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Abstract

Introduction: The growth and development of children is a
product of the interaction of biological and environmental factors.
Dance practice can optimize various aspects of motor control,
coordination and balance in childhood and adolescence.

Objective: The objective of the present study was to verify
how the practice of classical ballet, at a professional level, can
influence the plantar pressures and balance of children and
adolescents, as well as to verify if subjects’ vision and posture
of the upper limbs can interfere in this result.

Methods: Cross-sectional study performed with 111 girls aged
10 to 15 years who practice classical ballet (n = 56) and non-
dancers (n = 55). Anthropometry (BMI), plantar pressures and
postural stability (baropodometry platform) were assessed.
Three different conditions: eyes open (EO), eyes closed (EC)
and arms outstretched (AO) were observed. Data analysis
performed by using group comparison and correlation tests.

Results: Those who practiced classical ballet placed less
weight onto the left forefoot, presented lower values of
maximum pressure and plantar surface area in all the evaluated
conditions and moved less in the stabilometry analysis. It also
observed that ballet dancers were more influenced by vision and
positioning of the upper limbs than the group of non-dancers.
Length of time as a dancer influenced the results found.

Conclusions: Girls who practice classical ballet have specific
characteristics of plantar pressure and develop different
postural control strategies when compared to typical girls of
similar age, especially in the arms outstretch position.
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Authors summary

Why was this study done?

This study was done because girls who practice Classical Ballet have different body characteristics (BMI and fat percentage) and motor
control (coordination, balance and body awareness) than girls of the same age who do not practice this activity and this is already
well documented in literature. However, the real motor strategies that professional dancers or students use to execute the complex
sequences of movements to which they are subjected daily are still not well studied. The objective was then to elucidate these motor
strategies that dancers use to maintain postural control in the face of different conditions.

What did the researchers do and find?

The researchers analyzed plantar pressures and displacements in the stabilometric analysis (Baropodometry) under different conditions
of positioning of the upper limbs and visual influence and compared the results between two groups of girls with similar ages (n =
111), dancers and non-dancers. They found that girls who practice Ballet have characteristics of different plantar pressures, smaller
displacements in stabilometry and that they are more dependent on vision. It was noticed that these results are related to different
postural control strategies, in view of motor abundance, discussed in the article.

What do these findings mean?

These findings mean that regular and systematic physical activity has an influence on how the body behaves in the face of diverse
motor challenges and on static measures such as plantar pressures.

The findings of the present study may contribute to the understanding of postural motor strategies of children and adolescents who
practice Classical Ballet, with implications for the practice of systematic training and the prevention of long-term injuries. Based on
this, it is possible to develop programs focused on the improvement and development of correct strategies for coordination and
management of instabilities in motor abundance, so that there are no harmful effects of great variability in balance and movement.

Bl INTRODUCTION

To maintain balance being on vertical position is a
complex task and requires a combination of sensory and
motor control'. Classical ballet dancers maintain postural
stability during challenging tasks more easily than non-
dancers, and proprioceptive and visual stimuli are key
sensory inputs for that*>.

Dance training improves balance and movement
capacity by developing specific dynamic postural
strategies that relevant to its mandatory requirements®.
The commands required to modulate the vertical posture
is linked to the specificity and complexity of the execution
of the movement. Such association is important for
sports or artistic activities where body orientation and
balance control are critical to optimizing performance. An
important question is whether specific postural training is
beneficial for permanent control during common postures
and new challenging postures®’.

On the other hand, dynamic balance strategies seem
to be influenced by growth accelerations, which can distort
proprioceptive references and representations of the body.
In static balance, young dancers’ postural control is less
efficient than that of adults, and they are more dependent
on vision®. Classical ballet dancers must have sophisticated
balance mechanisms to effectively position themselves
during the complex choreographic sequences of their
performances, with multidirectional activities at different
amplitudes and angles of rotation’.

A review of the literature showed that researches
that use force platforms or kinematic systems indicated
the importance of vision to maintain balance and the need
to understand the postural balance characteristics of this
population. Few studies analyzing the influence of upper
limb positioning was found and most of them did not
control this positioning, so the dancers could have assumed
different positions to achieve a better balance®.

