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Abstract
The literature reports a growing number of cases of foot deformities in preschool children. The aim of this research was 
to determine, using a podoscope, the prevalence of flat feet (pes planus) among preschool-aged children in Leskovac. The 
sample of respondents consisted of 100 children from the preschool institution "Vukica Mitrović" from Leskovac, aged 4 
to 6 years. Of all children, 46% were boys and 54% were girls. The results showed that 72% of children have flat feet and 
only 28% of children have normal feet. Of the total number of children, 30% had pes planus first degree (PP1), 23% had 
pes planus second degree (PP2), 14% had pes planus third degree (PP3), and 5% had pes planus fourth degree (PP4). The 
chi-square (χ²) test of independence did not show a significant relationship between gender and foot status in children. 
This means that flat feet are equally represented in boys and girls without a significant difference. Research has shown 
that the prevalence of flat feet in preschool children decreases over time. Namely, the prevalence of flat feet in 4-year-old 
children is 90.9%, in 5-year-old children 74.4%, and in 6-year-old children 57.1%. The obtained data show that children from 
Leskovac do not lag behind children from other cities of Serbia, Europe, and the world in the prevalence of flat feet. The ob-
tained results are an alarm for educators to devote more time to organizing physical education games that will encourage 
the development of the foot muscles and enable the natural development of the longitudinal arch of the foot, which would 
reduce the percentage of children with flat feet, and thus the eventual consequences of that condition.
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Introduction 
The number of children with postural disorders is con-

stantly increasing (Nikolić et al., 2024a). The preschool peri-
od represents a very sensitive developmental age (Kojić et al., 
2021), an age when accelerated growth occurs, and according-
ly, time is needed for the skeleton, musculature, and ligaments 
to adapt to increasing daily challenges (Kapo et al., 2020). It 
is a period in which children develop fine and gross motor 
coordination through participation in physical activities, and 
it is also the period during which a child’s body posture is 
formed (Jankowicz-Szymańska & Pociecha, 2012). Then the 
postural status of children is exposed to a great risk (Nikolić 

et al., 2024b). The urban environment, combined with mod-
ern living conditions, has reduced the inherent human need 
to move. One of the consequences is the increasing frequency 
of deformities and postural disorders, especially in children 
(Aleksandrovic & Kottaras, 2015).

The literature reports on the growing number of cases of 
foot deformities in preschool children (Mihajlović, Tončev, & 
Hmjelovjec, 2008), which are frequent causes of parental con-
cern (Alvi & Wilson, 2017; Rerucha, Dickison, & Baird, 2017). 
The foot is one of the most complex anatomical segments of 
the human body (Anđelković et al., 2018), and its proper an-
atomical structure largely depends on stable posture as well 
as efficient and aesthetically appropriate gait (Jankowicz-Szy-
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manska & Mikolajczyk, 2015). A healthy foot, in children and 
adults, rests on three points: the heel bone, the joint of the 
first metatarsal bone, and the fifth metatarsal bone. The arches 
extending between these three points form the structures that 
constitute the longitudinal and transverse arches of the foot 
(Kojić et al., 2021). Flat feet (pes planus) are one of the most 
common deformities of the lower extremities that result from 
the collapse of the physiological arches of the feet (Živković, 
Karaleić, & Anđelković, 2018). A flat foot is a condition where 
the entire foot is on the ground, when the entire sole comes 
into complete or almost complete contact with the ground 
(Nurzynska et al., 2012; Yulianti, Efendi, & Lubis, 2023), that 
is, when the foot carries the weight of the body with an abnor-
mally low or absent medial longitudinal foot arch (Ibeabuchi 
et al., 2020) with or without additional foot and ankle deformi-
ties (Kaymaz, 2022). It can be classified into two types: flexible 
flat foot and rigid flat foot. Both types of flat feet may or may 
not have symptoms (Kim et al., 2023); however, in flat feet, the 
arch is usually flexible rather than rigid (Rerucha, Dickison, 
& Baird, 2017). In a flexible flat foot, the medial longitudinal 
arch of the foot collapses during weight bearing and rebuilds 
after weight removal, i.e., no weight bearing (Pourhoseingholi 
& Pourhoseingholi, 2013). A flat foot in children that is flexi-
ble, painless, and without functional consequences is consid-
ered physiological (Carr, Yang, & Lather, 2016). In some rare 
cases, flat feet may become painful or stiff and may be a sign 
of pathology (Kaymaz, 2022). In addition to the mentioned 
division, flat feet can be congenital or acquired (Nurzynska 
at al., 2012). It is important to know that all healthy babies 
are born with flexible flat feet (Kojić et al., 2021; Nurzynska 
et al., 2012; Pourhoseingholi & Pourhoseingholi, 2013) and 
that the medial longitudinal arch of the foot develops during 
the first ten years of life (Kojić et al., 2021). The development 
of the arch of the foot is rapid between the ages of 2 and 6 
and becomes structurally mature around the age of 12 or 13 
(Pourhoseingholi & Pourhoseingholi, 2013). For most chil-
dren who have flat feet, it is a physiological condition that 
gradually disappears with age (Octavius et al., 2020). Arches 
develop in early childhood as part of normal growth and de-
velopment, strengthening bones, ligaments, muscles, and ten-
dons (Nurzynska et al., 2012). However, flat feet that persist 
after the age of four may have a developmental coordination 
disorder in the future (Octavius et al., 2020), which occurs 
due to misalignment and deformation of bones, weakening 
of muscles, tendons, and ligaments (Nurzynska et al., 2012). 
Physiological flat foot in children will become pathological if 
it continues with age (Yulianti, Efendi, & Lubis, 2023).

