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Purpose: The study aimed to analyze the footwear fitting and its impact on foot construction features in primary schoolgirls. Meth-
ods: The study group was comprised of 100 girls aged 9 years. The study relied on the CQ-ST podoscope and the Clevermess device for
pertinent measurements. The data were analyzed based on the Mann–Whitney U-test, multiple regression analysis and simple regression.
Results: Too short right footwear had 37% of the girls and the left – 38% of the girls, while too long shoes were worn respectively by:
14% of the girls and 15% of the girls. Too wide footwear in relation to the right foot width had 45% of the group and in relation to the
left foot: 41% of the group. Too narrow right shoes had 23% of the group and the left – 32% of the group. Statistically significant influ-
ence of the excess of outdoor footwear width was found on the Clarke’s angle values ( p = 0.041), the fifth toe setting of the right foot
( p = 0.015) and Wejsflog index of the left foot ( p = 0.036). Conclusions: Most 9-year-old girls wear poorly fitted outdoor footwear.
Appropriately selected footwear in terms of the width facilitates the formation of foot architecture, but wearing too wide footwear in-
creases the risk of hollow feet and the varus deformity of the fifth toe.
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1. Introduction

From a biomechanical point of view, the foot is
one of the least understood structures of the human
body. It is a very complex part of motor organ, with
26 bones and numerous ligaments, tendons, intrinsic
and extrinsic muscles, and is, therefore, a challenging
study subject [3], [14], [15], [21]. The foot, as a sup-
porting and carrying organ, carries the body weight
and is responsible for propulsion. Due to its complex
function, it is characterized by high durability. Despite
its relatively small size, it is adapted to accept large
static and dynamic loads. Correctly arched foot is
characterized by flexibility, which enables shape ad-
justment to the unevenness of the ground and absorbs
shocks during locomotion. The human foot is shaped
throughout all life in a way that is individual for every

human being [2], [7], [8], [10], [17], [20], [24]. Echarri
and Forriol [6], on the basis of the analysis of the longi-
tudinal arch of the feet in 906 girls and 945 boys from
Congo, aged 3 to 12 years, emphasized that the mor-
phology and functional development of the foot are
influenced by internal factors (sex, genetics, and age)
and external factors (footwear habits, loading, and
physical activity).

In childhood, wearing appropriate footwear is an
important issue. Functional demands from footwear
should protect the feet, decrease friction between foot
and floor, and provide foot stability and shock at-
tenuation. However, footwear, which was actually
invented to protect human feet from harmful effects of
environment, today is seen as an indispensable prod-
uct of fashion. Vital components of footwear, neces-
sary for health, are usually ignored for the sake of
fashion trends [20], [24].
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Dinato et al. [5] pointed out to the need to consider
inter-gender differences in the foot structure in pri-
mary school children when choosing footwear. Ac-
cording to Delgado-Abellán et al. [4], the greatest
differences between girls and boys of the same age
were ball width, ball girth and instep height. The girls’
feet are more often deformed due to more delicate
structure.

This knowledge indicates the need for careful
monitoring of the feet condition, especially in the
aspect of footwear fitting. The analysis of extensive
literature shows that the footwear fitting in relation
to the developing foot is the issue with a limited
range of empirical studies. This was the reason for
undertaking the subject of the paper, the aim of
which was to analyze the fitting of footwear that the
9-year-old schoolgirls wore to school (outdoor foot-
wear) and its impact on their foot construction fea-
tures. The following research questions were meant
to be addressed:
1. What percentage of the surveyed girls wears shoes

that are properly fitted for length and width?
2. Does the size of the functional length and width

excess affect the foot construction characteristics
in the girls in question?

2. Materials and methods

The study was performed in April 2018 on a group
of 9-year-old girls attending the randomly selected
schools in the Sanok administrative district. The sam-
ple size representative for the site was estimated in
due consideration of 95% confidence level, and a 5%
level of admissible error of fraction estimation. This
number totalled 134 girls. Preliminary allocation of
girls to the so estimated study group was made with
the aid of simple dependent drawing method. The
selected group was subsequently verified in terms of
its compliance with pertinent inclusion and exclusion
criteria. The inclusion criteria were: age of 9 years;
lack of any diseases and/or injuries of the musculo-
skeletal system, lower limbs with no previous surgical
interventions, including feet; no genetically-dependent
hallux valgus, as confirmed through an interview. The
exclusion criteria: not understanding the instructions
that were necessary for the measurement procedures,
refusal to participate in the trial.

