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Background: Pediatric flatfoot is a prevalent musculoskeletal condition that 

may impair gait patterns, posture, and quality of life. Despite its clinical 

importance, only a few studies have explored how its prevalence and risk 

factors vary across different sociocultural settings. To date, no study has 

directly compared pediatric flatfoot between the two countries. Therefore, 

this study aimed to determine the prevalence of pediatric flatfoot and identify 

the associated modifiable risk factors among schoolchildren from two 

different countries representing urbanized and resource-limited settings.

Methods: A cross-sectional study was conducted between December 2023 

and February 2025 among the schoolchildren aged 7–14 years with a total 

number of 4,205 in Kunming, China, and Kandahar, Afghanistan. Foot 

morphology was assessed using an optical podoscope, and flatfoot was 

classified using a line-based footprint method. Anthropometric data and 

information on footwear, physical activity, and foot pain were collected using 

standardized questionnaires. Logistic regression analysis was used to identify 

the independent risk factors.

Results: The overall prevalence of flatfoot was 12.8%, with 11.0% in Kunming 

and 14.6% in Kandahar. Flatfoot is more common in boys, children aged 11– 

14 years, and urban residents. Obesity, insufficient physical activity, closed- 

toe footwear, and foot pain were significantly associated with higher odds of 

the flatfoot with consistent patterns across both sites. Most cases were 

bilateral, and approximately one-fifth were classified as severe.

Conclusion: Pediatric flatfoot remains a widespread condition among school- 

aged children in both urban and resource-limited settings. Its strong and 

consistent links with modifiable factors such as body mass index, physical 

activity, footwear, and foot pain highlight the need for early school-based 

screening and prevention programs that encourage active lifestyles, healthy 

body weight, and the use of proper footwear. These results offer valuable 

cross-cultural insights to support pediatric foot health and guide future 

preventive initiatives.
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Introduction

The human foot provides the structural foundation for 

upright posture and locomotion. It transmits forces between 

the body and the ground through 26 bones, 33 joints, and 

more than 100 muscles, ligaments, and tendons (1). The 

longitudinal and transverse arches of the foot play an 

important role in balance creation and efficient movement. 

The medial longitudinal arch (MLA) is particularly important 

for distributing the weight and absorbing the shock (2). 

Pediatric )atfoot or pes planus is defined by the collapse or 

absence of the MLA, which produces partial or complete sole- 

to-ground contact. The two clinical patterns are recognized: 

)exible )atfoot, in which the arch reappears when non-weight 

bearing, and rigid )atfoot, in which the arch remains absent 

regardless of position and is more often associated with the 

underlying pathology (3). Flatfoot is common in children 

whose skeletal structures are still developing. However, the 

MLA continues to mature through the first decade of life (4). 

Most cases of )exible )atfoot in children are physiologic and 

typically resolve spontaneously with growth. These cases are 

generally painless and do not impair function. However, a 

subset of children exhibit persistent, symptomatic, or rigid 

)atfoot, which can be associated with discomfort, altered gait, 

postural imbalance, and long-term complications such as 

ankle or knee pain, plantar fasciitis, and reduced quality of 

life (5, 6). Without intervention, persistent cases rarely 

resolve spontaneously and may progressively worsen, 

highlighting the importance of early recognition and 

management (7). The Prevalence estimates vary by the age 

and assessment method; ∼21%–57% in children aged 2–6 

years, ∼13.4%–27.6% in primary-school children, and ∼5%– 

14% in adults (8). Consistent risk factors include male sex, 

younger age, and elevated body mass index (BMI) (9, 10). 

Urban environments are often associated with lower physical 

activity levels and more structured footwear use, factors that 

have been identified as contributors to weaker foot 

musculature and an increased risk of pediatric )atfoot (11). 

