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Abstract: 

The purpose of the study was to assess the impact of the training load on the static and dynamic stability of 

athletes specializing in hand-to-hand combat. The study of static and dynamic stability (SDS) was attended by 20 

individuals (the first group) who were not involved in sports professionally, 23 athletes (the second group) 

engaged in hand-to-hand combat with semi contact with an opponent, and 24 athletes (the third group) 

specializing in hand-to-hand combat with full contact. The average age of all athletes was (21 ± 1.5) years. 

Registration of SDS indicators was carried out before and after training, corresponding to the athletes’ levels of 

training, using a stabilographic platform. Statistical analysis of the results of the study was performed using the 

Statistica 6.0 software package and descriptive statistics methods. The clustering of indicators was carried out 

according to the k-means algorithm; the reliability of pair differences was assessed using the Wilcoxon and 

Mann-Whitney criteria. To identify homogeneous groups, SDS indicators were clustered according to the k-

means algorithm, which allowed us to distinguish two clusters in each group. We includedpeople with high 

vestibular functionsinto the first cluster of each group (55-70% of the athletes), the second сluster (30-45%) 

encompassed athletes with low vestibular function. In the first cluster of each group, training caused an increase 

in SDS indicators by 20-25%, except for the equilibrium function quality index (EFQ), which decreased by 9-

12%. In athletes with low vestibular functions (the second cluster of each group), the training load led to a 

significantly larger (36-48%) increase in SDS and a decrease in EFQ by 26-35%. Thus, a significantly more 

pronounced reaction to the training load was detected in individuals with initially lower vestibular functions.The 

obtained results showed that elite athletes specializing in hand-to-hand combat may have low SDS. As a result of 

the training load, vestibular functions were significantly reducedin such athletes. Thisdeteriorated the functional 

state of athletes and could cause poor performance in competitions. There was no significant dependence of the 

vestibular functions of athletes on the type of hand-to-hand combat. 

Keywords: hand-to-hand combat, vestibular functions, stabilography, training load. 
 

Introduction 

The vestibular system, along with the visual and somatosensory systems, plays a leading role in 

maintaining human balance. The equilibrium function is a complex reflex process that is controlled by a 

continuous stream of impulses coming from the muscles, proprioreceptors of tendons, skin exteroreceptors, 

vestibular and visual apparatus to the corresponding sections of the central nervous system. With a loss of 

equilibrium, these impulses activate reflex contractions of muscle fibers to restore equilibrium. Thus, reflex 

contractions of the muscles are the cause of continuous body vibrations, which are aimed at maintaining 

balance(Winter,1995;  Skvortsov. 2007;Gagey, et. al, 2008).These fluctuations are not always visible from the 

first sight, but can be detected using special biomedical electronic systems. One of the most widely used methods 

for studying the human vestibular system is stabilometry (statography, posturography). The stabilographic 

studies record changes in the position of the projection of the center of gravity on the support area(Skvortsov, 

2004,2010;Sliva, 2005). 

Various parameters of stabilograms carry information about the state of the musculoskeletal and nervous 

systems, the inner ear and balance organs, the presence of vertebrospinal pathology, dizziness(Kompaniets, 

2001;Van Emmeriket al.2002; Farnaz et al. 2016; Andreevet al. 2017). 

The use of stabilography in sports and sports medicine allows you to timely assess the functional fitness 

of athletes and adjust training modes, the results of injuries treatment and rehabilitation measures, develop 

special training exercises and practice weightlifting techniques, optimize the choice of stance for shooters, 

positions for skaters, gymnasts, cyclists (Winter,  1995; Balter, 2004; Paillard  et al. 2015; Williams. 2016; 

Rannama. 2017). In the course of improving sportsmanship, we observed changes in the amplitudes of body 

swing and an increase in stability when performing standard and a number of complicated poses of static and 

dynamic equilibrium(Van Emmerik et al. 2002 ). 



