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Summary

Study aim: Physical activity is crucial for a child’s development, as well as for the development of the foot. The aim of this
study was to assess the correlation of the level of physical activity and physical fitness with the arches of the foot in children in
non-weight-bearing and weight-bearing conditions.

Material and methods: The study population consisted of 92 children aged 10 to 14 years. We assessed their physical fitness
with a modified Zuchora test. The modification consisted in choosing three (speed, jumping ability, and flexibility) out of a to-
tal of six trials. To assess the physical activity, we used a screening test — the anonymous Moderate to Vigorous Physical Activ-
ity questionnaire. To analyze the arches of the foot, we used computer equipment based on the Moiré projection method.
Results: Pearson’s chi-squared test did not reveal any significant correlation between physical activity, physical fitness, and lon-
gitudinal and transversal arches in children. The percentage of normal and high foot arches increased with increasing levels of
physical activity and physical fitness. A Wilcoxon signed-rank test analysis confirmed a statistically significant difference (with
p <0.001) in the longitudinal and transversal arches in measurements in non-weight-bearing and weight-bearing conditions.
Conclusions: 1. In the examined group, there were functional lateral and longitudinal flat feet. 2. A lowered longitudinal arch
foot might reduce physical activity and fitness in adolescents.
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Introduction

A suitable amount of physical activity is crucial for
child development. Physical activity (PA) leads to physi-
cal fitness (PF). Limited PA may lead to illnesses, meta-
bolic disorders, and musculoskeletal disorders, such as
incorrect foot arches.

The foot is the fundament of the body posture, in both
its static and dynamic functions, regardless of the differ-
ent measures of foot structure [10]. Proper stabilization
of the foot on the ground, along with its proper arches,
guarantees correct gait [18]. The structure of the foot is
formed by a system of longitudinal and transversal arches.
The arches regulate the pressure on the soles of the feet in
weight-bearing conditions [6, 18].

Individual differences in foot structure depend on an-
thropometric parameters, genetic factors, and lifestyle. Its
structure is maintained by muscles, joint capsules, and

ligaments [7]. There is a strong relationship between the
strength and endurance of lower extremity muscles and
the structure of the arches of the foot [2].

Disorders of the arches of the foot have been exten-
sively discussed in the literature. Clarke’s angle forms
between the C-S line, binding the most internal point of
the forefoot with the most internal point of the hindfoot,
and the Q-q line, which is the medial tangent of the foot.
A range below 28 degrees denotes a flat foot; 28—40 de-
grees, a lowered foot arch; 40—51 degrees, a normal foot
arch; and over 51 degrees, a high foot arch. The transver-
sal arch is assessed according to the Wejsflog index. The
Wejsflog index defines the proportions of the foot, i.e. foot
length to foot width ratio [9].

Physical activity (PA) is body movement caused by
muscle work that leads to energy expenditure higher than
the basal metabolic rate [19, 20]. PA is efficient only when
it is done with optimal frequency and intensity. The World
Health Organization (WHO) has established norms for PA
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Fig. 1. Calculating the pantographic indexes: I —the Wejsflog
index; II — Clarke’s angle [9]

for individual age groups. For children and teenagers aged
5-17, the recommended amount of PA is 60 minutes every
day [29]. The benefits of regular PA in children are body
mass control, desired bone development and bone miner-
alization, and an increase in muscle flexibility and endur-
ance [12, 14, 16, 18]. Physical activity results in physi-
cal fitness [15]. Physical fitness (PF) means that a person
is ready for physical tasks that require muscle strength,
quickness of movement, and physical efficiency, as well
as general health. In children, they are dependent on many
factors, such as age, sex, and body build, as well as past
injuries, which have a negative effect on PF [24]. The
process of progressive development of the foot arch ends
mostly between 10 and 13 years of age, and is character-
ized by specificity in comparison to the overall somatic
development. Therefore, the authors selected children
aged 10-14 as a target group [13].

The aim of our study was to assess changes in trans-
versal and longitudinal arches of the foot in children in
relation to the PA and PF and in relation to weight-bearing
conditions.