The traditional view of the science of movement that
tended to universally associate variability with decreases
in performance and pathology is no longer sustainable.
Instruments and methodologies are discussed in the context

of postural coordination and control. Variability may play a
functional role in the detection and exploration of stability
limits'*!.

In this sense, the objective of the present study was
to verify how classical ballet practice at a vocational level
can influence the plantar pressures and variability of girls’
postural control and to verify if vision and the position of
the upper limbs can influence this result. The hypothesis is
that dancers present different strategies of postural stability,
which may be represented by different values of plantar
surface pressure, plantar surface area and variations of the
Center of Pressure when compared to non-dancers, but
they are more dependent on vision.

B METHODS
Study characterization and Participants

This is cross-sectional observational study that was
carried out in two schools in the city of Goiania, Goias,
Brazil. The sample consisted of 111 healthy girls aged 10
to 15 years and divided into two groups. Group 1 (n = 56):
Classical ballet dancers at a vocational level in a public
school for ballet; Group 2 (n = 55): girls attending a public
school who did not practice Ballet or any other physical
activity after school.

Criteria for inclusion in the groups: females aged
10 to 15 years studying in the selected school and previous
signing of the written informed consent form (WICF). For
Group 1, it was also a criterion to have at least four years
of classical ballet practice.

Exclusion criteria for both groups: girls with
orthopedic problems (congenital clubfoot, hip dislocation,
etc.) or with problems of neurological origin (cerebral
palsy, Down syndrome, etc.) or with sensory problems
(visual impairment, hearing impairment, etc.).

The participants’ parents or their legal guardians
had to sign the WICF and the participants also provided
assent to take part.
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Instruments and procedures

The physical evaluations were performed by trained
evaluators and took place in the schools, in rooms reserved
for 15 to 20 minutes with each participant. Body mass was
obtained with the use of a Filizola® scale (series 3134, n°.
86713 with divisions of 100 grams and maximum load of
150 kilos). Height was measured by a stadiometer with
fixed base and mobile cursor. The BMI was expressed in
kilogram per square mass (kg / m?).

For the analysis of plantar pressures and postural
stability, a baropodometry platform with a Midcaptures
piezoelectric quartz sensor was used, with a sampling
frequency of 150 Hz, and data analysis was performed by
FootWork® software.

In this study, we defined maximum pressure
peak as the highest pressure value detected throughout a
measurement (12,13), and the Quilopascal unit (kPa) was
used. The mean pressure peak was defined as the mean of
all pressure values for each measurement'?, described as
a percentage to represent the forefoot and rearfoot weight
load on each side.

The plantar surface area corresponds to the
measurement of the foot contact region with the platform
sensors. It is determined by the sum of the area of all
sensors activated within a given region'®. In this study, we
analyzed the data referring to the plantar surface of the left
foot (L) and right (R) by using the square centimeter unit
(cm?).

The arch index and foot type were calculated
according to Staheli er al'® and postural stability was
analyzed through stabilometric parameters derived from
the spatial and temporal behavior of the pressure center!'.

The evaluations were performed in static orthostatic
posture, being repeated twice with 60 seconds of in the same
position in each repetition, in three different conditions
as follows: eyes open (EO), eyes closed (EC) and arms
outstretched (AO). In the EO and EC positions, arms were
along the body and in AO position eyes were open. The AO
position is with arms open in abduction with shoulders at

Table 1: Sample characterization
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the angle of 90° and straight elbows and wrists. The girls
were given the command to stand on the platform with one
foot next to the other in their usual posture and with eyes
open they should be looking ahead at a fixed point at the
eye level 1.5 meters from the wall. The feet were allowed
to be positioned in the habitual posture so that the analysis
was done simulating the posture adopted daily.

The study was prepared in accordance with the
Regulatory Guidelines and Norms for Research Involving
Human Beings (Resolution no. 466/2012 of the National
Health Council) and approved by the Research Ethics
Committee with Human Beings under the number CAAE
65387717.4.0000.8113.

