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FOREWORD

Dear Authors, esteemed Scientists,

It is with deep satisfaction that I write this Foreword to the Proceedings of the XXII International Scientific
Conference “FIS COMMUNICATIONS 2019” held in Nis, October 17 - 19, 2019.

International Scientific Conference “FIS COMMUNICATIONS 2019” continues a tradition of bringing
together researchers, academics and professionals from all over the world, experts in sport, physical
education and recreation.

The Proceedings Book is consisted of 47 full papers written by more than 180 authors from 17 countries.
Papers are divided into six sessions depending on the topics investigated as follows: Physical Education,
Individual Sports, Team Sports, Physical Activity and Health, Sports Medicine and Physiology and
Interdiciplinary.

In addition to the contributed papers, three invited keynote presentations were given by professor
Stephen Silverman from the College of Education, Florida Atlantic University, USA, professor Sigmund Loland
from the Norwegian School of Sport Sciences, Oslo, Norway, and professor Sanela Skorié¢ from the Faculty of
Kinesiology, University of Zagreb, Croatia. Distinguished keynote speakers covered very interesting topics
from research methods and planning successful research careers, across the very actual topic of the using
new technologies in sport, to the always needed competences of the sports managers.

These Proceedings will furnish the scientists of the world with an excellent reference book. I trust also
that this will be an impetus to stimulate further study and research in the field of sports science.

We thank all authors and participants for their contributions.

Chair of the Scientific Committee

Nenad Stojiljkovi¢, PhD
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PLANNING: THE ESSENTIAL INGREDIENT FOR A
PRODUCTIVE RESEARCH CAREER

Stephen Silverman?

ICollege of Education, Florida Atlantic University, USA

UDC 613.2:796

ABSTRACT

This presentation will focus on the key role of planning in developing and sustaining a research program. The
first part of the presentation will focus on helping doctoral students to become productive researchers. Using a
model for planning doctoral research (Locke, Spirduso, & Silverman, 2014) various steps will be discussed that
help graduate students efficiently develop their research program. I will emphasize that quality doctoral research
gives students a good start on their career so they can develop into research-active scholars who will develop a
productive, focused research program. It will be noted that doctoral advisors have obligations to assist students in
transitioning from the role of student to that of professor. When students understand the multidimensionality of
their new role as a university faculty member, the forethought and planning by the student and academic
advisor—throughout doctoral study—assists in that transition. The second part of the presentation will focus on
developing and sustaining a research program as a faculty member. As part of this discussion I will address the
necessity of delimiting the areas of research and planning in a rational manner to make certain that subsequent
studies build on previous research and that publications follow a logical pathway. It will be stressed that
researchers develop a reputation while producing consistent, focused, and quality research over a long period of
time. In order to do this planning and constantly supplementing and augmenting the plan is necessary so that
scholars do not have periods without research production and refereed research publications. A method to keep
productive throughout a research career will be discussed and shown how it helped in my research career. I will
conclude with advice for doctoral students, early-career scholars, and for seasoned scholars since planning and
research production often is dependent on where scholars are in their career.
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ETHICS AND TECHNOLOGY IN SPORT

Sigmund Loland!

INorwegian School of Sport Sciences, Oslo, Norway

UDC 796:62

ABSTRACT

Technology, understood broadly as human-made means to realize human interests and goals, has many
functions in sport. I discuss possibilities and challenges when it comes to the role of technology in realizing sport
values.

In a first section, I provide a tentative categorization of sport technologies and list some of these possibilities
and challenges. Body techniques, sport equipment, and innovative training technologies such as smart watches
and movement sensors raise questions of fairness, equal access and risk of harm. Some technological innovations
such as the sharkskin swimsuit, or so-called self-correcting golf balls, also challenge core ideas of the nature of
performance in the affected sports.

The most heated ethical debates concern biomedical technologies used with the intention to enhance
performance. [ pay particular attention to technologies that are administered by external expertise and do not
require athlete insight and control such as drugs (doping).

In a second section, and using practical examples and normative theory, I propose an ethically reflective way of
distinguishing between admirable, acceptable, and non-acceptable technology in sport. I argue in favour of what I
refer to as a thick theory of sport in which athletic performance at its best can be understood as an embodied
instantiation of morally admirable human excellence. The thick theory implies opening for technology based on
athlete insight, control, and responsibility, and rejecting technology administered primarily by external expert
systems.

I conclude with reflections upon future technological challenges to sport, in particular challenges posed by
genetic technologies.

References

Fouché R. 2017. Game changer. The Techno-scientific Revolution in Sport. Baltimore: Johns Hopkins University
Press.

Loland S. 2011. Genetics and ethics in elite sport. In: Bouchard C, Hoffman EP (eds.) Genetic and Molecular
Aspects of Sport Performance. Hobroken, NJ: Wiley Blackwell, 353-361.

Loland S. 2018. Ethics of technology in sport. In: Morgan, W] (ed.) Ethics in Sport. Champaign, Ill.: Human
Kinetics, 273-286.

Loland S. 2018. Performance-enhancing drugs, sport, and the ideal of natural athletic performance. American
Journal of Bioethics 18 (6): 8-15. (Target article)

Oberdieck H, Tiles M. 1995. Living in a Technological Culture: Human Tools and Human Values. London:
Routledge.
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COMPETENCIES OF SPORT MANAGERS

Sanela Skoriét

1Faculty of Kinesiology, University of Zagreb, Croatia

UDC 796.005

ABSTRACT

First master degree programme in sport management was established in 1966 in Ohio University (Stier, 1993).
The list has since than grown to almost 250 master programmes in USA, around 30 in Europe, 13 in Asia, 7 in
Canada, 5 in Australia, and 1 in New Zeland, India and Africa (NASSM, 2019). According to Petry, Froberg and
Madella (2006), sport management professions in Europe are educated in two main ways: “the first way is to get
the basic education from “Sport Sciences” and then in the end of the studies specialize on more or less sport
management related management, financing, economics etc. or special sport management subjects; the second is
to star with general management, economics, financing etc. and then specialize in the end on sport management or
closely sport management related subjects.” (p. 173) Although some curricular guidelines to different sport
management types of programmes can be found, the research of sport management master’s programs within the
U.S. “indicate that there is not a common core of classes students take that provide uniformity among programs.”
(Willet, Brown and Goldfine, 2017) which confirms (the need for) always present curricula adaptations
(Braunstein-Minkove, DeLuca, 2015). In order to develop a curriculum, one should define the area (industry),
occupations for that area, activities for each occupation as well as corresponding competencies, and finally
learning outcomes (see Petry, Froberg, Madella, 2004, 2005, 2006). Competencies “cover a broad range of higher
order skills and behaviours that represent the ability to cope with complex, unpredictable situations.” (Westera,
2001:80) It is a “proven ability to use knowledge, skills and personal, social and/or methodological abilities, in
work or study situations and in professional and personal development.” (Council of the European Union,
2017:14) A number of researchers addressed the issue of competencies of sport managers (Barcelona, Ross, 2004;
DeSensi, Kelley, Beitel, 1990; Farner, Schiittoff, 2019; Horch, Schiitte, 2003; Jamieson, 1987; Ko, Henry, Kao, 2011;
Lambrecht, 1987; Petry, Froberg, Madella, 2004, 2005, 2006; Retar, Plevnik, Kolar, 2013; Skorié, 2008, 2009,
2018). Studies were conducted in different setting (private, public), included practitioners, academia and students,
and covering a broad range of employment opportunities (in both recreational and competitive sport). Although
competencies are context specific, majority of the research find communication and organising skills as the most
important ones (DeSensi, Kelley, Beitel, 1990; Farner, Schiittoff, 2019; Horch, Schiitte, 2003; Lambrecht, 1987;
Petry, Froberg, Madella, 2004, 2006; Skorié, 2009, 2018) and recommend curriculum development to be broad
and interdisciplinary.
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ABSTRACT

The aim of the research was to determine the relations and influences of coordination on the result in sports
climbing in women. The research was conducted on a sample of 11 female participants, aged 16+1.55 years,
participants of the Youth World Cup in Arco-Italy 2015. The research was conducted by the use of 3 variables for
the estimation of coordination (the obstacle course backwards in seconds - POLN, coordination with a baton -
KOPA and 20 steps with a baton - 20IP), and 3 variables for the estimation of the result in sports climbing
(bouldering - BOULDER, lead climbing - LEAD and speed climbing - SPEED). Based on the obtained results we can
conclude the following: There aren’t statistically significant relations between sets for the estimation of
coordination and the overall result in sport. However, there is a statistically significant influence of coordination
on the result in lead climbing both at the multivariate and some univariate level of each variable individually. This
means that the participants whose coordination is at a higher level show better results in this discipline. However,
the analysis of the influence of coordination on the success in disciplines of bouldering and speed climbing did not
show a statistically significant influence at the multivariate level. A general conclusion is that the development of
this ability of the climbers should by no means be neglected.

Keywords: coordination, bouldering, lead and speed climbing

INTRODUCTION

Climbing is a movement-dependent sport. The
vast majority of climbers overlook this fact,
preferring to concentrate on more concrete and
measureble issues like strength and flexibility... No
other factors in training rightfully deserve more
attention than coordination and technique. (Goddard
& Neumann, 1993) Climbing technique comes down
to linking basic foot, hand, and body positions into
one flowing, upward motion. The basic positions are
easily outlined, but their permutations are infinite.
(Bisharat, 2009)

All  climbing disciplines demand strength,
endurance and skills acquired during long
systematic training. Physical preparation for sports
climbing implies increased volume and specificity of
the trainings as forwarding towards the elite athletes
sports form. Since majority of sports climbers do not
follow any expert plan of training (Twight & Martin,
1999) but utilize their ‘feelings’ it is assumed that
more advanced climbing formula could be obtained

by the administration of systematic and documented
sports climbing’s principles, these being frequencies,
intensity, duration and types of trainings (Wilmore &
Costill, 1999) which are to be selected considering
specific motor abilities of each single climber.

Most of the researchers involved in sports
climbing dealt with the study of general and specific
strength and endurance as the key factor in success
in sports climbing (Grant et al, 1996; Grant et al,,
2001; Binney & Cochrane, 2003; Watts et al., 2003;
Schweizer & Furrer, 2007; Espafia-Romero et al,
2009; Stankovi¢, 2009; Stankovic et al,, 2011; Puleti¢,
2014). It was also proven that specific flexibility
(Grant et al.,, 1996; Grant et al,, 2001; Puleti¢, 2014;)
and balance (Testa, Martin, & Deb(i, 1999; Quaine &
Martin, 1999; Ignjatovi¢ et al,, 2016) influence the
result in sports climbing. A very small number of
authors studied coordination as one of the most
important motor skills responsible for success in
sports climbing (Magiera, & Ryguta, 2007; Orth,
Davids, & Seifert, 2016). Good coordination has
always been taken for granted and trained through
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mental visualization of the direction of the climb
(Stankovi¢ et al, 2011). Considering the fact that
coordination represents the joint effect of the
nervious system and the skeletal muscles within the
movement process (Przulj, 2000) and that it takes
part in the realization of each movement structure,
from the most simple to the most complex, the
influence and importance of these abilities increase
with the complexity of the motor activity, and
usually is manifested in situaitons which require a
quick solution to a problem at the motor level
(Herodek, 2006). As a result, perceptual and motor
adaptations that improve skilled coordination are
highly significant for improving the climbing ability
level (Orth, Davids, & Seifert, 2016).

However, it has been confirmed by many authors
that performance in sport climbing cannot only be
defined by means of one variable, but it is a set of
different groups of human abilities, skills and
properties. (Glée & Rousselet, 2003; Goddard &
Neuman, 2000; Mermier et al, 2000; Guyon &
Broussouloux, 2004; Horst, 2003; Magiera, & Rygutla,
2007).

The aim of the work is to determine the relations
and influences of coordination on the result in sports
climbing.

METHODS

Subjects

The sample of the participants was extracted
from the population of female participants, aged
16+1.55 years, at the Youth World Cup in Sport
Climbing in Arco-Italy held from August 28, 2015 to
September 6, 2015. The research was conducted on
11 participants, and the sample involved each
participant, provided that they were healthy at the
time of testing and voluntarily agreed to participate
in the research.

Measuring instruments

In this study, the following tests were applied to
estimate the coordination of the sport climbers: the
polygon backwards in seconds (POLN), coordination
with a baton (KOPA) and 20 steps with a baton
(201IP). The applied set of tests of general power was
taken from the research of Kureli¢ et al. (1975). It
has been used numerous times in basic experimental

22

research and has an appropriate level of metric
characteristics in explaining the tested motor
dimensions. The result in sports climbing, and
simultaneously the criterion variables were
represented by the result in bouldering (BOULDER),
lead climbing (LEAD) and speed climbing (SPEED)
expressed in points, achieved at the Youth World
Cup in Arco-Italy in 2015 in these three disciplines.

Statistical analysis

The statistical methods of analyses included:

Descriptive statistics comprised: number of
participants (N), mean value (Mean), standard
deviation (SD), minimum (Min) and maximum (Max)
numerical results, range (Range) and standard error
of the mean wvalue (Error). Discriminative
measurements were performed by two procedures:
Skewness (Skew) pointing to the symmetry of
substance layout around the arithmetic mean and
Kurtosis (Kurt) designating peakedness or flatness of
distribution.

The correlation of predictor and criterion
variables (each with each) was shown in the matrix
of intercorrelations and cross-correlations.

To determine the relations of coordination to
sports climbing success, a canonic correlation
analysis was used. This analysis explains the relation
structure for the two sets of variables. The
followings were computed: size of the canonic
correlation (Canonicl R), Canonic power of
determination (Canonicl R2), Bartlett Lambda test
(Chi-sqr), Degree of freedom (df) and Degree of
significance (p). In column (Root) a structure of
isolated canonic factors was shown.

To determine the influence of the predicting
variables (tests of the coordination) on each
criterion variable, a regression analysis was used. It
contains the following parameters: coefficient of
correlation (r), coefficient of the partial correlation
(Part-r), standardized regression coefficient (Beta),
vector of the standardized regression coefficient (t),
significance of beta coefficient (p-level), coefficient of
the multiple correlations (R) coefficient of the
determination (R2), and the level of the significance
of regression connection on a multivariate level (p).

Raw data were processed by means of Statistica
10.0 software package. Statistical significance was
determined at the level of p<0.05.
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Table 1. Descriptive Statistics for the estimation of coordination in sports climbers and the results in sports
climbing
Variables N Mean Min Max Range SD Error Skew  Kurt
POLN(s) 11 830 7.04 9.36 232 0.693 0.209 -0.1983 -0.1560
KOPA(s) 11 3.86 327 489 162 0408 0.123 1.4427 4.3749
201IP(s) 11 12.55 1049 19.33 8.84 2.643 0.797 2.1248 4.2640
BOULDER(points) 11 43.64 0.00 100.00 100.00 33.494 10.099 0.6890 -0.3323
LEAD(points) 11 27.27 0.00 100.00 100.00 35.191 10.611 1.2052 0.4350
SPEED(points) 11 3.73 0.00 26.00 26.00 7.837 2363 2.7367 7.8716

Analysing Table 1 showing the results of the
central and dispersion parameters of the applied
variables it can be stated that discrimination of the
tests is good because in the intervals of the minimal
(min) and maximal (Max) results comprise always
about 3 to 5 standard deviations (SD), which enables
us to state significant sensibility of all applied tests.
By reviewing the data responsible for the symmetry
of the distribution around the arithmetic mean

(Skew) we can notice that the distribution is
symmetric for the variables POLN and BOULDER,
slightly curved to the left in variable LEAD and
KOPA, and strongly curved to the left in variables
20IP and SPEED. By analyzing the kurtosis we can
notice that the results in variables KOPA, 20IP and
SPEED are quite compressed, whereas they are
lengthy in other variables (POLN, BOULDER and
LEAD).