Within this context, Kunming represents an urbanized setting 

included in the present study. Conversely, in resource-limited 

areas such as Kandahar, limited access to appropriate 

footwear and preventive care presents distinct developmental 

challenges. This contrast highlights the importance of shoe 

practices; empirical evidence indicates that children who 

spend a greater proportion of time barefoot have a lower 

prevalence of )atfoot compared with those who begin wearing 

shoes at an earlier age (12). Despite a growing body of 

literature, no comparative study has used standardized 

school-based screening across the two countries to examine 

the associated factors and similarities. The current study aims 

to address this gap by evaluating schoolchildren who are 

between 7 and 14 years old in Kunming, China, and 

Kandahar, Afghanistan. These two groups differ in several 

aspects such as urbanization, socioeconomic status, footwear 

habits, and access to medical facilities. Using an optical 

podoscope with a line-based footprint classification, we 

estimate the prevalence of )atfoot and assess associations with 

demographic, anthropometric, and lifestyle factors (age, 

gender, residence, BMI, footwear, physical activity, and foot 

pain). We aim to provide comparable evidence across the 

urbanized and resource-limited environments.

Methods

Study area

The study was conducted in Kunming, Yunnan Province, 

China, and Kandahar, Kandahar Province, Afghanistan. These 

locations were selected to allow direct comparison between an 

urbanized setting (Kunming) and a resource-limited context 

(Kandahar).

Study design and population

This school-based, cross-sectional comparative study was 

conducted from 13 December 2023 to 25 February 2025, among 

primary-school children aged 7–14 years. All enrolled students 

within this age range in the selected schools were eligible. The 

exclusion criteria were congenital foot deformities other than 

)atfoot, prior lower-limb surgery, or lack of consent/assent. This 

study was conducted in accordance with the Declaration of 

Helsinki and was reviewed and approved by the Ethics 

Committee of Yan’an Hospital affiliated to Kunming Medical 

University, China (Approval No. 2025-339-01), and by the 

Ethics Committee of Mohmand Hospital, Malalay University, 

Kandahar, Afghanistan (Approval No. 345-M-KD334). The 

objectives of the study were outlined, and privacy and 

confidentiality were guaranteed before participation. Consent 

with parents/guardians was written, and consent with children 

was obtained. All procedures were conducted in line with the 

applicable rules and standards.

Sampling procedure and sample size

Schools were selected using stratified random sampling to 

ensure the proportional representation of urban and rural 

settings. In Kunming, 2,200 eligible students from 7 schools 

(4 urban, 3 rural) were included; in Kandahar, 10 schools 

(6 urban, 4 rural) were included (2,200 eligible students). 

A total of 4,400 children were eligible; 2,050 from Kunming and 

2,155 from Kandahar completed the study, with a total of 4,205 

participants, and the participation rate was 95.6%.

Abbreviations  

BMI, body mass index; MLA, medial longitudinal arch; AOR, adjusted odds 
ratio; COR, crude odds ratio; CI, confidence interval; SD, standard deviation; 
IQR, interquartile range; SPSS, Statistical Package for the Social Sciences; 
WHO, World Health Organization; p, p-value; BMI-for-age, body mass 
index-for-age.
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Pilot study

Before the main data collection, a pilot study of 50 participants 

was conducted to assess the clarity of the questionnaire, test the 

feasibility of the measurement procedures, and evaluate inter- 

observer reliability among examiners. The children included in 

the pilot were excluded from the final analysis. Inter-observer 

agreement was high with Cohen’s kappa values exceeding 0.80 

indicating excellent reliability.

Data collection tools

A structured, pilot-tested questionnaire was used to collect 

sociodemographic characteristics, physical activity, footwear 

habits, and foot pain. Anthropometry used a calibrated 

stadiometer (0.1 cm) and digital scale (0.1 kg). Measurements 

were taken with children barefoot and in light clothing. Plantar 

images were obtained using a podoscope, an optical foot 

assessment, and a recording device equipped with an LED 

perimeter and a mirrored base (Figure 1).

