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Abstract

Rhythmic gymnastics (RG) is an extremely demanding sport that has a positive effect
on the exerciser’s motor status. However, in order to be able to acquire RG contents, the
existence of certain minimally developed motor skills, including the ability of postural
control and body stabilisation during dynamic movements, is of vital importance. The main
objective of this study is to assess the role, contribution and influence of balance ability on
performance scores in RG. The sample consisted of 126 international-level female rhythmic
gymnasts (RGs), divided into five age categories (15 seniors, 25 juniors, 26 advanced-level
RGs, 38 intermediate-level RGs, and 22 beginners). Their baseline characteristics (age, body
height and mass, body mass index) were established, along with their balance abilities
(balance on toes (left/right leg) test, single leg (left/right) balance test — eyes closed, double
pivot in passé test). The data was analysed (descriptive statistics, Kolmogorov-Smirnov test,
multivariate and univariate regression analysis) using SPSS 21.0. The results of the
multivariate regression analysis indicate the existence of a statistically significant influence
of the balance ability of advanced-level RGs, as well as the RGs comprising the rest of the
sample, on their performance scores (p=0.01 and p=0.00, respectively), with statistically
significant individual contributions of the balance on toes test — right leg (advanced-level
RGs: p=0.01, total sample: p=0.02), and dynamic balance (total sample: p=0.00). The final
conclusion is that balance ability is a significant predictive factor of RGs’ performance
scores, with a variance explanation of 35% (advanced-level RGs), i.e. 24% (entire sample).
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CIIOCOBHOCT PABHOTEXE BPXYHCKHUX
PUTMHUYKUX TMMHACTUYAPKU:
JA JIM TIPEJIBUBA PE3YJITATE
BbUXOBUX HEPOOPMAHCH?

Arncrpakr

Purmyuka rumHactuka (PID) je n3y3eTHO 3axXTeBaH CHOPT KOjH TTO3UTHBHO yTHYE HA
MOTOPHYKH CTaTyc BexkOada. MehyTim, 1a Ou ce yOmIITe MOTJIO IPUCTYIUTH ycBajamwy PI”
caaprkaja, HEONXOAHO je IMOCTojame onxpeheHOr MUHMMyMa pasBHjEeHOCTH CBHX MOTO-
PHYKUX CIIOCOOHOCTH, Mel)y KojuMa Cy MOCTypajiHa KOHTPOJIa U CIIOCOOHOCT CTaOMIIN30Ba-
12 TeJa TOKOM JIMHAMIYHUX KPETHH O] BUTAITHOT 3Hayaja. OCHOBHHM LMJb OBOT HCTPAXKH-
Bama j€ JIa YTBP/Y 3Ha4aj, JONPHHOC U YTHIIA] CIIOCOOHOCTH PABHOTEXKE Ha YCIIEX Y PUT-
MHYKO] THMHACTHIIH. Y30paK HCIUTaHUKA YHHIJIO je 126 pUTMUYKIX TUMHACTUYAPKH, pa-
criopeleHnx y mer y3pacHux kareropuja (15 ceHuopkw, 25 jyHHOPKH, 26 KaIeTKumba, 38
NHOHUPKH, ¥ 22 Mialje mroHnpke). YTBpheHe Cy HBUXOBE OCHOBHE KapakTepucTuke (y3-
pacT, TelecHa BICHHA U Maca, MHAIEKC TEJeCHe Mace), Kao U CTaTyC CIIOCOOHOCTH paBHOTE-
e (TecT paBHOTEKE Ha MPCTUMA (JIeBa/IECHA) HOra, TECT PABHOTEXKE Ha je[IHOj HO3H (Jie-
Ba/IleCHa HOTa) — 3aTBOPEHE OUM, yIUTH OKPET y Passe mosuimju). [Topam cy aHaM3upaHun
(mecKpHIITHBHA CTAaTUCTHKA, TecT Kommoropos-CMHUPHOB, MyJITUBAapUjaHTHA M YHHBApH-
jaHTHa perpecruoHa ananm3sa) npumeHoM SPSS 21.0. Pesynratn MynTHBapujaHTHE perpecu-
OHE aHaJIM3e YKa3aJld Cy Ha IMOCTOjarbe CTATHCTHYKY 3HAYajHOT YTHIAja CIIOCOOHOCTH
paBHOTEXE KaZEeTKUIba, Ka0 M YKYIHOT Y30pKa, Ha ycrex y PI™ (p=0.027 u p=0.00, pemom),
HPU Y4eMy Cy YTBplEeHH CTaTHCTHYKU 3HAYajHU MOjeJMHAYHN AOTPUHOCH yerexy y PT™ kox
paBHOTEXKE Ha PCTHMA Ha JIeCHOj Ho3H (KaneTkumbe: p=0.01, ykyman y3opak: p=0.02) 1 ko1
JIMHAMHUYKE paBHOTEXE (yKymaH y3opak: p=0.00). Kpajiu 3akpydak je 1a je crnocoOHOCT
PpaBHOTEXE 3Ha4ajaH MpeMKTHBHU (Qakrop nepdopmancu y PT', ca objammemeM BapujaHce
o1 35% (Kom KaIleTKIiba), OMHOCHO 24% (YKyTiaH y30paK).

