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Abstract

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
originated 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 pressure distribution and gendetr compatison 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 sexes 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 characteristics differ according to gender and are related to body

composition and pain level.

Keywords: Baropodometry, Bioimpedance, pain levels
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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-invasive assessment of body composition, including body water, muscular and
fat mass, visceral fat, and metabolic rate [21]. BIA provides a comprehensive 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.[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 distribution has gained attention for its
role in understanding postural control, foot-biomechanics, and the impact of body weight
on foot health [29]. Studies have demonstrated the influence of body weight changes on
plantar 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, highlighting its clinical significance in assessing musculoskeletal disorders

[30].

The differences in plantar pressure distribution between sexes have been a subject
of intetest 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 compared to men, as detected by a newly developed plantar
pressure sensor [40]. However, Hawrylak & Gronowska [16] found no significant
differences in plantar pressure distribution between female Olympic-style weightlifters
and a control group. Furthermore, the influence of factors such as weight, age, anatomical
foot structure, and joint range of motion on plantar pressure distribution has been
highlighted [27]. Additionally, Dowling et al. [12] studied the impact of obesity on plantar
pressure 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
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variable affecting plantar pressure distribution [35]. Similarly, Gawronska & Lorkowski
[13] identified hammer toe deformity as a significant variable affecting an increase in

plantar pressure distribution [13].

The literature presents varying findings on the differences in plantar pressure
distribution between sexes, with some studies indicating significant differences while
others report no significant disparities [11]. Factors such as obesity, foot deformities, and
anatomical foot structure have also been identified as influential in plantar pressure
distribution [13]. The integration of body composition with plantar pressure analysis
presents an opportunity to explore sex differences and their associations with plantar
pressure distribution. This comprehensive approach can provide valuable insights into the
interplay between body composition, foot biomechanics, and sex-specific differences. For
this reason, associative studies can offer a comprehensive understanding of the
relationships between variables, providing a holistic view of the relationships between

body composition, plantar pressure, and sex-specific differences.

Regarding the above-mentioned information, there is a lack of research that
integrates body composition, plantar pressure distribution, and sex comparisons to
elucidate the complex interplay between these variables. So, this research aims to assess
body composition using BIA and plantar pressure distribution in subjects' feet through
pressure plate analysis, with a specific focus on sex comparisons and the associations
between these variables. It was hypothesised that plantar pressure characteristics differ

by sex, and it is related with body composition and pain level.
Methods

Study design

The study employed an observational cross-sectional design. A convenience
sample was recruited to analyse differences between men and women in anthropometrics,
body composition, plantar pressure distribution, and pain levels. Without intervention,
researchers 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.
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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,
amount of body water, basal metabolic rate, and shoe size. Data were collected using the
LAICA PS5006 bioimpedance scale and height with a portable stadiometer. The shoe size

was recorded as self-reported values.

The inclusion criteria in this study were: participants had to be at least eighteen
years old and physically fit. The exclusion criteria included: (i) severe orthopedic
problems (prosthesis placement, recent orthopedic surgeries); (ii) neurological issues
(diseases requiring daily analgesic intake); (iii) cardiopulmonary diseases (pacemaker,

use of oxygen cylinders), and (iv) pregnant 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 (Covilha) and was approved under Opinion No. CE-UBI-Pj-
2023-030.

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 practice and scientific research [1]. The reliability of
baropodometry in evaluating plantar load distribution has been demonstrated, making it
a valuable instrument in determining plantar pressure, postural control, and plantar

pressure distribution in various conditions [4].