Material and methods

Following the consent of the Bioethical Commission
of University of Rzeszéw, we qualified 92 children for
the study. The children were 10 to 14 years old. The sub-
jects were classified into the respective age groups based
on the following principle: e.g. children whose calendar
age at the time of testing was between 9.5 and 10.5 years
were classified as belonging to the 10-year-old age sub-
group. There were 57 girls (62%) and 35 boys (38%) in
the group. Ten-year-old children constituted 10.9% of

the study population (10 subjects); 11-year-olds, 25%
(23 subjects); 12-year-olds, 35.9% (33 subjects), 13-year-
olds, 20.7%; 14-year-olds, 7.6% (7 subjects). The chil-
dren were students in primary school in year 4, 5, or 6, in
the region of Podkarpacie. Their mean body height was
153.2 £10.5 cm, and mean body mass was 46.3 +£13.0 kg.
Based on a growth chart the BMI was calculated; mean
BMI was 19.4 + 3.6 (kg/m?). Most of the children
(68-73.9%) had weight normal BMI, 8 were below the
norm, and 8 were overweight or obese.

Criteria for students’ inclusion in the study were: age
10 to 14 years, consent to participate in the study, no
pain of the locomotor system reported, no injury within
6 months prior to the study.

Criteria for students’ exclusion were: neurological and
orthopaedic disorders of the locomotor system, internal
diseases.

The study was conducted in two primary schools. Fitness
tests were conducted in a gym in the presence of a teacher.
The physical activity questionnaires were filled out in the
classroom. Computer foot measurements were conducted in
the office of the school nurse. All conditions in which the
study was conducted were the same for all of our subjects.

Physical fitness assessment method

We assessed children’s physical fitness (PF) with a mod-
ified Zuchora test. Following a warm-up and test demon-
stration, we asked the children to complete three out of a to-
tal of six trials: speed, jumping ability, and flexibility trials
[29]. All trial results were registered with the same measur-
ing equipment. We cheered on the children, so that they did
their best in the trials. The children did teach trial twice. We
calculated an average of two results and then scored them
according to an official scoreboard. Then, we calculated the
trial results according to the age and sex of each child [3].

The speed trial consisted of fast stationary running and
clapping hands under a bent knee for 10 seconds. We count-
ed the number of claps. The jumping ability trial was a stand-
ing long jump. The subjects measured the jumping distance
with their own feet (the result was rounded up in case of
length greater than half a foot, and down if it was less than
half a foot). The flexibility trial consisted of standing upright
and then slowly and constantly bending the trunk forward.
Bending the knees meant failing the trial. Table 1 shows as-
sessment norms for summed up results of all the three trials.
All tests were performed on the same day by an experienced
physical education teacher and a qualified physiotherapist.

Physical activity assessment method

To assess the physical activity of the children, we used
a screening test devised by Prochaska et al. — the anony-
mous Moderate to Vigorous Physical Activity (MVPA)
questionnaire [22]. To calculate the MVPA index, we
asked the subjects the following questions:
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Table 1. Assessment norms for physical fitness for children aged 10 to 14 years, according to Bartkiewicz [3]

Fitness assessment in points

Age

g Minimum Satisfactory Good Very good Superior Prominent
9-10 3 5.5 7.5 8.5 11.5 13.5
11-12 3 5.5 8 10 12.5 14.5
13-15 3 6 8.5 11 13.5 15.5
1. Out of the last 7 days, on how many days did you spend ~ Foot arch assessment methods

at least 60 minutes doing physical activity?

. In a typical week, on how many days do you spend
at least 60 minutes doing physical activity (including
Physical Education lessons)?

When completing the test a physiotherapist explained

all concerns. The possible answer range was 0 to 7 days.
On this basis, we calculated the average number of days
in which the children spent at least 60 minutes on physical
activity. According to scientists and WHO experts, chil-
dren should be physically active a minimum of five times
a week for a minimum of 60 minutes each time. Therefore,
MVPA = 5.5 days per week [28].
The following classification is used in the literature:
Physically inactive child = 0-1 day per week;
Low physical activity = 2—3 days per week;
Moderately physically active child = 3.5-5 days per
week;
Physically active child = 5.5-7 days per week.
We surveyed sedentary behaviour of the children
with questions concerning the time spent using com-
puters, smartphones, and watching TV. The answers al-
lowed us to calculate the total time of these activities
throughout the week. Excessive screen time is linked to
negative consequences, and the American Academy of
Pediatrics (AAP) recommends that the total screen time
not exceed 2 hours a day, or 14 hours a week [1]. The
following classification is used in the literature: screen
time shorter than 7 h a week is very limited sedentarism;
screen time between 7 and 14 hours a week is limited
sedentarism; 14 to 28 hours a week is moderate seden-
tarism; more than 28 hours a week is excessive seden-
tarism.