Table 2. Matrix of intercorrelations

Variables POLN KOPA 20IP _ BOULDER LEAD SPEED
POLN(s) 1.000
KOPA(s) 0.083  1.000
201P(s) 0444 -0.031  1.000
BOULDER(points) -0.438 -0.159  0.213 1.000
LEAD(points) 0401 -0210  0.448 0433 1.000
SPEED(points) -0.556 -0.512  -0.036 0.713  0.229  1.000

Note: Marked correlations are significant at p <.05

Analysing matrix of correlation (table 2) it can be
concluded that the intercorrelations of the applied
variables for the estimate of the coordination and
results in sports climbing we can notice only one
statistically significant coefficient. It is coefficient

between the variables SPEED and BOULDER (0.731),
which are responsible for the evaluation of success
in sports climbing. The other coefficients were not
statistically significant.

Table 3. Canonic factors of coordination and success in sports climbing and their significance

Canonicl-R  Canonicl - R2  Chi-sqr.  df p
1 0.9341 0.8726 16435 9 0.0584
2 0.6013 0.3615 3.041 4 0.5510

The canonic correlation analysis (table 3) showed
that no statistically significant canonical factor was
isolated, that is, that there was no statistically
significant connection between the group of
variables for the evaluation of coordination and the

group of variables for the evaluation of success in
sports climbing. As a result, no further analysis of the
factor structure of the left and right set was carried
out.

Table 4. Regression analysis of the variable BOULDER by means of the system of variables of coordination

Variables r Part-r Beta Std.Error t(7) p-value
of Beta
POLN(s) -0.438 -0.602 -31.539 15.807 -1.9953 0.0862
KOPA(s) -0.159 -0.115 -7.355 24.060 -0.3057  0.7687
20IP(s) 0.213 0.501 6.332 4.131 1.5328 0.1692
R=0.637 R?=0.406 F(3,7)=1.596 p< 0.27432
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Table 4 shows the results of relatedness of the
system for the estimation of coordination and the
results in BOULDER climbing. By analyzing these
results it can be said that there is no statistically
significant correlation of the system on a
multivariate level p < 0.27432. This explains the

relatively high coefficient of multiple correlation R =
0.637, as well as the coefficient of determination R? =
0.406 which explains the correlation of the whole
system of coordination and criterion variable with
about 41%. Also, there is no significant influence at
the univariate level too.

Table 5. Regression analysis of variable LEAD by means of the system of variables of coordination

Variables r Part-r Beta Std.Error t(7) p-value
of Beta
POLN(s) -0.401 -0.747 -37.157 12.495 -2.9737 0.0207
KOPA(s) -0.210 -0.211 -10.872 19.020 -0.5716 0.5855
20IP(s) 0.448  0.764 10.238 3.266 3.1350 0.0165
R=0.815 R?= 0.664 F(3,7)=4.608 p< 0.04402

Analysing Table 5, which shows results of the
connectedness of the system of coordination and the
results in LEAD climbing, it can be noticed that the
coefficient of multiple correlation was 0.82 (R =
0.815), which explains the common variability
between the system and criterion variable with
about 66% (R* = 0.664). These results give a
statistically significant explanation of the criterion
variable by means of the system for the estimation of

coordination (p < 0.04402), thus it can be concluded
that system for the estimation of coordination has a
statistically significant influence on LEAD climbing.
By analyzing single regression coefficients, it can
be noted that two of three coefficients are
statistically significantly related to the criterion
variable BOULDER. These include the POLN test with
a coefficient of significance of p<0.0207 and the 20IP
test with a coefficient of significance of p<0.0165.

Table 6. Regression analysis of the variable SPEED by means of the system of variables of coordination

Variables r Part-r Beta  Std.Error t(7) p-value
of Beta
POLN(s) -0.556 -0.643 -6.999 3.151 -2.2214  0.0618
KOPA(s) -0.512 -0.567 -8.726 4796 -1.8194  0.1117
20IP(s) -0.036  0.293  0.667 0.824  0.8101 0.4445
R=0.754 R?= 0.569 F(3,7)= 3.080 p< 0.09962

By analyzing the data in Table 7, which shows the
results for the influence of coordination on the
SPEED climbing, we can conclude that there is no
statistically significant connection within the system
at the multivariate level p < 0.09962. The coefficient
of multiple correlation was 0.75 (R = 0.754), which
explains the common variability between the system
and criterion variable with about 57% (R? = 0.569).
There was also no statistically significant influence
of individual variables for estimation of coordination
on the result in SPEED climbing.

DISCUSSION

An analysis of the corresponding canonic
functions (table 3) points to the assumption that
result in sports climbing don't depends on
coordination, considering that there is no isolated
statistically significant factor. This means that these
two systems of variables are not closely related, that
is, that the overall placement on climbing
competitions in all three climbing disciplines is not
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closely related to the results achieved on the tests of
coordination. This connection should still be sought
in the tests of strength and endurance. (Goddard &
Neumann, 1993; Grant et al., 1996; Grant et al., 2001;
Schweizer & Furrer, 2007; Espafia-Romero et al,
2009; Stankovi¢, 2009; Stankovic et al,, 2011; Puleti¢,
2014), specific flexibility (Grant et al., 1996; Grant et
al, 2001; Puleti¢, 2014;) or/and balance (Testa,
Martin, & Debl, 1999; Quaine & Martin, 1999;
Ignjatovi¢, Stankovi¢ & Pavlovi¢, 2016).

The regression analysis of the connection of the
system for the estimate of coordination and each of
the variables for the estimation of the result in
sports climbing individually is shown in Tables 4, 5
and 6. Based on their analysis in can be concluded
that there is a statistically significant influence of
coordination on the result in lead climbing, while no
such influence exists in the case of boldering and
speed climbing. This means that the participants
whose coordination was at a higher level achieve
better results in lead climbing. Within a framework
of the individual influence on lead climbing, the 20IP
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test and POLN test were highly influential. Bearing in
mind that this significance was determined in the
case of the POLN test with a negative, and in the case
of the KOPA test with a positive sign, we can
conclude that the higher ranking female competitor
in lead climbing will be the one who achieved better
results for the POLN test, and lower results for the
20IP test.

Considering that coordination is under the
extensive influence of the nervous system (Goddard
& Neumann, 1993; Ni¢in, 2000; Przulj, 2000;
Herodek, 2006; Orth, Davids & Seifert, 2016) and
that elite climbers exhibit advantages in detection
and use of climbing opportunities when visually
inspecting a route from the ground and when
physically moving though a route (Orth, Davids &
Seifert, 2016), The development of this ability should
not by any means be neglected by climbers, since in a
sport which is achieving a peak of its own, even the
slightest feature could decide between winning or
losing.

CONCLUSION

Based on the obtained results one can conclude
the following:

There aren’t statistically significant relations
between sets for the estimation of coordination and
the overall result in sport.

However, there is a statistically significant
influence of coordination on the result in lead
climbing both at the multivariate and some
univariate level of each variable individually. This
means that the participants whose coordination is at
a higher level show better results in this discipline.
However, the analysis of the influence of
coordination on the success in disciplines of
bouldering and speed climbing did not show a
statistically significant influence at the multivariate
level. A general conclusion is that the development of
this ability should by no means be neglected by
climbers.
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ABSTRACT

The aim of this study was to examined the influence of kinematic kick start parameters on time to 10 m which
determines the efficiently executed swimming start. Fifty-five male sprint swimmers (Age = 20.24 + 2.85 yrs,,
Height = 1.82 + 0.63 m, Weight = 74.8 + 7.72 kg, FINA2017 - long course = 526.40 + 115.49 points) completed two
kick-starts corresponding to 10 m with maximum swim effort. The sample of predictor variables included four
kick-start kinematic parameters for the estimation of swimming start (Angle of the rear knee joint at set position,
Angle of the front knee joint at set position, Angle of the front knee joint at take-off position and Body Entry Angle)
and maximum swim effort coresponding to 10 m was a criterion variable (T10m). The influence of starting
parameters on T10 m was examined by regression analysis. According to the results obtained in this research
there is one statistically significant optimum multiple regression model for kinematic kick start parameters to
predict the T10m witch defined using variables: Angle of the front knee joint at set position and Angle of the front
knee joint at take-off position (F = 3.44, p = 0.04). It can be concluded that the key kinematical parameters for the
effective execution of the swimming start are represented by angle of the front knee joint at set position (127.05 *

8.96 degrees) and angle of the front knee joint at take-off position (109.29 + 14.14 degrees).

Keywords: swimming, starting block, take-off angle

INTRODUCTION

The swim start technique has evolved, from the
conventional start (arm swing), grab start, track
start to the kick start. Starting velocity can be
measured up to 10 m distance mark (Arellano et al,,
1996; Blanksby, Nicholson, & Elliott, 2002; Beretic et
al. 2013) or the 15 m mark (Mason and Cossor, 2000;
Cossor and Mason 2001; Tor et al. 2015). In the grab
start both feet are positioned parallel with toes
curled over the front edge of the starting block. The
track start has one foot at the front edge of the block,
the other is displaced towards the rear of the block
with hands grabbing the front edge of the starting
block. The kick start is a modified track start that
allows the rear foot to be placed upon a kick plate
which is set up at a 30-degree angle from the surface
of the block and can be moved through five different
locations on the starting platform. Starting block for
kick start designed by Omega (OSB11, Corgemont,
Switzerland), and has the international FINA

approval. There have been many publish studies that
have compared different techniques of swimming
start (Blanksby, Nicholson, & Elliott, 2002), or
evaluated different elements of foot placement on
the block (Breed and McElroy, 2000; Takeda et al,,
2012), entry angle (Groves & Roberts, 1972) and
starting position (Welcher, Hinrichs, and George,
2008; Honda, Sinclair, Mason, & Pease, 2012).
Previous studies (Honda, Sinclair, Mason, and Pease,
2010; Nomura, Takeda, and Takagi, 2010) found
significant differences between kick start and track
start and concluded that using the kick plate proved
advantageous during the start. Kinematic analysis is
an important element in training programs, and
involves an evaluation of strategies used by elite
athletes (Jorgi¢, OkicCi¢, Stankovi¢, Dopsaj, &
Thanopulos, 2011).

The purpose of this study was to determine the
influence of kinematic kick start parameters on time
to 10 m i.e. angle of foot placement on the block at
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set position and take-off position on start velocity of
elite competitive swimmers.

METHODS

Subjects

The sample consisted of 55 active male
swimmers (Age = 20.24 + 2.85 yrs., Height = 1.82 +
0.63 m, Weight = 74.8 + 7.72 kg, FINA2017 - long
course = 526.40 * 115.49 points) at a competitive
level. All the participants’ parents provided written
consent after being informed of the test protocol.
The protocol of the study was approved by the
ethical committee of the University of NiS, Faculty of
Sport and Physical Education, Serbia, and they
conformed to the Code of Ethics of the World
Medical Association (Declaration of Helsinki).

Procedure

To evaluate the kinematic kick start parameters
where used: Angle of the rear knee joint at set
position (UZNNB), Angle of the front knee joint at set
position (UPNNB), Angle of the front knee joint at
take-off position (UPNNO) and Body Entry Angle
(UUTUV) taken from the image obtained by the
camera expressed in degrees. To evaluate effective
execution of the swimming start we used Time to 10
m (T10m), which represent time from the starting
signal to the point where the apex of the swimmer’s
head pass through a mark line drawn on the image
obtained by the camera expressed in seconds (s).

Before the participants began the testing all of
them had a warming up swim of 20 to 25 minutes,
which consisted of a full stroke swimming, sprints
and starts. The participants were instructed to
perform a maximum swim effort up to the 10 m

RESULTS

Table 1. Descriptive statistics (n=55).

using kick start. The test was repeated two times
with a 5-minute break between tests in same day,
and the test with the fastest results was used for
further analysis. The starting block (SO2-X, Alge
Timing - Austria) specifications were as follows: the
height above the water surface was 0.72 m; the
starting platform was 0.56x0.56 m, with 82 slope;
the kick pedal used as a back plate was set 0.44 m
from the front edge of the platform at a 302 angle to
the starting platform. One transverse video camera
(GoPro, Hero 4 Black Edition) with a frequency of
120 fps equipped with a wide angle to obtain a wider
field of vision were positioned at 5 m perpendicular
to the long axis of the pool. The lane buoys in the
pool and starting block were used as distance
markers. Each race was analyzed with specialized
software Kinovea, Version 0.8.15
(www.kinovea.org).

Statistical analysis

To determine the influence of kinematic kick start
parameters on time to 10 m, a regression analysis
(backward method multiple-regression analysis)
was used, where the following statistical parameters
were calculated: the multiple correlation coefficient
(R), the coefficient of determination (R2), the result
of the F-test (F) and level of statistical significance
(p). In order to determine the influence of each
individual variable in the regression analysis, the
following was calculated: the coefficient of the
partial  correlation (part-r), the correlation
coefficient (r), standardized coefficients of a partial
regression (Beta), the results of the t-test (t) and
statistical significance (p). All the statistical
operations were performed using software SPSS
19.0. and the level of significance was set at p < 0.05.

Age(year) 2024 2.848 14.1% 17 28
NG is200s5 6.28615 3.5% 161.50 194.50
IWeigheka) T 7asise 7.72011 10.3% 57.80 89.90
PENAEORS) I 52640 115.494 21.9% 350 795
FomE T 43000 0.35332 8.2% 3.70 5.86
| UZNNB (degrees) 97.80 13.622 13.9% 70 125
[UPNNB (degrees) | 12705 8.955 7.0% 106 146
DUPNNO@egrec I 10929 14139 12.9% 75 153
| UUTUV (degrees) 37.73 7.243 19.2% 25 56

Legend: Mean - mean, Std. Dev - standard deviation, Cv: coefficient of variation, Min - minimal result, Max - maximal result

28



International Scientific Conference

Table 2. Backward method multiple-regression analysis (n=55).

-0.009 -0.238 -1.774

0.008 0.307 2.292

Legend: Unstd.Beta = Unstandardized regression coefficient values, Beta = Standardized regression coefficient values, t =
Standardized regression coefficient significance tests, p = Standardized regression coefficient level of significance, R= Multiple
correlation coefficient, R2 adjust = Adjusted determination coefficient, Std. Err. Est. = Standard error of the estimate, F = Multiple
regression analysis significance tests, p = Multiple correlation level of significance.

Table 1. shows the values of basic parameters of
descriptive statistics for all the studied variables.
The results of the regression analysis in Table 2.
indicate the optimum multiple regression model for
kinematic Kick start parameters to predict the T10m
was defined using variables UPNNB and UPNNO (F =
3.439, p = 0.040) which explain 8% of the variance
with standard error of the estimated level of + 0.34 s.
Also, there is a statistically significant partial
influence of variable UPNNO (t = 2.292; p = 0.026)
for the tested group of swimmers. A negative sign
indicates that higher values of UPNNB (127.05 * 8.96
degrees) influence faster execution of swimming
start while smaller values of UPNNO (109.29 + 14.14
degrees) affect faster execution of swimming start.

DISCUSSION

In the Kkick start, the rear knee joint angle had a
value close to 90 degrees. The results of this
research indicate that the tested group of swimmers
(T10m = 4.30 + 0.35 s; UZNNB = 97.80 + 13.62
degrees; UPNNB = 127.05 * 8.96 degrees; UPNNO
=109.29 * 14.14 degrees; UUTUV = 37.73 + 7.24
degrees) has higher values of UZNNB (97.80 vs. 90
degrees) and UPNNB (127.05 vs. 120 degrees) than
recommended in the manufacturer of starting blocks
with a back plate that was approved by FINA
(OSB11, Corgemont, Switzerland). Previous research
has shown that the lower body muscle potential
represent major component that affect the overall
start performance (Croin and Hansen, 2005; Beretic
et al, 2013). The obtained results confirm the fact
that the angle in the knee joint should be from 105 to
120 degrees in order to achieve the maximal muscle
force production (Lindahl, Movin, and Ringqvist,
1969), similar results were also found in the
Yamauchi, Mishima, Fujiwara, Nakayama, and Ishii
(2007) studies that concluded that maximal muscle
force when the foot position was at 80-90% of the
leg length witch is approximately 106 degrees to 128
degrees. Jorgi¢ et al. (2011) found difference in the
take-off angle between the grab and the track start
where the take-off angle was a significant smaller
(p=0.04) in the track start. Maglischo (2003)
considered that in the grab start, the angle of take-off

0.082
0.026

0.342 0.083 0.338 3.439 0.040

should be at 30 to 40 degrees. On the basis of our
results and the results of the previous studies, we
consider that kinematic kick start parameters as one
of most important things for efficiently executed
swimming start.

