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Abstract

Background: Gymnastics training enhances the development of postural control in children and adolescents. In
competitive gymnastics, the training regimen is specific to the given gymnastic discipline and is usually followed
from the early years of practicing. This study aimed to determine whether postural steadiness differed between
young gymnasts practicing two distinct disciplines, and whether it was related to the duration of their training
experience, age, and their anthropometric characteristics.

Methods: Thirty 10-13-year-old females- ten artistic gymnasts, ten acrobatic gymnasts (training as “tops”), and ten
non-athletes- were examined during 60-s quiet standing trials on a force platform with the eyes open and closed.
Their postural sway was represented by directional components of centre of foot pressure mean velocity. Mann-
Whitney U, Wilcoxon and Spearman’s p tests were used for analyses.

Results: Anterior-posterior and medial-lateral centre of foot pressure mean velocities were not different between
the artistic and acrobatic gymnasts (p > 0.05). In the artistic gymnasts, the duration of training experience, age, body
height, body mass, and maturity offset were negatively correlated with the anterior-posterior centre of foot pressure
mean velocity under eyes-open conditions. The acrobatic gymnasts' body mass and BMI percentiles were
negatively correlated with their anterior-posterior and medial-lateral centre of foot pressure mean velocities under
both visual conditions (r ranged from — 0.64 to — 0.93; p < 0.05). The non-athletes’ centre of foot pressure mean
velocities were non-significantly correlated with their age and anthropometric measures under both visual
conditions (p > 0.05).

Conclusions: The artistic gymnasts’ longer training experience, greater age, body height, body mass, and biological
maturity were associated with better anterior-posterior postural steadiness when vision was available; the acrobatic
gymnasts’ greater body mass and BMI percentiles were associated with better overall postural steadiness regardless
of visual conditions. Relationships were observed between postural steadiness and discipline-specific training
experience and anthropometric characteristics; however, causes and effects were not proven.
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Background

Gymnastics training experience begins in early child-
hood to achieve a high level of competitive success. It
has been documented that practicing gymnastic disci-
plines since early years of life enhances the development
of postural control [1-4]. In the postural control system,
the central nervous system regulates information from
visual, vestibular, and somatosensory sources and pro-
duces adequate motor responses to control body posture
[5]. The neuromuscular control of natural standing can
be examined in two planes. The dominant control in the
sagittal plane is maintained by the ankle strategy, which
provides the appropriate muscle tone of the ankle plan-
tar and dorsiflexors. The control in the frontal plane is
mainly maintained by the hip abductor and adductor
muscle tone in a load/unload mechanism [6]. One of the
methods used in the assessment of upright standing pos-
tural control is force-platform posturography. This
method enables the analysis of centre of foot pressure
(COP) oscillations which are related to postural sway.
The basic assessment of postural sway concerns standing
trials under normal and visual deprivation conditions. In
healthy subjects, lesser postural sway is usually inter-
preted as better postural stability. Standing without vis-
ual cues challenges the postural control system and
leads to increased postural sway; however, various hu-
man populations may use their redundant system differ-
ently to adapt to such conditions [5].

To date, developmental changes in the postural con-
trol system have been extensively investigated [7-12]. In
adolescence, the improvement of the static and dynamic
steady-state as well as proactive balance is observed
compared to childhood. The maturation of the postural
control system continues up to early adulthood, and bal-
ance performance might be differentially trainable dur-
ing one’s youth [11].

A valuable insight into maturing postural control has
been provided by studies comparing postural sway char-
acteristics between children/young adolescent gymnasts
and their non-athlete or other athlete peers under vari-
ous laboratory conditions [1-3]. In young gymnasts,
training experience results in superior control of stand-
ing on an unstable surface without visual information
[3], as well as in better proprioceptive reweighting re-
sponses [1]. Increased gymnastic skills lead to less accel-
eration variability and body sway regularity and more
stability during tandem stance, indicating a more auto-
matic and more efficient postural control [13]. During
stance perturbation, children/adolescent gymnasts dem-
onstrated an increased muscle response latency of the
upper body muscles located on the frontal aspect of the
body compared to that of their non-athlete counterparts
[14]. Interestingly, in quiet standing, superior postural
steadiness was observed only in 5- to 7-year-old and not
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in 9- to 11- or 10- to 13-year-old gymnasts in compari-
son to age-matched groups of non-athletes [2, 15].