Data collection procedures

Children stood barefoot on the podoscope in a standardized 

bipedal stance. Weight was distributed evenly, and the children 

maintained a forward gaze. The device captured a clear plantar 

image for each foot. On each image, three reference lines were 

drawn: (1) a medial tangent from the great toe to the heel, (2) a 

line from the third toe to the heel center, and (3) the angle 

bisector of lines 1 and 2 (13). No discomfort or adverse events 

were recorded and addressed per protocol. Flatfoot was classified 

according to the medial arch position relative to three reference 

lines (Figure 2) as follows. Normal arch: medial arch edge does 

not cross line (2). Mild )atfoot: medial arch edge lies between 

lines 2 and 3. Moderate )atfoot: medial arch edge lies between 

lines 1 and 3. Severe )atfoot: medial arch edge crosses line 1 

(13). Severity was assigned per foot, and laterality (unilateral/ 

bilateral) was recorded. Children were considered )atfooted if 

either foot met the criteria, as unilateral )atfoot is clinically 

relevant and is commonly included in prevalence estimates in 

school-based screening studies.

Operational definitions

Physical activity was categorized as sufficient (≥180 min per 

week) or insufficient (<180 min per week) (14). Footwear type 

was defined as closed-toe shoes (covering the entire foot, 

including the heel) or sandals (a sole secured by straps). BMI 

categories followed the WHO 2007 BMI-for-age standards: 

underweight (greater than −2 SD), normal (−2 SD to +1.99 

SD), overweight (+1 SD to +2 SD), and obese (less than +2 SD) 

(15). Flatfoot status used the line-based method described above. 

A child was considered )atfooted if either foot met the )atfoot 

criteria, with severity graded as mild, moderate, or severe, and 

laterality (unilateral/bilateral) recorded.

Study variables
The dependent variable was )atfoot, whereas the independent 

variables included age, sex, residence (urban/rural), BMI, footwear 

type, physical activity, and foot pain.

Quality control

All data were collected by the trained medical staff under the 

supervision of orthopedic specialists. Standardized training 

FIGURE 1 

Podoscope-based plantar image acquisition process. (A) A participant stands barefoot on an LED podoscope with the plantar surface clearly visible 

through the mirrored base. (B) The reflected plantar images are transferred to a computer for assessment of foot arch characteristics.
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sessions and the pilot study ensured the feasibility of the tool and 

inter-rater agreement. Standardized manuals, identical data 

collection forms, and regular monitoring visits helped maintain 

uniformity across sites. The anthropometric equipment was 

calibrated weekly during the study period.

Data processing

At the end of each day, questionnaires and measurement 

sheets were checked for completeness and internal consistency. 

Data were then coded and entered twice into SPSS v29.0 (IBM, 

Armonk, NY, USA). Supervisors reviewed and resolved any 

discrepancies. Once resolved, a de-identified analysis dataset was 

locked before modeling.

Statistical analysis

Categorical variables were summarized as counts and 

percentages, whereas continuous variables were summarized as 

means (SD) or medians (IQR) after assessing normality 

(Shapiro–Wilk). Group differences were tested with chi-squared 

tests. Associations with )atfoot were examined using binary 

logistic regression, first bivariable and then multivariable, 

reporting crude and adjusted odds ratios (95% CIs). The 

multivariable model included age, sex, BMI, residence, and site 

a priori, with additional covariates retained if bivariable p ≤ 0.25. 

Model fit and assumptions were assessed using the Hosmer– 

Lemeshow test and variance in)ation factors. Standard errors 

were cluster-robust at the school level. Primary analyses used 

complete-case data, and statistical significance was set at two- 

tailed p < 0.05. Analyses were performed in SPSS v29.0.

Results

A total of 4,205 schoolchildren were examined, including 2,050 

from Kunming, China, and 2,155 from Kandahar, Afghanistan. The 

overall participation rate was 95.6%. The baseline demographic and 

lifestyle characteristics are summarized in Table 1. The distribution 

of sex differed between the sites with a higher proportion of boys in 

Kandahar than in Kunming (p < 0.05). The older children group 

(11–14 years) was more represented in Kandahar (51.9%) than in 

Kunming (47.4%; p < 0.05). BMI categories also varied significantly 

(p < 0.05): underweight was more common in Kandahar, whereas 

overweight and obesity were slightly more frequent in Kunming. 