CONCLUSION

According to the results in this study, we can
conclude that there is statistically significant
influence of kinematic kick start parameters on time
to 10 m. Key kinematical parameters for the effective
execution of the swimming start are represented by
angle of the front knee joint at set position and angle
of the front knee joint at take-off position. In
addition, in the kick start we recommend that the
anglee of the rear knee joint at set position had a
value close to 90 degrees, also front knee joint at set
position had a value close to 120 degrees.
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ABSTRACT

The aim of this study was to describe the differences in the running pace between men and women in the half
marathon. We used the results of first 50th man and women competitors from the 2017 Vienna Half Marathon,
The race was divided into 5 segments, from 0 - 5km, 5 - 10km, 10 - 15km, 15 - 20km, 20 - 21,1km, which measured
the change in pace of running in both men and women. Based on the obtained results, it can be concluded that the
variability in the pace decreases to the third segment in men, but in the fourth and fifth segments it increases
sharply, while the situation in women is almost similar. Mostly the reason for this is because runners generally
start much faster at the start of the race, when they are more rested, there is euphoria and adrenaline at the start,
overestimate their capabilities and how much they are currently ready and/or follow the pace of other runners.
Women dictate the pace better than the men in the half marathon, but as the race progresses, they slow down the
pace of the race too. They run above average until the third segment, ie from 10 to 15km, where there is a sharp
fall in the pace of running in the fourth and fifth segments. It was found that there were statistically significant
differences in the pace of running between men and women only in the third segment of the halfmatathon race

(between 10 and 15km).

Keywords: pace, fatigue, race tactics, effect

INTRODUCTION

Long distance running disciplines are physically
very demanding disciplines. For success in these
disciplines, aerobic energy sources (aerobic
glycolysis and lipolysis) and, to a lesser extent,
anaerobic lactate sources, are the most important.
From a motor point of view, long distance running
requires a high level of endurance in racing. Running
long distances has its roots in prehistoric times. Back
then, it was extremely important for people's
survival and survival that they could run long
distances in search of food in a short time. Even
today, there are tribes in Africa who hunt by chasing
animals for tens of kilometers, until the animal is
exhausted. (Cuk & Raki¢, 2019).

Running at a uniform speed is, both in physical
and tactical terms, a significant factor in achieving
results in mid- to long-distance running. An
appropriate strategy for running a tactically efficient
race begins with selecting the optimal running
speed. Running pace is closely correlated with
running tactics in the race. For each competition in
each sport, preparation also consists of a tactical

plan to ensure the best possible placement or
victory. Practicing and applying tactics comes into
play in the initial forms of training and competition,
in its simplest form. Later, tactics become more
important when the level of technical mastery and
physical preparation is raised to a higher level.

Running a tactically efficient race can be a
deciding factor in achieving the expected results and
placement. The appropriate strategy starts with
choosing the optimal running speed. Running in the
middle and long distances are very popular athletic
disciplines in the world. In order to be able to resist
the various tactical variants, runners in the medium
and long distances must be well trained in changing
the pace of running and have so-called "A sense of
running pace." An important feature of any tactical
procedure is the athlete's ability to immediately
apply the appropriate tactical variant useful under
specific conditions under the newly created
conditions. (Stefanovi¢, 1981; Fratri¢, 2006; Ozolin,
Voronin & Primakov, 1989)

The basic precondition for successful racing
tactics is excellent physical and mental preparation,
as well as good pace rating and effort dosing.
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Running at a uniform speed is characterized by
minimal changes in speed throughout the race. More
studies of experimental and theoretical character
have confirmed that uniform running implies such a
mode of movement where no major changes in the
speed of running occur (Homenkov, 1977; Petrovi¢ i
sar.,, 1980; Suslov, 1982; Malacko i Rado, 2004;
Fratri¢, 2006; Stefanovi¢, Juhas i Jankovi¢, 2008).

The aim of this study is to describe the
differences in the pace of running between men and

METHODS

To evaluate the pace we used the results of first
50th man and women competitors from the 2017
Vienna Half Marathon, Data was downloaded from
the site: www.vienna-marathon.com. The race is
divided into 5 segments, from 0 - 5km, 5 - 10km, 10 -
15km, 15 - 20km, 20 - 21,1km, which measured the
change in pace of running in both men and women.

Descriptive statistics and a t-test were made from

women in the half marathon. statistical data processing. The data were processed

in Microsoft Excel 2013 software package.

RESULTS
Table 1. Race segments and change in running pace of a man and a woman in a half marathon
0-5km 5-10km 10-15km 15-20km 20-21.1km
M F M F M F M F M F

Mean 1,97 1,37 -0,14 0,19 -0,56 -0,03 -2,50 -2,70 -3,00 -3,28
SD 2,08 2,75 1,49 1,00 0,87 1,04 2,28 2,08 3,67 3,68
Minimum -1,65 -4,17 -3,28 -2,08 -3,79 -2,84 -8,77 9,30 -15,36 9,68
Maksimum 7,01 9,95 3,97 2,46 1,69 1,82 5,73 2,58 7,19 9,28
cv 94,66%  49,75%  -9,63%  19,32%  -6516%  -358%  -109,63%  -129,76%  -81,97% -88,99%
Range 8,66 14,13 7,26 4,55 5,49 4,68 14,52 11,88 22,56 18,97
T-value 1,22 -1,38 -2,89 0,46 0,34
P-value <0,112 <0,087 <0,003 <0,322 <0,365

Table 1 shows the data related to the change in
running speed during the five race segments. In the
first segment, the mean values in men are 1.97 and
in women 1.37; the coefficient of variation is 94.66%
for men and 49.75% for women.

In the second segment (5 - 10km), the average
value of change of pace in men is -0.14 and in women
0.19; coefficient of variation -9.63%, and in women
19.32%.

In the third segment (10 - 15km) the average
value of the change of pace in men is -0.56, and in
women -0.03; the coefficient of variation is -65.16%
in men and -3.58% in women.

In the fourth segment (15 - 20km), the average
value of change of pace in men is -2,50 and in women
-2,70; the coefficient of variation is -109.63% for
men and -129.76% for women.
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In the fifth segment (20 - 21.1km), the average
value of change of pace in males is -3.00 and in
females -3.28; coefficient of variation -81.97% for
men and -88.99% for women.

Regarding variability in the first segment in men
is 2.08, in the second 1.49, in the third 0.87, in the
fourth 2.28 and in the fifth 3.67. While for women in
the first segment is 2.75, in the second 1.00, in the
third 1.04, in the fourth 2.08 and in the fifth 3.68.
From this it can be concluded that in men the
variability up to the third segment decreases, but in
the fourth and fifth segment it increases sharply and
in women it is almost similar to the situation in men.

T-test tested the differences in pace between men
and women and found that there were statistically
significant differences only in the third segment of
the halfmatathon race (between 10 and 15km).
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Graph 1. Changes in the pace of running by segment in the half marathon men and women

Graph 1 shows that men run much faster in the
first segment than the average speed, then drop
sharply in the second segment, and are slightly
below average. In the third, fourth and fifth segments
of the race this drop is drastic.

Women have a slightly different situation than
they dictate the pace better than the men in the half
marathon, but as the race progresses, they slow
down the pace of the race too. They run above
average until the third segment, ie from 10 to 15km,
where there is a sharp fall in the pace of running in
the fourth and fifth segments.

DISCUSSION

The main findings of this study are that in men,
variability in tempo to the third segment decreases,
but in the fourth and fifth segments it increases
sharply, while the situation in women is almost
similar. Mostly the reason for this is because runners
generally start much faster at the start of the race,
when they are more rested, there is euphoria and
adrenaline at the start, overestimate their
capabilities and how much they are currently ready
and/or follow the pace of other runners. This is
supported by previous research (Abbiss & Laursen,
2008; Lima-Silva et al., 2010; Deaner & saradnici.
2015; Nikolaidis, Cuk & Knechtle, 2019). Men are
particularly likely to adopt a "risky" pace, where an
individual starts the race at a fast early pace (relative
to their abilities) and this increases their chanse of
slowing down later.

It was also noted that women dictate the pace
better than the men in the half marathon, but as the
race progresses, they slow down the pace of the race
too. These results are consistent with previous
research (Deaner & saradnici. 2015; Nikolaidis, Cuk
& Knechtle, 2019; Cuk, Nikolaidis & Knechtle, 2019).
This is most likely because physiological factors can
contribute to the gender difference in marathon
pacing, for example, men are more susceptible to
muscle glycogen consumption, which can contribute
to greater fatigue or slowing down the pace of
running. Men may be more sensitive to deceleration
because, during endurance exercises, women
typically have a lower oxygen exchange ratio,
showing that they use proportionally more fat and
less carbohydrates at a given exercise intensity.
Generally, women have larger proportional areas of
muscle type 1 fibers that are more resistant to
fatigue, especially for long-term exercise.

Regarding the coefficient of variation in women it
is generally around 7% and more uniform, while in
men it is around 4%, but the variability was from
segment to segment. Also, there were statistically
significant differences in the pace of running
between men and women only in the third segment
of the halfmatathon race (between 10 and 15km).

CONCLUSION

Based on the obtained results, it can be concluded
that the variability in the pace decreases to the third
segment in men, but in the fourth and fifth segments
it increases sharply, while the situation in women is
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almost similar. Mostly the reason for this is because
runners generally start much faster at the start of the
race, when they are more rested, there is euphoria
and adrenaline at the start, overestimate their
capabilities and how much they are currently ready
and/or follow the pace of other runners. Women
dictate the pace better than the men in the half
marathon, but as the race progresses, they slow
down the pace of the race too. They run above
average until the third segment, ie from 10 to 15km,
where there is a sharp fall in the pace of running in
the fourth and fifth segments. It was found that there
were statistically significant differences only in the
third segment of the halfmatathon race (between 10
and 15km).

This could be greatly reduced if runners were
able to prepare better tactics for a particular race.
They should be more careful with the starting pace
of the run and even have some pacemakers to follow.
Now technology has advanced so there are
smartwatches where the pace of the race can be set
and if the runner runs faster the clock beeps him, so
it can be of great benefit to the runner so as not to
overdo the first part of the race.
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ABSTRACT

As a form of physical activity, judo includes among its goals the development and activation of the entire
musculature of the body, which is of special significance in the light of the findings of studies to date, indicating a
high extent of impairment of postural status among children, as well as an attendant muscular disbalance.
Consequently, the objective of this study is to identify any differences in spinal column postural status among
children and adolescent judo practitioners. The participant sample comprised 30 child judo practitioners and 33
adolescent judo practitioners from the Judo Club "Kinezis” from Ni§, with over one year of experience practicing
judo. Diagnostics of spinal column postural status in the frontal and sagittal planes was conducted using the
“Spinal Mouse” instrument. Statistical results, presented as percentages, for children judo practitioners, are as
follows: KIF (10%), RLT (40%), NKT (50%), LOR (10%), RLL (36.7%), NKL (53.3%), SKO (63.3%), and NKF
(36.7%). Statistical results, presented as percentages, for adolescent judo practitioners, are as follows: KIF
(30,3%), RLT (36,4%), NKT (33,3%), LOR (27,3%), RLL (9,1%), NKL (63,6%), SKO (57,6%), and NKF (42,4%).
Results of the Mann Whitney U test indicate no statistically significant differences between the two groups in
terms of postural status for the thoracic portion of the spinal column on the sagittal plane (p=0.549), nor for the
lumbar portion of the sagittal plane (p=0.135), or the frontal plane of the spinal column (p=0.644). The results
thus obtained indicate a high incidence of postural disorders; however, this is percentually better in children

practicing judo compared against their peers who do not practice judo.

Keywords: kyphosis, lordosis, scoliosis, flat back, differences, incidence

INTRODUCTION

While postural status can have a considerable
influence on one’s health status and ability to work,
especially during the childhood developmental
period, the modern way of life has an adverse effect
on postural status, leading to a rise in hypokinesia,
which in turn results in muscular imbalance (Pokic,
Mededovi¢, & Smiljanié¢, 2011). Incorrect sitting or
standing for prolonged periods of time, the use of
inadequate chairs and desks at school, heavy school
bags, as well as certain endogenous factors, can all
have an adverse effect on the spine, leading to its
deformation in terms of morphology and function
(Medojevi¢ & Jaksi¢, 2007). Technological progress
has enabled us to perform numerous activities while
exerting a small amount of energy, resulting in
reduced mobility and increased muscular disbalance.
Moreover, children spend increasing amounts of
time sitting at their computer, or lying in front of the
television screen, which can lead to postural

deformities (Bubanj, Zivkovi¢, Zivkovié¢, Milenkovié,
Bubanj et al, 2012). In a large number of cases,
hypokinesia is one of the principal causes of
deformities occurring along the spinal column.
Disorders located on the frontal and sagittal planes
of the spine include scoliosis, hyperkyphosis and
hyperlordosis (Jorgi¢, Milenkovi¢, Zdrale, Milenkovi¢,
Stankovi¢ et al, 2015). Scoliosis located on the
frontal plane presents as a lateral curvature of a
portion of the spine or the entire spine, whereas
hyperkyphosis is a deformity located in the thoracic
portion of the spine’s sagittal plane, with a
backward-facing  convexity  (Zivkovié,  2009).
Similarly, hyperlordosis is a postural deformity on
the sagittal plane of the spinal column; however, it is
located in the cervical and lumbar regions, with a
forward-facing convexity (Milenkovi¢, 2007). In
accordance with findings regarding the factors that
can cause muscular imbalance along the spinal
column and, in turn, cause postural disorders, the
optimal preventive action is activating the
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musculature starting in early childhood, thus
preventing postural disorders. As a sport and
physical activity, judo is part of the group of
foundation sports, ideal for early activation of all
muscle groups (Brati¢, 2003). This discipline
includes a multitude of polystructural, acyclical
movements and numerous techniques, with complex
elements that enhance and develop coordination,
strength, balance, and endurance (Nurki¢, Bratic,
Miti¢, & Kafentarakis, 2017). Judo also has a
beneficial effect on overall development, both mental
and physical, by activating the body’s entire muscle
system. In view of all the benefits of practicing judo
from an early age, the objective of this study is to
identify the incidence of spinal postural disorders, as
well as to identify any differences in spinal postural
status among child and adolescent judo
practitioners.

METHODS

Subjects

The study included 63 subjects. Within this
group, 30 participants were children and 33 were
adolescents, all of whom had been practicing judo at
the “Kinezis“ Judo Club in Ni$ for a minimum of one
year.

Procedure

The measuring instrument “Spinal Mouse” was
used in order to determine spinal postural status on

RESULTS

the sagittal and frontal planes (Idiag, Fehraltdorf,
Switzerland, www.idiag.ch). The “Spinal Mouse* is
part of a group of instruments used in invasive
postural status diagnostic methods. The instrument’s
validity and reliability has been established by
previous studies (Mannion, Knecht, Balaban, Dvorak
& Grob, 2004; Post & Leferink 2004). The device has
also been implemented on subjects of different ages
(Jorgic, Milenkovi¢, Zdrale, Milenkovi¢, Stankovi¢ et
al,, 2015; Jorgi¢, Milenkovi¢, Milenkovi¢, Stankovié, &
Bubanj, 2015). Based on the data regarding the
postural status on the sagittal plane, obtained during
measurements using this device, the following
variables were identified: KIF- kyphotic bad posture,
RLT - flat back in the thoracic region NKT - normal
posture in the thoracic portion of the sagittal plane,
LOR - lordotic bad posture, RLL - flat back in the
lumbar region, NKL - normal posture in the lumbar
region on the sagittal plane, SKO- scoliotic bad
posture, and NKF - normal posture on the frontal
plane.

