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Abstract

Introduction. Such sports as fitness have high demands on the
motor system, mainly on the foot arch. Repeated movements can
expose the ankle joint and the sole of children practicing fitness
sports to high loading. Aim of Study. The aim of this study was
to determine the incidence of incorrect body posture, flexibility
and flatfoot in children attending competition fitness classes.
Material and Methods. The study population was composed
of 18 children aged 8.9 to 10.3 years of age. Body posture was
assessed using the eye-viewing method according to Klein
and Thomas. Backbone flexibility was measured using tests
of Schober’s and Stibor’s symptoms, right and left backbone
lateral flexibility, Thomayer’s symptom, Otto’s inclination
and the reclination symptom. Podoscopy was used to assess
flatfoot degrees. All indicators were evaluated individually and
statistical significance of the relationship between individual
dimensions of body posture and flat feet were assessed using
the chi-square (y2) test. Results. The highest proportion of
incorrect body posture in all tested children was recorded in
the dimension of hips and shoulders (78%), backbone curvature
(61%) and shoulderblades (55.6%). Flat feet were diagnosed
according to Kapandji in 27.8% and 11.2% cases according to
Srde¢ny. When investigating the relationship of flat feet in the
test of Kapandji and Srde¢ny to the dimension of body posture
statistical significance was recorded between flat feet and the
dimension of hips and shoulders and backbone curvature.
In the test of Srdeény a significant relationship was observed
between flat feet and the dimensions of head, shoulderblade and
abdomen. Conclusions. This study focused on the verification
of the impact of the training process in fitness sports practiced
by children on their body posture and flatfoot incidence. We
recommend observing children for flatfoot symptoms, which
can negatively influence the postural function in young athletes.
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Introduction

owadays, motor system disorders are one of the

most frequent problems in children practicing
sports. Reasons for the development of motor system
malfunctions need to be searched for already in childhood
when the child is exposed to inadequate loads. Muscular
imbalance then causes wrong body posture. The
functional disorder of the motor system is manifested by
changes in body shape. These changes can be eliminated
by determined effort, in contrast to real deformities or
orthopedic malfunctions [12].
An erect posture is characterized in humans as the
particular manner of the postural stereotype of an
individual [13]. Postural stereotypes are formed since
the childhood based on optimal and adequate stimuli.
The term stability is closely connected with the term
posture. In the human motor system it is understood
as the state, when least loaded joint structures, and the
muscles work in closest cooperation and the motion is
performed most efficiently [24].
Stabilization (or fixation of the backbone during all
movements) is ensured by the coordination of the
muscles in the deep stabilization backbone system
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and is considered to be a prerequisite of the axial
skeleton, providing protection from overloading [19].
Engagement of muscles into the stabilization process
is automatic. There are several muscles that participate
in the stabilization of the backbone. As a result of
muscular interconnection, it is the whole muscular chain
[14]. Postural balance is the ability to hold the body in
a balanced position and to regain it again after a shift of
body segments. This elementary motor skill is learned
in childhood and represents the fundament for everyday
routine tasks and sports activities [3, 22].

Researches in various countries showed posture disorders
already in 29% of children and adolescents [4, 21, 27].
Moreover, the posture disorder is identified by visible
changes in the posture, for example hyperlordosis,
an increased frontal pelvic inclination or an anterior
position of the head [17]. An incorrect posture is often
connected with flat feet. The human foot is specialized
for the performance of two different functions — static and
dynamic. These aims are fulfilled by the series of bones
forming various arches. The arches serve to dissipate
forces applied to the plantar aspect of the foot. Changes
in the height of the arch are related with the contraction
or relaxation of tibial muscles [6]. Flatfoot (pes planus)
is a relatively common phenomenon. For a majority of
athletes flat feet do not cause any problems and have no
impact on performance in sports. However, in certain
sports disciplines flat feet can cause stiffness, inelasticity
and pain. Baseball is the type of sport, which requires
along-lasting standing position and fast active movement.
It is the sport, where flat feet can cause pain [29]. Some
studies investigated posture and flatfoot in athletes. For
example, Sharma and Upadhyaya studied the effect of
flat feet on the running ability of track-and-fielders. In
their study no difference was found in the degree of foot
flatness in various athletes of different running (long or
short distance) sports [25]. Fitness sports as competitive
events for children were introduced in 2002. Children’s
fitness focuses on acrobatics, flexibility and power
exercises, which ensure overall development of the child.
The aim of the study was to determine the type of body
posture, backbone flexibility and the incidence of flatfoot
in children practicing competitive fitness sports.

