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Abstract

Introduction: Flatfoot is a condition in which the inner arch of  the 
foot (arcus medialis) is not formed when the child stands. Signs and 
symptoms of  flatfoot such as abnormal walking patterns that cause 
fatigue and balance disorders. Low balance ability in children makes 
children prone to falls and experiences obstacles during activities. 
Purpose: The purpose of  This study aims to determine the relation-
ship between body mass index and dynamic balance in flatfoot chil-
dren aged 9-12 years at SDIT Ulul Albab Pekalongan City. Research 
Method: This research design is quantitative with a cross-sectional 
approach. The sample was obtained by total sampling with a total of  
107 respondents. Data analysis used univariate and bivariate analy-
sis with a dynamic balance measurement tool in the form of  a bridge 
with a validity level of  0.738 and reliability of  0.629. The normality 
test used Kolmogorov-smirnov and the correlation test used Spear-
man Rank. The results: The results of  the Spearman rank correlation 
test obtained a p value of  0.115 (ρ>0.05) and an R value of  -0.153, 
so there is no significant relationship between body mass index and 
dynamic balance in flatfoot children aged 9-12 years at SDIT Ulul 
Albab, Pekalongan City. Conclusion: There is no significant rela-
tionship between body mass index and dynamic balance in flatfoot 
children aged 9-12 years at SDIT Ulul Albab, Pekalongan City.
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INTRODUCTION

The development of  children during elementary school is marked by many significant changes, 
both mentally and physically. This age range is between 7 to 12 years. Physical changes in elementary 
school children follow general growth principles, including types of  changes, patterns of  body growth, 
developmental characteristics, and individual variations among children. One characteristic physical 
change is proportional changes, such as increases in height and weight. During this period, children’s 
physical growth occurs steadily and continues to change over time as they are still in a growth phase 
(Fikriyah et al., 2021). One observable aspect of  growth is the formation of  arches in the foot, known 
as the arcus. The formation of  the arcus typically occurs between the ages of  2 to 6 years, with age 6 
considered a critical period for arcus formation. Flatfoot deformity usually first appears after the age 
of  10, characterized by the absence of  an arch in the foot or flat feet (Febri Yolanda Syafri, 2021).

Flatfoot, or pes planus, is a condition where the arch of  the inner foot (arcus medialis) does not 
form when a child stands. This condition is marked by the collapse or loss of  the medial longitudinal 
arch of  the foot, often associated with valgus deformity in the hindfoot and an open position in the 
forefoot. It results from various factors such as obesity or genetics. Flatfoot typically does not cause 
symptoms and is considered normal in children aged 6 to 7 years (Putra et al., 2023). Flatfoot is a 
common case encountered in pediatric orthopedic clinics, with a prevalence ranging from 1% to 28% 
in certain age groups. Signs and symptoms of  flatfoot include abnormal walking patterns, which can 
lead to quick fatigue and balance disturbances. Low balance ability in children makes them more sus-
ceptible to falls and difficulties during activities (Antara et al., 2017). For example, at an elementary 
school in Boyolali City, it was found that 23% of  children aged 9 to 12 years experienced flatfoot (Ma-
nik et al., 2023). The prevalence of  pathological flatfoot in children aged 7-14 years is approximately 
10.3%, but this figure tends to decrease with age (Inayah, 2020).

Balance is a stable state in which the body can maintain an upright position or a desired po-
sition by keeping the center of  mass over the base of  support, despite the influence of  gravity. This 
ability is influenced by various sensory, motor, and external processes on the nervous, musculoskeletal 
systems, and the surrounding environment (Nugroho & Nurulita, 2019). Biomechanical studies show 
that coordination between the bone structure, muscles, and connective tissues in the feet is crucial for 
bearing body weight and providing stability during locomotor activities such as walking and running, 
especially during initial foot contact with the ground (foot strike) and when the body pushes off  (push-
off). The wide and archless shape of  flatfoot causes the body to use stiffer lever components when 
walking and running, which can lead to balance disturbances and quick fatigue. Children with normal 
feet can maintain balance and do not tire easily when walking or running because their body weight is 
distributed evenly across the foot (Antara et al., 2017).