Following completion of the allocation procedure,
it was established that 34 girls could not take part in
the study protocol because they did not meet the inclu-
sion criteria. 100 girls were enrolled into the study.

The mean body mass of the examined girls was
x  = 30.42 ± 6.80 kg, the mean body height was x  =
132.88 ± 6.32 cm, while the average BMI amounted
to x  = 17.09 ± 2.82.

The research tool was the podoscope CQ-ST
(manufactured by Electronic System). The study en-
tailed measuring of the plantar feet surfaces in a re-
laxed stance, with the upper limbs hanging along the
body. Each time, both feet were subjected to exami-
nation. The width and foot angle were natural, un-
forced. The calculations included the following indices:
foot length, foot width, Clarke’s angle, the Wejsflog
index, heel angle γ (transverse foot arch), hallux valgus
angle (α), the angle of the varus deformity of the fifth
toe (β).

The footwear that the children wore to school
(outdoor footwear) were examined. The typical out-
door shoes for schoolgirls in Poland are laced leather
sneakers or leather-like materials, on a flat plastic sole.
Parents were not informed ahead on which days the
data would be collected.

The footwear fitting to the feet of the examined
children was tested using the Clevermess device,
manufactured by Clevermess GmbH (Fig. 1).

Fig. 1. Clevermess device

When assessing footwear fitting in terms of length,
the following criteria were adopted:
– too short footwear – when the length excess was

less than 8 mm,
– appropriate footwear – when the length excess was

8–12 mm,
– too long footwear – when the length excess was

over 12 mm [19].
The following criteria were taken into account

when assessing footwear fitting in terms of width:
– too narrow footwear – when the width excess was

less than 1 mm,
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– appropriate footwear – when the width excess was
1–3 mm,

– too wide footwear – when the width excess was
over 3 mm [12], [19].
In order to preserve the integrity of the research

process, all the measurements were taken in the gym,
in the morning, using the same measuring instruments
operated by the authors. Girls were wearing their
gymnastic uniforms. For the podoscopic examination,
the girls were without shoes and socks, while for
measuring the footwear fitting with Clevermess de-
vice, they put on socks. Procedures were carried out in
accordance with Declaration of Helsinki for experi-
ments involving humans. All participants, their par-
ents or legal guardians received detailed information
concerning the aim and methodology used in the
study. The study was approved by the Local Ethics
Committee of the Rzeszów University.

Based on the gathered data, descriptive statistics
were calculated. The consistency of the values with
the normal distribution was verified by means of the
Shapiro–Wilk test. The results for the excess of tested
footwear were compared using Mann–Whitney U-test.

The influence of independent variables (predictive,
explained such as length and width excess of foot-
wear) on dependent variables (featured, such as foot
construction) was estimated on the basis of multiple
regression analysis and simple regression. The re-
sults were considered statistically significant, if the
probability level of the test was lower than the prede-
termined significance level p < 0.05. The Stat Soft
STATISTICA application (version 13.1) was used to
process the test results.

3. Results

Table 1 includes descriptive statistics of the foot
construction characteristics in the examined girls.

The mean length excess of tested footwear was
8.99 ± 3.51 mm (right shoe) and 8.91 ± 3.66 mm (left
shoe), while the mean width excess was 3.55 ± 4.71 mm
(right shoe) and 3.01 ± 5.98 mm: left shoe. There
were no statistically significant differences in terms of

Table 1. Descriptive statistics of structural features of the feet in the study subjects

Feature x  ± SD max–min Q25 Me Q75

rf 19.54 ± 1.16 22.10–17.20 18.70 19.45 20.40
Foot length [cm]

lf 19.54 ± 1.17 22.10–17.20 18.70 19.50 20.40
rf 7.43 ± 0.47 8.90–6.50 7.05 7.40 7.70

Foot width [cm]
lf 7.48 ± 0.45 8.50–6.50 7.15 7.50 7.70
rf 33.38 ± 9.49 50.00–11.00 29.50 35.00 40.00

