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FOREWORD

Faculty of Sport and Physical Education University of Nis in its 42 years long tradition organizes a scientific
conference “FIS COMMUNICATIONS”. This year we are organizing 16%" scientific conference “FIS
COMMUNICATIONS 2013”, and 1st International scientific conference. Our profound years long experience in
organizing of the conference has contributed to ever increasing high quality of the conference over years.

International scientific conference “FIS COMMUNICATIONS 2013” is organized by the Faculty of sport and
Physical Education University of Nis under the auspices of the Ministry of Education, Science and Technological
Development of the Republic of Serbia.

We are proud to announce the key speakers in our plenary sessions as eminent renowned experts in their field
of expertise who are coming from the countries taking part in this conference for the first time.

This conference can boast submission of 98 papers in the form of abstracts and 86 full text papers. Upon the
review process 66 papers were accepted and approved for the publication. Incorporating three papers of the
invited speakers the total number of submitted papers is 69.

Papers are divided into five sessions depending on the topics investigated as follows:

Sport, Physical Education, Exercising and Health, Biomedical and Multidisciplinary session.

Organizers are satisfied with the participation of already renowned researchers and the young, oncoming
authors following the thorny path of the scientific investigation, as well. Also a large number of foreign authors
and thematic diversity have widen the horizon of the expert and scientific insights, put some new incentive for
the cooperation and expression of the new creative efforts.

Enclosed you can find the Proceedings of the International scientific conference “FIS COMMUNICATIONS
2013” incorporating all the papers presented at the scientific conference.

We would like to express our gratitude to all the participants, especially to the authors of the papers and we
expect that all this conference contributes to enhance and further the development of the scientific and expertise

thought in the area of sport, physical education and recreation.

Chair of the Scientific Committee

Sasa Panteli¢, PhD, assist. prof.
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THE PHYSIOLOGICAL PROFILE OF THE JUDO
ATHLETES

Emerson Franchini?
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INTRODUCTION

Judo is a high-intensity intermittent grappling
combat sport where athletes are classified by
gender, body mass and age categories (Franchini et
al, 2011a). The main goal in competitive judo is to
throw, to immobillize or to submitt (via strangle or
joint lock techniques), scoring an ippon (full point).
The match can also be won via lower scores (yuko
and waza-ari) or penalties. As the match has a
which

complemented by an extra-time with no time-limit

regular time-limit of 5-min, can be
(i.e., the match is finished only when one of the

athletes scores), judo is considered a highly
physiologically demanding combat sport (Franchini
et al., 2013). During this period, athletes typically
engage in 20-30s effort periods interpersed by
approximately 10s breaks (Miarka et al., 2012). In
the effort periods, half of the time is spent in grip
dispute, which is an important technical advantage
to control the opponent and to execute a throwing
technique (Marcon et al,, 2010; Miarka et al., 2012).
Judo in the

groundwork, where immobilization, strangle and

combat can also be conducted

joint-lock (i.e., in judo only elbow locks can be

applied) techniques are executed. Thus, judo
demands endurance (to be able to fight more than 5-
min and 4-7 times in the same day), speed (to
execute the throwing techniques) and strength (to
execute the powerful actions during throwing
techniques and to control the opponent during the
2013). As a

consequence, the judo athletes need to undergo

groundwork) (Franchini et al,

specific physiological adaptations to deal with the
requisites of judo matches. This adaptation seems to
be generated by the fighting style of each athlete,
although more investigation in this area is needed to
confirm this assumption. Additionally, as a
simultaneous development of endurance, speed and
(i.e, the

development of each aspect is hampered when all of

strength results in concurrence
them are stimulated compared to the training
directly to develop only one variable) (Docherty and
Sporer, 2000), more research is necessary to provide
information about the optimal combination for a
judo performance. In this short review, the aerobic
and anaerobic power and the capacity and strength
(strength-endurance, muscle power and maximal
strength) characteristics of elite judo athletes are
presented.

Previous review articles recently published by
2011a;
Franchini et al, 2013) were used as the main

our research group (Franchini et al,

references in this approach.

AEROBIC POWER AND CAPACITY
The aerobic power (VOzmax or VOZ2pex) and

capacity (indirectly evaluated by metabolic or
ventilatory thresholds) are considered relevant to
2007;
although conflicting

the judo performance (Franchini et al,
1994),
been published

Muramatsu et al,
evidence has concerning the
influence of the aerobic fitness variables on the
judo-related performance (Borkowsky et al., 2001;

Franchini et al., 2005a).
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Some authors suggest that a high aerobic fitness
profile should be important to the judo performance
due to its positive influence on the attack rate
maintenance during the match, a delayed metabolite
(H+, Pi) accumulation during the combat and a faster
recovery process between the consecutive matches
1997). Typically, VOzmax

values are around 50 to 60 mL.kglmin! in male

(Castarlenas and Solé,

judo athletes, while values around 40-50 mL.kg
Lmin? are found in female judo athletes (Franchini
et al, 2011a). However, no significant difference was
reported between the elite and non-elite judo
athletes (Franchini et al, 2005a), the first and
second placers in a national team (Borkowski et al.,
2001; Franchini et al., 2007) or between the winners
and the defeated athletes disputing a combat
simulation (Suay et al, 1999). Similarly, the onset
blood lactate accumulation (OBLA) velocity did not
differ between the elite and the non-elite judo
athletes (Franchini et al, 2005a) and the values
presented by the judo athletes were in the range
observed in active non-athletic groups (i.e., between
9 and 11 kmh1) (Franchini 2011a).
Conversely, Gariod et al. (1995) reported that the

et al,

judo athletes with a higher VO2max presented a lower
accumulation of Pi during a progressive test, finished
the test with higher

phosphocreatine resynthesis thereafter compared to

pH and had a faster

the judo athletes with lower VOzmax and a higher
anaerobic fitness. Franchini et al. (2007) found a
0.79)

between the estimated VOzmax and performance in a

positive and significant correlation (r =

judo specific task (number of throws during the
Special Judo Fitness Test). A similar finding was also
observed by Detanico et al. (2012), who reported a
significant correlation (r = 0.70) between the peak
velocity in a progressive test until exhaustion and
the number of throws during the Special Judo Fitness
Test. However, no experimental study analyzed the
influence of aerobic power improvement or aerobic
power  training  protocol on  judo-related
performance or physiological markers during a judo
combat. Concerning the aerobic capacity, Franchini
(1998)

et al reported a significant negative
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correlation (r = -0.72) between the OBLA velocity
and the blood lactate after combat simulation.
Detanico et al. (2012) also reported a significant
- 0.59) between the
anaerobic threshold velocity and the peak blood

negative correlation (r =

lactate after a judo combat. These studies suggest a
lower glycolytic activity during the combat for the
athletes with higher aerobic capacity indexes.
Furthermore, Detanico et al. (2012) observed a
significant positive correlation (r = 0.60) between
the anaerobic threshold velocity and the number of
throws in the Special Judo Fitness Test. Thus, it
seems that the aerobic fitness is also associated to
the high-intensity intermitente performance.
However, as for the aerobic power, only transversal
and correlational studies were found concerning the
aerobic capacity and the judo-related performance
and no experimental study investigated the effects of
a program directed to improve this variable on the
judo-specific performance or on the physiological

responses to a judo combat.

ANAEROBIC POWER AND CAPACITY

The anaerobic power and capacity are considered
quite important for the judo performance, because
the powerful actions performed during the throwing
techniques have a strong contribution of the
anaerobic power, while the grip maintenance during
the match seems to be related to the anaerobic
capacity (Bonitch-Géngora et al.,, 2012; Franchini et
al, 2013). It has been reported that the high-level
judo athletes present an upper-body peak power
during the Wingate test in the 90th percentile of the
non-athletes performing the same test using their
lower-body (Franchini et al., 2011a). Both peak and
mean power were higher in the elite judo athletes
compared to the non-elite judo athletes (Franchini et
al, 2005a) and the total work during the two
consecutive Wingate tests was significant and it
positively correlated (r = 0.76) with the number of
the attacks during a judo combat simulation
2005b). Thus,

indicates that the anaerobic power and the capacity

(Franchini et al, the evidence
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development are important for a judo athlete’s
performance.

Given the importance of these variables a judo
specific test (i.e., the Special Judo Fitness Test),
developed by Sterkowicz (1995), is commonly used
to evaluate the judo athletes in different phases of
their training. A recent physiological analysis of this
test (Franchini et al., 2011b; Franchini et al., 2012)
revealed that it has a high anaerobic contribution
404 + 5.6%;

contribution = 26.7 + 5.4%; aerobic contribution =

(alactic contribution = lactic
32.9 + 3.3%), and can be used properly to evaluate
the anaerobic profile of the judo athletes using judo-
specific movements (i.e., ippon-seoi-nage throws).
Recent reviews about this test (Franchini et al,
2010; Drid et al, 2012) and the availability of a
classifcatory table (Franchini et al, 2009) provide
evidence-based data to judo coaches and researchers

to conduct a judo athletes’ evaluation.

STRENGTH

The strength development by the judo athletes

has been a focus of controversy, especially because

one of the principles of judo is “maximum efficiency,
minimum effort” (seiryoku zenyo) (Franchini and
Del’Vecchio, 2008). Thus, it is not rare to find people
against the strength development of judo athletes,
even considering the evidence that training this
variable has been an approach used by many
victorious judo athletes as Masahiko Kimura, Anton
Geesink, William Ruska, Yasuhiro Yamashita, Kosei
Inoue, Ilias Iliadis, among others. Maybe, one of the
most important evidences of the relevance of this
variable for a judo performance are the weight
categories introduced many years ago and the
publication of the strength-related one-repetition
maximum (1RM) classificatory tables (Tables 1 to 3)
of the Japanese judo athletes for bench press, squat
and power clean (Aruga et al,, 2003). Although all the
tables presented by Aruga et al. (2003) contain
values not corresponding to any range of
classification, they are a valuable references to
compare the performance of the judo athletes being

evaluated for maximal strength.