To the authors’ best knowledge, there have been no
studies attempting to determine possible differences in
postural control between gymnasts of different disci-
plines regardless of the age group. Although there are
similarities in the training regimens of the gymnastic dis-
ciplines, there are also some distinctions between them.
For example, female artistic gymnastics training leads to
perfect performance of the routines on the vault, uneven
bars, balance beam and floor. This discipline mainly re-
quires phenomenal strength, power, flexibility, coordin-
ation and spatial awareness [16—21]. In turn, the effect
of training in acrobatic gymnastics is the performance of
the figures consisting of static and dynamic routines by
the athletes working together. Within this discipline, the
training regimens are role-specific. In the gymnasts who
carry out supporting roles and are known as “bases,”
among all gymnastic skills, their training emphasizes in-
creasing strength and stability. The training of smaller
and lighter “top” gymnasts focuses especially on display-
ing flexibility and agility [22—25]. In young adolescence,
the duration and frequency of training sessions are
higher in artistic compared to acrobatic gymnastics. The
intensity of training for artistic gymnasts is the highest
among the gymnastic disciplines [26, 27]. Therefore, the
question arises as to whether discipline-specific gymnas-
tics training which started in childhood translates into
specific postural control characteristics of a simple daily
activity such as quiet standing in young adolescence. It
also appears that the length of training experience may
be associated with postural sway characteristics. So far,
it is also unknown whether the posturographic evalu-
ation of quiet standing based on the traditional assess-
ment of COP excursion is a sensitive enough method to
distinguish the postural sway characteristics between
young gymnasts practicing two disciplines.

Until now, little attention was given to the possible as-
sociation between the anthropometric measures of chil-
dren practicing gymnastics and their postural control.
One study reported a poor correlation between body
height and mass and the dynamic balance in pre- and
postpubertal female gymnasts practicing trampoline [3]
and the other study demonstrated a moderate to strong
negative correlation between the body mass of 10- to
13-year-old female acrobatic gymnasts and their postural
sway velocity, suggesting better postural steadiness in
the heavier athletes [15]. In 6- to 8-year-old artistic gym-
nasts, simple balance tests indicated negative association
of body height with static balance, and positive associ-
ation with dynamic balance. The opposite phenomenon
was observed in regard to body mass [28]. The gymnasts’
anthropometric measures have been closely investigated
in relation to their specific skills [16, 24, 25]; however,
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the investigation of their relationship with quiet standing
postural control may provide important additional infor-
mation. If such a relationship exists, the findings might
have a practical application in selecting children for cer-
tain gymnastic disciplines. Gymnastic performance is
also related to their biological maturity [29], therefore its
relationship with postural sway should be investigated as
well.

The primary aim of the study was to determine
whether postural steadiness (reflected by quiet standing
postural sway velocities) would be different between
young adolescent artistic gymnasts and acrobatic (having
the role of the “top”) gymnasts under normal and visual
deprivation conditions. The secondary aim was to inves-
tigate whether the duration of gymnasts’ training experi-
ence, their age, maturity offset, and anthropometric
measures would be associated with their postural steadi-
ness. To facilitate the proper interpretation of correl-
ation analyses in the gymnasts, the aim was also to
explore the association of age, maturity offset, and an-
thropometric measures with postural steadiness in the
age-matched non-athletes. We hypothesized that the

postural sway characteristics might be linked to
discipline-specific ~ training and  anthropometric
characteristics.

Methods

Participants

Thirty 10-13-year-old females (ten artistic, ten acrobatic
gymnasts, and ten non-athletes) participated in the
study. The gymnasts were recruited from training cen-
tres and the non-athletes were recruited from an elem-
entary school in Upper Silesia, Poland. The inclusion
criteria for the gymnasts of both groups were being at
the national performance level and practicing for at least
7h per week. The inclusion criteria for the acrobatic
gymnasts were carrying out the role of the “tops” (“mid-
dles” and “bases” were excluded from the study because
of different anthropometric characteristics, training regi-
mens and usually older age at the national performance
level). The inclusion criteria for the non-athlete females
were no experience in practicing sports and participation
only in general physical education classes at the elemen-
tary school (3 h per week). Exclusion criteria were un-
correctable vision disorders, overweight, greater body
height than the average height for their age, and any
neurological or musculoskeletal abnormalities that could
affect postural stability. The aim of the study and experi-
mental procedures were explained to all study partici-
pants and their legal guardians, and written informed
consent was obtained from the participants and the
guardians. The gymnastics training centres provided the
data regarding the athletes’ training frequency and the
duration of the training period. The artistic gymnasts
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practiced 5 times per week for 2.5h, and most (seven of
ten) began their training experience at the age of 6 years.
The acrobatic gymnasts practiced 3—-5 times per week
for 2—-2.5 h. Of ten acrobatic gymnasts, eight began prac-
ticing at the age of 8years. The characteristics of the
participants are presented in Table 1.

ARG artistic gymnasts, ACG acrobatic gymnasts, BMI
Body mass index, Maturity offset - years from age at
peak height velocity.

Procedure

The recording of the subjects’ body height and mass pre-
ceded the postural steadiness tests. Based on height,
mass and age, individual female BMI percentile rankings
were calculated according to the international BMI cut-
off points for children established by the International
Obesity Task Force (Table 1). To estimate biological ma-
turity, the following maturity offset regression equation
for girls was used:

Maturity offset = —7.709133
+ (0.0042232 x (age x height))

The result of this equation indicates the number of
years from the age at peak height velocity [27] (Table 1).

