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Abstract. Currently, stabilometry is one of the main methods that provide an informative  

assessment of the ability to maintain the correct posture and purposefully manage the overall 

body mass center of athletes. The aim of the study is to evaluate the age-related changes of the  

frequency spectrum indices in a stabilometric study of female athletes specializing in rhythmic 

gymnastics. 157 gymnasts took part in the study, all athletes were divided into groups by age 

categories from 3 to 20 years old. The statokinetic function analysis was carried out using  

the STPL (MERA) force platform. The results of the study showed an age-related decrease in 

the frequency power of the spectrum in the sagittal and frontal planes away from the zone of 

medium oscillations to the transition zone, closer to the zone of slow oscillations during static 

tests. The analysis of the stabilometric indices revealed higher values of the energy intensity 

parameters of the ballistogram in the athletes of younger age groups. Thus, it was revealed that 

older athletes have a more advanced system of postural control, as well as better sensory and 

proprioceptive regulation in comparison with younger gymnasts. 

Keywords: stabilometry, spectral analysis, rhythmic gymnastics, postural balance, Romberg 

test. 
 

Introduction. Currently, stabilometry is 

one of the main methods that provide an  

informative assessment of the ability to main-

tain the correct posture and purposefully 

manage the overall body mass center of athletes 

[1-3]. An analysis of stabilometric indices in 

athletes engaged in complex coordination 

sports, such as rhythmic gymnastics, is of great 

importance, since the activity in such sports  

is closely connected with performing motor  

actions that differ fundamentally in volume and 

biomechanical structure from the movements 

performed by a person in ordinary life [4-7].  

High-intensity physical loads combined 

with an early start of an athletic career of  

rhythmic gymnasts lead to consolidation of 

atypical motor stereotypes, resulting in joint  

hypermobility and ligamental apparatus hyper-

mobility [8-12].  

It is necessary to note that frequently, when 

interpreting results of the stabilometric study, 

researchers primarily estimate indices of the 

statokinesiogram surface area and power, as 

well as the pressure center movement speed, not  

giving proper attention to the frequency spec-

trum indices, which reflect the distribution of 

the signal’s energy inside the set frequency 

range [13-15]. In addition, the assessment of the 

ballistogram energy intensity that reflects not 

only the length and speed of the statokinesio-

gram, but also its complex shape, will allow to 

reveal how easy or difficult the posture mainte-

nance was for an athlete [16-17]. 

Aim of the study – to estimate age-related 

changes of the frequency spectrum parameters 

in a stabilometric study of female athletes  

specialized in rhythmic gymnastics.  

Methods and organization. The study 

was carried out in the Center of biomedical 

technologies, North-Caucasian Federal Re-

search-Clinical Center, during training camps 

in the Yug Sport center (Kislovodsk), as well as 

in sports schools in cities of Caucasian Mineral 

Waters. 

The study included 157 female athletes 

specialized in rhythmic gymnastics with differ-

ent qualifications: from the 3rd Junior Category 

to Masters of Sports of International Class and 

Honored Masters of Sports. All the athletes 

were divided into groups by age categories 

from 3 to 20 years (8 groups total: group 1: 3-4 

years, group 2: 5-6 years, group 3: 7-8 years, 
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group 4: 9-10 years, group 5: 11-12 years, 

group 6: 13-14 years, group 7: 15-16 years, 

group 8: 17-20 years). 

The postural function analysis was con-

ducted using the STPL force platform (МЕRА). 

2 tests were used in the study: the Romberg test 

in the “heels in, toes out” position, and the com-

bined test that assesses an athlete’s ability to 

maintain a pose according to a visible marker. 

The Romberg test was performed in two stages: 

first stage – an athlete holds a vertical pose with 

eyes open, second stage – with eyes closed, to 

estimate proprioceptive control. The combined 

test also included two stages: first stage – mark 

on a screen is static, second stage – mark on a 

screen is moving, reflecting the movement of an 

athlete's pressure center on the platform. The 

analyzed parameters included: FX – main oscil-

lation frequency in the frontal plane (X-axis) 

(Hz), FY – main oscillation frequency in the 

sagittal plane (Y-axis) (Hz), Az – ballistogram 

energy intensity (J).  

The statistical data processing was made in 

Microsoft Excel, Statistica 13.0 (Mann-Whit-

ney U-test, Kruskal-Wallis test). The data are 

presented as the mean and mean square  

deviation. 

Results and discussion. For the most  

complete assessment of body balance control in 

female athletes of different age groups, the 

Romberg test was performed. We estimated the 

main oscillation frequency in the frontal and 

sagittal planes. In addition, we analyzed the bal-

listogram energy intensity. Considering the  

fact that a significant role in maintaining  

balance is played by the sensory system, i.e.  

somatosensory, vestibular and visual parts, ex-

clusion of one of these parts (visual analyzer) 

allows for more accurate estimation of the pro-

prioceptive regulation. The data received  

from the stabilometric study (Romberg test 

with eyes open and closed) of rhythmic  

gymnastics of different age groups are shown in 

table 1.