Body Mass Index (BMI) is an anthropometric parameter used to classify an individual’s weight 
status, which has important implications for assessing nutritional status and health risks. BMI is cal-
culated by dividing body mass (in kilograms) by the square of  height (in meters). If  a person’s BMI is 
over 25 kg/m², they are classified as overweight or obese. BMI conditions outside the normal range 
can indicate health problems. According to data from the Indonesian Ministry of  Health in 2018, 
18.8% of  children aged 5-12 years in Indonesia were overweight, while 10.8% were obese. Excess 
weight can often lead to health issues, particularly musculoskeletal disorders, especially in the feet 
(Adiputra & Wahyuni, 2022). Individuals with BMI within the normal range tend to have better pos-
tural balance compared to those with BMI outside the normal range. The higher a person’s BMI, the 
greater the impact on balance, increasing the risk of  falls during movement. Individuals who are obese 
have lower stability levels than those with normal weight. This indicates that BMI is one of  the factors 
affecting body balance (Amir & Azi, 2021). Optimal balance in children, especially those with flatfoot, 
supports the smoothness of  their activities and development, as children are vulnerable to growth 
disturbances during their developmental phase. According to literature studies in Indonesia, out of  
930 students who were subjects of  the research, 53.3% of  them experienced flatfoot while 46.7% had 
normal arches, within the age range of  7-12 years (Zulvania et al., 2023). Based on the description 
from the background above, the researcher is interested in conducting a study titled “The Relationship 
Between Body Mass Index and Dynamic Balance in Flatfoot Children Aged 9-12 Years at SDIT Ulul 
Albab, Pekalongan City.”
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 METHODS

This study employs an observational analytical approach with a cross-sectional design. The 
independent (free) and dependent (bound) variables are measured simultaneously. 

The population in this study consists of  all students aged 9-12 years at SDIT Ulul Albab, tota-
ling 107 children. The sampling method used in this research is total sampling, involving 107 children 
aged 9-12 years with the following inclusion criteria: aged 9-12 years, both male and female children 
with a foot arch degree of  <420 Clarke’s angle in both feet, and cooperative and willing to participate 
in the study. The exclusion criteria include children with neurological disorders and children with a 
history of  foot surgery. This research was conducted from August 5 to August 8, 2024.

RESULTS AND DISCUSSION

Table 1. Distribution of  Respondent Characteristics by Age

Age   Number Percentage %

9 41 38.3%

10 39 36.4 %

11 22 20.6%

12 5 4.7%

Total 107 100 %

The characteristics of  respondents based on age in this study show that out of  107 respondents, 
38.3% are 9 years old, 36.4% are 10 years old, 20.6% are 11 years old, and 4.7% are 12 years old. 4.7%.

Table 2. Distribution of  Respondent Characteristics by Gender

Gender  Number Percentage %

Female 55 51 %

Male 52 49 %

Total 107 100 %

Based on Table 2, out of  107 respondents, there are 55 female flatfoot children (51%) and 52 
male flatfoot children (49%).

Table 3. Distribution of  Respondent Characteristics by Weight

Variable
Mean 

Median
SD Min-Max 95% CI

Weight
32.03
30.00

9.389 20-75 30.23-33.83

Based on Table 3, the characteristics of  respondents by weight in this study show that among 
107 respondents aged 9 to 12 years, the average weight is 32 kg, with the most common weight being 
30 kg, reported by 13 individuals.

