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Streszczenie:

Wstep. Poczucie rownowagi jest wtasciwoscig zalezng od wielu cech uktadu nerwowego i catego aparatu ruchu,
przy czym wysoki poziom poczucia rownowagi obrotowej cztowiek osigga okoto 6 roku zycia, jednak rownowagi
statycznej oraz dynamicznej dopiero okoto 12 roku zycia.

Cel pracy. Okreslenie roznic dymorficznych stabilnosci posturalnej w warunkach statyki u dzieci bedacych w tym
samym przedziale wiekowym.

Material i metoda. Materiat: 450 dzieci, wiek 9-12 lat, w tym 235 dziewczat i 215 chtopcow. Metoda badan:

z wykorzystaniem urzgdzenia CQ-STAB, ocena dtugosci sciezki (Sway Path) SP (mm) i wielkosci pola zakreslanego
(Sway Area) SA (mm?) przez COP (Centre of pressure) przy zachowanej kontroli wzrokowej (EO) i bez kontroli
wzrokowej (EC). Wyniki poddano analizie statystycznej.

Wyniki. Uzyskane wyniki badan nie charakteryzowaty sie rozktadem normalnym, stad do obliczeh wykorzystano
testy nieparametryczne. Na podstawie analizy stwierdzono, ze dziewczeta uzyskaty zdecydowanie lepsze wyniki

w zakresie dtugosci sciezki i wielko$ci pola zakreslanego przez COP okre$lajgce stabilno$¢ statyczng w poréwnaniu
do chtopcdéw, zaréwno przy zachowanej kontroli wzrokowej, jak i bez kontroli wzrokowe;.

Whioski. Analiza wynikéw badan wskazata na lepszg stabilno$¢ posturalng okreslang w warunkach statyki

u badanych dziewczat niz u chtopcéw. Réznice miedzyptciowe zaobserwowano zaréwno w badaniu z oczami
otwartymi, jak i zamknietymi, co moze wskazywa¢ na zmienno$¢ dynamiki rozwoju funkcjonalnego osrodkowego
uktadu nerwowego odpowiadajgcego za kontrole stabilnosci posturalnej u dziewczat i chtopcéw.

Stowa kluczowe:
stabilno$¢ statyczna, dzieci, dymorfizm

Abstract

Introduction. Equilibrioception — or sense of balance — is dependent on a number of features of the nervous system
and motor system. A rotational sense of balance is fully developed at around 6 years of age; static and dynamic
balance, however, is achieved at about 12 years of age.

Purpose. This paper aims to identify dimorphic differences of postural static stability in children of the same age range.
Research Material and Method. Material: The research group consisted of 450 children aged 9 to 12, comprising 235
girls and 215 boys. Research method: The measurement of the Centre of Pressure Sway Path length (mm) and the
Sway Area size (mm?) with Eyes Open and Eyes Closed (EO/EC) using CQ-STAB device. The results have been
Subjected to statistical analysis.

Results. The results obtained did not present a normal distribution and therefore non-parametric tests were used for the
calculations. The analysis shows that girls, when compared with boys, achieved significantly better results in static
stability measured by determining both the Sway Path and the Sway Area of the COP, both in EO and EC conditions.
Conclusions. Research results analysis indicated a better postural static stability in females compared to male
research participants. Gender differences were observed in the study in both Eyes Open and Eyes Closed conditions;
this may indicate functional developmental variability of the central nervous system responsible for postural stability
control in girls and boys.
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Introduction

A proper body posture is necessary when performing vo-
luntary movements and locomotor activities; it is defined
as the vertical position of the body axis in relation to
a small support area [1].

Children who are able to keep a standing position develop
their motor skills primarily through improving the newly
gained skills. Dynamic changes of the body that occur du-
ring this period of development establish proportions si-
milar to those found in adults [2]. The body becomes
overall more slender and stronger; muscle mass also in-
creases. New proportions create new motor abilities, a fa-
vourable limb leverage rat io and an improved ratio
between the child's strength and weight. [3]

With the development of the nervous system, new motor
possibilities arise; it turns out that relatively accurate
symmetrical movements are performed not earlier than at 9
years of age. At that point a child will have a significant
sense of rhythm; flexibility and a sense of balance are also
developed in that period. Equilibrioception — a sense of
balance — is dependent on a number of features of the ne-
rvous system and motor system. A rotational sense of ba-
lance is fully developed by about 6 years of age; the static
and dynamic, however, is achieved at about 12 years of
age.

The research results show that in the course of human de-
velopment a period can be identified when these skills de-
velop more intensively than it takes place during other
periods of life [S]. For the sense of balance, with a special
emphasis put on directed development of balance and co-
ordination capacity, this intense period, as indicated above,
occurs between 7 and 11 years of age [6]. It should be also
noted that a critical period for the development of body
balance is defined between 11-13 years, when a temporary
stasis takes place, also referred to as a regress of the level
of ability to maintain body balance [7, 8]. This period is
also characterised by intense development of the skeletal
system; the corresponding ratio of muscle growth is inef-
ficient. A rapid increase of the length of the lower limbs
means that the centre of gravity moves higher, which re-
sults in posture and equilibrium disorders [9, 10].