Kiby4He peun: pHTMHUYKA TIMHACTHKA, CTATHYKA PABHOTEXA, IMHAMUYKA
paBHOTEXa, y3pacHe KaTeropHje, yctex.

INTRODUCTION

Although it is widely acknowledged that talent is indispensable for
top-level performance, the position and role of abilities (cognitive, percep-
tual and motor) in the actualisation of motor skills have long been estab-
lished (Giannitsopoulou et al., 2003). Motor balance is the ability of keep-
ing the body in a stable position, and it implies the involvement of neuro-
muscular structures. We distinguish between static balance (the ability of
maintaining the stable position of a body that is not in motion) and dynamic
balance (the ability of maintaining a stable position in conditions of move-
ment). Vestibular, kinesthetic, tactile and optical analysers play a signifi-
cant role in achieving a balanced position (Penci¢, 2014), but the most im-
portant factors in maintaining balance are: genetic determination (the he-
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reditary coefficient of this ability is very high, which makes the work on
developing balance rather complex, specific and difficult (Kykoss, 2006)),
the condition of the vestibular apparatus, age (young healthy people have
better balance ability results compared to children), support surface, the
height of the body’s center of gravity, the position of free body parts, train-
ing, strength, coordination, flexibility, emotional state (Kayapnar, 2011),
fatigue (Wilkins et al., 2004; Pau et al., 2020), and even the time of day (di
Cagno et al., 2014). Balance ability is one of the fundamental aspects of
movement-coordination qualities, and it has a direct bearing on learning and
applying new abilities. It is also a prerequisite for success in sports activities,
and essential for the development of fundamental motor skills and for injury
prevention (Fotios et al., 2013). Sports training enhances joint strength, range
of motion, and neuromuscular coordination, all of which contribute to an
improvement in balance ability (Kesilmis et al., 2017).

When it comes to the complexity of the required abilities, rhythmic
gymnastics (RG) represents an extremely demanding aesthetic and artistic
sports discipline — a rhythmic gymnast has the task of coordinating body
technique with a technique of handling one of the five RG apparatuses
(ball, hoop, rope, ribbon and clubs), while simultaneously demonstrating
an extreme flexibility of all parts of the body, and an excellent sense of
rhythm, space and time. It is a sport that imposes high demands on body
size, build and composition, as well as the motor skills of performers, es-
pecially high-level performers (ITypenosuh-lBanosuh, 2017). Research
conducted with the aim of identifying the predictors of success in RG
showed that it is necessary for almost all motor skills to be well pronounced
in order to attain great achievements in this sport, but given the fact that a
competition routine in RG consists of complex motor elements (jumps/leaps,
balances, rotations/pivots/turns, pre-acrobatic elements, dance steps, full
body waves), the performance of which requires a well-developed balance
ability (Vuillerme et al., 2001; Tincea, 2020), both static and dynamic
(Gateva, 2016), it is quite clear that this motor ability occupies a very
important place in the physical preparation of rhythmic gymnasts (RGSs).
In recent years, balances as body difficulties have occupied an increasingly
important place in the performance of RG routines — during a minute and
a half, which is how long an individual routine lasts, a rhythmic gymnast
realises as many as twenty to twenty-two elements of static and dynamic
balance (Poliszczuk et al., 2012). It is important to emphasise that this
motor ability is one of the elements that RG judges evaluate very strictly,
and its loss during a routine performance affects the final score. Therefore,
the ability of RGs to hold well-defined balance positions and maintain them
for a minimum period of time so that judges can make an adequate
assessment of them is a decisive factor for success in this sport (Palomares
et al., 2019). That is why it is very important to develop this motor ability,
especially in girls of younger school age, when the pace of balance
development is the most intense (Penci¢, 2014; Dobrijevi¢ et al., 2016). In
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addition, numerous studies have compared balance ability among athletes
in different sports, and the highest level of this ability was recorded
precisely in RGs (Bressel et al., 2007; Hrysomallis, 2011; Shahheidari et
al., 2012), which is not a surprise considering that a significant part of train-
ing in RG derives from classical ballet exercises, and ballet is ‘crowned’
with supreme balance (Prochazkova et al., 2014).