Previous research indicates a relatively high prevalence 
of static foot deformities in children. In the study by Puzović 
et al. (2015), it was found that 64.06% of children aged 10–12 
years had some form of foot deformity, with flat feet being 
the most common. Similarly, Mitrović and Stević (2022) re-
ported a prevalence of 63% in a sample of younger school-age 
children. Pfeiffer et al. (2006), in their study of children aged 
3–6 years, identified flexible flat feet in approximately 44% of 
participants. Lower prevalence rates were reported by Senad-
heera et al. (2016), where flat feet were observed in about 16% 
of children aged 6–10 years. These findings indicate that the 

prevalence of foot deformities varies considerably depending 
on age and research methodology.

In line with previous studies, there is a lack of data on 
the postural status of the foot arch in preschool children from 
this region of Serbia. Furthermore, the rationale for this study 
lies in the use of modern diagnostic procedures, as earlier re-
search often relied on methods with a higher degree of subjec-
tivity and lower sensitivity.

The aim of this study was to determine the prevalence 
of flat feet in preschool children in Leskovac. This research 
provides clear information on the postural status of the foot 
arch in preschool-aged children in this part of Serbia, using 
a modern diagnostic procedure with a high level of accuracy. 

Methods
Participants

The sample in this study consisted of 100 children from 
the preschool institution “Vukica Mitrović” in Leskovac. Of 
the total number of participants, 46 (46%) were boys and 
54 (54%) were girls. The children were aged between 4 and 
6 years: 22 children were 4 years old (22%), 43 were 5 years 
old (43%), and 35 were 6 years old (35%). The parents were 
informed about the purpose of the study and provided con-
sent for their children’s voluntary participation. Meetings with 
parents were organized by the preschool teachers and were 
approved in advance by the directors of the institution.

All measurements were conducted in accordance with 
ethical principles for human research, in line with the 2008 
Declaration of Helsinki (World Medical Association, 2011).

Procedure
The assessment of the postural status of the foot arch 

was conducted in the previously mentioned preschool insti-
tution. Testing conditions were standardized and optimal, 
including appropriate lighting, temperature, and humidity. 
All measurements were performed in the morning, between 
10:00 and 12:00.

During the measurement procedure, participants report-
ed to the examiner, removed their shoes and socks, and stood 
on the podoscope. After approximately 5 seconds, the children 
stepped off the device and resumed their activities, while the 
software analyzed the recorded data (Milenković et al., 2011). 
Measurements were carried out according to a predetermined 
schedule that was communicated to the educators in advance.

Measurements
 The assessment of the postural status of the foot arch 

was performed using a podoscope (“Pedic”, Budapest, Hun-
gary) in combination with basic software (Bubanj et al., 2021; 
Milenković et al. 2011). In this way, it is possible to identify 
a normal foot (NF) and pes planus (PP). Subsequently, pes 
planus is classified into several levels depending on the degree 
of deformity, namely: pes planus first degree (PP1), pes planus 
second degree (PP2), pes planus third degree (PP3), and pes 
planus fourth degree (PP4).
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Statistics
The data obtained from the testing were analyzed using 

SPSS statistical software, version 20 (SPSS Inc., Chicago, Illi-
nois, USA). Descriptive statistics, including frequencies and 
percentages, were used to present the postural status of the 
foot arch in children. The chi-square (χ²) test was applied to 
examine differences between genders, with the level of statis-
tical significance set at p<0.05.

Results 
The results presented in Table 1 show that 72% of chil-

dren had pes planus (PP), while only 28% had normal foot 

posture (NF). Of the total sample, 30% had pes planus first 
degree (PP1), 23% PP2, 14% PP3, and 5% PP4.

The chi-square (χ²) test of independence showed no sig-
nificant association between gender and foot status in children 
(χ²(n=100)=7.221, p=0.125, Cramer’s V=0.269). This indicates 
that PP is similarly distributed among boys and girls, with 
no significant differences. The prevalence of pes planus first 
degree (PP1) was 26.1% in boys and 33.3% in girls; PP2 was 
26.1% in boys and 20.4% in girls; PP3 was 13.0% in boys and 
14.8% in girls; and PP4 was 10.9% in boys and 0.0% in girls. 
The proportion of children with normal foot posture (NF) was 
23.9% in boys and 31.5% in girls, while the overall prevalence 
of pes planus (PP) was 76.1% in boys and 68.5% in girls.

Gender
Foot status Chi-Square

NF PP I PP II PP III PP IV X2 p Cramer's V

Boys 11 (23.9%) 12 (26.1%) 12 (26.1%) 6 (13.0%) 5 (10.9%)

7.221 0.125 0.269Girls 17 (31.5%) 18 (33.3%) 11 (20.4%) 8 (14.8%) 0 (0.0%)

Total 28 (28%) 30 (30%) 23 (23%) 14 (14%) 5 (5%)

∑ 28 (28%) 72 (72%) /

Table 1. Chi-square test of independence of the relationship between 
gender and foot status of preschool children

Note. NF - normal foot; PP - pes planus; PP1 - pes planus first degree; PP2 - pes planus second degree; PP3 - pes planus 
third degree; PP4 - pes planus fourth degree.

