,
C. M, lacob, E. R., Stanciulescu, C. M., Cerbu,

Please cite this article as follow:Noaman D,Al Khouli M,Mohammed A,Static Posturographic Analysis for Different Weight Categories in
Adolescents: A Cross Sectional Study,. B Int J PT.2025;3 (1):48-60.D01:10.21608/BIJPT.2025.357486.1064

58


https://doi.org/10.3923/jas.2008.3019.3025
https://doi.org/10.1542/peds.2007-2329C
https://doi.org/10.1016/j.gaitpost.2022.11.064
https://doi.org/10.4102/hsag.v24i0.1146
https://doi.org/10.1016/j.apmr.2007.05.003

41.

42.

43.

44,

45.

46.

47.

B IntJPT 2025 Jun;3(5):48 -60. DOI:10.21608/BIJPT.2025.357486.1064

S., Horhat, D. 1., & Suciu, O. (2020). The
Impact of Overweight and Obesity on Plantar
Pressure in Children and Adolescents: A
Systematic Review. International Journal of
Environmental Research and Public Health,
17(18), 6600.
https://doi.org/10.3390/ijerph17186600
Walsh, T. P., Gill, T. K., Evans, A. M., Yaxley,
A., Chisholm, J. A., Kow, L., Arnold, J. B., &
Shanahan, E. M. (2018). Changes in foot pain,
structure and function following bariatric
surgery. Journal of foot and ankle research, 11,
35. https://doi.org/10.1186/s13047-018-0277-y
Ferraris, C., Votta, V., Nerino, R., Chimienti,
A., Priano, L., & Mauro, A. (2024). At-home
assessment of postural stability in parkinson’s
disease: A vision-based approach. Journal of
Ambient Intelligence and  Humanized
Computing, 15(5), 2765-2778.

Park, W., Singh, D. P., Levy, M. S., & Jung, E.
S. (2009). Obesity effect on perceived postural
stress during static posture maintenance
tasks. Ergonomics, 52(9), 1169-1182.
https://doi.org/10.1080/00140130902971908
Maffiuletti, N. A., Jubeau, M., Munzinger, U.,
Bizzini, M., Agosti, F., De Col, A., Lafortuna,
C. L., & Sartorio, A. (2007). Differences in
quadriceps muscle strength and fatigue
between lean and obese subjects. European
journal of applied physiology, 101(1), 51-59.
https://doi.org/10.1007/s00421-007-0471-2
Handrigan, G., Hue, O., Simoneau, M.,
Corbeil, P., Marceau, P., Marceau, S.,
Tremblay, A., & Teasdale, N. (2010). Weight
loss and muscular strength affect static balance
control. International  journal of obesity
(2005), 34(5), 936-942.
https://doi.org/10.1038/ij0.2009.300
Menegoni, F., Galli, M., Tacchini, E., Vismara,
L., Cavigioli, M., & Capodaglio, P. (2009).
Gender-specific  effect of obesity on
balance. Obesity (Silver Spring, Md.), 17(10),
1951-1956.
https://doi.org/10.1038/0by.2009.82
Cieslinska-Swider, J. M., & Blaszczyk, J. W.
(2019). Posturographic characteristics of the
standing posture and the effects of the
treatment of obesity on obese young
women. PloS one, 14(9), e0220962.
https://doi.org/10.1371/journal.pone.0220962

48.

49.

50.

51.

52.

53.

54.

95.

Menegoni, F., Tacchini, E., Bigoni, M.,
Vismara, L., Priano, L., Galli, M. &
Capodaglio, P. (2011). Mechanisms underlying
center of pressure displacements in obese
subjects during quiet stance. Journal of
neuroengineering and rehabilitation, 8, 20.
https://doi.org/10.1186/1743-0003-8-20
Azzeh, F. S., Kensara, O. A., Helal, O. F., &
Abd El-Kafy, E. M. (2017). Association of the
body mass index with the overall stability index
in young adult Saudi males. Journal of Taibah
University Medical Sciences, 12(2), 157-163.
Paschalis, V., Nikolaidis, M. G., Theodorou, A.
A., Deli, C. K., Raso, V., Jamurtas, A. Z.,
Giakas, G., & Koutedakis, Y. (2013). The
effects of eccentric exercise on muscle function
and proprioception of individuals being

overweight and underweight. Journal of
strength and conditioning research, 27(9),
2542-2551.

https://doi.org/10.1519/JSC.0b013e31827fc9a
6

Vuillerme, N., Sporbert, C., & Pinsault, N.
(2009). Postural adaptation to unilateral hip
muscle fatigue during human bipedal
standing. Gait & posture, 30(1), 122-125.
https://doi.org/10.1016/j.0aitpost.2009.03.004
Kobayashi, T., & Gamada, K. (2014). Lateral
ankle sprain and chronic ankle instability: a
critical review. Foot & ankle specialist, 7(4),
298-326.

