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ABSTRACT 

 

Background: Body Mass Index (BMI), foot posture, and core muscles endurance are critical 

factors in the assessment of functional capacity and prevention of musculoskeletal dysfunction. 

Objective: To evaluate an association between BMI and foot posture and core muscle 

endurance among young adults. 

Methods: Through convenient sampling, data was obtained for an observational cross-

sectional study of 212 young adults (106 males,106 female) aged 18-25. BMI was calculated 

using WHO (World Health Organization) protocols. Foot posture was measured using Foot 

Posture Index (FPI-6), which categorized the feet as being pronated, normal, or supinated. Core 

muscle endurance was administered by prone plank test. All data were analyzed using SPSS 

v20, using Pearson correlation coefficient. 

Results: For females, the BMI values had a significant moderate positive correlation with left 

foot posture (r =0.576, p = <0.001) and right foot posture (r =0.585, p = <0.001). For males, 

there was also significant relationships between BMI and their left foot posture (r = 0.650, p = 

<0.001) and right foot posture (r =0.666, p = <0.001). The study found a significant negative 

correlation between BMI and core muscle endurance in males (r = -0.264, p = 0.006), and a 

non-significant value in females (r = -0.126, p = 0.197). 

Conclusion: Increased BMI is correlated with pronated foot posture in both groups of young 

adults studied. In fact, females were found to be at a greater risk of flat feet with an increased 

BMI. Furthermore, increased BMI was adversely associated with core muscle endurance 

especially in males. 

 

Keywords: Body Mass Index, Foot Posture Index, Prone Plank Test, Core Muscle Endurance, 

Young Adults. 

 

INTRODUCTION  

Young adulthood (aged 18 to 25 years) is a 

transitional stage of development 

characterized by extreme and dynamic 

physical, psychological, and lifestyle 

changes that will ultimately determine a 

person's long-term health outcomes 

including Body Mass Index (BMI) and 

musculoskeletal health [1,2]. Typically, 

during this time, young adults develop 

behaviors that persist a lifetime with respect 

to diet, physical activity, and stress 

management, which are all factors that 
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contribute to BMI and physical performance 

[1,3]. 

BMI is a useful anthropometric index in 

assessing populations of individuals as 

healthy, underweight, overweight, and obese 

and has been regarded to be a better overall 

health component in populations generally. 

In young adults, deviations from BMI have 

been shown to indicate possible earlier 

metabolic risk in addition to earlier 

musculoskeletal risks such as significant 

postural alignment changes, increased load 

on joints and loss of core stability which 

indicates they may have higher risks of 

developing non-communicable diseases later 

in life[2,4]. 

Foot posture, which can be categorized as 

neutral, pronated, or supinated, is typically 

assessed using the Foot Posture Index (FPI-

6), which has implications for postural 

control and lower limb function. Studies 

have identified higher BMI as potentially 

positively associated with pronated foot 

posture due to increased mechanical loading 

on the medial longitudinal arch, which can 

result in postural compensations and 

ineffective gait mechanisms [5,6]. Some 

studies maintain a moderate relationship 

between BMI and pronation in healthy adults, 

while others have noted inconsistent strength 

associations moderated by sex and activity 

level [6,7]. 

Core muscle endurance, defined as the ability 

of trunk muscles to maintain contraction over 

time, is important for spinal stability, load 

transfer, and dynamic postural control. 

Higher BMI is associated with decreased 

core muscle endurance, especially in 

sedentary, or overweight/obese young adults 

[2,3]. Research has demonstrated that 

overweight would perform poorly on 

endurance-based tests. It is suggested that 

overweight individuals have a bio-

mechanical and metabolic disadvantage 

[2,4]. 

While BMI, foot posture, and core muscle 

endurance have been studied in isolation, 

little research has been conducted on the 

combination of these three variables in young 

adults. A study with young college students 

has found a significant relation between 

higher BMI, altered foot posture, and lower 

core muscle endurance in males, but not in 

females [7]. This shows the value of early 

screening in physiotherapy practice to 

facilitate the detection and treatment of 

biophysical deviations in those in this age 

group in order to assist in injury prevention. 

