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The study aimed to study dependences between the footwear fitting and feet structure in girls of third
grade of primary school.

The research tool was the podoscope CQ-ST. The footwear fitting to the feet of the examined children
was tested using the Clevermess device.

Statistically significant relationships between the frequency of varus deformity of the Vth toe of the
right foot and the width fitting of the outdoor footwear were found (p=0.027). Statistically significant
relationships between the length of the indoor footwear and the heel angle (y) of the left foot have also
been noted (p = 0.038).

Conclusions: Children with a wider forefoot wear longer shoes, which is why there is a need to take into
account differences in the foot width in the production of footwear used indoors. The use of too short
footwear, without free space that is necessary for the proper setting of the foot during movement or
load, is a factor leading to excessive lateral arching. Wearing too wide shoes affects the formation of
varus deformity of the Vth toe of the right foot.
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INTRODUCTION

Human foot is an important static-dynamic part of the motor system. It supports
the mass of the whole body, and in static conditions it enables balancing of the
body’s spatial position. On the other hand, it is a propelling mechanism giving
the body propulsion while moving [1-3].

On the basis of the available scientific references it could be started that feet
disorders are a source of problems in everyday life. They can have a negative
effect on the efficiency and condition of the higher parts of the kinematic chain.

Therefore, the prevention of foot deformities is particularly important in this
respect. It should primarily be based on their care, hygiene and appropriate
selection of footwear [4-9].

According to Wolf et al. [10], the type of footwear worn can affect the shape of
the foot, changing its natural movement during locomotion. The authors found
that light, flexible footwear supports the development of feet. However, wearing
wrongly fitted shoes - too short, too tight and stiff, especially in childhood, leads
to their deformation. According to the authors, most of the deformations arise due
to the use of improperly chosen full footwear, and much less often due to wearing
inappropriately fitted sandals or slippers. Walther et al. [11] emphasized that girls'
feet are more often deformed due to their structure that is more delicate. Wang
et al. [12] pointed to the need for manufacturers to care for the ergonomics of
footwear. Designing footwear requires knowledge of issues related to skeletal
development processes in the early stages of ontogenesis, including the dynamics
of changes in the shape of the child's foot. Correctly made footwear should be light
and have a proper shape of the front part. The top of the shoe cannot compress
the dorsal part of the foot. The adequate height and width of the so-called "shoe-
toe" should provide the toes with correct setting on the one hand, and allow free
movement on the other hand. The shoe should fulfill the task of stabilizing the
foot, not limiting its physiological movements and not compressing. Wearing too
narrow shoes causes pressure on the toes and subsequent deformation, and also
hinders the work of the muscles and affects the stretching of the ligaments that
maintain the transverse arch. The size of the shoe should be adjusted accordingly
to the length of the foot. Therefore, when buying children's shoes, one should take
into account the so-called functional surplus, which is a reserve for the increase
in the length of the foot during the period of use and 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 Poland, the current PN-87/0-91055 standard (Size of Shoe Lasts) for
children under 15 provides for a functional surplus of 10 mm, which is the difference
between the length of the foot and the inner length of the footwear [13, 14].

The analysis of extensive literature indicates 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 which aim was to
examine dependences between the footwear fitting and feet structure in girls
of third grade primary school.

The following research questions have been formulated:

1. Are there any dependencies between the lengthwise fit of indoor and outdoor
shoes and the incidence of foot deformities in girls aged 97?

2. Are there any dependencies between the widthwise fit of indoor and outdoor
shoes and the incidence of foot deformities in girls aged 97?
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MATERIAL AND METHODS

The study comprised 100 9-year-old girls attending randomly selected schools in
the Sanok administrative district. The selected group was subsequently verified
in terms of its compliance with pertinent inclusion and exclusion criteria. The
inclusion criteria were as follows: age 9 years; lack of any diseases and/or injuries
of the musculoskeletal system; lower limbs with no previous surgical interventions,
including feet; no genetically dependent hallux valgus, as confirmed in an interview.
The exclusion criteria as follows: not understanding the instructions that were
necessary for the measurement procedures, refusal to participate in the trial.

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 (Electronic System). The study
entailed measuring of the plantar feet surfaces in a relaxed stance, with the
upper limbs hanging along the body. Each time, both feet were subjected to
examination. The width and foot angle were natural, unforced. The following
parameters were measured: foot length [cm], foot width [cm], Clarke’s angle [°]
- longitudinal foot arch, heel angle (y) [°] - transverse foot arch, hallux valgus
angle (a) [°], the angle of the varus deformity of the Vth toe (B), in ° [15-19].