Urban residence predominated in Kunming at 75.2% compared with 

Kandahar at 62.7%. Moreover, footwear patterns showed striking 

differences between the two groups (p < 0.05). Most children in 

Kunming wore closed-toe shoes (70.6%), whereas sandals were 

predominant in Kandahar with 61.9%. No significant differences 

were observed between the two sites in physical activity (≥180 min/ 

week) or reported foot pain in the preceding 6 months (both p > 0.05).

The overall prevalence of the )atfoot was 12.8%, 540/4,205 

with a higher prevalence in Kandahar compared with Kunming 

(14.6% vs. 11.0%). Flatfoot prevalence was greater among boys 

than girls in Kandahar with 18.2%, while the sex difference was 

less pronounced in Kunming with 12.3% (overall p < 0.05). 

Prevalence was also higher in the older children group (11–14 

FIGURE 2 

Schematic illustration of the line-based footprint method for assessing flatfoot severity. (A) Normal, (B) mild, (C) moderate, and (D) severe.
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years), compared with the younger children group in both sites 

(p < 0.05). Urban children were more frequently affected than 

rural children in both Kunming (11.9% vs. 8.3%) and Kandahar 

(17.0% vs. 10.7%; p < 0.05).

BMI showed a clear dose–response relationship: the obese 

children had the highest prevalence at 26.5% in Kunming and 

27.1% in Kandahar, overweight children had an intermediate 

prevalence, whereas underweight children had the lowest 

(p < 0.05). Children with foot pain in the past 6 months were 

substantially more likely to have the )atfoot (Kunming, 27.7% 

vs. 7.7%; Kandahar, 33.8% vs. 11.1%; p < 0.05). Insufficient 

physical activity was also associated with the higher prevalence 

(Kunming, 19.7% vs. 8.8%; Kandahar, 25.2% vs. 11.7%; p < 0.05). 

Closed-toe footwear was significantly associated with a higher 

prevalence compared with sandals in both sites (Kunming, 

12.6% vs. 7.1%; Kandahar, 16.9% vs. 13.2%; p < 0.05; Table 2).

Among children, the )atfoot severity distributions were 

comparable between both sites. In Kunming, 35.6% were mild, 44.4% 

moderate, and 20.0% severe; in Kandahar, 34.9% were mild, 46.0% 

moderate, and 19.0% severe. Bilateral involvement was predominant 

at 85.3% in Kunming and 88.3% in Kandahar, with unilateral 

involvement less frequent (14.7% and 11.7%, respectively). No 

significant inter-site differences were found in severity or in laterality.

Multivariable logistic regression analyses (Table 3) identified 

several independent risk factors. Older age (11–14 years) was 

associated with increased odds of )atfoot in Kunming [adjusted 

odds ratio (AOR) 1.33, 95% CI: 1.01–1.75, p < 0.05], but not in 

Kandahar (AOR 1.11, 95% CI: 0.88–1.39, p > 0.05). Male sex was 

also a risk factor in Kunming (AOR 1.36, 95% CI: 1.03–1.79, 

p < 0.05), whereas no sex difference was observed in Kandahar 

(AOR 1.20, 95% CI: 0.94–1.54, p > 0.05). Urban residence was 

associated with higher odds in both sites (Kunming: AOR 1.45, 

95% CI: 1.00–2.10; Kandahar: AOR 1.60, 95% CI: 1.20–2.13; 

pooled p < 0.05). BMI demonstrated a strong dose–response 

effect: overweight and obese children had 1.7–3.2 times higher 

odds compared with normal-weight peers (p < 0.05). Foot pain 

was one of the strongest predictors, associated with 

approximately threefold higher odds (Kunming AOR 3.00, 

Kandahar AOR 2.80; p < 0.05). Insufficient physical activity was 

also strongly associated (AOR ∼2.0 in both sites; p < 0.05). 