Data Analysis

The statistical analysis was performed with
Statistical Package for Social Sciences (SPSS), version
23.0 (IBM Corp. Released 2015. IBM SPSS Statistics
for Windows, Version 23.0. Armonk, NY: IBM
Corp.).Normality was verified by Kolmogorov-Smirnov
test. The descriptive analysis was processed using mean
and standard deviation. The statistical procedures used
were the Student’s t-test for the comparison of the means
between the groups and the paired Student’s T test for the
intragroup comparisons. For the correlation with the dance
practice in the group of dancers, the Pearson correlation
test was performed. In all tests, a significance level of 5%
(p £0.05) was considered.

B RESULTS

The study sample consisted of 111 girls, 10 to 15
years of age (mean = 12.21 + 1.21), predominantly right-
handed, distributed in Group 1 (n = 56; mean age = 12,
32 + 1.32) vocational classical ballet dancers; and Group
2 (n = 55, mean age = 12.09 + 1.09) non-dancers. The
average dance time of the dancers was 6.98 (+ 1.92) years,
with a daily exercise routine corresponding to classes and
rehearsals three to six times a week, around two to five
hours a day. Table 1 shows the sample characterization.

Characteristic Group 1 Group 2

Mean SD Mean SD p+
Age (years) 12.32 1.32 12.09 1.09 0.32
Weight (g) 41.97 7.99 46.99 8.62 0.002*
Height (cm) 1.56 0.09 1.54 0.06 0.21
BMI (Kg/m2) 17.03 1.96 19.64 2.97 <0.001*

+Student’s T test; *p < 0.05 (significant); SD: standard deviation; g: gram; cm: centimeter; Kg: kilogram; m: meter; BMI: Body mass

index.

Mean Pressure Analysis

In the three conditions assessed, the dancers loaded
less weight on the L forefoot when compared to non-
dancers. In the EC condition, a higher mean pressure on
the left rearfoot was also significant in this group. In the
intragroup evaluation, for the three conditions, the dancers’
weight load is more intensely placed on the L rearfoot. In
Group 2, bodyweight loading is more usual on the rearfoot,
with no difference between L and R (Table 2).

Maximum Pressure Analysis

In all the assessed conditions, the female ballet
dancers had lower values of maximum pressure on both
L and R foot when compared with the girls who did not
practice that activity. It is also possible to notice that such
values were lower on the R foot for both groups, except for
the AO condition in the group of dancers, whose difference
was not significant (Table 2).
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Table 2: Comparison between the classical ballet dancers (Group 1) and non-dancers (Group 2) static

baropometric characteristics.

Parameter / Condition Mean Group 1 (+SD) Mean Group 2 (* SD) p+
Mean Pressure (%)

L forefoot EO (A) 18.16 (£ 5.53) 20.84 (+ 5.25) 0.01
L rearfoot EO (B 31.91 (£ 7.98) 30.49 (£ 6.43) NSD
R forefoot EO (C 21.7 (£ 6.72) 20.51 (+ 4.45) NSD
R rearfoot EO 28.39 (+ 6.08) 28.17 (£ 5.43) NSD
p++A #B < 0.001 < 0.001

p+t+ C#D < 0.001 < 0.001

p+t+A#C < 0.001 < 0.001

p++ B#D 0.004 NSD

L forefoot EC (A) 17.36 (£ 5.49) 21.31 (£ 5.38) < 0.001
L rearfoot EC (B) 32.6 (+ 6.96) 29.86 (£ 6.12) 0.03
R forefoot EC (C) 21.1 (£ 6.22) 20.89 (+ 4.34) NSD
R rearfoot EC 29.04 (+ 6.08) 27.91 (£ 5.14) NSD
p++A #B < 0.001 < 0.001

p++ C#D < 0.001 < 0.001

p+t+A#C < 0.001 NSD

p++B#D 0.001 NSD

L forefoot AO (A 18.98 (+ 5.58) 21.3 (£5.7) 0.03
L rearfoot AO (B 30.3 (£ 6.9) 29.39 (£ 6.77) NSD
R forefoot AO (C) 23.36 (+ 6.55) 21.6 (£ 5.11) NSD
R rearfoot AO(D) 27.35 (£ 6.48) 27.8 (£ 5.86) NSD
p+t+A #B < 0.001 < 0.001

p++ C#D 0.02 < 0.001

p++A#C < 0.001 NSD

pt++B#D 0.005 NSD

Maximum Pressure (Kpa)

