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Abstract
Introduction:

The purpose of the study conducted within the framework of the, “Let’s Get the Kids Moving” project was to determine the
association between longitudinal and transverse children’s foot arch and their body mass, gender, and age.

Materials and method:

T he pro-health initiative “Let’s Get the Kids Moving” was created by researchers of the Medical University and the Run for Health
Foundation. A total of 655 children (51.5% boys) aged 7 - 10 years from primary schools in southwestern Poland participated in the
study. The mean age of the examined pupils was 8.7± 0 .8 years. In all children, we assessed anthropometric measurements (body
mass and height) and longitudinal and transverse arch of the foot under a load of their weight. A two-dimensional (2D) foot scanner
(Sensor Medica, Italy) was used to examine the plantar part of the pupils’ foot.

Results:

The obtained data from 655 pupils revealed that excessive body mass predisposed to lower longitudinal and transverse arching. The
foot shape was not differentiated by children's gender and age in the youngest age group.

Conclusions:

Screening of school-aged children's footprints allows for early detection of abnormalities in the shape of the pupil’s feet. This enables
the implementation of further early diagnosis for the detection of functional or structural �atfoot in children.

Introduction
The human foot is a complex static-dynamic structure holding the whole body mass. The foot core system consists of three
subsystems (neural, active, and passive), which provide stability and �exibility indispensable for everyday life. Foot’s appropriate
functioning is depended on its proper shape and tension of two transverse and �ve longitudinal arching and morphological structure
[1]. An e�cient foot’s core system is essential for the proper functioning of the foot. It allows the foot’s adaptation to change
structure and load conditions [2].

Foot parameters change during children’s growth and puberty [3]. The feet’ neuromuscular control also develops along with the
increase in children’s age [4]. Arch-forming structures are already beginning to shape in infants during spontaneous foot-grabbing
activity. Up to the age of two, on the medial side from around the metatarsophalangeal toe to the talocalcaneonavicularis joint, the
child’s foot joint is �lled with the so-called Spitzy’s fat pad [2]. This fatty pad reduces the pressure per unit area of feet. From about
two years of age, the medial foot arch begins to be noticeable in children. The fatty pad disappears until about the age of �ve and �at
and/or valgus feet almost completely disappear up to the age of seven [5]. Girls reach medial longitudinal arching (MLA) stability
earlier than boys [6].

The trend of the increasing prevalence of excessive body mass among children in Europe is observed [7], which may contribute to
disproportional pressure on the midfoot area and MLA in standing position [3]. The structures of the musculoskeletal system in
developmental age are not able to compensate for too heavy load [3]. Muscular disbalance of the feet might cause the restriction of
children’s participation in physical activity and a higher risk to develop excessive body mass [8]. Excessive body weight changes the
foot loading during walking or running and may contribute to musculoskeletal deformity [9]. Slight musculoskeletal dysfunctions
might contribute to the changes in the lower extremity bio kinematic chain. This could also apply to the foot’s motility and
disturbances in a body balance in the standing position [10].

Objective
The purpose of the study conducted within the framework of the, “Let’s Get the Kids Moving” project was to assess the feet
longitudinal and transverse arching of the pupils aged 7-10 years from primary schools in Wrocław, Poland. The pro-health initiative
“Let’s Get the Kids Moving” was created by researchers of the Medical University and the Run for Health Foundation. Obtained results
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were correlated with the pupils’ body mass, age, and gender. The Let’s Get the Kids Moving’’ project aims at parents, children, and their
teachers to promote a healthy lifestyle in children. 

Materials And Method
Participants

Parents/legal guardians of children from �ve public primary schools in Wrocław, Poland, received written information about the study
before the examination started. It was explained that participation in this study was voluntary and free. The inclusion criteria for the
study were: written and informed parent’s consent, age of children between 7 and 10 years, and primary school attendance. The
written consent was obtained from 688 parents. The exclusion criteria of the study were: complicated lower extremity fracture in the
past or present, serious musculoskeletal or neurologic diseases, congenital abnormalities of the feet, or any other chronic illness. The
study group consisted of 655 children. The study excluded 33 children (4.80%).

