


Prevalence of Flatfoot Primary School Children and its Relationship with BMI and Gender


ABSTRACT
Background and Objective: Flatfoot is a morphological medical condition of the feet caused by fallen MLA or no MLA at all. Each person at the tender toddler ages of life and it becomes a concern if it persists in a child older than 6 years old. The aim of this study was to determine the prevalence of flatfoot in Obio-Apkor local government area, rivers State, Nigeria and its relationship with BMI and Gender. 
Materials and Method: 480 primary school children from over 10 randomly selected schools participated in this study. Demographic data and footprints from which flatfoot was determined by calculating with Staheli Plantar Arch index method was obtained. 
Results: It showed that the prevalence of flatfoot was 13.33% (64 participants). The males had more incidence of flatfoot than the females in the ratio 52:12 which was 21.67% and 5% respectively. Unilateral flatfoot was more than bilateral flatfoot. There were strong positive significant correlations between BMIM and BMIF (r = 0.946, p ≤ 0.01), PAIRLF and PAILLF (r = 0.662, p ≤ 0.01) and between PAIRLM and PAILLM (r = 0.759, p ≤ 0.01). Nonetheless, there was a significant difference between PAIF and PAIM and no significance between PAI and BMI. 
Conclusion: Schools are the best and right place to investigate the prevalence of flatfoot in children. Many works show that boys have been found to have more of flatfoot condition than girls. Flatfoot in children is mostly flexible and should not be treated at all but if it persists till teenage years of a child immediate treatment measures should be taken to reverse the situation.
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INTRODUCTION
The human foot forms the structural basis for bipedal locomotion and is an intricate anatomical unit composed of 26 bones and more than 30 synovial joints. It provides stability during standing, elasticity during walking, and adaptability to different ground surfaces. Because the foot functions within a closed kinetic chain, any structural misalignment at this level may influence, and be transmitted to, proximal segments of the lower limb (Oladipo et al., 2008; Bob-Manuel and Ogoun, 2021; Tomasiak et al., 2022; Nourbakhsh et al., 2025; Vimal et al., 2026). Considerable variation exists in foot length and width among individuals, affecting both males and females (Bob-Manuel and Didia, 2008). The evolutionary development and structural specialization of the lower limb and foot contribute to a stable and upright posture, distinguishing humans from other mammals (Rithanya et al., 2018). Furthermore, the foot is capable of supporting body weight efficiently due to the coordinated interaction of its three arches (Gwani et al., 2017).
The osseous architecture of the foot is conventionally divided into three principal regions: the hindfoot, comprising the talus and calcaneus; the midfoot, consisting of the cuboid, navicular, and three cuneiform bones; and the forefoot, which includes the metatarsals and phalanges. Collectively, these structures form three anatomical arches: the transverse arch, the lateral longitudinal arch, and the medial longitudinal arch. The structural configuration and functional adaptability of these arches are fundamental to shock attenuation, efficient load distribution, forward propulsion during gait, and the maintenance of postural stability. Notably, the medial longitudinal arch is more elevated than the lateral longitudinal arch and exhibits variable curvature, particularly under weight-bearing conditions (Patel et al., 2021; Vimal et al., 2026). Disruption or deformation of any of these arches compromises normal foot mechanics, often leading to difficulties with gait and balance, thereby interfering with an individual’s functional daily activities. In children, foot structure is not static but undergoes continuous change as a result of physical growth and ongoing neuromuscular maturation (Sarkodie-Gyan and Yu, 2023; Kardm et al., 2025).
The medial longitudinal arch is the arch of importance and relevant as it concerns flat foot (Heba et al., 2015; Shen et al., 2025). It is also of great importance to determine pes rectus and pes cavus. Flatfoot is also known as pes planus; pes rectus connotes a normally aligned foot while the pes cavus is characterized with an abnormally high arched foot with an inverted calcaneus. Flatfoot is a condition of a decrease in the medial longitudinal arch (MLA) of the foot (Heba et al., 2015). Flatfoot is commonly observed in infants and children and typically resolves spontaneously by adolescence. It is therefore regarded as a physiological condition, as it is generally flexible, asymptomatic, and not associated with functional impairment, with spontaneous structural development occurring over time. However, in a minority of cases, flatfoot may become painful or rigid, potentially indicating an underlying pathological condition such as arthritis or tarsal coalition (James et al., 2016)
[bookmark: _Hlk83278835]Flatfoot can be categorized into two that is flexible or rigid flatfoot. Flexible flatfoot is asymptomatic and when there is no weight bearing it tends to have a foot arch body. Upon standing or weight bearing the flexible flatfoot loses its arch. This is not the case for rigid flatfoot. Rigid flatfoot conditions are usually symptomatic with pain and discomfort (Witari et al.,2018). Rigid flatfoot is a pathological deformity that may arise from congenital or acquired aetiologies, including structural abnormalities, collagen disorders, musculoskeletal anomalies, trauma, spasticity, or neuromuscular conditions. In contrast to flexible flatfoot, which generally does not necessitate intervention, rigid flatfoot typically requires appropriate clinical management (Ezema et al., 2013). This study is aimed at determining the prevalence to flat foot using PAI and its relationship with BMI.
METHODOLOGY
The research design was a cross-sectional study and was conducted from February to September 2021 in ten primary schools located in Obio-Akpor LGA. Simple random sampling technique was used and according to Taro-Yamane’s formula 1997, sample size required for this study was 400. Four hundred and eight (480) students who parent consented participated in the study. 
The inclusion criteria involved students within ages 3-9 in the randomly selected schools. Pupils with no form of limb paralysis, accident or deformity, injury and with no history of foot surgery. Exclusion criteria included sick children and those who did not meet up with the inclusion criteria. Demographic data of every participant was taken. The height of each subject was measured to the nearest 0.01m while standing in anatomical position with back resting on the wall, using a measuring tape. The weight was also measured to the nearest 0.5kg using a scale with the subject on bare foot both for the weight and height measuring procedures. 
The Body Mass Index was calculated using the formula;
BMI = Body weight in kilogram ÷ (Height in meters)2
The subject was considered underweight if the BMI was less than 18.5kg/m2, normal weight if between 18.5 and 24.9kg/m2 overweight if BMI was between 25 and 29.9kg/m2 and obese if it was greater than 30kg/m2.
[bookmark: _GoBack]The flatfoot evaluation was obtained by means of the foot print and Staheli Plantar Arch Index which establishes the ratio between the central and posterior regions of the foot print. Following imprinting of the foot onto A4 paper, the resulting footprint was evaluated using the Staheli Plantar Arch Index (PI). A straight line was drawn with a lead pencil tangential to the medial border of the forefoot at the heel region, and its midpoint was identified. From this midpoint, a perpendicular line was constructed to intersect the footprint. An identical procedure was subsequently applied at the point of heel tangency. Two perpendicular distances were then measured. The first distance (A) represented the width of the inked area extending from the medial to the lateral border at the midfoot region. The second distance (B) represented the width of the inked area extending from the medial to the lateral border at the rearfoot region. The Plantar Arch Index was calculated as the ratio of A to B. An individual was classified as having flatfoot where the PI value exceeded 1.15. The Staheli Plantar Arch Index is a well-validated method for the assessment of plantar arch characteristics. Adopted from Ezema et al., (2013) and many other researchers.
Descriptive statistics of mean and standard deviation is used to establish cut-offs and social demographic variables shall be analyzed. Categorical variables were analyzed using T-test analysis and ANOVA. The gender variability of participants was also grouped and compared with the prevalence of flatfoot. All these were analyzed using Statistical Package for Social Sciences (SPSS) version 23.0.