Statistical analysis

The results obtained during the measurements
are presented as frequencies and percentages. In
order to identify any differences between the groups,
the non-parametric statistical Mann Whitney U test
will be used, within the SPSS software, version 20.

Table 1. Spinal postural status on the sagittal plane in children judo practitioners.

SPINAL POSTURAL STATUS ON THE SAGITTAL PLANE

SPINAL POSTURAL STATUS IN THE THORACIC REGION OF THE

SPINAL POSTURAL STATUS IN THE THORACIC REGION OF THE

SAGITTAL PLANE LUMBAR PLANE
Frequency Percent PZ:;:—it Clg::cl:rt:tv ¢ Frequency Percent |Valid Percent Clgz;lcl:;ltv ¢
INKT 15 50.0 50.0 50.0 INKL 16 53.3 53.3 53.3
KIF 3 10.0 10.0 60.0 LOR 3 10.0 10.0 63.3
RLT 12 40.0 40.0 100.0 RLL 11 36.7 36.7 100.0
Total 30 100.0 100.0 Total 30 100.0 100.0

KIF- kyphotic bad posture, RLT - flat back in the thoracic region, NKT - normal posture in the thoracic region of the sagittal plane, LOR |

lordotic bad posture, RLL - flat back in the lumbar portion, NKL - normal posture in the lumbar region of the sagittal plane.

Based on the results presented in Table 1, namely
the presentation of basic descriptive statistics
parameters regarding the numeric and percentual
incidence of spinal deformities in the thoracic and
lumbar regions of the sagittal plane, among child
judo practitioners, the following results were
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obtained: kyphotic bad posture was found in 3
participants (10%), lordotic bad posture in 3
participants (10%), flat back in the thoracic region in
12 study participants (40%), and flat back in the
lumbar region in 11 participants (36.7%).
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Table 2. Spinal postural status on the frontal plane in child judo practitioners.

SPINAL POSTURAL STATUS ON THE FRONTAL PLANE

Frequency Percent Valid Percent Cumulative Percent
INKF 11] 36.7 36.7 36.7
SKO 19 63.3 63.3 100.0
Total 30, 100.0 100.0,

SKO- scoliotic bad posture, and NKF - normal posture on the frontal plane.

Based on the results provided in Table 2, namely
the presentation of basic descriptive statistics
parameters regarding the numeric and percentual

incidence of spinal deformity

on the frontal plane

among child judo practitioners, we see that scoliotic
bad posture was present in 19 participants (63.3%).

Table 3. Spinal postural status on the sagittal plane in adolescent judo practitioners.

SPINAL POSTURAL STATUS ON THE SAGITTAL PLANE
SPINAL POSTURAL STATUS IN THE THORACIC PORTION OF THE| SPINAL POSTURAL STATUS IN THE LUMBAR PORTION OF THE
SAGITTAL PLANE SAGITTAL PLANE
Frequency Percent Pchlﬁl ¢ Cli)f;lcljrt:tv € Frequency Percent Valid Percent C?Tltlclziltv €
NKT 11 33.3 33.3 33.3 INKL 21 63.6 63.6 63.6
KIF 10 30.3 30.3 63.6 LOR 9 27.3 27.3 90.9
RLT 12 36.4 36.4 100.0 RLL 3 9.1 9.1 100.0
Total 33 100.0 100.0 Total 33 100.0 100.0
KIF- kyphotic bad posture, RLT - flat back in the thoracic region, NKT - normal posture in the thoracic portion of the sagittal plane, LOR -
lordotic bad posture, RLL - flat back in the lumbar region, NKL - normal posture in the lumbar portion of the sagittal plane.

Based on results presented in Table 3, namely a
presentation of the basic descriptive statistics
parameters regarding the numeric and percentual
incidence of spinal deformity in the thoracic and
lumbar regions of the sagittal plane, the following
results were obtained for adolescent judo

practitioners: kyphotic bad posture was present in
10 study participants (30.3%), lordotic bad posture
in 9 participants (27.3%), flat back in the thoracic
region in 12 participants (36.4%), and flat back in

the lumbar region in 3 participants (9,1%).

Table 4. Spinal postural status on the frontal plane in adolescent judo practitioners.

SPINAL POSTURAL STATUS ON THE FRONTAL PLANE

Frequency Percent Valid Percent Cumulative Percent
NKF 14 42.4 42.4 42.4
SKO 19 57.6 57.6 100.0
Total 33 100.0 100.0

SKO- scoliotic bad posture, and NKF - normal posture on the frontal plane.

Based on the results presented in Table 4, namely
a presentation of the basic descriptive statistics
parameters regarding the numeric and percentual

incidence of spinal deformity in the frontal plane in

adolescent judo practitioners,

scoliotic bad posture

was found in 19 participants (57.6%).

Table 5. Statistical significance of differences between the participants’ ages.

Test Statistics?
SPINAL POSTURAL STATUS IN THE SPINAL POSTURAL STATUS IN THE SPINAL POSTURAL STATUS ON
THORACIC REGION OF THE SAGITTAL [LUMBAR REGION OF THE SAGITTAL THE FRONTAL PLANE
PLANE PLANE
Mann-Whitney U 454.500 399.000 466.500
\Wilcoxon W 919.500 960.000 1027.500
Z -.599 -1.496 -.463
IAsymp. Sig. (2-tailed) .549 .135 .644

a. Grouping Variable: participant age

Based on the results obtained in Table 5, there
are no statistically significant differences in the
spinal postural status between the children and
adolescents judo practitioners, whether on the
sagittal plane, thoracic region (sig=0.549) or lumbar

region (sig=0.135),
(sig=0.644).

or on

the frontal plane
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DISCUSSION

The results obtained in the present study indicate
a high incidence of postural disorders along the
spinal column among the study participants;
however, the results are better, viewed as
percentages, among young judo practitioners than
they are among their peers who do not practice this
sport (MiloSevi¢ & Obradovi¢, 2008; Obradovi¢, &
MiloSevi¢, 2008). Focusing on the thoracic and
lumbar regions of the sagittal plane, we found a
somewhat higher percentage of flat back among
children judo practitioners, in 12 participants for the
thoracic region (40%), and in 11 participants for the
lumbar region (36.7%), while scoliotic bad posture
was found in 19 participants (63.3%). Among
adolescent judo practitioners, only the percentages
for scoliotic bad posture were increased, present in
19 participants (57.6%).

Based on results obtained in this study, using the
Mann Whitney U test, it was established that no
statistically significant difference exists between the
groups in terms of postural status in the thoracic
region of the sagittal plane (p=0.549), not in the
lumbar region of the sagittal plane (p=0.135), and
the frontal plane of the spine (p=0.644). In view of
the fact that children of this age are yet to encounter
major changes during their further growth and
development, practicing judo may help correct these
minimal irregularities, and it would be advisable to
keep track of any changes along the spinal column in
the future, and include specific corrective exercises
as needed. While the presence of spinal postural
disorders was clear, it can be said that, due to the
fact that the study participants practice sport, there
were no statistically significant differences in
postural status between child and adolescent judo
practitioners, on the sagittal plane, thoracic and
lumbar regions, nor on the frontal plane. The
findings of earlier studies into this problem whose
participant sample comprised children who did not
practice a sport indicate a considerably higher
incidence of postural disorders (MiloSevi¢ &
Obradovi¢, 2008; Obradovi¢, & MiloSevi¢, 2008).
Judo, with its various movements and deployment of
all muscle groups, helps strengthen the musculature
and improve the body’s muscular balance, resulting
in correct postural status, and even in the correcting
of already existing irregularities. These results are in
line with results of previous studies into the postural
status of children athletes and non-athletes. Lack of
physical activity in children is the most frequent
cause of damning results obtained regarding
postural status, and it is a major factor in muscular
disbalance. Consequently, we would like to
emphasize judo as a physical activity, or sport, which
can help maintain correct spinal postural status, but
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also enhance motor skills, physical ability, and
overall health of a young body (Trivi¢, Obadov,
Vujkov, & Pejci¢, 2010). Based on the results of the
present study, we would like to recommend the
practice of judo as a way to contribute to optimal
development, growth and muscular balance in
children.

CONCLUSION

The results obtained in the present study indicate
a high incidence of postural disorders; however,
these results are more favorable, when viewed as
percentages, among children practicing judo than
among their peers with no organized physical
activity. Such results constitute an important piece of
information not only for parents and coaches, but
also for sports and health associations whose
primary goal must be children’s health and their
optimal growth and development. In view of the
insights presented above, there is need for further
analyses, including longitudinal studies, in order to
ascertain whether physical activity in the form of
judo can also help correct postural disorders in
children and adolescents.

ACKNOWLEDGEMENT

The authors would like to thank the judo players
of the JK “Kinezis” for their participation and all the
employees of the judo club for their contribution. A
special thanks is given to the Ministry of Education,
Science and Technological development of the
Republic of Serbia on their support which made this
research possible, as part of the project
“Biomechanical effectiveness of elite Serbian
athletes” no. 01179024.

REFERENCES

Bubanj, S., Zivkovié, M., Zivkovié, D., Milenkovié, S.,
Bubanj, R, Stankovi¢, R., Ciri¢-Mladenovié, 1., Stefanovié, N.,
Purenovi¢, T., Stojiljkovi¢, D., Obradovié, B., Dimi¢, A,
Cvetkovi¢, T. (2012).The incidence of sagittal postural
deformities among high school students: preliminary
study. Acta Kinesiologica, 6 (2), 27-30.

Jorgic, B., Milenkovi¢, M, Zdrale, S. Milenkovié, S.,
Stankovi¢, R, & Bubanj, S. (2015). Spinal cord posture in
the sagittal plane among young schoolchildren residing in
the area of KnjaZevac. Facta Universitatis, Series Physical
Education and Sport, 13 (2),311-318,, 2.

Jorgi¢, B., Milenkovi¢, M., Milenkovig¢, S., Stankovi¢, R. &
Bubanj, S. (2015). The frequency of scoliotic body posture
among young children in Knjazevac. In S. Pantelic (Ed).
Conference proceedings of XVIII Scientific Conference,
FISCommunications 2015" in physical education, sport and
recreation and Il International Scientific Conference (pp.
166-170). Nis: Faculty of Sport and Physical Education,
University of Nis.



International Scientific Conference

Mannion, A.F., Knecht, K, Balaban, G., Dvorak, ], &
Grob, D. (2004). A new skin-surface device for measuring
the curvature and global and segmental ranges of motion
of the spine: reliability of measurements and comparison
with data reviewed from the literature. European Spine
Journal, 13 (2), 122-136.

Medojevi¢, S, & Jaksi¢ D. (2007). Razlike u posturalnim
poremecajima izmedu devojcica i de¢aka 7-15 na teritoriji
Vojvodine. ¥ T. bBama (yp.), 36opHux padosa ca
UHMepoucyunauHapHe  HayvyHe  KoHgepeHyuje  ca
MehyHapooHum yuyewhem ,AHmMponosowKu cmamyc u
¢usuuka akmueHocm deye u omaaduwe”, (ctp. 49-55).
Hosu Caa: ®akyaTeT ciopTa 1 PU3HYKOT BaCUTambA.

Milenkovi¢, S. (2007). Korektivna gimnastika, teorija i
veZbe. NiS: SIA.

MiloSevi¢, Z., & Obradovi¢, B. (2008). Posturalni status
dece novosadskih predskolskih ustanovauzrasta 7 godina.
Glasnik Antropoloskog drustva Srbije, 43, 301-309.

Obradovi¢, B., & MiloSevi¢, Z. (2008). Posturalni status
dece novosadskih predSkolskih ustanova uzrasta 6 godina.
Glasnik Antropoloskog drustva Srbije, 43, 10-318.

Post, R.B.,, & Leferink, V.J. (2004). Spinal mobility:
sagittal range of motion measured with the Spinal Mouse, a

new non - invasive device. Archives of Orthopedic and
Trauma Surgery, 124 (3), 187-192.

Zivkovié, D. (2009). Osnove kineziologije sa elementima
klinicke kineziologije. NiS: Fakultet sporta i fizickog
vaspitanja.

boki¢, Z., Mededovi¢, B., & Smiljani¢, J. (2011). Stanje
uhranjenosti, posturalni status i kvalitet sprovodenja
nastave fizickog vaspitanja u osnovnim Skolama. TIMS
Acta-Journal of sport sciences, tourism and wellness, 5(1),
10-19.

Nurki¢, M., Brati¢, M., Miti¢, D, & Kafentarakis, I.
(2017). The differences in the motor area of cadet and
junior age judokas. Facta Universitatis, series: Physical
Education and Sport, 15(1), 83-92.

Brati¢, M. (2003). Morfoloski i funkcionalni status
Skolske dece i dece dzudista (Morphological and functional
status of school children and children judokas). KnjaZevac:
Symposium of Sports Medicine, p. 51-60.

Trivi¢, T., Obadov, S. Vujkov, S., & Pejci¢, J. (2010).
Poligon za razvoj specificne motorike mladih dzudista [
stations method (polygon) as a means for the development
of specific motor skills of young judokas]. Aktuelno u praksi,
9,87-91.

39



Fis Communications 2019

DESCRIPTIVE PROFILE OF THE REVERSE PUNCH
(GYAKO TSUKI) KINEMATIC CHARACTERISTICS
MEASURED BY IMU SENSOR TECHNOLOGY

Vesna Vukovi¢!, Nenad Koropanovski?, Stefan Markovi¢ ! and Anton Umek3

IFaculty of Sport and Physical Education, University of Belgrade, Belgrade, Serbia

2University of Criminal Investigation and Police Studies, Belgrade, Serbia

3Faculty of Electrical Engineering, University of Ljubljana, Ljubljana, Slovenia

UDC 531.1:796.85

ABSTRACT

Reverse punch (Gyako tsuki) is the most frequently used pointing technique in elite karate competitors. It is a
sequential movement, coordinating lower and upper limbs, and it is executed in a less than 400ms. Variation in the
movement sequence could affect kinematic variables such as acceleration, which is considered to be one of the
factors that contribute effectiveness of karate technique. Therefore, the aim of this paper was qualitative
evaluation of kinematic motion patterns of the reverse punch. Three male competitors, members of a Serbian
national senior karate team, were included in study. Measurements of the kinematic characteristics were
performed using IMU (Inertial Measurement Unit) sensor device, and descriptive analysis showed specific phases
of the reverse punch performed by different subjects. It is a “double peak” acceleration which has been detected in
both, hand and body acceleration, and can be explained as kinematic manifestation of muscle contraction.

Keywords: gyako tsuki, wearable sensors, motion pattern, acceleration

INTRODUCTION

Reverse punch (Gyako tsuki) is the most
frequently used pointing technique in elite karate
competitors (Koropanovski et al, 2008; Tabben et
al, 2015). Since the reverse punch execution
requires less than 400ms (Hofmann, Witte, &
Emmermacher, 2008) which makes it very fast
movement, referees decision is made up on
experience and capability to recognize elements that
make it point worth on a global scale. However,
under the global picture lie subtle differences that
can be detected only by integrating technology into
training and competition.