 

MATERIALS AND METHODOLOGY  

Study Design and Study Setting: 

This research was designed as an 

observational cross-sectional study to 

investigate the relationship between body 

mass index (BMI), foot posture, and core 

muscle endurance in healthy young adults, 

and performed at SBB college of 

physiotherapy, Ahmedabad. The study 

protocol followed the terms of the 

declaration of Helsinki (2013 revision). 

Informed verbal consent was obtained from 

all the participants prior to the study. 

 

Participants: 

A total of 212 participants (106 males and 

106 females), aged 18–25 years, were 

recruited using a convenient sampling 

technique. 

 

Inclusion criteria: 

➢ Healthy individuals aged 18–25 years  

➢ Normal, Overweight, and Obese people  

➢ Both Gender 

 

Exclusion criteria: 

➢ Previous lower limb surgery or fractures 

➢ Congenital foot deformities or clinically 

diagnosed flat feet  

➢ Presence of pain, instability, or acute 

injury at the time of testing 

➢ Spinal or Musculoskeletal deformities 

➢ Foot problems like talus or calcaneal 

fractures or Plantar fasciitis 

 

Materials for Data collection: 

 Weighing machine 

 Stadiometer 

 Stopwatch 

 Exercise mat 

 Foot posture index sheet 
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PROCEDURE 

Participants (n = 212) from a population, 

consisting of 106 males and 106 females 

were chosen because they satisfied the 

inclusion criteria and were willing to take 

part in the present study. After getting a 

consent, Demographic data were obtained 

from the participants including their location 

of residence, their employment status, and 

their education level, lower limb dominant 

and non-dominant side and noted the 

information on the data collection form. The 

confidentiality of all participants was 

maintained, the participants' height and 

weight were measured and calculated the 

participants' Body Mass Index (BMI) and 

then completing the Foot Posture Index, 

according to how the subjects stood and the 

position being Static Foot Posture by Foot 

Posture Index -6 (FPI-6), Then completed the 

Core Stability test with a Prone Plank Test, 

in the Prone bridge position. 

1.Anthropometric Assessment: Height 

(cm) was measured using a stadiometer. 

Weight (kg) was recorded using a calibrated 

digital weighing scale. 

 

BMI was calculated using the formula: 

 

𝐵𝑀𝐼 =  
𝑊𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

𝐻𝑒𝑖𝑔ℎ𝑡 (𝑚2)
 

 

Classification of BMI was performed 

according to World Health Organization 

(WHO) criteria: underweight (<18.5 kg/m2), 

normal (18.5–24.9 kg/m2), overweight (25–

29.9 kg/m2), and obese (≥30 kg/m2) [8]. 

2.Foot Posture Assessment: The Foot 

Posture Index (FPI) evaluates and rates static 

foot posture on six criteria, in which the 

participant is standing relaxed in an upright 

posture. The six criteria are: (i) Talar head 

palpation (ii) observation of the curve above 

and below the lateral malleoli, (iii) frontal 

plane position of the calcaneus, (iv) The 

medial prominence of the talonavicular joint, 

(v) The congruence of the medial 

longitudinal arch, and (vi) The 

abduction/adduction of the forefoot on the 

rear foot. Each of the criteria is scored, -2 to 

+2, on a five-point scale, and are summed for 

a total score of -12 (highly supinated) to +12 

(highly pronated) [9]. 

 
                        Fig.1 (A)                                                Fig.1 (B)                                               Fig.(C) 

(Figure 1 (A, B, C = Foot posture assessment by FPI-6) 

 

3.Core Muscle Endurance Assessment: 

Core muscle endurance was evaluated using 

the Prone Plank Test, a reliable measure of 

trunk stability. Participants assumed a 

forearm plank position, maintaining a 

straight alignment of the head, trunk, and 

lower extremities. The endurance score was 

measured as the duration (in seconds) of 

holding the plank. The test was terminated 

when the participant could no longer sustain 

correct alignment, or Voluntary cessation 

occurred due to fatigue. 

 



Harsh Brahmbhatt et.al. Association of body mass index with foot posture types and core muscle endurance 

among young adults: an observational study 

                                  International Journal of Health Sciences and Research (www.ijhsr.org)  23 

Volume 15; Issue: 10; October 2025 

 
Figure 2. Prone Plank Test 

 

Figure 3. Method of the study 

 

STATISTICAL ANALYSIS 

Data analysis was done using Microsoft 

Excel and Statistical Package for the Social 

Sciences (SPSS) version 20. For 

demographic and clinical variables, 

descriptive statistics (mean and standard 

deviations) were calculated. Using the 

Pearson correlation coefficient, analysis was 

used to find out the relationship of body mass 

index (BMI), foot posture, and core muscle 

endurance in healthy young adults. A p-value 

of <.05 was considered statistically 

significant. 