CHERNOZUB ANDRII, KOCHINA MARINA, KOCHIN OLEH, ADAMOVYCH RUSLAN, SHTEFIUK 

IVAN, HORBAN ANDRII
 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1629

Maintaining the body balance is a dynamic process. The body of a standing person makes sometimes, 

almost invisible, sometimes clearly visible oscillatory movements in various planes. The characteristics of the 

oscillations (their amplitude, frequency, direction, as well as the average position in the projection onto the 

support plane) are sensitive parameters reflecting the state of various systems involved in maintaining the 

equilibrium position(Gagey et al. 2008;Mikoƚajec et al. 2017;Kalnysh et al. 2018). 

Sports activities require a wide range of spatial-motor orientation, accuracy, speed, stability and versatile 

coordination of movements in time and space. Preserving the balance of the body and coordination of movements is 

one of the most important conditions for human life, which allows interactingactively with the environment. The 

study of the accuracy of human movements is of interest in many areas of life, of particular importance in sports. 

The method of stabilometry is used in the measurement and evaluation of static and dynamic equilibrium in sports, 

especially in those types where skills and stability determine the sports resultwhen performing movements of 

different coordination complexity. It can be clearly seen in sports and rhythmic gymnastics, figure skating, sports 

acrobatics, jumping in water, freestyle, skiing, martial arts(Shestakov, 2007; Andreev et al.2017; Santos, 2018).. 

The ability to maintain balance is an important component of success in many kinds of sport (Fidler  et al. 

2005; Camliguney et al. 2012; Filingeri et al. 2012; Zech et al. 2015; Güler et al. 2017; deMello  et al. 2017; 

Rannama et al. 2017; Campos et al. 2018).These kinds of sport include different types of martial arts and hand-

to-hand combat, too (GribbleGrzegorz et al. 2013;Zagoet al. 2015;Adamovich et al. 2018; Shtefiuk et al. 2018; 

Kochina et al. 2019).  

Hand-to-handcombat includes various technical and tactical elements and is a complex coordination 

type of martial arts, the success of which requires athletespossessingappropriate qualities. Performing the 

technical actions in hand-to-hand combat, which is a synthesis of protective actions of hands and legs with 

the technique of seizures, painfulmethods, suffocations and throws, places rather high requirements for the 

adaptation abilities of an athlete with regard to acyclic manifestations of dynamic and static 

efforts(Ashkinazietal. 2006;Dykyi, 2016). 

One of the important attributes of hand-to-hand combat training is the static and dynamic stability, which 

determines the ability to maintain equilibrium in external influences during training sparring and competitions. 

SDS is determined by the properties of the human vestibular system and its compatible functioning with the 

visual, proprioceptive and other afferent systems(Pokrovskiy,2007). 

Hand-to-handcombattraining requires possession of a wide range of spatial and motor orientation, accuracy, 

speed, stability, versatile coordination of movements in time and space (Pardaev, 2009;Camposetal. 2018). 

With the corresponding innate abilities and during the improvement of sportsmanship, the activity of the 

vestibular system is improved, which is manifested by the minimization of the amplitudes of oscillations of the 

body and the improvement of the quality of the SDS. SDS study during the selection for hand-to-hand combat 

classes allows to choose candidates who have vestibular functions corresponding to this kind of sport. SDS 

indicators can also be used to assess the suitability of the training load to the individual characteristics of the 

athlete's body. Significant deterioration of the SDS indicators proves the need for correction of the training 

system, the presence of athletes in a state of overtraining and stress. 

The analysis of modern literature showed that the methods of stabilography are highly informative in 

norm, in pathology, in the dynamics of sports training and various activities. 

 

The purpose of the study was to assess the impact of the training load on the static and dynamic stability of 

athletes specializing in hand-to-hand combat. 

The article is a part of the planned scientific work “Development and implementation of innovative 

technologies and correction of a person’s functional state during physical exertion in sports and rehabilitation”, 

(state registration number 0117U007145). 