To assess postural sway, the subjects were instructed
to stand barefoot, as still as possible (the arms relaxed
by the sides), with the feet approximately hip-width
apart on a stable force platform (AMTI AccuGait, Wa-
tertown, MA, USA). Before the measurement, they per-
formed one introductory trial. Four 60-s quiet standing
trials were conducted: two with the eyes open (looking
straight ahead at a wall 3 m away) and two with the eyes
closed [29]. After each trial, the subjects stepped off the
platform and rested up to 1 min to avoid any discomfort.
The COP signals transmitted from the force plate were
amplified and sampled at a frequency of 100 Hz. They
were filtered with a 4th order low pass Butterworth filter
at a 7-Hz cut-off frequency. The COP mean velocity was
chosen for analysis because, according to the systematic
review of test-retest reliability studies concerning bipedal
static posturography, this parameter shows consistently
acceptable reliability values and it is the most reliable
among the traditional COP parameters [30]. The COP
mean velocity showed an excellent reliability in the as-
sessment of children and young adolescents (6—14 years)
[31]. Moreover, in our preliminary Factor Analysis of the
traditional COP parameters the COP mean velocity had
the highest absolute value of factor loading. This meas-
ure is defined as the average speed of COP movement
over the time of a trial. The directional (anterior-poster-
ior and medial-lateral) subcomponents of the COP mean
velocity were normalized to the subject height because
of significant between-group differences concerning this
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Table 1 Characteristics of national-level female artistic gymnasts, acrobatic gymnasts (training as “tops”), and non-athletes®

ARG (n=10)

ACG (n=10) Non-athletes (n = 10)

Age (years) 11.1+1.29;,10-13
139.8 +5.85; 132-150

296 +36; 24-355

Body height (cm)*
Body mass (kg)**

BMI percentile*** 13.2+90; 3-27
Maturity offset -1.1+1.00; =2.1-05
Gymnastics experience (years)*** 48+092; 4-6
Training frequency (hours/week)***** 125+0; 125

11.3+067; 10-12
132.5+5.23; 124-140
269+431; 20-34

108 +0.79; 10-12
146.5 £ 6.43; 136-155
36.2+482;29-415

17.3 +£16.69; 0-49 39+24.14; 9-84
—-14+£052; (-23)-(-08) -1£0.75; = 2-0.1
33+067;2-4 0
9.1+145;7-10 0

ARG artistic gymnasts, ACG acrobatic gymnasts
? Data are presented as means + standard deviations; ranges

*ARG vs ACG: p =0.01, r gs = 0.54; ARG vs non-athletes: p =0.02, r s =0.5; ACG vs non-athletes: p =0.00004, r g5 = 0.81. **ARG vs non-athletes: p =0.007, r gs =
0.59; ACG vs non-athletes: p =0.0007, r g5 =0.7. **ARG vs non-athletes: p =0.001, r g5 = 0.69; ACG vs non-athletes: p = 0.04, r g5 = 0.46. ****ARG vs ACG: p =0.002,

r gs = 0.72. *****ARG vs ACG: p =0.00001, r s = 0.93 (Mann-Whitney U test)

factor [32]. The subcomponents were computed on the
basis of the means of two trials for the eyes-open condi-
tions and two trials for the eyes-closed conditions [31].

Statistical analyses

Statistical analyses were performed on the directional
subcomponents of COP mean velocities (eyes-open and
eyes-closed conditions), training experience, age and an-
thropometric characteristics. The age and anthropomet-
ric factors of the gymnasts and non-athletes were
compared with the use of the Mann—Whitney U test.
This test was also used to compare the training experi-
ence and COP measures between the artistic and acro-
batic gymnasts. Wilcoxon test was applied to compare
eyes-open with eyes-closed trials in each group of gym-
nasts. The results of the comparison analyses concerning
gymnasts and non-athletes coming from the same re-
search project have been reported [15]. Effect size (ES) for
nonparametric data was calculated (r = Z/VN). The follow-
ing thresholds were used to interpret ES: r>0.10 small;
r > 0.30 medium; and r > 0.50 large [33]. Spearman’s Rank
Correlation Coefficient was used to test whether the direc-
tional components of COP mean velocities were corre-
lated with training experience and anthropometric
characteristics in gymnasts and with anthropometric
characteristics in non-athletes. A conventional approach
to interpreting the absolute magnitude of the correlation
coefficient was used: 0.00-0.10 negligible; 0.10-0.39 weak;
0.40-0.69 moderate; 0.70—0.89 strong; and 0.90—1.00 very
strong correlation [34]. Additionally, training experience,
age, and anthropometric measures were correlated in each
group of gymnasts. These between-factor correlation ana-
lyses facilitated the determination of the dynamics of body
maturation in relation to training experience and age. The
results allowed for a better understanding and interpret-
ation of the correlations between the COP velocities of
the gymnasts and all of the above factors. The level of sig-
nificance was set to a = 0.05. The analyses were performed
using Statistica v.13 (StatSoft Inc., Tulsa, OK, USA).

