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Abstract

Introduction: Even postural asymmetry may provoke static and balance disorders.

Aim of the research: To define the level of dynamic balance among children aged 10-12 and find the correlations between
poor postures.

Material and methods: This study was conducted among 176 children from Mastéw district in Swietokrzyskie province.
The Libra platform was used to examine the dynamic balance.

Results: Dynamic balance parameters from the sagittal and frontal plane show statistically significant differences between
the control group and study groups.

Conclusions: The analysis of dynamic balance parameters from the sagittal and frontal plane confirms that the lowest values
occur in the control group, higher in children with foot defect, and the highest in children with scoliotic posture.

Streszczenie

Wstep: Niewielkie btedy postawy zaburzaja statyke i rtéwnowage tutowia.

Cel pracy: Okreslenie poziomu réwnowagi dynamicznej dzieci 10-12-letnich i jego korelacji z wadami postawy.

Materiat i metody: Badania przeprowadzono w grupie 176 dzieci z terenu gminy Mastéw w wojewddztwie §wietokrzyskim.
Badania réwnowagi dynamicznej wykonano na platformie Libra.

Wyniki: W parametrach dotyczacych réwnowagi dynamicznej w ptaszczyznach czotowej i strzatkowej obserwuje sie wyste-
powanie statystycznie znamiennych réznic pomiedzy grupa kontrolng a grupami badanymi.

Whioski: Analiza parametréw réwnowagi dynamicznej w ptaszczyZnie czolowej i strzatkowej potwierdza, ze najmniejsze
wartosci wystepuja w grupie kontrolnej, wieksze u dzieci z wadami stp, a najwieksze w grupie dzieci z postawa skoliotyczna.
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Introduction

A lot of scientific disciplines are interested in
studying the notion of balance. Balance is defined as
a certain condition of the postural system which is
ensured by the nervous system due to reflexive ten-
sion of particular muscle groups known as postural
or antigravity muscles. Researchers distinguish two
types of balance, namely static balance, defined as the
ability to maintain a balanced position, and dynamic
balance, which consists in maintaining or regaining
a balanced position while performing or directly after
finishing a physical activity. Static and dynamic bal-
ance are considered within two frames: sagittal and
frontal [1-4].

The main purpose of the balance system is to
maintain the centre of gravity in a balanced position
both at rest and during exercise.

A proper body posture depends on appropriate
processing and interpretation of information provid-
ed by proprioceptive receptors, receptors of balance
organs and sight sense. A child can often adopt an
appropriate posture by correcting asymmetries and
scoliosis, but even such insignificant adjustments in-
fluence the disorder of body statics and global body
posture.

A problem noticed among children with postural
defects is the deficit of balance maintenance.

Aim of the research

The purpose of this study is to assess the param-
eters of dynamic balance in the frontal and sagittal
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plane among children aged 10-12 with postural ab-
normities of the trunk and feet.

Material and methods

The study population consisted of 176 children
aged 10-12 years from the Mastéw district. The re-
search was conducted in 2009 and in 2010. After be-
ing informed about the programme of the research,
children’s guardians or parents gave their written
consent to participation in the study. All students
participating in the study were divided into three age
groups: 10, 11 and 12 years old (Table 1).

The evaluation of posture was conducted using
the photogrammetry method that is based on the
projection moiré phenomenon. Thus, a precise assess-
ment of the postures of children in sagittal, frontal
and transverse planes was possible [5]. The foot struc-
ture was assessed as well. Flat foot (slightly, moderate-
ly and severely), flaccid flat foot, claw foot and high
arched foot (slightly and severely) were distinguished.
After the study, the children received their results of
photogrammetric analysis of posture which were lat-
er used to divide them into appropriate groups.

After the assessment of body posture, the children
were divided into the following groups: group I - chil-
dren with scoliosis up to 5°, group II — children with
feet disorders — flaccid flat foot, and control group.

Children with scoliosis above 5°, severe chest dis-
orders and those being treated in specialist counsel-
ling centres were not assigned to the study groups.

Table 2 presents age division in particular groups
and Figure 1 shows the gender division.