 

Methods 

Participants 

The study of static and dynamic stability (SDS) was attended by 20 individuals (the first group) who were 

not involved in sports professionally, 23 athletes (the second group) engaged in hand-to-hand combat with semi 

contact with an opponent, and 24 athletes (the third group) specializing in hand-to-hand combat with full contact. 

The average age of all subjects was (21 ± 1.5) years.  

Measures 

The following indicators of the stabilogramwere determined in all athletes: Length is the length of the 

trajectory of movement of thepressure center; AvgSpeed isan average speed of movement of the pressure center; 

RangeXis a range (difference between maximum and minimum coordinate) of oscillations of the pressure center 

in the front plane; RangeYis the range (difference between the maximum and minimum coordinates) of the 

oscillations of the pressure center in the sagittal plane; LengthX is the length of the trajectory of movement of 

the pressure center in the front plane; LengthY is the length of the trajectory of movement of the pressure center 

in the sagittal plane; EFQ is an indicator of the equilibrium function quality. To investigate the SDS state of the 

athletes, the device "MDFR stabilograph-1" (developer – LLC "ASTER-IT", Kharkiv, Ukraine) was used. 
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Procedure 
The registration of stabilogramin the first group of athleteswas carried out before and after the standard 

trainingcorresponding to the level of their physical fitness. The second and third groups’athletes had the 

stabilogram registration after 90 minutes of training. The volume and structure of athletes training corresponded 

to the level of their physical fitness(Chernozub et al. 2019). 

 

Statistical analysis 

Statistical analysis of the study results was performed using the software package Statistica 6.0. 

Descriptive statistics methods were used to calculate the median (Me), 25% and 75% quartiles. The clustering of 

athletes indicators was carried out according to the k-means algorithm. Nonparametric Wilcoxon and Mann-

Whitney criteria were used to assess the significance of pairwise differences. 

 

Results 

Table 1 presents the results of assessing the static and dynamic functions of athletes before and after 

training. It can be noted that the studied indicators have a significant scatter, which led to the hypothesis of 

heterogeneity of groups. 

 

Table 1 Average results ofthe vestibular system indices in the athletes before and after training (Me, 25%, 

75%) 
 

Time 

 

Indices Group 

1(n=20) 2 (n=23) 3 (n=24) 

Before 

training 

 

LT, mm 635.9 (527.9; 758.1) 

 

523.91 (339.3;599.6) 

Z=2.3; p=0.02 

525.6 2(365.1;599.6) 

Z=2.2; p=0.03 

VAVR, mm/s 10.6 (8.8; 13.1) 

 

8.7
1
  (5.7; 10.0) 

Z=2.1; p=0.04 

8.8
2
(6.1;10.0) 

Z=2.2; p=0.03 

∆LX, mm 30.3 (21.1; 41.5) 

 

22.8
1
 (14.3; 29.3) 

Z=2.1; p=0.04 

21.7
2
(14.8; 24.2) 

Z=2.4; p=0.01 

∆LY, mm 35.3 (27.9; 46.7) 23.2
1
 (18.4;34.6) 

Z=2.8; p=0.004 

22.8
2
(18.7; 26.8) 

Z=3.3; p=0.0009 

LX, mm 
400.7 (307.5;532.2) 295.91 (218.3; 394.8) 

Z=2.1; p=0.04 

318.5 (225.5;408.2) 

LY, mm 
412.9 (352.3;475.3) 

 

317.8 1(233.3; 369.9) 

Z=2.9; p=0.004 

325.32(270.6; 366.7) 

Z=2.5; p=0.01 

EFQ 
69.6  (59.0; 73.2) 75.5 

1 
(66.5; 88.0) 

Z=-2.2; p=0.03 

73.2 (66.2;88.0) 

After training LT, mm 677.9 (596.9;758.2) 582* (465.4; 689.4) 