From the neurophysiological perspective, postural reflex
i.e. awareness and assessment of body position in space, is
a highly developed sense in humans. It is an outcome of
afferent information processing provided by visual, vesti-
bular and proprioceptive nerve pathways [11]. Control of
posture and postural reflex system reaches full maturity as
late as 18-21 years of age [12].

As a result of incomplete afferent information associated
with the immaturity of the posture control reflexes, chil-
dren and young people do not perceive the irregularities in
the spine and pelvis position; any attempt at passive cor-
rection of the body is met with dissatisfaction. Studies of
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postures of people with chronic back pain confirm the in-
sufficiency of space-time parameters responsible for the
strategy and movement control [13].

Body balance is defined as the ability of the body to main-
tain its position without outside support, with the excep-
tion of uncontrolled falls [5]. Maintaining static body
balance is possible when the centre of gravity moves wi-
thin the anatomical foot support surface [14, 15, 16, 17].
The resulting centre of pressure is identical to the resulting
force application point of the ground [18]. The process of
maintaining balance involves a continual loss and recovery
of body balance. The skill of active restoration of the typi-
cal body position in space, should it be lost as a result of
destabilising factors, is referred to as stability by Blasz-
czyk [19].

Postural stability tests are included in the majority of cli-
nical trials assessing physical activity. Postural stability
control is tested in three categories, assessing biomecha-
nic, coordination and sensory properties [19]. Postural sta-
bility tests in children at different stages of ontogenetic
development have been of interest to numerous researchers
[20, 21, 22, 23, 24]. Several of these researchers have po-
inted out that, in children (9-10 years of age), lower valu-
es of COP variations were recorded for girls compared to
boys of the same age [22, 25, 26]. Peterson suggests that
girls aged 7-8 have a better vestibular information system
than boys of the same age; this consequently leads to
smaller value variations [21].

The paper aimed to determine the dimorphic differences in
postural static stability in children of the same age range.
It was assumed that postural static stability is better in
girls than in boys in the of the same age range.

Research material and methods

The research was conducted on a randomly selected group of
450 children comprising 235 girls and 215 boys aged 9 to 12.
The main selection criterion was that the subjects be in good
health and aged between 9-12 years. The study excluded chil-
dren with musculo-skeletal disorders and orthopaedic and
neurological problems. Anthropometric characteristics did not
differ significantly for male and female respondents. The cha-
racteristics of the respondents is presented in Table 1.

The research was conducted by measuring the movement of
the general centre of pressure (COP). In the study a two-cle-
ment CQ-STAB stabilometric platform (CQElektronik Sys-
tem, Poland) was used, which allowed the static stability of
the body to be determined. The measurements were conducted
in a standing position with both feet on the platform, with
open and closed eyes [27]. Each series included three 30-se-
cond tests separated by a 2-minute break [27]. The best result
was chosen for statistical analysis. The study was conducted
with the approval of the Bioethics Committee of the Medical
University in Poznan.
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Table 1. Anthropometric characteristics of respondents

Age [years] Weight [kg] Height [cm]

max  mean *SD i max  mean *SD i max  mean *SD

All 450 9 12 104409 19 97 368484 112 166 14414835

Girls 235
50.2%

9 12 10.4 £0.9 20 97 36.7 £9.2 112 165 143.6£8.7

Boys 215

47.8% 9 12 10.4 +£0.9 19 65 36.9+4.4 120 166 144.6 +8

Measured parameters

The following parameters were determined: Sway Path
length (mm) and Sway Area (mm?) of the COP. The devi-
ce determines the values of SP-EO and SP-EC as well as
SA-EO and SA-EC of the COP on both platforms, as well
as separately for each of the lower limbs: SP L-EO, SP-R-
EO, SP-L-EC, SP-R-EC and SA-L-EO, SA-R-EO, SA-L-
EC, SA-R-EC.

In order to verify the normality of the distribution of the
data, a Shapiro-Wilk test was conducted. Due to abnormal
distribution, statistical analysis was conducted using non-
parametric tests (Mann-Whitney U Test).

Results

The first parameter measured was the length of the Sway Path
of the COP in EO conditions. The results obtained indicate
that the longer Sway Path was recorded for boys for each of
the variants analysed; the differences observed were highly
statistically significant (p<0.01), which indicated that static
stability was worse in the boys compared to the girls (Fig 1.,
Fig. 2., Fig. 3.)
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Fig. 2. The differences in length of the SP of the COP, the
left lower limb, observed between the girls and the boys;
test carried out in EO conditions
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The next parameter measured was the size of the Sway
Area of the COP in EO conditions. Again, significantly
worse results were recorded for boys compared with girls
when both lower limbs were considered and also for the ri-
ght lower limb (p<0.01). Interestingly, no significant diffe-
rences of the Sway Area size of the COP were observed
when the left lower limb was considered; the median values
in both groups were similar. The results presented above
indicate that the male research participants, in order to ma-
intain balance, had a larger Sway Area of the COP (Fig. 4.,
Fig. 5.)
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Fig. 3. The differences in length of the Sway Path of the
COP, the right lower limb, observed between the girls and
the boys; test carried out in EO conditions
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Fig. 4. The differences in size of the SA of the COP
observed between the girls and the boys; test carried out in