Finally, closed-toe footwear was consistently associated with a 

greater risk compared with sandals (Kunming AOR 1.80; 

Kandahar AOR 1.84; p < 0.05).

Discussion

Pediatric )atfoot is common in school-aged children although 

reported prevalence varies depending on age structure, case 

definitions, and measurement methods. In this school-based 

TABLE 1 Baseline characteristics of schoolchildren in Kunming and Kandahar.

Variable Kunming (n = 2,050) (%) Kandahar (n = 2,155) (%) Total (n = 4,205) (%) p-value

Gender—n (%) 0.013

Boys 958 (46.7) 1,091 (50.6) 2,049 (48.7)

Girls 1,092 (53.3) 1,064 (49.4) 2,156 (51.3)

Age—years

Median 10 Median 11 Median 10

IQR: 8–12 IQR: 8–13 IQR: 8–12

Age group—n (%) 0.003

7–10 years 1,079 (52.6) 1,036 (48.1) 2,115 (50.3)

11–14 years 971 (47.4) 1,119 (51.9) 2,090 (49.7)

BMI (kg/m2)

Median 16.8 Median 16.1 Median 16.4

IQR: 15.5–18.2 IQR: 14.8–17.5 IQR: 15.1–17.9

BMI categories (WHO 2007)—n (%) <0.0001

Underweight 189 (9.2) 404 (18.7) 593 (14.1)

Normal 1,372 (66.9) 1,318 (61.2) 2,690 (64.0)

Overweight 323 (15.8) 267 (12.4) 590 (14.0)

Obese 166 (8.1) 166 (7.7) 332 (7.9)

Residence—n (%) <0.0001

Urban 1,541 (75.2) 1,351 (62.7) 2,892 (68.8)

Rural 509 (24.8) 804 (37.3) 1,313 (31.2)

Footwear type—n (%) <0.0001

Sandals 603 (29.4) 1,334 (61.9) 1,937 (46.1)

Closed-toe 1,447 (70.6) 821 (38.1) 2,268 (53.9)

Physical activity—n (%) 0.300

Sufficient activity (≥180 min/week) 1,639 (80.0) 1,694 (78.6) 3,333 (79.2)

Insufficient activity (<180 min/week) 411 (20.0) 461 (21.4) 872 (20.8)

Foot pain (past 6 months)—n (%) 0.317

Yes 339 (16.5) 331 (15.4) 670 (15.9)

No 1,711 (83.5) 1,824 (84.6) 3,535 (84.1)

IQR, interquartile range; BMI, body mass index; kg/m2, kilograms per square meter.
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comparison from Kunming (China) and Kandahar (Afghanistan), 

the overall prevalence was 12.8% with higher rates in Kandahar 

(14.6%) than in Kunming (11.0%). Kunming, the capital of 

Yunnan Province, is a high-altitude urban center with relatively 

structured school systems, greater access to healthcare, and 

widespread use of closed-toe footwear. In contrast, Kandahar is 

a southern Afghan city with a hotter and drier climate, where 

sandals and periods of barefoot walking are common, and 

preventive health infrastructure is more limited. To our 

knowledge, this is the first study to directly compare pediatric 

)atfoot between China and Afghanistan. No prior research has 

provided such a cross-country analysis. This approach provides 

unique benefits by distinguishing globally relevant determinants 

of the )atfoot from context-specific in)uences shaped by the 

environment, culture, and resources. Importantly, our 

experience also demonstrates that podoscope-assisted plantar 

image acquisition is feasible in Kandahar real-world school 

settings, providing standardized images that enable accurate 

line-based )atfoot classification, which in turn can directly 

inform school-based prevention efforts. This small difference 

shows that factors such as environment, lifestyle, and culture 

can still in)uence how common )atfoot is even when the same 

TABLE 2 Distribution of flatfoot and normal foot by demographic, anthropometric, lifestyle, and clinical characteristics.