The footwear that the children wore to school (outdoor footwear) and shoes
worn at school (indoor footwear) were examined. The typical outdoor shoes for
schoolgirls in Poland are laced leather sneakers or leather-like materials, on a
flat plastic sole, while typical indoor shoes are lace-up sneakers on a rubber sole.

The footwear fitting to the feet of the examined children was tested using the
Clevermess device (Clevermess GmbH), which consisted of a toe limiter, heel
stop, buckles to measure foot width, extension mounted on the back of the
device, allowing measurements of shoes larger than size 31.

First, the length and width of the foot were measured. To measure the length, the
child's foot was placed on the device so that the stops adhered closely to the heel
and toes. During the measurement of the foot width, attention was paid that the
clamps should be pressed against the width of the foot and were connected over its
dorsal surface. The measurement results were automatically saved in the device's
memory. Subsequently, the device was put into the shoe in order to measure the
length and width of its interior. After 3 seconds from placing in the shoe, the device
signaled the end of the measurement. After removing the scoop from the shoe, the
result was on the screen, which contained information about the free space in the
shoe (the functional length excess and the functional width excess).

When assessing footwear fitting in terms of length, the following criteria were
adopted:

- too short footwear - when the functional 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 [13].

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,

- appropriate footwear - when the width excess was 1-3 mm,

- too wide footwear - when the width excess was over 3 mm [13, 14].
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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 device, they put on socks.
Procedures were carried out in accordance with Declaration of Helsinki for
experiments involving humans. All participants and their parents 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
Rzeszow University (No. 3/12/2015).

Based on the gathered data, descriptive statistics were calculated. The analysis
was carried out using the Pearson Chi-square test (x?). The results were
considered statistically significant if the probability level of the test was lower
than the predetermined significance level p < 0.05. The Stat Soft STATISTICA
software (version 13.1) was used to process the test results.

RESULTS

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

The data in Table 2 indicate the existence of statistically significant relationships
between the frequency of varus deformity of the Vth toe of the right foot and
the width fitting of the outdoor footwear (p = 0.027).

A more detailed analysis in Table 3 showed that the varus deformity of the
Vth toe of the right foot is more often found in girls wearing too wide shoes
(87.5% of the respondents), and the least often in girls using shoes that are
properly fitted (56.5% of the respondents).

The results presented in Table 4 indicate the existence of statistically significant
relationships between the length of the indoor footwear and the heel angle
(y) of the left foot (p = 0.038).

Table 1. Descriptive statistics of structural features of the subjects’ feet
|

Feature X +=SD max-min Q,, Me Q,

rf 19.54+1.16  22.10-17.20 18.70 19.45 20.40
If 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
If 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
If 32.02+10.21  49.00-8.00 24.00 34.00 40.00
rf 17.30+£2.00 23.00-13.00 16.00 17.00 18.00
If 17.26%x1.74  21.00-13.00 16.00 17.00 18.00

Foot length [cm]

Foot width [cm]

Clarke’s angle [°]

Heel angle y [°]

rf 5.42+447  16.00-0.00  0.50 5.00 8.00
Hallux valgus angle a [°]

If  5.57+4.09  17.00-0.00  3.00 5.00 8.00
The angle of the varus o 13.69%5.20  26.00-0.00  10.00 14.00  17.00
deformity of the Vth toe B [°] 13.31+5.77  27.00-0.00  10.00 14.00  17.00

rf, right foot; If, left foot
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Table. 2. Dependencies between the fitting of indoor and outdoor footwear and the construction
of the examined girls’ right feet

Pair of variables Chi-square test p
Length of the outdoor footwear & the medial longitudinal foot arch ¥3(4)=2.54 0.637
Width of the outdoor footwear & the medial longitudinal foot arch x2(4)=5.24 0.262
Length of the indoor footwear & the medial longitudinal foot arch ¥2(4)=6.03 0.196
Width of the indoor footwear & the medial longitudinal foot arch x2(4)=4.34 0.361
Length of the outdoor footwear & transverse foot arch x2(4)=0.86 0.929
Width of the outdoor footwear & transverse foot arch x2(4)=7.41 0.115
Length of the indoor footwear & transverse foot arch ¥3(4)=1.49 0.828
Width of the indoor footwear & transverse foot arch x3(4)=4.31 0.364
Length of the outdoor footwear & setting of the hallux ¥2(2)=0.15 0.924
Width of the outdoor footwear & setting of the hallux ¥3(2)=0.51 0.772
Length of the indoor footwear & setting of the hallux ¥2(2)=0.94 0.624
Width of the indoor footwear & setting of the hallux ¥2(2)=5.25 0.072
Length of the outdoor footwear & setting of the Vth toe ¥?(2)=0.89 0.638
Width of the outdoor footwear & setting of the Vth toe ¥2(2)=7.18 0.027*
Length of the indoor footwear & setting of the Vth toe ¥x3(2)=1.41 0.494
Width of the indoor footwear & setting of the Vth toe ¥3(2)=2.91 0.232