Clarke’s angle [°]
lf 32.02 ± 10.21 49.00–8.00 24.00 34.00 40.00
rf 2.63 ± 0.14 3.00–2.33 2.54 2.63 2.72

Wejsflog index
lf 2.62 ± 0.14 2.89–2.24 2.52 2.61 2.72
rf 17.30 ± 2.00 23.00–13.00 16.00 17.00 18.00

Heel angle γ [°]
lf 17.26 ± 1.74 21.00–13.00 16.00 17.00 18.00
rf 5.42 ± 4.47 16.00–0.00 0.50 5.00 8.00

Hallux valgus angle α [°]
lf 5.57 ± 4.09 17.00–0.00 3.00 5.00 8.00
rf 13.69 ± 5.20 26.00–0.00 10.00 14.00 17.00

The angle of the varus deformity of the fifth toe β [°]
lf 13.31 ± 5.77 27.00–0.00 10.00 14.00 17.00

Abbreviations: rf – right foot, lf – left foot, x  – arithmetical mean value, SD – standard deviation, max – maximum
value, min – minimum value, Q25 – lower quartile, Me – median, Q75 – upper quartile.

Table 2. Descriptive statistics of the excess of tested footwear in the examined girls

Excess of footwear [mm] x  ± SD max–min Q25 Me Q75 Z p
rs 8.99 ± 3.51 18.00–4.00 6.00 8.00 12.00Length ls 8.91 ± 3.66 18.00–2.00 6.00 8.00 12.00 0.20 0.837

rs 3.55 ± 4.71 17.00–(–6.00) 1.00 3.00 7.00Width ls 3.01 ± 5.98 19.00–(–9.00) –1.00 2.00 6.50 1.04 0.297

Abbreviations: rs – right shoe, ls – left shoe, x  – arithmetical mean value, SD – standard deviation, max – maxi-
mum value, min – minimum value, Q25 – lower quartile, Me – median, Q75 – upper quartile, Z – value of the
Mann–Whitney U-test statistic, p – probability value.
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the excess value of length and width recorded for the
right and left shoe (Table 2).

On the basis of the measurement of the length ex-
cess of the footwear, it was found that appropriately
fitted right footwear were worn by 49% of the girls
while the left one by 47% of the girls. Too short right
footwear had 37% of the girls and the left – 38% of
the girls, while too long shoes were worn respectively
by: 14% of the girls and 15% of the girls.

On the basis of measurements of the width excess
of the footwear, we found that 32% of the group had
appropriate footwear fitting for the right foot, and the
left one – 27% of the group. Too wide footwear in
relation to the right foot width had 45% of the group
and in relation to the left foot: 41% of the group. Too

narrow right shoes had 23% of the group and the left
– 32% of the group (Table 3).

Table 3. Passivity of footwear in the study subjects

Right shoe
(n = 100)

Left shoe
(n = 100)Footwear fitting

%
Too short 37.0 38.0
Appropriate 49.0 47.0Length
Too long 14.0 15.0
Too narrow 23.0 32.0
Appropriate 32.0 27.0Width
Too wide 45.0 41.0

Table 4. Multiple regression models and simple regression, in which independent variables are excess of footwear,
while dependent variables are features of the foot structure

Multiple regression Simple regression
Excess of footwear

R R2 F p b rc p
Summary of dependent variable regression: Clarke’s angle of the right foot [°]

Length –0.15 –0.05 0.649
Width

0.22 0.04 2.51 0.084
0.50 0.25 0.041*

Summary of dependent variable regression: Clarke’s angle of the left foot [°]
Length –0.10 –0.03 0.739
Width

0.18 0.03 1.57 0.212
0.32 0.17 0.092

Summary of dependent variable regression: Wejsflog index of the right foot
Length 0.00 –0.07 0.488
Width

0.16 0.02 1.28 0.283
0.00 –0.08 0.426

Summary of dependent variable regression: Wejsflog index of the left foot
Length –0.01 –0.18 0.059
Width

0.23 0.05 2.78 0.066
0.01 0.21 0.036*

Summary of dependent variable regression: heel angle (γ) of the right foot [°]
Length –0.05 –0.08 0.422
Width