Narciso, F. V., Damaso, A. R., Barela, J. A,,
Carvalho, A. N. S., Ruiz, F., de Queiroz, S. S.,
Lemos, V. S., de-Andrade, A. G. P., Tufik, S.,
& De-Mello, M. T. (2023). Overweight Impairs

Postural  Control of Female  Night
Workers. Sleep  science (Sao Paulo,
Brazil), 16(1), 29-37.

https://doi.org/10.1055/s-0043-1767746
Tharani, G., Vedha Varshini MG, Senthil
Nathan CV, and Kamatchi. K (2019).
Correlation between body weight and postural
control in healthy individuals using sway
meter. Obesity and metabolism, 16(2), 36-41.
Sibella, F., Galli, M., & Crivellini, M.
(n.d.). Overweight and obesity in posture: a
biomechanical evaluation of postural stability.
Retrieved July 15, 2024, from
https://isbweb.org/images/conf/2003/shortAbs
tracts/SIBELLA 286-307_RE_E.pdf.

Please cite this article as follow:Noaman D,Al Khouli M,Mohammed A,Static Posturographic Analysis for Different Weight Categories in
Adolescents: A Cross Sectional Study,. B Int J PT.2025;3 (1):48-60.D01:10.21608/BIJPT.2025.357486.1064

59


https://doi.org/10.1080/00140130902971908
https://doi.org/10.1007/s00421-007-0471-2
https://doi.org/10.1038/ijo.2009.300
https://doi.org/10.1038/oby.2009.82
https://doi.org/10.1371/journal.pone.0220962
https://doi.org/10.1519/JSC.0b013e31827fc9a6
https://doi.org/10.1519/JSC.0b013e31827fc9a6
https://doi.org/10.1016/j.gaitpost.2009.03.004

B IntJPT 2025 Jun;3(5):48 -60. DOI:10.21608/BIJPT.2025.357486.1064

56. Handayani, M., Muhammad Sayuti, & Cut
Sidrah Nadira. (2022). Relationship between
body mass index and postural balance among
student of the martial arts club malikussaleh
university. Jurnal Kedokteran
Diponegoro, 11(3), 131-137.
https://doi.org/10.14710/dmj.v11i3.33916

57.Tang, A. (2014). Gambaran Tingkt
Keseimbangan  Atlet  Sepakbola  Pusat
Pendidikan dan Latihan Olahraga Pelajar
Sulawesi Selatan. Jurnal Ilmiah Kesehatan
Diagnosis,.5(1), 122-128.

58. Kadek Intan Murti Dewi, Widiastuti, 1. A. E.,
& Wedayani, A. A. N. (2020). Hubungan
antara indeks massa tubuh dengan kekuatan
otot pada mahasiswa fakultas kedokteran
universitas mataram. Unram Medical
Journal, 9(1), 63-72.
https://doi.org/10.29303/jku.v9i1.403

59.Azi Amir, T. L., & Azi, Y. P. M. (2021).
Pengaruh Indeks Massa Tubuh Terhadap
Keseimbangan Postural Dinamis Pada Mahasiswa
Universitas Esa Unggul. Jurnal Fisioterapi Dan
Rehabilitasi, 5(2), 152-157.
https://doi.org/10.33660/jfrwhs.v5i2.145

Please cite this article as follow:Noaman D,Al Khouli M,Mohammed A,Static Posturographic Analysis for Different Weight Categories in
Adolescents: A Cross Sectional Study,. B Int J PT.2025;3 (1):48-60.D01:10.21608/BIJPT.2025.357486.1064

60


https://doi.org/10.14710/dmj.v11i3.33916
https://doi.org/10.29303/jku.v9i1.403
https://doi.org/10.33660/jfrwhs.v5i2.145

	Methods