Table 1 

Comparative description of the spectral analysis indices in the Romberg test  

of rhythmic gymnasts of different age, M±m (n=157) 

№ Indices 

Age 

P 3-4,  

n=8, (1) 

5-6, 

n=18, 

(2) 

7-8, 

n=35, 

(3) 

9-10, 

n=39, 

(4) 

11-12, 

n=25, 

(5) 

13-14, 

n=6, 

(6) 

15-16, 

n=11, 

(7) 

17-20, 

n=15, 

(8) 

1 

FX 

(eo), 

Hz 

0.192± 

0.108 

0.224± 

0.164 

0.175 ± 

0.087 

0.173± 

0.125 

0.194± 

0.173 

0.120± 

0.045 

0.163± 

0.106 

0.167± 

0.084 

1-2,3,4,6,7,8 

<0.02; 

2-3,4,5,6,7,8  

<0.03; 

3-5,6,7,8  

<0.004 

2 

FY 

(eo), 

Hz 

0.192± 

0.108 

0.148± 

0.068 

0.18± 

0.121 

0,146± 

0.067 

0.161± 

0.070 

0.140± 

0.055 

0.130± 

0.017 

0.117± 

0.038 

1-4,5,6,7,8 

<0.006; 

2-4,5, 

6,7,8<0.02; 

3-4,5,6,7,8 

<0.005; 

8-4,6<0.01 
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Table 1 (continued) 

3 
Az 

(eo), J 

76.2± 

52.2 

14.3± 

12.8 

5.3± 

3.1 

5.31± 

9.27 

2.99± 

2.22 

2.87± 

0.73 

2.58± 

0.79 

2.49± 

0.81 

1-2,3,4,5,6,7,8  

<0.04; 

2-3,4,5,6,7,8 

<0.01; 

3-5,6,8<0.01; 

8-4<0.003 

4 

FX 

(ec), 

Hz 

0.375± 

0.142 

0.295± 

0.116 

0.217 ± 

0.128 

0.222± 

0.142 

0.233± 

0.103 

0.200± 

0.117 

0.131± 

0.052 

0.142± 

0.111 

1-2,3,4,5,6,7,8 

<0.04; 

2-5,7,8<0.01; 

3-6,7,8<0.02 

5 

FY 

(ec), 

Hz 

0.200± 

0.135 

0.201± 

0.101 

0.219± 

0.139 

0.193± 

0.121 

0.206± 

0.100 

0.180± 

0.110 

0.192± 

0.120 

0.161± 

0.061 

1-2,3,6,8 

<0.02; 

2-4,5, 

6,7,8<0.01; 

3-4,5,6,7,8 

<0.006; 

8-4,6<0.002 

6 

Az 

(ec), J 

 

85.0± 

63.5 

17.7± 

11.3 

12.9± 

9.6 

7.79± 

6.72 

4.12± 

2.51 

6.70± 

5.29 

5.91± 

1.12 

3.98± 

1.07 

1-2,3,4, 

5,6,7,8 

<0,01; 

2-4,5, 

6,7,8<0.002; 

3-5,6,8<0.01; 

8-4,5,7<0.004 

Note: FX (eo), Hz – main oscillation frequency in the frontal plane (X-axis), eyes open; FX (ec), 

Hz – main oscillation frequency in the frontal plane (X-axis), eyes closed; FY(eo), Hz – main 

oscillation frequency in the sagittal plane (Y-axis), eyes open; FY(ec), Hx – main oscillation  

frequency in the sagittal plane (Y-axis), eyes closed; Az (eo), J – ballistogram energy intensity, 

eyes open; Az (ec), J – ballistogram energy intensity, eyes closed 
 

During the Romberg test with eyes open, 

we have found a tendency for decreasing oscil-

lation frequency parameters both in the frontal 

and sagittal plane in older groups compared 

with the younger ones. The age-related changes 

in the spectral parameters were more pro-

nounced in the estimation of the main 

oscillation frequency in the frontal plane when 

conducting the Romberg test with eyes closed. 

The changes in the main oscillation frequency 

in the sagittal plane do not so clearly reflect the 

age-related decrease of values, although the  

statistical tendency remains.  

The ballistogram energy intensity analysis 

in both test with eyes open and test with eyes 

closed revealed a statistically significant  

reduction of values in older groups (11 years 

and older).  

Thus, it is necessary to note an age-related 

reduction in the frequency power of the spec-

trum in the sagittal and frontal planes away 

from the zone of medium oscillations to the 

transition zone, closer to the zone of slow  

oscillations, which is most likely the result of a 

decrease in the influence of proprioceptive  

control.     