Material and Methods

The analyzed sample was formed by 18 females
(decimal age of 8.9 to 10.3 years), who are a part of the
GymGol Nitra children’s fitness club. Homogeneity of
the sample population was reached by the single sex and
age of the girls, as well as their identical performance
level. The training units took place four times a week
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and lasted 90 minutes. All the girls performed them
with the same strain in the same training unit.

All probands were placed in the first five places in
the competitions in Slovakia. All probands have been
practicing fitness sports since four years of age. To test
the correct posture the standardized test of backbone
curvature was applied using the plumb [5], the method
by Klein and Thomas as modified by Mayer [20]. A total
of six dimensions (head, thorax, backbone curvature,
hips and shoulder lines, scapula and abdomen), were
assessed visually. The examiners were two independent
physiotherapists. Based on the assessment of the
dimensions by marks from 1 through 4, where mark 4
is the worst, we assigned the girls to one of the four
qualitative degrees: Ist degree — perfect posture, 2nd
degree — good (almost perfect) posture, 3rd degree —
wrong posture, and 4th degree — very bad posture.
Joint flexibility of the backbone was evaluated by means
of five tests: the Schober test (Sch) — lumbar spine
flexibility; the Stibor test (St) — flexibility of lumbar and
thoracic segments; right and left backbone flexibility —
lateral flexibility; the Thomayer test (Tho) — overall
spine flexibility, and Otto inclination and reclination
tests — flexibility of thoracic spine (Ot) [5].

Schober test (Sch)

From the 5th stem vertebra, mark upwards on the spine
and mark the place.

Norm: when performing the maximum forward bend,
this distance should be extended by 4-6 cm.

Stibor test (St)

While standing, we measure the distance from the
projection of the 7th cervical vertebra to the 5th lumbar
vertebra (C7-L5).

Norm: when forward, this distance is extended by 7.5-
-10 cm.

Otto inclination and reclination tests (Ot)

While standing, we mark the 1st thoracic vertebra on
the spine (Thl) and apply 30 cm downwards and mark.
Norm: the distance is extended by 2-3 cm when bending
forward and the distance is shortened by 2.5-3 cm when
performing the inclination bend. The sum of deviations
should be 6 cm.

Thomayer test (Tho)

In the standing position, a deep forward bend with reach
is performed. The initial position is standing on a bench
or elevated mat.

Norm: the hands touch the pad with their fingers.
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Lateral flexion test

The depth of inclination to the right and left is measured
after performing a maximum inclination of the torso.
Physiological norm is 20-22 cm.

Reduced flexibility: if the elongation is less than the
specified norm. Increased flexibility: if the elongation is
greater than the specified norm.

LED Podoscope (02990) was used to test flatfoot signs.
The degree of flatfoot according to Kapandji

Healthy feet — standard; the 1st degree of flatfoot —
slightly flat foot; the 2nd degree of flatfoot — markedy

flat feet; the 3rd degree of flatfoot — the sole is markedly
lowered, also when not loaded (Figure 1).

t1e

Figure 1. Visual scale according to Kapandji [11]
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Figure 2. Visual scale according to Srdecny et al. [26]

Table 1. Qualitative degrees of posture

The degree of flatfoot according to Srdecny et al.
Healthy feet standard, the sole is correct; the 1st degree
of flatfoot — a more marked drop of the sole; 2nd degree
of flatfoot — visually it is similar as in the 1st degree; the
3rd degree of flatfoot — the sole is markedly lowered,
also when noy loaded (Figure 2).

When processing the data, arithmetic means, percentage
and frequency analyses were used. In order to express
the relationship between posture and the incidence of
flatfoot the chi-square (y?) test was applied at the 1%,
5% and 10% level of statistical significance.