TABLE 1 Bench-press one-repetition maximum (1RM) of judo athletes from different weight categories

(Adapted from Aruga etal., 2003)

Weight Very poor Poor Average Good Very good
category/Classification (kg) (kg) (kg) (kg) (kg)
<60kg <85.0 87.5-90.0 92.5-97.5 100.0-105 2107.5
<66kg <875 90.0-97.5 100.0-115.0 117.5-125.0 2127.5
<73kg <90.0 92.5-100.0 102.5-117.5 120.0-127.5 >130.0
<81kg <925 95.0-105.0 105-120.0 122.5-132.5 2135.0
<90kg <95.0 97.5-107.5 110.0-122.5 125.0-135.0 >137.5
<100kg <975 100.0-110.0 112.5-125.0 125.5-137.5 >140.0
>100kg <100.0 102.5-120.0 122.5-145.0 147.5-165.0 > 167.5

For the bench-press 1RM, Aruga et al. (2003)
found that the <60kg weigth category presented
lower values compared to all other groups, while the
>100kg group had higher values compared to all the
others. Additionally, the <73kg presented lower
values compared to <81kg, <90kg, < 100kg and
>100kg. Furthermore, it is interesting to note that
the values achieved by the Japanese judo athletes are

much higher than those reported in the Canadian

Judo Team (100 * 21 kg) (Thomas et al, 1989),
recreational (87 * 20 kg), national (96 * 12 kg) and
international level (96 * 20 kg) Finish judo athletes
(Fagerlund and Hakkinen, 1991), A (110 * 25 kg), B
and C (110 * 23 kg) Brazilian National Teams
(Franchini et al., 2007), while the Italian Olympic
Judo Team (160 = 30 kg) (Sbriccoli et al., 2007)
would be classified as “good” in the Japanese

classifcatory table.
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TABLE 2 Squat one-repetition maximum (1RM) of judo athletes from different weight categories (Adapted from

Aruga etal, 2003)

Weight Very poor Poor Average Good Very good
category/Classification (kg) (kg) (kg) (kg) (kg)
<60kg <102.0 105.0-117.5 120.0-135.0 137.5-152.5 > 155.0
<66kg <107.5 110.0-122.5 125.0-142.5 145.0-157.5 > 160.0
<73kg <110.0 112.5-125.0 127.5145.0 147.5-160.0 >162.5
<81kg <1125 115.0-127.5 130.0-150.0 152.5-165.0 > 167.5
<90kg <115.0 117.5-132.5 135.0-165.0 167.5-185.0 > 187.5
<100kg <1175 120.0-140.0 142.5-172.5 180.0-200.0 = 202.5
>100kg <1275 130.0-165.0 167.5-200.0 202.5-235.0 = 237.5

For the squat 1RM, Aruga et al. (2003) reported
that the three heaviest weight categories achieved
higher values compared to the three lighest ones and
that the >100kg weight category had higher values
compared to the <81kg and <90kg groups. For this
exercise, the values are also much higher than that
presented by A (104 + 27 kg) and B-C (104 + 18 kg)
Brazilian National Teams (Franchini et al., 2007) and
recreational Finish judo athletes (140 * 36 kg)
(Fagerlund and Héakkinen, 1991). However, national
(166 * 32 kg) and international (185 #* 25 kg) level

Finish judo athletes (Fagerlund and Hakkinen, 1991)
presented values classified as “good” for the same
weight categories in the Japanese classifcatory table.

For the power-clean exercise, only Aruga et al.
(2003) reported values for judo athletes. When
weight categories were compared the <81kg, <90kg
and >100kg weight groups presented higher values
compared to the <60kg, <66kg and <73kg weight
categories, and the <100kg had better results
compared to the <60kg group.

TABLE 3 Power-clean one-repetition maximum (1RM) of the judo athletes from different weight categories

(Adapted from Aruga et al., 2003)

Weight Very poor Poor Average Good Very good
category/Classification (kg) (kg) (kg) (kg) (kg)
<60kg <575 60.0-65.0 67.5-72.5 75.0-80.0 >82.5
<66kg <60.0 62.5-70.0 72.5-82.5 85.0-92.5 > 95.0
<73kg <625 65.0-72.5 75.0-85.0 87.5-95.0 297.5
<81kg <67.5 70.0-80.0 82.5-92.5 95.0-105.0 >107.5
<90kg <70.0 72.5-82.5 85.0-95.0 97.5-107.5 >110.0
<100kg <725 75.0-85.0 87.5-97.5 100.0-110.0 2112.5
>100kg <75.0 77.5-87.5 90.0-102.5 105.0-115.0 2117.5

As judo involves the grip on the opponent’s
judogi, many studies investigated the maximal
isometric handgrip strength in the judo athletes from
different ages, weight categories and competitive
levels (Franchini et al, 2011a). However, no
difference was reported between the elite and non-
elite judo athletes (Franchini et al., 2005a), and some
authors suggested that due to the characteristics of
the grip during a judo combat the differences should
be expected in

strength-endurance handgrip
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variables and not in the maximal isometric strength
(Ache Dias et al, 2012; Franchini et al, 2011a;
Franchini et al, 2011c). Indeed, Ache Dias et al.
(2012) observed that the judo athletes were not
stronger than the non-judo athletes, but they were
more fatigue-resistant than the non-judo athletes in
the handgrip task. Furthermore, when specific judogi
grip isometric strength-endurance test was used, no
difference was found between the state and

national/international level judo athletes, but a
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significant difference was found between these
groups when a dynamic strength-endurance chin-up
test holding the judogi was performed (Franchini et
al, 2011c).

FINAL REMARKS
When

investigated (Franchini et al., 2011a; Franchini et al,,

the well-trained judo athletes are
2013), it is normally found that they have a highly
developed dynamic strength (assessed via one-
repetition maximum tests), muscular endurance
(assessed via general - push-up and sit-up tests - and
especially during specific tests as the dynamic and
gripping the judogi),
anaerobic power (evaluated via lower- and upper-

isometric chin-up tests
body Wingate test peak power) and anaerobic
capacity (evaluated via lower- and upper-body
Wingate test mean power and number of throws
during the Special Judo Fitness Test). Except for the
lower body muscle power, the judo athletes seem to
present a higher development in the upper-body
muscle groups. Although considered relevant to a
judo performance, the aerobic power (assessed via
VO2max  tests)
metabolic/ventilatory thresholds) are not highly

and capacity (evaluated via
developed in the judo athletes (Franchini et al,
2011a). Furthermore, little information is available
concerning the weight categories and gender
differences. More judo-specific tests need to be
developed to improve the evaluation of the judo
athletes’ physiological profile and the longitudinal

studies are necessary to improve the knowledge of

the judo training programs on physiological
markers.
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Judo competitions are divided into age, gender
Usually, the athletes
manipulate their body weight a few days before the

and weight categories.
competition or even a few minutes before the weigh-
in, in order to obtain a competitive advantage over
lighter opponents (Artioli et al,, 2010). To achieve a
fast body weight reduction, the judo athletes use
aggressive strategies which could have a high health-
injury risk (Boisseau, 2006; Rauh et al, 2010).
Among these strategies the literature has collected
the methods used by the judo athletes to lose body
weight. The most used are fasting, severe fluid and
food restrictions, using saunas and exercising with
rubberized suits (Artioli et al., 2010; Escobar et al,,
2009). Also, the use of diuretics, laxatives, diets and
self-induced vomiting are methods used by them
even among the youngest (Werner et al., 2013).
Approximately 60% of the judo athletes start to use
such methods during theie adolescence (Artioli et al.,
2010), which can negatively affect growth and
development (Boisseau et al, 2005; Roemmich &
Sinning, 1997). Furthermore, the judo athletes who
start to reduce their body mass earlier in their
careers and those who achieve higher competitive
level are more commonly engaged in the more
aggressive body mass reduction procedures (Artioli
etal., 2010).

It is known that the 62% (Brito et al,, 2012) to
86% (Artioli et al.,, 2010) of the male judo athletes
reduce their body mass to compete, whilethe 55%
(Fabrini et al,, 2010) to 85.9% (Artioli et al., 2010) of
the female judo athletes do so. The amount of the

body weight loss is about 2-5% for males and

females respectively (Artioli et al., 2010; Kowatari et
al, 2001; Prouteau et al, 2006), while the higher
reductions (8.5t4.2%) are also reported in the
literature for the male judo athletes (Brito et al,
2012) even some judo athletes loosing up to 10% ten
times or more in their careers (Werner et al., 2013).
The highest amount of the body mass reduction is
conducted in the last week before competition
(Artioli et al., 2010; Brito et al., 2012). However, it is
important to consider that Artioli et al. (2010)
investigated a sample (n = 822) almost 6 times
(2012) (n = 145).

the evidence of the competition

bigger than Brito et al
Additionally,
analysis indicated that the judo athletes losing more
than 5% of their body mass had a higher probability
of injury during the tournament (Green et al., 2007).
A higher occurrence of injuries in the judo athletes
who undergo severe body weight loss procedures
when training for a tournament has also been
reported (Prouteau et al.,, 2007).

In general, these methods, to reduce body weight
used by the judo athletes, at the physiological level,
load on the

cause dehydration, an increased

cardiovascular system, changes in the regulatory
glycogen
reduction in proteins,

system of temperature, depletion,

hypoglycaemia and a
electrolytes and vitamins, a reduced anaerobic
power and high concentrations of creatine kinase in
serum, among others (Koral et al., 2009; Opplieger et
al, 1996; Timpmann et al, 2008; Wilmore, 2000).
Also, psychologically speaking, the pressure to
achieve a certain weight induces added stress to that

of the competition itself, which can cause increased
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tension, anger, fatigue and confusion, and a
decreased vigour when the male athletes reduced
approximately 5% of their body mass in a 7 days
period (Degoutte et al., 2006; Filaire et al., 2001).
Similarly, the increased tension (only for females),
confusion, and decreased vigour when reductions of
approximately 4% of body mass were carried out by
the female and the male judo athletes in a 4-week
period occurred (Koral & Dosseville, 2009). Yoshioka
et al. (2006) found higher scores in tension, fatigue
and vigour in the male judo athletes after a weight
reduction (1 day prior to competition) than before
(20 days prior to competition), while there were no
significant differences in the females, not even
altered attitudes to food which may lead to the
eating disorders. These attitudes can be defined as a
set of behaviours and strategies associated with an
excessive and permanent weight concern and body
shape, affecting negatively both the performance and
the athlete’s health (Nichols et al., 2006; Oé6pik et al,,
2002; Rankin et al, 1996; Umeda et al, 2004).
Among these eating disorders we can highlight binge
eating, anorexia and bulimia, especially in the female
athletes (Fogelholm, 1994; Franchini et al, 2012;
Smolak et al., 2000).

Therefore, in this speech, we will try to highlight
the weight control used by the judo athletes, their
and the

psychological consequences related to the eating

connection with gender and age
disorders. Also, we would like to give some basic
recommendations to improve weight management
behaviours. The obtained information could be
useful for coaches, parents, physicians and sport
psychologists to improve their approach when
dealing with the judo athletes undergoing weight

reduction at this level.
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PROMOTING PHYSICAL ACTIVITY IN OLDER
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SUMMARY

INTRODUCTION European nations face increasing numbers of older people. It is a fact that exercise/physical
activity (PA) for community-dwelling as well as institutionalized older people has beneficial effects on
physiological, psychological and social health. Reviews have demonstrated an overwhelming amount of evidence
on the positive effects of PA on the risk of mortality, the onset of co-morbidity, and the delay of the onset of
dependency and frailty. Promotion of PA in older people will contribute to maintaining and improving the quality
of life and to reducing the (economic) burden of disease and disability.