RESULTS
There were 240 (50%) female participants and 240 (50%) male participants totaling 480 participants. 228 (95%) girls had normal feet, 8 (3.33%) had unilateral flatfoot condition of either the left or right foot while 4 (1.67%) had bilateral flatfoot giving a total of 12 (5%) flatfoot incidence in the females. 188 (78.33%) boys had normal feet, 36 (15.00%) had unilateral flatfoot condition of either the left or right foot while 16 (6.67%) had bilateral flatfoot giving a total of 52 (21.67%) boys with flatfoot incidence. Of the total 480 (100%) participants, 416 (86.67%) were free from flatfoot, 44 (9.17%) had unilateral flatfoot and 20 (4.17%) had bilateral flatfoot condition giving a total of 64 (13.33%) flatfoot incidence.  
Table 1 The percentage distribution of Normal foot, Unilateral flatfoot, Bilateral flatfoot and Total flatfoot.
	GENDER
	Frequency
	NORMAL FOOT
	UNILATERAL FLATFOOT
	BILATERAL FLATFOOT
	TOTAL FLATFOOT

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%

	Female 
	240
	50.00
	228
	95.00
	8
	3.33
	4
	1.67
	12
	5.00

	Male
	240
	50.00
	188
	78.33
	36
	15.00
	16
	6.67
	52
	21.67

	TOTAL 
	480
	100.00
	416
	86.67
	44
	9.17
	20
	4.17
	64
	13.33



Table 2: Descriptive Statistics of FEMALE DEMOGRAPHIC DATA
	Parameters (N = 240)
	MIN
	MAX
	Mean
	SD

