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Background. Flatfoot frequency in children varies from 0.6% to 77.9%. This wide-range data is associated with lack of 
uniform diagnostic criteria and method of statistical analysis.
Aim. This study aimed to demonstrate the variability in flatfoot frequency in the same population using different 
indices of footprint and methods of statistical analysis.
Material and methods. This study included 317 school-age children. Children with orthopedic and foot 
pathology were excluded. The main evaluation methods were clinical examination, computer plantography 
with footprint index calculation (Staheli index, Chippaux–Smirak index, Clarke’s angle, podometric index, arch 
height index), and statistical analysis (descriptive statistics methods with Kolmogorov–Smirnov and Shapiro–
Wilk criteria, data definition according to the law of normal distribution with standard deviation and quartile 
assessment).
Results. According to the law of normal distribution (with a double standard deviation), our study demonstrated 
that the flatfoot frequency using the plantar footprint indices varies from 1.6% to 4.8% in 7–17-year-old children 
and using the medial footprint indices, from 1.28% to 2.8% in the same age. Quartile assessment method 
showed a flatfoot frequency of 5.85%–28.33% with plantar foot indices and 5.7%–15.43% with medial footprint 
indices.
Conclusion. The different plantographic indices and methods of statistical analysis demonstrated that the frequency 
of a flattened longitudinal arch of the feet in a population may differ significantly. Thus, the frequency of flatfoot 
determined on the basis of indices calculated on the medial footprint is 1.7–1.8 times lower than that determined on 
the plantar footprint. In addition, the frequency of flatfoot is 5.5–5.9 times lower than that determined by the quartile 
assessment.
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Обоснование. Частота плоскостопия у  детей, по данным литературы, варьирует от 0,6 до 77,9 %. Такой ши-
рокий диапазон данных связан с  отсутствием единых критериев диагностики и  способа статистической обра-
ботки.
Цель  — продемонстрировать вариабельность частоты плоскостопия на примере одной и  той же популяции 
при использовании различных плантографических индексов и способов статистической обработки данных.
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Материал и  методы. В исследование были включены 317 детей школьного возраста. Критерием невключения 
было наличие у ребенка ортопедической патологии, помимо патологии стоп. Применяли следующие методы — 
клинический осмотр, компьютерную плантографию с расчетом индексов по подошвенной поверхности (индекс 
свода Staheli, индекс Chippaux-Smirak, угол Clarke’s) и  по медиальной поверхности стоп (подометрический 
индекс, индекс высоты свода (arch height index)) и  статистический (методы описательной статистики с  опре-
делением критериев Колмогорова – Смирнова и Шапиро – Уилка, определение принадлежности данных закону 
нормального распределения с расчетом стандартного отклонения, квартильный способ оценки).
Результаты. Как показало наше исследование, частота плоскостопия согласно закону нормального распределе-
ния (с удвоенным стандартным отклонением) по данным индексов, рассчитываемых по подошвенной поверх-
ности стоп, варьирует от 1,6 до 4,8 % во всех возрастных группах (7–17 лет); на основании оценки медиальной 
поверхности стоп — от 1,28 до 2,8 % в том же возрасте. Согласно квартильному способу оценки у тех же детей 
данный показатель составлял 5,85–28,33 % в соответствии с индексами, рассчитываемыми по подошвенной по-
верхности, и 5,7–15,43 % — в соответствии с индексами, рассчитываемыми по медиальной поверхности стоп.
Заключение. При использовании различных плантографических индексов и  способов статистической обра-
ботки данных показатель частоты уплощенного продольного свода стоп в популяции может значительно отли-
чаться. Так, частота плоскостопия, определяемая на основании индексов, рассчитанных по медиальной по-
верхности стоп, в  1,7–1,8 раза ниже по сравнению с  частотой плоскостопия, определяемой по подошвенной 
поверхности стоп. Помимо этого, частота плоскостопия, рассчитанная согласно закону нормального распре-
деления (с удвоенным стандартным отклонением), в  5,5–5,9 раза ниже частоты плоскостопия, определяемой 
с помощью квартильного способа оценки.
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Introduction