At the age of 4, the prevalence of pes planus was 90.9%, 
distributed as follows: PP1–36.4%, PP2–36.4%, PP3–9.1%, 
and PP4–9.1%. At the age of 5, the prevalence was 74.4%, with 

PP1–34.9%, PP2–16.3%, PP3–16.3%, and PP4–7.0%. At the 
age of 6, the prevalence of pes planus was 57.1%, with PP1–
20.0%, PP2–22.9%, PP3–14.3%, and PP4–0.0%.

Table 2. Prevalence of flat feet in preschool children according to calendar age

Age group 
(yrs)

Foot status

NF PP I PP II PP III PP IV ∑ PP

4 2 (9.1%) 8 (36.4%) 8 (36.4%) 2 (9.1%) 2 (9.1%) 20 (90.9%)

5 11 (25.6%) 15 (34.9%) 7 (16.3%) 7 (16.3%) 3 (7.0%) 32 (74.4%)

6 15 (42.9%) 7 (20.0%) 8 (22.9%) 5 (14.3%) 0 (0.0%) 35 (57.1%)

∑ 28 (28%) 72 (72%)

Note. NF - normal foot; PP - pes planus; PP1 - pes planus first degree; PP2 - pes planus second degree; PP3 - pes planus 
third degree; PP4 - pes planus fourth degree.

Discussion 
The condition of the feet of preschool children causes 

many controversies, primarily in the definition of flat foot 
(Kojić et al., 2021). There is no consensus on strict clinical or 
radiographic criteria for defining flat foot, so the prevalence 
of flat foot is unknown (Pourhoseingholi & Pourhoseingholi, 
2013). Using different procedures to diagnose foot status cre-
ates confusion (Kojić et al., 2021). The term flat foot creates 
confusion in the medical community because it describes a 
spectrum of conditions that are diagnosed and managed dif-

ferently (Yeagerman et al., 2011). Due to the above factors, it 
is difficult to directly compare the prevalence of flat foot ob-
tained in this study with that reported by other authors. In our 
research, flat foot was classified into four degrees, and mea-
surements were performed using the podoscope described 
above. For this reason, it is only possible to compare the total 
prevalence of flat feet in preschool children with some pre-
vious research. In that case, the question arises whether the 
prevalence of flat feet obtained by different methods is at all 
comparable.
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Our research showed that 72% of the children had flat 
feet, of which PP1 accounted for 30%, PP2 for 23%, PP3 for 
14%, and PP4 for 5%, while 28% had normal feet. Mihajlović 
and Tončev (2008) found that the prevalence of flat feet in 
preschool children aged 4 to 6 in Novi Sad was high even 
sixteen years ago, using a podoscope. Their research showed 
that 80.4% of children had flat feet, with PP1 accounting for 
13.77%, PP2 for 26.3%, PP3 for 24.87%, and PP4 for 15.38%. 
Based on these results, we see that the prevalence of PP1 is 
higher in our research, and that the prevalence of PP2, PP3, 
and PP4 was higher among children in Novi Sad in the men-
tioned period than it is today in Leskovac. This indicates that 
the foot condition of those children was worse than that of 
children in Leskovac today. More than twelve years ago, Si-
mov, Minić and Stojanović (2011) used a podoscope to deter-
mine on a sample of 968 children from Leskovac aged 6 to 7 
that 30.8% of children have flat feet, which is significantly low-
er than in our research. The representation was as follows: PP1 
accounted for 17.7%, PP2 for 8.4%, PP3 for 3.9%, and PP4 for 
0.8%. Looking at the prevalence, we can think that a decade 
later, the condition of the feet of preschool children in Lesko-
vac has worsened; however, one should be careful when mak-
ing such conclusions because the age of the children in our 
research is from 4 to 6 years, and in the mentioned research, 
from 6 to 7 years. Some authors report that the prevalence of 
flexible flat feet in children aged 2 to 6 years ranges between 
21% and 57%, and that it decreases over time, reaching 13.4% 
to 27.6% in primary school-aged children (Pourhoseingho-
li & Pourhoseingholi, 2013). In a study of 835 children, the 
prevalence of a reduced longitudinal foot arch decreased from 
54% in three-year-olds to 24% in six-year-olds. This finding is 
consistent with other studies reporting a continuous decrease 
in the prevalence of flat feet between the ages of 4 and 10 years 
(Kojić et al., 2021). Our research also shows that the preva-
lence of flat feet in preschool children decreases over time. 
Namely, the prevalence of flat feet in 3-year-old children is 
90.9%, in 5-year-old children 74.4%, and in 6-year-old chil-
dren 57.1%. Mihajlović, Smajić and Sente (2010) obtained 
the same results using a podoscope on a sample of children 
aged 4 to 7 years from Novi Sad. The authors determined that 
the prevalence of pes planus is 78.3%, which is slightly high-
er than in our study, but also in their study, the prevalence 
decreases as children get older. The prevalence of flat feet in 
children aged 4 years is 86.9%, in children aged 5 years 81.4%, 
in children aged 6 years 71.5% and in children aged 7 years 
68.1%. Maksimović and Lertua (2018) confirm these find-
ings. The authors determined that the prevalence of flat feet in 
children aged 5 years is 88.6%, and in children aged 6.5 years 
51.4%. Capo et al. (2020) analyzed 17 scientific studies and 
determined that flat feet most often occur in children aged 3 
to 5 years, and after that age the frequency decreases sharply. 
Pfeiffer et al. (2006), in a sample of 835 children aged 3 to 6 
years, found that the prevalence of flat foot decreases signifi-
cantly with age, reporting 54% in 3-year-old children and 24% 
in 6-year-old children. Jankowicz-Szymańska and Pociecha 
(2012), in a sample of preschool children from Tarnów (Po-
land) aged 4 to 6 years, also reported that the prevalence of pes 
planus decreases with age, with older children showing a low-