It has been repeatedly proven through examination that RG has a
good impact on the performer’s body, particularly on their motor status —
RG training enables the development of motor skills, and the improvement
of abilities such as flexibility, balance, coordination, and strength (Mileti¢
et al., 2004; Pavlova, 2011; Poliszczuk et al., 2012; Fotios et al., 2013;
Penci¢, 2014). However, a certain minimum level of development of all
motor skills is necessary in order to be able to acquire RG content at all,
among which postural control (Scursatone et al., 2015) and an ability to
stabilise the body during dynamic movements are of vital importance
(Kesilmis et al, 2017). Thus, having in mind that the important abilities
needed to succeed in some tasks vary with the athletes’ age (Fleishman,
1972; according to Kioumourtzoglou et al., 1997), and that the necessity of
monitoring balance ability in RGs is evident, the aim of this research is to
determine the influence of balance ability on the performance scores of
high-level female RGs of different age categories.

METHODS
Participants

The sample of examinees used in this research is comprised of in-
ternational-level female RGs. The research included 126 female partici-
pants — individual competitors of all age categories, and only those female
RGs who had previously voluntarily agreed to participate in this research
(those 18 years of age, or older), or those underaged female participants
whose parents gave written consent for their participation.

Ethical Considerations

The study protocol was approved by the local ethics committee (No.
04-610), and testing was performed in accordance with the ethical standards of
the Declaration of Helsinki (WMA, 2013). Consent was given by the
Gymnastics Federations and/or Expert committees for RG, club coaches, and
by RGs’ parents, i.e. personally by the adult participants in this study.

Measures and Procedures

Measuring was carried out using the same instruments, by the same
measurer, according to the International Biological Program (Weiner &
Lourie, 1969), in an adequately lit room with optimal climatic conditions, and
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with the participants in their underwear. The basic characteristics of the partic-
ipants comprising the sample were defined by the following variables: age
(Age), in 0.1 years; body height (Height), in 0.1 cm; body mass (Weight), in
0.1 kg; and body mass index (BMI), in 0.1 kg/m?. By interviewing the RGs,
we collected data on their age (date of birth). The Martin anthropometer was
used to obtain the RGs’ body height, while body mass and body mass index
were assessed with a tetrapolar bioelectrical impedance device — Omron
BF511 (Kyoto, Japan), after entering the data on participants’ age, gender and
body height. Finally, the testing of the static and dynamic balance ability of the
RGs was undertaken, and only a stopwatch was used as equipment for its re-
alisation. Namely, for the estimation of balance abilities, the tests proposed by
Jastrjembskaia & Titov (1998, pp. 139-141) were used. These three instru-
ments (the first two of which are paired tests, and the third and fourth require
the participant’s eyes to be closed) are intended to monitor the level of balance
ability of RGs: balance on toes — left leg /BTOE-L/ in 0.1 s, and balance on
toes — right leg /BTOE-R/ in 0.1 s; single leg balance — left leg /BILEG-L/ in
0.1s, and single leg balance —right leg /BILEG-R/in 0.1 s; and double turn in
passe /2TUR/ in the number of successful attempts (turns). The criterion vari-
able in this research was the participants’ competitive/performance scores, i.e.
final score /FINS/ in points, and, considering the fact that in RG there are in-
evitable differences between competitors of different age and competition pro-
gramme categories, it was necessary to ‘equalise’ the participants in terms of
their final score. Therefore, in order to optimally define the criterion variable,
the mean value of the total points achieved in the competition was taken (final
points divided by the number of routines performed in the competition) for the
final score of each study participant.

Statistical Analysis

The descriptive statistics [average value (Mean), Standard Deviation
(SD), Minimum (Min), Maximum (Max)] were summarised for all variables
and for each of the five age categories, as well as for the entirety of the sample.
Normality was tested using the one-sample Kolmogorov-Smirnov test (K-S).
In order to determine the significance and the strength of the linear relationship
between balance ability and performance scores, a Pearson’s correlation coef-
ficient (r) was applied for normally distributed variables, and Spearman’s cor-
relation coefficient was applied for variables with statistically significant devi-
ations from normal data distribution. Multiple regression analysis (R — multi-
ple correlation coefficient, R? — coefficient of determination of multiple corre-
lation, Adjusted R? — adjusted coefficient of determination of multiple correla-
tion?, F — F-test value, p — significance of multiple regression) was performed
with the aim of determining the amount of variance in balance ability’s influ-

L' When dealing with the small sample of study participants, the value of R? is “an overly
optimistic estimate of an actual value of coefficient of determination” (Pallant, 2010, p. 160),
so the interpretation of Adjusted R?, which gives a better estimate, is recommended.
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ence on the success rate of RGs’ performance, and for the purpose of deter-
mining the independent contributions of each of the independent variables to
the prediction of the dependent variable, i.e. FINS. Afterwards, univariate re-
gression analysis was performed (r — correlation coefficient, Part r — coefficient
of partial correlation, b — standardised regression coefficient, Std.Err. of b —
standardised error of regression coefficient, t — vector of standardised regres-
sion coefficient, p — significance of beta coefficient). The level of significance
was set at p<0.05, and the data was analysed using the Statistical Package for
the Social Sciences, version 21.0 (IBM SPSS 21.0, SPSS Inc, Chicago, USA).