Ethical approval for the study was obtained from the Wrocław Medical University Bioethics Committee, Poland (approval no. KB-
738/2018). The study was conducted following the Declaration of Helsinki and The Strengthening Reporting of Observational
Studies in Epidemiology (STROBE) recommendations.

Measurements

Body mass category

Pupils' weight and height were collected using an identical medical weight scale with a stadiometer in all �ve schools.
Anthropometric measurements (weight and height) were carried out by physiotherapists in the place designated by the school
management (a gymnastics hall or a classroom). The anthropometric measurements of every child were carried out individually.
Data collection was carried out between March and June 2018 during school days. Measurements were taken in the morning
between 8:00 AM and 1:30 PM. Each child during the examination was in light clothing and without shoes (in socks). Body mass
weight was measured with an electronic medical scale (Charder MS 6110, Taiwan) with an accuracy of 0.1 kg. The scales met the
directives MDD 93/42 EEC in the �eld of medical devices. Children’s height was measured using a Wall-Mounted Stadiometer (HM-
202P, Taiwan) and obtained results had an accuracy of 0.1 cm.

Based on the measured body weight and height of the child, the nutritional status index (Cole’s Index – CI) was calculated. The actual
body weight and height were compared with the body weight and height read from centile grids (corresponding to 50. centile for the
age and sex of the child). The CI level was as follows: underweight, normal body weight, overweight, and obesity [11,12].

Foot anthropometrics

To examine the plantar part of the foot a two-dimensional (2D) FootCAD PodoScan (FreeMed, SensorMedica, Italy) was used. All
obtained data was recorded with compatible FreeSTEP BASIC software (version 1.4.01) which allows making manual or automatic
measurements. The FootCAD PodoScan dimensions were as follows: 623 x 400x133 h mm with maximal scanning area (W x L)
304.8 mm x 431.8 mm. The scanning speed of each footprint was 8.5 sec. This device was �tted with a Charge Coupled Device
(CCD) with a cold cathode, which guaranteed the high quality (optical resolution 1600 dpi) of the obtained footprint [13].

During the examination, the child stood on the PodoScan surface both bare feet with full weight-bearing in an upright position
looking straight ahead. The next step after scanning the feet was the manual evaluation of medial longitudinal and transverse arches
in FreeSTEP BASIC software. To identify the MLA have used the following indicators:

- Clarke’s angle (CL angle) – it is an angle between a tangent to the medial edge of the foot (the most extreme point on the head of
the �rst metatarsal bone (metatarsale tibiale) - point mtt and at the medial edge of the heel – point A) and a line connecting the
deeper forefoot part of the footprint (point B) with point mtt. CL angle is expressed in degrees [o].

- Sztriter - Godunov index (K-y index) – determines the ratio of the length of the shaded part of the footprint (line CD) to the length of
the shaded and not shaded part of the footprint (line BD). K-y index is measured at the height of the center of the MLA.

To identify the transverse arch the following indicator was used:
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-Wejs�og index (W index) – it is a ratio of the length (a line from the longest toe – point E to the extreme point of the heel – point F)
to the width (a line from point mtt to the most extreme point on the head of the �fth metatarsal bone (metatarsale �bulare) – point
mtf) of the foot (Figure 1).

Data Analysis

Statistical analysis was performed using Dell Statistica 13.1 (TIBCO Software Inc, United States). Descriptive static was presented as
mean values, standard deviation (SD), median (Med), ranges of variation (minimal - Min. and maximum - Max. value), interquartile
range (lower - Q1 and upper quartile Q3). Categorical variables were calculated as frequencies (percentages). Normal distribution was
determined using the Kolmogorov-Smirnov test. The parametric t-test was used to compare the two groups in terms of the mean level
of the quantitative variable. One-way analysis of variance (ANOVA) was used to compare 3 or more groups in terms of the mean level
of the quantitative variable. When the p-value was below .05 post-hoc analysis (Tukey’s test) was used. For data whose distribution
differed from the normal distribution, the non-parametric Mann - Whitney U test (for 2 groups) and Kruscal - Wallis test (for 3 and
more groups) were used. The association between the selected variables was determined by the Spearman rank correlation test. The
statistical signi�cance level was set at p< 0.05 for all comparisons.