Results

When assessing posture in children attending fitness
training, perfect posture was recorded in the dimension
of the head (56% probands), good posture in 44%,
while wrong posture and very bad head posture was
not recorded. In the dimension of the thorax §9% of
probands showed perfect posture and 11% good posture.
Similarly as in the head posture, no cases of wrong
and very bad posture were observed. In the backbone
dimension 39% probands showed perfect posture, 50%
good posture, 11% wrong posture, while no probands
showed a very bad curvature of the backbone. In the
dimension of the hips and shoulders 22% of probands
showed perfect posture, while 78% good and wrong
posture. No probands showed a very bad position of
hips and shoulders. In the shoulder blade dimension
44% probands showed perfect posture, 39% good
posture, 11% wrong posture, whereas one girl showed
very bad posture, with protruding shoulder blades. In
the abdomen dimension 56% of probands showed
perfect posture, 39% good posture, one girl had the
wrong posture, while no probands showed very bad
posture (Table 1).

When assessing the overall posture we diagnosed one
girl with perfect posture, 67% with good posture, 22%
with the wrong posture and in one girl we recorded very
bad posture.

The dimensions of the hips and shoulders with 78%,
backbone curvature with 61% and shoulder blades with

Degree/ Head Thorax Backbone Hips and shoulders ~ Shoulder blades Abdomen
dimensions [%] [%] [%] [%] [%] [%]
Ist grade 56 89 39 22 44 56
2nd grade 44 11 50 78 39 39
3rd grade 0 0 11 0 11 5
4th grade 0 0 0 0 6 0
Vol. 29(1) TRENDS IN SPORT SCIENCES 7
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56% showed the percentages of probands with wrong
body posture.

When comparing our results for evaluation of backbone
curvature by means of the plumb line examination with
the recommended values, we measured on average 2.1 cm
in the case of cervical lordosis, while the recommended
minimum is 2 cm and the maximal one is 2.5 cm. In the
case of waist lordosis our value was 3.3 c¢cm, while the
recommended minimum is 3 cm and the recommended
maximum is 3.5 cm. Joint flexibility of individual segments
of the backbone was measured using 5 tests. In the case
of Schober’s test the probands reached 4.2 cm, which we
evaluate as the norm according to the above-mentioned
methodology. During the Stibor test we recorded a value
of 8.4 cm, which we consider to be a norm.

In the case of lateral (right and left) flexibility of the
backbone the recommended minimum and maximum
for both right and left sides were 20-25 cm. The
probands showed the values of 21 cm in the case of
lateral flexibility to the right and 19.9 cm to the left. The
standard value for Thomayer’s test is that the fingertips
should touch the ground, which was exceeded by our
probands by 19.2 cm.

When comparing our probands’ result of 3.8 cm in
Otto’s inclination symptom test with the maximum
value of 2.5 cm and the minimum value of 2 cm, we
can see that probands exceeded these values. In the case
of Otto’s reclination symptom test the recommended
maximum value was 3 cm and the minimum value of
2.5 cm, while our probands recorded 2.8 cm.

The backbone flexibility indicators observed in our
study were positive. The fitness sports probands in all
tests reached the recommended standards of backbone
flexibility with the exception of Otto’s inclination
symptom test, where we measured the value of 3.8 cm,
while the recommended minimum is 2 and the maximum
is 3 cm. Our probands exceeded the recommended
maximum value by 0.8 cm (Table 2).

Table 2. Posture and backbone flexibility

Out of the total number of probands, according to
Kapandji [11] 94% of probands showed a healthy right
leg and 72% probands a healthy left leg. The first degree
of flatfoot in the right foot was diagnosed in one girl,
while the first degree of flatfoot in the left leg was not
diagnosed in any of the probands. No probands were
diagnose with the second degree of flatfoot in the
right foot and the left foot. The third degree was not
diagnosed in any of the probands, whereas the third
degree of flatfoot in the left foot was diagnosed in one
girl. According to Srde¢ny et al. [26], the healthy left
foot was diagnosed in all probands and the healthy right
foot in 89% of probands. The first degree of flatfoot in
the left foot was found in one girl, while the second
degree of flatfoot in the left foot was not found in any of
the probands. The third degree of flatfoot in the left foot
was diagnosed in one girl.