Variable Category Kunming normal 
foot (n = 1,825) (%)

Kunming flat foot 
(n = 225) (%)

Kandahar normal 
foot (n = 1,840) (%)

Kandahar flat foot 
(n = 315) (%)

p-value

Gender—n (%) Boys 840 (87.7) 118 (12.3) 892 (81.8) 199 (18.2) <0.0001

Girls 985 (90.2) 107 (9.8) 948 (89.1) 116 (10.9)

Age group—n 

(%)
7–10 years 982 (91.0) 97 (9.0) 886 (85.5) 150 (14.5) 0.026

11–14 years 843 (86.8) 128 (13.2) 954 (85.3) 165 (14.7)

Residence—n 

(%)
Urban 1,358 (88.1) 183 (11.9) 1,122 (83.0) 229 (17.0) <0.0001

Rural 467 (91.7) 42 (8.3) 718 (89.3) 86 (10.7)

BMI—n (%) Underweight 178 (94.2) 11 (5.8) 358 (88.6) 46 (11.4) <0.0001

Normal 1,258 (91.7) 114 (8.3) 1,155 (87.6) 163 (12.4)

Overweight 267 (82.7) 56 (17.3) 206 (77.2) 61 (22.8)

Obese 122 (73.5) 44 (26.5) 121 (72.9) 45 (27.1)

Foot pain—n 

(%)
Yes 245 (72.3) 94 (27.7) 219 (66.2) 112 (33.8) <0.0001

No 1,580 (92.3) 131 (7.7) 1,621 (88.9) 203 (11.1)

Physical activity 
—n (%)

Sufficient 1,495 (91.2) 144 (8.8) 1,495 (88.3) 199 (11.7) <0.0001

Insufficient 330 (80.3) 81 (19.7) 345 (74.8) 116 (25.2)

Footwear type— 
n (%)

Closed-toe 1,265 (87.4) 182 (12.6) 682 (83.1) 139 (16.9) 0.007

Sandals 560 (92.9) 43 (7.1) 1,158 (86.8) 176 (13.2)

TABLE 3 Factors associated with flatfoot by site: crude and adjusted odds ratios.

Variable Category Kunming COR (95% 
CI)

Kunming AOR (95% 
CI)

Kandahar COR (95% 
CI)

Kandahar AOR (95% 
CI)

p-value

Age group 7–10 years 1 1 1 1 –

11–14 years 1.54 (1.16–2.04) 1.33 (1.01–1.75) 1.02 (0.80–1.29) 1.11 (0.88–1.39) 0.041

Gender Girls 1 1 1 1 –

Boys 1.29 (0.98–1.70) 1.36 (1.03–1.79) 1.83 (1.43–2.34) 1.20 (0.94–1.54) 0.001

Residence Rural 1 1 1 1 –

Urban 1.50 (1.06–2.14) 1.45 (1.00–2.10) 1.71 (1.31–2.23) 1.60 (1.20–2.13) 0.016

BMI Normal 1 1 1 1 –

Underweight 0.68 (0.36–1.29) 0.70 (0.40–1.22) 0.80 (0.57–1.13) 0.85 (0.60–1.19) 0.332

Overweight 2.35 (1.66–3.32) 1.90 (1.35–2.68) 2.10 (1.51–2.92) 1.70 (1.22–2.38) 0.002

Obese 4.02 (2.71–5.97) 3.20 (2.10–4.90) 2.64 (1.80–3.85) 2.10 (1.45–3.05) <0.001

Foot pain No 1 1 1 1 –

Yes 4.61 (3.42–6.20) 3.00 (2.10–4.28) 4.11 (3.13–5.38) 2.80 (2.00–3.92) <0.001

Physical 
activity

Sufficient 1 1 1 1 –

Insufficient 2.56 (1.90–3.44) 1.95 (1.40–2.72) 2.54 (1.96–3.28) 2.05 (1.55–2.71) <0.001