Flatfoot is one of the most frequent causes of 
visits to the pediatric orthopedist. The condition 
is characterized by a decrease in the height of 
the longitudinal arch of the foot (with or without 
valgus deviation of the hind foot) [1, 2]. For most 
children below the age of 8- or 9-years flatfoot is the 
physiological norm, due to the increased extensibility 
of the ligamentous apparatus, adipose tissue in 
the area of the plantar surface, and immaturity of 
the neuromuscular apparatus. In  most individuals 
a  gradual increase in the height of the longitudinal 
arch is observed during the first decade of life [3–6]. 
To date, the question of which criteria should be 
used to diagnose flatfoot remains controversial. 
For example, according to the literature, pediatric 
flatfoot incidence ranges from 0.6% to 77.9% [6–8]. 
Such a wide scattering of data is associated both 
with the anatomic variability of a child’s foot during 
growth and with the shortcomings of the diagnostic 
criteria [6, 9]. Thus, in their systematic review of 
the literature on the diagnosis of flatfoot in children, 
Banwell et al. (2018) identified a need for further 
research due to the lack of reliability and validity of 
the diagnostic methods currently in use [6].

Despite the reliability of the X-ray diagnostic 
method, it has a significant drawback in the form 
of radiation exposure [10]. Another widely used 
method for diagnosing flatfoot is plantography. 
The analysis of scanned images of feet (computer 

plantography) allows the calculation of useful indices. 
Currently, the most well-known and diagnostically 
valuable criteria are: the Staheli index (the ratio of 
the length of the line drawn in the narrowest part of 
the midfoot print and the line drawn in the widest 
part of the calcaneal region) [11–13]; the Chippaux-
Smirak index (the ratio of the length of the line 
drawn in the narrowest part of the midfoot print 
and the line drawn in the widest part of the 
footprint, at the level of the heads of the metatarsal 
bones) [11, 14]; Clarke’s angle (the angle between 
the tangents drawn from the most medially located 
point in the tarsus region to the concave part of the 
longitudinal arch and to the medial surface of the 
calcaneal region) [14, 15]; the arch index, (the ratio 
of the midfoot to the length of the foot, excluding 
the toes) [16, 17]; the podometric index (the ratio 
of the tuberosity height of the navicular bone to the 
foot length) [18]; and the arch height index (the 
ratio of the longitudinal arch height and the foot 
length (without toes), in percent) [19]. The literature 
also includes some indices that are rarely used 
when evaluating a plantographic imprint. These are 
Martirosov’s K-index [20], the footprint evaluation 
index [21], the instep index [22], and the plantar 
footprint index [23].

When analyzing the methods of statistical 
analysis used to determine flatfoot incidence, we 
observed significant variability. The most popular 
statistical estimation methods used for determining 
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flatfoot incidence are the law of normal distribution 
(in the calculation of average values one to two 
standard deviations are taken into account) and the 
quartile or centile method [25] [18, 24].

Based on the information outlined above, it 
is possible to formulate a research hypothesis: the 
diagnosis of foot-arch thinning, that is, flatfoot, 
and the determination of flatfoot incidence in the 
population directly depend on the plantographic 
indices and the method of statistical analysis used.

The purpose of this research  was to 
demonstrate the variability of flatfoot incidence in 
the same sample of the population when different 
plantographic indices and statistical analysis 
methods are used.

Materials and methods

All studies were carried out in accordance 
with the principles of the Helsinki Declaration of 
Human Rights and written consent was obtained 
from all parents/guardians. Using a computer, we 
scanned 634 feet of school-age children: 298 feet of 
149  children aged from 7 to 10 years; 210 feet of 
105 children aged from 11 to 13 years; and 126 feet 
of 63 children aged from 14 to 17 years. The survey 
was carried out in a school located in the Pushkin 
district of St. Petersburg, Russia.

The main criteria for inclusion in the study 
were being aged between 7 and 17 years and the 
absence of a diagnosed orthopedic or neurological 
pathology, except for flatfoot.

