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Introduction: Physical conditions of people are among the essential components of their 
health. Any structural or physical changes of the human body can affect the performance of the 
individual. Flat foot is one of the most common problems in musculoskeletal disorders that can 
be addressed in childhood, and its complications can be reduced by providing appropriate and 
timely treatments. This study aimed to estimate the prevalence of flat foot in primary school 
students (aged 7-12 years) in Zanjan City, Iran to improve the effectiveness of interventions.

Materials and Methods: This research was a cross-sectional study to assess the prevalence of 
flat foot types among 1700 girls and boys students aged 7-12 years in the elementary schools 
of Zanjan City.

Results: A total of 900 male (53%) and 800 female (47%) students participated in this study. 
The samples’ Mean±SD age, height, and weight were 9.63±1.55 years, 132.93±13.42 cm, and 
32.75±10.46 kg. The prevalence of different types of flat feet were as follows: 491 (28.9%) 
children with smooth flat foot, 12 (0.7%) children with rigid flat foot, and 1197 (70.4%) children 
without any type of flat feet. The ordinal regression model showed that the highest level of the 
flat foot was observed among the third-grade students with 33%, and the lowest level of the 
flat foot was among the second-grade students with 26.3%. Weight was the strongest predictor 
for the flat foot in the students. By 1 kg weight increase, the probability of flat foot increases 
by 1.065 times.

Conclusion: The prevalence of foot flat among primary school students in Zanjan City had 
a high rate. There is a significant relationship between the flat foot and weight , therefore 
nutritional interventions are necessary for these children. 
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1. Introduction

he musculoskeletal system of a person 
forms the structure and physical dimen-
sions of the individual [1]. If the muscu-
loskeletal system of the child does not 
develop properly, it can affect the person’s 

future and cause many musculoskeletal problems [2]. 
The musculoskeletal system in each person consists of 
various structures, among which the foot is one of the 
essential structures [3]. The human foot consists of 31 
bones connected by 33 joints and more than 100 muscles 
and ligaments. The correct positioning of these compo-
nents leads to the formation of a natural foot arch. These 
bone structures and their ligaments create the medial 
longitudinal arch, lateral longitudinal arch, and trans-
verse arch of the foot. This structure reduces the forces 
applied to the body from the ground. Reducing or in-
creasing each of these arches will cause some musculo-
skeletal issues [3]. 

The reduction of the medial longitudinal arch of the 
foot is called the Flat Foot (FF). In people with FF, a 
large amount of these forces are transferred to the body 
due to the absence of a medial longitudinal arch, and in 
the long run can lead to further complications in all joints 
of the body, especially the spine [4, 5]. FF is character-
ized by a flat appearance on the sole of one foot or both, 
the curvature of the shoe or heel to the inside, pain in the 
lower extremities and ankle. If you look at the back of a 
person who has FF, the foot rotation of the heel region 
will be quite visible [6]. FF, in the long run, can lead to 
side effects such as calcaneal spur, knee pain, back pain, 
hammer toe, shin splints, and even headache [7-9].

In many studies, the prevalence of FF in various age 
groups has been reported to be between 0.69% and 28% 
[10-13]. In a study that examined the prevalence of FF 
in Arab countries, the prevalence of this disorder was re-
ported 5% [13]. In the related studies on the gait style 
of individuals with or without FF, the individuals with 

FF show a higher percentage of the arm and the plantar 
flexion angle of the ankle than the individuals without 
it [14-17]. Since FF, as one of the disorders of the mus-
culoskeletal system, leads to future gait disorder, many 
families and parents of children with FF [18-21] develop 
anxiety about their children’s future. In general, the FF 
is divided into two types; rigid and flexible. If the medial 
longitudinal arch of the foot is low in all circumstanc-
es (in Weight-Bearing [WB] and Non-Weight Bearing 
[NWB] conditions), the FF is rigid, and if the medial 
longitudinal arch of foot only decreases during WB and 
be normal in NWB condition, the FF will be of a flexible 
type [22, 23]. 

Karimi et al. (2012) investigated the effect of flat foot 
and its orthopedic treatment on the energy consumption 
of individuals with FF. They found that the energy con-
sumption of individuals with FF was much higher than 
individuals without FF, and the use of medical and asso-
ciated or thoses can be effective in reducing their energy 
consumption [24]. FF is one of the common causes of re-
ferral of people to orthopedics and rehabilitation special-
ists. Children with FF do not need surgery, and the pres-
ence of FF in children in the first few years after birth 
can be healthy. The growth of the foot arches occurs over 
time and the normal growth of children around the age 
of 5 years, although some experts have considered it nor-
mal and permissible to before school age, meaning that 
if there is FF in children before school age. There is no 
need for interventions. 

Various studies have tried to investigate the prevalence 
of FF in different parts of the world. The prevalence of 
this disorder varies in different societies, and studies 
have reported the effect of gender, age, family history, 
and Body Mass Index (BMI) in the incidence of the flat 
foot [25-29]. Therefore, this study aimed to determine 
the prevalence of FF in primary school students (aged 
7-12) in Zanjan city.