er prevalence compared to younger ones. Vergara-Amador et 
al. (2012) found that the prevalence of flat feet in children in 
Colombia decreases significantly with age. If children aged 3 
to 5 years are observed, the prevalence is 30.9%, and if it is 
extended to the age of 3 to 10 years, the prevalence of flat foot 
is 15.7%. That the prevalence of flat foot is lower among older 
children was determined by Vangara et al. (2016). The authors 
determined that the prevalence of flat feet in the age group of 
3 to 5 years is 60% for the right but also 63.3% for the left foot, 
and the prevalence in the age group of 14 to 15 years is 16.7% 
for the right and 30% for the left foot.

Reading these findings, it is important that responsible 
stakeholders—educators, parents, and physical education 
professionals—do not assume that the longitudinal arch of 
the foot will develop spontaneously with growth. Instead, 
children should be sufficiently physically active to strengthen 
the foot muscles and support proper arch development.

Gołębiowska-Sosnowska et al. (2019) demonstrated that 
results may differ, and that the prevalence of flat feet can in-
crease with age. In their sample of preschool children in Łódź 
(Poland), the prevalence of flat feet increased from ages 4 to 
6, from 53.7% at age 4, to 73.6% at age 5, and 77.6% at age 6.

An even higher prevalence of flat feet compared to our 
study was reported by Mitrović and Stević (2017). Using a 
podoscope, the authors found that 90% of preschool children 
from Bijeljina had flat feet, which is considerably higher than 
in our sample. The distribution was as follows: PP1 accounted 
for 24%, PP2 for 34%, PP3 for 18%, and PP4 for 14%. Only 
PP1 prevalence was higher in our study, while PP2, PP3, and 
PP4 were more prevalent in their research. These findings in-
dicate that the foot status of children in Bijeljina at the time of 
measurement was in a worse condition than that of children 
in Leskovac. A few years later, Mitrović et al. (2021), also in 
Bijeljina and using a podoscope, reported that 92.5% of chil-
dren had flat feet. Although the overall prevalence slightly in-
creased, PP1 decreased to 1.1%, PP2 increased to 45.7%, PP3 
increased to 37%, and PP4 decreased to 8.7%. These results 
suggest that foot posture status did not improve over time, in-
dicating a persistent high prevalence of flat feet in preschool 
populations. Although the results of our study are not negli-
gible, those reported in the aforementioned studies are even 
more concerning.

Romanov et al. (2014) also reported a high prevalence 
of flat feet in preschool children from Novi Sad aged 6 to 7 
years, using a podoscope. The authors analyzed the left and 
right foot separately, reporting a prevalence of 59.8% for the 
left foot and 60.2% for the right foot.

Interestingly, Kojić et al. (2021) reported a considerably 
lower prevalence of flat feet using a podoscope in children 
aged 4 to 6.5 years. The overall prevalence was 20.3%. Howev-
er, 44.6% of children had a cavus foot (pes cavus), 20.3% had 
asymmetrical foot posture between the left and right foot, and 
only 14.9% had normal foot posture.

In some studies from the region, different methods were 
used to define flat feet compared to those applied in our study 
and other cited works. Moreover, even when the same meth-
ods were used, interpretations varied between studies. Pavlov-
ić (2012), using plantography (Thomson’s method), reported a 
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prevalence of 26% in a sample of 638 children aged 6 to 7 years 
from Užice, Prijepolje, and Nova Varoš, which was similar to 
the findings of Simov, Minić and Stojanović (2011). Živković 
(2009) states that, according to this method, flat feet can be 
classified into first, second, and third degree; however, Pav-
lović (2012) reported only overall prevalence. Using the same 
method, Stanišić, Đorđević and Maksimović (2014) found 
that 36.7% of children from Kruševac aged 6 years had flat 
feet, of which 30% were PP1 and 6.7% PP2. It remains unclear 
whether PP3 was absent or interpreted differently.

Sabo (2006), using the Napoleon Volanski method 
(NPV), reported a prevalence of 44% in a sample of 1,259 
children from Vojvodina aged 3.5 to 7 years, with PP1 at 
41.9% and PP2 at 2.1%. In a later study, Sabo (2007) found 
a prevalence of 54% in children aged 4 to 7 years from Som-
bor, Sremska Mitrovica, and Bačka Palanka, with PP1 at 50% 
and PP2 at 0.4%. Drljačić et al. (2016) reported a prevalence 
of 51.9% in 5-year-old children, with PP1 at 42.3% and PP2 
at 9.6%. Maksimović and Lertua (2018) found a prevalence 
of 70% in children aged 5 to 6.5 years from Šabac, with PP1 
at 37.1% and PP2 at 32.9%. Similarly, Galić (2017) reported a 
prevalence of 45.8% in children aged 5 to 7 years from Novi 
Sad, with PP1 at 28.3% and PP2 at 17.5%.