L foot EO (E) 144.59 (+ 35.99) 174.61 (+ 46.98) < 0.001
R foot EO (F) 136.18 (+ 34.73) 157.93 (+ 38.61) 0.02
p++ E#F 0.02 0.004

L foot EC (E) 144.15 (+ 34.43) 173.61 (+ 46.47) < 0.001
R foot EC (F) 129.77 (£ 32.2) 157.1 (£ 39.37) < 0.001
pt+ E#F 0.001 0.003

L foot AO (E) 136.99 (+ 35.08) 170.21 (+ 45.2) < 0.001
R foot AO (F) 132.35 (+ 37.46) 155.14 (+ 39.85) 0.02
p++ E#F NSD 0.009

Area (cm?)

L foot EO (E) 66.49 (+ 14.34) 95.92 (+ 14.28) < 0.001
R foot EO (F) 66.32 (+ 14.46) 96.12 (+ 13.49) < 0.001
pt+E#F <0.001 NS

L foot EC (E) 69.6 (+ 14.06) 97.99 (+ 14.49) < 0.001
R foot EC (F) 70.54 (+ 15.18) 98.14 (+ 13.8) < 0.001
pt+ E#F NSD NSD

L foot AO (E) 70.29 (+ 14.98) 96.46 (+ 14.66) < 0.001
R foot AO (F) 70.95 (+ 15.82) 97.33 (+ 13.96) < 0.001

p++ E#F

NSD

NSD

+Student’s T test; ++Paired T test; p< 0.05 (significant); SD: standand deviation; L: left; R: right; EO: eyes open; EC: eyes closed; AO: arms outstretched;
%: percentage; Kpa: kilopascal; cm: centimeters; NSD: non-significant difference.
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Analysis of the Plantar Surface Area

In the comparison of the groups, in all evaluated
conditions, the female ballet dancers had lower values
of plantar surface area, both on the L and R foot, being
these values smaller on the R foot in the EO condition. It
is noteworthy that most of them had cavus feet (56% had
L cavus foot and 57% had R cavus foot), whereas most
of those who did not practice classical ballet had normal
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feet (71% had normal L foot and 76% had normal R foot)
(Table 2).

Stabilometry

The group of dancers presented lower antero-
posterior displacement (AP) in the EO and EC conditions
and lower latero-lateral displacement (LL) and ellipse area
in the EO condition (Table 3).

Table 3: Comparison between the classical ballet dancers (Group 1) and non-dancers (Group 2)

stabilometric characteristics.

Parameter / Condition Mean Group 1 ( SD) Mean Group 2 (£ SD) pt
AP displacement (cm)

EO (A) 1.82 (£ 0.69) 2.27 (£ 0.82) 0.002
EC (B) 2.08 (£ 1.07) 2.66 (£ 1.09) 0.006
AO (C) 2.49 (£ 1.06) 2.37 (£ 0.91) NSD
p++A#B 0.02 0.006

pt+A#C < 0.001 NSD

LL displacement (cm)

EO (A) 1.41 (£ 0.54) 1.71 (£ 0.67) 0.009
EC (B) 1.76 (£ 0.65) 1.89 (£ 1.02) NSD
AO (C) 1.83 (£ 0.78) 1.66 (+ 0.6) NSD
p++A#B < 0.001 NSD

pt+A#C < 0.001 NSD

Area of an Ellipse (cm2)

EO (A) 2.2 (£1.78) 3.37 (£ 2.22) 0.003
EC (B) 3.25 (£ 3.55) 4.61 (£ 4.92) NSD
AO (C) 4.06 (+ 3.8) 3.41 (£ 2.58) NSD
p++A#B < 0.001 0.03

pt+A#C < 0.001 NSD

+Student’s T test;++Paired T test; *p < 0.05 (significant); SD: standard deviation; EO: eyes open; EC: eyes closed; AO: arms

outstretched; AP: antero-posterior; LL: latero-lateral; cm: centimeters; NSD: non-significant difference.

