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Abstract

The monitored group consisted of 12 female pupils of the eighth year of primary school in
B. Bystrica (age 13.42 + 0.3 years, body height 162.6 + 2.3 cm, body weight 49.7 + 2.1 kg
and body mass index 18.8 £ 0.9). In terms of prevention, we focused on finding the levels
and relations between the foot and body postures by using standardized methods for
physical and sport education (Foot posture - Plantography and method of Index and
Chippaux-Smirak; Body Posture - Method of Klein and Thomas modified by Mayer and
Dynamic spine function (Tests of Schober and Stibor). By applying various physical
programs in the lessons of physical and sport education, the levels of foot and body
postures improve after 4 weeks (Bendikovd, Marko, Rozim, & Martinsky, 2019). The
listed study is the part of research project: VEGA 1/0519/19 “Physical activity as
prevention of health of school population in Slovakia”.

1. Introduction

A health should be the highest social value, but the level of population health
is not optimal. Many studies have discovered worsening of health in children and
young people (Jancokova, 2002). The listed tendency is not only applied in general
population but it also occurs in physically active children and young people (Antala
et al., 2014). It cannot be obtained as given, genetic immutable condition, since the
genetic basis is only the biological potential, which can be evolved in positive or
negative direction.

The late prevention leads to the emergence of civilization diseases, which are
known as chronic or non-communicable diseases. Their nature is not transferable to
another human being. They are defined as long-term effects with relatively slow
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progression, as the well-known are obesity, heart attack, diabetes or cancer (Alwan,
2010).

The prevalence of civilization diseases, in our case the muscular and skeletal
systems (Hruskovi¢, 2004) is currently manifesting in health of primary/ secondary
school pupils (Kanasova, 2004; Popova et al., 2014; Walther et al., 2014; Azabagic
et al., 2016; Marko, 2018).

The muscular and skeletal system provides form, stability, movement, which
is visible in effective and efficient cooperation and displayed in grace and elegance,
necessary for gymnastics, strength games, simply in normal human being activities,
whereas absence of components of the muscular and skeletal systems may not lead
to development of basic principles of nature, simply movement (Hugh, 1911).

A foot is very complicated part of human body, which is soft and flexible in
children and young people and abnormal pressures (of different objective and
subjective character) can easily cause foot deformations, which has become public
health challenge due to increased incidence (Houghton, 2008; Malanga, &
Ramirez, 2008; Menz et al., 2010; Mickle et al., 2011; Thomas et al., 2011; Rao et
al., 2012). Correct foot posture is perceived by the outline of median longitudinal
arch, which is divided into normal (rectus), low (planus) and high (cavus) arched
foot and the harmonization of foot skeleton, in which position changes affect the
foot function, thus walking (elastic, economic).

The walking is characterized by elasticity and understood as the method of
primary locomotion allowing to move from place to place, in which the foot serves
as certain connection with surrounding environment. The backward proprioception
maintains upright body posture or adaptation to support surfaces (Klementa, 1987;
Dungl, 1989; Bartosik, & Chuda, 1994; Bartik, 2003, 2005). In this context, it is
very important to point out that any changes affecting the walking may affect the
bones and joints of foot, blood vessels, nervous and muscular systems. It affects the
shape of foot and results in diseases, disorders.

An etiology of foot is multifactorial, starting from the incorrect (inadequate)
footwear, muscle imbalance or stereotyped loading of certain muscle groups, some
of which are uneconomically shortening or weakening, creating conditions not only
for the functional and structural changes of foot, but in relation to the body posture
(Gadd, 2008; Dufour, 2009; Riskowski et al., 2011).

Therefore, it is necessary to increase personal interest and responsible attitude
of each pupil to health, with integral part of active approach, thus indicating the
possibility of diversifying the content of physical and sport education in relation to
the pupil’s health (Bendikova, 2018).

2. Material and methods

The purpose of study was to identify the levels and relations between the foot and
body postures in primary schools pupils, within lessons of physical and sport education.

In accordance with the aim of study, the monitored group consisted of 12 (n
= 12) female pupils of the eighth year of primary school in B. Bystrica (age 13.42 +
0.3 years, body height 162.6 + 2.3 cm, body weight 49.7 + 2.1 kg and body mass
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index 18.8 £+ 0.9). The monitored group (n = 12) was in period of pubescence and
without any health problems. The primary characteristics of the monitored group (n
=12) is presented in table 1.

Table 1. The primary characteristics of monitored group (n = 12)

Measured values Monitored group
Age [years] 13.42++0.3
Body weight [kg] 49.7+2.1
Body height [m] 162.6 +2.3
Body mass index [kg/m?] 18.8+0.9

The study was realized within intervals of 7 October 2019 - 11 October 2019.
It was terrain (lessons of physical and sport education), one-group (selected group
of pupils) and pedagogical (selected primary school). The evaluation of monitored
group (n = 12) was realized within the lessons of physical and sport education (2 x
45 minutes - Monday/ Friday).