Regardless of the method used, these studies consistently 
indicate a high prevalence of flat feet among preschool chil-
dren in Serbia. The results of our study show that children in 
Leskovac are comparable to other regions of Serbia in terms 
of flat foot prevalence.

The situation is not significantly different in other parts of 
the world. Šutvajová et al. (2021) reported a prevalence of 77% 
in Slovakian children aged 4 to 6 years (PP1–24%, PP2–28%, 
PP3–25%). Gołębiowska-Sosnowska et al. (2019) reported a 
prevalence of 67.1% in Łódź (Poland), which is similar to our 
findings. Lower values were reported by Pfeiffer et al. (2006), 
who found a prevalence of flexible flat feet of 44% and patho-
logical flat feet of 1% in 835 children aged 3 to 6 years.

Two studies from Indonesia present differing results. 
Octavius et al. (2020) found a prevalence of 34.2% in children 
aged 5 to 6 years, while Yulianti, Efendi and Lubis (2023) re-
ported a prevalence of 57% in children aged 4 to 6 years. These 
differences may be explained by the inclusion of younger chil-
dren in the latter study, given that prevalence tends to be high-
er at younger ages.

Studies from India also report similar results to those 
found in our research. Wangara et al. (2016) reported a prev-
alence of 60% (right foot) and 63.3% (left foot) in tribal chil-
dren aged 3 to 5 years. Abolarin et al. (2011) found that 40.7% 
of 6-year-old children in Nigeria had flat feet. Vergara-Ama-
dor et al. (2012) reported a lower prevalence of 30.9% in chil-
dren aged 3 to 5 years in Colombia.

Comparing boys and girls
Our research showed that there is no statistically sig-

nificant difference in the prevalence of flat feet between boys 
and girls. Romanov et al. (2014) obtained the same results and 
determined that there is no significant difference in the prev-
alence of flat feet between boys and girls in preschool chil-
dren in Novi Sad aged 6 to 7 years. Mickle, Steele and Mun-

ro (2008) came to different results and found in a sample of 
pre-school children in Australia (average age 4.2 years) that 
boys showed statistically significantly flatter feet than girls. 
Chen, Chung, and Wang (2009) obtained the same results on 
a sample of children aged 5 to 13 from Taiwan and found that 
boys had a significantly higher frequency of flat feet than girls. 
Kapo et al. (2020) found that boys show a higher prevalence 
of flat feet than girls, by analyzing 17 scientific studies. Ezema, 
Abaraogu and Okafor (2014) studied 474 children aged 6 to 
10 years and found that boys have twice the probability of hav-
ing flat feet than girls. Pfeiffer et al. (2006) found on a sample 
of 835 children aged 3 to 6 years that boys have a significantly 
higher tendency to flat feet than girls: the prevalence of flat 
feet in boys was 52%, and in girls 36%. Jankowicz-Szymańska 
and Pociecha (2012) found that boys had lower longitudinal 
foot arches than girls in a sample of preschoolers from Tarnow 
(Poland), aged 4 to 6 years. Šutvajová et al. (2021) found that 
even among Slovak preschool children aged 4 to 6 years, girls 
are less affected by pes planus than boys in a ratio of 1:1.3. 
Salinas-Torres et al. (2023) analyzed 12 studies and found that 
males are more associated with flat feet than females. Sabo 
(2006) obtains the same results and states that the percent-
age of flat feet in boys in Vojvodina (25.6%) is statistically 
significantly higher than in girls (18.4%). A year later, Sabo 
(2007) states that the same situation was in the cities of Som-
bor, Sremska Mitrovica, Bačka Palanka. The percentage of flat 
feet in boys was 57.4%, and in girls, 43.2%. Pavlović (2012) 
found that the percentage of flat feet in boys aged 6 to 7 years 
is 16.3% and in girls, 9.7%.

The high frequency of flat feet in children can be explained 
by the action of several factors. Insufficient physical activity 
and inadequate footwear can slow down the development of 
the longitudinal arch of the foot (Kojić et al., 2021), while the 
weakness of the foot muscles and the disproportion between 
muscle strength and load lead to changes in the static status of 
the foot (Đorđević, Jorgić, & Stanojević, 2015). Also, numerous 
studies indicate a positive association between the body mass 
index and the occurrence of flat feet, because increased body 
mass puts additional stress on the structures of the feet (Chen, 
Chung, & Wang, 2009; Pfeiffer et al., 2006). If such deformities 
are not recognized and treated in time, they can lead to pos-
tural disorders, pain, and reduced functional abilities in later 
life (Gołębiowska-Sosnowska et al., 2019). Therefore, it is nec-
essary to plan targeted preventive and corrective interventions 
that include regular physical activity, exercises to strengthen 
the foot muscles, and proper selection of footwear (Park, Cho, 
& Chang, 2023). Early recognition and adequate interventions 
can significantly contribute to the proper development of the 
foot and reduce the risk of later complications. 