Footwear type Sandals 1 1 1 1 –

Closed-toe 1.87 (1.32–2.65) 1.80 (1.23–2.62) 1.34 (1.05–1.71) 1.84 (1.33–2.43) 0.006

COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
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diagnostic method is used. Across both sites, urban residence, 

higher BMI, lower physical activity, closed-toe footwear, and 

foot pain in the previous 6 months were consistently associated 

with the )atfoot. These findings highlight the importance of the 

preventive strategies. In both locations, especially in Kandahar, 

access to preventive care is limited, and school-based programs 

that promote healthy body weight, encourage regular physical 

activity, teach safe footwear practices, and address foot pain 

early could have a significant public health impact. These 

modifiable correlates are directly relevant to the school health 

services in diverse cultural settings.

Age and sex-related patterns were not the same across the two 

study sites. Although many earlier studies have shown that the 

)atfoot tends to decrease as children get older, our results 

suggest that this pattern may depend on local conditions. In 

Kunming, the older children group (11–14 years) was more 

likely to have )atfoot, while in Kandahar, there was no clear 

difference between age groups. This difference suggests that the 

local factors, such as footwear choices, daily activity levels, 

growth rate, and even the type of )ooring, may in)uence how 

age affects the development of )atfoot (16). Similarly, although 

the boys generally show a higher prevalence of )atfoot than 

girls, our findings also indicate that this pattern varies by 

location. After adjustment, sex differences were apparent in 

Kunming but not in Kandahar. This suggests that the gender 

related variations in )atfoot are not universal and may be 

shaped by cultural differences in physical activity, growth 

patterns, or footwear habits. In both populations, BMI showed a 

clear trend: overweight and obese children were increasingly 

more likely to have the )atfoot. This finding aligns with the 

existing biomechanical and epidemiological evidence that excess 

body weight increases pressure on the feet and contributes to 

the )attening of the arch (17). The consistent link between the 

BMI and the )atfoot across two culturally different populations 

supports BMI as a universal risk factor for pediatric )atfoot. 

Footwear also appeared to play an important role; those 

children who wore closed-toe shoes had a higher likelihood of 

developing )atfoot compared with those who wore sandals. This 

finding agrees with the previous research suggesting that the 

rigid or less )exible footwear may restrict arch development and 

the foot muscle function, while softer or minimal footwear may 

encourage the stronger arch formation (18).

Because the footwear was grouped broadly as either closed-toe 

shoes or sandals, these findings re)ect the general differences 

between categories rather than specific design, fit, or duration of 

wear and should therefore be interpreted with caution. It is worth 

noting that most children in Kunming wore closed shoes, while 

sandals were more common in Kandahar. Despite these cultural 

contrasts, the association between the footwear type and )atfoot 

was consistent across both sites. This consistency indicates that the 

footwear is likely to have a direct effect on how the arch develops 

rather than just re)ecting the differences in lifestyle or climate.

Physical activity showed a protective effect, with those 

children who were less active having higher odds of )atfoot. 

This supports the idea that regular walking, play, and 

engagement of the foot intrinsic muscles also help maintain a 

healthy arch structure. Children who reported foot pain had a 

much higher prevalence of )atfoot, which is consistent with 

earlier studies showing that )atfoot can negatively affect quality 

of life and lead to other foot problems, even in children who 

were once thought to be “asymptomatic” (19).

The strong association between foot pain and )atfoot in both 

sites highlights the need to avoid dismissing pediatric )atfoot as 

purely physiological or harmless. Most of the identified cases 

were bilateral, and approximately 20% were classified as severe 

based on the line-based footprint method. The similarity in the 

severity and the laterality between the Kunming and Kandahar 

indicates that once the )atfoot develops, its clinical characteristics 

are largely consistent across the populations, even when 

environmental factors differ. Although evaluating treatment was 

beyond the scope of this study, existing evidence supports 

conservative approaches such as maintaining a healthy weight, 

modifying physical activity, strengthening the intrinsic foot 

muscles, and using orthotic devices judiciously and for limited 

periods to improve outcomes in the symptomatic children (20).