One might think that -knowing the beneficial effects- older persons are lining up for exercise classes or other
physical activities. However, in real life the proportion of seniors being physically active (meeting the
recommended levels), decreases with advancing age. Therefore it is questioned how we can best promote physical
activity in older adults.

Several studies have shown that older persons benefit from a supervised, center-based, exercise program in
terms of improved functional performance and fitness (Delecluse et al, 2004; Dunn et al., 1998; Fahlman et al,,
2007). However, these supervised center-based programs are expensive, which limits their implementation
possibilities and hence their public health impact. Moreover, for sedentary older adults in particular, a number of
important barriers exist to attend such supervised center-based exercise program, for example lack of access or
transportation to the facilities, financial considerations and a lack of affinity with the culture of fitness centres
(Schutzer & Graves, 2004). In order to deal with these barriers, home-based and lifestyle interventions were
developed. However, it is not yet clear whether the effects of such home-based and lifestyle interventions equal
the effects of the supervised center-based exercise interventions. The aim of this study was to evaluate the effects
of a traditional fitness training intervention versus a home-based lifestyle intervention on physical activity,
physical fitness and cardiovascular risk factors in older adults.

METHODS One hundred and eighty-six sedentary men and women aged 60 to 83 volunteered to participate
and were randomized in one of three groups. A fitness training intervention (STRU, N = 60), consisting of three
supervised sessions weekly, and a home-based group (LIFE, N = 60), including an individualized lifestyle program
supported by a limited number of booster phone calls, were compared with an ‘assessment only’ control group (N
= 66). Physical activity, cardio-respiratory fitness, muscular fitness, functional performance and cardiovascular
risk factors were recorded before (pretest) and after 11 months of intervention (posttest).

RESULTS and CONCLUSIONS: The STRU and the LIFE intervention were equally effective in increasing
physical activity in older adults. Both intervention groups improved in physical fitness, but STRU increased more
than LIFE for cardio-respiratory and muscular fitness, whereas LIFE increased more than STRU for functional
performance. In general however, although STRU showed a limited effect on body composition and total
cholesterol/HDL ratio, eleven months of structured exercise and/or lifestyle physical activity had only limited
effects on cardiovascular risk factors,. Therefore, interventions aiming to reduce cardiovascular risks should focus
on long-term changes in physical activity behaviour.
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SUMMARY

Introduction: Balance is an important factor for success in many sports, but in gymnastics, it is one of the

most important factors for success, because even a minimal distortion of stability affects the final score. There is
little research linking the ability of balance to success in the execution of complex gymnastic elements and
gymnastics composition. In most studies, the balance of gymnasts is compared to the balance of a control group of
non-athletes or to the balance of other athletes.

Methods: In this study 48 young gymnasts of the international competition ranks (age 10.7 + 1.8 years, height
140.88 + 8.78 cm, body mass 33.83 * 6.11 kg), from eight European countries participated voluntarily. The aim of
the research is to determine the relationship between the static balance measured by the BESS test, as well as
three specific balancing tests (SSRV, SSSB, SSSU) and the success on the balance beam in young gymnasts.

Results: There is no statistically significant relationship between all BESS position, as well as the total BESS
test results, while significant relationship between variables SSRV and deduction (r= 0.602, p < 0.01) and the final
score (r = 0.533, p < 0.01) was found. The variable SSSU significantly correlated with the start value, the final score
and deduction (r=0.521, p < 0.01; r=0.486, P < 0.01; r = 0.596, p< 0.01, respectively) as well as variable SSSB (r =

0.541,p<0.01;r=0.607,P <0.01; r = 0.685, p< 0.01, respectively).
Conclusion: There is a significant correlation between the specific static balance tests and the success on the

balance beam. Although it is known that balance is one of the skills necessary to achieve the best results on the

balance beam, it is necessary to monitor this skill in younger gymnasts.

Key Words: postural control, artistic gymnastics, final score, deduction
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INTRODUCTION

Balance is the ability to maintain a stable,
responsive position of the body when it moves - the
dynamic balance or stationary - the static balance.
Balance includes coordination and control (Carr,
2004), which is indispensable in everyday life, as in

sports, and can be understood not only as the ability

to maintain position, but rather as the ability to
quickly return to stabile position after a disturbance
in the state of rest or movement. It can be defined as
the ability of a person to keep the body in a balanced
position and to correct the effects of gravity, which
makes it difficult to maintain a balanced position
The

coefficient of genetic capacity is very large, and for

acting external stimuli (active factors).
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this reason balance is quite complex, specific and
difficult to develop (Kukolj, 2006).

A large number of sports require maintaining
balance by neutralizing the forces that affect sport
performance. The stability or safety of a balance
position is primarily related to the level of resistance
of that factors that interfere with maintaining
balance that the athlete shows (Carr, 2004). The
indicators of the static and the dynamic balance are
slightly correlated, but the balance and the physical
fitness of athletes have high dependency. By
improving the technique the possibility of correcting
the action of gravity and other forces that disrupt the
stability and a growing sense of balance becomes
higher (Petkovic, 2008). Balance, along with other
motor skills, plays an important role in a successful
execution of sports skills, as well as the prevention of
sport injuries (Sabin et al., 2010). The potential links
between balance and injury resulted in an increased
(tests,

assignments, exercises) to develop a program to

interest in developing the instruments
improve balance and reduce the risk of injuries (
Sabin et al.,, 2010; Zech, 2010). Balance training is
used as a part of a rehabilitation program after
injury of ankle and knee joints (Hrysomallis, 2007).
The most important factors that balance depends
on are: genetic determinism , the state of the
vestibular apparatus, age, area support, the height of
the center of gravity of the body, the number of
motor habits, their fitness, strength, coordination,
flexibility, emotional state (Kayapnar , 2011). When
selecting the tests of balance, attention must be paid
to the age and maturity of the participants and their
experience in sports, but also on demands of the task
and environmental conditions (Hatzitaki et al,
2002). Since balance depends on the central nervous
system and the sensory systems, fatigue also affects
the ability to maintain balance (Wilkins et al., 2004).
Balance as a component of gymnastics is often
associated with gymnasts. In a review study,
Hrysomallis (2011) notes that in most studies, the
balance of the gymnasts is compared to a control
group of non-athletes balance (Asseman, 2008 ;

Davlin, 2004; Vuillerme et al, 2001; Aydin et al,,
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2002; Carrick et al., 2007) and two studies that
compare them with other athletes (Bressel et al,
2007; Davlin, 2004). Only in the study of Vuillerme et
al. (2001) there was no statistical difference in the
ability to balance, but the author believes that the
reason is a small sample. When the test duration
exceeds 20 seconds, the gymnasts perform better
than non-athletes (Asseman, 2008; Davlin, 2004;
Vuillerme et al,, 2001; Aydin et al., 2002; Carrick et
al,, 2007), but not and when the test takes less than
20 seconds (Bressel et al,, 2007; Davlin, 2004). This
is a surprising fact because the gymnasts in their
exercises have elements with balance a little longer
than two seconds in that position.

In the studies done in recent years (Assemani,
2008; Bressel et al, 2007; Aydin et al.,, 2002) the
gymnasts have superior static balance on one leg,
and better dynamic balance on both feet (Davlin,
2004), but not static balance on both feet (Assemani,
2008; Bressel et al, 2007; Aydin et al, 2002).
Balance on one leg can be considered challenging,
but the gymnasts often have these elements in
exercises (balance on the beam and floor exercises),
and balance on both feet can be considered mild and
nonspecific to the gymnasts.

In comparative studies, it is important to note
that the gymnasts are lighter and have shorter limbs
compared to other athletes, which may influence the
results (Davlin, 2004). The normalization of the
balance scores in relation to the height and length of
the limb must be taken into account when comparing
the groups with the notable differences in the body
composition or body mass (Bressel et al, 2007).
2004) indicate that

compared to the football players and swimmers, the

Research results (Davlin,
gymnasts have better balance on both feet on
stabilometer. In a later study Hosseinimehr et al.
(2009) found that the gymnasts have a better
balance then the football players and wrestlers when
tested under different conditions. Bressel et al.
(2007 ) using the Balance Error Scoring System
(BESS) and the Star Excursion Balance Test (SEBT)
found no differences in the static and dynamic

balance between the gymnasts and the football
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players, but the gymnasts are better than basketball
players. Landing in gymnastics, which requires
maintaining balance after performing very complex
elements (floor, beam and landing on the other
gymnastic apparatus) influences the development of

a superior balance compared to other athletes.

METHOD

The sample of respondents

In this from
international competition ranks (age 10.7 + 1.8
years, height 140.88 + 8.4 cm, body mass 33.83 *
11.06 kg, BMI 16.8 + 1.11), from eight European

(Slovenia,

study 48 young gymnasts,

countries Croatia, Austria, Denmark,
Sweden, Romania, Bulgaria and Serbia) participated
voluntarily. In cooperation with the Gymnastics
Federation of Serbia and the Sokol Society
"Vojvodina" in Novi Sad, the testing was performed
in the small hall of the Sokol Society. Optimal
conditions for testing were provided: the testing is
done in the morning before the competition, the hall
was prepared in advance, it had good lightning and a
temperature of 20 to 22 2 c; job posts and the
keepers on every one of them were also prepared in
advance; the participants did the test dressed in
leotards and with bare feet.

The gymnasts, their coaches and parents were
informed with the goals of the study and signed a
consent for participation in the research. These
notices were sent electronically to the gymnastic

clubs that participated in the tournament.

A sample of measuring instruments

For a general assessment of the static balance the
Balance Error Scoring System (BESS) was used. This
test has been described in numerous studies
(Bressel, 2007). The task is performed in the area of
a square shape measuring 30x30 cm, which is
marked with a band of 5 cm. The subjects performed
three positions barefoot on a stable surface with

hands on hips in 20 seconds: a two feet position

within the marked area, where the feet are placed
hip-width apart, and a position on the non-dominant
leg within the marked area and also a position with
one foot in front of the other within the marked area,
with the toes of one foot touching the heel of the foot
of the other leg. The BESS test result represents the
total number of the errors of all three performance
positions. The errors that are penalized are: moving
hand from the hips, touching the ground with the
free foot, hop, step and jump or any other movement
of the leg or foot, lifting the heel, a higher angle of
flexion or moving the body for more than 30 °. The
maximal number of errors for each position is 10.