The baropodometry assessment involved the use of the 'Kinefis Podia'
baropodometer, equipped with 4 mats, an HD Logitech camera, and a Hama tripod, with

technical specifications including a frequency of 800Hz, maximum pressure of
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1500N/cm?, 1600 sensor count, XY resolution of 2.5dpi, Z resolution of 8 bits, and
calibration validity [31]. The protocol included static and dynamic measurements, with
the first stage capturing 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,
version 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
distributed laterally. This parameter gives insight into how weight is distributed across
the foot; (i7) the maximal pressure (Maximal Pressure KPa) represents the maximum
pressure experienced by foot, typically measured in kilopascals (essential for assessing
peak pressure points and potential areas of high stress on the foot); (iif) 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 information on
foot orientation and alignment); (v) the I-C (mm) stands for the distance between the first
metatarsophalangeal joint and C-D the distance between 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 specialized equipment used in gait analysis. By analysing these metrics,
researchers and clinicians can gain valuable insights into foot biomechanics, weight

distribution, and pressure patterns during walking or running activities.
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-assessment action
regarding pain, they reported the level of pain or discomfort experienced in their day-to-
day activities. The Numeric Pain Rating Scale (NRS Pain) is a widely used tool for
assessing pain intensity in various 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 sensitive to changes in pain
intensity over time, demonstrating 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].
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Furthermore, the NRS Pain has been compared to other pain rating scales, such as the
Visual 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].
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 normality and homogeneity, respectively. The
comparisons between groups (sex) and the statistical significances were assessed by T-
Test. The effect sizes were interpreted as Cohen's d < 0.2 assumed- as small effect sizes;
Cohen's d = 0.2 to 0.5 were considered as moderate 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 (1p)
correlation tests were used to check associations between variables. A representative
correlations 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.



204 Results

205 The results are presented in three parts descriptives, groups comparisons and associations between variables. The descriptive data (means,

206  standard deviations, minimum and maximum) regarding the comparisons between sexes, was presented in table 1.

207 Table 1. Descriptive analysis and comparisons of anthropometrics and body composition, pain level‘and foot pressure distribution by sex and total sample.

Females Males Total

Variables Mean +Std Deviation Minimum Maximum Mean +Std Deviation Minimum Maximum Mean +Std Deviation Minimum Maximum
Age [years] 60.717 19.508 18 91 54.333 16.053 28 88 38.727 18.634 18 ol
Height [cm] 160.283 7.231 142 172 175.667 8.122 162 103 165.078 10.353 142 193
ML_Weight [Kg] 67509 11.608 424 100 80:117 13.147 59.5 120 71439 13.381 424 120
M1_BMI [Kg/M?] 26.271 4549 20.31 39.39 25.806 3.131 2136 35.06 26.126 4.144 2031 39.39
ML_Fat Mass [%] 20.46 6.828 184 457 27.337 7.365 151 432 28.799 7.021 15.1 4.7
M1 H.0 % 49.885 4.909 371 58.6 52.408 4.819 426 60.4 30.671 499 37.1 604
ML_Lean Mass [%] 27.715 4.64 16.4 36.4 31.733 3.751 232 36.9 28.968 4743 16.4 369
'[V'chg'f]’asa' Metabolism 1252.151 126.487 1027 1588 1561625 215.733 1133 2039 1348.61 214.124 1027 2039
Shoe N.° 37.462 1.525 325 a 42.438 2,002 39 465 39.013 2.88 325 465
Pain Level 6.679 2.208 2 10 6.5 2.766 2 10 6.623 2.363 2 10
'[\(%]—LF—Latera' Load 48.508 5.317 34.6 59.4 47.092 3.343 40.7 53.1 48.066 4813 34.6 394
mi;;fe—?"l(a;:;‘a' 234.219 19.666 161.4 248.1 240.925 11572 194.8 248.1 236.309 17.746 161.4 248.1
M1 LF Area [em?] 11834 20314 70 166 147.417 24.94 94 198 127.403 25.58 70 198
MI_LF Podal Axis [°] 6.879 5.253 13 23 10.758 11.523 2 60.3 8.088 7.895 13 603
ML_LF_I-C [mm] 99.025 22.48 59 1715 116.508 19.543 715 149.4 104.474 22.974 59 171.5
'[\(%]—RF—'atera' Lead 51.492 5.317 406 65.4 52.908 3.343 46.9 59.3 51,934 4813 40.6 654
ML_RF_Maximal 238551 12,656 19 248.1 240575 8.836 219 248.1 239.182 11.581 196 248.1

Pressure [KPa]