Results
The “Let’s Get the Kids Moving’’ study included 337 boys and 318 girls. The mean age of the examined pupils was 8.7 years. The
proportion of children in each CI level in our examined sample was as follows: underweight, 27.17% (N=178); normal body weight,
51.14% (N=335); overweight, 11.60% (N=76); obesity, 10.07% (N=66). Table 1 presents the characteristics of studied children
concerning gender, age, and Cl category. The characteristics of the quality variables of the sample of 655 pupils are shown in Table 2.

Longitudinal and transverse arches value of children foot

A tendency to have higher mean K-y index value for left (L) ( 0.41± 0.21 vs. 0.37± 0.20; p= 0.0129) and right (R) foot ( 0.41± 0.20 vs.
0.38± 0.18; p= 0.0053) was noted in more boys than girls, respectively (Table 3).There was no signi�cant difference between boys
and girls and mean value of CL angle and W index for L and R foot, respectively (p> 0.05).

A statistically signi�cant difference in the mean CL angle value for L foot in terms of CI level was observed(p< 0.0001) (Table 4). The
detailed analysis established signi�cant variation in mean CL angle value for L foot between underweight and obese children (p=
0.0003), and between children with normal weight and children with obesity (p= 0.0114). There were no signi�cant differences in the
mean CL angle value for R foot in terms of CI level (p>0.05) (Table 4).

There was a statistically signi�cant variation in the mean K-y index value in terms of CI category of the L (p= 0.0026) and R foot (p=
0.0024), respectively (Table 4). A more detailed analysis with the post-hoc test revealed differences in mean K-y index value of the L
foot between underweight and children with obesity (p= 0.0012), and between normal weight and children with obesity (p= 0.0581).
The variation of mean K-y index for the L foot between normal weight (mean K-y index: 0.40± 0.20) and children with obesity (mean
K-y index: 0.48± 0.18) was on the threshold of statistical signi�cance level (p= 0.0581). A statistically signi�cant difference in K-y
index value for the R foot between underweight and children with obesity (p= 0.0012), and between normal weight and children with
obesity (p= 0.0319) was observed. A positive very high correlation between mean K-y index value for L and R foot (rho= 0.78; p< 0.05)
was shown.

In underweight children, the mean W index value for L foot was signi�cantly higher than among children with normal weight (p=
0.0083), overweight (p= 0.0006), and obesity (p= 0.0018). A similar statistical signi�cance was found regarding the mean W index
value for the R foot and CI category (p< 0.0001). Underweight children had signi�cantly higher mean W index value for R foot than
their peers with normal weight (p= 0.0118), overweight (p= 0.0006) and obesity (p= 0.0013) (Table 4).

No signi�cant differences were found (p> 0.05) between pupils’ age and CL angle for L foot, K-y index for L and R foot, W index for L
and R foot. The statistical differences between children’s age and CL angle for R foot were revealed (p< 0.0008) (Table 5). More
detailed analysis indicated differences in CL angle for R foot between 7 and 8 years old (p= 0.0390), 7 and 10 years old (p= 0.0007),
and 9 and 10 years old children (p= 0.0449).
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In our study, we did not observe a statistically signi�cant correlation between children’s age and MLA and transverse foot arch, except
for the CL angle for R foot. A weak positive correlation (rho= 0.1094; p< 0.05) was showed between the CL angle for R foot and
pupils’ age.

Discussion
In recent years, numerous studies from different countries raise the interest of the pediatric foot in relation to the weight category
[9,14-16]. Uden et al. [17] in a systematic review of 34 studies analyzing pediatric foot, highlighted that modern research lacks
uniform guidelines for assessment foot posture. Many authors took up in their examination the aspect of children’s excessive body
mass and feet arches [4,9,14,18-20]. Nevertheless, few researchers had included in their analysis a group of underweight children [8].
Mauch et al.[8] observed that children with underweight had longer and slenderer fees than children with normal and excessive body
weight. 