Results

Between-group and between-condition comparisons
There were nonsignificant differences between the COP
mean velocities of the young adolescent female artistic
and acrobatic gymnasts (Fig. 1). In the between-group
comparison of eyes-open trials, the effect size for the
anterior-posterior COP mean velocity was medium (r
es = 0.32) and for medial-lateral COP mean velocity it
was small (r gg =0.17). In the comparison of eyes-closed
trials, the effect size for both anterior-posterior and
medial-lateral planes was small (r gg=0.22 and 0.09, re-
spectively). The COP mean velocities were increased
during the trials with eyes closed compared to the eyes-
open trials in each of the two groups. In both artistic
and acrobatic gymnasts, the effect size between eyes-
open and eyes-closed trials was large for the anterior-
posterior plane and medium for the medial-lateral plane
(Fig. 1).

Although the level of performance of all the gymnasts
was national, the duration of the artistic gymnasts’ train-
ing experience was significantly greater. Additionally, the
artistic gymnasts practiced more hours per week com-
pared to the acrobatic gymnasts (Table 1). There was a
nonsignificant difference and small effect size in the age,
body mass, BMI percentile, and maturity offset of the
gymnasts (p >0.05, r gs=0.14, 0.28, 0.01, and 0.10, re-
spectively); however, the artistic gymnasts’ body height
was significantly greater than that of the acrobatic gym-
nasts. The non-athletes' body height, mass and BMI per-
centile were significantly greater than that of the
gymnasts (Table 1).

Correlations

Correlations between COP mean velocity and the duration
of the gymnastics experience, age, body height, and
maturity offset

Eyes-open trials: the results of the correlation tests in
the artistic and acrobatic gymnasts between their
anterior-posterior COP mean velocities and their
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Fig. 1 Normalized to body height centre of pressure mean velocities during 60 s of quiet standing in artistic (n = 10) and acrobatic (n = 10)
gymnasts. Data shown as the means + standard errors. Between group differences (Mann-Whitney U): p > 0.05; Between-session differences - EO
vs. EC (Wilcoxon test): *p=0.005, r gs=0.63; **p =0.009, r g5 =0.58; ***p =0.04, r s =047, ***p=0.047, r gs=044. ARG - artistic gymnasts, ACG —
acrobatic gymnasts; EO - eyes open, EC — eyes closed; AP — anterior-posterior plane, ML — medial-lateral plane; r g5 — effect size

training experience, their ages, body heights, and matur-
ity offsets are shown in Fig. 2. In both groups, nonsignif-
icant correlations were observed between the medial-
lateral COP mean velocities and these measures (p >
0.05). Eyes-closed trials: the directional components of
the COP mean velocities in the artistic or acrobatic gym-
nasts were non-significantly correlated with the duration
of their training experience, their ages, and their body
heights (p >0.05). In the non-athletes, the directional
components of the COP mean velocities were not sig-
nificantly correlated with their ages, body heights, and
maturity offsets under both visual conditions (p > 0.05).

Correlation between COP mean velocity and body mass
Eyes-open trials: the results of the correlation tests in
the artistic and acrobatic gymnasts between their
anterior-posterior COP mean velocities and their body
masses are shown in Fig. 3. In both groups, nonsignifi-
cant correlations were observed between the medial-
lateral COP mean velocities and body masses (p > 0.05).
Eyes-closed trials: the results of the correlation tests in
both groups of gymnasts between the directional com-
ponents of the COP mean velocities and their body
masses are shown in Fig. 3. The non-athletes’ directional
components of the COP mean velocities were not sig-
nificantly correlated with their body masses under both
visual conditions (p > 0.05).

Correlation between COP mean velocity and BMI percentile
Eyes-open trials: the results of the correlation tests in
the artistic and acrobatic gymnasts between their
anterior-posterior COP mean velocities and their BMI
percentiles are shown in Fig. 4. In both groups, nonsig-
nificant correlations were observed between the medial-
lateral COP mean velocities and BMI percentiles (p >
0.05). Eyes-closed trials: the results of the correlation

tests in both groups of gymnasts between the directional
components of the COP mean velocities and their BMI
percentiles are shown in Fig. 4. The non-athletes’ direc-
tional components of the COP mean velocities were not
significantly correlated with their BMI percentiles under
both visual conditions (p > 0.05).

Additional between-factor correlations

The strengths of the correlations between training ex-
perience, age, and anthropometric measures were deter-
mined to facilitate the proper interpretation of the main
results concerning correlations between the COP veloci-
ties of the gymnasts and the above factors. Significant
between-factor correlations are presented in Table 2.

Discussion

The aim of this study was to determine whether quiet
standing postural sway (represented by the anterior-
posterior and medial-lateral COP mean velocities under
eyes-open and eyes-closed conditions) was different be-
tween young female artistic and acrobatic (carrying out
the role of the “tops”) gymnasts. We also searched for
correlations between the gymnasts’ postural sway veloci-
ties and their training experience, ages, body heights,
body masses, BMI percentiles, and maturity offsets. The
nonsignificant between-group differences observed in
the postural sway velocities suggest similar postural
steadiness in the artistic and acrobatic gymnasts under
both visual conditions. However, it is worth mentioning
that on average, artistic gymnasts swayed slower in the
anterior-posterior direction under eyes-open conditions
and the difference between the two groups (effect size)
was medium. As expected, visual deprivation had an im-
pact on the increase in postural sway velocities in both
artistic and acrobatic gymnasts. In turn, as was
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hypothesized, the results of the correlations were not al-
ways analogous for the two groups.