	AGE
	3.00
	9.00
	6.08
	1.87

	HEIGHT
	0.90
	1.41
	1.16
	0.13

	WEIGHT
	10.00
	32.00
	19.00
	4.92

	BMI
	8.73
	21.15
	13.88
	1.96



Female demographic data involving 240 respondents with measured weight, height and BMI. The mean age was 6.08 years and range were 3.00 - 9.00. The mean height was 1.16 and range was 0.90 - 1.41m. Mean weight was 19.00 and range was 10.00 - 32.00kg. The mean of BMI was 13.88 and range was 8.73 - 21.15.




Table.3 Descriptive Statistics of MALE DEMOGRAPHIC DATA
	Parameters (N = 240)
	MIN
	MAX
	Mean
	SD

	AGE
	3.00
	9.00
	5.78
	1.98

	HEIGHT
	0.95
	1.77
	1.17
	0.14

	WEIGHT
	10.00
	30.00
	18.90
	4.83

	BMI
	5.11
	19.20
	13.82
	2.01



Male demographic data involving 240 respondents with measured weight, height and BMI. The mean age was 5.78 and range was 3.00-9.00. The mean height was 1.17 and range was 0.95 - 1.77m. Mean weight was 18.90 and range was 10.00 - 30.00kg. The mean of BMI was 13.82 and range was 5.11 - 21.15.

Table 4 Correlations between measured parameters
	 Parameters
	BMIF
	BMIM
	PAIRLF
	PAIRLM
	PAILLF
	PAILLM

	BMIF
	Pearson Correlation
	1.000
	.946**
	-0.066
	0.224
	-0.043
	0.223

	
	Sig. (2-tailed)
	
	0.000
	0.619
	0.085
	0.745
	0.087

	BMIM
	Pearson Correlation
	.946**
	1.000
	-0.061
	0.164
	0.015
	0.165

	
	Sig. (2-tailed)
	0.000
	 
	0.644
	0.212
	0.907
	0.206

	PAIRLF
	Pearson Correlation
	-0.066
	-0.061
	1.000
	-0.107
	.662**
	0.049

	
	Sig. (2-tailed)
	0.619
	0.644
	
	0.417
	0.000
	0.712

	PAIRLM
	Pearson Correlation
	0.224
	0.164
	-0.107
	1.000
	-0.228
	.759**

	
	Sig. (2-tailed)
	0.085
	0.212
	0.417
	 
	0.079
	0.000

	PAILLF
	Pearson Correlation
	-0.043
	0.015
	.662**
	-0.228
	1.000
	-0.048

	
	Sig. (2-tailed)
	0.745
	0.907
	0.000
	0.079
	
	0.714

	PAILLM
	Pearson Correlation
	0.223
	0.165
	0.049
	.759**
	-0.048
	1.000

	
	Sig. (2-tailed)
	0.087
	0.206
	0.712
	0.000
	0.714
	 

	N
	240

	**. Correlation is significant at the 0.01 level (2-tailed).


BMIF: Body mass index female, BMIM: Body mass index male, PAIRLF: Plantar arch index right leg female, PAIRLM: Plantar arch index right leg male, PAILLF: Plantar arch index left leg female, PAILLM: Plantar arch index left leg male.

From table 4 above, there was a strong positive correlation between BMIF and BMIM (r=0.946, p=0.000). PAIRLF also had a strong positive correlation with PAILLF (r=0.662, p=0.000). Finally, there was a strong positive correlation between PAIRLM and PAILLM (r=0.759, p=0.000). 
Table 5 Paired t-test analysis of paired measurements
	Parameter (N = 240)
	Mean
	SD
	SEM
	t
	Df
	Sig. (2. tailed)
	Inference

	Pair 1
	BMIF
	13.88
	1.95
	0.18
	0.921
	239
	0.359
	 Not significant

	
	BMIM
	13.82
	2.00
	0.18
	
	
	
	

	Pair 2
	PAIF
	0.81
	0.22
	0.02
	-3.128
	239
	0.002
	Significant

	
	PAIM
	0.91
	0.22
	0.02
	
	
	
	



Table showing paired T- test of paired samples. There was a significant difference between PAIF and PAIM. There was no significant difference between BMIF and BMIM.