RESULTS AND DISCUSSION

The baseline characteristics of the entire sample and the sub-sam-
ples (age categories) are presented in Table 1, and the descriptive statistics
data of the assessed balance ability is presented in Table 2.

Inspecting Table 1, and based on the BMI cut-off points for girls of
different ages (CDC, 2000), it can be stated that the BMI value of most of
the RGs (n=115, or 91.27%) is within the normal range; only a few of them
are below the recommended values (n=10, or 7.94%), and one RG from the
beginners category has a BMI of 18.7 kg/m?, with the upper limit for a
normal BMI for a girl of her age is 17 kg/m?.

Table 1. Baseline characteristics of the study participants

';%:g ories Variables @?5 Height (cm) Weight (kg) (k%l/vruz) 'zgt\ls)s

Seniors Mean+SD  17.53+1.37 164.56+6.83 5551+4.91 20.48+1.16 9.29+1.91
(n=15) Min—Max 16.16 —20.34 150.0-1782 474-67.0 19.0-23.3 553-11.83
Juniors Mean+SD  14.53+0.74 162.94+7.05 48.61+6.16 18.23+14 9.34+1.54
(n=25) Min—Max_ 13.3-15.82 146.1-176.7 31.0-62.7 145-204 6.06-11.38

Advanced- MeantSD 12.25+0.89 151.31+8.72 38.99+8.01 16.83+1.94 7.86+1.58
level RGs  Min—Max 10.57-13.8 136.0-1644 255-532 138-214 4.3-1045
(n=26)

Intermediate MeanSD 10.1240.8 139.93+5.96 29.96+4.31 15.24+1.28 7.92+1.47
-level RGs Min—Max 871-12.02 1251-1514 226-40.2 12.7-189 44-10.38

(n=38)

Beginners MeantSD  8.04+0.75 128.39+5.73 2528+2.85 1531+1.03 7.18+1.15
(n=22) Min—Max  6.67-9.08 120.1-139.3 20.8—30.8 13.6—18.7 455-875
Total MeantSD  11.9543.09 147.76+14.61 37.75+11.72 16.79+2.26 8.22+1.69
sample Min—Max 6.67-20.34 120.1-178.2 208-670 127-233 4.3-11.83
(N=126)

Legend: n, N — number of study participants, RGs — rhythmic gymnasts, Mean — average
value, SD — standard deviation, Min — minimum, Max — maximum, BMI — body mass
index, FINS — final score, yrs — years, pts — points.

In addition to flexibility, explosive power in the lower extremities,
and coordination, the ideal motor base for the successful execution of RG-
specific content also includes a highly developed ability to balance. In RG
balances belong to body difficulties (in addition to jumps and turns), and
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in every routine, with or without an apparatus, a rhythmic gymnast must
demonstrate a mastery of complex balance difficulties as a characteristic
structural group. Both types of balance prevail and are manifested in the
execution of waves, dance steps, elements of rotation (turns and pivots), or
the maintaining of single leg balance on tip-toes (most often on the so-
called relevé — high rise of heel, less often than on a full foot), with simul-
taneous or additional work of the free leg and other body parts, synchro-
nised with apparatus handling (Sanader, 2005). The status of the study par-
ticipants’ balance ability is presented in Table 2. What is noticeable is a
statistically significant absence of a normal distribution of data (Sig.=.04)
for the balance test performed with eyes closed (B1LEG-L and B1LEG-R)
in intermediate-level RGs and beginners. A comparison with the rating
scale (Jastrjembskaia & Titov, 1998, 140), where a high percentage of in-
sufficient results was recorded in these tests (over 60% of RGs of all age
categories achieved insufficient results on these tests), confirms that bal-
ance with eyes closed was a difficult task for the study’s participants. In
this case, this outcome is not unexpected considering that RG is a highly
visual sport (Potgieter, 2007), not in terms of the aesthetics of RG move-
ments and appearance, but rather in terms of how crucial eyesight is for the
successful execution of coordinated movements and RG apparatus tech-
nique. The fact that vision is best equipped to stabilise extremely low fre-
quencies of sway could be another explanation for the poor results on the
static balance tests conducted with eyes closed. The integration of infor-
mation from the vestibular, proprioceptive, and visual sensory systems,
each of which has a unique but overlapping working frequency range that
affects its impact on postural control in different settings (Redfern et al.,
2001), is particularly important for postural control. Sensory conflicts,
which typically happen when proprioceptive and/or visual cues diverge
from vestibular information, pose a challenge to the posture control system.
This kind of situation can cause worry and anxiety, and those emotional
reactions can have an impact on how effectively a person achieves and per-
forms in a number of daily activities (Risti¢ & Zlatkovi¢, 2021).