It is possible to notice that, in general, the dancers
presented lower displacements in the stabilometric
analysis than the non-dancers in the open and closed eyes
conditions. However, it is possible to identify a different
influence with the open arms. Although not significant, the
movements of the group of dancers show a tendency to be
larger in the open arms position (Figure 1).

Influence of Vision

For both groups, the “eyes closed” condition
influenced in a larger surface area of contact on both
feet. In the stabilometry, it was possible to observe
greater displacements and area of an ellipse. However,
such difference was not significant for Group 2 in the LL
displacement (Tables3 and4).
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Figure 1: Results of the estimated differences in stabilometry between the classical ballet dancers (Group 1)
and non-dancers (Group 2).
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Table 4: Comparison between the classical ballet dancers’ (Group 1) and non-dancers’ (Group 2) static
baropodometric characteristics with eyes open and eyes closed.

Group 1 Group 2

Parameter EO EC p++ EO EC p++

Mean (% SD) Mean (x SD)
MP (%)
L forefoot 18.16 (+5.53) 17.36 (£5.49) NSD 20.84 (+ 5.25) 21.31 (£5.38) NSD
L rearfoot 31.91 (£ 7.98) 32.6 (+ 6.96) NSD 30.49 (£ 6.43) 29.86 (£ 6.12) NSD
R forefoot 21.7 (£ 6.72) 21.1 (£ 6.22) NSD 20.51 (+ 4.45) 20.89 (+ 4.34) NSD
R rearfoot 28.39 (+ 6.08) 29.04 (£ 6.08) NSD 28.17 (+ 5.43) 27.91 (£ 5.14) NSD
Max P (Kpa)
L foot 144.59 (£ 35.99) 144.15 (+ 34.43) NSD 174.61 (£ 46.98) 173.61 (+ 46.47) NSD
R foot 136.18 (£ 34.73)  129.77 (+ 32.2) NSD 157.93 (+ 38.61) 157.1 (£ 39.37) NSD
Area (cm?)
L foot 66.49 (+ 14.34) 69.6 (+ 14.06) 0.003 95.92 (+ 14.28) 97.99 (£ 14.49) < 0.001
R foot 66.32 (+ 14.46) 70.54 (£ 15.18) 0.003 96.12 (+ 13.49) 98.14 (£ 13.8) < 0.001

++Paired T test;*p < 0.05 (significant); SD: standard deviation; L: left; R: right; EO: eyes open; EC: eyes closed; MP: mean pressure;
Max P: maximum pressure; Surf: surface; %: percentage; Kpa: kilopascal; cm: centimeters; NSD, non-significant difference.

Influence of the Upper Limbs position

The 90° abduction position of the upper limbs had
the same influence on the static baropodometric parameters
in both groups, leading to: lower mean pressure on the L
rearfoot, higher mean pressure on the R forefoot and lower
maximum pressure in the standing position. However, only
the female ballet dancers had larger contact surfaces in
both feet and higher values in all stabilometric parameters
(Tables3 and 5).

Dance practice, Baropodometry and Stabilometry

Through the analysis of Pearson’s correlation it was
observed that the longer the time of dance practice in years,
the greater the mean pressure on the forefoot for both
feet, in addition to a larger surface contact on the L foot.
In the stabilometric parameters, there were no significant
correlations (Table 6).

Table 5: Comparison between the classical ballet dancers’ (Group 1) and non-dancers’ (Group 2) static
baropodometric characteristics with arms along the body and arms outstretched.