T

Figure 1. Sampling in primary schools 
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2. Methods

Study participants

The participants of this study were all children of pri-
mary schools in Zanjan. To choose the samples, we used 
a multi-stage sampling method. First, the city of Zan-
jan was divided into 5 regions: north, south, east, west, 
and center. Then, one girls’ school and one boys’ school 
were randomly selected from each region. Finally, after 
obtaining a letter of introduction from the Zanjan educa-
tion administration, sampling of these schools was car-
ried out (Figure 1).

Study Procedure 

This cross-sectional study was conducted on 1700 pri-
mary school students (aged 7-12 years). To recognize 
the FF, we should first distinguish the differences be-
tween the flexible and rigid FF. Thus, we evaluated the 
medial longitudinal arch of students’ feet in both the WB 
(standing position) and the NWB (sitting position). In 

the case of NWB, if the medial longitudinal arch of the 
students’ feet was low, the FF would be the rigid type 
and requires orthopedic intervention and referral to or-
thopedic specialists, and if the medial longitudinal arch 
of the students’ feet were not low in NWB but low in the 
case of WB and the inner angle of the toe was tangent 
to the ground, the FF would be the flexible type and can 
be corrected with the medical insole or some corrective 
movements. If the student lacked any lowered medial 
longitudinal arch foot in both the WB and NWB, the 
foot would be normal. In this study, the factors influenc-
ing the students’ FF, such as weight and height, were also 
considered. Their height and weights were measured by 
the wall meter and the digital scale, respectively. 

3. Results

Statistical analysis

The obtained data were analyzed in proportion to the 
student population of the city. Out of 1740 surveyed 
students, data for 40 students were either incomplete or 

Table 1. Prevalence of flat foot in elementary schools

Grade (Class)
No. (%)

Total
First Second Third Fourth Fifth Sixth

Normal foot 139 (8) 336 (19.7) 229 (13.4) 162 (9.5) 167 (9.8) 94 (5.5) 1197 (70.4)

Flat foot 57 (3.3) 120 (7) 147 (8.6) 61 (3) 76 (4.4) 42 (2.4) 503 (29.5)

Total 196 (11.3) 456 (26.8) 446 (26.2) 223 (13) 243 (14.2) 136 (8) 1700

Table 2. Comparing the demographic variables between the two groups of the normal and flat foot (N=1700)

Demographic Variables Type of 
Foot Mean±SD

Confidence Interval (CI=95%)

Lower Bound Higher Bound

Age (y)
Normal foot 9.61±1.565 9.52 9.70

Flat foot 9.69±1.515 9.55 9.82

Weight (kg)
Normal foot 30.72±9.14 30.20 31.23

Flat foot 35.11±12.45 34.02 36.20

Height (cm)
Normal foot 132.78±11.53 132.13 133.43

Flat foot 134.62±11.88 133.58 135.66

BMI (kg/m2)
Normal foot 17.13±3.13 16.95 18.52

Flat foot 18.88±4.16 17.31 19.25
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outlier, so they were excluded from the sample. Thus, 
1700 students aged 7-12 remained in the study. Age, 
height, and weight variables were measured on a con-
tinuous scale. The gender and academic variables were 
assessed by nominal and sequential scales.

The type of FF was defined as a dependent variable and 
classified with three options: 0= normal foot, 1= flex-
ible flat foot, and 2= rigid flat foot. Of 1700 students, 12 
had rigid FF and 491 flexible FF. Two types of FF were 
combined, and the dependent variable was presented as 
the binomial variable with the options of 0= normal foot 
and 1= FF. In this study, the independent t test was used 
to compare the mean age and height in two groups of 
normal foot and FF. The ratio of individuals with FF was 
compared between male and female students using the z 
statistic. The regression analysis was used to predict the 
likelihood of flat foot in terms of weight, gender, age, 
and height variables (since the age of education with age 
is linear [age + 6], the logistic equation did not enter). In 
this way, individuals appeared in the equation with code 
0 for normal foot and code 1 for flat foot individuals.

Table 1 presents the demographic characteristic of 
1700 students in the city of Zanjan. The highest amount 
of FF was observed among the third-grade students with 
33% (147 out of 446), and the lowest amount of FF was 
among the second-grade students with 26.3% (120 out 
of 456).

Also, the mean age of the two groups with normal and 
FF were 9.61 and 9.69 years, respectively. The mean 
height of the two groups with normal and FF were 
138.78 and 134.62 cm, respectively. Also, the mean 
weight of the two groups of normal and FF were 30.30 
and 35.11 kg, respectively. Finally, the mean BMI of the 
two groups of normal and FF were 17.13 and 18.88 kg/
m2, respectively. Table 2 presents these findings.