Table 1. Number and age of respondents (n — number of respondents)

Gender Age [years]
Total
10 11 12
n % n n % n %
Girls 30 17.05 37 21.02 28 15.91 95 53.98
Boys 28 1591 33 18.75 20 11.36 81 46.02
Total 58 32.96 70 39.77 48 27.27 176 100
Table 2. Age division in particular groups
Group Age [years]
N 10 11 12
n % n % n %
| 62 25 40.32 18 29.03 19 30.65
I 65 18 27.69 27 41.54 20 30.77
Control 49 15 30.61 25 51.02 9 18.37
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Figure 1. Gender division of respondents

Group I consists of 33 girls (53.23%) and 29 boys
(46.77), group 1II of 35 girls (53.85%) and 30 boys
(46.15%). Control group: 27 girls (55.10%), 22 boys
(44.90%) (Figure 1).

In order to examine the dynamic balance, balance
training and evaluation, the Libra platform manu-
factured by the Italian company Easy Tech was em-
ployed (Figure 2). The position for conducting the
study was composed of a platform with USB connec-
tor and a notebook attached thereto. The platform
is provided with three different oscillating radiuses
(10 cm, 24 cm and 40 cm). The software enables the
user to use different analytical curves: straight line,
sinusoid, square or triangular wave.

The model line is a straight line (deviation of +5°
from the model line). The curvature of balance of
40 cm with the sixth level of difficulty was employed.
The instrument specifies the level of dynamic stabili-
ty in unnatural conditions and provides the user with
a surface included between the model line (straight
line) and the real course of motion (total surface).

With the device properly set, the measurements
were performed in the frontal and sagittal plane. Each
measurement lasted one minute and was preceded
by a 30-second warm-up. The study was conducted
while standing straight in a natural posture, with feet
aligned and eyes open. The data collected were stored
on a hard drive using the program dedicated to the
Libra platform.

In the sagittal and frontal plane the following pa-
rameters were assessed:

The total surface is the line of the course of motion
on two sides of the model line that was reached by the
examined person (sagittal plane — front, back; frontal
plane - left and right side).

The external surface (widened surface) is the sur-
face of the line of the course of motion that sticks out
of a specified level of difficulty (sagittal plane - front,
back; frontal plane - left and right side).

The external time (widened time) is the sum of
time spent by the examined person beyond a particu-
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Figure 2. Balanced Libra platform made by Italian compa-
ny Easy Tech. Source: own materials

lar level of difficulty (sagittal plane — front, back; fron-
tal plane - left and right side).

The time of return (time of response) is the longest
period of time beyond a particular surface (sagittal
plane — front, back; frontal plane — left and right side).

The global assessment includes weighted mean
(0-100) of eight parameters that were taken into
consideration while assessing particular exercis-
es, where 0 designates the best result, and 100 the
worst.

Results

The results of the balance research conducted on
the platform indicated the purpose of studies that
were carried out because statistically significant dif-
ferences between the control group and the groups
that included children with postural defects and be-
tween studied groups themselves were present both
in the frontal and sagittal plane.

The dynamic balance in the frontal plane in chil-
dren from group I (p < 0.001) differs significantly
from the control group in respect of all parameters
analyzed. Those parameters are higher among chil-
dren with scoliosis than among children from the
control group.

The dynamic balance in the frontal plane in chil-
dren with feet defects from group II (p < 0.001) differs
significantly from the control group in respect of all
parameters analyzed. Those parameters are higher
among children with feet defects than among chil-
dren from the control group.

It is observed that all parameters that were ana-
lyzed in the frontal plane adopt the smallest values in
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Table 3. Dynamic balance parameters — frontal plane
Frontal plane Group N X S Minimum Maximum  Control  Control - | =1
-1
Average total [ 62 9573 3724  37.50 209.10
surface
Il 65 83.69 22381 47.25 138.35 p <0001 p<0.001 p=0.029
Control 49 43.68 9.58 20.95 79.40
Average | 62 13.64 17.82 0.05 74.25
external
surface [ 65 987 9.72 0.30 3735  p<0001 p<0.001 p=0.139
Control 49 090 1.67 0.00 8.70
Average | 62 5.47 4.74 0.10 22.20
external time
Il 65 4.14 2.88 0.50 11.40 p<0.001 p<0.001 p=0.058
Control 49 0.63 0.76 0.00 4.10
Average return [ 62 129 114 0.10 5.95
time
Il 65 1.09 0.66 0.30 3.10 p <0001 p<0.001 p=0.226
Control 49 0.32 0.30 0.00 1.70
Average global | 62 1075 6.24 3.00 32.10
assessment
Il 65 9.12 3.98 4.50 21.20 p<0.001 p<0.001 p=0.080
Control 49 3.59 1.15 1.50 8.80
Table 4. Dynamic balance parameters — sagittal plane
Sagittal plane Group N X S Minimum  Maximum  Control  Control - | =1
-1
| 62 102.40 2841 55.15 195.35
Average total I 65 8806 19.87  50.95 14640  p<0001 p<0001 p-=0.001
surface
Control 49 57.29 14.44 33.25 83.55
| 62 17.66 11.55 2.45 61.80
AEEgIEmEmEl 65 1219 816 1.60 2930  p<0001 p<0.001 p=0.002
surface
Control 49 358 3.35 0.10 11.45
| 62 6.60 291 1.45 16.20
ﬁ\r’:;age external =, 65 486 243 1.05 1050  p<0.001 p<0.001 p<0.001
Control 49 1.87 1.41 0.20 5.20
| 62 1.53 0.74 0.50 4.55
fi‘;rfgage return I 65 131 055 040 325  p<0001 p<000l p=0053
Control 49 0.69 0.33 0.20 1.55
| 62 12.17 4.02 5.20 24.80
Average global I 65 982 288 450 1660  p<0.001 p<0.001 p<0.001
assessment
Control 49 5.47 1.96 2.70 9.10
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the control group, higher in group 11, and the highest
in group I (Table 3).