Computer plantography was performed using 
the DiasledScan instrument–hardware complex 
(DiaService LLC, Russia). The Staheli arch index 
(the ratio of the length of line 2 to the length of 
line 3), the Chippaux-Smirak index (the ratio of 
the length of line 2 to the length of line 1), and 
Clarke’s angle (4) were calculated using scanned 
images of the plantar surface of the feet (Fig. 1). 
The parameters of the arch, as determined by the 
medial surface of the foot, included the subometric 
index (the ratio of line 1 to line 2) and the arch 
height index (the ratio of the length of line 4 to the 
length of line 3) (Fig. 2).

Statistical analysis of the data was carried out 
using Statistica software produced by Statsoft. 
The normal distribution of the data was determined 
using the Kolmogorov–Smirnov and Shapiro–Wilk 
tests.

Results

We analyzed 634 feet of children aged 7 to 
17 years to calculate mean values and standard 
deviations (from −2σ to +2σ) of the main 
plantographic indices (Table 1).

The data presented in Table 1 show a trend 
toward age dependence of indices in the groups 
investigated. Thus, the average indices change in 
a direction that quantitatively corresponds to an 
increase in the height of the longitudinal arch of the 
foot. For example, the average value of a parameter 
such as the Staheli index at age 7 to 10 years is 
within 0.53 ± 0.115, at age 11 to 13 years is within 
0.49 ± 0.12, and at age 14 to 17 years is within 
0.46 ± 0.09. This indicates that the arch of children’s 
feet forms gradually. The same trend was observed 
for the other indices.

To determine the incidence of flatfoot among 
children in the sample group, this indicator was 
calculated for all indices investigated, according to 
the parameters obtained from the statistical analysis, 
and is shown in Table 1. The criterion for flatfoot 
in this case was the value of each index that lay 
outside of two standard deviations, corresponding 
to a decrease in foot-arch height. The results of this 
evaluation are presented in Table 2.

As can be seen from Table 2, the percentage of 
children suffering from flatfoot depends on the index 
used, but in general we can observe a tendency toward 
a decreasing incidence of flattened arches with age. 
For example, the flatfoot incidence according to the 
Staheli index varies between 3.79% at age 7 to 10 years 
and 1.6% at age 14 to 17 years. According to the 
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Chippaux-Smirak index, flatfoot incidence is in the 
range of 1.9% to 3.79%, again with a predominance 
at a younger age. Using Clarke’s angle, the incidence 
of flattened arches of the feet varies from 3.22% 
to 4.8%. According to the subometric index, flatfoot 
incidence is in the range of 1.4% to 2.08%, with 
a  predominance between the ages of 7 to 10 years. 

According to the arch height index, flatfoot can be 
diagnosed in 1.28% to 2.8% of cases. In general, the 
values of the longitudinal arch height calculated on 
the basis of the print of the medial surface of the 
foot are lower compared with the values calculated 
on the plantar surface. Nevertheless, in this case age 
dynamics were also noted.

Table 1
Average values and standard deviations for the main plantographic indices according  

to the normal distribution law

Index
7–10-years-old 11–13-years-old 14–17-years-old

M σ –2σ...+2σ M σ –2σ...+2σ M σ –2σ...+2σ

SI R 0.53 0.115 0.3–0.76 0.49 0.12 0.25–0.73 0.46 0.09 0.28–0.64

SI L 0.54 0.13 0.28–0.8 0.5 0.11 0.28–0.72 0.46 0.09 0.28–0.64

CSI R 0.34 0.08 0.18–0.5 0.32 0.09 0.14–0.5 0.29 0.06 0.17–0.41

CSI L 0.34 0.08 0.18–0.5 0.32 0.08 0.16–0.48 0.3 0.05 0.2–0.4

PI R 12.67 3.48 5.71–19.63 13.13 3.58 5.97–20.29 14.18 3.19 7.8–20.56

PI L 12.52 3.41 5.7–19.34 13.18 3.64 5.9–20.46 13.66 3.73 6.2–21.12

CA R 52.2 7.58 37.0–67.4 53.4 7.75 37.9–68.9 58.4 5.25 47.9–68.9

CA L 52.7 6.8 39.1–66.3 53.4 6.63 40.14–66.7 56.9 3.7 49.5–64.3

AHI R 0.29 0.02 0.25–0.33 0.3 0.03 0.24–0.36 0.31 0.02 0.27–0.35

AHI L 0.29 0.02 0.25–0.33 0.3 0.03 0.24–0.36 0.31 0.03 0.25–0.37

Note. SI  — Staheli index; CSI  — Chippaux-Smirak index; PI  — podometric index; CA  — Clarke’s angle; AHI  — arch height index; 
R/L — right foot/left foot; M — arithmetic average value; σ — standard deviation.