Mauch et al.[8] in the study conducted in 2887 pupils observed that �at feet were more common in overweight children. Jankowicz -
Szymańska et al. [19] in a cross-sectional study conducted in 1377 preschool children, observed that Clarke’s angle value was
associated with the weight category. The authors established that in children with normal body mass the MLA was the highest.
Children aged between 3 and 7 years who demonstrated excessive body mass had an elevated risk of developing �at feet than their
peers with normal body mass [19]. Maciałczyk-Paprocka et al. [18] in a study among 2732 children found similar correlations.
Children between the ages of 3 to 18 years with obesity were predisposed to �at feet.

Comparable to our results, other authors [16,21] showed that in children with excessive body mass �atter MLA is more prevalent than
in their peers with normal body weight. The �ndings from a study performed on 550 Egyptian school children showed that obese
pupils were 6.1 times more likely to have a �at foot and 8.5 times more likely to experience foot pain [22]. Overweight and children
with obesity with �at foot have a higher level of adipocytes cytokinesis than their peers with normal weight status [22]. Sadeghi-
Demneh et al. [4] in a group of 667 children aged from 7 to 14 years showed that children with obesity more often than their peers
with the normal body weight felt foot pain during participation in physical activity. Woźniacka et al. [15] showed that a higher
association between MLA and obesity was found among female pupils. 

Our �ndings in line with other studies [5,6,20] showed that MLA was not dependent on the pupils' age in early school-aged children.
On the other hand, in our research CL angle for R foot statistically signi�cant, increased along with pupil’s age. This tendency of
completed formation of foot arch structure was also con�rmed by Hazzaa et al. [20] in a group of children with obesity aged between
8-14 years.

Contrary to other researchers' results [16,20,23] in our and Tong et al. [6] study no statistically signi�cant differences in CL angle
parameters were showed between boys and girls. Chang et al.[16] a cross-sectional study conducted on 2083 children between 7 and
12 years of age from Taiwan observed that boys had a 2-fold higher tendency to �atfoot than girls. Hazzaa et al. [20] in a study
among 150 obese children observed that boys had �at feet signi�cantly more often than girls. Our results showed that boys had a
higher mean K-y index level than girls. Puszczałowska-Lizis et al. [23] revealed that girls had a higher mean CL angle level than boys.
Delgado-Abelan et al. [24] in a study among 1033 Spanish school-aged children observed that foot dimensions differed between girls
and boys at the age of eight years. Different results might have been associated with the use of various research tools and indexes
for assessing �at feet in children.

Cobb et al. [25] emphasized that Clarke’s angle value had an impact on postural stability. They observed correlations between arch
posture and mediolateral postural stability during a one-extremity stance. Gijon-Nogueron et al. [26] in a study among 316 school
children from Spain revealed a high negative correlation between foot posture index and Clarke’s angle. Similar results were obtained
by Brzezińska et al.[27] in their large cohort study of 6992 children aged from 8 to 12 years old. They revealed that childhood obesity
and overweight were connected with the occurrence of lower limb postural defects. Feet of children with overweight and obesity had
closer contact with the ground than feet of their peers with normal body weight [28]. Children’s body mass index (BMI) was negatively
correlated with the center of foot pressure (COP) [10]. Szczepanowska-Wołowiec et al. [10] showed a statistically signi�cant weak
correlation between the CL angle of the R foot and length and surface area of COP.

Other factors might also affect the risk of the occurrence of the lowered arch in the children’s feet. Tong et al. in a study carried out in
111 healthy children with a mean age of 6.9 years old, showed that children who walked in slippers at a younger age had a �atter
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MLA at a later stage of their development than children who used sandals [6]. Cetin et al. [21] in research in 625 pupils between 6 and
13 years old in Anatolia observed that the occurrence of �at feet in children was related to the place of residence and familiar history
of �at feet.

One of the methods to improve the shape arching of the feet is short foot exercise training. A short foot exercise (SFE) is a type of
special exercise that is the basis for proprioceptive training of the foot. Systematical participation in the SFE program might increase
MLA and improve functional balance. The main purpose of SFE training is to practice internal foot muscle contractions during
different functional tasks with increasing di�culty [29]. The aim of muscular foot training during walking is to increase the amount
of collagen in the tendons and ligaments of the feet. This process increases the strength of the feet muscles.