0.16 0.02 1.29 0.278
0.08 0.16 0.111

Summary of dependent variable regression: heel angle (γ) of the left foot [°]
Length 0.07 0.14 0.156
Width

0.17 0.03 1.40 0.250
–0.04 –0.14 0.154

Summary of dependent variable regression: hallux valgus angle (α) of the right foot [°]
Length –0.18 –0.12 0.219
Width

0.18 0.03 1.68 0.191
–0.04 –0.04 0.671

Summary of dependent variable regression: hallux valgus angle (α) of the left foot [°]
Length –0.14 –0.11 0.252
Width

0.15 0.03 1.26 0.287
–0.03 –0.04 0.659

Summary of dependent variable regression: the angle of the varus deformity of the fifth toe (β) of the right foot [°]
Length –0.04 –0.02 0.830
Width

0.28 0.08 4.03 0.020*
0.32* 0.24 0.015*

Summary of dependent variable regression: the angle of the varus deformity of the fifth toe (β) of the left foot [°]
Length –0.01 –0.01 0.924
Width

0.05 0.00 0.14 0.872
–0.04 –0.04 0.681

Abbreviations: R – coefficient of multiple correlation; R2 – coefficient of determination; F – the Fisher–Snedecor
test; b – the slope of the regression line; rc – partial correlation; p – probability value; * p < 0.05.
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Data collected in Table 4 show that multiple
regression models with two explanatory variables
(length and width excess of footwear) of Clarke’s
angle variance were statistically insignificant, both in
relation to the right (F = 2.51; p = 0.084) and left
lower limb (F = 1.57; p = 0.212). The analysis of sim-
ple regression results, taking the separate influence of
each of the predictors on the dependent variable into
account, showed a statistically significant, positive
effect of the excess of the external footwear width on
Clarke’s angle of the right foot (r = 0.25; p = 0.041).
The slope angle of the regression line for these vari-
ables was b = 0.50, which means that if the width
excess increases by a unit, then Clarke’s angle will
increase by an average of 0.50°.

Models of multiple regression defining the influ-
ence of variables: length and width excess of footwear
on Wejsflog index were statistically insignificant for
the right (F = 1.28; p = 0.283) and left foot (F = 2.78;
p = 0.066). The analysis of simple regression results,
taking the exclusive influence of each of the predic-
tors on the dependent variable into account, showed
that only in the case of the left shoe, the size of the
width excess has a statistically significant impact on
Wejsflog index (r = 0.21; p = 0.036). The slope coef-
ficient of the regression line for these variables has
reached the value of b = 0.01. This means that the
increase in the width excess by a unit affects the in-
crease in Wejsflog index by a value of 0.01.

The total effect of explanatory variables on the
heel angle (γ) was statistically insignificant for both
the right (F = 1.29; p = 0.278) and left foot (F = 1.40;
p = 0.250). Also, the analysis of simple regression
results did not show statistically significant influence
of these predictors on the dependent variable.

Models of multiple regression with two explana-
tory variables of hallux valgus angle (α) variation
were statistically insignificant. Also, the analysis of
simple regression results did not show statistically
significant influence of the predictors on the depend-
ent variable.

The multiple regression model with two variables
explaining the angle of the varus deformity of the fifth
toe (β) was statistically significant only in the case of
the right lower limb (F = 4.03; p = 0.020). These vari-
ables accounted for a total of 8% of the variance of
the dependent variable (R2 = 0.08). Simple regression
only in the case of the right lower limb showed a sta-
tistically significant positive effect of the width excess
of the footwear on the fifth toe setting (r = 0.24; p =
0.015). The slope of the regression line for these
variables was b = –0.32, which means that if the shoe
width increases by a unit, the angle of varus angle

of the fifth toe will increase by an average of 0.32°
(Table 4).