Z=2.68; p=0.007 

625.1*(57.8;784.4) 

Z=3.1;p=0.002 

VAVR, mm/s 11.3  (9.9; 12.6) 9.5*  (7.8; 11.5) 

Z=2.65; p=0.008 

10.4*  (8.9; 13.1) 

Z=3.1; p=0.002 

∆LX, mm 26.2 (21.4; 32.8) 

 

25.5 (18.5; 29.0) 26.6*  (19.0; 41.3) 

Z=2.7; p=0.006 

∆LY, mm 30.9 (21.2; 42.9) 22.3 (19.7; 33.5) 27.3* (20.9; 38.3) 

Z=2.2; p=0.03 

LX, mm 
389.6 (340.0;507.2) 346.1 (249.7;446.3) 

 

395.4* (20.9;38.3) 

Z=2.6; p=0.01 

LY, mm 
450.4 (418.5; 471.3) 

 

393.1*(296.1;442.4) 

Z=2.61; p=0.009 

  411.6 *(338.1; 494.2) 

Z=3.1; p=0.002 

EFQ 
63.2 (55.1; 66.9) 70.9 *(61.8; 78.3) 

Z=2.7; p=0.007 

67.8* (54.6; 73.5) 

Z=3.3; p=0.001 

 

Note: * - the differences in the index values in the group before and after training are statistically 

significant by the Wilcoxon criterion;1 - differences in the index values between the first and second groups are 

statistically significant by the Mann-Whitney criterion; 2 - differences in the index values between the first and 

third groups are statistically significant by the Mann-Whitney criterion. 

 

For in-depth analysis of the research results, each group results were clustered according to the k-means 

algorithm. In each group, two clusters were distinguished; the assigned indicesdiffered significantly. 

Table 2 shows the results of clustering indicators of young people who are not engaged in sports; table 3 

presents the results of clusteringathletes of the second group; table 4 shows the results of athletes of the third 

group. 
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Table 2 Average values of indicators of the first group of athletes in clusters before and after 

training 
 

Indices 

 

Terms of registration 

Before training After training 

the 1st cluster(n=11) the 2ndcluster (n=9) the 1st cluster (n=17) the 2ndcluster (n=3) 

Length, mm 538(469; 580) 886 (758;991) 658 (583;719)1 

U=16; p=0.0135 
1209 (1087;1331)2 

U=2; p=0.033 

AvgSpeed,mm/s 9.0 (7.8;9.7) 14.8 (12.6;16.5) 11.0 (9.7;12.0)1 

U=16; p=0.0135 

20.2 (18.1;22.2) 

RangeX, mm 22.3 (17.9;30.3) 49.8 (37.7;75.9) 24.0 (21.0;29.5) 45.7(35.3;56.0) 

RangeY, mm 29.1 (24.7;33.9) 51.0 (44.5; 56.3) 29.1 (20.7;34.3) 45.7 (43.7; 47.6) 

LengthX, mm 317 (242; 365) 537 (485; 657) 376 (328;477) 740 (630;850) 

LengthY, mm 364 (337; 387) 539 (457;716) 440 (412; 464)1 

U=9; p=0.0026 
796 (737;855)2 

U=0; p=0.0105 

KFR 72.4 (69.6; 78.8) 

 

56.2 (40.1;65.7) 65.9 (57.3; 68.3)1 

U=16; p=0.0135 
36.4 (28.0; 44.8) 

Note:
1
–the differences in the index values in the first cluster before and aftertraining are statistically 

significant by theMann-Whitney criterion; 2 -the differences in the index values in the second cluster before and 

aftertraining are statistically significant by theMann-Whitney criterion 

Table 3 The average values of indicators of the second group of athletes in clusters before and after 

training 
 

Indices Terms  of registration 

Before training After training 

the 1st cluster(n=16) the 2ndcluster(n=7) the 1st cluster(n=18) the 2ndcluster(n=5) 