Future Research

Researchers from our team have recognized the need for a study in a larger population to assess the morphology of children’s feet
compared to their parents. In November 2020 we started the Population CohorT StUdy of Wroclaw CitizEns (PICTURE) project. It is
planned for 2 500 participants. In PICTURE we take into account the re-examination after two years from the �rst examination.
Particular attention should be paid to shape changes in the arches of children with excessive body weight. 

Limitations

Limitations of the study include a lack of data on musculoskeletal symptoms among children overweight and obese with a lowered
foot arch. A further limitation was the limited number of participants taking part in the study.

Conclusions
Childhood obesity and overweight is one of the factors lowering the longitudinal and transverse foot arching. The prevention of
childhood obesity might contribute to reducing pain in the musculoskeletal system in adulthood. Children with excessive body mass
should be encouraged to undertake physical activity during which weakened muscles of the foot might be strengthened. When
conducting a screening examination to assess children’s body posture, the researchers ought to look at each child holistically and
analyze the entire body posture parameters and weight status, not just foot measurements. Examination of every child suspected of
having abnormalities in the arches of the foot should additionally consist of functional tests to check the muscular capacity of the
child’s foot.
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Tables
Table 1. Descriptive characteristic of studied children
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Variables n(%)

Gender  

Boys 337(51.45)

Girls 318(48.55)

Age [years]  

7 28(4.27)

8  232(35.42)

9 280(42.75)

10 115(17.56)

Cole’s index category  

Underweight 178(27.17)

Normal body weight 335(51.14)

Overweight 76(11.60)

Obesity 66(10.07)

 

Table 2. Clinical characteristics for children

Variables Mean±SD Min.-Max. Q25 Me Q75

Age [years] 8.74± .79 7 - 10 8 9 9

Body weight [kg] 29.99±6.83 17.4 - 63 25.2 28.6 33.6

Body height [cm] 134.51±7.15 114.5 - 157 129.4 134 139.5

CI [%] 100.0±15.6 70.7 - 184 89.2 96.4 107.9

CL ankle L foot [o] 46.60±9.71 50 - 76 41 46 53

CL ankle R foot [o] 47.53±8.71 4 - 76 42 48 53

K-y index L foot 0.39± 0.21 0 - 1 0.32 0.43 0.52

K-y index R foot 0.39± 0.19 0 - 1 0.32 0.43 0.50

W index L foot 2.78± 0.16 2.3 - 3.23 2.67 2.78 2.89

W index R foot 2.78± 0.16 2.31 - 3.20 2.68 2.78 2.89

Abbreviations: SD, standard deviation; Min., minimum value; Max., maximum value; Q25, lower quartile; Me, median; Q75, upper
quartile CI, Cole’s Index; CL, Clark; L, left; R, right; K-y, Sztriter-Godunov; W, Wejs�og

 

Table 3. Clarke’s angle, Sztriter-Godunov index and Wejs�og index levels comparisons by gender
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  L foot R foot

Gender Mean±SD Min.-
Max.

Q1 Me Q3 p-
value

Mean±SD Min.-
Max.

Q1 Me Q3 p-value

  Clarke’s angle

Boys 46.73±10.23 8-74 41 47 53 0.4068 47.35±9.31 4-76 42 48 53 0.9180

Girls 46.50±9.05 5-76 41 46 52 47.75±7.89 23-73 42 47 52

  Sztriter-Godunov index

Boys 0.41± 0.21 0-1 0.34 0.21 0.54 0.0129 0.41± 0.20 0-1 0.35 0.45 0.52 0.0053s

Girls 0.37± 0.20 0-1 0.30 0.42 0.50 0.38± 0.18 0-0.84 0.31 0.41 0.49

  Wejs�og index

Boys 2.79±0.17 2.30-
3.20

2.65 2.76 2.87 0.0449 2.77±0.16 2.31-
3.20

2.67 2.78 2.88 0.1046

Girls 2.79±0.15 2.43-
3.23

2.69 2.78 2.91 2.79±0.15 2.41-
3.19

2.69 2.79 2.89

Abbreviations: SD, standard deviation; Min., minimum value; Max., maximum value; Q25, lower quartile; Me, median; Q75, upper
quartile; L, left; R, right.

s  Statistical signi�cance differences p< 0.05

 

Table 4. Clarke’s angle, Sztriter-Godunov index and Wej�og index levels comparisons by CI category
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  L foot R foot

CI category Mean±SD Min.-
Max.