The measuring instruments for assessing specific
static balance were the basic elements of gymnastics,
which the gymnasts already have in their routines.
The gymnasts performed the given elements on the
high beam: Scale (SSRV), handstand (SSSU) and side
handstand (SSSB). For the recognition of these
elements by the regulation code, it is necessary to
stay in the position for 2 seconds, while the time of
testing was 10 seconds.

When a respondent is ready to perform the task,
the examiner starts counting 10 seconds and gives
the signal to stop the execution of the position. If the
respondent falls from the beam, she has no right to
continue to perform and the examiner records the
endurance time of the element. The performance
tests were filmed by a camera Casio FX and later
scored with the help of an expert committee,
consisting of the judges of international rank. The
score of the test is the sum of the points given during
the endurance of the given position (0-6 points) and
the techniques (0-4 points).

The success of the beam is represented by three
variables: the start value - POLO, the deduction -
ODBO and the final score - KONO. The results are
taken from the bulletin of the competition, where a

group judges gave scores(brevet judges).

Statistical analysis of the data

The statistical analysis was performed using the

SPSS statistical software version 16.0 for Windows
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(SPSS Inc., Chicago, IL). For all the variables the
mean values (Mean) and the standard deviation (SD)
are shown. The Shapiro-Wilks test was used to
determine the normality of the distribution of the
results. The association between the variables was

analyzed using the Pearson's correlation coefficient.

RESULTS

Table 1 shows the results of the physical

characteristics of the respondents. Table 2 shows the

test results of the situational balance (SSRV - scale;
SSSU - handstand and SSSB - side handstand ) and
the BESS test. For the BESS test the results for each
of the tested positions are given: the two feet
position - SRSU; the position on the non-dominant
leg - SRJN; the stance with one foot in front of the
other - SRIZ and the total - BESS. Table 3 shows the
results achieved in the beam competition (the
starting value - POLO; the deduction - ODBO and the
final score - KONO).

TABLE 1 The physical characteristics of the ggymnasts (n=48)

Mean SD

Age (years) 10.73 1.80

Height (cm) 140.88 8.78

Weight (kg) 33.83 6.11

BMI (kg/m?) 16.80 1.11

TABLE 2 The results of the tests of static balance

Mean SD
SRSU .37 .56
SRJIN 3.91 1.12
SRIZ 4.41 1.28
BESS 8.70 1.20
SSRV 8.23 75
SSSuU 6.66 1.70
SSSB 5.59 1.98

TABLE 3 The results obtained on the balance beam

Mean SD
POLO 3.34 1.04
ODBO 6.51 1.24
KONO 9.84 1.93

Table 4 shows the results of correlation analysis
of a set of variables to assess static balance and
success on the beam, i.e. to asses the achieved initial
score, and the final score in the competition.
Correlation analysis was obtained by Pearson
correlation coefficient. The coefficients which were
found, as well as basic statistical parameter of

numerical agreement among the variables, express
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the linear dependence between the variables. The
level of the statistical significance of correlation was
calculated at 99% level (p <0.01), the probability
level.

There was no statistically significant correlation
between the results of the BESS test and the success
on the beam (p <0,01). There was a significant
the SSRV  and

correlation between variable
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deduction (r = 0.602, p <0.01) and the final score (r =
0.533, p <0,01).The SSSU variable is significantly
correlated with the start score, deduction and the
final score (r = 0.521, p <0,01; r = 0.486, P <0,01; r =

0.596, p <0.01 respectively), as well as the variable
SSSB (r = 0.541, p <0,01; r = 0.607, P <0,01; r =
0.685, p <0.01 respectively).

TABLE 4 Correlation analysis between tests of static balance success on the beam

SRSU SRIN SRIZ BESS SSRV SSSU  SSSB
POLO  -.055 .083 -.051 -.004 267 521" 541"
.708 576 729 .980 .066 .000 .000
ODBO  .105 .066 -.129 -.026 6027 486"  .607"
AT7 .656 384 862 .000 .000 .000
KONO  .038 .087 111 -.019 533" 5967  .685"
798 555 453 .900 .000 .000 .000

**_Correlation is significant at the level of 0.01 (2-tailed).

DISCUSSION

The results of this study showed a significant
correlation between the specific tests of static
balance and the success on the balance beam in
young gymnasts, while there is no correlation
between the BESS test and the success on the beam.
These results indicate that artistic gymnastics, as one
of the most demanding sports, requires testing of
capabilities with specific tests, even at the earliest
age.

(2011) presents results of the

relationship between balance and the measure of

Hrysomallis

performance in shooting sports, baseball, ice hockey,
snowboard and golf. The author did not find any
research on the connection between the balance
ability and success in gymnastics. What is specific for
this kind of research is a small number of the
research subjects who participate in them. Mostly,
they are elite athletes, who are a representative
(2011) examined the
relationship between the results of the BESS test and

sample. Erkmen et al

the functional performance of 22 university league
players. Interestingly, the correlation was found
between endurance on one leg and vertical jump (r =
-0.596 , p <0.05), which indicates that the explosive
leg strength also affects the ability to maintain

balance.

Atilgan et al. (2012 ) in a sample of 19 female
(ages 14:53 * 2:20) examined the

relationship between the loss of balance and the

gymnasts

composition given on the balance beam, the
anthropometric characteristics and the tests of static
and dynamic balance. They found a negative
correlation between the parameters of dynamic
balance and the age, experience, physical training
and anthropometric variables, while there was no
correlation between the parameters of static and
dynamic balance and the loss of balance during a
series on the beam (P> 0.05). The authors conclude
that the balance ability of gymnasts is equal during
competition and during the tests in the laboratory.
Exercising on the balance beam includes
balancing in positions (hand support and positions
on feet), movements and transitions on the beam,
and landing on the beam and off the beam, so the
specific tests applied in this study are in aligment
with the requirements of the balance beam. The fact
is that for maintaining a position the optimal angles
between the body segments and tone muscles are
important, in order to counter the forces of the body
that tend to disturb the balance. In practicing on the
balance beam setting the foot area on the beam is
very important. At hand support, the maintenance of
balance is regulated by the increased grip. During
complex gymnastic movements the mechanisms

associated with the laws of moving bodies in space
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are used. Keeping the direction of the movement is

essential for success. Minimum compensatory
movements of the body are essential to maintain
balance in order to bring the center of gravity of the
body above the support surface. If these movements
are emphasized and accompanied by additional hand
gestures, legs , torso, in order to prevent the fall of
the apparatus, they are in competitions sanctioned

by the judges (Petrovic et al., 1995).

CONCLUSION

To achieve top results in the Women's Artistic
Gymnastics it is necessary to achieve good results on
the balance beam. This discipline is, due to its
specific characteristics, different from other
women's equipment (vault, asymmetric bars and
floor). The reduced support surface of 10 cm width
and the height of 120 cm, among other capabilities
necessary to perform in the artistic gymnastics,
requires a high level of balance. The association
between specific gymnastic tests and the success on
the balance beam in young gymnasts, as determined
by this study, is important for coaches, because in
this way the ability of the static balance in their

gymnasts can be improved.
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POVEZANOST IZMEDU STATICKE RAVNOTEZE I
USPEHA NA GREDI KOD MLADIH GIMNASTICARKI

Aleksandra Aleksi¢-Veljkovi¢?, Emilija Petkovi¢?!, Katarina Herodek?,
Marija Stankovi¢?, Milo$ Paunovic!

1 Fakultet sporta i fizickog vaspitanja, NiS, Srbija

SAZETAK

Uvod: Ravnoteza je bitan faktor uspeha u mnogim sportovima, medutim, u sportskoj gimnastici ona

predstavlja jedan od najznacajnijih faktora uspesSnosti, jer ¢ak i minimalno narusavanje stabilnosti uti¢ce na

kona¢nu ocenu. Malo je istrazivanja koja povezuju sposobnost ravnoteZe sa uspehom u izvodenju sloZenih

gimnastickih elemenata i sastava. U najve¢em broju istrazivanja, ravnoteza kod gimnasti¢ara se uporeduje sa

ravnotezom kontrolne grupe nesportista ili sa drugim sportistima.

Metode: U ovom istrazivanju dobrovoljno je ucestvovalo 48 mladih gimnasticarki internacionalnog ranga

takmicenja (uzrasta 10.7+1.8 godina; visine 140.88+1.8 cm; mase tela 33.83+6.11 kg), iz osam evropskih zemalja.

Cilj istrazivanja je utvrdivanje veza izmedu staticke ravnotezZe merene pomocu BESS testa, kao i tri specifi¢na testa
ravnoteZe (SSRV, SSSB, SSSU) i uspeha na gredi kod mladih gimnasticarki.
Rezultati: Ne postoji statisticki znacajna veza izmedu svih BESS poloZaja, kao ni ukupnog rezultata BESS testa,

dok je utvrdena znacajna povezanost izmedu varijable SSRV sa odbitkom (r= 0.602, p < 0.01) i kona¢tnom ocenom

(r =0.533, p < 0.01). Varijabla SSSU je u znacajnoj korelaciji sa polaznom ocenom, odbitkom i kona¢nom ocenom
(r=0.521, p<0.01; r=0.486, P < 0.01; r = 0.596, p< 0.01, redom), kao i varijabla SSSB (r = 0.541, p < 0.01; r =

0.607,P <0.01; r=0.685, p< 0.01, redom).

Zakljucak: Utvrdeno je da postoji znacCajna povezanost izmedu specificnih testova za procenu staticke

ravnoteZe i uspeha na gredi. Iako je poznato da je ravnoteZa jedna od sposobnosti koja je neophodna za postizanje

vrhunskih rezultata na gredi, neophodno je praéenje ove sposobnosti u mladim uzrasnim kategorijama

Kljuéne reci: posturalna kontrola, sportska gimnastika, kona¢na ocena, odbitak
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THE APPLICATION OF POLYGON FOR THE
DEVELOPMENT OF THE BASIC COORDINATION
ABILITIES OF FEMALE HANDBALL PLAYERS

Ivana Boji¢!, Miodrag Koci¢?, Mirsad Nurki¢!, Marina Milenkovi¢?
1 Faculty of sport and physical education in Ni§

2 High technical school ,12. Februar” in Ni§

UDC 796.322

SUMMARY

Introduction: For a successful realization of all movements in handball one of the most important motor
abilities is coordination. The aim of this paper is to determine the differences between the initial and final testing,
upon the application of polygon for the development of the basic coordination abilities of female handball players
in the course of a 12 week training process. Polygons were applied in the preparatory and competitive periods,
three times a week, in the first part of the training unit.

Methods: The subjects sample was comprised of 30 female handball players of the ZRK (female handball club)
Nais from Ni$, aged 12 - 13. For the estimation of the basic coordination abilities a set of seven variables was used.