Length, mm 441 (334; 528) 621 (614;847) 533 (429;593)1 

U=76; p=0.018 

877 (862;881)2 

U=5; p=0.042 

 

AvgSpeed, mm/s 7.3 (5.6;8.8) 10.4 (10.2;14.1) 8.9 (7.2;9.9)1 

U=76; p=0.018 

14.7 (14.4;15.0)2 

U=5; p=0.042 

RangeX, mm 21.2 (13.3;26.6) 28.5 (22.9;40.2) 19.4 (15.5;27.3) 47.6 (37.3;68.6) 

RangeY, mm 21.9 (17.7;28.8) 37.0 (21.1; 45.7) 20.2 (19.7; 26.6) 40.3 (31.6;47.2) 

LengthX, mm 266 (216;312) 463 (408;535) 303 (246; 362) 604 (488; 615) 

LengthY, mm 292 (210; 343) 382 (337; 549) 363 (291; 412)1 

U=80; p=0.027 

566 (494; 629)2 

U=5; p=0.042 

KFR 81.7 (75.3; 88.7) 63.8 (55.2;65.5) 74.1 (68.9; 80.4)1 

U=75; p=0.017 

47.3 (47.8;47.8)2 

U=1; p=0.0073 

Note:
1
–the differences in the index values in the first cluster before and aftertraining are statistically 

significant by theMann-Whitney criterion; 2 -the differences in the index values in the second cluster before and 

aftertraining are statistically significant by theMann-Whitney criterion 

Table 4The average values of indicators of the third group of athletes in clusters before and after 

training 
 

Indices 

 

Terms of registration 

Before training After training 

  the 1st cluster(n=15) 

63 

the 2ndcluster(n=9) 

37 

the 1st cluster(n=18) 

75 

the 2ndcluster(n=6) 

25 

Length, mm 453 (303; 526) 651 (587; 743) 

 

547 (553;634)1 

U=46; p=0.0001 

888(877; 899)2 

U=5; p=0.0095 

AvgSpeed, mm/s 7,5 (5,0;8,8) 10,9 (9,8; 12,4) 9,2(8,7; 10,6)1 

U=43.5; p=0.00008 
14,8 (14,7;19,0) 2 

U=4.5; p=0.008 

RangeX, mm 16,3 (9,6; 22,2) 27,4 (24; 28,3) 25,1 (18,6; 26,8) 1 

U=66; p=0.00099 

48,6 (41,3;69,8) 2 

U=2.0; p=0.0032 

RangeY, mm 20,3 (17,4; 24,6) 25,5 (22,5;38,0) 26,0(20,5; 32,3) 1 

U=70; p=0.0015 

41,7 (31,6; 57,6) 2 

U=4; p=0.0067 

LengthX, mm 282 (209; 319) 483 (408;583) 374(246;397) 1 

U=58; p=0.00042 

618 (605; 677) 2 

U=4; p=0.0067 

LengthY, mm 295 (211;357) 367 (334;490) 399 (312; 417) 1 

U=50.5; p=0.00019 

548 (498; 846) 2 

U=4; p=0.0067 

KFR 80,2 (73,2; 91,2) 63,8(55,5; 66,0)  70,3 (65,5; 74,2) 1 

U=47; p=0.00012 

47,0 (29,9;47,3) 2 

U=1.0; p=0.0022 

Note:
1
–the differences in the index values in the first cluster before and aftertraining are statistically 

significant by theMann-Whitney criterion; 
2
 -the differences in the index values in the second cluster before and 

aftertraining are statistically significant by theMann-Whitney criterion 
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To conduct a comparative assessment of the impact of the training load on athletes of different groups, 

we carried out an analysis of the relative changes in the indicators and determined the ratio of the difference 

between the final and initial value of the index to the initial value of the index (Table 5). 