The present study indicates that the longer training
experience of young adolescent artistic gymnasts was

strongly related to their lower anterior-posterior postural
sway velocity (better postural steadiness) under eyes-
open conditions. It is possible that the artistic gymnasts’

specific

high-intensity

training

regimen

[26, 27]
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contributed to such relationship. One of the goals in art-
istic gymnastics training is to achieve a perfectly steady
bipedal posture (“stuck landing”) in the final phase of
aerial routines. Among the most important muscle
groups engaged in the “stuck landing” are foot plantar
and dorsal flexors [35, 36]. Because these muscles
also play the greatest role in anterior-posterior quiet
standing postural control [6], it is possible that longer
practicing and perfecting of the “stuck landing” also
resulted in improved anterior-posterior postural
steadiness. The relationship between the length of the
training experience and the anterior-posterior postural
sway velocity was only observed during trials with
normal visual conditions, possibly because gymnasts
practice their routines with their eyes open, and vis-
ual information is used to enhance the stability of the
landing [36].

In turn, this study indicates that in the acrobatic gym-
nasts (practicing as “tops”) the length of their training
experience was not reflected by specific changes in their
quiet standing postural sway. Although the performance
level of the young adolescent gymnasts in both groups

was national, training experience in the acrobatic gym-
nasts was shorter (the mean length of training experi-
ence in the acrobatic gymnasts was 3.3 years and it was
4.8 for the artistic gymnasts). It is therefore possible that
the training experience of the acrobatic gymnasts was
not long enough to influence the characteristics of their
quiet standing postural sway. Similarly, in 6—8-year-old
children who practiced artistic gymnastics on average
for 2.75years, the duration of training experience was
poorly related with static balance assessed with Stork
Balance Stand test [28].

The shorter duration and lower frequency of the acro-
batic gymnasts’ training sessions as well as their specific
training regimen might have influenced the results as
well. It may be considered that for the “top” acrobatic
gymnast, it is not as difficult to maintain a steady bipedal
posture during the final phase of the aerial routine (the
“stuck landing”) as it is for the artistic gymnast because
during this phase, the “top” gymnast is being safe-
guarded by the “base” gymnast (s). Perhaps practicing
landing with the external support of the partner gymnast
(s) also contributed to nonsignificant relation between
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the duration of the training experience and the postural
sway in the acrobatic gymnasts.

The present study indicates that in young adolescent
artistic gymnasts, not only a longer training experience,
but also older age, greater body mass, body height, and
biological maturity were strongly or very strongly related
to better anterior-posterior postural steadiness. Since in
this group the length of training experience, age, and an-
thropometric factors were also positively correlated with
each other, it appears that the relationship between
training experience and anterior-posterior steadiness in
the artistic gymnasts went hand in hand with their mat-
uration and physical development. Concomitantly, in the
non-athletes a poor correlation between the anthropo-
metric measures and postural steadiness was observed.
This allows the authors to conclude with greater cer-
tainty that the result of the strong relationship between
the artistic gymnasts’ training experience and their
anterior-posterior steadiness was not coincidental.

Similar to the results obtained for the non-athletes,
the age, body height, and maturity offset of the “top”
acrobatic gymnasts were poorly related to their postural
steadiness. Unlike the artistic gymnasts, the age of the
acrobatic gymnasts was poorly correlated with their
height, which suggests that older acrobatic gymnasts
were not necessarily those who were taller. Although
there were nonsignificant age differences between the
gymnasts of the two disciplines, none of the “top” acro-
batic gymnasts represented the age of 13years. Con-
comitantly, the “top” acrobatic gymnasts were
characterized by a lower body height (by 7 cm on aver-
age) compared to that of the artistic gymnasts, which
suggests that having a low height was one of the strong
determinants of their high (national level) performance.
In the group of “top” acrobatic gymnasts, lower standard
deviations from mean age, height, or maturity offset
were also observed, indicating less intra-group variabil-
ity. It is possible that too much intra-group similarity
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Table 2 Significant ? Spearman’s ranks correlation coefficients between training experience, ages, and anthropometric measures in
young adolescent female artistic gymnasts and acrobatic gymnasts (training as “tops”)

ARTISTIC GYMNASTS (n =10)

Measure Gymnastics experience Age Body height Body mass BMI percentile Maturity offset

Gymnastics experience -

Age 097 -

Body height 0.74 0.76 -

Body mass 083 0.81 0.90 -

BMI percentile ns ns ns ns -

Maturity offset 091 0.94 0.89 092 ns -
ACROBATIC GYMNASTS (n =10)

Measure Gymnastics experience Age Body height Body mass BMI percentile Maturity offset

Gymnastics experience -

Age ns -

Body height ns ns -

Body mass ns ns 0.79 -

BMI percentile ns ns 063 0.94 -

Maturity offset ns 091 0.65 ns ns -

2 p<0.05
Maturity offset - years from age at peak height velocity, ns nonsignificant.