The intercorrelation matrices of each of the five sub-samples are
not shown, but what is noticeable is that both the strength of correlations
between the variables and the number of statistically significant
intercorrelations increase as the age of the RGs decreases. Observing
the intercorrelations of variables of the total sample of RGs (Table 3)
shows that all predictor variables have a statistically significant
correlation with the performance score in RG, but they are weak
(B1LEG-L: r=0.21, p<0.05; B1LEG-R: r=0.23, p<0.05; BTOE-L:
r=0.36, p<0.01) to moderate (BTOE-R: r=0.42, p<0.01; 2TUR: r=0.45,
p<0.01). Also, all predictor variables correlate statistically significantly
with each other, and the intercorrelations are mostly of medium strength
(a strong correlation was recorded in the case of the static balance test
- BTOE).
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Table 2. Balance ability in RGs of different age categories

Age . BTOE B1LEG
categories Variables L R L R 2TUR
MeantSD 17.0149.14 16.81+9.19 9.37+6.73 11.81+9.78 24.87+16.47
Min-Max 2.74-33.04 6.37-36.28 2.31-30.98 3.19-320 8.0-530
K-S (Sig.) 991 597 279 325 267
MeantSD 17.73+10.36 16.06+11.87 11.21+10.39 13.36+11.57 19.68+16.77
Juniors (n=25) Min-Max 3.2-46.69 2.26-55.06 2.69-39.25 2.08-46.86 2.0-70.0
K-S (Sig.) .851 395 175 .076 347
Advanced-  Mean+SD 20.56+18.07 21.99+17.09 9.45+5.68 11.47+10.04 16.96+18.06
level RGs Min-Max 1.67-62.77 1.6-60.38 3.03-24.44 159-37.88 1.0-70.0
(n=26) K-S (Sig.) .353 557 .262 259 137
Intermediate- Mean+SD 14.71+14.31 13.84+10.88 11.54+11.16 12.30+10.82 10.53+10.45
level RGs Min-Max 1.54-70.73 1.71-40.66 2.36-51.81 1.95-4441 0.0-50.0
(n=38) K-S (Sig.) .155 303 040" .080 236
MeantSD 7.06+£9.72 536575 6.77+435 10.17+11.76 7.23%£7.61

Seniors
(n=15)

(E:]efz'g;‘ers Min-Max 1174769 119-2524 1481584 1294415 00-230
K-S(Sig) 077 79 576 040 124

Totalsample Mean2SD 15.45+1383 14841277 0.95:867 11911075 1480:1501

(Ne1ogy  MinMax 1177073 1196038 148 5181 1294686 00700

K-S (Sig.) 007" .008" .000 .000" .000"
Legend: n, N — number of study participants, RGs — rhythmic gymnasts, Mean — average value,
SD - standard deviation, Min — minimum, Max — maximum, K-S — Kolmogorov-Smirnov test,
Sig. — significance, L — left leg, R — right leg, BTOE — balance on toes, BILEG —single leg
balance, 2TUR — double turn in passé.
Note: All measures are in times, i.e. number of consecutive successful attempts (the third test).
*Absence of normal distribution (p < 0.05)

Table 3. Intercorrelation matrix of all predictor variables
and criterion variable: Total sample (N=126)

Variables BTOE-L BTOE-R  BILEG-L BILEG-R 2TUR FINS
BTOE-L 1.00

BTOE-R 0.72™ 1.00

BI1LEG-L 0.36™ 0.34™ 1.00

BI1LEG-R 0.37™ 0.44™ 0.34™ 1.00

2TUR 0.31™ 0.35™ 0.35™ 0.29™ 1.00

FINS 0.36™ 0.42™ 0.21" 0.23" 0.45™ 1.00

Legend: BTOE-L — balance on toes (left leg), BTOE-R — balance on toes (right leg),
B1LEG-L - single leg balance (left leg), BLLEG-R — single leg balance (right leg), 2TUR
—double turn in passé, FINS — final score.