Considering the 95% CI for the above variables, the 
mean weight in the FF group compared with the students 
with the normal foot is 4.39 kg more, and this difference 
is statistically significant (two intervals the assurances 
do not overlap and P<0.001).

In the logistic model, the contrast was not changed, 
and the same as the First and Indicator were selected. In 
block 1, the output of the logistic regression, which has 
entered independent variables, P is too low in Omnibus, 
which indicates good performance. The χ2 = 96.603 with 
a degree of freedom of 5 implies that the overall model 
is significant for all the variables entered. The Hosmer-
Lemeshow test, which is the most consistent fitness test 
for the SPSS model, shows a strong fit of 0.424 and con-
firms our model. Weight is the strongest predictor vari-
able for the flat foot between the students, as shown in 
the column Exp (B) of the Table below, by increasing the 
weight of 1 kg, the probability of flat foot increased by 
1.065 times (Table 3).

4. Discussion

The present study aimed to investigate the prevalence 
of FF among primary school students in the city of Zan-
jan. In this study, out of 1700 children aged 7-12 years, 
491 (28.9%) had flexible FF, and 12 (0.7%) had rigid 
FF. This study revealed that obesity has a significant re-
lationship with the FF among primary school children 
so that by increasing 1 kg weight, the probability of flat 
foot increased 1.065 times, and with an increase in 1 kg/
m2 BMI, the likelihood of FF increased 1.021 times. In 
the study of Asgari et al., the prevalence of FF and its as-
sociation with age and gender among students aged 7-12 
years old in Tehran was 74%, of which 23% were mild, 
34% moderate, and 17% severe [28].

Table 3. The predictive value of independent variables

Model
Unstandardized Coefficients Standardized Coefficients

t Sig.
B Std. Error Beta

1

(Constant) 1.537 0.132 1.79 11.646 0.000

Age 0.041 0.010 0.140 4.031 0.000

Gender -0.031 0.022 -0.034 -1.406 0.160

Weight -0.014 0.001  -0.319 -9.412 0.000

Height 0.002 0.001 0.058 1.565 0.118
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Daneshmandi et al. investigated the prevalence of flat 
foot and its relation to obesity among high school stu-
dents in Rasht. They found that the prevalence of FF 
among these students was 23.5% [29], and obesity was 
an essential factor in the FF [30]. In another study, con-
ducted by Galini to investigate the prevalence of FF and 
its relation to obesity in children of Garmsar, the prev-
alence of FF was 17.82% [31]. The study of Danesh-
mandi et al. confirmed the findings of the present study. 
Homayouni et al. examined the prevalence of FF among 
Shiraz female children. They reported the prevalence of 
FF in these children as 34.9%.

The most conspicuous point in our study was that the 
highest level of FF was found among the third-grade 
students with 33%, and the lowest level was among the 
second-grade students with 26.3%. According to the re-
sults, weight gain and exercise were the essential fac-
tors in the appearance of FF among the students. In this 
study, gender had no significant effect on the FF, and 
the most critical factors were height, weight, and BMI. 
With increasing each of these items (height, weight, and 
BMI), especially the BMI, the possibility of FF and, 
consequently, musculoskeletal disorders increased. In 
another study, Emami et al. examined the prevalence of 
FF in male children in Shiraz in 2005. They found that 
35.7% of these children had FF [21].

The results of Emami and Homayoni’s studies also 
confirmed the results of the present study that the FF had 
no relationship with gender and was most affected by 
physiological factors such as height, weight, and BMI. 
Since the prevalence of FF in the Arabic countries is 5%, 
and very low among the young male Turks (0.69%), per-
haps the race or even the climatic and lifestyle conditions 
of the people are factors that contribute to musculoskel-
etal disorders, in particular FF.

5. Conclusion

The prevalence of foot flat among primary school stu-
dents in Zanjan City is very high. Since there was a sig-
nificant relationship between the flat foot and BMI, nu-
tritional interventions seem necessary for these children. 
These disorders can affect the quality of life of these 
individuals by causing physical inability, pain, and, sub-
sequently, stress-related pain and complications. Mean-
while, FF is also a musculoskeletal disorder that causes 
restrictions for those who have pain in the feet, ankles, 
legs, and the amount of energy used while walking for 
people. So it is necessary to prepare proper interventions 
for these individuals.

Changing the lifestyle, such as doing exercise and ob-
serving proper nutrition in childhood, perhaps be benefi-
cial because it leads to losing weight. However, identi-
fying the children with FF and treating this problem in 
childhood is good to prevent the pain and other muscu-
loskeletal problems in adulthood.

Study Limitations

There was some lack of cooperation from authorities 
of education administration, which was resolved by the 
establishment of an agreement between Zanjan Univer-
sity of Medical Sciences and Education administration 
in the city.

Study Suggestions

The educational programs such as teaching corrective 
movements and observing proper nutrition should be in-
cluded in the curriculum of primary schools. It is recom-
mended to conduct studies to investigate the relationship 
between students’ nutritional style and their BMI.
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