prevented the demonstration of a stronger association
between these measures and postural sway velocity.
However, this study indicates, as in the artistic gymnasts,
that the greater body mass of the acrobatic gymnasts
was strongly related to their better anterior-posterior
postural steadiness. Interestingly, in the acrobatic gym-
nasts the association was observed regardless of the vis-
ual conditions. In the eyes-closed trials, greater body
mass was also related to better medial-lateral steadiness.
These results may suggest that when vision was not
available, the acrobatic gymnasts who demonstrated
greater body mass used their redundant system more ef-
fectively in the control of quiet standing. The above
mentioned results are not in agreement with the investi-
gation on dynamic stability in pre- and postpubertal fe-
male gymnasts practicing trampoline. That study
demonstrated a poor correlation between gymnasts’
body height and mass and their dynamic body sway fre-
quencies acquired while standing on a seesaw platform
[3]. In another study of younger children (aged 6-8
years) practicing artistic gymnastics, static balance
assessed with the simple balance test was negatively cor-
related with their body height and positively correlated
with their body mass [28]. The comparison of the results
of the present investigation with those studies and the
interpretation of their discrepancies would be unjustified
because the divergence in the sample characteristics and
research methodology is too large.

In the present study, the acrobatic gymnasts’ higher
BMI percentiles were also strongly related to better
anterior-posterior postural steadiness under normal

visual conditions and moderately related to better
anterior-posterior and medial-lateral steadiness under
visual deprivation conditions. Body mass index is a func-
tion of mass and height; however, the BMI percentiles
for children are age- and sex-specific. Therefore, this
study indicates that in some of the acrobatic gymnasts,
not only greater body mass but also higher values of the
body mass and square of the body height ratio specific
to their age and sex were related to better overall pos-
tural steadiness. Interestingly, the artistic gymnasts’ BMI
percentiles were poorly related to their postural steadi-
ness. Based on these study results, the authors are not
able to explain why artistic gymnasts and acrobatic gym-
nasts training as “tops” demonstrated different strengths
of association between postural steadiness and body
mass or BMI percentiles. Further research is necessary
to investigate this phenomenon. Perhaps a deeper evalu-
ation of postural sway variability and regularity (based
on sample entropy assessment) or stabilogram decom-
position into rambling and trembling components will
make the interpretation of the strength of such correla-
tions possible.

As it has been already mentioned, this study shows
that the anthropometric measures of age-matched
non-athletes were poorly related to their postural
steadiness. These results are similar to the studies on
larger non-athlete populations which examined 57
children age 7-18 [9] and 152 children age 7-12 [10].
According to these studies, the children’s postural sta-
bility was poorly correlated with their body mass and
BM]I, and it was poorly to weakly positively correlated
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with their body height. However, a weak to moderate
positive correlation was observed between age and
postural stability [9, 10]. This suggests that in order
to detect the impact of age on postural sway charac-
teristics in non-athlete children, a larger sample size
with a larger age range is needed.

Although the young untrained females in the present
study demonstrated age and biological maturity similar
to that of the gymnasts, they were characterized by their
greater body height, mass and BMI percentiles, and lar-
ger diversity of their anthropometric characteristics. It is
possible that if the group is more diverse in regard to
body proportions and composition (the percentage of
muscle and fat tissue), the demonstration of the relation-
ship between anthropometric measures and postural
steadiness becomes impossible.

The results of this study should be considered with
caution because of the relatively small sample size (the
recruitment of larger number of 10-13-year-old, na-
tional level, female gymnasts in the Upper Silesian re-
gion was not possible). On the other hand, the strength
of this study are rigorous inclusion and exclusion criteria
resulting in the relatively large homogeneity of the se-
lected groups of young adolescent female gymnasts in
regard to their somatotype.

Conclusions

The study suggests similar postural steadiness in the
young adolescent artistic and acrobatic gymnasts; how-
ever, certain components of postural sway characteristics
were related to discipline-specific training experience and
anthropometric characteristics. Better anterior-posterior
steadiness of the artistic gymnasts was associated with
their longer training experience, greater age, body height,
body mass, and biological maturity. Such relationships
were observed only if vision was available for the gym-
nasts. In turn, the acrobatic gymnasts’ better anterior-
posterior and medial-lateral steadiness was associated with
their greater body mass and BMI percentiles under both
normal and visual deprivation conditions. The non-
athletes’ age and anthropometric measures were not re-
lated to their postural steadiness. In the assessment of
quiet standing, the directional subcomponents of COP
mean velocity turned out to be sensitive measures to de-
tect discipline-specific relations between postural steadi-
ness and training experience or anthropometric
characteristics in young female gymnasts.

To our best knowledge, the present study is the first to
compare postural steadiness between young gymnasts
practicing two distinct disciplines as well as to investi-
gate the association of their postural sway with their
training experience and anthropometric measures.