Group 1 Group 2
Parameter EO AO p++ EO AO p++
Mean (£ SD) Mean (£ SD)

MP (%)

L forefoot 18.16 (£ 5.53) 18.98 (+ 5.58) NSD 20.84 (£ 5.25) 21.30 (£ 5.7) NSD
L rearfoot 31.91 (£ 7.98) 30.30 (£ 6.9) 0.005 30.49 (£ 6.43) 29.39 (£ 6,.77)  0.002
R forefoot 21.70 (£ 6.72) 23.36 (+ 6.55) 0.002 20.51 (+ 4.45) 21.60 (£ 5.11) 0.003
R rearfoot 28.39 (£ 6.08) 27.35 (£ 6.48) NSD 28.17 (£ 5.43) 27.80 (+ 5.86) NSD
Max P(Kpa)

L foot 144.59 (£ 35.99) 136.99 (£ 35.08) 0.04 174.61(+46.98) 170.21 (+45.2) 0.04
R foot 136.18 (£ 34.73) 132.35(+37.46) NSD 157.93 (+ 38.61) 155.14 (+ 39.85) NSD
Area (cm2)

L foot 66.49 (+ 14.34) 70.29 (+ 14.98) <0.001 95.92 (+14.28) 96.46 (+ 14.66) NSD
R foot 66.32 (£ 14.46) 70.95(+ 15.82) <0.001 96.12 (+13.49) 97.33(x13.96) NSD

++ Paired T test;*p < 0.05 (significant); SD: standard deviation; L: left; R: right; EO: eyes open; AO: arms outstretched; MP: mean
pressure; Max P: maximum pressure; Surf: surface; %: percentage; Kpa: kilopascal; cm: centimeters; NSD: non-significant difference.
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Table 6: Correlation between time as a dancer and classical ballet dancers’ baropodometric and

stabilometric characteristics.

Correlation Variable Assessed Parameter Value of r p
Mean Pressure (%)
L forefoot 0.409 0.002
L rearfoot -0.43 0.001
R forefoot 0.356 0.007
R rearfoot -0.544 <0.001
Maximum Pressure (Kpa)
L foot -0.185 NSD
Time as a dancer (years) R foot 0.111 NSD
Surface (cm2)
L foot 0.283 0.03
R foot 0.117 NSD
Stabilometry
AP displacement (cm) 0.155 NSD
LL displacement (cm) -0.009 NSD
Area of an Ellipse (cm2) 0.102 NSD

r: Pearson correlation coefficient; p < 0.05 (significant); SD: standard deviation; AP: antero-posterior; LL: latero-lateral; cm:
centimeters; %: percentage; Kpa: kilopascal; L: left; R: right; NSD: non-significant difference.

B DISCUSSION

This study has brought evidence on how the practice
of classical ballet in a systematic and professionalizing
way can influence plantar pressures and postural stability
strategies of girls. It was observed, in short, that classical
Ballet dancers placed lower bodyweight load on the L
forefoot, had lower values of maximum pressure and
plantar surface area in all the conditions assessed and had
less displacements according to the stabilometric analysis.
It was also observed that they were more influenced by
vision and position of the upper limbs than the group of
non-dancers, and that the time of dance practice influenced
in the development of specific motor strategies.

It is expected that dancers with a certain level of
experience have a greater mastery over body movements
and therefore a better postural control and this is already
well studied in the literature. The movements performed
always happen with the eyes opened and with great
influence of these for the sensorial feedback necessary for
a good execution, since the arms are in constant change
and combination of different lines of movements. Knowing
what this movement brings of influence on the postural
control or on the motor strategies for their maintenance is
what has not yet been studied and is not yet clear. This study
showed that opening the arms causes different responses
both in static baropodometry and in the stabilometry of
girls, with similar ages and different motor experiences.

The analysis of normal pressure distribution on the
feet is characterized by a 60% occurrence in the rearfoot,
8% in the midfoot and 28% in the forefoot, considering
both sides'”. The girls who were evaluated here had
similar results, with a higher peak pressure on the rearfoot.
However, when comparing groups, this was more evident
in dancers on their L foot.

