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From a current perspective, it is understood that body posture is influenced by individual asymmetries, cultural context, habitual
body patterns, etiological factors and psychosocial factors allocated to the individual. Clarifying the musculoskeletal cause that origi-
nated the postural alteration is considered the clinical challenge in the treatment of pain or discomfort. Recent studies have shown the
influence of changes in body weight on the distribution of plantar pressure and foot pain, emphasizing the importance of understanding
these relationships. Integrating body composition with plantar pressure analysis presents an opportunity to explore gender differences
and their associations with plantar pressure distribution. There is currently a lack of research integrating body composition, plantar pres-
sure distribution and gender comparison to elucidate the complex interaction between these variables. Therefore, the main objective of
this investigation is to evaluate body composition through BIA (bioimpedance) and the distribution of plantar pressure in the subjects’
feet through pressure platform analysis with a specific focus on comparisons between the genders and the associations between these
variables. The study employed an observational cross-sectional design. A total of 77 participants (n = 77) aged between 18 and 91 years
were assessed, the majority of whom were female (n = 53, 68.83%), while 24 participants (n = 24, 31.17%) were male. The average age
of the participants was 60.717 years for males and 54.33 years for females. Baropodometry and bioimpedance tests were carried out.
Significant differences with a medium effect were recorded only for the three indicators, while the rest of the values showed a large
effect. Significant negative correlations were found between age and height (p < 0.05) and positive correlations between age and other
factors such as BMI, fat mass, lean mass and various foot-related metrics. The results of this study showed that plantar pressure charac-
teristics differ according to gender and are related to body composition and pain level.
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-invasive assessment of body composition, including
body water, muscular and fat mass, visceral fat, and
metabolic rate [21]. BIA provides a comprehensive

1. Introduction

The assessment of body composition and plantar
pressure distribution is crucial in understanding the
physiological and biomechanical aspects of human
health [2]. Typically, the body composition is easier to
assess by bioimpedance analysis (BIA) due the non-

estimation of fat mass, fat-free mass and body fluids,
offering valuable insights for disease prognosis [21].
Moreover, BIA has been shown to yield comparable
results to dual-energy X-ray absorptiometry, making it
a reliable method for body composition assessment
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[21]. The evolution of BIA research has highlighted
its diverse applications, ranging from the estimation
of physiological function to the assessment of body
composition, emphasizing its significance in clinical
research [21].

In parallel, the analysis of plantar pressure distri-
bution has gained attention for its role in understand-
ing postural control, foot biomechanics and the impact
of body weight on foot health [29]. Studies have dem-
onstrated the influence of body weight changes on plan-
tar pressure distribution and foot pain, emphasizing the
importance of understanding these relationships [23].
Furthermore, the use of plantar pressure analysis has
extended to various clinical conditions, such as diabetic
toe deformity and patellofemoral pain syndrome, high-
lighting its clinical significance in assessing musculo-
skeletal disorders [30].

The differences in plantar pressure distribution be-
tween sexes have been a subject of interest in various
studies, reported inconsistent findings in the literature
regarding plantar pressure values and loading patterns
between genders [11]. On the other hand, Yamamoto
and others [40] indicated that women have significantly
higher peak pressure on specific areas of the foot com-
pared to men, as detected by a newly developed plantar
pressure sensor [40]. However, Hawrylak and Gronow-
ska [16] found no significant differences in plantar pres-
sure distribution between female Olympic-style weight-
lifters and a control group. Furthermore, the influence
of factors such as weight, age, anatomical foot structure
and joint range of motion on plantar pressure distribu-
tion has been highlighted [27]. Additionally, Dowling
et al. [12] studied the impact of obesity on plantar pres-
sure distributions in children, indicating significantly
higher forces and pressures in obese children compared
to non-obese counterparts [12]. Moreover, investigated
foot pressure distribution in individuals with mild hallux
valgus and found it to be a significant variable affecting
plantar pressure distribution [35]. Similarly, Gawron-
ska and Lorkowski [13] identified hammer toe deform-
ity as a significant variable affecting an increase in
plantar pressure distribution [13].