The main results suggest that when training experi-
ence is long enough in young gymnasts, its relationship
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with COP measures acquired during simple quiet stand-
ing can be observed. Our results should be a foundation
for future investigations which may lead to practical im-
plications in the assessment of training results or in
selecting children for certain gymnastic disciplines (con-
sidering their somatotype) with the use of posturogra-
phy. Further studies are needed to determine whether
reduced quiet standing postural sway velocity observed
in young female gymnasts under laboratory conditions is
related to their better landing control. Researchers
should also focus on investigating correlations between
the body building somatotype of young gymnasts (evalu-
ated with more advanced objective methods, e.g., dual
energy x-ray absorptiometry, anthropometry, or bioim-
pedance) and tasks which are discipline-specific. If the
correlations exist, a child’s somatotype/anthropometric
characteristics might become one of the factors consid-
ered when choosing a particular gymnastic discipline.

Abbreviations
COP: Centre of foot pressure; BMI: Body mass index; ES: Effect size

Acknowledgements
Not applicable.

Authors’ contributions

AOB participated in the design of the study, analysed data and interpreted
results, wrote the manuscript; MG participated in the design of the study
and contributed to data collection; GJ participated in the design and
coordination of the study and contributed to data collection. All authors
have read and approved the final version of the manuscript.

Funding

The study was supported by institutional funds of the Jerzy Kukuczka
Academy of Physical Education in Katowice in regard to editing and
publishing expenses.

Availability of data and materials
Data analysed during this study are available from the corresponding author
upon request.

Ethics approval and consent to participate

This study is a part of the project regarding the assessment of postural
stability in young adolescent gymnasts which was conducted following the
approval of the Senate Bioethics Committee at the Jerzy Kukuczka Academy
of Physical Education in Katowice, Poland. Before experimental procedures
began, written informed consent was obtained from the participants and
their guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Institute of Physiotherapy and Health Sciences, Department of
Physiotherapy in Internal Diseases, The Jerzy Kukuczka Academy of Physical
Education, 40-065 Katowice, Poland. “Institute of Sport Sciences, Department
of Individual Sports, The Jerzy Kukuczka Academy of Physical Education,
40-065 Katowice, Poland. ®Institute of Sport Sciences, Department of Human
Motor Behavior, The Jerzy Kukuczka Academy of Physical Education, 40-065
Katowice, Poland.



Opala-Berdzik et al. BMC Sports Science, Medicine and Rehabilitation

Received: 22 April 2020 Accepted: 18 January 2021
Published online: 12 February 2021

References

1.

20.

21.

22.

23.

24.

Busquets A, Aranda-Garcia S, Ferrer-Uris B, Marina M, Angulo-Barroso R. Age
and gymnastic experience effects on sensory reweighting processes during
quiet stand. Gait Posture. 2018,63:177-83.

Garcia C, Barela JA, Viana AR, Barela AM. Influence of gymnastics training on
the development of postural control. Neurosci Lett. 2011,492:29-32.
Golomer E, Dupui P, Monod H. The effects of maturation on self-induced
dynamic body sway frequencies of girls performing acrobatics or classical
dance. Eur J Appl Physiol. 1997;76:140-4.

Kioumourtzoglou E, Derri V, Mertzanidou O, Tzetzis G. Experience with
perceptual and motor skills in rhythmic gymnastics. Percept Mot Skills. 1997;
84:1363-72.

Winter DA. Human balance and posture control during standing and
walking. Gait Posture. 1995;3:193-214.

Winter DA, Prince F, Stergiou P, Powell C. Mediallateral and anteriorposterior
motor responses associated with Centre of pressure changes in quiet
standing. Neurosci Res Comm. 1993;12:141-8.

Barela JA, Jeka JJ, Clark JE. Postural control in children: coupling to dynamic
somatosensory information. Exp Brain Res. 2003;150:434-42.

Gouleme N, Debue M, Spruyt K, Vanderveken C, De Siati RD, Ortega-Solis J,
Petrossi J, Wiener-Vacher S, Bucci MP, lonescu E, Thai-Van H, Deggouj N.
Changes of spatial and temporal characteristics of dynamic postural control
in children with typical neurodevelopment with age: results of a
multicenter pediatric study. Int J Pediatr Otorhinolaryngol. 2018;113:272-80.
Lebiedowska MK, Syczewska M. Invariant sway properties in children. Gait
Posture. 2000;12:200-4.

Peterson ML, Christou E, Rosengren KS. Children achieve adult-like sensory
integration during stance at 12-years-old. Gait Posture. 2006,23:455-63.
Schedler S, Kiss R, Muehlbauer T. Age and sex differences in human balance
performance from 6-18 years of age: a systematic review and meta-analysis.
PLoS One. 2019;14(4).e0214434.

Kurz E, Faude O, Roth R, Zahner L, Donath L. Ankle muscle activity
modulation during single-leg stance differs between children, young adults
and seniors. Eur J Appl Physiol. 2018;118(2):239-47.

Lamoth CJC, van Lummel RC, Beek PJ. Athletic skill level is reflected in body
sway: a test case for accelometry in combination with stochastic dynamics.
Gait Posture. 2009;29(4):546-51.