The nature of pressure distribution on cavus feet

is not yet entirely clear, and different conclusions were
drawn from comparisons with normal feet. One study
showed greater pressure on the heel and lateral forefoot
and lower pressure and contact area in the midfoot and
hallux'®. Another study showed that there is an increase
in pressure on both forefoot and rearfoot" in cavus feet
when compared to normal ones. The dancers of the present
study, for the most part, have cavus feet and a lower mean
pressure value on the L forefoot when compared to the
Group 2 of girls, with predominantly normal feet.

The cavus foot is most often caused by muscle
imbalance, which causes the plantar arch to become
excessively high and to decrease the plantar surface area®.
This is aggravated by the use of ballet pointe shoes since
they make compression on the feet and limit the areas of
plantar contact?'. The dancers of the present study also had
smaller plantar surface area.

Conventionally, the dominant side of an individual
is used to perform tasks, whereas the non-dominant side is
used to support or maintain balance?. In classical ballet,
there is a difference in muscular effort and coordination
capacity required for the support leg and gesture leg,
respectively, in the execution of asymmetric movements.
However, the effect oflateral dominance on the performance
of such movements has not yet been studied. Generally,
the choice of which leg to use is made individually, since
most movements involve unilateral postures on a small
supporting base*>*.

Younger, inexperienced dancers have less laterality
skills than the more experienced dancers because of
training effects??. The dancers of the present study, who
are mostly right-handle and young, presented higher mean
pressures on the L rearfoot, which may be justified because
this is the most frequently used support leg.

Maximum pressure is the highest pressure value
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detected during a measurement'? and in the group of
dancers this value was lower in all the conditions assessed.
This may represent a better control of the stabilizing
muscles, since the dance practice leads to a better postural
stability and dancers present a more active posture control
in relation to untrained individuals®**¢?*. These data also
corroborate with the stabilometry findings shown here.

Studies such as those previously mentioned show
lower postural oscillation as better balance control, but
some researchers argue that this may be interpreted
differently5. It has already been analyzed that athletes
with a high demand for balance control, such as those
participating in martial arts and gymnastics, have greater
postural oscillation than non-athletes*>?*. The common
controversy comes from the interpretation of the results of
the Romberg test, which is used to assess the neurological
function for balance, in which high postural oscillation
is a sign of postural disorders. However, this should not
be interpreted as a worse balance, but rather attributed to
more demanding motor tasks of sports practice’.

Highly qualified athletes, in the face of the body’s
disruption to environmental stimuli, can successfully
manage postural instabilities despite increased oscillation.
According to the idea of motor abundance, this is good
for qualified motor performance”. When the center of
pression behaves as a fixed point there is resistance to
disturbances, but less flexibility and adaptation when a
change in the postural state is required'’. Most probably,
a greater postural oscillation allows the rapid and precise
change of body position, which is crucial for ballet
practice® and the variability functionality depends on the
task being performed'®. The relation between variability
and stability is complex and variability can not be equated
with instability without knowing about the dynamics of
movement''.

Based on this assumption, it may be possible
to justify the results found here for the higher values of
stabilometry and plantar surface area found for the group
of dancers in the condition of the upper limbs abducted to
90°, being this a motor control strategy used by them as
a common practice in ballet. Opening the arms is not an
activity commonly used by typical children and adolescents
in their usual motor activities and is therefore not a motor
strategy of choice unless an imbalance is triggered. For
dancers, however, this is a recurring situation, given that
hardly a ballet movement is done with the arms along the
body. It is then possible to justify that in this position the
group of dancers has developed greater motor strategies of
displacement and maintenance of balance.

There is a general consensus in the literature that
dancers use proprioceptive and visual stimuli as their
fundamental sensory inputs®. Their balancing abilities are
superior to those of non-dancers when their eyes are open,
but not with eyes closed, suggesting that the ability to
change acutely from one balancing mechanism to another
is not sophisticated>>%*28, This fact may explain the greater
changes observed in the stabilometry of the dancers group
when compared to the open and closed eyes conditions.