“significant at p<0.05, ““significant at p<0.01

The results of the multivariate regression analysis indicate a statistically
significant influence of balance ability on success (FINS) in RG among
advanced-level RGs [R=0.69, R2=0.48, Adjusted R?=0.35, F(5,20)=3.65,
p=0.02], and in the entirety of the sample [R=0.52, R?=0.27, Adjusted R?=0.24,
F(5,120)=8.82, p=0.00], where balance ability explained success in RG with
48% (R2=0.48) and 35% (Adjusted R2=0.35) in the advanced-level group
(Table 4a), and with 27% (R2=0.27) and 24% (Adjusted R2=0.24) in relation
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to the entire sample (Table 4b). Of all age categories, why is the statistically
significant influence of balance ability on performance score in RG recorded
only in the sub-sample of advanced-level RGs? A possible explanation may be
that children between the ages of 11 and 13 are able to apply strategies that
strongly resemble those used by adults to maintain a balanced position in static
or dynamic conditions (Mdller et al., 1992; Hatzitaki et al., 2002; Calavalle et
al., 2008). On the other hand, this concerns a very specific age that is part of a
non-linear maturation process, which differs for everyone and affects their
ability to learn and master particular motor skills (Ricotti, 2011). In the case of
seniors [F(5,9)=0.41, p=0.83] and juniors [F(5,19)=1.12, p=0.38], as well as
intermediate-level RGs [F(5,32)=2.02, p=0.10] and beginners [F(5,16)=1.52,
p=0.24], the statistically significant influence of balance ability on
performance score in RG was not confirmed. This result can be explained by
the fact that it is premature to expect an enviable level of balance ability in the
youngest age categories, because it requires training experience associated
with improved neuromuscular coordination, and greater joint strength and
range of motion, which are mechanisms for balance improvement (di Cagno
etal., 2014). On the other hand, although senior and junior RGs, who are older
age categories, have training experience, there is no statistically significant
influence of balance ability on performance scores. This does not imply that
balance abilities are not a key predictor of RG success, but rather that there are
other, more relevant characteristics that differentiate successful from less
successful RGs in older age categories (ITypenosuh-IBanosuh, 2017).

Table 4. The influence of balance ability on performance score in RG

a) Advanced-level RGs (n=26)
R=.69, R?= .48, Adjusted R?= .35, F(5,20)=3.65, p= .02

Variables r Part r b Std.Err. —of b t(20) p-value
BTOE-L 0.39 -0.03 -0.01 0.02 -0.14 0.89
BTOE-R 0.56  0.55 0.06 0.02 290.53 0.01
B1LEG-L 0.48 028 0.08 0.06 130.28 0.21
B1LEG-R 0.25 -0.25 -0.05 0.04 -113.94 0.27
2TUR 023 0.22 0.02 0.02 101.02 0.32

b) Total sample (N=126)
R= .52, R?= .27, Adjusted R%= .24, F(5,120)=8.82, p=.00

Variables r Part r b Std.Err. —of b t(20) p-value
BTOE-L 031 0.04 0.01 0.01 0.39 0.69
BTOE-R 0.36 0.21 0.03 0.02 228.88 0.02
B1LEG-L 0.12  0.00 0.00 0.02 0.01 0.99
B1LEG-R 0.25 0.07 0.01 0.01 0.81 0.42
2TUR 0.41 0.37 0.04 0.01 437.47 0.00

Legend: n, N — number of study participants, R — multiple correlation coefficient,
R? — coefficient of determination of multiple correlation, Adjusted R? — adjusted
coefficient of determination of multiple correlation, F — F-test value, p — significance
of multiple regression, r — correlation coefficient, Part r — coefficient of partial
correlation, b — standardized regression coefficient, Std.Err. of b — standardized error
of regression coefficient, t — vector of standardized regression coefficient, p-value —
significance of beta coefficient, BTOE-L — balance on toes (left leg),
BTOE-R — balance on toes (right leg), BLLEG-L — single leg balance (left leg),
B1LEG-R - single leg balance (right leg), 2TUR — double turn in passé.
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At the univariate level, regression analysis indicated a statistically
significant, individual contribution of the BTOE-R variable to the predic-
tion of success in RG in the advanced-level RGs (p=0.01; Table 4a), and
in relation to the entirety of the sample (p=0.02; Table 4b), with a positive
relationship between this predictor and the criterion variable (b=0.06 and
b=0.03, retrospectively). This outcome is not a surprise considering that
most of the exercises in RG require an above-average ability to maintain
balance on one leg (full foot or relevé position), while the other leg is in
various demanding positions (Sobera & Rutkowska-Kucharska, 2019). The
reason for the absence of a statistically significant individual contribution
of the BTOE-L variable in a sample of advanced-level RGs containing RGs
whose left leg is the dominant leg may lie in the consideration of the results
of some studies (Shigaki et al., 2013; Frutuoso et al., 2016), which recorded
a better stability of the non-dominant leg — the preferred limb is used for
dynamic activities, thus reducing its role in balance control (in this partic-
ular case, the advanced-level RGs’ left leg is used for maneuvering, and
the right leg is used for stabilisation and balancing). Although the asym-
metry of the RGs’ lower limbs was not the subject of this research, and
differences between the left and right sides were not examined, this result
shows exactly how the preference of one side of the body causes bilateral
differences, both functional and morphological (Frutuoso et al., 2016). In
addition to the BTOE-R variable, a statistically significant individual con-
tribution of the 2TUR variable to the prediction of performance score in
RG was recorded in relation to the entirety of the sample (p=0.00; Table
4b), with a positive relationship between this predictor and the criterion
variable (b=0.04). Of all applied tests, in relation to the entire sample of
participants, only the B1LEG test did not show a statistically significant
individual contribution to success in RG, and this is the single leg test
which is performed with weight placed on the entire length of the foot and
with eyes closed. Namely, due to the fact that the RG Code of Points (FIG,
2022) values balance difficulties performed on tip-toes more, it is in RGs’
best interest that such balance difficulties prevail; also, vision does not play
a significant role in balance maintaining when it comes to RG (Potgieter,
2007; Calavalle et al., 2008).