Results: The results of the Student t - test between the initial and final measurements have shown that there
is a statistically significant difference in the five applied variables: Sideway steps, Driving the ball with the hand,

Retrieving and throwing the ball while sitting, Skipping the rope and Sideway skipping.

Conclusion: On the basis of the research results it can be concluded that polygon as a training method has

significantly contributed to the development of the basic coordination abilities of the female handball players.

Key Words: handball, poligon, coordination

INTRODUCTION
A handball

movements with and without the ball,the change of

game is characterized by the
direction coupled with quick and sudden sprints, a
variety of jumps and landings as well as the
collisions in direct contact with the opponent. For
the successful implementation of the mentioned
movements coordination abilities have an important
role. The same abilities are crucial for the adoption
and improvement of the techniques and tactics, as
well as their application in the unusual
circumstances (skips, different jumps) or in the cases
of imbalances (lands, quick stops, contact sports)
(Bompa, 2005).

In the training process of the younger age female

handball players the simple forms of work are most
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often used; forms such as frontal work, work in
pairs, threes and small groups. Complex forms of
work (work stations, circuit methods, polygons) are
less frequent. When mastering some elements of the
handball training techniques and perfecting the basic
motor skills the most practical way is to apply the
frontal type of work for the purpose of the visibility
and the greater possibility of learning from others’
mistakes, but then one confronts the problem of the
decreased load intensities due to the ineffective
"waiting for one’ s turn" (Bjelobrk, Ohnjec & Grui¢,
2009).

Polygon belong to a complex method of work and
represents a unique exercise which is comprised a
row of a certain number of exercises performed in
succession one after the other, on the track of a

certain length, outdoors or indoors at the practice
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site (Visnjic, Jovanovic and Miletic, 2004). The
combinations of various movements, natural and
derived, which are performed on the established
path from the beginning to the end, are to be

performed in the shortest possible time on the

polygon.
The polygons with barriers are used to develop
coordination skills of children, to improve

endurance, to investigate physical abilities, as well as
for the recreational purposes (Visnjic, Jovanovic and
Miletic, 2004). It was also proved that polygons are
suitable as tests for the measurement of agility
(Proje 1982 according to Visnjic, Jovanovic and
Miletic, 2004). This form of exercise, where the
athletes are required to overcome a number of
obstacles by a successive execution of a number of
exercises (Brankovic and Dragic 2007) is applicable
in the work with the younger teams in almost all
sports, including handball.

Numerous studies have demonstrated that a
specifically programmed training processes
according to age and biological maturity of children
exerts a positive effect on the changes in the motor,
specific - motor and functional abilities of male and
female handball players (Kureli¢ et al., 1975; Bojic et
al,, 2007; Maksimovic, 2000 ; Azumane et al., 2002;
Bompa, 2005; Bojic 2006; Krizan, 2006).

Since handball is a game which is characterized
by frequent changes of the phases of attack and
defense, a great number of passes, shots and feinting
of the players at high speed, this very fact impacts
the planning and programming of the training
process in the younger selections (choice of training
methods, determining the scope and intensity, and
the selection of resources, etc..). One way to increase
the intensity of the training load of young female
handball players is to use the method of polygon
with obstacles, which is currently the problem of our
research.

The aim of this study was to determine the
differences between the initial and final states of the
basic - coordination abilities of the young female

handball players using the method of polygons (in

the introductory part of the training), during the 12-
week training process.

The studies which determine the influence of the
training process on the motor and functional abilities
in male and female handball players by applying the
method of polygons in the training process are
extremely scarce (Bojic, 2008; Bojic, Petkovic, and
Koci¢, 2010). Authors Bjelobrk, Ohnjec & Gruié
(2009) in their professional work provide examples
of basic, specific and situational polygons in working
with young female handball players.

METHODS

Subject sample

The subject sample was comprised of 30 female
handball players of the ZRK (female handball club)
“Naissa” from Ni§, aged 12 - 13, with at least one
year of training experience. The subjects could skip
the training session three times at the most during

the experimental period.

Measuring instruments sample

For the estimation of the basic - coordination
abilities a set of seven variables was used.
According to Metikos et al. (1989):

e Doing the ‘eight’ with bending for the
estimation of the whole body coordination-
e MKOOSA,

o Sideway steps, for the estimation of legs
coordination - MKKUST,

e Driving the ball with the hand, for the
estimation of arms coordination- MKVLRU.
According to Kules et al. (1973):

e Coordination with the bat, for the estimation
of the whole body coordination -MKOPAL

e Retrieving and throwing the ball while
sitting, for the estimation of the whole body
coordination - MKUBLS

e Skipping the horizontal rope, for the
estimation of the whole body coordination -

MKPRVI.
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According to Rapp & Schoder, 1977:

e Sideway skipping, for the estimation of legs
coordination - MKBPRE.

Data processing

Determining the differences between the initial
and final measurements of the subjects the Student’s
t - test was performed, while for the statistical

processing the software IBM SPSS 21.0. was used.

Experiment description

An experimental treatment for the period of 12
weeks was implemented in the sports hall in Nis. The
subjects trained three times a week (total of 36 units
of training) and polygons were represented in the
first part of the training unit for a period of 30 min.
All the movement and motor tasks within the
polygon (9 - 10 obstacles) were already known by

36

the female handball players in form and structure,

and in addition to the natural and derived
movements there were also some elements of the
handball techniques, with and without the ball.
Various props were used to mark the polygons and
place the obstacles (cones, hoops, "the Swedish box",
crotch rope, benches, low beams, etc..).

At the beginning of each training unit, the players
had the first 10 minutes of the introductory warm up
of the body (light jogging and stretching exercises),
and then they approached the polygon exercises. The
motor tasks as well as the obstacles on the polygons
were changed, both during one training session and
every week. The number of the repetitions of the
polygon crossing by the female players was limited
to 5 - 6, after which they changed the tasks and
obstacles on the polygon. Figures 1, 2, 3 and 4 show
only some of the examples of polygon obstacles with

and without the ball.
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Forward and backward Roll

Hopping - one leg, both legs

Passing through

Hoop Jumps leg to leg, sideways

Rope jumps, leg to leg, one leg, alternating

Slalom face front, back behind, sideways

Bench running, lateral jumps bench front, one leg jumps,
hop over,

Jumps from leg to leg,skip

Rope one leg, running
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Fig. 2
1. Forward and backward Roll
2. Slalom face front, back behind, sideways
3. Passing through hoops
4. Bench overjumps, cross jump, bench running
5. Rope jumps, leg to leg, one leg
6. Hoop Jumps flying, sideways
7. Low bench running, sideway, crcross jump hops
8. Rope one leg slalom, rope backward flip
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1. Linear ball drill,slalom,

2 Ball rolling between the pins,

3. Aplayer runs next to bench and drills the ball along the bench,

4. Running next to hoop,

5 Ball drillin in the hoop,

6 Ball drillin A-b sideways leg moving, V-G sideways leg
movement, D-D] sudeways leg movement, B-V direction
running, G-D direction running,

7. Ball drilling while running, in slalom, in sprint

RESULTS

The essence of the Student's t-test is determining
how many times the difference between the
arithmetic means is greater than the standard error
of their differences.

Table 1 shows the difference of the applied
variables of the basic coordination abilities between
the initial and final measurement of the female
handball players.

By comparing the mean values at the beginning
and the end of the experiment using the Student's t-

test, the differences have been found in almost all the
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MOJIUIOH 9 (Ca nontom)

Sprint,

2. Ball drilling in slalom,

3. Oneside feint with false jumpshot,

4 Ball drilling in moving sideways to leg and direction
diagonal running,

5 Sprint,

6. Running on the bench and ball drilling on the bench,

7 Running on the bench and ball drilling along the bench,

8 Ball drilling in backwards running

applied variables of the basic - coordination skills.
Statistically significant differences were obtained in
the values of the five applied variables: sideway
steps - MKKUST (.002), driving the ball with the
hand - MKVLRU (.013), retrieving and throwing the
ball while sitting - MKUBLS (.000), skipping the
horizontal rope - MKPRVI (.033) and sideway
skipping - MKBPRE (.000).

The statistical significance of the differences was
not obtained only in the variable doing the eight with
bending - MKOSSA and coordination with the bat -
MKOPAL.
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TABLE 1 The testing of the differences of arithmetic means

Paired Samples Test
Paired Differences
95% Confidgnce Interval of t |atlsig.
Mean! Error the Difference
Lower Upper
Pair 1 |Doing the ‘eight’ with bending MKOOSA | -,18 |1,27 ,23 -,66 ,29 -,79 J29],434]
Pair 2 |Sideway steps MKKUST -,88 ]1,39 ,25 -1,40 -,35 -3,44]29],002
Pair 3 |Driving the ball with the hand MKVLRU 27 ,10 ,06 48 2,65]29],013
Pair 4 |Coordination with the bat MKOPAL ,90 |2,51] ,46 -,03 1,84 1,97]29],059
Pair 5 zﬁfrﬂge",\i/’l‘}guagfsthmwmg the ballwhile 14 76f 75| 32 2,42 111 J551p9l00
Pair 6 |Skipping the horizontal rope MKPRVI -2,4716,03 1,10 -4,72 -,214 |-2,24]29],033
Pair 7 |Sideway skipping MKBPRE -3,60]3,21] ,59 -4,80 -2,40 -6,14}29],000

DISCUSSION

On the subject sample comprised of 30 female
handball players aged 12 - 13, the differences in the
after 12

experimental training process where polygons as the

basic-coordination  abilities week
form of work in the introductory part of the training
unit were used, were noticed.

The results obtained by testing the differences
between the initial and final measurements applying
the Student’s t - test (Table 1), have shown that
there were noticed statistically significant changes in
almost all of the investigated variables.

A hndball game is a sports game dominated by
the frequent changes of direction coupled with quick
and sudden sprints, a variety of jumps and landings
For the

successfull realization of all these activities among

as well as varied feints of the players.

other abilites, Bompa emphasises leg coordination
(Bompa, 2005).

In our study the subjects have, at the end of the
experimental treatment, achieved significantly
better results in the tests for the estimation of leg
coordination (MKKUST p < .000 and MKBPRE p <
.000). Also, statistically significant changes were
achieved by the players in one test for the estimation
of hand coordination (p < .05). One of the reasons of
such results may be attributed to the use of specific
obstacles and motor tasks on polygon in the

experimental treatment. Similar to our results,

determining the effects of a specifically programmed
training process on the coordination of the legs of
young athletes, were obtained by some other
authors in their researches (Thomas, Philip &
Duncan, 2009; Azumane et al, 2002, Bojic, 2008;
Bojic, Petkovic & Kocic, 2010 ).

When considering the coordination of the whole
body female handball

statistically better results in the following tests:

players have obtained
retrieving and throwing the ball while sitting (p <
MKUBLS and skipping the horizontal rope - MKPRVI
p <.05).