Table 4. Distribution of  Respondent Characteristics by Height

Variable
Mean

Median
SD Min-Max 95% CI

Height 1.26
1.26

0.098 1.10-1.50 1.24-1.28

The characteristics of  respondents based on height in this study show that among 107 respon-
dents aged 9 to 12 years, the average height is 126 cm, with the most common height being 120 cm, 
reported by 22 individuals.
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Table 5. Incidence of  Flatfoot at SDIT Ulul Albab 

 Variable
  Mean
Median 

SD Min-Max 95% CI

Right Flatfoot
16.94
16.00

9.819 0-43 15.06-18.83

Left Flatfoot 12.05 8.175 0-44 10.48-13.61

10.00

Based on Table 5, the measurement results for the degree of  flatfoot in the right foot show a 
mean of  16.94 and a median of  16.00 with a standard deviation of  9.819. Additionally, the degree 
of  flatfoot ranges from a minimum of  0 to a maximum of  43. For the left foot, the mean degree of  
flatfoot is 12.05, with a median of  10.00 and a standard deviation of  8.175, ranging from a minimum 
of  0 to a maximum of  44.

Table 6.  Body Mass Index in Flatfoot Children at SDIT Ulul Albab

Body Mass Index Frequency Percentage

Severely Underweight 26 24.3%

Mild Underweight 20 18.7%

Normal 46 43%

Mild Overweight 4 3.7%

Severely Overweight 11 10.3%

Total 107 100%

Based on Table 6, the results show that 24.3% of  respondents are classified as severely un-
derweight, 18.7% as mildly underweight, 43% as normal, 3.7% as mildly overweight, and 10.3% as 
severely overweight.

Table 7. Dynamic Balance in Flatfoot Children at SDIT Ulul Albab

Dynamic Balance Frequency Percentage

1 17 15.9%

2 56 52.3%

3 32 29.9%

4 2 1.9%

Total 107 100%

Based on Table 7, the results show that 15.9% of  respondents scored 1, 52.3% scored 2, 29.9% 
scored 3, and 1.9% scored 4.

Table 8. Normality Test of  Data using Kolmogorov-Smirnov

       Variable       Asymp.Sig Description

Body Mass Index in 
Flatfoot Children

0,000 Not usual

Dynamic Balance in 
Flatfoot Children

0,000 Not usual

Based on Table 8, the results of  the normality test using the Kolmogorov-Smirnov test show 
that the Asymp.Sig value for body mass index is not normally distributed (0.000 < 0.05), and the data 
for dynamic balance in flatfoot children is also not normally distributed (0.000 < 0.05). This indicates 
that the research data is not normally distributed (p<0.05), thus a Spearman rank test was conducted.
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Table 9. Spearman Rank Correlation Test

       Spearman Test         N P Value R

Relationship between BMI and 
Dynamic Balance

107 0.066 -0.179

	
Based on Table 9, the results of  the statistical test using the Spearman test show a p-value 

(Asymp. Sig. 2-tailed) of  p= 0.115 (ρ>0.05) and an R value of  -0.153, indicating that H0 fails to be 
rejected, which means there is no significant relationship with a negative correlation, suggesting that 
as the body mass index increases, the dynamic balance score decreases.

Discussion
Age is the most important factor in the occurrence of  flatfoot. Childhood is a time filled with 

play and movement exploration, which requires significant muscle work, especially in the feet. The 
feet play a crucial role in supporting body weight, and if  they are not strong enough, the body may be 
more susceptible to injuries. One issue that can occur in the feet is flatfoot. Research shows that flat-
foot occurs in about 45% of  children before school age and 10% in children over the age of  10. At SDN 
Coblong 2 Bandung, a survey indicated that 6 out of  33 students (18%) showed signs of  a tendency 
toward flatfoot (Sativani & Pahlawi, 2020). 