Q1 Me Q3 p-value Mean±SD Min.-
Max.

Q1 Me Q3 p-value

  Clarke’s angle

Underweight 48.52±9.47 20-
74

43 48 54  

<
0.0001s

48.64±9.08 23-
72

43 49 54  

0.1578
Normal
body weight

46.70±9.38 5-76 41 47 53 47.16±8.81 4-76 42 47 52

Overweight 45.61±8.88 25-
64

40 46 51 48.22±7.32 29-
68

44 47 53

Obesity 42.38±11.07 15-
62

36 42 49 45.76±7.64 27-
61

40 47 51

  Sztriter-Godunov index

Underweight 0.35± 0.22 0-1 0.17 0.42 0.51  

0.0026s

0.35±0.21 0-1 0.26 0.42 0.49  

0.0024sNormal
body weight

0.40± 0.20 0-1 0.33 0.44 0.51 0.40±0.18 0-1 0.34 0.43 0.50

Overweight 0.40± 0.18 0-
0.76

0.34 0.42 0.53 0.41±0.17 0-
0.81

0.34 0.43 0.51

Obesity 0.48±0.18 0-1 0.38 0.48 0.55 0.46±0.16 0-1 0.40 0.46 0.55

  Wejs�og index

Underweight 2.82± 0.17 2.30-
3.15

2.71 2.81 2.94  

<
0.0001s

2.82± 0.16 2.31-
3.2

2.73 2.81 2.94  

<
0.0001sNormal

body weight
2.77± 0.16 2.32-

3.23
2.67 2.77 2.88 2.78± 0.15 2.31-

3.2
2.68 2.78 2.89

Overweight 2.74± 0.14 2.48-
3.1

2.63 2.72 2.84 2.74± 0.13 2.49-
3.00

2.63 2.73 2.84

Obesity 2.73± 0.16 2.37-
3.1

2.59 2.77 2.85 2.73±0
0.14

2.38-
3.05

2.62 2.75 2.84

Abbreviations: SD, standard deviation; Min., minimum value; Max., maximum value; Q25, lower quartile; Me, median; Q75, upper
quartile; L, left; R, right.

s  Statistical signi�cance differences p< 0.05

 

Table 5. Clarke’s angle, Sztriter-Godunov index and Wejs�og index levels comparisons by children’s age
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Variables 7 year olds 8 year olds 9 year olds 10 year olds p-value

Mean±SD Min.-
Max.

Mean±SD Min.-
Max.

Mean±SD Min.-
Max.

Mean±SD Min.-
Max.

CL angle – L
feet

43.59±11.23 8-66 47.43±10.22 9-76 46.03±9.08 5-74 46.99±9.66 15-69 0.1199

CL angle – R
feet

42.07±11.04 9-60 47.43±9.32 4-73 47.29±7.99 19-76 49.55±7.96 27-69 0.0008s

K-y index – L
feet

0.39± 0.23 0- 0.94 0.40± 0.20 0-1 0.39± 0.20 0-1 .40± .21 0-1 0.7094

K-y index – R
feet

0.40± 0.23 0- 0.80 0.40± 0.18 0-1 0.39± 0.19 0-1 .40± .19 0-1 0.9195

W index – L
feet

2.81±0.19 2.54-
3.18

2.77±0.16 2.32-
3.23

2.78±0.16 2.30-
3.20

2.79±0.16 2.35-
3.15

0.7349

W index – R
feet

2.81±0.19 2.45-
3.20

2.78±0.16 2.31-
3.17

2.78±0.15 2.31-
3.20

2.79±0.16 2.45-
3.19

0.7221

Abbreviations: SD, standard deviation; Min., minimum value; Max., maximum value; Q25, lower quartile; Me, median; Q75, upper
quartile; L, left; R, right.

s  Statistical signi�cance differences p< 0.05

Figures

Figure 1

The method of determining the foot indicators on 2D footprint: a) Clarke’s angle, b) Sztriter-Godunov index, c) Wejs�og index. Source:
Footprint obtained from 2D FootCAD PodoScan.