In terms of data acquisition methods, the method of studying literary sources,
mainly of foreign literature, was used. It was followed by method of somatometry
(Simonek, 2000; Selekman, 2012), in which the data of age, body height and body
weight were calculated to the body mass index (HoSkova, Matousova, 2005). The
evaluation of foot and body postures was performed by applying the standardized
methods for physical and medical practice. To evaluate the plantogram, which was
the result of method of plantography (Srde¢ny, 1982), we applied methods of index
and Chippaux-Smirak (Klementa, 1987). While using the method of observation, a
static component of body postures was evaluated by method of Klein and Thomas,
modified by Mayer (Vojtassak, 2000). However, the method of palpation was used
to evaluate the dynamic spine function, mainly by the tests of Schober and Stibor
(Labudova, Vajczikova, 2009; Bendikova, 2011).

The evaluation of study results was realized by qualitative and quantitative
methods of data processing. To evaluate the degrees of foot and body postures, as
the individual and overall levels of muscular and skeletal systems, we applied the
methods of multiplicity (n), arithmetic mean (£) and percentage frequency analysis
(%). What is more, the study consisted of methods, such as analysis and synthesis,
inductive and deductive approaches, comparisons and generalizations.

3. Results and Discussions

According to the aim of study, the study results are subject to more accurate
monitoring and processing, as they cannot be generalized. What is more, it is very
necessary to understand them in the overall context and in relation to the health and
through the prism of muscular and skeletal systems, mainly in the areas of foot and spine.

The study results are presented in tables and figures for better presentation
and understanding, while the figure 1 shows the results of evaluation the foot of the
monitored group (n = 12) of female pupils at primary school in B. Bystrica. It was
evaluated by the method of index, which evaluates the longitudinal arch of foot. If
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the value is less than 1.6, the arch of foot is good; otherwise it is defined as flat foot
(Pes planus) (Bendikova, 2011).

Within the figure 1, the results of index method recorded alarming findings,
as the flat foot was recorded in 66.6 % (n = 8) of the monitored group (n = 12). The
index range ranged from 1.51 to 2.1, however the differences between left and right
foot were not significant (0.02 - 0.08). One of many factors, which have influenced
the formation of flat foot, has been body weight (Chen et al., 2009). It is the same
case in our study, as within the monitored group (n = 12) the female pupils 10 - 12
(n = 3) had higher body weights that the rest of the monitored group (n = 12). But,
within the monitored group (n = 12), we recorded good arch of foot in four female
pupils 1 - 4 (n =4).

Method of index
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Figure 1. The method of index in monitored group (n = 12)

The next method (Chippaux-Smirak) is based on evaluating construction of
external positions. If the value is less than 45.0 %, it is good foot. However, if it is
above 45.1 %, it is flat foot, which is divided into the slightly (45.1 % - 50.0 %),
mediumly (50.1 % - 50.0 %) and strongly (60.1 % - 100.0 %) (Klementa, 1987).

Within the figure 2, in which are various index ranges, the biggest (4 x) had
the good foot. Its index range ranged from the 19.2 % to 39.4 %. The slightly and
strongly flat foot occurred in the monitored group (n = 12) equally 3 times (n = 3).
It is difficult to find the origin of strongly flat foot, as we believe that overweight,
involved in female pupils 10 - 12 (n = 3) was directly related to the lack of physical
activities. Neither the index range of the slightly, normally and strongly flat foot
showed any visible differences, as they ranged from 0.6 % to 2.8 %. Only 1 x, it
occurred that the left foot had better (lower) index range values (48.3 %: 46.7 %)
than the right foot. It was due to the dominance of the female pupil's lower limb (n
= 1). Even, Pedersen et al. (1995), Nikolaidou, Boudolos (2006) and Chen (2011)
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recorded higher incidence of flat foot (from > 45.1 % to > 62.7 %) in children and
young people, aged from 10 to 17 years of age.

Method of Chippaux-Smirak
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Figure 2. The method of Chippaux-Smirak in monitored group (n = 12)

The static component of body postures was evaluated by Klein and Thomas,
modified by Mayer (Vojtassak, 2000), which is based on body components (I. - V.)
and to which are given values (1 - 4). The overall body posture consists of head and
neck posture, shape of chest, shape of abdomen and pelvic inclination, curvature of
spine (overall) and height of shoulders and position of scapulas. As it is showed in
figure 3, the correct body posture is up to 5, good body posture is between 6 and 10
points, bad body posture is between 11 and 15 points and incorrect body posture is
between 16 and 20 points.