* p<0.05

Table 3. The prevalence of deformation of the Vth toe of the right foot, depending on the width of
the used outdoor footwear

Appropriate Too wide Too narrow Total
Setting of the Vth toe footwear footwear footwear
n % n % n % n %
Normal setting 10 43.5 4 12.5 10 22.2 24 24.0
The Vth toe varus deformity 13 56.5 28 87.5 35 77.8 76 76.0
Chi-square test ¥?(2)=7.18; p=0.027*

* p<0.05

Table 4. Dependencies between the fitting of indoor and outdoor footwear and the construction
of the examined girls’ left feet

Pair of variables Chi-square test p
Length of the outdoor footwear & the medial longitudinal foot arch ¥3(4)=2.17 0.702
Width of the outdoor footwear & the medial longitudinal foot arch x2(4)=7.63 0.105
Length of the indoor footwear & the medial longitudinal foot arch x?2(4)=3.32 0.504
Width of the indoor footwear & the medial longitudinal foot arch ¥3(4)=6.85 0.143
Length of the outdoor footwear & transverse foot arch ¥3(2)=3.59 0.463
Width of the outdoor footwear & transverse foot arch x2(2)=5.34 0.253
Length of the indoor footwear & transverse foot arch ¥3(2)=10.10 0.038*
Width of the indoor footwear & transverse foot arch x2(2)=5.15 0.271
Length of the outdoor footwear & setting of the hallux ¥3(2)=1.32 0.516
Width of the outdoor footwear & setting of the hallux ¥3(2)=1.12 0.569
Length of the indoor footwear & setting of the hallux x3(2)=3.11 0.210
Width of the indoor footwear & setting of the hallux ¥23(2)=0.22 0.892
Length of the outdoor footwear & setting of the Vth toe ¥3(4)=1.87 0.391
Width of the outdoor footwear & setting of the Vth toe x2(4)=0.04 0.979
Length of the indoor footwear & setting of the Vth toe ¥?(4)=0.20 0.901
Width of the indoor footwear & setting of the Vth toe ¥2(4)=0.99 0.609

* p<0.05
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A more detailed analysis in Table 5 showed that the left laterally hollowed feet
were noted only in girls using too short shoes (9.3% of the respondents). In
turn, the prevalence of the lateral flat foot of the left foot was the highest in
the case of the users of too long shoes (35.7% of the respondents).

Table 5. The prevalence of deformation of the transverse arch of the left foot and the length of
the indoor footwear used

Appropriate Too long Too short Total
Transverse foot arch footwear footwear footwear
n % n % n % n %
High arched foot 0 0.0 0 0.0 4 9.3 4 4.0
Normal foot 30 69.8 9 64.3 34 79.1 73 73.0
Flat foot 13 30.2 5 35.7 5 11.6 23 23.0
Chi-square test ¥?(2)=10.10; p=0.038*
*p<0.05

DISCUSSION

In the literature, there are reports whose authors raise the issue of footwear
fitting. Zhang et al. [20] observed disturbances in the formation of longitudinal
arches of the feet in pre-school children living in the province of Fujian. These
changes mostly concerned girls' feet and were related to wearing inadequately
fitted footwear. Bari et al. [21] concluded that most of the examined 303 children
aged 5-6 from Malaysia wore incorrectly fitted footwear. The authors consider
the availability of only imported shoes on the Malaysian market, which are
typical of the populations inhabiting the United States or the area of Great
Britain. Also Naimah et al. [22] found that imported models work well on the
feet of European children, while they are definitely inadequate for Malaysian
children, as they are characterized by much smaller foot sizes compared to
Europeans. Hettigama et al. [23], on the basis of surveys of school students in
Sri Lanka aged 8 and 12, stated that the dynamics of the growth of longitudinal
features, including the foot length indicates the necessity of frequent change
of shoes, which primarily allows them to be correctly fitted to the current foot
construction. The authors found that the awareness of the need to wear the
correct footwear would counteract diseases and deformities of the feet. They
emphasized the urgent need to design and manufacture ergonomic footwear and
pointed to the need to adapt the range of footwear produced by companies to
the individual needs of customers, including children in Sri Lanka. The precise
selection of footwear should be based on accurate tests, taking into account both
foot anatomy and the gait specificity. Schwarzkopf et al. [24] noted differences in
the length of the right and left foot in 60% of the 235 surveyed residents of New
York over 18 years of age. On this basis, they stressed the difficulty in choosing