MI_RF_Area [cm?] 122.226 21742 80 171 155.708 25.686 99 199 132.662 27.691 80 199
MI_RF Podal Axis [°] 9.419 4508 0.4 219 10192 5.007 3 966 4.65 04 2438
M1_RF_C-D [mm] 92.857 19.294 517 144.6 103.017 12.987 63.8 96.023 18.116 517 144.6

208 Legend: M1 (Evaluation); BMI (Body Mass Index); H20 % (percentage of body water); LF (Left Foot); I-C (Distance between left foot COP and body COP);

ce between right foot COP and body COP)
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Regarding the comparisons between sexes. The significant differences with
medium effect were noted for: H2O % [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 <.001; d = -1.042], Lean Mass [t = -
3.723; p <.001; d = -0.916], Basal Metabolism [t = -7.898; p <.001; d = -1.943], Shoe
N.°[t=-11.765; p <.001; d = -2.895], Left Foot Area [t =-5.412; p <.001; d =-1.332],
Left Foot I-C [t=-3.287; p = 0.002; d = -0.809], Right Foot Area [t=-5.911; p <.001; d
=-1.454]. The table 2 presents the groups comparisons for all assessed variables.

Table 2. Significant associations between anthropometrics, body .composition and foot pressure
distribution between sex 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
M1 Weight -4.234 <.001 -1.042 -1.549 -0.529
M1_BMI 0.454 0.651 0.112 -0.371 0.594
M1_Fat Mass (%) 1:233 0.221 0.303 -0.182 0.787
M1 H20 % -2.101 0.039 -0.517 -1.004 -0.026
M1_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
M1 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
M1 LF Area [cm?] -5.412 <001 -1.332 -1.855 -0.801
M1 _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

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. The Height exhibited strong positive correlations with several



227
228
229
230
231
232
233
234
235
236
237

parameters including Weight, Basal Metabolism, Shoe Number, 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:O %), Pain Levels, and various foot-related
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 Number, as well as different foot-
related measurements 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 figure 1. In the heatmap, darker purple and brown colours represent higher

correlation values.
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Table 3. Significant associations between anthropometrics, body composition and foot pressure distribution between sex groups.