Within the figure 3, the correct body posture was recorded in 2 female pupils
(n = 2) who had also good foot and arch of foot. However, the correlation between
the flat foot and changes of body posture (rotation of tibia and femur, anteversion
of iliac bones, thoracic hyperkyphosis, cervical hyperlordosis and lumbar lordosis)
(Bricot, 2001; Borges, 2013) was also recorded in the monitored group (n = 12), as
good body posture was 5 female pupils (n = 2), bad body posture in 4 female pupils
(n = 4) and incorrect body posture in 1 female pupil (n = 1). Many findings of bad
and incorrect body postures have been discussed (Bendikova, 2012, 2015; Marko,
2018, 2019), e.g. in children and young people, Kraténova (2005) experienced the
bad and incorrect body postures in 33.0 % at the age of 7, 40.8 % at the age of 11
and 40.6 % at the age of 15.

The most common deviations of body postures are recorded (Véle, 2006) in
areas of head and neck posture, shape of abdomen and pelvic inclination and height
of shoulders and position of scapulas. The worse level of head and neck posture in
monitored group (n = 12) was mainly because of the ergonomic solutions of school
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environment, muscle imbalance, weakness of deep neck flexors (Bendikova, 2012).
The increased body weight in abdominal regions causes the pelvis to lean forward
and which is resulting in wrong fixation of vertebrae and the formation of enlarged
lumbar lordosis. The listed causes of bad and incorrect body postures are defined as
weakening of scapular muscles, which belongs to dominance of stronger muscles
(Pectoral muscles) and they stretches them (Bendikova, 2011).

Klein and Thomas modified by Mayer
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Figure 3. The method of Klein and Thomas modified by Mayer
in monitored group (n = 12)

The next method (Dynamic spine function) is based on evaluating the spine
bending. It consists of 5 tests, however according to various studies (Marko, 2019),
the most visible changes are in tests of Schober (Norm of 4 - 6) and Stibor (Norm
of 7.5 - 10). If it is less than norm, it is defined as decreased flexibility (Labudova,
& Vajczikova, 2009).

While bending forward in test of Schober, the 5" lumbar vertebra, which was
marked up by 10 cm, recorded the norm in 4 female pupils (n = 4) (Figure 4), as
the next 6 female pupils (n = 6) was recorded with decreased flexibility of spine. It
was due to having the values in range from 2.0 to 3.8, which is not considered as
the norm, however in 2 female pupils (n = 2), the values were recorded above the
norm (6.3/ 6.5), which showed increased flexibility of spine, within the monitored
group (n = 12). Our findings are matching with the reached findings of Kanasova
(2006) and Majerik (2009).

While evaluating the distance of the 7" cervical vertebra and the 5" lumbar
vertebra, the test of Schober showed similar results as the previous test, within the
dynamic spine function. The values, within norm were recorded in 4 female pupils
(n=4), as they ranged from 7.8 to 9.8. The lumbar/ cervical flexibility was reached
in 4 female pupils (n = 4), within the monitored group (n = 12), however decreased
flexibility was recorded in 6 female pupils (n = 6), as the values ranged from 7.4 to
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4.4 (Figure 4). Within monitored group (n = 12), there was also recorded increased
flexibility of spine in female pupils 11 - 12 (n = 2). Similar results are recorded in
study of Bendikova, and Stackeova (2015).

Method of dynamic spine function
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Figure 4. The method of dynamic spine function in monitored group (n = 12)
4. Conclusions

The study results have confirmed the increasing prevalence of muscular and
skeletal disorders, which have doubled, not in the long period of time (1996 - 2008)
(Bendikova, 2012). The spine and its parts are the most affected (negatively) within
the muscular and skeletal systems (Mitova, 2015; Bendikova, 2016; Marko, 2018),
while there is conclusive presumption of alarming findings associated with various
disorders, which are based on functions of foot (Bird, & Payne, 1999; Cibulka,
1999; Bendikova, & Marko, 2018; Marko, 2019).

Based on the study results, the widening of knowledge about the disorders of
muscular and skeletal systems is not enough and sufficient, as well the active way
of life (physical activity) (Labudova, 2012) which is decreasing through the passive
(non)participation in lessons of physical and sport educations (Boreham, &
Riddoch, 2001; Harris, 2015). Therefore, the diversification of physical and sport
educations, in forms of physical programs (Hand, 1964; Novotna et al., 2009;
Ahmad, & Akthar, 2014; Bendikova et al., 2015), which are aimed at effecting foot
and body postures, would not only help the muscular and skeletal systems, but also
with participation in the lessons of physical and sport educations (Bendikova,
2018).
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