Conclusion 
It can be concluded that there are no statistically sig-

nificant differences (p=0.125) between the sexes in the prev-
alence of flat feet in children of this age group of different 
sexes. Our research has shown that the prevalence of flat feet 
among preschool children in Leskovac is high and that they 
are not lagging behind children from other cities in Serbia, 
Europe, and the world in this segment. Considering that we 
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know that the longitudinal arch of the foot in preschool chil-
dren is formed between the ages of 4 and 6, the data obtained 
are not a big surprise and are not the danger it seems when 
we mention that 72% (PP1–30%, PP2–23%, PP3–14% and 
PP4–5%) of children have flat feet. However, since 57.1% of 
children at the age of 6 have flat feet, when the foot should 
already have its natural shape and a formed arch, we can say 
that as children get older, the longitudinal arch of the foot 
does not form sufficiently. The obtained results are an alarm 
for educators to devote more time to organizing physical ed-
ucation games that will encourage the development of the 
foot muscles and enable the natural development of the lon-
gitudinal arch of the foot, which would reduce the percentage 
of children with flat feet, and thus the eventual consequences 
of that condition. In addition, we recommend that educators 
teach children about healthy nutrition through projects in 
order to reduce the percentage of children with overweight 
or obese, which can be complicating factors for the natural 
development of the feet. It is also necessary to educate par-
ents about food hygiene and flat feet. We recommend that 
every flexible flat foot without symptoms is first treated with 
physical corrective exercise and a change in lifestyle, so if this 
does not give results, after consultation with an orthopedist 
or a doctor, to move on to other means that will help the for-
mation of the longitudinal arch of the foot. 

Acknowledgments
There are no acknowledgments.

Conflicts of Interest 
The authors declare no conflict of interest.

Received: 12 January 2026 | Accepted: 04 Aprile 2026 | Pub-
lished: 01 June 2026

References
Abolarin, T., Aiyegbusi, A., Tella, A., & Akinbo, S. (2011). Predictive fac-

tors for flatfoot: The role of age and footwear in children in urban 
and rural communities in South West Nigeria. The Foot, 21(4), 
188–192. https://doi.org/10.1016/j.foot.2011.07.002

Aleksandrovic, M., & Kottaras, S. (2015). Does pes planus precondi-
tion diminish explosive leg strength: a pilot study. Facta Universi-
tatis: Series Physical Education & Sport, 13(2), 303–309.

Alvi, F., & Wilson, N. (2017). Evidence-Based Treatment of Flex-
ible Flat Foot in Children. Paediatric Orthopaedics: An Evi-
dence-Based Approach to Clinical Questions, 1, 171–174. https://
doi.org/10.1007/978-3-319-41142-2_19

Anđelković, I., Karaleić, S., Milenković, V., Lilić, L., Mekić, B., & Stefan, 
R. (2018). The factors which influence the occurrence and prev-
alence of flat feet among preschool children. Facta Universitatis: 
Series Physical Education & Sport, 16(2), 399–410. https://doi.
org/10.22190/FUPES171215036A

Bubanj, S., Đorđević, S., Milenković, S., Stanković, R., Vidojević, M., 
& Đokić, M. (2021). Postural disorders and muscle power in pri-
mary school children. Acta Facultatis Medicae Naissensis, 38(3), 
270–278. https://doi.org/10.5937/afmnai38-29283

Carr, J. B., Yang, S., & Lather, L. A. (2016). Pediatric pes planus: a 
state-of-the-art review. Pediatrics, 137(3), e20151230. https://
doi.org/10.1542/peds.2015-1230

Chen, J. P., Chung, M. J., & Wang, M. J. (2009). Flatfoot prevalence 
and foot dimensions of 5–to 13-year-old children in Taiwan. Foot 
& Ankle International, 30(4), 326–332. https://doi.org/10.3113/
FAI.2009.0326

Djorđević, S., Jorgić, B., & Stanojević, I. (2015). Effects of exercise 
programs on pes planus in children under 18 years of age: a sys-
tematic review. Acta Kinesiologica, 9(2), 7–11.

Drljačić, D., Tirić, N., Đupovac, M., & Arsić, N. (2016). Uticaj program-
iranog vežbanja u okviru predškolske ustanove na posturalni 
status dece [The influence of programmed exercise within a pre-
school institution on children's postural status]. PONS - medicins-
ki časopis, 13(1), 9–12. https://doi.org/10.5937/pomc13-11658

Ezema, C. I., Abaraogu, U. O., & Okafor, G. O. (2014). Flat foot and 
associated factors among primary school children: A cross-sec-
tional study. Hong Kong Physiotherapy Journal, 32(1), 13–20. 
https://doi.org/10.1016/j.hkpj.2013.05.001

Galić, M. (2017). Minor neurological dysfunction and bad posture in 
children at preschool age. Doctoral dissertation. Medical Faculty, 
University of Novi Sad.

Gołębiowska-Sosnowska, J., Synder, M., Gołębiowski, P., Wojciech-
owska, K., & Niedzielski, J. (2019). Prevalence of Lower Limb 
Defects in Children in Chosen Kindergartens of the Łódź Agglom-
eration. Ortopedia Traumatologia Rehabilitacja, 21(6), 443–450. 
https://doi.org/10.5604/01.3001.0013.7403

Ibeabuchi, M., Obun, C., Olabiyi, O., Oluwabusola, E., & Adebayo, A. 
(2020). Prevalence of flat foot among 6–15-year-old Nigerian 
school children resident in Lagos. Journal of Anatomical Scienc-
es, 11(2), 153–158.