Accordingly, training in order to make technique
as close as to ideal model and overcome subjective
assessment of its quality nowadays requires the
implementation of electronic devices such as sensors
(Worsey et al, 2019). Wearable miniature IMU
(Inertial Measurement Unit) sensor device, in that
matter, can provide valuable information about
movement patterns (Umek, Tomazi¢, & Kos, 2015;
Kos et al, 2019). IMU sensors includes micro-
electromechanical system (MEMS) - accelerometer,
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gyroscope and magnetometer (Kos et al, 2019),
providing precise information regarding the values
of the angular velocity and the sum of gravitational
and inertial linear accelerations (Camomilla et al.,
2015). Using sensors in combat sports, that is in
karate, is demanding and thus represents novel
approach in understanding kinematic patterns of
punches and kicks.

Reverse punch (RP) is a sequential movement,
coordinating lower and upper limbs. It is commonly
executed in a front stance, and the technique is
delivered by the hand on the opposite side to the
leading leg. The kinetic chain involves a series of
related movements involving the ankle of the back
leg, knee, hip, shoulder, elbow and wrist of punching
fist (Jovanovi¢, 1992). In that matter, movement
patterns can be established, and RP can be analysed
thru specific phases (Hofmann, Witte, &
Emmermacher, 2008). Accordingly, it is reasonable
to assume that variation in the movement sequence
could affect kinematic variables such as acceleration.

Acceleration is considered to be one of the factors
contributing effectiveness of karate techniques.
Moreover, it is believed to affect the impact directly
(Loturco et al., 2013). Gianino (2010) has noted that
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RP is uniformly accelerated technique with the
acceleration of about 63 m/s2 There are clear
suggestions that, besides power and strength,
technical aspects of punch are one of the main
factors influencing variation in acceleration (Loturco
etal, 2013).

Therefore, the aim of this paper is quantitative
evaluation of kinematic motion patterns of the RP
measured by IMU sensors technology. The present
study investigated segmental acceleration of the
reverse punch in order to determine its descriptive
profile and to understand how changes in movement
acceleration appear in punch motion.

METHODS

Subjects

Three male competitors, members of a Serbian
national senior karate team, with an average age,
height, and body mass of 20.33%#1.15 years,
1.85+0.03 m, and 81.33%+5.03 kg, respectively,
participated in this study.

The study was conducted following the ethical
standards recognized by the Declaration of Helsinki
and was approved by the Ethics research Committee
of the Faculty of Sport and Physical Education,
University of Belgrade.

Procedure

The same experienced examiners conducted field
testing. Subjects completed a 15 minute warm up
session before testing. The technique was executed
in a front left stance, and the RP was delivered by the

dominant hand. All subjects were right-handed. After
they were familiarized with the procedure, subjects
performed test consisted of three consecutive punch
delireved in front stance. The starting postion was
still, and the thenque was executed in motion which
consisted of front leg slinding forvard.

Variables

Kinematic characteristics of the RP were
performed using an IMU sensor (STMicroelectronics
LSM6DS33, 2017). Two IMU sensors were atached to
the center of gravity on the back and the upper side
of the glove (lying on the dorsal side of the punching
fist), respectively (Figure 1).

The following descriptive indicators were
obtained: absolute acceleration of hand on all three
axes (AbsAccH), acceleration of hand in the
horizontal axis (AccHx) and absolute acceleration of
body on all three axes (AbsAccB). Characteristic
phases of the technique execution (start of
movement, peak of acceleration and peak of
deceleration) were recorded.

Obtained descriptive indicators were measured
in the first part of RP, until the impact.

Statistical analysis

The purpose of present study was detection of
the characteristic movement patterns and collection
of the data, meaning acceleration of body segments
identified as of the main importance in technique
execution. Therefore, descriptive analysis was
applied, where mean value (MEAN) and standard
deviation (SD) were calculated.

Figure 1. The position of IMU sensor attached to body (a) and upper side of the glove (b).
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RESULTS

Figure 2 shows signals acquired from IMU
sensors representing acceleration of hand on the
horizontal axis (AccHx), which is the primary axis of
arm movement and absolute acceleration of the body
(AbsAccB). Pictures are illustrating movement

pattern during the RP execution and two distinctive
peak acceleration phases. On the Table 1 Double
peak acceleration values and time of occurrence in
relation to the impact are shown.

ACCELERATION [g0]

e

AccHx

AbsAccB

Figure 2. Movement pattern during the reverse punch execution.

In sequence the pictures show:

(1) Starting position of the karate athlete
preparing for the execution of the RP in front
fighting stance.

(2) Beginning of the signal of the body movement.
At this point first movement of the hand can be
registered, but it should be noted that it is due to the
movement of the body.

(3) Almost at the same time, or near, first of two
peaks of acceleration can be registered. They

represent acceleration of the body and acceleration
of the hand.

(4) The beginning of the second peak of hand
acceleration.

(5) The second peak of hand acceleration. The
beginning of the signal of the second peak of the body
is near.

(6) Maximal velocity of hand and beginning of the
deceleration.

(7) Second peak of body acceleration.

Table 1. Double peak acceleration values and time of occurrence in relation to the impact.

peak_Acc_1 peak_Acc_2
time (sec) Acc (go) time (sec) Acc (go)
AbsAccH -0.140 6.7005 0.060 8.8821
Subject 1 AccHx -0.154 41109 0.060 8.3707
AbsAccB -0.154 1.7642 0.010 3.4768
AbsAccH -0.146 9.7979 0.080 6.6362
Subject 2 AccHx -0.146 4.4511 0.080 6.4226
AbsAccB -0.201 2.1847 0.060 2.1398
AbsAccH -0.155 7.8665 0.065 4.7054
Subject 3 AccHx -0.155 4.7844 0.065 3.9065
AbsAccB -0.210 1.8174 0.174 1.728
AbsAccH -0.147+.008 8.122+1.564 -0.068+.010 6.741+2.090
ALL AccHx -0.152+.005 4.449+0.337 -0.068+.010 6.233+2.238
AbsAccB -0.188+.030 1.922+0.229 -0.081+.084 2.448+0.914
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Figures 3, 4 and 5 are representing acquired
signals for all three different subjects. Each graph is
showing: acceleration of hand on the horizontal axis,

absolute acceleration of the body and absolute
acceleration of the hand (AbsAccH).

Figures 3, 4 and 5. Acceleration of hand on the horizontal axis, absolute acceleration of the body and
absolute acceleration of the hand (AbsAccH) for all three different subjects

AECELERATION (5% ACCELERATION [g1]

AccHx AccHx

AbsAccH AbsAccH

AbsAccB

\

Figure 3

AbsAccB

ACCELERATION [g0]

AccHx

AbsAccH

AbsAccB

.

Figure 4

Figure 5

DISCUSSION

Considering the sensitivity of the IMU sensor to
subtle differences in movement patterns, our focus
was on descriptive analysis of specific phases of the
RP performed by different subjects. Although RP can
be characterized as a simple, fast movement, it is
possible to be executed in different manner. Never
the less, one distinctive mark can be noted. It is a
“double peak” acceleration which has been detected
in both, hand and body acceleration. This can be
explained as kinematic manifestation of muscle
contraction which has been researched in study of
McGill et al. (2010).

To clarify, McGill et al. (2010) have conducted
analysis a variety of strikes and found a “double
peak” of muscle activity. They concluded that first
peak was due to the onset of movement. As the hand
gained the speed, relaxation phase occurred. This
was followed by a second peak. The same pattern
was observed in some torso muscles. Namely, the
first peak was usually measured just before, or
during beginning of the first limb motion, while the
second one was very close to impact.

The findings of present study support these
conclusions and represent a linking piece which
explains kinematic scheme of RP. Based on the
obtained results, it can be concluded that the average
time to reach the first peak of the absolute
acceleration value is -0.147 + 0.008 sec, for the fist
acceleration value of 8.122+1.654 g, (Table 1). It can
be argued that the first peak of acceleration hand
reaches at the expense of body movement. A second
peak of acceleration happens in average -0.068+.010
sec before impact, and the movement at this point is
consequence of arm and not just body motion.

Average value of acceleration reaches 6.741+2.090
go. Interestingly, when observed just on the
horizontal axis, hand reaches first peak of
acceleration -0.152+.005 before impact, with fist
acceleration value of 4.449+0.337 g0. Second peak
occurs at the same moment as in AbsAccH, but with
slight difference in value 6.233+2.238 go. As said
before, body initiates movement. That can be
confirmed through absolute peak of body
acceleration which has been detected around 40 ms
before AbsAccH, with average value of 1.922+0.229

go-

CONCLUSION

The main goal of the present study was to
investigate segmental acceleration of the reverse
punch in order to determine its descriptive profile.
Analysis showed that one distinctive mark can be
noted. Despite individual differences, a double peak
acceleration in both, hand and body, is recognized.

Although the sample of this study was limited, the
results obtained are significant because they confirm
conclusions of previous research. Namely, on the
bases of findings up to date, a double peak can be
explained as kinematic manifestation of muscle
activation.

Further more, presented study showed existence
of somewhat different technique performance. This
kind of information is valuable in training process of
elite competitors, since small aberration can
significantly affect the quality of the technique.
Besides, subtle differences can only be detected
using sensitive sensors that allow deeper insight into
kinematic patterns. Presented findings can provide
valuable feedback concerning improvement of
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performance through corrections made in specific
phases of punch delivery.

The question arises: does optimal performance
(meaning, delivering an RP that meets the pointing
criteria) involves different execution conditions, or it
is possible to define ideal pattern model? In order to
provide more detailed information, future studies
need to be done.
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ABSTRACT

A side effect of the modern age, hypokinesia is attended by an increase in muscular disbalance, which in turn
results in postural disorders. As a sport or physical activity, judo encompasses within its techniques the potential
to activate the body's entire muscular system, with the legs, or rather the feet, bearing the most responsibility for
providing support during the performance of various techniques. In accordance with the above, the objective of
this study is to establish the differences in postural status of the arches of the foot in child and adolescent judo
practitioners, as well as its incidence. The participant sample comprised 30 children judo practitioners and 33
adolescent judo practitioners, members of the Judo Club "Kinezis” from Ni§, who had been practicing judo for a
minimum of one year. The podoscope "Pedic" (Hungary), accompanied by the relevant software, was used in order
to diagnose the postural status of the foot’s arches. The results of percentage statistics for children judo
practitioners are as follows: Pes Nor (23.3%), Pes PIL (70.0%), Pes P2L (6.7%). The results of percentage statistics
for adolescent judo practitioners are as follows: Pes Nor (15.2%), Pes PIL (69.7.0%), Pes P2L (15.2%). The results
of the Mann-Whitney U test indicate no statistically significant difference between the groups pertaining to the
postural status of the arches of the feet (p=0.233). Based on the results, we conclude that the incidence of the flat
feet postural deformity is exceptionally high among the participants, children and adolescent judo practitioners.

Keywords: flat feet, pes cavus, foot deformity incidence

INTRODUCTION

The development of modern technologies has
effected changes in people’s lifestyle. One attendant
consequence is the decrease in physical activity,
which affects postural status considerably. The term
postural status primarily refers to the correct
alignment of various body parts, requiring the least
energy expenditure and strain. Little energy is
expended when maintaining the correct body
posture expends little energy even though it is a
labile position with a small support surface area and
a relatively large center of mass (Milenkovi¢, 2007).

Hypokinesia and insufficient movement result in
insufficient muscular activation throughout the
body, and especially in the legs. The resultant
deformities are genetically determined to a certain
extent, and are also influenced by various exogenous
factors, so the foot and the knee emerge as sites
where the majority of abnormalities present. Data

obtained during systematic health screening in
schools indicates that locomotor disorders in
children mostly refer to issues with the spine and
feet (Sabo, 2006).

The structure of the foot employs three arches in
order to maintain stability and the required
elasticity. Lack of timely prevention and early
detection in this area is another reason why so many
children present with a foot deformity. Numerous
studies indicate that flat feet is the most frequent
lower extremity disorder, with a particularly high
incidence among schoolchildren (Videmsek, Klopcic¢
and Karpljuk, 2006; Mihajlovi¢, Toncev &
Hmijelovjec, 2008). Children who start walking
earlier, who do not engage in enough physical
activity, and those who are obese have a higher risk
of developing foot deformity (Pfeiffer, Koty, Led],
Hauser and Sluga, 2006).

The cause of the pes planus deformity can be
congenital or acquired (Bogdanovié¢, 1li¢ & Vidakovié,
2015). Congenital flat feet is rare; rather, human
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babies are born with flat feet, but this changes with
the growth and development of the locomotor
system.

Congenital pes planus, on the other hand, is a
severe deformity, whose cause is largely unknown.
Typically, it includes pathological changes on the
talus bone.

Acquired flat feet refer to a static deformity of
fallen arches of the feet (Bogdanovi¢, Ili¢ &
Vidakovi¢, 2015). It can occur due to a variety of
causes, of which the following are the most
dominant: rickets, different kinds of leg muscle
hypotonia or atrophy, injuries, and other conditions.
The extent of pes planus can be determined in two
ways: by clinical diagnosis and by plantogram
analysis (Zivkovi¢, 2000).

Numerous analyses and studies have established
that any changes or imbalances in the body, and
especially in the lower extremities and the feet, can
have an effect on the postural status and functional
status of the entire body.

Physical activity contributes to better muscular
balance both in children and in adults. Organized
physical activity, like judo, engages nearly all the
muscles of the body. With judo, this is owing to the
wealth of techniques that are mostly performed by
relying on the unprotected, or bare, feet for support.
Additionally, judo practitioners’ feet bear the brunt
not only of one’s own weight, but also, typically, of
the weight of one’s opponent during the
performance of the various techniques, which also
contributes toward the strengthening of the muscles
both of the plantar and of the dorsal portion of the
foot. In view of the above, the objective of this study
is to establish the incidence of postural deformities
of the foot and any differences therein between
children and adolescent judo practitioners.

RESULTS

METHODS

Subjects

The study included 63 participants, all judo
practitioners. The practitioners were divided into
two groups based on their age, with 30 children judo
practitioners and 33 adolescent judo practitioners.
The participants were all judo practitioners who had
been practicing judo actively for a minimum of one
year at the Judo Club “Kinezis“ in Nis.

Procedure

The measuring instrument "Pedic" (Hungary)
was used, along with the requisite software, to
determine the postural status of the arches of the
feet. The following foot variables were established:
Pes Nor - normal foot arch; PesPIL - pes planus first
degree of deformity; PesP2L - pes planus second
degree of deformity; PesP3L - pes planus third
degree of deformity; Pes CAV - pes cavus. The
methodology of measuring is provided in the study
by Milenkovi¢, Zivkovié, Bubanj, Zivkovié, Stankovié,
Bubanj, R., & Cvetkovi¢ (2011).

Statistical analysis

Measurement results were processed using the
SPSS program for statistical data analysis, version
20. Study results are presented as percentages and
frequencies. The non-parametric Mann Whitney U
test was used for determining the differences
between the groups.

Table 1. Postural status of the arches of the foot in children and adolescent judo practitioners.

POSTURAL STATUS OF THE ARCH OF THE FOOT

POSTURAL STATUS OF THE ARCH OF THE FOOT IN
CHILDREN JUDO PRACTITIONERS

POSTURAL STATUS OF THE BACK ARCH OF THE FOOT IN
ADOLESCENT JUDO PRACTITIONERS

Frequenc Percent Valid Cumulative Frequenc Percent Valid Cumulati
Percent Percent Percent Ive Percent
Pes Nor 7 23.3 23.3 23.3 Pes Nor 5 15.2 15.2 15.2
Pes PIL 21 70.0 70.0 93.3 Pes PIL 23 69.7 69.7 84.8
Pes P2L 2 6.7 6.7 100.0 Pes P2L 5 15.2 15.2 100.0
Total 30 100.0 100.0 Total 33 100.0 100.0

Pes Nor - normal arch of the foot; PesPIL - first degree pes planus; PesP2L - second degree pes planus.

The results presented in Table 1 show the basic
parameters of descriptive statistics concerning
incidence of foot deformity in child and adolescent
judo practitioners, provided as numerals and
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percentages. The results obtained indicate the
following: first-degree pes planus was present in 21
participants (70%) of children judo practitioners,
while second-degree deformity was only present in
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two child participants (6.7%). With adolescent judo
practitioners, the first-degree flat feet deformity was
present in 23 participants (69.7), while second-

degree deformity was found in 5 participants
(15.2%).