The literature presents varying findings on the dif-
ferences in plantar pressure distribution between sexes,
with some studies indicating significant differences
while others report no significant disparities [11]. Fac-
tors such as obesity, foot deformities and anatomical foot
structure have also been identified as influential in plan-
tar pressure distribution [13]. The integration of body
composition with plantar pressure analysis presents an
opportunity to explore gender differences and their asso-
ciations with plantar pressure distribution. This compre-
hensive approach can provide valuable insights into the

interplay between body composition, foot biomechan-
ics, and gender-specific differences. For this reason,
associative studies can offer a comprehensive under-
standing of the relationships between variables, pro-
viding a holistic view of the relationships between body
composition, plantar pressure, and gender-specific dif-
ferences.

Regarding the above-mentioned information,
there is a lack of research that integrates body com-
position, plantar pressure distribution and gender
comparisons to elucidate the complex interplay be-
tween these variables. So, this research aims to as-
sess body composition using BIA and plantar pres-
sure distribution in subjects’ feet through pressure
plate analysis, with a specific focus on gender com-
parisons and the associations between these vari-
ables. It was hypothesised that plantar pressure char-
acteristics differ by gender, and it is related with
body composition and pain level.

2. Materials and methods

2.1. Study design

The study employed an observational cross-sectional
design. A convenience sample was recruited to analyse
differences between men and women in anthropo-
metrics, body composition, plantar pressure distribu-
tion, and pain levels. Without intervention, research-
ers observed and recorded data at a single time point,
allowing comparisons between sexes and exploring
correlations among the measured variables. This type
of design allowed a snapshot view of the differences
and associations present within the sample. The
sampling method was convenience sampling, and the
research was conducted between April and October
2023.

2.2. Sample

The population of the present study consisted of 77
(n ="77) participants of both sexes. The majority of study
participants were female, comprising 68.83% (n = 53),
while 31.17% of the sample were male (n = 24). The
mean age of participants was 60.717 years in males and
54.333 years in females.

All participants underwent a physical assessment
protocol, which involved obtaining the following data:
height, weight, amount of fat mass, amount of lean mass,
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amount of body water, basal metabolic rate and shoe
size. Data were collected using the LAICA PS5006
bioimpedance scale and height with a portable stadi-
ometer. The shoe size was recorded as a self-reported
value.

The inclusion criteria in this study were: partici-
pants had to be at least eighteen years old and physically
fit. The exclusion criteria included: (i) severe orthope-
dic problems (prosthesis placement, recent orthopedic
surgeries); (i1) neurological issues (diseases requiring
daily analgesic intake); (iii) cardiopulmonary diseases
(pacemaker, use of oxygen cylinders), and (iv) preg-
nant women.

All participants voluntarily took part, signing the
Informed Consent Form. The project was submitted to
the Ethics Committee for Research with Human Subjects
at the University of Beira Interior (Covilhd) and was
approved under Opinion No. CE-UBI-Pj-2023-030.

2.3. Plantar pressure
distribution

Baropodometry has been widely used in assessing
treatment results, whether conservative or surgical in
various conditions [14], musculoskeletal pain, dyslexia,
fibromyalgia and multiple sclerosis, and other clinical
settings [39], and gait analysis [10] have been done
with this technique. However, caution is advised in
interpreting baropodometry findings in clinical prac-
tice and scientific research [1]. The reliability of
baropodometry in evaluating plantar load distribution
has been demonstrated, making it a valuable instru-
ment in determining plantar pressure, postural con-
trol and plantar pressure distribution in various con-
ditions [4].

The baropodometry assessment involved the use
of the ‘Kinefis Podia’ baropodometer, equipped with
4 mats, HD Logitech camera and a Hama tripod, with
technical specifications including a frequency of 800 Hz,
maximum pressure of 1500 N/cm?, 1600 sensor count,
XY resolution of 2.5 dpi, Z resolution of 8 bits, and
calibration validity [31]. The protocol included static
and dynamic measurements, with the first stage cap-
turing images in a static position [7]. The duration of
the assessment ranged from 8 to 15 minutes, and the
data were analyzed using Motux Studio software, ver-
sion 1.9.69.0 [9]. For the gait analysis, the parameters
evaluated for the distribution of forces and pressures
exerted on the feet in standing position were: (i) the
lateral load percentage (Lateral Load %) refers to the
total load borne by the left or right foot that is distrib-
uted laterally. This parameter gives insight into how