the right size of footwear. Klein et al. [25] assessed the quality of footwear worn
by Austrian pre-school children aged 3 to 6.5. To measure the length of the inside
of the shoe, the authors used a sliding measure. In the classification of results,
they included a travel space of at least 10 mm (optimally 12 mm) more than the
length of the foot. Most of the children did not have indoor shoes, or they wore
indoor shoes that were not adequately fitted and of worse quality than outdoor
footwear. Only 23% of 858 studied children wore well-fitted outdoor footwear,
and 9% had well-fitted indoor footwear. Teachers reported that in many cases
these shoes were not exchanged throughout the school year. According to the
authors, this may be partly due to the fact that parents pay less attention to the
footwear that children wear at school than to the outdoor footwear.
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Knapik [13] verified the correctness of choosing the size of used and purchased
footwear by parents of 500 school-aged children. For this purpose, in the shoe
stores the author carried out direct measurements of the length of the feet,
plantographic measurements of the angle of hallux valgus and varus deformity
of the Vth toe, as well as the measurement of the inner length of the footwear
in which the children came to the store and the inner length of the footwear
purchased. In addition, a diagnostic survey was conducted on, among others,
the influence of footwear on the health condition of feet and the self-assessment
of the fitting of footwear used and purchased. In the analysis of the collected
material, a functional surplus amounting to 10 mm was taken into account. The
effect of wearing inappropriate footwear on the health condition of feet was
found. The parents’ relatively high awareness of the impact of inappropriate
footwear on the condition of the feet was not confirmed by the degree of footwear
fitting. Most of the respondents wore footwear equal to the length of the foot
or too short ones. According to the author, the most disturbing fact was that
a significant percentage of parents bought too short shoes for their children.

Our research is one of few papers in the field of footwear impact on foot formation
in girls in early childhood. The obtained results indicate that in the case of the
left foot, the incidence of transverse flat foot was the highest in girls wearing
too long indoor shoes. This suggests that children with a wider forefoot wear
longer shoes to avoid discomfort. It also points to the fact that in the production
of footwear, which most often serves as indoor, the differences in the width of
girls' feet are not taken into account.

The left laterally hollow feet were recorded only in girls using too short indoor
footwear, and thus lacking free space, which is necessary for correct setting of
the foot during movement or load. Due to the non-physiological setting of the
foot in the shoe, muscle tension increases, which may lead to excessive arching
of the foot and has a negative impact on its mobility and flexibility.

An equally important issue is width fitting of the footwear. Chaiwanichsiri et
al. [26] pointed out that wearing too narrow shoes, especially in childhood,
causes abnormal tension in the muscles and tendons of the feet, the formation
of bunions and unsightly thickenings. Too narrow shoes compress the feet,
hindering their natural development, as well as impede the work of the muscles.
They cause distortion of the toes and stretching of the ligaments maintaining
the transverse arch. In turn, wearing too wide shoes is the cause of instability
during locomotion and resulting injuries.

Our research indicated the existence of statistically significant relationships
between the prevalence of varus deformity of the Vth toe of the right foot and
the width fitting of the outdoor footwear. This deformation was significantly
more common in girls who wear too wide shoes, and least often in girls using
shoes that are properly fitted. A comprehensive look at the data discussed above
suggests that properly chosen footwear in terms of width favors the formation
of normal foot architecture, but wearing too wide shoes may cause instability,
resulting in adverse changes in the fifth toe setting.

The review of scientific publications and the results of own research indicate
the need to pay attention to the fitting and condition of both indoor and
outdoor footwear. The dynamic growth of children's feet makes it necessary to
constantly monitor the condition of footwear. Doing so will allow for frequent
replacement and thus reduce the frequency of foot deformities. It is worth
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emphasizing here that although children's shoes are intended for children,
the parents usually buy them, who often, especially in the case of footwear
bought for girls, are willing to follow fashion. Therefore, in many cases when
choosing shoes, their primary purpose is no longer important, such as protec-
tion of feet against injuries and adverse weather conditions. It is also worth
stressing that parents’ decisions regarding the purchase of shoes are often a
reaction to the producers' offer. Currently, in order to satisfy users’ aesthetic
needs, children's footwear is very often modeled on shoes for adults, which
is why it is non-physiological and does not support the development of feet.
Therefore, when buying shoes, it is particularly important to know how to
select them, as well as to pay attention to the subjective feelings of children.

CONCLUSIONS

Children with a wider forefoot wear longer shoes, which is why there is a need
to take into account differences in foot width in footwear production, which
serves indoor. The use of too short footwear, without free space that is necessary
for the proper setting of the foot during movement or load, is a factor leading
to excessive lateral arching.

Wearing too wide shoes affects the formation of varus deformity of the Vth
toe of the right foot.
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