 

Table 5 Relative changes in the indices of static and dynamic stability in clusters,% 
 

Indices 

 

Groups 

1 2 3 

the 1st 

cluster 

the 2nd 

cluster 

the 1st 

cluster 

the 2nd cluster the 1st 

cluster 

the 2nd cluster 

Length, mm 22 36 21 41 21 36 

AvgSpeed, mm/s 22 36 22 41 23 36 

LengthX, mm 19 38 14 30 33 28 

LengthY, mm 21 48 24 48 35 49 

KFR -9 -35 -9 -26 -12 -26 

 

Discussion 

The EFQ indicator reflects the innate properties of the human vestibular system, which is sufficiently 

stable and resistant to external influences and can be used as an integral indicator for the evaluation of the 

vestibular system. Normally, the indicator varies in the range of 70-80%. It was determined that the EFQ value 

of 65-70% is related to "donozology", the value in the range of 0-64% and 81-100% is classified as 

"pathology"(Sologubov etal. 2000; Sliva, 2005; Shestakov, 2007). 

If a person has no diseases or injuries of the musculoskeletal system, the hit values of the index at the 

intervals or its significant change as a result of physical or psychological activity indicates violations of 

vestibular functions. 

We compared the values of the indicators before and after the training load, and between the groups using 

nonparametric criteria (Table 1). 

Having analyzed SDS indicators, we obtainedthe following results. Before loading, the values of Me 

Length and (25%; 75%) quartiles were significantly the highest among the athletes of the first group. This fact 

indicates their lower functional capabilities of vestibular system in comparison with athletes of the second and 

third groups. The Me Length was significantly lowerin both (the second and the third) groups of athletesthan in 

the first group. The values of the quartiles of Length in the second and third groups were close in value. 

According to the Length indicator, athletes of the second and the third groups did not differ from each other. 

AvgSpeed was significantly higher in the athletes of the first group, which also confirmed their lower 

vestibular functions than in athletes of the second and the third groups. The majority of indicators presented in 

Table 1 proved that the vestibular functions of the first group athletes weresignificantly worse than those of the 

second and the third group of athletes. After a training load, the indicators of the vestibular system of the first 

group athletes did not significantly change. 

Thesecondgroup athletes showedsignificantchangesaftertrainingincomparisonwiththeinitialstate. Such 

indices as Length, Length Y (the length of the trajectory of the oscillations of the pressure center in the sagittal 

plane), and AvgSpeed(the speed of the gravity center)increasedsignificantly. 

The third group of athletes showed significant changes in almost all indicators of the vestibular system 

after training in comparison with the initial state. All studied parameters significantly increased, which indicated 

a significant impact of the training load on the state of the vestibular system of athletes engaged in hand-to-hand 

combat with full contact with an opponent. 

The results presented in Table 1proved that the indicator of the equilibrium function quality slightly 

decreased compared to the initial state in the first group after a training load, and significantly decreased in the 

second and third groups, respectively. 

Having received a significant scatter in the SDS indices in the study groups, their clustering was carried 

out. In each of the studied groups, we identifiedtwo clusters withsignificantly different values of the indicators, 

which served a condition for successful clustering. Since the composition of the clusters obtained before and 

after training load was different, that is the obtained samples can be considered independent, weused the Mann-

Whitney criterion to assess the significance of differences in the values of the indicators. 

The first group (Table 2) had 55% of the athletes assigned to the first cluster, and 45% - to the second 

cluster. SDS indicators in the first cluster were better than in the second, since the values of almost all indicators 

in this cluster were within the age norms (Kalnysh et al. 2018). The EFQ indicator in the first cluster was also 

within the normal range, while it was quite low in the second cluster. All indicators of the athletes assigned to 

the second cluster were above the age norms, which indicated low vestibular functions of the athletes belonging 

to this cluster. After a training load, the volume of the first cluster increased to 85% of all athletes. The SDS 

values of the athletes in the first cluster were within normal values. Training load led to a significant increase in 

the speed and length of the trajectory of the pressure center due to a significant increase in the length of the 

trajectory of its oscillations in the sagittal plane. Similar changes in indicators were noted in the second cluster. 
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Thus, a training load led to the normalization of SDS indicators in most athletes of the first group, as 

evidenced by a decrease in the volume of the second cluster. Changes in indicators of the first cluster indicated 

the development of a mobilization state in athletes. At the same time, there wasa deterioration of vestibular 

functions as a result of fatigue in the second cluster. 