weight is distributed across the foot; (ii) the maximal
pressure (Maximal Pressure KPa) represents the maxi-
mum pressure experienced by foot, typically measured
in kilopascals (essential for assessing peak pressure
points and potential areas of high stress on the foot);
(iii) The Area (Area cm’) denotes the surface area of the
foot in square centimeters (the contact area of the foot
for analyzing pressure distribution and load-bearing);
(iv) the podal axis (Podal Axis °) refers to the angle of
the foot’s axis concerning the ground (provides in-
formation on foot orientation and alignment); (v) the
I-C (mm) stands for the distance between the first
metatarsophalangeal joint and C-D the distance be-
tween the fifth metatarsophalangeal joint on the right
foot to the center of pressure (evaluating the position of
the center of pressure relative to the foot’s anatomical
landmarks).

These parameters are typically obtained through
pressure-sensitive insoles, force plates, or other spe-
cialized equipment used in gait analysis. By analysing
these metrics, researchers and clinicians can gain valu-
able insights into foot biomechanics, weight distribu-
tion, and pressure patterns during walking or running
activities.

2.4. Pain level

The participants were evaluated with the Numeric
Pain Rating Scale (NRS Pain), which was presented
orally and with a physical instrument. In a self-assess-
ment action regarding pain, they reported the level of
pain or discomfort experienced in their day-to-day ac-
tivities. The Numeric Pain Rating Scale (NRS Pain) is
a widely used tool for assessing pain intensity in vari-
ous clinical settings [5], [22], [24], [28]. The NRS
Pain has been shown to have excellent psychometric
properties, making it a reliable and valid measure of
pain intensity [26]. It has also been found to be sensi-
tive to changes in pain intensity over time, demon-
strating its responsiveness in capturing fluctuations in
pain levels [30]. Additionally, the NRS Pain is easy
to administer and has high compliance rates, making it
a practical choice for assessing pain in diverse patient
populations [19]. Furthermore, the NRS Pain has been
compared to other pain rating scales, such as the Vis-
ual Analogue Scale (VAS) and Verbal Rating Scale
(VRS) and has been found to perform favourably in
terms of scaling equivalence and administration [17].
This scale ranges from 0 to 10, allows for quick and
straightforward interpretation of pain intensity, enabling
efficient communication between patients and healthcare
providers [32].
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2.5. Statistical analysis

Descriptive statistics were presented with means,
standard deviations, minimum and maximum values.
Exploratory analyses were made using the Kolmogorov—
Smirnov and Levene to assess the distributions nor-
mality and homogeneity, respectively. The comparisons
between groups (gender) and the statistical significances
were assessed by T-Test. The effect sizes were inter-
preted as Cohen’s d < 0.2 assumed as small effect
sizes; Cohen’s d = 0.2 to 0.5 were considered as mod-
erate effect sizes; Cohen’s d = 0.5 to 0.8 were medium
effect sizes and Cohen’s d > 0.8 as large effect sizes.
The Pearson’s (7,,) correlation tests were used to check
associations between variables. A representative cor-
relations heatmap was created with software. All the
analysis were made using JASP v. 0.18.1 (University of
Amsterdam, Amsterdam, Netherlands). The significance
of the analysis was defined as 5% for every tests.

3. Results

The results are presented in three parts descriptives,
groups comparisons and associations between vari-
ables. The descriptive data (means, standard deviations,
minimum and maximum) regarding the comparisons
between sexes, was presented in Table 1.

Regarding the comparisons between sexes, the
significant differences with medium effect were noted
for: H,0% [t = —-2.101; p = 0.039; d = —0.517], Left
Foot Podal Axis [t =-2.038; p =0.045; d =—-0.501] and
Right Foot C-D [t = -2.346; p = 0.022; d = —0.577].
Significant differences with large effect between groups
were noted for: height [t = —8.32; p < 0.001; d =
—2.047], BMI [t =-4.234; p <0.001; d = —1.042], lean
mass [t = -3.723; p < 0.001; d = —0.916], basal me-
tabolism [t = —7.898; p < 0.001; d = —1.943], shoe size
[t =-11.765; p < 0.001; d = —2.895], left foot area [t =
—5.412; p <0.001; d =—1.332], left foot I-C [t =-3.287;
p = 0.002; d =—-0.809], right foot area [t = —5.911; p <
0.001; d = —1.454]. In Table 2, the groups comparisons
for all assessed variables are presented.