Correlations Between Variables p p Correlations Between Variables o p Correlations Between Variables p p
Age [Years] Height [cm] -0.40 0.00%* M1_BMI [Kg/m?] M1_Fat Mass [%] 0.74 0.00%* Shoe N.° M1_LF_I-C [mm] 0.31 0.00*
Age [Years] M1_BMI [Kg/m?] 0.32 0.00* M1_BMI [Kg/m?] MI_H:O [%)] -0.54 0.00%* Shoe N.° M1_RF_Area [cm?] 0.66 0.00%*
Age [Years] M1_Fat Mass [%] 0.28 0.00* M1_BMI [Kg/m?] M1_Lean Mass [%] -0.52 0.00%* Shoe N.° M1_RF_C-D [mm] 0.26 0.00*
Age [Years] MI_H:0 [%] -0.43 0.00%* M1_BMI [Kg/m?] Pain Level | 0.28 0.00* Pain Level | M1_LF_Podal Axis [°] 0.26 0.00*
Age [Years] M1_Lean Mass [%] -0.42 0.00%* MI1_BMI [Kg/m?] M1_LF_Area [cm?] 0.28 0.00% Pain Level | M1_LF_I-C [mm] -0.27 0.00%
Age [Years] M1_LF_Maximal Pressure [Kpa] -0.33 0.00* M1_BMI [Kg/m?] M1_LF_I-C [mm] 0.22 0.00* Pain Level | M1_RF_C-D [mm] -0.29 0.00*
Age [Years] M1_RF_Podal Axis [°] 0.29 0.00* M1_BMI [Kg/m?] M1_RF_Area [cm?] 0.32 0.00* M1_LF_Lateral Load [%] M1_LF_Maximal Pressure [Kpa] 0.65 0.00**
Height [cm] M1_Weight [Kg] 0.58 0.00%* M1_Fat Mass [%] MI1_H:0 [%] 0.72 0.00%* M1_LF_Lateral Load [%] M1_LF_I-C [mm] -0.55 0.00%*
Height [cm] M1_Lean Mass [%] 0.36 0.00* M1_Fat Mass [%] M1_Lean Mass [%] -0.60 0.00** M1_LF_Lateral Load [%] M1_RF_lateral Lead [%)] -1.00 0.00**
Height [cm] M1_Basal Metabolism [Kcal] 0.72 0.00** M1_Fat Mass [%] Pain Level | 0.25 0.00* M1_LF_Lateral Load [%] M1_RF_Maximal Pressure [KPa] -0.50 0.00**
Height [cm] Shoe N.° 0.85 0.00** M1_Fat Mass [%] M1,_LF_Maximal Pressure [Kpa] -0.26 0.00* M1_LF_Lateral Load [%] M1_RF_Area [cm?] -0.27 0.00*
Height [cm] M1_LF Area [cm?] 0.52 0.00%* M1_Fat Mass [%] M1_RF_Area [¢m?] 0.23 0.00* M1_LF_Lateral Load [%] M1_RF_C-D [mm] 0.30 0.00%
Height [cm] M1_LF_I-C [mm] 0.39 0.00** M1_H:0 [%] M1_Lean Mass [%] 0.77 0.00** M1_LF_Maximal Pressure [Kpa] M1_LF_Area [cm?] 0.28 0.00*
Height [cm] M1_RF_Area [cm?] 0.55 0.00** MI1_H:0 [%] Pain Level | -0.25 0.00* M1_LF_Maximal Pressure [Kpa] M1_RF_lateral Lead [%)] -0.65 0.00**
Height [cm] M1_RF_C-D [mm] 0.33 0.00* M1_H:0 [%] M1_LF_Maximal Pressure [Kpa] 0.44 0.00** M1_LF_Maximal Pressure [Kpa] M1_RF_Maximal Pressure [KPa] -0.36 0.00*
M1_Weight [Kg] MI1_BMI [Kg/m?] 0.73 0.00%* M1_Lean Mass [%] Shoe N.° 0.31 0.00% M1_LF_I-C [mm] M1_RF_Maximal Pressure [KPa] 0.30 0.00%
M1_Weight [Kg] M1_Fat Mass [%] 0.57 0.00%* M1_Lean Mass [%] Pain Level | -0.33 0.00* M1_LF_I-C [mm] M1_RF_Area [cm?] 0.40 0.00**
M1_Weight [Kg] M1_H:0 [%)] -0.32 0.00* M1_Lean Mass [%] M1_LF_Maximal Pressure [Kpa] 0.28 0.00* M1_LF_I-C [mm] M1_RF_C-D [mm] 0.61 0.00**
M1_Weight [Kg] M1_Basal Metabolism [Kcal] 0.66 0.00** M1_Lean Mass [%] M1_RF_C-D [mm] 0.23 0.00* M1_RF_lateral Lead [%)] M1_RF_Maximal Pressure [KPa] 0.50 0.00**
M1 Weight [Kg] ~ Shoe N.° 059,  0gox M1 Basal Mem’;&';’ﬁ Shoe N.2 076 0.00%* M1_RF_lateral Lead [%] ML_RF_Arca [cm?] 0.27 0.00%
M1 Weight [Kg] M1 LF_Arca [cm?] 058 | 00w Ml.Basal Me‘a'EUK";’H M1 LF_Arca [cm?] 055  0.00%* M1_RF_lateral Lead [%] ML_RF_C-D [mm] 030 0.00%
M1_Weight [Kg] M1_LF_I-C [mm] 0.45 o.0gr+  MlBasal Me‘a?"K'gH M1_LF_I-C [mm] 0.26 0.00*  MI1_RF_Maximal Pressure [KPa] M1_RF Podal Axis [°] 0.23 0.00%
M1 Weight [Kg] ~ ML_RF_Area [cm?] 064  0gQoxs M1 Basal Me‘a?"K"CZ’H M1_RF_Area [em] 056  0.00%* M1_RF_Area [em?] M1_RF_Podal Axis [°] 030 0.00%
M1_Weight [Kg] M1_RF_C-D [mm] 0.33 0.00* Shoe N.° M1_LF Area [cm?] 0.65 0.00%* M1_LF_I-C [mm] M1_RF_lateral Lead [%] 0.55 0.00%*