There were 16 (70%) athletes in the first cluster and 7 (30%) persons in the second cluster before training 

in the second group (Table 3). SDS indicators in both clusters had values close to normal (Kalnysh et al. 2018), 

although athletes of the first cluster hadthe best indicators. TheEFQ index was higher in the first cluster, which 

confirmed the higher vestibular functions of most athletes in the second group. After a training load, the volume 

of the first cluster increased to 78%, which can also be explained by the state of mobilization. In this cluster, the 

length of the trajectory of the pressure center increased significantly due to an increase in its projection in the 

sagittal plane, and the velocity of the pressure center. The athletes of this cluster also decreased the EFQ 

significantly, which may indicate the development of the state of fatigue. The same indicators significantly 

increased in the second cluster, but they all went beyond the normal range, especially the EFQ, which decreased 

by 26%. In the first cluster, this indicator decreased by only 9%. The obtained results indicated that under the 

influence of the training load, a significantly greater change was recorded in vestibular functions of athletes with 

initially worse indicators.  

The third group, had 15 (63%) athletes in the first cluster, and 9 (37%) in the second cluster before 

training (Table 4). In both clusters, SDS indicators were within normal limits, although they were significantly 

higher in the first cluster. As a result of a training load, the volume of the first cluster increased to 75% of all 

athletes, and the volume of the second cluster decreased. All indicators of the first cluster significantly increased 

in comparison with the initial state, but remained within the normal range, which indicated high vestibular 

functions of athletes in this cluster. All indicators of the second cluster significantly increased in comparison 

with the initial state and exceeded the values of age norms, which confirmed the lower vestibular functions of 

athletes in this cluster. EFQ indicator decreased by 12%in the first cluster after a training load, and by 26% in the 

second cluster, which also indicated the low vestibular functions of athletes assigned to this cluster. 

An analysis of the relative dynamics of the studied parameters (Table 5) showed that the athletes of each 

group assigned to the second cluster experienced a significantly larger change in SDS indicators than the athletes 

of the first cluster. 

Specialists in the field of sports and sports medicine are currently studying SDS of athletes specializing in 

various sports at rest, during training, competitions, and rehabilitation after injuries. The studies proved that the 

state of the vestibular system largely determined the success of athletes in martial arts (judo and taekwondo, 

karate). Considering the features of SDS allows athletes to optimize their movements in the process of training 

and competition, maintain balance in various positions of the body(Zago et al. 2015). 

 Features of the vestibular functions of athletes are considered from different perspectives. The influence 

of SDS on sports results in different sports was also studied. The obtained results showed that athletes with high 

vestibular functions achieved higher athletic performance(Hrysomallis. 2011; Ricotti. 2011; Fong et al. 2013; 

Gosselin et al. 2014;  Chow et al. 2016). 

Sadowska D. et al (2019) when studying the vestibular functions of the pentathletes, revealed higher SDS 

indicators and lower dependence of the balance on visual control, compared with people who are not engaged in 

sports. The minimum amplitude of pentathletes body vibrations during shooting, according to the authors, is due 

to the high level of concentration of attention and conscious balance control, which is improved during training 

(Sadowska et al. 2019).   