Table 2. Statistical significance of differences in the participants’ ages.

Test Statistics?
POSTURAL STATUS OF THE ARCH OF
THE FOOT

Mann-Whitney U 425.000

Wilcoxon W 890.000

Z -1.194

IAsymp. Sig. (2-tailed) 0.233

. Grouping Variable: participant age

Results of the Mann Whitney U test, presented in
Table 2, indicate no statistically significant
differences in the postural status of the arches of the
feet between children judo practitioners and
adolescents judo practitioners (sig=0.233).

DISCUSSION

The results obtained in the present study, at the
level of descriptive statistics, indicate a very high
incidence of postural disorders of the arch of the
foot. Another significant insight is that the flat foot
deformity present in the study participants was of a
functional degree, namely, that it was a result of
muscular disbalance, with weak muscles on the
dorsal side of the foot initiating the lowering of the
arch.

In terms of percentages, the result obtained in the
present study indicate a high incidence of first- and
second-degree flat foot deformity in both children
and adolescents practicing judo actively, namely
76.7% and 84.9%, respectively. The incidence of
fallen arches, viewed as percentages, among judo
practitioners, as compared against young people of
the same age who are not actively practicing an
organized physical activity indicates that this
percentage is lower for judo practitioners (Puzovi,
bordevi¢, Karalei¢, Obrenovi¢, Medi¢é, & Jakovljevig,
2010; Proti¢-Gava, §C’epanovic', & Batez, 2013).
Furthermore, the results obtained using the Mann
Whitney U test indicate no statistically significant
difference in terms of first-degree and second-
degree flat feet incidence (p=0.233).

It is worth emphasizing that the present study did not
find structural flat feet deformity in any of the
participants, which should offer some encouragement
for both the participants themselves and their parents,
but also coaches and relevant healthcare providers, since
this indicates that only the initial stages of the deformity
are present, stages which can be overcome through
physical activity alone, as the changes are localized
exclusively on the muscles. In addition, pes cavus was
not found in any of the study participants, which also
speaks to the role judo can play in enhancing muscular

balance in the plantar and dorsal sides of the foot both
in children and in adolescents.

The participants in the study are representative of
the age groups which are at the beginning of a phase of
intensive growth and development, that is puberty. For
this reason, any current information obtained about their
postural status is subject to change due to insufficient
muscular strength or power, as well as due to ongoing
bone growth which in turn affects the lengthening of
muscles and the reduction of their strength. However,
judo remains a sport rich in muscle-activating
techniques for the entire body, and especially for the
legs and feet, since the majority of techniques are
performed while standing, thus encouraging the
strengthening of the muscles of the plantar and dorsal
portions of the foot. The results of the present study,
compared to earlier studies, indicate that the muscular
balance for the plantar and dorsal sides of the foot is
considerably enhanced. Moreover, one should take into
account the fact that these are younger participants who
have any competitive participation in the sport ahead of
them, where the training process will ask much greater
physical exertion and effort from them, that is, increased
strength, which will inevitably lead to improved
muscular balance for the plantar and dorsal sides of the
foot.

CONCLUSION

Based on the results obtained in the present
study, we conclude that there is a high incidence of
the flat feet deformity of the first and second
functional degree in child and adolescent judo
practitioners.  Additionally, there were no
statistically significant differences between the two
age groups regarding the incidence of flat feet
deformity. While damning, the results indicate that
children of the same age largely present with the pes
planus deformity of the first and second functional
degrees. Such results are important insights,
primarily for health centers and corrective exercise
providers engaged in postural deformity correction,
for physical education teachers, as well as for the
parents and children themselves, in order to act
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preventatively, but also in order to attempt to
correct any functional flat foot deformities in
children and adolescents. In view of the results
obtained in this study, further, more in-depth
research is warranted in order to gain more insights
into this problem and conduct an empirical study
with the objective of establishing the effects of judo
practice during childhood and adolescence on
correcting existing functional flat feet deformities.
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ABSTRACT

The aim of the study was to determine the influence of strength of lower extremities on performance succsess
on floor exercise with young gymnasts. The sample of respondents for this research consisted of 20 top gymnasts
from eight countries (Austria, Bosnia and Herzegovina, Bulgaria, Russia, Slovenia, Serbia, Croatia and
Switzerland), aged 14 to 16 years, three to 10 years of training (average 6.9) and body weight from 31kg to 58kg
(average weight 43.52kg). IMADAZ2H-1100 Japanese Digital Dynamometer with WinWedge 3.4 software was
used to evaluate the absolute and relative strength of the lower extremity muscles. And for further statistical
analysis the results from the competition were taken ("D" and "E" score, and the sum of "D" and "E" scores were
taken as final score).Descriptive statistics and regression analysis were used for all variables to determine the
influence of muscle force on competition score. The results of the regression analysis showed that there is no
statistically significant influence of lower extremity strength on the performance success on floor exercise with
gymnasts. The results of this research can provide useful guidance and serve as an adequate basis for further
research in artistic gymnastics.

Keywords: artistic gymnastics, strength, muscle force, floor

INTRODUCTION

There are a number of different and complex
movements in artistic gymnastics, and they also have
great demands on their successful performing in
given spatial and temporal conditions. Successful
exercise in artistic gymnastics requires a certain
morphological constitution of the gymnast
(Tabakovi¢, Turkovi¢ & Hadzikaduni¢, 2014). Under
artistic gymnastics, the widest audience experiences
sports, conceptually defined as a competitive
discipline of polystructural content (exercises are
performed in all three planes of motion and about all
three axes of rotation) acyclic type and with strictly
defined rules as a convention in practice. Exercises
in artistic gymnastics are very diverse and some of
them are more demanding in terms of different
forms of strength, some in terms of coordination,
flexibility, balance, and some sublimate more motor
skills. For this reason, the application of exercises on
the apparatus and on the floor indisputably affects
the overall motor status of a person (Petkovic,
Velickovi¢, Petkovi¢, Hadzi - Ili¢, i Meki¢, 2013).

Floor is one of the gymnastics apparatus that is
present in allaround in both men and women. Floor
exercises should contain predominantly acrobatic
elements in combination with other gymnastic
elements: of strength, balance, handstands,
choreographic combinations that are linked to a
harmonic rhythmic whole and are performed within
the intended area of 12x12m (Petkovi¢, Velickovig,
Petkovi¢, HadZi - Ili¢, i Meki¢, 2013). Strength, as one
of the motor skills, is defined as a person's ability to
resist an outside force witth tension of muscles or to
move his body (Stojiljkovi¢, 2003). Opavski (1971)
identifies strength with force and says that "force is
the ability to transform muscular tension in the
composition of motor units into a kinetic or potential
form of mechanical energy".

Strength is also defined as an athlete's ability,
which is manifested when overcoming various
external resistance (Fratri¢, 2006). The most
common criterion for the classification of motor
ability strength is the ratio of the magnitude of the
force exerted and the mass of the body. On this basis
it is possible to isolate: absolute strength (the
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maximum muscular strength that a man can develop
with his overall muscle mass) and relative strength
(the amount of power he can develop per kilogram
of his weight) (Stojiljkovi¢, 2003). Relative power is
more important than absolute in artistic gymnastics.
The reason for this is the fact that gymnasts carry
only their bodies when performing elements and
entire ensembles, without additional external loads
(Paunovi¢, Durovi¢, Velickovi, Zivkovi¢é, &
Stojanovi¢, 2018). Because of all the above, it is
important to determine is there an influence of the
absolute and relative strength of the lower
extremities on the success of performing floor
exercises, which is the aim of this research.

METHODS

Subjects

The subject sample consisted of 20 gymnasts
from Austria, Bosnia and Herzegovina, Bulgaria,
Russia, Slovenia, Serbia, Croatia, Switzerland, aged
14 to 16 years (avg 15,19) and body weight from 31
kg to 58 kg (avg 43,52 kg). Respondents had a
training period from three to 10 years (avg 6,9). All
methods and procedures of this investigation were
approved by the ethical committee of the University
of Ni§, Faculty of Sport and Physical Education,
Serbia, and they conformed to the Code of Ethics of
the World Medical Association (Declaration of
Helsinki).

Procedure

The measurement of lower extremities muscle
force was performed just before the competition,
tako da nije uticalo na sam ishod takmicenja. For
maximum force estimation the maximum force of the
leg extender was measured (LEGA). The Japanese
digital IMADA Z2H-1100 with the WinWedge 3.4
software was used to measure the maximum muscle
force of the lower body exstensors. The value
displayed on the digital meter is the absolute value
of the maximum force. When the absolute value of
the force is divided by the weight of the participants,
the relative force value is obtained (LEGR).
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Competition scores taken for further statistical
processing were individual grades ,D“ (DVAL) and
,E“ (EVAL), and the sum of the scores ,,D“ and ,E“
(FVAL) was taken as final score, on the floor in an
international tournament ,Laza Krsti¢ i Marica
DZelatovi¢“held at Novi Sad. Body weight
measurements were performed according to the
recommendations of an international biological
program (Puraskovi¢, 2001). An electronic scale was
used to measure body weight brand ,Tefal” with a
measurement accuracy of 0.1 kg.

To measure the maximum force of the leg
extensors the respondent holds the dynamometer
behind and under the back, whereby the knees are
slightly flexed and the feet are spaced in wide of the
hips. The chain that connects the stand to the digital
force bar is fully tightened. The respondent pulls the
dynamometer evenly from the starting position with
arms outstretched with lower limb extensor muscle
strength during which he performs an extension of
the knee joint. The result is read in Newtons (N).
Test description of test is taken from Dopsaj, 2010.

Statistical analysis

Descriptive parameters were first calculated for
each variant, for this purpose were calculated:
- Minimum value (Mlin),
- Maximumvalue (Max),
- Range (Range),
- Arithmetic mean (Mean),
- Standard deviation (Std),
- Skewnes (Skew),
- Curtosis (Kurt),
- Kolmogorov smirnov Z test (p).

A regression analysis was used to determine the
influence of the relative strength variables on the
competition results in all around, where the
following statistical parameters were calculated: p =
Standardized regression coefficients level of
significance, R= Multiple correlation coefficient, R2
adjust = Adjusted determination coefficient, F =
Multiple regression analysis significance tests. The
data obtained by this research were processed by
the statistics package ,,SPSS v20“.
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Table 1. Descriptive statistics
KS-Z test
Variables Mean Std Range Min Max Skew Kurt

Ksz p
LEGA 17,69 4,41 14,08 10,57 24,66 =27 -1,13 ,629 823
LEGR 2,66 1,03 3,72 1,30 5,02 0,86 0,01 ,147 ,200
DVAL 3,83 ,49 1,70 2,80 4,50 -,52 -89 ,852 463
EVAL 8,03 1,29 6,10 2,95 9,05 -3,52 13,85 1,324 ,060
FVAL 11,82 1,63 7,65 5,75 13,40 -2,89 10,44 1,032 ,238

Legend: LEGA - leg extensor absolute muscle force, LEGR - leg extensor relative muscle force, DVAL - “D” score, EVAL - “E” score,
FVAL - final score, Mean - mean, Std - standard deviation, Range - range, Min - lowest score, Max - highest score, , Skew - skewness,
Kurt - curtosis, Ksz - KSZ test values, p - KSZ test statistical significance

Table 1 shows the basic parameters of
descriptive statistics. It can be stated that the values
of skewnes and curtosis are within normal values. In

the case of "E" score and final score, great curtosis is
expressed, and the reason is the way of scoring in
artistic gymnastics.

Table 2. Regression analysis of the lower extremity absolute force on a "D" grade

R Rzadiusl

F p

,114 ,013

,238 ,631

Legend: R - multiple correlation coefficient, Rz adjust - adjusted determination coefficient, F - multiple regression analysis
significance tests, p - standardized regression coefficients level of significance

Table 2 shows the results of the regression
analysis of the lower extremity absolute force on the
“D” score, which represents start value with all
weight and specific requirements. The regression
coefficient between the absolute force and the "D"
score was .114 which represents a very small

correlation with no statistical significance (p = .631).
The coefficient of determination is .013 and indicates
an inability to execute on the basis of force, weight
exercise variance prediction, that is, the absolute
values of the leg force do not affect on the result with
given sample of gymnasts

Table 3. Regression analysis of the lower extremity absolute force on a "E" grade

R Rzadiusl

F p

,252 ,063

1,217 ,284

Legend: R - multiple correlation coefficient, Rz adjust - adjusted determination coefficient, F - multiple regression analysis
significance tests, p - standardized regression coefficients level of significance

Table 3 shows the results of the regression
analysis of the lower extremity absolute force on the
"E" grade, which represents deductions for aesthetic,
technical and compositional errors. The regression
coefficient between the absolute force and the “E”

score was .252, which is a small correlation with no
statistical  significance.. @~ The coefficient of
determination is .063 and indicates the inability to
predict the variance of exercise performance based
on the absolute force of the lower extremities.

Table 4. Regression analysis of the lower extremity absolute force to the final score

R R2adjust

F p

,246 ,061

1,161 ,295

Legend: R - multiple correlation coefficient, Rz adjust - adjusted determination coefficient, F - multiple regression analysis
significance tests, p - standardized regression coefficients level of significance
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Table 4 shows the results of the regression
analysis of the lower extremity absolute force on the
final score, which is the sum of “D” and “E” score. The
regression coefficient between the absolute force of
the lower extremities and the final score is .246,

which represents a small correlation with no
statistical ~ significance. = The  coefficient of
determination is .061 and indicates the inability to
predict, on the basis of absolute force, the variance
on the final score of exercises on floor.

Table 5. Regression analysis of the lower extremity relative force on a "D" grade

R Rzadiusl

F p

114 .013

.238 .631

Legend: R - multiple correlation coefficient, Rz adjust - adjusted determination coefficient, F - multiple regression analysis
significance tests, p - standardized regression coefficients level of significance

Table 5 shows the results of regression analysis
of the lower extremity relative force to the “D” score.
The regression coefficient between the relative force
and the "D"" score is .114 which is a small correlation

with no statistical significance. The coefficient of
determination is .013 and indicates on impossibility
to make a prediction of variance based on force on
the "D" score.

Table 6. Regression analysis of the lower extremity relative force on a "E" grade

R Rzadiusl

F p

252 .063

1.217 .284

Legend: R - multiple correlation coefficient, Rz adjust - adjusted determination coefficient, F - multiple regression analysis
significance tests, p - standardized regression coefficients level of significance

Table 6 shows the results of regression analysis
of the lower extremity relative force to the “E” score.
The regression coefficient between the relative force
and the "E" score is .252 which is a small correlation

with no statistical significance. The coefficient of
determination is .063 and indicates the inability to
predict the variance of "E" score on the basis of
force.

Table 7. Regression analysis of the lower extremity relative force to the final score

R Rzadiusl

F p

252 .063

1.217 .284

Legend: R - multiple correlation coefficient, Rz adjust - adjusted determination coefficient, F - multiple regression analysis
significance tests, p - standardized regression coefficients level of significance

Table 7 shows the results of regression analysis
of the lower extremity relative force on the final
score. The regression coefficient between the
relative force and the final score is .334, which is a
slightly higher correlation than the two previous
tables (table 5 and 6), but still a small correlation
with no statistical significance, and means that the
relative force determines the final score with 11.1%.

DISCUSSION AND CONCLUSION

The aim of this study was to investigate the
influence of lower extremities muscle force on the
performance of floor exercises with young gymnasts.
Based on the obtained results, it can be concluded
that the values of the absolute and relative forces of
the lower extremities do not have a statistically
significant effect on the performance of floor
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exercises in artistic gymnastics with gymnasts aged
14 to 16 years.