The prevalence of  flatfoot is higher in boys compared to girls, due to anatomical differences, 
specifically the rearfoot angle (average valgus value) being greater in boys than in girls. A pronated 
foot posture can lead to changes in body position that affect the shape of  the medial arch of  the foot, 
making it flatter. Boys tend to experience this posture more frequently, with flatfoot prevalence found 
to be between 78.9% and 22.4%. Additionally, the incidence of  flatfoot tends to decrease with age 
(Hidayati & Noerdjanah, 2023).

According to research by Hidayati & Noerdjanah (2023), it was found that children categorized 
as overweight have a higher incidence of  flatfoot compared to those with normal or underweight BMI. 
Nutritional status of  being overweight and obese is associated with increased contact area, decreased 
medial longitudinal arch, and increased pressure on the feet, which can lead to a higher prevalence of  
flatfoot in children with excess weight or obesity (Aulia, 2018). Height is often related to Body Mass 
Index (BMI). Taller children generally have different body proportions, which can affect how body 
weight is distributed and the pressure experienced by the feet. Studies show that children with higher 
BMI (often associated with height) are more likely to experience flatfoot. Children with greater height 
tend to have different foot structures, such as longer feet and a lower likelihood of  foot arches. These 
factors can influence the development of  flatfoot, especially if  they are also overweight (Adiputra & 
Wahyuni, 2022).

Although previous studies, such as Hidayati & Noerdjanah (2023), emphasized the role of  obe-
sity in increasing the risk of  flatfoot due to excessive pressure on soft tissues, the findings of  this study 
indicate that underweight conditions also need to be considered. This suggests that the mechanisms 
leading to flatfoot may be more complex and not solely related to excess weight. In addition to ex-
cess load, nutritional deficiencies often seen in individuals with low BMI may also contribute to the 
development of  flatfoot. Nutrients such as calcium and vitamin D are essential for bone and joint 
health. Deficiencies in these nutrients can weaken foot structures and increase the risk of  flatfoot, as 
supported by research from Sirada (2022).

Signs and symptoms resulting from flatfoot include abnormal walking patterns, which can lead 
to fatigue and balance disturbances. Decreased balance ability in children can increase the risk of  falls 
and result in difficulties in walking, which can negatively impact a child’s productivity. Generally, 
good balance has various benefits, including facilitating movement in daily activities. With optimal 
balance, movements in daily activities can occur more efficiently. Additionally, according to research 
by Nurhayati (2022), individuals suffering from flatfoot exhibit low dynamic balance, which is related 
to deficits in neuromuscular control, thereby increasing the likelihood of  lower extremity injuries 
compared to individuals with optimal dynamic balance. According to Kim (2016), flatfoot conditions 
caused by the decrease or loss of  the Medial Longitudinal Arch (MLA) can result in both structural 
and functional deformities. This decrease implies a reduced ability to absorb impact and a decrease or 
loss of  balance. Consequently, stability while walking or running decreases, which can lead to difficul-
ties in walking and reduced endurance.
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Balance is the result of  a complex interaction between various biomechanical and neuromuscu-
lar factors. While excess body weight can hinder physical activity in general, the results of  this study 
indicate that there is no direct relationship between body mass index and dynamic balance in this 
research group. Referring to the research by Abrar (2018), the center of  gravity and body composition 
indeed influence body balance. However, the findings of  this study suggest that the relationship bet-
ween body mass index and dynamic balance is not as straightforward as previously thought. These 
findings need to be confirmed through further research with a larger sample size and a more complex 
research design.

CONCLUSION

There is a negative relationship, indicating that as the body mass index increases, the dynamic 
balance score decreases, with an R value of  -0.153 and a p-value of  0.115 (p>0.05). Therefore, it can 
be concluded that there is an indirect negative relationship between body mass index and dynamic 
balance in flatfoot children aged 9-12 years at SDIT Ulul Albab, Pekalongan City. The researcher also 
suggests that the results of  this study can be further developed by future researchers, such as examining 
other factors that influence flatfoot in children, as well as providing interventions related to children 
with flatfoot conditions who experience dynamic balance disturbances.
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