The correlations between body composition, pain level,
plantar pressure distribution variables are presented
in Table 3. Significant negative correlations were found
between age and height (p < 0.05), indicating that as
age increases, height tends to decrease within the sample.
Conversely, positive correlations were noted between
age and other factors such as body mass index (BMI),
fat mass, lean mass, and various foot-related metrics.
Height exhibited strong positive correlations with sev-
eral parameters including weight, basal metabolism,
shoe size, and foot-related measurements such as area
and C-D, emphasizing the influence of height on
these variables within the study group. Notably, BMI
displayed associations with fat mass, lean mass, water
percentage (H,0%), pain levels, and various foot-related

Table 2. Significant associations between anthropometrics, body composition and foot pressure distribution between gender groups

95% CI for Cohen’s d
Variables t P Cohen’s d Lower Upper
Age 1.401 0.165 0.345 —-0.142 0.829
Height -8.32 <.001 —2.047 —2.625 —-1.46
MI1_Weight —4.234 <.001 —-1.042 —-1.549 —-0.529
MI1_BMI 0.454 0.651 0.112 -0.371 0.594
M1 _Fat Mass [%)] 1.233 0.221 0.303 -0.182 0.787
MI1_H,0 [%] -2.101 0.039 —0.517 —-1.004 —-0.026
MI1_Lean Mass [%] -3.723 <.001 -0.916 -1.417 —0.409
M1_Basal Metabolism —7.898 <.001 -1.943 -2.512 -1.365
Shoe N.° —11.765 <.001 -2.895 -3.557 —2.221
Pain Level I 0.304 0.762 0.075 —0.408 0.557
MI1_LF_Lateral Load [%] 1.199 0.234 0.295 -0.19 0.779
M1_LF Maximal Pressure [KPa] -1.55 0.125 —0.381 —0.866 0.106
MI1_LF_Area [cm’] —5.412 <.001 -1.332 —1.855 —0.801
MI1_LF_Podal Axis [°] —2.038 0.045 —-0.501 —0.989 —-0.011
M1 _LF I-C [mm] -3.287 0.002 —0.809 -1.305 -0.307
M1 _RF lateral Lead [%] -1.199 0.234 -0.295 —0.779 0.19
M1 RF Maximal Pressure [KPa] —0.708 0.481 -0.174 —-0.657 0.309
M1 _RF_Area [cm’] -5.911 <.001 —1.454 —-1.986 -0.915
M1_RF_Podal Axis [°] —0.673 0.503 —0.166 —0.648 0.318
M1 RF C-D [mm] —2.346 0.022 -0.577 —1.066 —0.084
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M1_Fal Mass %] 0.274" 022 0256 0129 008 0.169 0zz 0056 0221° -0.007 001
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Fig. 1. Heatmap associations between the evaluated variables

measurements, indicating its interconnectedness with
multiple physiological and foot-related factors. Other
notable correlations were observed between metrics
such as fat mass and water percentage, lean mass, and
shoe size, as well as different foot-related measure-
ments including area, I-C, podal axis, and maximal
pressures in the left and right foot. The representative
heatmap of the correlations between variables was
presented in Fig. 1. In the heatmap, darker purple and
brown colours represent higher correlation values.

4. Discussion

This study aimed to assess the body composition and
plantar pressure distribution in subjects’ feet through

pressure plate analysis, with a specific focus on gen-
der comparisons and the associations between these
variables. It was hypothesised that plantar pressure char-
acteristics differ by gender, and it is related with body
composition and pain level. The results confirmed the
hypothesis.

The present study revealed significant differences
in foot-related and body composition variables between
males and females, emphasizing the unique physiologi-
cal and biomechanical profiles of each gender [18].
These differences, included water percentage, foot di-
mensions, BMI, lean mass and basal metabolism. The
literature reports that these variables may influence
plantar pressure distribution and foot function [6], [16],
[36]. The findings also highlighted moderate dispari-
ties in water content and foot dimensions between the
sexes, potentially contributing to variations in foot bio-
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mechanics and plantar pressure distribution [8]. Un-
derstanding these differences may be a starting point
for developing tailored interventions that account for
the unique physiological and biomechanical profiles
of males and females [6], [16], [36]. Further research
is warranted to comprehensively understand the im-
plications of these differences on foot biomechanics
and plantar pressure distribution [8], [16].