4. Discussion

Issues concerning the impact of footwear on the
condition of the motor system are the subject of re-
search by many scientists. Most are focused on the
frequency of deformation and the type of factors that
may disturb delicate foot structure, but a small num-
ber of studies concerned on the impact of footwear on
the formation of children’s feet in the early school
period. Abolarin et al. [1] assessed the prevalence of
flat feet in 560 school-aged children living in urban
and rural areas in south-western Nigeria. The results
of this study show foot wear type and age as factors
influencing the prevalence of flatfoot among urban
and rural dwelling children, though the type of foot-
wear was not a predictive factor. All the children in
the urban area were shod with closed toe shoes while
most of the children in the rural area (69.5%) were
shod with other forms of footwear. The authors noted
a significantly higher percentage of feet with de-
creased arch in the subjects who had worn shoes in
their early childhood compared to peers who did not
wear shoes. Ibikunle and Ec [9] on the basis of a study
of 352 Nigerian children aged 8–12 years stated that
pes planus percentage was found to be highest in chil-
dren who started life by wearing cover shoes, fol-
lowed by those who wore canvas, with the least per-
centage of pes planus found in those that wore
sandals. Those who wore cover shoe more frequently
had the highest percentage of pes planus occurrence,
followed by those who wore sandals more frequently,
then those who wore canvas more frequently with the
least occurrence found in those who wore slippers.
Data obtained by the authors indicate that 262 chil-
dren wore indoor shoes for school. The studies did not
show a significant relationship between the age in
which a child began to wear shoes and flat feet.
Mauch et al. [13] carried out research aimed at con-
trolling the construction of the foot in children living
on two continents: Australia and Europe. There were
discrepancies in the shape of the feet, especially the
longitudinal arch in children representing both popu-
lations. European children, compared to the Austra-
lian, were characterized by longer and more flat feet.
The authors found that the construction of the feet
depends not only on genetic factors, but also on the
living environment, which determines the type of
footwear worn. Therefore, the production of shoes



E. PUSZCZAŁOWSKA-LIZIS et al.124

should take into account the needs of customers re-
sulting from the specificity of the place of permanent
residence. In addition, the footwear assortment should
meet the needs of both children with slender and wide
feet providing adequate protection and comfort. Also
Vergara-Amador et al. [22] compared the incidence
of longitudinal flat foot depending on the type of
footwear worn and the time of its use in 2 groups
of children living in cities with different culture,
climate and resulting footwear preferences. The first
group were the inhabitants of the city of Bogotá, the
capital of Colombia, where children usually wear
boots for a long time during the day. In turn, the
second group included children living in the city of
Barranquilla in northern Colombia, at the mouth of
the Magdalena River to the Caribbean Sea, where
open footwear is used more often, such as sandals,
and the use of shoes during the day is much less fre-
quent. The authors found a much larger percentage
of longitudinal flat foot in children from urban areas
of Bogota.

Especially important issue is shoe fitting to the in-
dividual features of the feet. The measure of the de-
gree of footwear fitting to the foot is a functional ex-
cess, which, on one hand, is a reserve for growing
feet, and on the other – secures the free space in the
footwear needed to lengthen the longitudinal arch (the
so-called apparent increase in the length of the foot)
during movement or load. The functional excess
should take into account the size of the mean foot
growth in the period from 6 to 12 months. In children
in the early school period, the rate is on average 1 cm
per year [23], which is why it is assumed that the
functional excess, which is the difference between
the foot length and the inner length of footwear for
children under 15 years, should be 10 mm [12], [19].
Considering that the acceptable measurement error is
within ± 2 mm, in the interpretation of our test re-
sults, correct values of the functional length excess
within 8 to 12 mm have been assumed. It was found
that adequately fitted footwear had less than half of
the girls, while too short shoes had 40% of the sub-
jects. The rest of the girls wore too long shoes.

From the practical point of view, the width of the
front part of the shoe should provide the toes with
a free arrangement, in the interpretation of the results
of our tests, the functional width excess was assumed
in the range of 1 to 3 mm [12]. Approximately 30% of
the studied girls wore appropriately fitted footwear,
about 45% of them had too wide shoes (in the case of
the right foot the percentage was higher), while too
narrow shoes had 23–32% of the group. Obtained data
indicate that in terms of width, footwear were poorly

adjusted to the feet of the surveyed girls. This sug-
gests the need to raise parents’ awareness of the rules
for the selection of footwear, as well as the need to
constantly monitor its condition so that in the event of
disorders, immediate replacement is made. Since this
issue is occasionally undertaken in the literature of the
subject, these results are difficult to refer to other re-
ports.