1.
2.
3.

4.

To assess arches of the foot, the plantography exami-
nation was used. Computer equipment devised for foot
analysis — a podoscope with a 3D scanner — was produced
by CQ Elektronik System. The tool provides developed
and refined podoscope assessment. Apart from the image
(plantoconturogram), the equipment provides information
on the spatial structure of the foot. The results obtained
are repeatable and comparable [9]. The reference values of
the assessed parameters, i.e. Clarke’s angle and Wejsflog
index, are presented above.

Statistical analysis

We checked whether the distribution of the Wejsflog in-
dex and Clarke’s angle (CL) was normal with the Shapiro-
Wilk test. To check correlations between the qualitative
variables measured, we used Pearson’s chi-squared test
of independence. To compare foot parameters in weight-
bearing and in non-weight-bearing conditions (sitting po-
sition), we used the Wilcoxon signed-rank test. We set the
test significance at p < 0.05. To analyze the results, we
used the statistical software suite STATISTICA for Win-
dows 10.0.

Results

There was no evidence of a statistically significant re-
lationship between the occurrence of foot defects on the
basis of the Wejsflog index (Table 2) and of the Clark in-
dex (Table 3), and BMI of the children.

Results of the Zuchora physical fitness test are present-
ed in Figure 2.

Table. 2. Characteristics of the group based on the Wejsflog index and BMI

Whole group  Underweight Norm Overweight
Arch type p
N % N % N % N %
. Transverse flat feet 12 13.0 0 0.0 8 11.8 4 25.0
Right foot 0.1906
Correct transverse arch 80 87.0 8 100 60 88.2 12 75.0
Transverse flat feet 16 17.4 0 0 11 16.2 5 31.3
Left foot 0.1428
Correct transverse arch 76 82.6 8 100 57 83.8 11 68.8
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Table 3. Characteristics of the group based on the Clarke index and BMI

Whole group ~ Underweight Norm Overweight
Arch type p
N % N % N % N %
Flat foot 9 9.8 0 0.0 7 10.3 2 12.5
. Lowered transverse arch 19 20.7 0 0.0 16 23.5 3 18.8
Right foot 0.4814
Correct transverse arch 37 40.2 5 62.5 24 353 8 50.0
Increased transverse arch 27 29.3 3 37.5 21 30.9 3 18.8
Flat foot 6 6.5 0 0.0 4 5.9 2 12.5
Lowered transverse arch 22 23.9 1 12.5 16 23.5 5 31.3
Left foot 0.7655
Correct transverse arch 42 45.7 4 50.0 32 47.1 6 37.5
Increased transverse arch 22 23.9 3 37.5 16 23.5 3 18.8
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Fig. 2. Physical fitness assessment for children aged 10 to 14 years — tests of speed, jumping ability, and supplenessflexibility,

according to Zuchora

These results were then transformed according to the
criteria for the Zuchora test. The mean result scored by
the children was 11.6 out of 18 points. The lowest result
scored was 6 points, and the highest result was 17 points.
Most children had very good or superior physical fitness
(36 and 25 children, respectively).

As far as the physical activity assessment was concerned,
the children scored MVPA points as follows: the mean result
was 4.6 £ 1.3 points. Then, the results of individual children
were transformed according to the criteria for the physical
activity test MVPA. The children’s activity was assessed in
three bands. Figure 3 presents the assessments.

As in the tests above, we transformed the children’s ac-
tivity level results according to relevant criteria. We then
assessed their sedentary levels in four bands (Table 4).