 

RESULTS  

Total 212 (106 Males, 106 Females) young 

adults were studied. Descriptive statistics as 

shown in Table 1. 

 
Table 1. Demographic and Clinical Characteristic of Participants 

 

 

 

 

 
Table 2. Correlation of BMI with Left & Right foot posture and Core muscle endurance (* Shows 

Statistical Significance) 

 

 

 

 

 

The correlational analysis identified a 

statistically significant positive correlation 

between Body Mass Index (BMI) and foot 

posture in both males and females (Table 2). 

There was a positive correlation between 

BMI and left foot posture in males (r = 0.65, 

p < 0.001) and right foot posture in males (r 

= 0.66, p < 0.001). Similar results were found 

in females as positive correlations were 

found in BMI with left foot posture (r = 

COMPONENTS MEAN + SD 

Age (years) 21.98 + 2.03 

BMI (Body Mass Index) (kg/m2) 23.02 + 4.11 

Prone Plank Test (sec) 42.40 + 25.74 

Variable Male (r, p) Female (r, p) 

BMI – Left Foot Posture 0.65, <0.001* 0.576, <0.001* 

BMI – Right Foot Posture 0.66, <0.001* 0.585, <0.001* 

BMI – Core Muscle Endurance -0.264, 0.006* -0.126, 0.197 

Total 212 participants were assessed and Informed consent was taken 

Demographic data was taken 

Different Foot Types (normal, pronated & supinated) were assessed by Foot 

Posture Index-6 (FPI-6) 

BMI was calculated according to WHO criteria 

Core muscle endurance was evaluated through a Prone Plank test 
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0.576, p < 0.001) and with right foot posture 

(r = 0.585, p < 0.001). BMI significantly 

correlated negatively with core muscle 

endurance in males (r = -0.264, p = 0.006), 

while the correlation between BMI and core 

muscle endurance in females was weakly 

negatively correlated and was not 

statistically significant (r = -0.126, p = 

0.197). 

 

                 Figure 4 (A) Analysis of Dominant               Figure 4 (B) Analysis of non-dominant Side foot  

                 Side foot posture                                             posture 

 

The dominant side foot posture was normal 

in 58.49% of participants, pronated in 

33.96%, and highly pronated in 7.54% of 

participants. The non-dominant side foot 

posture was normal in 60.84% of 

participants, pronated in 33.01%, and highly 

pronated in 6.13% of participants. The 

frequency of normal posture was slightly 

higher on the non-dominant side than the 

dominant side, while pronated and highly 

pronated posture was slightly more frequent 

on the dominant side as per shown in Fig 4 

(A, B). 

 

DISCUSSION  

The Current research revealed BMI was 

associated with foot posture in both 

populations in Females reported more 

pronation than Males suggesting a greater 

BMI would contribute an increased risk of 

flat feet accepting increased loading on the 

medial arch. Differences in Obesity and 

musculoskeletal between males and females 

can be responsible for variations in core 

endurance and foot posture between both 

genders. All the studies reveal that optimal 

foot mechanics as well as trunk stability 

require healthy BMI in young adults in order 

to avoid the risk of musculoskeletal 

dysfunction. 

Zhang et al. (2024) documented higher 

prevalence of flatfoot and abnormal plantar 

pressure distribution in adolescents with 

elevated BMI, deducing that body excess 

weight is an etiological factor for flatfoot 

development that has to be treated early 

enough to avoid subsequent musculoskeletal 

complications due to higher body mass that 

increases plantar loading and hastens arch 

collapse [10]. Canca-Sánchez et al. (2024) 

concluded that BMI, foot posture, and some 

demographic factors are predictors of foot 

pain, noting that correction of foot posture 

and weight control are imperative to 

lowering morbidity in the feet most probably 

secondary to changed biomechanics and 

greater stress upon weight-bearing structures 

[11]. Likewise, Aydoğan et al. (2024) 

discovered that overweight university 

students manifested worse trunk endurance 

and mobility, and they concluded that 

functional capacity worsens as BMI 

increases and should be controlled with 

intervention methods because excess weight 

elevates mechanical demand and 

compromises neuromuscular efficiency [3]. 