The dynamic balance in the sagittal plane in chil-
dren from group I (p < 0.001) differs significantly
from the control group in respect of all parameters
analyzed. Those parameters are higher among chil-
dren with scoliosis than among children from the
control group.

The dynamic balance in the sagittal plane in chil-
dren from group II (p < 0.001) differs significantly
from the control group in respect of all parameters
analyzed. Those parameters are higher among chil-
dren with feet defects than among children from the
control group.

It is observed that all parameters that were ana-
lyzed in the sagittal plane adopt the smallest values in
the control group, higher in group II, and the highest
in group I (Table 4).

Discussion

Adopting and maintaining a proper body posture
determines a properly shaped bone-ligament sys-
tem, a well-developed and efficient muscular system
and an efficient nervous system which is responsible
for regulating the body posture, including balance.
Maintaining the body in a straight line is a result of
very precise coordination of muscular and nervous
systems. Due to the coordination of balance organs,
sight, proprioceptive receptors and the central nerv-
ous system, regulation of body posture in appropri-
ate conditions constitutes a dynamic process which
comes naturally. Any disturbances may result in de-
terioration of body statics [5-7].

Depending on the level of influence of external
environmental stimuli, overall health condition and
fixed motor habits, a proper or faulty body posture is
shaped. The most common occurrences are defects
in spine alignment and arrangement of particular
parts of movement organs. Even small changes in the
structure or function of one element results in distant
changes in the movement organ and thus influence
faulty posture which may later transform into postur-
al defects and have a negative morphological compo-
nent [8, 9].

The ability to maintain balance is disturbed if any
part of the system does not operate properly. Distur-
bances of the body control system in static conditions
may be compensated, whereas such compensation in
dynamic conditions may be delayed or insufficient
[10]. It is essential especially in scoliotic postures
when any disorder of the body statics in static condi-
tions may be compensated, whereas in dynamic con-
ditions the lack of compensation is noticeable.

The literature contains a lot of studies which sup-
port the theory that children with scoliosis possess
worse abilities to keep balance and stability [11].

Beata Szczepanowska-Wotowiec, Justyna Drzat-Grabiec, Paulina Sztandera, Jolanta Dudek, Ireneusz Kotela

It has been noticed as well in our own studies
that the deficit of ability to keep balance constitutes
a problem present among children with postural de-
fects. Own studies confirm that the bigger the pos-
tural defect is, the more severe are the disorders with
maintaining dynamic balance. Similar results were
obtained in studies conducted by Ostrowska et al. [4],
Janiszewska et al. [12], Chamera-Biliniska et al. [13],
Hertel et al. [14], and Wiernicka et al. [15].

Worse results of the ability to keep dynamic bal-
ance among children with postural defects are signals
for therapists to introduce actions to improve the sta-
bility into therapeutic practice.

Conclusions

The analysis of the parameters of dynamic balance
in the frontal and sagittal plane confirms the fact that
the lowest values appear in the control group, higher
among children with feet defects, and the highest in
the group of children with scoliotic posture. In the
sagittal and frontal plane among children with sco-
liotic posture, the parameter of total area reaches
the highest values. In the sagittal and frontal plane
among children with feet defects, the parameter of to-
tal area reaches the highest values as well. Statistically
significant differences between the study groups and
the control group appear.
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