As there is a small amount of research that has
dealt with this topic (only one), there is little room
for discussion and comparison of the results
obtained. The results obtained from this study
indicate that there is no statistically significant
influence of the absolute and relative force of the
lower extremities on "D" and "E" score or on the final
score on floor with gymnast's. The results obtained
in this research completely agree with the results
obtained in the research of Paunovic et al (2018).
The authors of this research examined the influence
of the relative force of different muscle groups on the
result in all-round with young gymnasts. The results
of the regression analysis showed that there was no
statistically significant influence of the set of
variables on the result in all-round (p = 0.653), as
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with any variable individually (BACKMAX = 0.841,
LEGMAX = 0.413, BICMAX = 0.926, SHOMAX =
0.149). The authors concluded that on the success in
all-round at this age affects many factors, as well as
stage fright, anxiety, competitive experience and
many others.

Moskovljevic (2013) in his study talks about the
repetitive and explosive power of the legs. The
results indicate that explosive and repetitive
strength allows easier jumps, longer flight time,
shorter ground contact time, and higher jump height.
Similar results were obtained by Bojanic (2016)
which confirms the hypothesis of a positive effect of
base-motor potentials on strength. Hall, Bishop &
Gee (2016) were intended to determine the effect of
plyometric training when added to ordinary
gymnastics training and came to the conclusion that
an additional two hours of plyometric training
improved performance aspects at the vault. The
subject of some research to date has been
determining predictive values and relationships of
morphological characteristics and success in sports
gymnastics (Ljasotovi¢, 1975; Sejdi¢, 1982; Wagner,
1984; Rasidagi¢, 2001; Hmjelovjec, 1984, 1989,
2002; Tabakovié¢, 2000, 2003). The results of the
conducted researches mostly confirmed that
morphological characteristics have a very big
influence on the success in executing elements in
artistic gymnastics.

As for researching of strength in other sports
Garrido et al. (2012) have obtained an association
between the maximum isometric force of hand grip
and swimmer 100m freestyle results. Dopsaj,
Ivanovi¢, Blagojevi¢ & Vuckovi¢ (2009) have come
up with results that indicate a higher hand grip force
of the weightlifters from normally and well-trained
fourth-year students of Academy of Criminology and
Police Studies. Results which indicates that top
athletes and non-athletes have the same ability to
develop the muscular force of the leg extender, were
obtained by Ivanovi¢ et al. (2012). The foregoing
researches represents good idea for further
researches in artistic gymnastics. Given that in
artistic gymnastics, gymnasts have a grip for
appartus on four of six apparatus, future research
could test the connection and the impact of the hand
grip force on the results on these apparatus. The
maximum and relative forces of different muscle
groups should also be compared, between gymnasts
and non-athletes (Paunovi¢, Purovi¢, Velickovic,
Zivkovié, & Stojanovi¢, 2018).

Success in sports largely depends on many basic
and specific motor abilities and their connectedness
which is significant for achieving the best possible
result in competitive conditions (Bokan, 2009). The
reason for the results obtained in this study is to be
found in the age of the respondents as well as a

number of other factors that affect the outcome at
this age. Regardless of the results obtained, this
research provides a good basis for further research
in which the influence of other muscle regions on the
performance of exercises on other apparatus and
exercises in all round can be examined, as well as in
a sample of respondents of different ages and
competitive levels. It can also provide guidance for
the development of certain muscle groups that have
the greatest impact on success on specific apparatus,
and thus help in the training process and contribute
to better results.
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ABSTRACT

The research aimed to determine which judo techniques are most commonly used in competitions, in
accordance with current rules prescribed by the World Judo Federation (IJF). The analysis included 13 studies,
which analyzed 34 judo competitions from 1981 to 2014. Leg judo techniques (Ashi waza) have been found to be
the most commonly used techniques from 1981 to 1999, compared to other groups of techniques, especially for
heavyweight competitors. In the period from 2000 to 2009, hand judo techniques (Te waza) had the most
common application, and after the rule changes from 2009 and 2010, there would be a equal application of hand
and leg judo techniques. The equilibrium between the use of hand and leg judo techniques continued after the
2013 rule change. The general conclusion is that the rule changes influenced what techniques the judokas
commonly use during the match. Individually, the following techniques are most commonly used in judo in the
studies analyzed: Uchi mata and Seoi nage (most often), Ko uchi gari, Ko soto gari, Kata guruma, Te guruma,
Kuchiki taoshi, Morote seoi nage, Ippon seoi nage, O uchi gari, Harai goshi, Tani otoshi, O soto otoshi, De ashi barai
and others. The conducted analysis can have practical application and contribute to judo coaches in planning the

training process, especially in the part of planning the strategy and tactics for competition.

Keywords: judo, techniques, analysis, rules

INTRODUCTION

In judo it is often the case that, despite the
competitiors extraordinary psycho-physical fitness
and high ranking in World's Judo Federation
(International Judo Federation - IJF), they finish their
competition in the first fight. Also, it is not
uncommon for lower ranked fighters to win the
world's most important competitions. All this
indicates that the outcome of the judo fight is not
easy to predict, which makes judo as a sport more
interesting for both, the audience and the world of
science. Judo is a sport with a specific movement
structure, a large number of throwing techniques
and ground techniques, as well as specific
competitor  characteristics, requiring unique
psychological preparation that can significantly
offset the lack of physical, functional and technical
ability (Bratic, 1998). During a judo fight, dynamic
situations change constantly with changes in the grip
and position of both fighters, which requires a good
dynamic stereotype of the grip and throw, as well as

a good ability to effectively reorganize those
dynamic stereotypes (Cicovic, Simonovic, & Antonov,
2012).

The first rules of judo were written by its creator,
Jigoro Kano, in 1884 for the purposes of fighting in
Kodokan, the judo school he founded (Stankovic,
2015). In order to popularize judo as well as to
promote its attractiveness to the viewers, the rules
of judo have been constantly changing to this day.
Thanks to the change of rules, the dynamics of judo
fighting changed from competition to competition.
Changes in judo rules also led to changes in the
technical and tactical approach to judo combat by
competitors and coaches, changes in psycho-physical
preparation, etc. Accordingly, a continuous change in
the rules of judo was followed by various scientific
studies in order to determine the impact of the rule
change on different segments of judo fight and
competition.

Studies on the analysis of judo fighting have
become increasingly widespread in the scientific
public (Kopas, Drid, & Obadov, 2008; Vukotic, Drid, &
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Obadov, 2008; Boguszevski, 2010, 2011; Adam,
Smaruj, & Tyszkowski, 2011; Witkowski, Maslinski,
& Kotwica, 2012; Segedi, & Sertic, 2012; Kajmovic, &
Radjo, 2014; Stankovic, 2015 and others). Under the
rules until 2006, the judges paid much attention to
the position of judokas on the edge of the contest
area. Leaving the contest area a few centimeters
would entail a penalty that in most cases was
difficult to offset (Drid, & Todorov, 2017). The
changes to the rules of the fight introduced in 2006
were intended to limit the referee’s role in
competitions  (Boguszewski, 2011). Changes
concerning the conduct of combat at the edge of the
contest area, when judokas are in a vertical position,
allowed the fight to continue if judoka initiated the
attack while one of the fighters had contact with the
contest area. In 2006 and 2007, guidelines were
introduced for punishing inactive combat. Passive
combat was penalized, which aimed to create more
dynamic judo fights.

One of the most important changes in 2009 is the
elimination of the smallest point (koka), and the ban
of the leg gripping (the grip is punished with shido).
In the event of a draw at the end of a 5-minute
match, the golden score is reduced from five to three
minutes. The rules since 2010 have aimed to make
judo more attractive and dynamic in the attacking
phase, so that the fighting ends with an ippon
(Boguszewski, 2011). Throws that include touchnig
directly the legs of opponents such as: morote gari,
kuchiki taoshi, kibisu gaeshi, kata guruma, suki nage,
were limited (Adam et al,, 2012). Direct gripping of
the opponent's legs was punished by disqualification
(hansoku make) unless the action followed in
response to the opponent's attack or the
continuation of his own initial attack (Stankovic,
2015).

As the most significant changes in the rules since
2013, Stankovic (2015) points out that the
importance of penalty points has been reduced
because penalty points have not been converted into
positive points for the opponent, so positive action
was superior to punishment. When fighting in a
standing posture, each grip on the leg also caused
qualification. The change was also introduced to grip
fighting by forbidding the breaking of the grip with
two hands. The 2013 rules, brought an unlimited
amount of time in overtime, where the fight ended
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with a point for one of the opponents (Miarka et al.,
2014).

The problem of this paper is reflected in the
collection, selection and analysis of scientific papers,
which were essentially based on the analysis of the
frequency of the application of throwing techniques
in judo combat. The aim of the study is to determine
which and to which group of techniques belong the
most commonly used throwing techniques, in
accordance with current rules prescribed by the
World Judo Federation (IJF).

METHOD

Literature search

The research papers whose results were
analyzed in this paper were collected on the basis of
the electronic search engines Scopus and PubMed.
The search selected papers that were mainly
extracted by the use of keywords: judo, techniques,
analysis, rules.

Data collection

In order to include the papers in the analysis, it
was necessary to satisfy the following criteria: that
the research analyze the most commonly used judo
techniques in competitions, that the competitions
took place in senior and junior age category and the
third criterion was that the works covered engaged
in competitions prior to the current rules defined in
2017.

A theoretical consideration of the
problem

The basic method in collecting scientific papers
was the descriptive method, which was used in
conjunction with theoretical analysis. Based on the
keywords and according to the subject and purpose
of the research, 13 studies were allocated for the
purposes of the paper. The aforementioned number
of surveys is considered optimal, as a total of 13
studies have analyzed 34 judo competitions,
including the most significant such as the Olympic
Games, World and European Championships.
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THE RESULTS

Table 1. Review of research papers

Current Research Competition Years of | The most commonly used | The most commonly used
rules maintenance groups of judo techniques single of judo techniques
Sikorski, World 1981, 1983, Seoi nage, Uchi mata, Ko soto
Mickiewicz, Championship 1985 gari and Ko uchi gari
Analysis  of | Majle, & Laksa European Te waza (-78kg)
competitions | (1987, Championship 1982, 1984, | Ashi waza (+78kg)
from 1981 | according to Championship 1985
to 1999 Stankovic, of Poland
2015) 1983, 1984,
1985
Sterkowicz & World 1995, 1997, | Ashi waza (-78kg)
Franchini Championship 1999 Ashi waza (+78kg), in all /
(2000) competitions except 1999 -
Olympic Games 1996 Te waza (-81kg)
Kopas, Drid, & Serbia 2007 Te waza Kata guruma, Tani otoshi and
Obadov (2008) Championship Uchi mata
for men
Analysis  of | Vukotic, Serbia 2007 Te waza Ippon seoi nage, Harai goshi
competitions | Obadov, & Drid Championship and Uchi mata
from 2005 | (2008) for women
to2008 Boguszewski Olyimpic Games | 2008 Uchi mata, Kuchiki taoshi and
(2010) World Te waza Seoi nage
Championship 2005 Ashi waza
World Cup 2005, 2006,
(Warsaw) 2007,2008
Witkowski, Olympic Games 2005 Te waza, Ashi waza, Sutemi | Seoi nage, Kata guruma,
Maslinski, & waza, Koshi waza Kuchiki taoshi, Uchi mata,
Kotwica (2012) Sumi gaeshi, Ko soto gake, Ko
uchi gari, Morote gari, Tomoe
nage
Sertic, Segedi, & European Junior | 2008 Te waza Kata guruma, Te guruma, Seoi
Vucak (2009) Championship nage
Zagreb-Croatia Sutemi waza Tani otoshi, Soto makikomi
Ashi waza Uchi mata, Ouchi gari, Kouchi
gari
Koshi waza Harai goshi, Sode
tsurikomigoski
leg techniques (Ashi waza) in all 13 championships
DISCUSION Sikorski et al., 1987 (according to Stankovic, 2015)

Research by Sikorski et al., in 1987 (according to
Stankovi¢, 2015) and Sterkowicz & Franchini (2000)
analyzed the World Championships (1981-1999),
then the European Championships (1982 - 1985) the
Olympic Games (1996) and the Polish
Championships (1983-1985). Based on the 13
competitions analyzed, it was concluded that leg
techniques (Ashi waza) were the most represented
in the above competitions. Competitors belonging to
the lighter weight category (-78kg to 1999 and -81kg
from 1999) within the 10 analyzed championships
used hand techniques (Te waza), while in the
remaining 3 championships from 1981 to 1999 they
used the leg techniques (Ashi waza). Competitors
who competed in the heavyweight category (+ 78kg
until 1999 and + 81kg since 1999) dominantly used

singled out the most dominant single techniques;
Seoi nage, Uchi mata, Ko soto gari and Ko uchi gari.
The importance of the isolated techniques was also
confirmed in the study by Sertic & Szegedi (2012),
where the authors based on the ratings of 8 judo
experts ranked the 60 most important judo
techniques, rating each technique individually with
grades 1 to 5. According to this classification, all 8
evaluators rated 5 the Uchi mata technique (1st
place by importance, along with Ippon seoi nage and
Morote seoi nage techniques), Ko uchi burns 4.86
(2nd place by importance), Ko soto gari 3.86 (9th
place by importance).

In the period related to competitions from 2000
to 2009, 5 studies were analyzed (Kopas et al., 2008;
Vukotic et al., 2008; Boguszewski, 2010; Witkowski

57




Fis Communications 2019

et al, 2012; Sertic et al, 2009). These studies
included 10 different competitions in the men's and
women's competitions. It is characteristic to point
out that hand techniques (Te waza) were the
dominant group of techniques in the analyzed
period. Having analyzed a significant period of time
with very important competitions (World Cup 2005;
Serbian Championship 2007; Olympic Games 2008;
World Cup Warsaw 2005-2008; European Junior
Championship 2008), it can be concluded that the
rules favored the dominance of hand/arm
techniques. The dominance of hand/arm techniques
in the analyzed period is probably one of the reasons
for the 2009 and 2010 rule change, which prohibited
direct grasps of the opponent legs. Individual
techniques which were the most frequently used
were: Uchi mata, Seoi nage, Kata guruma, Te guruma,
Kuchiki taoshi and others.

According to rules introduced in 2010, direct
grips on the opponent's legs were penalized by
disqualification. Techniques such as: Morote gari,
Kuchiki taoshi, Kibisu gaeshi, Kata guruma, Sukui
nage, were limited. Between 2009 and 2010, 3
research papers were analyzed (Adam et al., 2011;
Drid et al,, 2013; Trivic et al,, 2013). The 2010 rule
change have influenced the dominance of the
technique groups between the 2009 and 2010 World
Cups. Adam et al, 2011, found that te waza
techniques were more dominant in the 2009 World
Cup, whereas in the 2010 World Cup, ashi waza
techniques were more dominant. By analyzing the
2012 London Olympics in the men and women
category (Drid et al.,, 2013; Trivic et al.,, 2013), the
authors conclude that seniors were more dominant
in using hand techniques, while women were more
dominant in using leg techniques). Individual, Seoi
nage, Morote seoi nage and Uchi mata stood out as
the most commonly used techniques. Based on the
results obtained, it was concluded that the 2009 and
2010 rule changes reduced the dominance of te waza
techniques that was represented in competitions
until 2008.

According to the 2013 rules, 3 surveys were
analyzed (Miller et al, 2013; Kajmovic & Radjo,
2014; Stankovic, 2015), which included 4
competitions (World Cup 2011 and 2014; British
Championship 2013; Championship of Bosnia and
Herzegovina 2013 and 2014). The dominant
techniques at the British Championships (2013) as
well as at the Bosnia and Herzegovina
Championships were leg techniques. At the 2014
World Cup, hand techniques were dominant. The
2013 rule change did not jeopardize the dominance
of te waza, but did allow for an increase in the use of
ashi waza and koshi waza. The championships
analyzed highlight the following dominant and most
effective individual techniques: Ippon seoi nage (1st
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place), O uchi gari (3rd place), Uchi mata (1st place),
Ko uchi gari (2nd place), Harai goshi (5th place),
Tani otoshi (9th place), O soto otoshi (10th place),
De ashi barai (not separated in 60 significant
techniques, according to Sertic & Segedi 2012), Soto
maki komi (15 site) and others. Within the
parentheses is the importance of the techniques
rancked in the article published by Serti¢ and Segedi
(2012). Since certain techniques had the same value
of the arithmetic mean of the defined grade, the
brackets represent the values that the technique
occupies in the rank list according to the values of
the arithmetic mean of the grade, so it happens that
different techniques share the same place.