An interesting issue is the impact of the size of the
functional excess of footwear on the characteristics of
the feet. In the case of tested footwear, the results of
simple regression models in which the predictive vari-
able constituted the width of the footwear were statis-
tically significant. The influence of the width of the
footwear on the Clarke’s angle of the right foot was
noted. When the width excess was larger by one unit,
the Clarke’s angle of the right foot increased by an
average of 0.50°. The width of the footwear also af-
fected the Wejsflog index of the left foot. Increasing
the width excess by one unit influenced the increase
of the Wejsflog index by a value equal to 0.01, which
means improved transverse arch. Therefore, it can be
concluded that the functional width excess for the
right foot has an influence on the shape of the longitu-
dinal medial arch, and in the left foot – on the trans-
verse arch. The different influence of the size of the
width excess of the right and left foot may be related
to the functional asymmetry of the lower limbs to-
wards the dominance of the right lower limb as a pe-
dipulative function and the left as a support function.
It seems that in the right foot, dynamic muscle work
exerts a positive effect on the shape of the foot,
moreover, the dynamic function of the foot is a factor
increasing the mobility of its joints. Greater mobility
of the bone structure of the foot is a consequence of
the loosening of joints and periarticular structures and
requires greater involvement of muscles which func-
tional efficiency determines the condition of passive
stabilizers and the correct shape of the medial arch.
On the other hand, in the case of the left foot, which
has a static function, the pressure forces, by activating
the compensation mechanisms, favorably affect the
formation of the arch. In our material, a statistically
significant, positive influence of the width excess of
the footwear on the fifth toe setting was also noted.
The slope coefficient of the regression line for these
variables showed that if the shoe width increases by
a unit, the angle of the fifth toe will increase by an
average of 0.32°. And so the wider the footwear, the
more deformed the fifth toe setting. A comprehensive
look at the data discussed above suggests that properly
chosen footwear in terms of width favors the forma-
tion of normal foot architecture, but wearing too
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wide shoes may cause excessive arches of the feet, as
well as lead to instability resulting in adverse changes
in the fifth toe setting.

Concluding, it should be noted that since inade-
quately selected footwear deforms the child’s foot and
affects their locomotor system and posture, the par-
ents’ knowledge and sensitivity to this aspect is es-
sential. The conscious parent should make every effort
to find the right footwear for the child, carefully ob-
serving the condition of the feet. In previous studies
[18], only 40% of mothers of children in the early
school period showed that they did not know about
the proper selection of footwear. Lack of knowledge
or insufficient awareness of the dangers resulting from
negligence may be the reason for the parents’ disre-
gard for the problem. Klein et al. [11] underlined that
it is necessary, from the point of view of public health,
to provide parents and the general public with com-
prehensive information on the importance of properly-
fitting shoes and the criteria of a proper fit.

To the best of our knowledge, the present study
is the first multi-faceted assessment of the effect of
wearing shoes. Highly homogeneous character of the
study population, i.e., girls representative of an appre-
ciable proportion of population 9-year-old girls in the
Sanok administrative district and specific type of foot-
wear regularly worn to school (outdoor footwear),
stands for overall credibility of the findings. The fact of
establishing with indubitable precision the key causa-
tive factors of sustaining by girls, health-hazardous
deformities to their feet, also instrumental in develop-
ing potential locomotion problems in later life, offers
a number of specific, health policy-oriented pointers.
Further in-depth research into this issue is still required,
taking into account other age and sex groups.

5. Conclusions

Most 9-year-old girls wear poorly fitted outdoor
shoes. This points out to the need to raise parents’
awareness of the principles of selection of footwear
and the need to constantly monitor its condition so
that in the event of irregularities, immediate replace-
ment is made.

Increasing the functional width excess of the foot-
wear in the case of the right foot increases the longi-
tudinal arch and the angle of the varus deformity of
the fifth toe, and in the left one – the increase in the
transverse arch. Appropriately selected  footwear in
terms of the width favors the formation of normal
foot architecture, but wearing too wide shoes in-

creases the risk of hollow feet and the varus deform-
ity of the fifth toe.
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