Jankowicz-Szymańska, A., & Pociecha, M. (2012). Variations of 
the longitudinal arches of the foot among preschool children. 
Fizjoterapia, 20(2), 3–11. https://doi.org/10.2478/v10109-012-
0015-0

Jankowicz-Szymanska, A., & Mikolajczyk, E. (2015). Effect of exces-
sive body weight on foot arch changes in preschoolers: a 2-year 
follow-up study. Journal of the American Podiatric Medical Asso-
ciation, 105(4), 313–319. https://doi.org/10.7547/14-101.1

Kapo, A., Kapo, S., Mahmutović, I., & Sofić, A. (2020). Factors which 
affect the occurrence and prevalence of flat feet in preschool 
children: a systematic review. Homo Sporticus, 22(2), 17–22.

Kaymaz, B. (2022). Pediatric Pes Planus (flatfoot). Family Practice 
and Palliative Care, 7(4), 118–123.

Kim, J. Y., Kim, S. A., Kim, Y., Hwang, I., & Heo, N. H. (2023). Radiologic 
changes of long term foot insole use in symptomatic pediatric 
flat foot. Medicine, 102(10), e33152. https://doi.org/10.1097/
MD.0000000000033152

Kojić, M., Protić Gava, B., Bajin, M., Vasiljević, M., Bašić, J., Stojakov-
ić, D., & Ilić, M. P. (2021). The relationship between foot status 
and motor status in preschool children: a simple, comparative 
observational study. Healthcare, 9(8), 936–948. https://doi.
org/10.3390/healthcare9080936

Maksimović, S., i Lertua, S. (2018). Posturalni status kao faktor plan-
iranja u fizičkom vaspitanju predkolske dece [Postural status as 
a factor in planning physical education for preschool children]. 
Inovacije u nastavi, 1, 119–128. https://doi.org/10.5937/inovaci-
je1802119M

Mickle, K. J., Steele, J. R., & Munro, B. J. (2008). Is the foot struc-
ture of preschool children moderated by gender? Journal of Pe-
diatric Orthopaedics, 28(5), 593–596. https://doi.org/10.1097/
BPO.0b013e318173f782

Mihajlović, I., Smajić, M., & Sente, J. (2010). Učestalost deformiteta 
stopala kod devojčica predškolskog uzrasta [The prevalence of 
foot deformities in preschool-aged girls]. Vojnosanitetski pregled, 
67(11), 928–932.

Mihajlović, I., Tončev, I., & Hmjelovjec, I. (2008). Prevalence of flatfoot 
deformity in boys depending on their age. Acta Kinesiologica, 
2(2), 103–106.

Mihajlović, I., & Tončev, I. (2008). Establishment of the foot arch initial 
status in pre-school children. Sport Science, 1(2), 44–49.

Milenković, S., Živković, M., Bubanj, S., Živković, D., Stanković, R., 
Bubanj, R., ... & Bubanj, M. (2011). Incidence of flat foot in high 
school students. Facta Universitatis: Series Physical Education & 
Sport, 9(3), 275–281.



DOI 10.26773/smj.260612

FLAT FEET IN PRESCHOOL CHILDREN | D. NIKOLIĆ ET AL.

105

Mitrović, N., & Stević, D. (2017). Razlike u statusu svoda stopala 
između dečaka i devojčica predškolskog uzrasta iz Bijeljine [Dif-
ferences in foot arch status between preschool-aged boys and 
girls from Bijeljina]. Nova škola, 12(1), 46–53.

Mitrović, N., & Stević, D. (2022). Prevalence of foot deformity in 
primary school children. Knowledge – International Journal. 
https://doi.org/10.35120/kij5404655m

Mitrović, N., Dragosavljević, S., Cvejić, D., & Zrnzević, N. (2021). The 
changes in the status of the foot arch, motor abilities and mor-
phological characteristics under the influence of training pro-
cesses of sports school. Sports Science & Health, 11(1), 94–107. 
https://doi.org/10.7251/SSH2101094M 

Nikolić, D., Stamenković, S., Antonijević, M., & Gadžić, A. (2024a). 
Status of the feet of preschool children. Journal of Anthropol-
ogy of Sport and Physical Education, 8(2), 25–29. https://doi.
org/10.26773/jaspe.240101

Nikolić, D., Stamenković, S., Aleksić, M., & Djordjević, S. (2024b). Pos-
tural status of preschool children: A narrative review. Journal of 
Anthropology of Sport and Physical Education, 8(1), 3–10. https://
doi.org/10.26773/jaspe.240101

Nurzynska, D., Di Meglio, F., Castaldo, C., Latino, F., Romano, V., Mi-
raglia, R., Guerra, G., Brunese, L., & Montagnani, S. (2012). Flat-
foot in children: anatomy of decision making. Italian Journal of 
Anatomy and Embryology, 117(2), 98–106.