The data obtained from the combined test 

of rhythmic gymnasts of different age are  

presented in table 2. 
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Table 2 

Comparative description of the spectral analysis indices in 

the combined test of rhythmic gymnasts of different age, M±m (n=157) 

№  Indices 

Age 

Р 
3-4, 

n=8, 

(1) 

5-6,  

n=18,  

(2) 

7-8, 

n=35, 

(3) 

9-10, 

n=39, 

(4) 

11-12, 

 n=25, 

(5) 

13-14,  

n=6, 

(6) 

15-16, 

n=11, 

(7) 

17-20, 

 n=15, 

(8) 

1 
FX (1), 

Hz 

0.233± 

0.150 

0.190± 

0.114 

0.197± 

0.148 

0.202± 

0.164 

0.217± 

0.169 

0.200± 

0.129 

0.163± 

0.177 

0.167± 

0.097 

1-2,3,4,5, 

6,7,8<0,01; 

5-6,7,8 

<0,002; 

8-4,5,6 

<0,002 

2 
FY (1), 

Hz 

0.283± 

0.204 

0.195± 

0.156 

0.164± 

0.093 

0.166± 

0.065 

0.167± 

0.097 

0.161± 

0.084 

0.155± 

0.149 

0.133± 

0.059 

1-2,3,4, 

5,6,7,8<0,001; 

2-5,6, 

7,8<0,002; 

8-4,5<0,001 

3 
FX (2), 

Hz 

0.342± 

0.231 

0.343 

±0.136 

0.378± 

0.179 

0.395± 

0.184 

0.489± 

0.128 

0.320± 

0.205 

0.413± 

0.247 

0.372± 

0.167 
- 

4 
FY (2), 

Hz 

0.200± 

0.104 

0.214± 

0.135 

0.206± 

0.153 

0.334± 

0.213 

0.317± 

0.158 

0.300± 

0.108 

0.463± 

0.130 

0.267± 

0.178 
- 

Note: FX (1), Hz – main oscillation frequency in the frontal plane (X-axis), static part of the test; 

FX (2), Hz – main oscillation frequency in the frontal plane (X-axis), dynamic part of the test; 

FY(1), Hz – main oscillation frequency in the sagittal plane (Y-axis), static part of the test; FY(2), 

Hz – main oscillation frequency in the sagittal plane (Y-axis), dynamic part of the test 

 

During the static part of the combined test, 

we have found a decrease in the oscillation  

frequency both in the frontal and the sagittal 

plane in older groups compared to the younger 

ones. During the dynamic part, no statistically 

significant differences between different age 

groups were found.  

Analysis of the ballistogram energy inten-

sity parameters in athletes of different age 

during the static part of the test is presented in 

figure 1. 

A statistically significant reduction in the 

ballistogram energy intensity was revealed in 

the athletes of older groups (1-2,3,4,5,6,7,8 

р<0.001; 2-5,6,7,8 р<0.004; 8-3,4,5,6,7 

р<0.001), which shows how energy consuming 

a process of maintaining a static pose was in 

different age groups. 

Analysis of the ballistogram energy inten-

sity parameters in athletes of different age 

during the dynamic part of the test is presented 

in figure 2. 
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Fig. 1. Ballistogram energy intensity parameters in athletes of different age  

during the static part of the combined test 
 

 
Fig. 2. Ballistogram energy intensity parameters in athletes of different age  

during the dynamic part of the combined test 
 

The stabilometric analysis has revealed 

higher values of the ballistogram energy  

intensity in the athletes of younger age groups  

(1-2,3,4,5,6,7,8 р<0.002; 2-5,6,7,8 р<0.001;  

4-5,6,7,8 р<0.002). 

Therefore, taking into account higher val-

ues of the oscillation frequency in the frontal 

and the sagittal planes in the athletes of younger 

groups combined with higher parameters of the 

energy intensity index, we can speak about 

higher stress of their proprioceptive and soma-

tosensory systems in holding static and 

dynamic pose. However, we need to consider 

the generally accepted classification, according 

to which the frequency spectrum in a range of 

0-0.3 Hz corresponds with respiratory, fixative 

movements and can be controlled voluntarily; 

0.5-1.5 Hz – result of muscle contraction,  

cannot be controlled voluntarily; higher than 2 

Hz is practically undetectable in a healthy per-

son [1]. Despite the difference in the frequency 

spectrum and the ballistogram energy intensity 

indices, it is worth mentioning about a high 

level of postural control in the athletes of 

younger age groups. 

Conclusion. Thus, it is necessary to notice 

high informational value of the spectral analy-

sis parameters when conducting a stabilometric 

research on athletes engaged in complex coor-

dination sports. We have found an age-related 

reduction in the spectrum frequency power both 

in the sagittal and frontal plane from the zone 

of medium oscillations to the transition zone, 

closer to the zone of slow oscillations, which is 

most likely the result of the improvement of the 

mechanisms of sensory and proprioceptive  
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regulation. There was also a significant  

decrease in the ballistogram energy intensity in 

the athletes of older age groups, which indicates 

a more rational use of energy resources with the 

growth of sportsmanship.
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