Debu B, Woollacott M. Effects of gymnastics training on postural responses
to stance perturbations. J Mot Behav. 1988;20:273-300.

Opala-Berdzik A, Gtowacka M, Wilusz K, Kotacz P, Szydto K, Juras G. Quiet
standing postural sway of 10- to 13-year-old, national-level, female acrobatic
gymnasts. Acta Bioeng Biomech. 2018;20:117-23.

Bradshaw E, Le Rossignol P. Anthropometric and biomechanical field
measures of floor and vault ability in 8 to 14 year old talent-selected
gymnasts. Sports Biomech. 2004;3(2):249-62.

Marina M, Rodriguez FA. Physiological demands of young women's
competitive gymnastic routines. Biol Sport. 2014;31(3):217-22.

Marina M, Jemni M. Plyometric training performance in elite-oriented
prepubertal female gymnasts. J Strength Cond Res. 2014;28(4):1015-25.
Markov A. Anaerobic capacity of lower limbs is crucial for gymnast's
performance. Res Phys Ed Sport Health. 2020,9(1):29-34.

Nassib SH, Mkaouer B, Riahi SH, Wali SM, Nassib S. Prediction of gymnastics
physical profile through an international program evaluation in women
artistic gymnastics. J Strength Cond Res. 2020;34(2):577-86.

Virkki E, Kalaja T. The relationship between women's artistic gymnastics
technical skill, physical performance test results and success in competitions
in Finland. Sci Gymnastics J. 2019;11(3):307-20.

Florfa P, Gdmez-Landero LA, Harrison AJ. Centre of pressure correlates with
pyramid performance in acrobatic gymnastics. Sports Biomech. 2015;14(4):
424-34.

Seredyriski A, Polak E. Physical fitness of girls practising acrobatic and
trampoline gymnastics compared to that of girls practising other sports in
the Subcarpathian province team. Pol J Sport Tourism. 2015;22(3):158-64.
Taboada-Iglesias Y, Santana MV, Gutiérrez-Sdnchez A. Anthropometric profile
in different event categories of acrobatic gymnastics. J Hum Kinet. 2017,57:
169-79.

(2021) 13:11

25.

26.

27.

28.

29.

30.

31

32.

33.

34.
35.

36.

Page 11 of 11

Taboada-lglesias Y, Gutiérrez-Sanchez A, Garcia-Remeseiro T, Vernetta-
Santana M. Body proportionality in acrobatic gymnasts of different
competitive categories. Sci Gymnastics J. 2019;11(1):67-75.

Malina RM, Baxter-Jones AD, Armstrong N, Beunen GP, Caine D, Daly RM,
Lewis RD, Rogol AD, Russell K. Role of intensive training in the growth and
maturation of artistic gymnasts. Sports Med. 2013;43(9):783-802.
Theodoropoulou A, Markou KB, Vagenakis GA, Benardot D, Leglise M,
Kourounis G, Vagenakis AG, Georgopoulos NA. Delayed but normally
progressed puberty is more pronounced in artistic compared with rhythmic
elite gymnasts due to the intensity of training. J Clin Endocrinol
Metabolism. 2005;,90(11):6022-7.

Saleh V. The relationship between floor exercise landing deduction,
anthropometric characteristics and balance in 6 to 8 year old gymnasts. Sci
Gymnastics J. 2015;7(2):25-32.

Moore SA, McKay HA, Macdonald H, Nettlefold L, Baxter-Jones ADG,
Cameron N, Brasher PM. Enhancing a somatic maturity prediction model.
Med Sci Sports Exerc. 2015;47(8):1755-64.

Ruhe A, Fejer R, Walker B. The test-retest reliability of Centre of pressure
measures in bipedal static task conditions - a systematic review of the
literature. Gait Posture. 2010;32:436-45.

Barozzi S, Socci M, Soi D, Di Berardino F, Fabio G, Forti S, Gasbarre AM,
Brambilla D, Cesarani A. Reliability of postural control measures in children
and young adolescents. Eur Arch Otorhinolaryngol. 2014;,271:2069-77.
Hrysomallis C. Balance ability and athletic performance. Sports Med. 2011,41:
221-32.

Rosenthal R. Parametric measures of effect size. In: Cooper H, Hedges LV,
editors. The handbook of research synthesis. New York: Russell Sage
Foundation; 1994. p. 231-44.

Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use
and interpretation. Anesth Analg. 2018;126:1763-8.

Cuk I, Marinsek M. Landing quality in artistic gymnastics is related to
landing symmetry. Biol Sport. 2013,30:29-33.

Marindek M. Basic landing characteristics and their application in artistic
gymnastics. Sci Gymnastics J. 2010,2:59-67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Procedure
	Statistical analyses

	Results
	Between-group and between-condition comparisons
	Correlations
	Correlations between COP mean velocity and the duration of the gymnastics experience, age, body height, and maturity offset
	Correlation between COP mean velocity and body mass
	Correlation between COP mean velocity and BMI percentile
	Additional between-factor correlations


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