DISCUSSION
This present study was conducted to know the prevalence of flatfoot among primary school children in Obio/Akpor Local Government Area of Rivers State and to examine its association with body mass index and gender. The study population comprised 480 children, with equal representation of males (240) and females (240), aged between 3 and 9 years, and a mean age of 6.08 ± 1.87 years. Existing literature indicates that flatfoot is more common in children due to ligamentous laxity, which progressively reduces with increasing age. Reported prevalence rates show that between 21% and 57% of children aged 2 to 6 years have flexible flatfoot. This prevalence declines to about 13–28% during the elementary school years. Among adolescents aged 11 to 16 years, the prevalence is reported to be approximately 42%, with 23% presenting with bilateral flatfoot and 19% with unilateral involvement. In young adults aged 18 to 21 years, the prevalence further decreases to 13.6%, with females showing a slightly higher rate (14.4%) compared to males (12.8%). Additionally, several studies have documented that the prevalence of flatfoot in the general adult population ranges from 5% to 14% (Ibrahim et al., 2019; Patel et al., 2021; Vimal et al., 2026).
However, in the present study the prevalence of flatfoot in this study was 13.33% (64 children). It was found to be higher in males than in females by 16.67% (21.67% : 5.00% respectively). This study agrees with Bordin et al., (2001) in Italy who reported that flatfoot was more in boys than in girls in the ratio 18% : 14.6% also with Moshen et al., (2016) in Iran, Witari et al., (2018) in Indonesia and Umar and Paul (2010) in Nigeia. Consequently, Kamali et al., (2008) had results showing that females were prevalent by 11.8%. This current study showed that flatfoot was more in boys than in girls. There was more unilateral flatfoot incidence than bilateral in the ratio 36:16 in males. The same occurred in female subject but in the ratio 8:4 respectively. Therefore, the total flatfoot prevalence in this study was more unilateral that is on either foot than on both feet (bilateral). Female demographic data was observed to be higher in value than in male subjects especially in weight and BMI. Mean weight for females was 19.00 ± 4.92kg with range 10.00 – 32.00kg compared to males 18.90 ± 4.83kg for mean and ranges from 10.00 – 30.00kg. BMI for female was also found to be higher than the male participants. This is highly contradictory to the flatfoot prevalence amongst this same population. BMI for female participants had a range of 8.37 – 21.15kg/m2 with mean of 13.88 ± 1.96kg/m2 compared to males with range 5.11 – 19.20kg/m2 and mean values 13.82 ± 2.01kg/m2. Paired t-test analysis showed a significant difference between PAIF and PAIM but there was no significant difference between BMIF and BMIM.
The present study showed no significant correlation between PAI and BMI at p ≤ 0.01 but there was a strong significant positive correlation between BMIM and BMIF (r = 0.946, p ≤ 0.01). PAIRLF had a strong positive correlation with PAILLF (r = 0.662, p ≤ 0.01). Likewise, PAIRLM had a strong significant positive correlation with PAILLM (r = 0.759, p ≤ 0.01). Heba et al., (2015) reported too that there was a significant positive correlation (r = 0.70, p≤0.05) for BMI in males and females within ages 8 – 10 years. This was the same case; a positive significant correlation (r = 0.57, p≤0.05) for PAIR between males and females of ages 8 – 10 years. A significant positive correlation (r = 0.79, p≤0.05) was recorded for PAIL of both male and female participants between ages 8 – 10 years. At ages 10 – 12 years there was no significant correlation for BMI but there was a positive significant correlation in PAIR (r = 0.69, p≤0.05) and in PAIL (r = 0.66, p≤0.05). Also, at ages 12 – 14 years BMI for both male and female participants showed positive strong significant correlation (r = 0.76, p≤0.05). PAIR also had a strong positive significant strong correlation (r = 0.78, p≤0.05), PAIL was also significantly correlating (r = 0.77, p≤0.05) for male and female participants in age range 12 – 14 years. 
This current study showed that there was a strong correlation between the right and left foot of any individual in that geographic location. Arnaldo et al., (2007) reports that there was no significant difference found in plantar indexes for different ages, this was in agreement to this study. Also, there was no significant difference in the study of planter arch indexes between genders. 
CONCLUSION
Schools are the right place to evaluate the prevalence of flatfoot in children. Foot prints has been found to be cost effective and if measurements are carefully taken it will yield an accurate result. The prevalence of flat foot varies from one geographical location to another although most studies including this current study have found males to be higher in prevalence, this should not be a yard stick to classifying other populations until verified and carefully conducted research is done. There was sexual dimorphism between selected measured parameters but there was no relationship between BMI and PAI
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