Table 2
Flatfoot incidence (%) according to the double standard-deviation criterion

Index
Flatfoot incidence (%)

7–10-years-old 11–13-years-old 14–17-years-old

SI R 3.03 2.0 1.6

SI L 3.79 3.0 2.1

CSI R 3.27 3.0 1.9

CSI L 3.79 3.0 2.7

PI R 2.08 1.7 1.4

PI L 2.08 1.8 1.5

CA R 4.0 4.0 3.22

CA L 4.8 3.8 3.22

AHI R 2.8 2.7 1.28

AHI L 2.8 2.7 1.28

Note. See the abbreviations in the footnote for Table 1.
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The data obtained relating to the incidence of 
flatfoot reflect the methodological approach adopted, 
according to which the deviation of a quantitative 
attribute (index value) amounting to the value of 
two standard deviations from the average value 
is accepted as a preexisting pathology, since this 
method is used most often in biomedical research. 
However, the literature also offers other criteria for 
determining the normative values of the indices for 
flatfoot. To compare the results of flatfoot diagnosis 
by the indices studied and obtained using various 
methods of statistical evaluation, the average 
values of the calculated plantographic indicators 
were determined according to the quartile method 
(Table 3).

As shown by the data presented in Table 3, 
most indices indicate a trend toward increasing age 
dynamics in the sample group. The average values 
of the indices and the interquartile ranges vary in 
the direction corresponding to an increase in the 
height of the longitudinal arch of the foot.

We calculated flatfoot incidence in the sample 
group based on all of the indices investigated, 
according to their quartile distribution (Table 4).

As can be seen from Table 4, according to 
the Staheli index the incidence of a flattened 
longitudinal arch of the foot is between 9% and 
28% with prevalence between the ages of 7 to 10 
years. Based on the Chippaux-Smirak index, the 

proportion of children with flattened arches ranges 
from 5.75% to 25.76%, with a greater number of 
flattened arch cases among children of primary-
school age. However, according to Clarke’s angle, 
the incidence is between 2.27% and 3.82% among 
children aged 7 to 10 years and 21.3% to 21.51% 
among children aged 14 to 17 years. The indices 
of the medial surface of the foot also show a  lower 
flatfoot incidence compared with the indices 
calculated based on the plantar surface. According 
to the subometric index, at the ages of 7 to 10, 11 
to 13, and 14 to 17 years the flatfoot incidence is 
14.76%, 13.28%, and 12.24%, respectively. According 
to the arch height index, the incidence of flattened 
arches of the feet varies from 5.7% to 14.49%, with 
prevalence among children of early school age. We 
did not observe any significant differences in the 
incidence of flattened arches between the right and 
left foot. However, according to all of the indices 
investigated, with the exception of Clarke’s angle, 
flatfoot incidence tends to decrease with age.

Thus, in accordance with the data presented, 
it can be seen that the incidence of flattened foot 
arches depends on the index used and, to a large 
extent, on the method of statistical analysis used.

As an example, we present a bar graph to illustrate 
the variability in flatfoot incidence when determined 
using the Staheli index and Clarke’s angle for different 
age groups according to the quartile evaluation 