Positive changes in these abilities in female
handball players at the end of the treatment can be
explained by the influence of polygon as a form of
exercise, but also by the effect of the training
which

elements of handball.

process, includes the technical - tactical

Significant changes at the end of the experiment
were not found only in two tests for the estimation
of the whole body coordination, which can be
attributed and explained by the tests performance
difficulties, or by the influence of puberty on the
growth and development of the subjects. The age of
the subjects (12 -13 years) belongs to the early
adolescent period which is characterized by an
intensive growth (annually up to 8 cm in girls) and
by a sharp growth of the lower extremities in
relation to the body and the head, which disrupts the

coordination of children (Puraskovi¢, 2009).
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The research on the use of polygon as a method
of experimental treatments in handball is very
scarce. Authors Bojic, Petkovic, and Koci¢ (2010) in
their papers investigate the effect of different
training programs on the basic coordination skills of
young female handball players and in one of them
they used the polygon method. The results obtained
at the end of the experiment indicated positive
changes in the tested variables for the estimation of
the basic coordination.

Since polygon as a form of exercise was used in
the introductory parts of the training units (about 30
min.), thus obtained results can be also explained
by the influence of other training contents, as well as
by the technical - tactical preparation in the normal

training process of the researched subjects.

CONCLUSION

The aim of our research study was to determine
the differences between the initial and final state of
the basic coordination abilities of young female
handball players by applying the polygon method, in
the course of 12 week training process. On the
subject sample of 30 female handball players aged
12 - 13 a set of seven variables was used for the
estimation of the basic - coordination abilities. The
statistical significance of the differences on the final,
in relation to the initial testing was determined by
the Student t - test.

The results of the t - test have shown that there

were statistically significant differences in
coordination of legs (MKKUST .002, MKBPRE .000),
coordination of hands (MKVLRU .013) and

coordination of the whole body (MKUBLS .000,
MKPRVI .033) of the young female handball players.
On the basis of thusly obtained changes at the end of
the experimental period of the treatment, the
analyses performed and the discussion of the
research results gained, one can conclude that
polygons as a form of exercise can significantly
contribute to the development of the basic
coordination abilities of young female handball
players and that one should use them more often in

the work with these groups.
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PRIMENA POLIGONA ZA RAZVOJ BAZICNIH -
KOORDINACONIH SPOSOBNOSTI RUKOMETASICA

Ivana Boji¢!, Miodrag Koci¢!, Mirsad Nurki¢?, Marina Milenkovi¢z

1 Fakultet sporta i fizickog vaspitanja, NiS, Srbija

2Srednja tehnicka Skola ,12. Februar®, Ni$, Srbija

SAZETAK

Uvod: Za uspesSnu realizaciju svih kretanja u rukometu jedna od znacajnih motorickih sposobnosti je

koordinacija. Cilj ovog rada je da se utvrde razlike izmedu inicijalnog i finalnog testiranja, nakon primene poligona

za razvoj bazicne koordinacije rukometasSica tokom 12 - to nedeljnog trenaznog procesa. Poligoni su bili

zastupljeni u pripremnom i takmic¢arskom periodu, tri puta nedeljno, u prvom delu trenazne jedinice.

Metode: Uzorak ispitanika ¢inilo je 30 rukometa$ica ZRK Naisa iz Nisa, uzrasta 12 - 13 godina. Za procenu

bazi¢nih - koordinacionih sposobnosti primenjen je set od sedam varijabli.

Rezultati: Rezultati Studentovog

t - testa izmedu inicijalnog i finalnog merenja su pokazali da postoji

statisti¢ki znacajna razlika kod pet primenjenih varijabli: Koraci u stranu, Vodenje lopte rukom, Uzimanje i bacanje

lopte u sedu, Preskakanje horizontalne vijace i Bo¢ni preskoci.

Zakljucak: Na osnovu ovako dobijenih rezultata moZe se zakljuciti da je primena poligona kao metoda

treninga znacajno doprinela razvoju bazi¢ne koordinacije rukometasica.

Kljucne reci: Bazicno - koordinacione sposobnosti, rukometasice, poligoni, t - test
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THE DIFFERENCES IN THE METHODS OF FREE
KICK PERFORMANCE OF THE FINALISTS AND
SEMI-FINALISTS OF THE 2010. WORLD CUP

Nebojsa DPosiél, Zeljko Krneta?
1Vocational colleges for the education of teachers and trainers, Subotica, Serbia

2 Faculty of Sport and Physical Education, Novi Sad, Serbia

UDC 796.332.6

SUMMARY

Introduction:The objective of this study is to determine the differences in the presence of the methods of free
kicks in the semi final and final matches at the 2010 World Championship.

Methods: The DVD recordings of seven matches played by each of the following teams: the Representation of
Spain, the Netherlands, Germany and Uruguay, in total 28 matches, were analyzed. We recorded the frequencies of
3 basic types of free kicks: direct blow to attack the opponent, pass in the box and adding the ball low
"Combination." Testing the differences between the teams in different types of free kicks was done using the
Kruskal Wallis test and the differences between pairs of teams using the Mann Whitney test.

Results: Based on the value of Kruskal Wallis test for all three observed variables it can be concluded that
between four observed Representations there are statistically significant differences in the representation of some
methods of free kicks performance in their matches. The value of the level of significance of free kick with direct
blow to the goal of the opponent is 0.019, for free kick with cross shot into the opposition’s box is 0.047, and for
free kick with low ball pass so-called ”combination” is 0.046. To determine the differences between some team
pairs the Mann Whitney U test is applied and according to the pe value it can be oserved that between the Spanish
team of and that of the Netherlands and Uruguay no specifically important statistical differences regarding the
performance of free kicks exist. Between the Teams of Spain and Germany there is a significant difference in the
performance of free kicks with direct blow to the goal of the opponent , where the p is 0.016. The middle rank of
the Spanish team is 10.14., and that of the Germany 4.86. Between the Teams of the Netherlands and Germany
there is a significant statistical difference in the free kicks performed with direct blow to the goal of the opponent,
were the pe is 0.043. Between the Team of Spain and Uruguay there is a significant statistical difference in all three
methods of free kicks performance. For the first variable p is 0.028, for the second 0.027, and for the third 0.004.
Between the National team of Germany and Uruguay there is a significant difference in free kicks with direct blow
to the goal of the opponent the p is 0.043.

Conclusion: No significant differences in the observed variables were expected, due to the ranking of the
national teams. However, the results of the research showed that differences indeed do exist, and that they are
statistically significant. In all of the teams that were observed, free kicks were most often performed with a low
pass of the ball, and the lowest number of shots was made towards the goal of the opponent. The Spanish team
showed, through the overall number of the free kicks performed on the opponents’ side of the field, as one
significant determiner of the difference in their presence on the field, their technical-tactical domination on the

field shown through ball possession.

Key Words: game interruptions, football. Differences.




INTRODUCTION

With the analysis of the games on the World
important data
of the

Championship we came to
concerning the playing characteristics
participants who were entitled to participate on the
basis of their previously demonstrated result
successes in the competition on the world regions
Only the host of the World

Championship 2010 Representation of South Africa

and groups.

participated without playing qualifying matches. 32
Representations participated and there were played
64 matches. There were achieved 145 goals, an
average per match 2.27.

We were interested in what is the distribution of
certain ways of free kicks in the game of the four first
ranked Representations on the World Championship
2010. The aim of this study was to establish the
differences in the prevalence of certain was of free
kicks in the way of playing of the Representation of
Spain, the Netherland, Germany and Uruguay.

Those four teams have different contact index in
their way of playing. The contact index is an
indicator with how much average ball touches per
ball possession one team, one individual player or
one line of players are playing. This can be defined as
deviation from the theoretically simplest way of
playing concerning the number of ball touches when
playing the ball. In theory the simplest is, concerning
the number of ball touches, to play with one touch so
called “first ball”. In this case, the contact index
would be one and there would not be any deviation,
and the deviation is in numbers 0.

The play of the
Representation of Spain on the matches of World
Championship 2010 was 2.25, of the Netherlands
2.10, of Germany 2.16 and of Uruguay 1.87 ( Dosi¢,
2011,2012,2013 a, b).

The average hit of the football player of

contact index in the

Barcelona Messi on the observed matches of
Champions League 2008/2009 was 3.10 per ball
possession ( Posié¢, 2010). On the games played in
2009. between the Representations of France and

Argentina in Marseille the same football player had

2.93 average numbers of ball contacts per ball
possession ( Birman, 2011).
The and the

Netherlands differs also by representation in their

Representations of Spain
playing of reversal balls with one touch to the same
player from whom the ball is received in the attack
zone and in the final zone on the games in South
Africa. In the attack zone p was 0.046, and in the final
attack zone p was 0.009. In the defense zone is not
defined the statistically significant difference by
playing of reversal balls to third player in all three
field zones ( Posi¢, 2013).

On the World Championship held in 1998. in
France from totally 171 achieved goals, 21 is
achieved from free kick ( Bray, 2006 ) what
represents in percentage 14.62 %.

METHOD

RESPONDENT SAMPLE

The entity sample were 28 games played on this
Competition by the Representations of Spain, the
Netherlands, Germany and Uruguay and that 7
games per Representation. In the observed list are
evidenced frequencies of certain modes of free kicks.

SAMPLE OF MEASURING INSTRUMENTS

In the watchlist are evidenced frequencies of
some way of free kicks. For the analysis three
variable were defined:

fkd - free kick with direct blow to the
opponent's goal.

fkc - free kick with banana kick to the opponent's
penalty area.

fkl - free kick with low ball pass so-called
”combination®,

There were evidenced free kicks on the
opponent’s half of field where there is a real
opportunity to achieve a goal with direct shot at the
goal or the actions after performance of free kick.

STATISTICAL ANALYSIS

Data processing was done using the statistical
software SPSS 15. To determine the total difference
between the observed Representations in certain

variable is used the Kruskal Wallis test, and to test
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differences between some Representation pairs is
used the Mann Whitney test.

RESULTS AND DISCUSSION

On 28 observed games played on the World
Championship 2010 played by the first four ranked
Representations is recorded a total of 192 free kicks
performed in so called ” opponent’s half part of
field”. From this number of free kicks with low ball
passing, short or long ball passing it was performed
99 ( 51.56%), and with banana kick in the
opponent’s penalty area were performed 58
(30.21%). There
numerically and in percentage free kicks with direct

shot to the opponent’s goal and that 351i.e. 18.23 %.

were performed at least

In table 1 are presented the test results of the
differences between the Representations in the way
of free kicks performance. We can see on basis of X?
and calculated levels of statistical significance, that
there are statistically significant differences in the
presence of certain ways of free kicks performance
in the game of the four watched Representations. For
free kicks performed by direct shot to the opponent’s
box p = 0.019. For free kicks performed with banana
kick to the opponent’s penalty area p = 0.047 and
free kick with low ball pass so-called "combination”
p = 0.046. For all three variables the significance
level is below the limit of p = 0.05.