When assessing the overall flatfoot incidence according to
Kapandji healthy feet were diagnosed in 72% of probands.
The first degree of flatfoot was diagnosed in 22% of
probands, the second degree of flatfoot was not recorded
in any of the probands, whereas the third degree was
diagnosed in one of the probands. According to Srde¢ny
et al., healthy feet were diagnosed in 89% of probands,
while in one girl the first degree of flatfoot was observed.
The second degree of flatfoot was not diagnosed at all,
while the third degree was found in one girl.

When determining the relationship between flatfoot
according to Kapandji and the types of body posture
according to Klein and Thomas [20], we found
a 10% statistical significance between flat feet and
the dimension of the backbone, and 5% significance
for the correlation between flat feet and the hips and
shoulders dimension. In the case of other dimensions of
posture no significance was found in their relationship
to flat feet according to Kapandji. When determining
the relationship of flatfoot according to Srdecny et al.
with the dimensions of posture according to Klein

Cervical lordosis Waist lordosis

Schober’s symptom Stibor’s symptom

Sample/test (cm) (cm) (cm) (cm) Thomayer’s test (cm)
SF 2.1+0.63 3.3+£0.71 42+1.12 84+1.38 19.2+6.29
Rmin 2 3 4.1 7.5
Rmax 2.5 3.5 6 10
Sample/ test lateral backbone lateral backbone Otto’s inclination Otto’s reclination
flexibility (right) flexibility (left) symptom symptom
SF 21+2.4 19.9 £2.58 3.8+1.67 2.8 +0.86
Rmin 20 20 2 2.5
Rmax 25 25 3 3

Note: SF — the sample of fitness probands; Rmin — recommended minimum value; Rmax — recommended maximum value
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and Thomas, a statistically significant relationship was
found at p <0.05 between the sole and the dimensions of
the head, shoulder blades and the abdomen. Statistical
significance at p < 0.01 was confirmed between the sole
and the dimensions of of the backbone and hips and
shoulders (Table 3).

Table 3. Relationship of flatfoot according to Kapandji [11]
and Srdec¢ny et al. [26] with dimensions of posture

Kapandji Srdecny
Dimensions p-value chi p-value chi
Head 0.4360 2.725 0.0497* 7.829
Thorax 0.7719 1.977 0.7213 1.333
Backbone 0.0813(*)  6.723  0.0048**  12.922
?;gzl?l‘;fs 0.0101* 1132 0.0002**  19.467
Shoulder blades 0.2605 4.009 0.0271* 9.167
Abdomen 0.3605 3.209 0.0484* 7.885

*p<0.05;**p<0.01; (*)p<0.10

Discussion

Based on the fulfilled aims of the study we are presenting
the part of the results, being the subject of further
research. The presented results may not be generalized.
It is necessary to understand them as partial ones with
regard to further research. Our results are in line with
the previous conclusions of the works [8, 9], where
wrong posture was found in 100% of children aged
11 years attending general schools. The dimensions
of hips and shoulders followed by backbone curvature
and shoulder blades were the ones observed with the
highest incidence of wrong posture in all probands.
These results correspond with the findings in the school
non-sporting population [9, 15]. Our findings of the
relationship between flatfoot and posture correspond
with the findings by Kanasova, who assumed that flat
feet can to a high degree influence also the wrong body
posture [10].

In our reference sample good posture was diagnosed
in a majority of probands (67%), which according to
the method of evaluation is considered to be a slight
deviation from the standard. Healthy feet (assessed
according to the quality of the sole) were recorded
according to both methods in 72 up to 89% of
probands. The sole represents one of the most important
proprioceptive areas of the human body. It is not
by chance that it is closely connected with postural
functions. In terms of afferentation mainly the receptors
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in the area of the sole, hips and the neck play a crucial
role in the erect body posture [7]. If the information
from various receptors differs, they become the source
of motor insecurities [28]. According to several authors
[2], improper functional loading of the leg has a highly
negative impact on overloading and the incidence of
chronic changes not only in the area of the ankle joint
and leg, but also in more proximal segments of the body
within the whole kinematic chain. Many studies describe
the connection between the sole, the deep stabilization
system and posture [16, 18]. Both high and low arched
feet have been reported to be factors making the foot
more prone to injury during physical activities [23].