Placing our findings in an international context, our estimates 

sit within the global spread for school-age children. In Iran, 

school-based studies report a prevalence of approximately 17%, 

with )atter feet more common at younger ages, consistent with 

developmental consolidation of the MLA (16). In Colombia, a 

two-city sample (ages 3–10) found ∼15.7%, higher in younger 

strata and varying by city, underscoring how age structure and 

urban context shape absolute rates (21). In Saudi Arabia, several 

regional studies using footprint/posture indices report ∼25%– 

30% among schoolchildren, highlighting heterogeneity by 

instrument and sampling frame (22). In Taiwan, cohorts 

enriched with younger primary-school ages show higher 

detection, with one large study identifying elevated odds in 7– 

9-year-olds and strong associations with male sex and 

overweight/obesity, illustrating how age mix and BMI shift 

prevalence (23). A meta-analytic view also suggests a pooled 

detection rate of approximately 25%, with higher odds in boys 

and a declining prevalence with age (11).

Overall, these comparisons position Kunming (11.0%) toward 

the lower-middle range of the global estimates and Kandahar 

(14.6%) closer to the mid-range, which emphasizes that factors 

such as the study methods, age distribution, footwear habits, and 

levels of urbanization can strongly in)uence the prevalence rates. 

The slightly higher prevalence in Kandahar may re)ect the 

nutritional transitions, a mix of the underweight and overweight 

patterns, differences in the footwear availability, and the limited 

access to preventive healthcare. In contrast, the lower prevalence 

in Kunming may be linked to the structured school-based activity 

programs and better access to the pediatric screening services.

This study has several strengths, including its large sample size 

n = 4,205, the high participation rate, pre-specified analysis plan, 

cluster-robust modeling by school, and standardized podoscope 

imaging conducted in two culturally diverse settings. The 

consistency of the key associations across both sites highlights 

the practicality of implementing school-based initiatives that 

combine the BMI monitoring and simple foot posture screening, 

promotion of regular physical activity, and context-appropriate 
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footwear recommendations that focus on )exibility, comfort, and 

safety. Growing evidence that the )exible footwear and the 

targeted foot-core strengthening enhance muscle strength, 

balance, and arch development supports the value of such 

population-level preventive approaches (24).

Limitations

The cross-sectional design precludes causal inference. Footprint- 

based classification, although practical for school screening, may 

misclassify borderline cases in relation to radiographic criteria. 

Exposures such as footwear and activity were captured in 

simplified categories and did not account for habitual barefoot 

time, shoe fit, )ooring, hypermobility/ligamentous laxity, or wear 

time; self-reported activity and pain are subject to recall bias. Data 

collection spanned from 13 December 2023 to 25 February 2025. 

Although procedures were standardized, unmeasured seasonal or 

cohort effects (e.g., school schedules and weather-related activities) 

cannot be excluded. Nevertheless, the consistency of risk factor 

directions across both populations strengthens the validity and 

generalizability of the associations.

Conclusion

Pediatric )atfoot was common in both Kunming and Kandahar, 

with prevalence slightly higher in Kandahar. Most cases were 

bilateral, and approximately one-fifth were severe. Consistent 

associations with BMI, physical activity, footwear, and foot pain 

across both sites suggest that these are globally relevant 

determinants of )atfoot and should be central to prevention 

efforts. In contrast, age- and sex-related associations varied 

between sites, showing that demographic in)uences are context- 

dependent rather than universal. Importantly, this study represents 

the first direct cross-country comparison of pediatric )atfoot 

between China and Afghanistan. By demonstrating that 

standardized measurement is feasible even in resource-limited 

settings such as Kandahar, it highlights both the research value 

and the practical benefit of such work.
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