TABLE 1 Kruskal Wallis test of the free kicks performance

Variable Representation X2 p df middle rank

Spain 11.07
fkd The Netherlands 17.36
Germany 9.934 0.019 3 8.93
Uruguay 20.64

Spain
fke The Netherlands 19.93
Germany 7.959 0.047 3 17.00
Uruguay 8.79
12.29

Spain
fkl The Netherlands 21.36
Germany 7.989 0.046 3 14.07
Uruguay 13.21
9.36

Legend

fkd - free kick with direct shot to opponent's goal
fkc - free kick with banana kick into the opponent's penalty area
fkl - free kick with low ball pass so-called ”combination“

On the observed matches the average number of
free kicks with direct shot to the opponent’s goal was
1.25, with banana kick to the opponent’s penalty
area 2.21, and with low ball passing so called
of

performed free kicks on so called “ opponent’s half

“combination” 3.39. The average number

part of field” per game was 6.86.

44

The Representation of Spain performed 6 free
kicks with direct shot to the opponent’s goal (9.38
%), with banana kick to the opponent’s penalty area
in total 21 (32.81 %) and with low ball passing to
the teammate were evidenced 37 (57.81 %).

The of the Netherlands
performed 12 free kicks with direct shot to the

Representation
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opponent’s goal (21.82 %), with banana kick to the
opponent’s penalty area in total 19 (34.55 %) and

with low ball passing to the teammate were
evidenced 24 (43.64 %).

37

The Netherlands

Spain

mfkd ®fkc mfkl

23

Germany

Uruguay

Chart 1. The numerical representation of different models of free kicks

The Representation of Germany performed 3 free
kicks with direct shot to the opponent’s goal (9.09
%), with banana kick to the opponent’s penalty area
in total p 7 (21.21 %) and with low ball passing to
the teammate were evidenced 23 (69.70%).

The fourth ranked Representation of Uruguay
performed 14 free kicks with direct shot to the
opponent’s goal (35 %), with banana kick to the

opponent’s penalty area in total 11 (27.60 %) and
with low ball passing to the teammate were
evidenced 15 (37.4%).

In table 2 according to Z value and significance
level, we can see that between the Representations
of Spain and the Netherlands were no statistically
significant differences in the way of free kicks

performance.

TABLE 2 U test way of free kicks performance of Spain and the Netherlands

z middle
variable Representation value rank p

fkd Spain -1.473 5.93 0.141
The Netherlands 9.07

fke Spain -0.389 7.93 0.697
The Netherlands 7.07

fkl Spain -1.886 9.57 0.059
The Netherlands 5.43

In table 3 we can see that between the 0.016), while in the two other free kick

Representations of Spain and Germane there is a
statistically significant difference in the free kick

performance into the opponent’s penalty area (p=

performances there are no statistically significant

differences.
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TABLE 3 U test way of free kicks performance of Spain and Germany

z Middle
variable Representation value rank p

fkd Spain -0.524 8.00 0.600
Germany 7.00

fkc Spain -2.415 10.14 0.016
Germany 4.86

fkd Spain -1.498 9.14 0.134
Germany 5.86

In table 4 we can see that between the
Representations of Spain and Uruguay there is a
statistically significant difference in the three ways
of free kick performance . For free kicks with direct
shot to the opponent’s goal p = 0.028, for banana

kick to the opponent’s penalty area p = 0.027

and with low ball passing to the teammate p = 0.004.
During the qualifications for the World Cup 2010 the
Representation of Serbia has made 20 % effective
attacks started after free kicks (Jankovi¢ et al. ,
2010).

TABLE 4 U test way of free kicks performance of Spain and Uruguay

variable Representation z Middle p

value rank

Spain -2.192 5.14 0.028
fkd Uruguay 9.86

fke Spain -2.208 9.86 0.027
Uruguay 5.14

fkl Spain -2.852 10.64 0.004
Uruguay 4.36

From the results presented in table 5 we can
conclude that between the Representations of the
Netherlands and Germany there is a statistically
significant difference in the way of free Kkicks

performance with direct shot to the opponent’s goal

(p= 0.043). In the way of performance with banana
kick to the opponent’s penalty area and with low ball
passing there were no statistically significant

differences.

TABLE 5 U test way of free kicks performance of the Netherlands and Germany

z Middle
variable Representation value rank p

fkd The Netherlands -2.022 9.64 0.043
Germany 5.36

fkc The Netherlands -1.697 9.36 0.090
Germany 5.64

fkl The Netherlands -0.390 7.93 0.697
Germany 7.07
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In the World

Championship Final in France in 1998. (from the

last 16 matches of the
quarter final to the final ) there were not statistically
significant differences between the winner and the
defeated teams in the performance of cross from

game interruption (Smaji¢, 1999).

In table 6., based on the value of the significance
level we can conclude that in all three variables there
was no significant difference between the
Representations of the Netherlands and Uruguay.
The value of the significance level is greater than the

limit value p=0.05 for all three observed variables.

TABLE 6 U test way of free kicks performance of the Netherlands and Uruguay

z Middle
variable Representation value rank p

fkd The Netherlands -0.809 6.64 0.419
Uruguay 8.36

fke The Netherlands -1.027 8.57 0.304
Uruguay 6.43

fkl The Netherlands -1.121 8.71 0.262
Uruguay 6.29

From the results presented in table 7 we can
conclude that by performance of free kicks with
direct shot to the opponent’s goal there is a
significant difference between the Representations
of Germany and Uruguay (p= 0.005). By variable for
kicks

performed with low ball passing there were no

free kicks to the opponent’s goal and free

statistically significant differences.

Serbia’s National team in the qualifications on the
World Championship 2010 performed 45 % effective
attacks after standard situations - game interruption
and on the World Championship our team did not
even make one effective attack in this way (Jankovi¢
etal, 2010).

TABLE 7 U test way of free kicks performance of Germany and Uruguay

z Middle
variable Representation value rank p

fkd Germany -2.797 4.57 0.005
Uruguay 10.43

fke -1.150 6.29 0.250
Germany
Uruguay 8.71

fkl Germany -0.736 8.29 0.462
Uruguay 6.71

CONCLUSION

Based on the results obtained processing the
collected data, it can be concluded that there are
significant differences in the representation of
certain ways of free k icks performance in the play of
the World

four first ranked teams on the

Championship 2010. It was expected, taking into
consideration the standings of the teams, that there
will not be significant differences in the observed
variables. The results revealed that by all observed
Representations the most frequent way of free kicks
performance is that with low balls and the least used

is that with direct shot to the opponent’s goal. The
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Representation of Spain according to the total
number of executed free kicks to the opponent’s half
part of field, as one of the indicator of force on the
field, confirmed their widely known technical and
tactical dominance on the field expressed with their
ball possession.

A deeper investigation level of the same problem
could be obtained by recording the same variables
but by field zones.

It would be interesting for theory and practice of
football game to determine in a future study the
outcomes and effectiveness of free kicks of the same
Representations and to compare the received results
from previous major competitions such as the World

and European Championships.
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RAZLIKE U NACINU IZVODENJA SLOBODNIH UDARACA
FINALISTA I POLUFINALISTA SVETSKOG FUDBALSKOG
PRVENSTVA 2010.GODINE

Nebojsa Dosiél, Zeljko Krneta?
1 Visoka Skola strukovnih studija za obrazovanje vaspitaca i trenera, Subotica, Srbija

2 Fakultet sporta i fizickog vaspitanja, Novi Sad, Srbija

SAZETAK

Uvod: Cilj ovog istrazivanja je bio da se utvrde razlike u zastupljenosti pojedinih nacina izvodenja slobodnih
udaraca u igri polufinalista i finalista Svetskog fudbalskog prvenstva 2010. godine.

Metode: Analizirani su snimci po sedam utakmica reprezentacija Spanije, Holandije, Nemacke i Urugvaja,
ukupno 28 utakmica. Evidentirane su frekvencije 3 osnovne vrste slobodnih udaraca: direktnim udarcem prema
golu protivnika, centarSutom u Sesnaesterac protivnika i niskim dodavanjem lopte tzv.“kombinacija“. Testiranje
razlika izmedu ekipa u pojedinim vrstama slobodnih udaraca uradeno je primenom Kruskal Wallis testa a razlike
izmedu pojedinih parova ekipa primenom Mann Whitney testa.

Rezultati: : Na osnovu vrednosti Kruskal Wallis testa za sve tri posmatrane varijable moze se zakljuciti da
izmedu Cetri posmatrane reprezentacije postoji statisticki znacajna razlika u zastupljenosti pojedinih nacina
izvodenja slobodnih udaraca u njihovoj igri. Nivo znacajnosti za slobodne udarce izvedene direktnim udarcem
prema golu protivnika iznosi 0.019, za slobodne udarce izvedene centarSutom u Sesnaesterac protivnika 0.047 a
za slobodne udarce izvedene niskim dodavanjem lopte tzv.“kombinacija“ 0.046. Za utvrdivanje razlika izmedu
pojedinih parova reprezentacija primenjen je Mann Whitney test. Utvedeno je da izmedu reprezentacija Spanije i
Holandije i Holandije i Urugvaja nema statisticki znacajne razlike u zastupljenosti pojedinih nacina izvodenja
slobodnih udaraca. Izmedu reprezentacija Spanije i Nemacke postoji statisti¢ki znacajna razlika kod slobodnih
udaraca izvedenih centarSutem u Sesnaesterac protivnika (p=0.016). [zmedu reprezentacija Holandije i Nemacke
postoji statisticki znacajna razlika kod slobodnih udaraca izvedenih direktnim Sutom prema golu protivnika
(p=0.043). Izmedu reprezentacija Spanije i Urugvaja postoji statisti¢ki zna¢ajna razlika kod sva tri nacina
izvodenja slobodnih udaraca. Za prvu varijablu p=0.028, za drugu p=0.027, a za trecu p=0.004. Izmedu
reprezentacija Nemacke i Urugvaja postoji statisticki znacajna razlika kod slobodnih udaraca izvedenih direktnim
Sutom prema golu protivnika (p=0.043).