Based on comparisons between sexes, this study
aimed to assess the intercorrelation between the evalu-
ated variables. The correlations between variables in
the provided results demonstrate a complex interplay
between various factors and their impact on plantar
pressure distribution. The correlations reveal significant
associations between age, body mass index (BMI), fat
mass, lean mass, water content, and other variables with
plantar pressure distribution. For instance, age shows
correlations with BMI, fat mass, water content, lean
mass, and various aspects of plantar pressure distribu-
tion, indicating its influence on foot biomechanics [11].
Additionally, weight exhibits strong correlations with
BMI, fat mass, lean mass, basal metabolism and vari-
ous aspects of plantar pressure distribution, highlighting
its role in foot loading characteristics [33]. Moreover,
the results indicate associations between body compo-
sition variables such as BMI, fat mass, lean mass and
water content with plantar pressure distribution, em-
phasizing the influence of body composition on foot
biomechanics [20]. The correlations also reveal sig-
nificant associations between shoe number and vari-
ous aspects of plantar pressure distribution, suggesting
the potential impact of footwear characteristics on foot
loading patterns [37]. Furthermore, the results demon-
strate correlations between pain levels and plantar
pressure distribution, indicating the potential influence
of pain on foot biomechanics [25], [34], [38]. Finally,
the correlations between plantar pressure distribution
variables themselves, such as lateral load, maximal
pressure, and area, provide insights into the interrela-
tionships between different aspects of foot loading
characteristics [12].

The study has several limitations that warrant con-
sideration for future research. First, the study focused
on differences in foot-related and body composition
variables between males and females, but it did not
explore the impact of these differences on specific foot
pathologies or conditions such as osteoarthritis, diabetic
neuropathies, or stroke-related foot abnormalities. Sec-
ond, the study did not address the influence of foot
kinematics and muscle performance on plantar pres-
sure distribution, which is crucial for understanding the
comprehensive biomechanical factors affecting foot
function. Third, the study did not delve into the effects

of specific interventions, such as shoe-worn insoles or
external fixators, on foot biomechanics and plantar
pressure distribution. Four, the study did not consider
the potential impact of varying arch height or the me-
chanical properties of the foot on plantar pressure
distribution and foot function. Future studies could
first investigate the interplay between foot kinematics,
muscle performance, and gender-related differences in
foot characteristics to provide a more holistic under-
standing of plantar pressure distribution and foot
biomechanics. Second, could investigate how these
differences contribute to the development and pro-
gression of such conditions, providing valuable in-
sights for tailored interventions. Third, future re-
search could explore the efficacy of interventions in
mitigating the impact of gender-related differences in
foot characteristics and body composition on plantar
pressure distribution and foot function. Fourth re-
search could explore how alterations in arch height
and foot mechanical properties affect plantar pres-
sure distribution, providing insights into potential
interventions targeting these factors.

5. Conclusions

This study’s provide valuable insights into the sig-
nificant differences in foot-related and body composi-
tion variables between males and females and their
implications for plantar pressure distribution and foot
biomechanics. These findings underscore the impor-
tance of considering gender-related differences in foot
characteristics and body composition when assessing
foot function and plantar pressure distribution. Con-
versely, positive correlations were noted between age
and other factors such as body mass index (BMI), fat
mass, lean mass and various foot-related metrics. The
height exhibited strong positive correlations with sev-
eral parameters including weight, basal metabolism,
shoe size, and foot-related measurements such as area
and distance C-D, emphasizing the influence of height
on these variables within the study group. Notably,
BMI displayed associations with fat mass, lean mass,
water percentage (H,O%), pain levels and various foot-
related measurements, indicating its interconnectedness
with multiple physiological and foot-related factors.
Other notable correlations were observed between met-
rics such as fat mass and water percentage, lean mass,
and shoe size, as well as different foot-related meas-
urements including area, distance I-C, podal axis and
maximal pressures in the left and right foot. The study
emphasizes the need for tailored interventions and fur-
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ther research to comprehensively understand the impli-
cations of these differences on foot biomechanics and
plantar pressure distribution.
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