CONCLUSION

The goal of this research was to determine the influence of balance
ability on the performance scores of high-level female RGs of different age
categories. Accordingly, we analysed a factor which has previously been
shown to be a very important segment of RG, and which is essential for
success in this sport. Firstly, the status of static and dynamic balance abili-
ties of RGs of all age categories was established; secondly, the relationships
of all predictor variables with each other, and with the criterion variable,
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were examined; finally, the influence of balance ability on performance
scores in this sports discipline was examined. Given that a statistically sig-
nificant influence of this segment of motor skills on success in this sport
was established (at the multivariate level for advanced-level RGs and the
entire sample, and at the univariate level for static balance on the tip-toes
of the right leg and for the dynamic balance test), the results of this research
can help RG coaches to better understand and to properly direct the training
processes in relation to the balance ability of RGs of different ages, which
would certainly lead to the improvement of their sports results, i.e. perfor-
mance scores. This type of profiling can generate a useful database against
which talented groups may be compared, although the balance ability as-
sessment of the growing and developing individual is fraught with difficul-
ties because of a range of issues. Unfortunately, given the fact that the re-
sults obtained from one specific age category cannot be generalised to apply
to all age categories or skill levels, we can conclude that the results only
apply to the specified age categories. Also, by carrying out a longitudinal
research with a larger sample of examinees, we could gain even better in-
sight into this segment of the motor status of RGs. Besides, this one-dimen-
sional approach lacks the wider viewpoint necessary to account for the mul-
tidimensional nature of overall performance in RG.
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Pe3ume