Zakljucak: Ocekivalo se, s obzirom na plasman reprezentacija, da nece biti znacajnih razlika u posmatranim
varijablama. Medutim, rezultati istrzivanja su pokazali da razlike postoje i da su statisticki znacajne. Kod svih
posmatranih reprezentacija najzastupljeniji je nacin izvodenja slobodnih udaraca niskim dodavanjem lopte, a
najmanje je direktnih $uteva prema golu protivnika. Reprezentacija Spanije je i po ukupnom broju izvedenih
slobodnih udaraca na protivnickoj polovini terena kao jednom od pokazatelja odnosa snaga na terenu potvrdila

svoju opS$te poznatu tehnicko-takticku dominaciju na terenu izrazenu kroz posed lopte.

Kljucne reci: prekidi igre, fudbal, razlike
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THE UNIFIED METHODOLOGY FOR APPLYING
LABORATORY AND FIELD TESTS FOR
DIFFERENT GYMNASTICS DISCIPLINES

Maria Gateval, Milena Tarnichkova?, Nikolai Ivanov?

1 National Sports Academy, Sofia, Bulgaria

UDC 796.01

SUMMARY

Introduction: Over the past few years FIG had the tendency to unify the structure of the routines in different

gymnastics disciplines with all of them keeping their specific content. The most visible changes in the unification

of the Code of Points are the duration of the routine and its dynamics. This outlines the directions of our work. The

aim is to develop and apply a unified set of functional (laboratory and field) tests.

Methods: This publication is part of a two-year major project coordinated with the National Sports Academy

and financed by the Bulgarian Ministry of Education. Sixty high level athletes from rhythmic gymnastics,

acrobatics, aerobics and aesthetic group gymnastics have been tested during the two main periods - preparatory

and competitive. These include two laboratory and three field tests:

VO2max

Submaximal test on treadmill (95% of the maximal test)

Two minute shuttle test
Specific modified gymnastics routine

Competitive routine.

Results: Through this set of tests we can compare the load in different gymnastics disciplines during different
periods of the preparation as well as the current functional state of the gymnasts. Due to the specifics of the
gymnastics disciplines, it is hard to determine the current functional state of the athletes with the commonly used
tests. The need for new, objective tests provoked this investigation and the tests by two authors were created and
applied in it - one in the laboratory and one in the field conditions.

Conclusion: The analyzed and systematized data from the research will be used for the creation of a massive

data base and the determination of the physiological profile of the gymnastics disciplines.

Key Words: physiological profile, functional tests, gymnastics,

INTRODUCTION

All gymnastics disciplines are judged upon their
accuracy of execution, upon how well the gymnasts
perform, and not on their abilities. Obscured by
routine, with beauty, skills and effortlessness, it
could easily be decided that gymnastics don’t require
much effort from the gymnast. Due to the specifics, it
is hard to determine the load and its effect which
represents the aim of the sport training. The need for

an objective functional fitness test in gymnastics

50

disciplines still remains. The anaerobic system is
considered to be the main energy supplier of most of
gymnastics competitive events/routines (Jemni et
al, 2011). Although there are authors (Sawczyn &
Zasada, 2007) who consider the aerobic capacities a
key for a successful training in young gymnasts and
the training sessions are proven to be in an aerobic
regime of work (Gateva, 2008), we strongly believe
that the anaerobic power is dominant and the energy
cost is described by a great value (Dobreva, 2007;
Baldari & Guidetti, 2001 Guidetti et al., 2000).The
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most standard and frequently used tests in
which
mechanical power output are the Force-Velocity test

and the Wingate test (Jemni et al., 2006).

gymnastics  disciplines estimate  the

The aims of our research are to estimate a
physiological profile of gymnastics disciplines and to
develop and apply a unified set of functional

(laboratory and field) tests.

METHODS

The study is a two-year major project
coordinated with the National Sports Academy and

financed by the Bulgarian Ministry of Education.

Subjects

Sixty high level athletes (age 14 to 18) from

rhythmic gymnastics, acrobatics, aerobics and
aesthetic group gymnastics took part in this
investigation. Each group (discipline) was comprised
of 12 athletes (female), for acrobatics both males and
females were tested (24 in total). A written consent
was obtained from all subjects. The investigation
took place twice - during the preparation period and
during the competitive period. All subjects had their

individual training regimes.

Preparation

During the preparation period the testing was
performed within a month’s time - 12th November to
8th  December 2012. The

performed in the competitive period, from 8 April to

second testing was

12 May, 2013. Taking into consideration the main
competition (Europe Championship or national
Championship) and the training tasks of the

gymnasts, we planned our research around them.

Description of the tests

The entire investigation includes five tests - two
in laboratory and three in field conditions:
v' VOzmax

v

v
v
v

2 min Submaximal treadmill test (95% of
the maximal test)

2 min Shuttle test

2 min Specific modified gymnastics routine
Competitive routine.

VO: max- The increase of the incline of the
treadmill with 0,6° (starting from 0°) on
each 30 sec. The speed during the test was
constant - 8,4 km/h.

2 min Submaximal treadmill test (95% of
the maximal test)(authors’ test) -The test
requires a 2 min run on a treadmill with a
constant speed of 8,4 km/h and individually
set the incline of 95% of the maximum for
each athlete. The maximal incline is based
upon:

theoretical maximal pulse,

reached HR and incline during the maximal
test,

extrapolation of the incline as 100% from the
theoretical maximal pulse and calculation of
the 95% of the incline for each gymnast.

2 min Shuttle test - set distance of 10 m
with two lines. Each time the subject is
asked to touch outside the lines. The
covered distance in meters (with accuracy of
up to 0,5 m) is measured for 2 min. Athletes
start in pairs.

2 min Specific Modified gymnastics
routine (authors’ tests) - A 2 min routine
executed with the typical basic exercises for
each discipline. All of the specific exercise
groups are displayed in this routine with
low level of difficulty and structure close to
the competitive one. Each of the gymnastics
disciplines has a different routine
considering its specifics (full description of
the tests in following publications).

Competitive routine - for each of the
gymnastics  disciplines a routine is
performed. For rhythmic gymnastics -
individual one, for acrobatics - balance and
tempo routine, for aerobics and aesthetic
group gymnastics - standard (they have
only one routine).
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Methods

The methods used for each one of the 5 tests are
heart rate monitoring and the concentration of the
blood lactate. Based on those two indicators it is
possible to perform a comparison of the load during
all the tests.
blood

pressure and other associated metabolic and

For laboratory testing gas exchange,

cardiovascular functions indicators were used.

Procedure and protocol of the
testing

Laboratory testing

The subjects undertook a maximal gradual
exercise test on a treadmill enabling the assessment
of their VO, max.

The 2 min submaximal laboratory test was
performed 24 hours after the maximal one took
place.

The start of each of the laboratory tests was
preceded by a three minute light warm up. After
completing each test the subjects were asked to have

a passive recovery period for 10 min.

Gas exchange and heart rate were monitored
during and 10 min after the exercise (load). Breath
by breath gas exchange was measured continuously
using OxiconPro (Yeger, Germany).

Heart rate was recorded by POLAR RCX3. The
recording started at rest and continued until 10 min
post exercise (recovery period).

A blood sample was taken from the fingertip to
assess the blood lactate using an Accutrend Plus
Roche. Lactate was taken before and on the 3rd, 5t
and the 9t min during the recovery period.

Field testing

All 3 field tests were done in one day oF the same
week of the laboratory testing.

In the beginning of the field testing session, a
basic warm up was performed, followed by a 10 min
specific warm up prior to each one of the three field
tests. After the completion of each test the subjects
were asked to have a passive recovery period for 10
min. The next field test was done after 20 min. The
testing order was:

1. 2 min shuttle test
2. 2 min specific modified gymnastics routine
3. Competitive routine.

Summary of the tests used into the project
“Physiological profile of the gymnast’ disciplines and applying specialized tests into practice”
2min 2 min 2 min
Test | VO,max Submaximal Shuttle test Specific modified | Competitive
treadmill test gymnastics routine
routine
Number of 20 20 4 2 2
measured
indicators
Number of 60 60 60 60 60
tested athletes
E;ariods Once — Twice — Twice — Twice — Twice —
testing in the in the in the in the in the
PP* PP* and in the | PP* and in the | PP* and in the | PP* and in the
CP** CP** CP** CP**
\rﬁﬂlvg:; regoes it | Aerobic capacity | Submaximal Submaximal Submaximal Submaximal
ure?
anaerobic-aerobic anaerobic-aerobic anaerobic-aerobic anaerobic-aerobic
capacity capacity capacity capacity

*PP - preparation period

**CP - competitive period

52




International Scientific Conference

DISCUSSION ON THE CHOICE OF
TESTS

VO

determination of the aerobic capacity. The choice of

max - the gold standard for the
the protocol for the test - constant speed with load
increase through increasing the incline of the
treadmill was made considering the subjects’ age
(14-18). The test was necessary for the calculation of
the following submaximal laboratory test. The test
was performed only once - in the preparation
period.

2 min submaximal treadmill test - only several
cases of reaching the theoretical maximal pulse and
respective incline were recorded during the VO, max
test. For most of the subjects the greater incline was
on their second (submaximal) test.

Why did we choose the 2 min submaximal test on
a treadmill:

e Duration is comparable with all gymnastics
disciplines - rhythmic gymnastics up to 1,30
min for individual, up to 2,30 min for group
routine; acrobatics - up to 2,30 min; sport

aerobics - up to 1,30 min; aesthetic group
gymnastics - up to 2,45.

e Intensity and effort are similar to the actual
gymnastics routine - 95% of the maximum.
Gymnastics is known to be a sport with a
competitive  program  (routine) load
described as a submaximal close to the
maximal (Gateva, 2008).

e It is expected to measure the anaerobic
capacity and the beginning of aerobic
capacity (same as gymnastics).

e Itissetup individually for each subject.

e It is expected to be more adequate, precise
and responding to the need of having a
specific test in the gymnastics disciplines.

2 min shuttle test - the reason for its positioning

in the 5 test set is to be the comparison and
transition from the laboratory to field testing. This
test is the closest to the one in the laboratory - same
exercise for the same amount of time. Dosage could
be compared through the body’s response to the run
based on the RH and La values. This test is a unified
method in field conditions to compare different

gymnastics disciplines. In a lab we can follow the

cardiovascular and respiratory system, but not in
field conditions, but based on the two indicators (HR
and La) we can compare the load. The distance of 10
meters was set according to the need of a constant
change of the direction. In aerobics for example to
measure the specific endurance a 7 metres shuttle
test is used (Mineva, 2011; Peeva, 2005; Tarnichkova
et al,, 2007) which we changed to 10 m taking into
consideration the size of all gymnasts floors
(aerobics - 10 m; rhythmic and aesthetic gymnastics
- 13 m. acrobatics - 12 m).

2 min Specific test - specially developed 2 min
routine which could be used once as a tool for
developing the specific endurance and also as an
adequate control for the same ability which can be
easily applied in the field by coaches. It gives a quick
response without the necessity of expensive
equipment. The results 