Assessment of the longitudinal and transversal foot
arches in non-weight-bearing and weight-bearing
conditions

We conducted foot measurements in non-weight-bear-
ing and weight-bearing conditions. The measurements of

the Wejsflog index showed that transversely flat feet were
more commonly revealed in weight-bearing conditions
(n = 14, 15.2%) than in non-weight-bearing conditions
(n = 4, 4.4%). Transversely flat feet means the situation
when the ratio between foot length and width is between
2.00 and 2.50 [9]. Clarke’s angle measurements of longi-
tudinal arches in non-weight-bearing conditions revealed
that high foot arches were the most common (n = 53,
57.6%), followed by normal foot arches (n = 30, 32.9%),

Table 4. Graphic and numeric interpretation of sedentary
levels — interpretation of results

Sedentary level — result interpretation N %
Very limited sedentarism 15 16.3%
Limited sedentarism 33 35.9%
Moderate sedentarism 39 42.4%
Excessive sedentarism 5 5.4%
Total 92 100.0%
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Fig. 3. A graphic interpretation of physical activity levels on the basis of MVPA

and then by lowered foot arches and flat feet (n =9, 9.5%).
In weight-bearing conditions, the most common type of
longitudinal arches was normal arches (n = 39, 43.9%).
Twenty-five children (26.6%) had high longitudinal arch-
es, 20 children (22.3%) had lowered arches, and 8 (8.2%)
had flat feet. The comparison of foot parameters in weight-
bearing and non-weight-bearing conditions confirmed
highly significant differences at p < 0.001*** for param-
eters of longitudinal and transversal foot arches. Table 5
presents the detailed data.

Physical fitness and arches of the foot

Pearson’s chi-squared test analysis did not reveal any
statistically significant correlations (p < 0.05) between
foot arch disorders based on either the Wejsflog index

(P =0.8495 for the right foot, P = 0.4472 for the left foot)
or Clarke’s angle (P = 0.628 for the right foot, P = 0.1697
for the left foot) with the level of physical fitness in the
study population of children, as assessed with the Zuchora
test. It is important to stress, however, that children whose
physical fitness was very good or prominent did not have
transversely flat feet at all, and that lowered longitudinal
arches were four times less common in them than in chil-
dren whose physical fitness was low.

Physical activity and arches of the foot

Pearson’s chi-squared test analysis did not reveal any
statistically significant correlations (p < 0.05) between
foot arch disorders, as assessed with Clarke’s angle meas-
urements, and the children’s physical activity, as assessed

Table 5. Foot parameters in measurements in weight-bearing and non-weight-bearing conditions

Measurement Measurement
Foot parameters in non-weight-bearing conditions in weight-bearing conditions Wilcoxon signed-rank test
X Me sd. X Me sd.
Length R 215.3 216.5 14.6 219.0 219.0 15.7 7 =6.46,p <0.001
Length R 217.1 217.5 15.3 219.2  221.5 14.2 Z=4.99,p<0.001
Length (R-L) -1.8 -1.0 5.7 -0.2 -1.0 7.9 Z=1.85,p=0.0641
Width R 76.9 77.0 7.2 80.1 79.5 7.0 Z=5.80,p<0.001
Width L 75.7 76.0 7.2 80.9 81.0 7.0 Z=17.15,p<0.001
Width (R-L) 1.2 1.0 4.5 -0.7 -1.0 4.7 Z=3.32,p<0.001
Length/Width R 2.8 2.8 0.2 2.7 2.7 0.2 Z=3.83,p<0.001
Length /Width L 2.9 2.9 0.2 2.7 2.7 0.2 Z=6.79,p<0.001
Length/Width R-L 2.6 -1.9 7.0 0.6 1.1 7.2 Z=3.77,p<0.001
CLR 55.3 52.7 33.9 429 45.0 12.2 Z=6.90,p <0.001
CLL 53.7 52.7 24.8 45.4 46.0 18.4 Z=5.87,p<0.001
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Table 6. Correlation between body weight, height and BMI in relation to the results of tests of physical fitness and physical

activity

Variables R Spearman t(N-2) p
Body mass [kg] & Zuchora Test -0.074 -0.70 0.4858
Body mass [kg] & MVPA [points] —0.083 -0.79 0.4288
Body mass [kg] & sedentarism [points] 0.123 1.17 0.2446
Height [cm] & Zuchora Test [pkt.] 0.094 0.90 0.3711
Height [em] & MVPA [points] 0.131 1.25 0.2131
Height [cm] & sedentarism [points] 0.085 0.81 0.4226
BMI [kg/m2] & Zuchora Test [points] —0.234 -2.29 0.0245*
BMI [kg/m2] & MVPA [points] -0.269 -2.65 0.0096**
BMI [kg/m2] & sedentarism [points] 0.109 1.05 0.2988

with MVPA. However, lowered foot arches (n = 15) and
flat feet (n = 7) were found in children whose physical ac-
tivity was minimum or moderate, and normal feet or high
foot arches were more common in physically active chil-
dren (n = 25).

