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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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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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Fig. 2 Spearman’s correlations of young adolescent female artistic and acrobatic gymnasts’ normalized to body height anterior-posterior centre
of pressure (AP COP) mean velocities acquired during 60-s quiet standing eyes-open (EO) trials with the durations of their training experience,
ages, body heights, and maturity offsets (correlations for medial-lateral plane and both planes in eyes-closed trials are not shown; p > 0.05 in both
groups). Maturity offset - years from age at peak height velocity

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]

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



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

(2021) 13:11 Page 7 of 11

Fig. 3 Spearman’s correlations of young adolescent female artistic and acrobatic gymnasts’ normalized to body height centre of pressure (COP)
mean velocities acquired during 60-s quiet standing trials with their body masses (correlations for medial-lateral plane in eyes open trials are not
shown; p>0.05 in both groups). EO — eyes open, EC — eyes closed trial; AP — anterior-posterior, ML — medial-lateral plane

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