WojciechBajorekW.etal (2011) studied the balance of athletes specializing in karate, and showed that 

large amplitude of oscillations was observed in the main stance, in the sagittal plane, which confirmed our 

results. The authors revealed a significant deterioration in the studied balance indicators in the forward tilt 

position. The SDS indicators of stabilography with closed eyesin karate athletes did not deteriorate, which 

confirmed their good condition of the vertical control and balance control system for martial artists. 

On the other hand, Gribble Grzegorz J. et al (2013) did not reveal the long-term positive effect of karate 

classes on the state of the equilibrium function of elite athletes. The authors noted an increase in the amplitude of 

oscillations of the body of elite athletes in comparison with people who were not engaged in sports. 

GauchardGCetal.(2017) researched the impact of visual and tactile contribution to the SDS of athletes 

specializing in karate (kata and kumite). Studies were conducted with open and closed eyes, on a solid and non-

solid support. The results showed that athletes engaged inkarate had better SDS indicators than non-athletes. 

Kata-karate practitioners had better SDS indicators than kumite-karate practitioners. The results showed the 

presence of SDS indicators depending on the technique of conducting a duel in martial arts. Similar results were 

obtained by other authors studying SDS indicators of martial arts athletes(Perrot et al. 1998; Leong et al.  2011; 

Bajorek et al. 2011; Itamar et al. 2013; Juras et al. 2013; Pop et al. 2013).  

 In our studies, we did not reveal significant differences in SDS indicators between athletes specializing in 

hand-to-hand combat with semi and full contact with an opponent (Table 1). 

 Most authors point to differences in the static and dynamic functions of athletes and individuals who are 

not engaged in sports professionally, which confirms the results obtained in our study. 
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 Authors of most studies which we analyzedconducted research of the SDS indicators in small groups of 

athletes without division into subgroups, depending on the initial level of vestibular functions. Our studies 

revealed a sufficiently large variation in the values of SDS indicators among elite athletes and people who were 

not engaged in sports professionally. This suggests that the studied groups are heterogeneous in vestibular 

functions. To isolate homogeneous groups, we clustered the data using the k-means algorithm. After clustering 

athletes, we identified two clusters in each of the studied groups, which significantly differed in terms of SDS. We 

put athletes with high vestibular functions in the first cluster of each group, and athletes with low vestibular 

function into the second cluster. The first group of subjects was divided into almost equal in volume clusters (55% 

and 45%, respectively), which indicated the presence of low vestibular functions in almost half of the subjects 

who were not engaged in sports. In the second and third groups, the majority (70% and 63%) of elite athletes had 

rather high vestibular functions. 

As a result of the training load, the number of subjects with higher vestibular functions increased slightly, 

which can be interpreted as a state of mobilization. In the first cluster of each group, the training load caused an 

increase in indicators by 20-25%, except for the EFQ indicator, which decreased by 9-12%. In athletes with low 

vestibular functions (the second cluster of each group), the training load led to a significantly larger (36-48%) 

increase in SDS indicators and a decrease in EFQ by 26-35%. Thus, a significantly more pronounced reaction to 

the training load was found in athletes with initially lower vestibular functions. The previous research(Kochina et 

al. 2019)showed that decreased vestibular function was a marker of deterioration in the functional state of 

athletes. Thus, the presence of low SDS values before the training load allows us to predict their deterioration 

after training. During the competition, athletes take part in several fights a day. Therefore initially low vestibular 

functions influence the results of competitions. They can also significantly affect the performance and the 

outcome of competitions. Thus, this phenomenon must be taken into account when conducting sports selection, 

formation of the structure and content of training. 

 

Conclusions 

The conducted studies showed that not only people engaged in sports professionally, but also elite 

athletes can have low vestibular functions. These functions may significantly decrease as a result of the training 

load, which indicates deterioration in the functional state and may cause poor performance in competitions. 

There was no significant dependence of the vestibular functions of athletes on the type (semi or full contact) of 

hand-to-hand combat. In addition, the results can be used in sports selection and predicting the success of 

athletes by SDS indicators. 
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