Table 3
Average values and quartile deviations of the main plantographic indices

Index
7–10-years-old 11–13-years-old 14–17-years-old

М IQR М IQR М IQR

SI R 0.53 0.41–0.58 0.49 0.4–0.56 0.46 0.41–0.58

SI L 0.54 0.4–0.56 0.5 0.42–0.59 0.46 0.41–0.58

CSI R 0.34 0.26–0.37 0.32 0.27–0.38 0.29 0.29–0.4

CSI L 0.34 0.26–0.37 0.32 0.29–0.4 0.3 0.3–0.42

PI R 12.67 8.11–11.36 13.13 8.9–12.46 14.18 10.2–14.3

PI L 12.52 7.67–10.74 13.18 9.16–12.83 13.66 9.8–13.72

CA R 52.2 36.5–51.1 53.4 30.2–42.2 58.4 58.2–81.5

CA L 52.7 33.8–47.27 53.4 32.3–45.2 56.9 62.2–87.2

AHI R 0.29 0.27–0.38 0.3 0.29–0.4 0.31 0.32–0.45

AHI L 0.29 0.27–0.38 0.3 0.29–0.4 0.31 0.31–0.44

Note. IQR — interquartile range (range of values between the 25th and 75th centiles). Other abbreviations are given in the footnote for 
Table 1.
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method. Flatfoot incidence among children aged 
from 7 to 10 years and from 11 to 13  years as 
calculated by the Staheli index is on average 7-times 
higher than flatfoot incidence among the same 
children as calculated using Clarke’s angle. At the 
same time, the group aged 14 to 17 years showed 
the reverse trend with flatfoot incidence according 
to the Clarke’s angle 1.3-times higher (Fig. 3).

Discussion

To date, the question of what the actual 
incidence of pediatric flatfoot is remains open. 
The variety of existing methods for assessing the 
shape and position of the foot leads to significant 

variability in the data presented in the literature. 
Thus, among the children of the same age, flatfoot 
incidence, according to different authors, ranges 
from 2.7%  [23] to 40% [26]. This difference can 
be explained primarily by the method used to 
estimate the height of the longitudinal arch (clinical, 
plantographic, or radiological). The clinical method, 
in which the shape and position of the foot is visually 
assessed, is used most frequently. For example, 
Pfeiffer et al. used this method in their study to 
assess flatfoot incidence among preschool children; 
flatfoot incidence according to these authors ranged 
from 54% at age 3 years to 24% at age 6 years [27].

In addition to visual evaluation of the medial 
longitudinal arch height, the plantographic method 
of evaluation, which involves the calculation of 
numerous indices, is also used. Garcıía-Rodrıíguez 
et  al. (1999) studied the height of the longitudinal 
arch of the foot of 1180 children aged 4 to 13 years 
using the plantographic method and found that 
in just 2.7% of cases the plantar footprint met the 
criterion of flatfoot [23]. In a similar study, Echarri 
et al. (2003) analyzed the feet of 1851 children in 
the Republic of the Congo. Flatfoot incidence was 
estimated using the Staheli and Chippaux-Smirak 
indices and Clarke’s angle. For children aged from 
3 to 8 years the incidence of flattened arches was 
40% to 70% [26].
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Fig. 3. Flatfoot incidence (%) according to the Staheli 
index and Clarke’s angle for different age groups according 

to the quartile evaluation method

Table 4
Flatfoot incidence (%) according to the quartile distribution

Index
Flatfoot incidence (%)

7–10-years-old 11–13-years-old 14–17-years-old

SI R 25.76 21.0 16.13

SI L 28.33 14.0 9.68

CSI R 24.24 11.0 6.45

CSI L 25.76 9.0 5.75

PI R 15.43 14.28 13.79

PI L 14.76 13.28 12.24

CA R 3.82 3.0 21.51

CA L 2.27 2.0 21.3

AHI R 14.49 12.38 7.7

AHI L 13.15 11.7 5.7

Note. See the abbreviations in the footnote for Table 1.
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In addition to the variety of methods available 
for estimating the height of the medial longitudinal 
arch of the foot, there are also several possible 
methods for statistical analysis. Different researchers 
may also use different approaches to determining 
the boundaries of the statistical norm (for example, 
a multiplicity of standard deviations in the case of 
a normal distribution). Thus, when studying flatfoot 
incidence among children aged from 5 to 9 years, 
Hernandez et al. (2007) considered the arch of 
the foot to be flattened if the average value of the 
Staheli index exceeded two standard deviations [24]. 
Jaremenko (1985) adhered to a half-value of the 
standard deviation as his criterion for the detection 
of flattened arches [18].