Tank et al. (2023) concluded that higher BMI 

was negatively correlated with plank holding 

time in rural children, indicating that 

overweight children demonstrate lower core 

DOMINANT SIDE 

NORMAL 

PRONATED 

HIGHLY PRONATED 

7.54% 

33.96 
% 58.49 

% 

NON-DOMINANT SIDE 

NORMAL 

PRONATED 

HIGHLY PRONATED 
6.13% 

33.01 
% 60.84 

% 
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endurance, as excess body mass increases 

mechanical demand on trunk stabilizers and 

leads to earlier fatigue [12]. Almutairi et al. 

(2022) documented a significant correlation 

between plank endurance and balance 

capacity, and they concluded that 

compromised postural stability could be 

caused by less core strength in persons with 

excessive body weight, as added mass 

impairs neuromuscular control and 

efficiency of balance [13]. 

Rosende-Bautista et al. (2021) found that 

greater BMI alters the structure of the medial 

arch and emphasized the need to consider 

this during clinical examination, as excess 

body mass increases plantar loading and 

lowers arch height [14]. Khan et al. (2020) 

reported that women are more prone to 

pronation, concluding that BMI and sex both 

influence foot posture and must be 

considered during assessment, since higher 

weight and structural differences between 

sexes affect alignment and loading patterns 

[6]. 

De Carvalho et al. (2017) investigated 

adolescents and found that BMI and gender 

were correlated with Foot Posture Index 

scores, indicating that body composition and 

sex differences guide foot posture, likely 

because excess body mass alters lower limb 

alignment while sex-related structural 

variations influence foot mechanics [15]. 

Similarly, AlAbdulwahab et al. (2016) 

established a positive correlation between 

BMI and pronated foot posture and a 

negative correlation with core stability, 

concluding that overweight influences 

biomechanics and trunk endurance, as the 

added load increases medial arch collapse 

and challenges neuromuscular control of the 

trunk [4]. Aurichio et al. (2011) also reported 

that obese women presented with flatter feet 

and obese men with more pronated feet, 

concluding that BMI affects foot type due to 

altered mechanical loading, since greater 

body weight increases plantar pressure and 

changes load distribution [16]. Finally, 

Mayer et al. (2012) reported reduced trunk 

endurance in obese adults and concluded that 

excess body mass adversely affects core 

stability and may predispose individuals to 

back dysfunction, which can be attributed to 

increased mechanical demand on trunk 

muscles and fat infiltration reducing muscle 

efficiency [17]. 

Overall, these findings are in accord with our 

findings that BMI enhances risk for pronated 

foot posture and decreased core endurance 

among young adults, with females at higher 

risk of flatfoot and males with decreased 

trunk endurance. Together, these findings 

further emphasize the importance of weight 

management, foot posture screening, and 

core stability training as pillars of 

musculoskeletal health maintenance in 

young adults. 

 

CONCLUSION  

The study disclosed a strong association of 

BMI to foot posture for both males and 

females, although females exhibited higher 

levels of pronation than males, suggesting 

the relative risk of developing flat feet, 

increases because of their higher BMI. BMI 

negatively correlated to male core muscle 

endurance, suggesting increases in body 

mass decrease trunk stability. 

 

Limitations  

➢ Factors like physical activity level, diet, 

type of footwear, and previous history of 

musculoskeletal injuries were 

uncontrolled confounding variables. 

➢ BMI alone was used as the measure of 

body composition, without assessment 

of body fat percentage or muscle mass. 

 

Future Recommendations  

➢ Future studies should utilize better 

methods for examining body 

composition beyond BMI, for example, 

Skinfold Caliper measurements, in 

combination with Waist-to-Hip Ratio 

(WHR), allow more precise 

characterization of adiposity. 

➢ Lifestyle factors (including physical 

activity levels, diet, nutrition, and 

lifestyle factors related to footwear) 

should also be studied to evaluate their 
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contribution to foot posture and core 

endurance capabilities. 

➢ There should also be long-term 

intervention programs that evaluate 

weight loss, targeted foot posture 

correction, and core muscle 

strengthening intent to design a 

preventative physiotherapy approach. 
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