Octavius, G. S., Sugiarto, T., Handy, F., & Hartanto, R. N. (2020). Flat 
foot at 5 to 6-year-old and history of delayed walking. Paediat-
rica Indonesiana, 60(6), 321–327. https://doi.org/10.14238/
pi60.6.2020.321-7

Park, J. E., Cho, H. J., & Chang, W. N. (2023). Effects of foot intrinsic 
strengthening of pes planus children on foot morphology and 
gait. Neurotherapy, 27(1), 11–18.

Pavlović, S. (2012). Prisustvo telesnih deformiteta dece predškolskog 
uzrasta [The presence of postural deformities in preschool-aged 
children]. Univerzitetska misao, (11), 6–14.

Pfeiffer, M., Kotz, R., Ledl, T., Hauser, G., & Sluga, M. (2006). Preva-
lence of flat foot in preschool-aged children. Pediatrics, 118(2), 
634–639. https://doi.org/10.1542/peds.2005-2126

Pourhoseingholi, E., & Pourhoseingholi, M. A. (2013). Comparison of 
Arch Index of flat foot and healthy foot in pre-school children. 
Thrita Journal of Medical Sciences, 2(3), 15–18. https://doi.
org/10.5812/thrita.9115

Puzović, V., Rotim, K., Jurišić, V., Samardžić, M., Živković, B., Savić, A., 
& Rasulic, L. (2015). The prevalence of spine deformities and flat 
feet among 10–12 year old children who train basketball. Colle-
gium Antropologicum, 39(3), 625–629.

Rerucha, C. M., Dickison, C., & Baird, D. C. (2017). Lower extremity 
abnormalities in children. American Family Physician, 96(4), 
226–233.

Romanov, R., Stupar, D., Međedović, B., & Brkin, D. (2014). Posturalni 
status dece predškolskog uzrasta na teritoriji Novog Sada [Pos-
tural status of preschool-aged children in the territory of Novi 

Sad]. Tims. Acta: naučni časopis za sport, turizam i velnes, 8(2), 
129–135.

Salinas-Torres, V. M., Salinas-Torres, R. A., Carranza-García, L. E., Her-
rera-Orozco, J., & Tristán-Rodríguez, J. L. (2023). Prevalence and 
clinical factors associated with pes planus among children and 
adults: A population-based synthesis and systematic review. The 
Journal of Foot and Ankle Surgery, 62(5), 899–903. https://doi.
org/10.1053/j.jfas.2023.05.007

Sabo, E. (2006). Postural state of preschool children on territo-
ry of Vojvodina. Fizička kultura, 60(2), 157–164. https://doi.
org/10.1053/j.jfas.2023.05.007

Sabo, E. (2007). Postural status in children of preschool age in areas 
of Sombor, Sremska Mitrovica and Backa Palanka municipali-
ties. Norma, 12(1), 125–134.

Simov, S. B., Minić, S. M., & Stojanović, D. O. (2011). Učestalost pojave 
lošeg držanja tela i ravnih stopala kod dece predškolskog uzrasta 
[The prevalence of poor posture and flat feet in preschool-aged 
children]. Apollinem Medicum et Aesculapium, 9(2), 5–8.

Stanišić, I., Đorđević, M., & Maksimović, S. (2014). Posturalni status 
nogu i svoda stopala kod dece predškolskog uzrasta i efekti 
korektivnog vežbanja u okviru usmerenih aktivnosti [Postural 
Status of the Legs and Foot Arch in Preschool Children and the 
Effects of Corrective Exercise within Structured Activities]. Sint-
eze, 5, 63–71.

Šutvajová, M., Bartík, P., Bul’áková, K., Šagát, P., & Prieto-González, P. 
(2021). Screening of flat feet in preschool children as prevention 
of postural disorders. In: ICCMSE 2020, AIP Conference Proceed-
ings, 2343(1), 100006. https://doi.org/10.1063/5.0047787

Vangara, S. V., Gopichand, P. V., Bedi, M., & Puri, N. (2016). Effect of 
barefoot walking on foot arch structure in Tribal children. Asian 
Journal Of Medical Sciences, 7(5), 108–116.

Vergara-Amador, E., Serrano Sánchez, R. F., Correa Posada, J. R., 
Molano, A. C., & Guevara, O. A. (2012). Prevalence of flatfoot 
in school between 3 and 10 years. Study of two different pop-
ulations geographically and socially. Colombia Medica, 43(2), 
141–146.

Yeagerman, S. E., Cross, M. B., Positano, R., & Doyle, S. M. (2011). 
Evaluation and treatment of symptomatic pes planus. Current 
Opinion in Pediatrics, 23(1), 60–67. https://doi.org/10.1097/
MOP.0b013e32834230b2

Yulianti, A., Efendi, A. R. D., & Lubis, Z. I. (2023). Comparative Analysis 
of the Components of a Child’s Gait Pattern with Flat Foot Disor-
der. In ICMEDH 2nd International Conference on Medical Health 
Science, KnE Medicine (231–242). Malang: Indonesia.

Živković, D., Karaleić, S., & Anđelković, I. (2018). Flat feet and obe-
sity among children. Facta Universitatis: Series Physical Ed-
ucation & Sport, 16(2), 347–358. https://doi.org/10.22190/
FUPES180918031Z

Živković, D. (2009). Osnove kineziologije sa elementima kliničke ki-
neziologije [Fundamentals of Kinesiology with Elements of Clini-
cal Kinesiology]. Niš: Fakultet sporta i fizičkog vaspitanja.