Correlations between body weight, height and BMI in
relation to the results of tests of physical fitness and physi-
cal activity are presented in Table 6.

A significant relationship was found between BMI and
physical fitness measured by the Zuchora test (p = 0.0245)
and also a highly statistically significant relationship
(p = 0.0096) between the BMI of children and their physi-
cal activity. The obtained correlation values (R) for these
relationships were, however, weak (R = 0.3) and their ori-
entation was negative.

Discussion

Sedentary lifestyle might be one of the causes for foot
arch disorders [8]. Tong and Kong found a correlation be-
tween the type of arches of the foot and injuries to the
lower extremities. In the most common foot disorder, i.e.
flat feet, there are significant changes to the talocalcanean
joint and to the talonavicular joint, which result in an in-
creased risk of injury [25]. It has been proven, too, that
flat feet in children are related to an incorrect distribution
of static forces that leads to the forefoot being in a lesser
pronation in gait than in normal feet [26].

Our study showed that decreased physical activity,
sedentary lifestyle, and decreased physical fitness influ-
ence the arches of the foot. However, we did not find
a significant correlation between the variables. Based on
Mueller’s studies, which found that static and dynamic
measurements of feet change with a child’s age, one may
presume that a correlation of the above mentioned vari-
ables in a wider age group could develop differently [17].

We analyzed the longitudinal arches on the basis of
Clarke’s angle values; it is a reliable, sensitive, and practi-
cal index [21]. Clarke’s angle values in non-weight-bear-
ing and weight-bearing conditions revealed statistically
significant differences. Therefore, it may prove useful to
study the impact of BMI on foot arches in the study popu-
lation of children.

Rykata et al. studied a group of 182 children aged
7 to 10 years. They used the photogrammetric method. In
weight-bearing conditions, they found worse longitudinal
arches in boys than in girls, yet the measurement results of
both groups were within the normal range [24].

Physical activity is an element of preventive health-
care. It triggers adaptive processes in the body. Our results
proved beneficial tendencies in physically active children.
Studies by Furgat and Adamczyk on nine — and ten-year-
old children seem to confirm our findings. They found that
less active children had more foot arch disorders — 62.5%
of girls and 39.5% of boys who did not perform any physi-
cal activity outside their PE lessons had lowered foot
arches, as revealed with Clarke’s angle and Wejsflog index
measurements. Regular physical activity ensured normal
foot arches in children [9].

We did not find any statistically significant correlations
between foot disorders and the levels of physical fitness
in children. We did find, however, that children of supe-
rior physical fitness did not have transversely flat feet, and
that longitudinally flat feet were most common in children
whose physical fitness was lowest.

The foot is one of the links of the human kinematic
chain. Twomey and MclIntosh conducted a three-dimen-
sional gait analysis of subject with healthy and flat feet.
They found increased outer rotation in the hip and a differ-
ent positioning of the lower limb axis in subjects with flat
feet [26]. This shows that a disorder of foot arches nega-
tively affects the functioning of the whole body and the
body posture [4].
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According to the American Orthopaedic Foot and An-
kle Society, the issue of flat feet or high foot arches rarely
requires specialist treatment [2]. Well-designed footwear
and regular physical activity support the correct develop-
ment of the arches of the foot [6, 11].

Limitations of the study

There were many factors considered in the study. The
interactions between variables, and reference values used
by different authors make the comparison of results slight-
ly difficult. Therefore, the generalizations and conclu-
sions drawn may not always be unambiguous. Different
methodologies of studies quoted, using different measure-
ment methods and borderlines between foot disorders and
healthy feet, levels of physical fitness and physical activ-
ity, seem to have been additional difficulties.

The value of the study

Studies in foot structure parameters dependent on phys-
ical activity and physical fitness are essential for the phys-
iotherapeutic recommendations for everyday functioning
of the patients. An explicit proof that physical activity and
physical fitness levels are related to foot structure param-
eters will allow for the inclusion of specific exercises in
the therapy of children with foot disorders. Therefore, the
therapy will be more efficient, and the tasks for patients
will be more complex.

Conclusions

1. In the examined group, there were functional lateral
and longitudinal flat feet.

2. A lowered longitudinal arch foot might reduce physi-
cal activity and fitness in adolescents.

Conflict of interest: Authors state no conflict of interest.
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