*p<0.05; **p<0.001
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Age [Years] 0134 0333 015 0013 0032 0134 0104 0082 016 0293
Height [cm] 0084 0084 0088 0332 0058
M1_Weighl [Kg] 0191 0191 -0.069 0325 0029
M1 _BMI [Kg/m?] © 0149 0188 028° 0066 0224 0149 -0167 032 0122 0034
M1_Fat Mass (%] 022 0256 0129 0018  0.169 022 0056 0227* -0007 001
M1 H20 (%] 022 0019 0005 022 0214 0053 0207 -0044
M1_Lean Mass (%] 0036 028" 0061 0002 0159 0036 0274 0072 0229° 0074
M1_Basal Metabolism [Kcal] 0122 0056 0168 0288 0122 0022 017 0020
Shoe N.° 0073 0155 0087 031 0073 001 0262° 00m
PainlLevel | -~ 0206 -0209 0088 0276° 0246° -0249° 033" 004a 0127 0002 0102 0033 0264° -D271° 0002 -0M9 0067 0202 0095
M1_LF_Lateral Load (%) - -0.134 0084 0191 -0149 022 022 0036 0122 0073 0002 . 0471

M1_LF_Maximal Pressure [Kpa] ~ ' -0.333* <0.028 0276"

M1_LF_Area [cm?] -
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Figure 1. Heatmap associations between the evaluated variables.

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 sex comparisons
and the associations between these variables. It was hypothesised that plantar pressure
characteristics differ by sex, 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 physiological

and biomechanical profiles of each sex [18]. These differences, included water
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percentage, foot dimensions, 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 disparities in water content and
foot dimensions between the sexes, potentially contributing to variations in foot
biomechanics and plantar pressure distribution [8]. Understanding 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 implications 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 evaluated variables. The cotrelations 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
distribution, indicating its influence on foot biomechanics [11]. Additionally, weight
exhibits strong correlations with-BMI, fat mass, lean mass, basal metabolism, and various
aspects of plantar pressure distribution, highlighting its role in foot loading characteristics
[33]. Moreover, the results indicate associations between body composition variables
such as BMI, fat mass, lean mass, and water content with plantar pressure distribution,
emphasizing the influence of body composition on foot biomechanics [20]. The
correlations also reveal significant associations between shoe number and various aspects
of plantar pressure distribution, suggesting the potential impact of footwear
characteristics on foot loading patterns [37]. Furthermore, the results demonstrate
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 interrelationships between different aspects of foot

loading characteristics [12].

The study has several limitations that warrant consideration for future research.
Firstly, 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



285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302

303

304
305
306
307
308
309
310
311
312
313
314
315
316
317

specific foot pathologies or conditions such as osteoarthritis, diabetic neuropathies, or
stroke-related foot abnormalities. Second, the study did not address the influence of foot
kinematics and muscle performance on plantar pressure 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 mechanical
properties of the foot on plantar pressure distribution and foot function. Future studies
could investigate firstly, the interplay between foot kinematics, muscle performance, and
sex-related differences in foot characteristics to provide a more holistic understanding of
plantar pressure distribution and foot biomechanics. Second, could investigate how these
differences contribute to the development and progression of such conditions, providing
valuable insights for tailored interventions. Third, future research could explore the
efficacy of interventions in mitigating the impact of sex-related differences in foot
characteristics and body composition onplantar pressure distribution and foot function.
Fourth research could explore how alterations in arch height and foot mechanical
properties affect plantar pressure distribution, providing insights into potential

interventions targeting these factors.
Conclusion

This study's provide valuable insights into the significant differences in foot-
related and body composition,variables between males and females and their implications
for plantar pressure distribution and foot biomechanics. These findings underscore the
importance of considering sex-related differences in foot characteristics and body
composition when assessing foot function and plantar pressure distribution. 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. The Height exhibited
strong positive correlations with several parameters including Weight, Basal Metabolism,
Shoe Number, 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 metrics such as Fat Mass and Water Percentage, Lean Mass, and Shoe Number,
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as well as different foot-related measurements 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 further research to comprehensively understand the

implications of these differences on foot biomechanics and plantar pressure distribution.
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