EO conditions
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Fig. 5. The differences in size of the SA of the COP
observed between the girls and the boys; test carried out

www.fizjoterapiapolska.pl



fizjoterapia poiska  n—

In compliance with the order of diagnostic procedures, the
next parameter measured was the length of the Sway Path of
the COP in EC conditions. The results were similar to those
obtained in EO conditions; the length of the SP was
significantly different in both research groups. Under Eyes
Closed conditions the Sway Path of the girls was significantly
shorter than the boys (p<0.01); this indicates that male
participants were noticeably less stable than female
participants (Fig. 6., Fig. 7., Fig. 8.)
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Fig. 6 The differences in length of the SP of the COP
observed between the girls and the boys; test carried out in
EC conditions

Fig. 7. The differences in length of the SP of the COP, the
left lower limb, observed between the girls and the boys;
test carried out in EC conditions
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The last measured parameter was the Sway Area of the COP,
in Eyes Closed conditions. Similarly to the research
conducted in Eyes Open conditions, significant differences
were observed for the SA-EC (both lower limbs) and SA-R-
EC (right lower limb); no differences were observed for the
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6000

SA-L-EC (left lower limb). Where the differences observed
were significant, poorer results were recorded for male
respondents (p<0.01). These results of the analysis show
that, in order to maintain the balance, the Sway Area of the
COP for boys was greater, even with closed eyes. (Fig. 9.,
Fig. 10.)
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Discussion

The analysis of the results obtained indicates that girls have a
significantly better better static posture stability; this was
observed in both test conditions (Eyes Open / Eyes Closed), and
also when the variable was limb pressure (both lower limbs,
only right, only left). The results obtained confirmed the
research hypothesis. The analysis of the results obtained
confirms that girls have a significantly better static stability.
Similar results were obtained by Lee and Lin. They found that
the mean radius of the COP of girls had a much smaller value
than of boys, both in EO and EC conditions. They also found
that the mean radius of the COP of children with mesomorphic
musculature had a significantly smaller value than that of
ectomorphic, endomorphic and obese children in the EC
conditions [22]. Gender differences were probably observed
due to the greater body weight of the boys. The somatotype
differences could stem from lower hight and a greater muscle
structure in the mesomorphic type. In this research, male and
female participants were of similar body weight (36.7 £9.2 for
the girls, and 36.9 +7.4 for the boys) and height (143.6 £8.7 for
the girls and 144.6 +8,0 for the boys); therefore no significant
differences were determined. Carter and Heath somatotype is a
review of the human body characteristics in relation to three
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Fig. 10. The differences in size of the SA of the COP
observed between the girls and the boys; test carried out
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elements: adiposity (endomorphism), muscle structure
(mesomorphism) and linearity (ectomorfism) [22].

Smith et al. examined children aged 8-12. Female participants
had significantly better results i.e. shorter COP Path Velocity
(p <0.05), a smaller COP Radial Displacement (p<0.05 ) and
smaller COP Area Velocity (p<0.05) compared to the males.
Correlation  analysis  indicated that increasing age
anthropometric parameters as well as PA level of physical
activity correlated with a reduced COP and improved postural
stability [20]. Female participants had significantly higher
results in these three parameters in correlation with age (COP:
-0.83 for the girls and -0.36 for the boys, p<0.05), height
(COP: -0.89 for the girls and -0.45 for the boys, p <0.05) and
body weight, BMI, foot size and physical activity level (COP:
-0.44 for the girls, p<0.05). In contrast, no statistically
significant correlation between these three parameters and
physical activity level (PA) were observed for the boys. This
suggests that girls' physical activity may be an important
factor in the development of muscle strength, coordination
and body balance, resulting in better postural stability. In this
research the female participants (n = 9) were heavier and taller
than the males (n = 17) [20].

On the other hand, a few other studies indicated that there is no
difference between girls and boys in the free standing test [23].
Lebiedowska and Syczewska did not identify a statistically
significant correlation between height, weight and age and the
research parameters [23]. Thus, it seems to be reasonable to
analyse these relationships in a much greater research group.
Sobera also found that there are no differences in the right and
left foot pressure while maintaining balance in a standing
position in neither children 2-4 years of age, nor in adults; this
thesis is not confirmed by current research. In contrast, a
noticeable difference in the speed of movement of the foot
pressure point on the ground was observed; this may reflect the
efficiency of the central nervous system, different in the two
research groups [24].

In conclusion, the interdependencies between basic
anthropometric parameters and the static stability indicators as
evidenced in this research should be analysed further. The
results obtained by this research show that it is necessary to
promote physical activity among children, especially among
boys, and more attention should be paid to the directed
development of equilibrium and coordination capacities in this
age range.

Conclusions

1. Analysis of the results obtained indicates a better postural
static stability in female participants rather than male
participants.

2. Gender differences were observed in both Eyes Open and
Eyes Closed conditions; this may indicate the functional
developmental variability of the central nervous system
responsible for the postural stability control in girls and boys.
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