Purmuuka rumHactuka (PT') mpeacraBba BeoMa 3aXTEBHY €CTETCKO-YMETHHUKY
CIIOPTCKY AMCLMIUIMHY KaJa je ped O KOMIUICKCHOCTH HEONXOAHMX BEIITHHA. PUT-
MHYKa THMHaCTHYapKa HMa 3aJ1aTaK Jia KOOPANHUPa TEXHHUKY Tela ca TEXHUKOM pajia
jemHuM of ykymHo et PI” pekBu3uTa (Jionrta, oOpyd, BUjada, Tpaka U 4yHEBH), HCTO-
BPEMEHO JIEMOHCTPHUPajyhn eKCTPEMHO H3pakeHy (IIEKCHOMITHOCT CBHX JIe/IoBa Tela,
Te oan4aH ocehaj 3a putam, mpoctop 1 Bpeme. To je muciuIuinHa Koja Hamehe Brcoke
3axTeBe M0 MUTaby BEJIMYMHE Tena, rpalje u cacrasa, ali U MOTOpHKe M3Bohaua, Ha-
POYNTO OHHX BPXYHCKHX. MelhyTum, qa 61 ce yoIlTe MOTJIO MPHUCTYIUTH YCBajamby
PT campikaja, HEOTXOHO je MOCTOjame opel)eHOT MUHIMYMa Pa3BHjeHOCTH CBHX MO-
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TOPHYKHX CIIOCOOHOCTH, Mel)y KojuMa cy MoCTypajHa KOHTPOJIa ¥ CIIocOOHOCT cTabu-
JIM30Bamka TeJla TOKOM JHHAMUYHHX KPETHH OJ BUTAJIHOT 3Hadaja. Y OBOj CIIOPTCKO]
JHCIWIUTNHY, PaBHOTEXE NPHIaJajy TeKHHAMa TeJIoM (IIOpe CKOKOBa M OKpeTa), Uy
CBAaKOM CacTaBy, ca WM 0e3 PeKBH3NTA, PUTMHUYKA THMHACTHYapKa Mopa Jia MOKaxe
BIIaJJalbC¢ CJIOXKEHUM DaBHOTEXaMa Kao KapaKTEePUCTHMYHOM CTPYKTYPHOM TIPYIIOM.
3acTymsbeHe cy o0e BpcTe paBHOTEX,a KOje ce HCI0JbaBajy y H3BOhemYy Tanaca, miec-
HHUX KOpaKa, elleMeHaTa poTaiuje (OKpeTr U MUBOTH) HIIH U3APKaja Y BHCOKOM yCIIOHY
Ha jefiHOj HO3M (Hajuyenrhe Ha T3B. relevé — yCIoH Ha MoTynpcTuMa, pelje Hero Ha IyHOM
CToIaTy), y3 HCTOBPEMEHH WM JIOJAaTHHU Paj CI000IHE HOTe U OCTANINX JIeJIoBa TeJa,
CHHXPOHH30BaHO Ca pajjoM peKBU3UTOM. OCHOBHH LIMJb OBOT HCTPAKUBAKHA j€ 11a YTBP-
IIM 3Ha4aj, TONPHUHOC U YTHIAj CIOCOOHOCTH PaBHOTEXKE Ha YCIIeX Y PUTMHYKO] TUM-
Hactuy. CTO ABajieceT MeCT pPUTMUYKIX TUMHACTHYapKH, pacliopel)eHnx y ret y3pac-
HUX Kateropuja (15 cennopku, y3pacrta 16 ronuHa u Bumie; 25 jyHHOpPKH, y3pacTa 14—
16 ronuHa; 26 KaxeTKumba, y3pacta 12—14 roguna; 38 nmroHupkw, y3pacra 9—12 roam-
Ha; 1 22 miale muoHUpKe, y3pacTta 7-9 roguHa) 100pOBOJBHO j€ YIECTBOBAJIO Y HCTpa-
JKUBawy. YTBpljeHE Cy HUXOBE OCHOBHE KapaKTepPHCTHKE (Y3pacT, TeJeCHa BUCHHA U
Maca, UHJEKC TeJeCHe Mace), Kao M CTaTyC CHOCOOHOCTH PaBHOTEXE, U TO TECTOM
paBHOTEXe Ha MpcTHMa (JIeBa/leCHa HOra), TECTOM PaBHOTEXKE HA jeqHOj HO3M (Jie-
Ba/IlecHa HOTra) — 3aTBOPEHE OYH, M IIOCMATPambEM IYIUIMX OKpeTa y passé MO3HMLH]H.
Tonamu cy aHanm3upaHu (AECKPHUIITHBHA CTaTUCTHKA, TecT KommoropoB-CMHUpHOB,
MyJTHBapUjaHTHA M YHUBApHjaHTHA PErPECHOHA aHaIN3a) IPUMEHOM mporpama SPSS
21.0. PezynTaTtu MyATHBapHjaHTHE PETPECHOHE aHATH3E YKA3AJIM Cy Ha MOCTOjamkbe CTa-
TUCTUYKH 3HAYAjHOT yTHUIIaja CIIOCOOHOCTH PaBHOTEXKE KANCTKUEA, KA0 M YKYITHOT
y30pKa pUTMHYKHX TEMHacTHYapku Ha yernex y PI' (p=0.02 u p=0.00, penom), ca 06-
janrmemeM Baprjance o1 35% (Ko KaJeTKuba), oH. 24% (Ha YKYITHOM Y30pPKY), TIPH
YeMy Cy YTBpPl)eHHU CTaTHCTHYKH 3HauYajHU MOjeANHAYHU JOIpHHOCH ycrexy y PI kon
paBHOTeXe Ha IIPCTUMa Ha JiecHOj HO3M (kapeTkumbe: p=0.01, ykynan y3opak: p=0.02)
M KOJ TMHAMHU4YKe paBHOTexe (ykymaH y3opak: p=0.00). Ko ceHHOpKH M jyHHODKH,
Kao W NMUOHUPKU U MIahuxX NMHOHHUPKH, HUje YTBP)EH CTATHCTHYKU 3HA4YajaH yTUIA]
cnoco00HOCTH paBHOTeXke Ha ycnex y PI'. OBakaB pe3ynTar ce Moxe 00jaCHUTH YHEbe-
HUIIOM 72 je KoJ HajMIahux y3pacHUX KaTeropHja joIl paHO TOBOPHUTH O 3aBUIHOM HHU-
BOY OB€ MOTOPHYKE CIIOCOOHOCTH, jep je 3a TO HEONXOJHO TPEHAKHO MCKYCTBO KOje ca
coboM Hocu MoO0JBbIIIaHy HEPBHO-MHUIIMNHY KOOPAMHALM]Y, Te Behy cHary 3rio0oBa u
00MM TOKpeTa, KOjH MPeJICTaBIbajy MEXaHU3Me 3a IT000JbIIAke CIOCOOHOCTH PaBHOTE-
xe. Ca ipyre CTpaHe, Ty Cy CTapHje y3pacHe KaTeropuje — CEHHOPKE U jyHHOpPKe, KO-
juMa He MamKa TPEHaKHOT NCKYCTBa, a ONeT M30CTaje CTATHCTHYKY 3HauajaH yTHUIaAj
criocoOHOCTH paBHOTeXke Ha ycrnex y PI'. To He 3HauM 1a CHOCOOHOCT paBHOTEXKE HUje
3HavajaH (akrop ycrexa y PI', Beh npe yka3yje Ha mocTojame OUTHHjUX (paKkTopa KOji
JHMCKPUMMHHILY YCITICIIHE O/l Mathe YCIICUIHUX PUTMHUYKUX THMHACTHYAPKU Y CTApHjHUM
TaKMHYapCKUM KaTeropujama.