In our study these interconnections between the sole and
posture were found in individual dimensions of posture.
The activity of the deep stabilization system was not
observed. When observing the impact of an intervention
program on backbone flexibility in 136 female pupils of
4th grade in secondary schools (without any connection
with flatfoot) it was found that the backbone, in terms
of the overall dynamic function, after a 3-month aimed
motor program with compensation focus in the sagittal
and lateral planes became more dynamic and flexible.
These results were supported by the statistically
significant results (p < 0.01) of Thomayer’s, Schober’s,
Stibor’s and Otto’s inclination and reclination tests and
lateral flexibility, as well as the statistically significant
improvement (p <0.01) in overall muscular balance [1].
With regard to the evaluation of the results for individual
indicators this study has several basic limitations. The
first one is the deliberate selection of probands. This
selection was based on the fact that there were probands
closely focused on fitness sports and met the criterion
of age, sex and performance homogeneity. The second
limitation was the size of the research sample. The
results obtained from the improbable selection cannot
be considered representative and therefore we cannot
generalize the results.

There is a probability of personal physical error, since
measurements were not computerized.

Even though all the girls have been through the training
process at the same time and with the same workload,
we cannot avoid individual differences based on the
degree of maturation and physical preoccupation.

Conclusions

When evaluating posture, we found that at least 22%
of the subjects had excellent posture in all dimensions
and only one subject (in the scapula dimension) had
very poor posture. When evaluating overall posture,
we diagnosed one subject with excellent posture, more
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than half with good posture, 22% with incorrect posture
and in one subject we recorded very poor posture. The
dimensions of the hips and shoulders (uneven position
of the hips and shoulders) contributed most to the
incorrect posture of all probands.

In all the tests for the detection of articular spinal motility
we measured values within the norm, except for Otto’s
inclination test. As for the results of flatfoot measurements,
we can also talk about positive results in the case of the
right foot. In one subject we recorded the first degree of
flatfoot in the right leg and in one case the third degree
of flatfoot in the left leg. Overall, we recorded better
results for the right than the left leg. We found different
results when looking at the relationship between the
sole of the foot and the individual dimensions of posture
according to Klein and Thomas. Based on Kapandji’s
assessment we found a relationship between flatfoot
and the spine dimension and between flatfoot and the
hips and shoulders dimension. According to Srde¢ny
et al., we found a relationship between the sole of the
foot and the dimensions of the head, shoulder blades and
abdomen. Statistical significance was also confirmed
for the relationship between the sole of the foot and
the dimensions of the spine, as well as the hips and
shoulders. We can state that the probands most often
showed a slight deviation from the individual standards
of posture and also the quality of the sole.

We recommend in young girls to observe signs of
flatfoot using podoscopy, which is a practical aid,
thanks to which we can visually assess unilateral and
bilateral flat feet. If the problem linking functional
disorders in the motor system was not found in the area
of the sole, this can be manifested in wrong posture
and insufficient flexibility of the backbone. Flat feet
can seriously impact overall body posture, which can
lead to pain and injuries manifested not only in feet,
but also elsewhere. In the case of flatfoot diagnosed in
children participating in fitness training it is inevitable
to immediately incorporate aimed exercises to form the
arch of the sole and exercises promoting stabilization and
regeneration of the backbone as secondary prevention
measures.

Based on research concerning the supporting function
of the leg, experts do not recommend long-term walking
barefoot on a hard surface, since the child’s leg could be
overloaded and damaged.

We recommend including spinal mobilization exercises
in the training unit to improve spine flexibility and
core exercises to strengthen the corset muscles. We
recommend exercises for spiral stabilization — the SM
system, which by activating the muscle spiral through
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the arch of the foot improves the tone of the abdominal
muscles and affects posture, the quality of the position
of the lower limbs and the sole of the foot.
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