There were no significant correlations between the
stabilometric parameters and time as a dancer, probably
because all the dancers of the sample have professional

(o]
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level and similar experience, so that it was not possible to
perceive the effect of training on the postural balance as
described in the literature®.

As regards the static baropodometric data, as time
as dancers increases, the higher was the mean pressure on
the forefoot, in addition to a larger contact area. The long
period of training required to become a dancer produces
postural memories for an anatomical configuration of
the foot. This specificity is independent of the level of
difficulty, and considers both the postural stability and
the structure of the motor control’. Thus, new studies are
necessary to understand the effects of ballet in the long
term on the biomechanics of dancers’ feet.

The results shown here suggest that dancers at the
vocational level, when compared to ordinary girls who
do not experience classical ballet practice, had lower
weight load on the L forefoot weight and lower values
of plantar surface area, which may be related to higher
prevalence of cavus feet. In relation to postural stability,
they present lower values of maximum pressure and lower
displacements in the stabilometric analysis. However, they
were more vision-dependent and had greater displacements
with upper limbs abducted to 90°, which may be related
to different motor control strategies. The findings on the
influence of the upper limbs posture suggest that due to
the more frequent use of the upper limbs in daily motor
activities, the dancers presented a more significant
influence of this posture in both static baropodemetry and
stabilometry. Further research is needed to elucidate the
actual motor balance strategy in that population.

The findings of the present study may contribute to
the understanding of postural motor strategies of children
and adolescents who practice ballet, with implications
in the practice of systematic training and prevention of
long-term injuries. Based on this, it is possible to develop
programs focused on the improvement and development
of correct strategies for coordination and management of
instabilities within motor abundance?, so that the harmful
effects of much variability in balance and movement do
not occur''.

We conclude that girls who practice classical
ballet have specific characteristics of plantar pressure
and develop different postural control strategies when
compared to typical girls of similar age, especially in the
arms outstretch position. The findings of the present study
may contribute to the understanding of postural motor
strategies of children and adolescents who practice ballet,
with implications in the practice of systematic training
and prevention of long-term injuries. Based on this, it is
possible to develop programs focused on the improvement
and development of correct strategies for coordination and
management of instabilities of each person.
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Resumo

Introducgao: O crescimento e o desenvolvimento de criangas € produto da interagao de fatores bioldgicos
e ambientais. A pratica de danga pode otimizar varios aspectos do controle motor, da coordenagéo e do
equilibrio na infancia e adolescéncia.

Objetivo: O objetivo do presente estudo foi verificar como a pratica do balé classico, em nivel
profissional, pode influenciar as pressdes plantares e o controle postural de criangas e adolescentes,
assim como verificar se a visao e a posigcado dos membros superiores pode interferir neste resultado.

Método: Estudo transversal desenvolvido com 111 meninas com idades entre 10 e 15 anos praticantes
(n = 56) e nao praticantes (n = 55) de balé classico. Foram avaliados os dados antropométricos (IMC),
as pressoes plantares e a estabilidade postural (baropodometria). Trés diferentes condigdes: olhos
abertos (OA), olhos fechados (OF) e bragos abertos (BA) foram observadas. A analise de dados foi
realizada por meio da comparagao de grupos e testes de correlagao.

Resultados: As praticantes de balé classico realizaram menor descarga de peso em antepé E,
apresentaram menores valores de pressao maxima e area de superficie plantar em todas as condigdes
avaliadas e tiveram menores deslocamentos posturais. Observou-se ainda que as bailarinas foram
mais influenciadas pela visédo e posicionamento dos membros superiores do que o grupo das nao
praticantes de balé, e que o tempo de danca interferiu de forma a modificar os resultados encontrados.

Conclusao: Meninas que praticam balé classico tém caracteristicas especificas de pressao plantar
e desenvolvem diferentes estratégias de controle postural quando comparadas a meninas tipicas da
mesma idade, principalmente na posicao de bragos abertos.

Palavras-chave: desenvolvimento infantil, controle postural, equilibrio e danga.
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