In addition to the law of normal distribution, 
other methods of statistical analysis can be used to 
determine the frequency of occurrence of a given 
sign. For example, when assessing flattened foot-
arch incidence, Cavanagh et al. (1987) used the 
quartile method, justifying this choice by the fact 
that the determination of the mean and standard 
deviation (providing that the data are normally 
distributed) implies a 15% incidence of flatfoot in 
the population (since the value of M ± 1σ covers 
approximately 70% of the population, flatfoot and 
high arches account for 15%) that, according to 
the authors, does not correspond to the the reality 
observed in clinical practice [25].

As shown by our study, the incidence of flattened 
longitudinal arches in a population can differ 
significantly when using different plantographic 
indices and different methods of statistical analysis. 
To analyze the available data, we used five different 
plantographic indices and two methods of statistical 
analysis. At the same time, based on the flatfoot 
incidence data obtained by us in the analysis of the same 
group of children, our results differed significantly. 
Thus, for example, flatfoot incidence, according to 
the law of normal distribution (with two standard-
deviation) and based on the indices of the plantar 
surface of the foot, varied from 1.6% to 4.8% in all 
age groups (7 to 17 years); according to the evaluation 
of the medial surface of the foot it varied from 1.28% 
to 2.8% for the same age groups. According to the 
quartile evaluation method, for the same children, 
this indicator was between 5.85% and 28.33% in 
terms of the indices calculated based on the plantar 
surface, and 5.7% to 15.43% in terms of the indices 
calculated based on the medial surface of the foot.

Thus, the indices calculated based on the 
medial surface of the foot, in general, indicated 
a lower incidence of flatfoot among the sampled 
group of children. However, with respect to all 
indices, with the exception of the Clarke’s angle as 
calculated using the quartile evaluation method, 
we observed a tendency of increasing height of 
the longitudinal arch of the foot with age. In our 
opinion, the increase depends on the width of 
the reference interval. According to our data, the 
range of averages calculated according to the law of 
normal distribution was shifted toward lower values 
(47.9°–68.9°) compared with the interquartile range 
(58.2°–87.2°). In his work, Clarke (1933) pointed 
out a flaw of the index due to the difficulty of 
determining it at an angle of more than 40°. This 
parameter therefore turned out to be unsuitable for 
older children [28].

In our opinion, each statistical analysis 
method has its own advantages and disadvantages. 
Thus, the advantage of using the law of normal 
distribution with double standard deviations is 
that the accuracy of the estimated average value 
of the indicator to be calculated is 95%. Its 
disadvantage is the dependence of flattened arch 
incidence on the value of the standard deviation, 
as well as the fact that the population of flatfoot 
incidence calculated is lower than that determined 
clinically.

The advantage of the quartile evaluation method 
is that flatfoot incidence, as calculated by this 
method, is close to that observed among patients 
during practical clinical work. Its disadvantage is its 
susceptibility to fluctuations depending on possible 
measurement errors, the variability of which may be 
high in the case of limited sample sizes.

Conclusion

According to our data, the incidence of 
flatfoot determined on the basis of the total 
indices calculated using the medial surface of the 
foot was 1.7–1.8-times lower compared with the 
flatfoot incidence as determined on the basis of 
the total indicesof the plantar surface of the foot. 
In addition, if the flatfoot incidence was calculated 
according to the law of normal distribution (with 
double standard-deviation) it was 5.5- to 5.9-times 
lower than the flatfoot incidence calculated using 
the quartile method of estimation.
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Thus, we demonstrated the variability in flatfoot 
incidence by using the same sample but with dif-
ferent plantographic indices and different methods 
of statistical analysis. This confirms the hypothesis 
that we initially proposed. Consequently, both when 
evaluating data obtained from mass studies and in 
specific cases of diagnosing infantile flatfoot in clini-
cal practice, it is necessary to correlate the indicators 
obtained with reference data available in the litera-
ture, taking into account the methodology adopted 
when obtaining them. All of the above emphasizes 
the important need for the development of a unified 
system for assessing the height of the medial longi-
tudinal arch of the foot in the diagnosis of flatfoot 
among children, in order to avoid unnecessary con-
servative and surgical interventions, as well as obvi-
ous pathology considered to be the norm for the age. 
To summarize, we can conclude that in order to make 
a  quantitative evaluation of foot-arch height and to 
determine flatfoot incidence in the population, it will 
first be necessary to develop uniform diagnostic cri-
teria and a standard method for statistical analysis.
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