CONCLUSION

Based on the results obtained, it was found that
techniques from groups of hand and leg techniques
were most commonly applied in judo, while
sacrificial and hip techniques were significantly less
prevalent. Analyzed by period, leg techniques were
more dominant in the period from 1981 to 1999,
especially for competitors in the heavier categories.
From 2000 to 2009. te waza techniques were
absolutely dominant. The application of the new
rules from 2009 and 2010 diminished the
dominance of hand techniques, so that in the
analyzed competitions from 2011 to 2013, there was
an equal application of hand and leg techniques. This
trend of equality between domination, or more
frequent use in the fight between hand and leg
techniques, continued after the rule change from
2013 and remained until the last analyzed
competitions from 2014.

Individually most commonly used are: Uchi mata
and Seoi nage (most often), Ko uchi gari, Ko soto gari,
Kata guruma, Te guruma, Kuchiki taoshi, Morote seoi
nage, Ippon seoi nage, O uchi gari, Harai goshi, Tani
otoshi, O soto otoshi, De ashi barai, Soto maki komi
and others.

The analysis of the most commonly used judo
techniques provides a clearer picture of judo fights
in the competition, differentiates the techniques
whose application dominates the fight, and therefore
decides the winner. The analysis conducted can have
practical application and contribute to judo coaches
in planning the training process, especially in the
planning of the competition strategy and tactics.
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ABSTRACT

The aim of the research was to determine the trend in the development of the results of female paraswimmers
who won medals in freestyle disciplines in the last five Paralympic Games (POG) and the formation of a prediction
result model at the next Tokyo 2020 POG. First of all, a database of the best results on the last five POG in all
classes was created. After that, the equation of the trend and the results (times) that the female paraswimmers are
to achieve are calculated in order, hypothetically, to win the appropriate medal at the next POG. Due to the lack of
continuity of some disciplines, the results for classes S1, S2, S3, S4 and S14 were not processed. The trend of
development of results on the POG for the class of S5, S6, S7, S8, S9, S10, S11, S12 and S13 in the freestyle has been
determined. The significance of this research is that the problem of women in the Paralympic sport is being
addressed, which is a rarity in the previous research. Also, the results and the conclusion of this research provide a
(mathematical) response to coaches of para-swimmers, and that is the result of which their female para-swimmer

must swim in order to expect a medal at the next Tokyo 2020 POG.

Keywords: Paralympic Games, Para swimmers, female, freestyle.

INTRODUCTION

Para-swimming rules are adopted from
International Swimming Federation (FINA) rules and
is in program of the Paralympic Games (POG). Para-
swimmers are compete individually (backstroke,
breaststroke, butterfly, freestyle, medley) and within
the team (relays) on POG, world and continental
championships, as well as other competitions
(Burkett & Mellifont, 2008). Para-swimmers are
classified according type and level of impairment.
System of sport classification enables to para-
swimmers fair competition - to compete with
competitors with similar function/disfunction
(Tweedy & Vanlandewijck, 2011). International
Paralympic Committee (IPC) has special approach
toward participation of women with disability in
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sports training and sports competition. Para-
swimming classification and disciplines are identical
for both genders (Tweedy & Vanlandewijck, 2011) as
well as selection and training sessions. That is the
reason why there should be no gender differences in
result prediction of medal winners in next Tokyo
POG 2020. The aim of the study is to predict the
results of medal winners in the following Paralympic
Games (POG) in the freestyle disciplines in female
competition.

METHODS

First of all, a database of the medal winners
results in freestyle disciplines at the last five POG
was made and all classes are included.. The results of
the female para-swimmers in classes S5 to S10 were
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taken into account in the data processing. Based on
the established trend of results development, female
para-swimmers medal winners in freestyle
disciplines in the last five POG - a model for
predicting the results of the para-swimmers of
possible medal winners at the next 2020 POG has
been developed.

RESULTS

Given the fact that after 2000 POG a ban on the
participation of athletes followed (participation ban
at 2004 POG, 2008 POG), prediction model creation
of freestyle medal winners on 2020 POG was not
possible for class S14. In addition, the IPC abolished
some disciplines. For these reasons, data processing
was performed only for those disciplines that were
in the program at the last five POG. Likewise, due to
rationalization, the IPC merged disciplines in classes
S1, S2, S3, S4 and S5.That decision handicapped the
Jower classes” competitors and trend analysis for
classes S1, S2, S3 and S4 was not able to be done.

In the S5 class, the trend of improving results
(disciplines 50m, 100m, 200m) was broken in each
of the disciplines. In the 50m freestyle class S5, this
trend was broken at 2004 POG when the gold medal
winner had a poorer result than the previous 2000
POG. The same is true for the bronze medalist at
2012 POG. In the 100m discipline for the S5 class this
the trend has been broken seven times. In the 200m
discipline for the S5 class this trend has been broken
six times.

In class S6, the trend of improving results
(disciplines 50m, 200m) was broken in two of the
three disciplines. In discipline 50m for class S6, this
trend was broken at POG 2004, when all medal
winners had poorer results than the previous 2000
POG. The same is true for silver medalist at 2008
POG. In discipline 100m for class S6 the results the
medal winners of the last five POG have been
steadily improving. This trend has not been
disturbed during the last five POG. In the 200m
discipline for the S6 class, this trend was eroded at
2016 POG when the bronze medalist had a lower
swim performance than previous 2012 POG.

In class S7, the trend of improving results
(disciplines 50m, 100m) was broken in two of the
three disciplines. In the 50m class S7 discipline this
trend was broken at 2016 POG when the silver
medal winner had a poorer result than the previous
2012 POG. In the 100m discipline for the S6 class this
trend was broken at 2016 POG when all the winners
medals had a poorer result than in previous 2012
POG. In the 400m discipline for the S7 class, the
results for the women's para-swimmers who were
medal winners of the last five POG improved

steadily. This trend has not been interrupted on the
last five POG.

In class S8, the trend of improving results
(disciplines 50m, 400m) was broken in two of the
three disciplines. In the 50m class S8 discipline, this
trend was broken at POG 2004, when the bronze
medal winner had a poorer result than the previous
2000POG. The same is true for the POG 2008 silver
medalist. the female para-swimmers who have been
medal winners in the last five POG have been
steadily improving. This trend has not been eroded
by any of the last five POG. In the 400m discipline for
the S8 class, this trend was eroded at 2012 POG
when silver bronze medal winners had a lower swim
performance than previous POG 2008.

In class S9, the trend of improving results
(disciplines 50m, 400m) was broken in two of the
three disciplines. In the 50m discipline for the S9
class, this trend was broken at POG 2016 when the
silver medal winner had a poorer result than the
previous POG 2012. The same is true for the 100m
silver medal winner at the POG 2012. This occurred
in the 400m discipline, as all medal winners at the
last POG and gold and silver medal winners at the
POG 2012 had a poorer result than the previous POG.

In S10 class, the trend of improving results
(disciplines 50m, 100m, 400m) was broken in two of
the three disciplines. This class is characterized by
the 50m event, as all medal winners at the 2004 POG
and 2008 POG had a poorer result than the previous
POG. In the 100m discipline for the S10 class, this
trend was broken at the POG 2004, when the winner
of the 2004 POG. In Athens, they had a lower result
than the previous 2000 POG. In the 400m discipline
for the S10 class this trend was broken at the 2004
POG when all medal winners had poorer results than
previous 2000 POG.

In the 50m event for the S11 class, the results of
the women's para-swimmers - medal winners in the
last five POG have improved steadily. This trend has
not been disturbed during the last five POG. In the
100m discipline for the S9 class, this trend was
broken at 2016 POG when the gold medal winner
had a poorer result than the previous 2012 POG. The
same is true for the 100m silver medal winner at
2012POG. The 400m freestyle discipline was not
held at the last POG 2016.

In the 50m discipline for the S12 class, the results
on the women's para-swimmer medal winners from
POG 2000 to POG 2012 have been steadily
improving. This trend was eroded at the last POG
when all medal winners had a worse result than
some of their previous games. The 100m and 400m
disciplines for the S9 class were not held at the last
POG 2016.

In the 100m discipline for the S13 class, the
results of medal-winning female para-swimmers
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from 2000 POG to 2008 POG have improved steadily.
This trend was eroded at 2012 POG when gold and

bronze medal winners performed worse than
previous POG.

Table 1. Results of the last five POG in the freestyle and results prediction for the 2020 POG (classes S2-

S10).
Discipline POG 2000 POG 2004 POG 2008 POG 2012 POG 2016 POG 2020
G| s |B|G| s |B G s B G S B G s B G S B

S250m | 7546| 77.14| 8213| 7860 88.70] 9290 H/0| H/0| H/o| wHyo| Hyo| H/0| H/o| Hyo| H/O| H/A| m/A| H/A
S2100m |163.67|180.49|184.46(169.38/192.70|197.93| H/O| H/O| H/O| H/O| H/O| H/O| H/O| H/O| H/O| H/A| H/A| H/A
$350m | 5992 60.03| 6181| 58.16| 6657| 66.60| 57.05| 57.43| 64.22| 48.11| 4839| 55.72| H/0| H/0| H/0| H/A| H/A| H/A
$3100m [123.94[125.37[127.26128.09|136.24[139.06| H/0| H/0| H/0|10432|112.91]119.76| 90.07| 94.71| 94.86] H/A| H/A| H/A
S450m | 39.23| 4959 51.08| 39.22| 5250| 5318 46.27| 52.81| 53.28| H/0| H/0| H/O| 40.13| 4051| 4053| H/A| H/A| H/A
$4100m | 90.06]105.11[107.99( 85.07[101.00[10159[104.11{110.25[115.33| H/0| H/o| H/o| wH/0| H/o| H/0| H/A| m/A] H/A
S4200m |192.79|209.65|223.25(182.00(230.92|231.42| H/O| H/O| H/O| H/O| H/O| H/O| H/O| H/O| H/O| H/A| H/A| H/A
S550m | 36.65| 37.65| 3836| 37.26| 37.53| 37.62| 35.88| 37.12| 37.53| 35.88| 36.50| 37.89| 36.87| 37.13| 37.37| 36,23| 36,57| 37,24
S5100m | 7899 8205 8342 79.96| 80.46| 8133 76.65| 81.57| 82.20| 78.55| 80.57| 82.56| 78.85| 80.47| 83.21| 77,85| 80,19| 82,27
S5200m [164.61(175.99|176.46(169.99|173.86|178.84|167.47|169.51|172.51|169.74| 171.79]176.11|168.33|170.91(171.37|170,19(168,74|171,19
S650m | 36.02| 3623 37.44| 36.14| 3643| 37.65| 35.60| 36.52| 37.21| 34.77| 35.32| 36.11| 33.43| 33.68| 34.41| 33,23| 33,77| 34,28
$6100m | 79.72| 80.10| 8223 77.43| 79.52| 8287| 78.75| 79.29| 79.36| 73.33| 74.82| 76.83| 71.40| 73.47| 74.43| 69,90| 72,05| 72,65
S6400m  |379.13|384.50(385.70349.18362.59|365.24| 341.34|343.76(349.70{319.17(320.18|333.73(317.01|321.37|324.87| 294,89 (295,88 |305,90
S750m | 3498| 3555 36.00| 3434| 34.92| 3517| 33.84| 33.92| 34.50| 32.63| 33.18| 33.30| 32.42| 33.16| 33.26| 31,59| 32,19| 32,24
S7100m | 7464| 76.02| 78.05| 7461| 75.09| 75.89| 71.82| 72.09| 72.93| 69.39| 71.63| 72.61| 69.99| 72.80| 72.85| 67,73| 70,56| 70,36
S7400m |332.33[335.08(345.00(320.26(332.10[339.13[317.41(321.01[328.22(299.02[318.55|318.93[305.77|318.20(323.17|292,65(310,80(311,70
S850m | 3185| 3292 3332| 3151| 32.11| 3295 32.09| 32.20| 32.37| 31.13| 31.44| 31.55| 29.73| 30.13| 30.53| 29,88| 29,89| 30,05
$8100m | 7025| 71.12| 7246| 69.67| 69.86| 7229| 66.91| 68.48| 68.56| 65.63| 68.07| 68.37| 64.73| 65.08| 65.16(62,914| 64,36| 63,81
S8400m |311.73(318.92(339.13(307.88322.99(326.29|290.17 | 294.49(297.21{282.28|300.50|309.36| 280.33| 287.82|289.49( 267,96 279,54 (277,43
S950m | 3094| 31.29| 3188| 2952 30.63| 3066| 29.20| 29.33| 29.80| 29,12 29.21| 29.28| 28.29| 29.13| 29.30| 27,70| 28,20 28,22
$9100m | 67.12| 67.27| 6841| 6283 6531| 66.40| 61.44| 63.85| 63.89 62.77| 63.45| 63.62| 60.91| 62.81| 62.93] 59,27| 61,30| 60,93
$9400m [293.83]299.56|303.92(268.09|286.57|299.51(263.81(279.73|284.60|270.18|280.01|282.87| 282.56| 282.58|283.66| 269,56 (273,53 | 273,76
$1050m | 2844 2883 2895| 2875 29.68| 3041| 28.51| 28.92| 29.13| 28,10| 28.24| 28.67| 27.37| 27.72| 28.21| 27,40| 27,58| 28,11
$10100m | 61.67| 62.78| 6431| 6365 64.46| 6514 61.57| 61.59| 61.91| 60.89| 61.09| 61.58| 59.31| 59.85| 61.13| 59,17| 59,19| 59,84
$10 400m |283.93|288.96(291.05|291.08|293.55|297.77(273.15|278.11(279.44(274.55| 276.46|277.23(269.96| 275.09| 275.49|265,19( 268,99 268,70

POG - Paralympic Games, N/O - discipline was not held, N/A - analysis was not done for not maintaining
discipline at last POG, G - gold medal, S - silver medal, B - bronze medal

Table 2. Results of the last five POG in the freestyle and results prediction for the 2020 POG (classes S11-
S14).

POG 2000

POG 2004

POG 2008 POG 2012 POG 2016 POG 2020

Discipline

G S B

G S B

G S B G S B G S B G S B

S11 50 m

33.51| 33.75

33.98

32.35| 33.22| 33.58

31.39| 31.95| 32.45| 30.94( 31,01| 31.67| 30.73| 30.76| 31.23|29,69|29,68|30,36

S11 100 m

74.31| 74.47

75.61

72.10| 73.25| 73.48

68.96| 69.65| 71.08| 67.29| 69.83| 70.25| 68.03| 68.31| 68.55|64,93|66,38(66,59

S$11 400 m

337.17(343.28

349.08

H/0| H/O| H/O

H/O0| H/O| H/0|314.36|315.48|320.27|315.08|316.36(325.14| H/A| H/A| H/A

S12 50 m

28.67| 29.42

30,04

28,02| 28,74| 29,14

27,07| 27,82| 28,23| 26.90| 27.54| 27.75| 27.53| 28.38| 29,03|26,62|27,40(27,82

S12 100 m

61.57| 64.84

65.98

61.99| 63.52| 64.33

59.47| 61.24| 61.57| 5841| 60.00| 60.23| H/0| H/0| H/0| H/A| H/A| H/A

S12 400 m

293.95|298.00

301.68

291.20(292.16|302.42

H/0| H/0| H/0|277.89|278.60(279.75| H/0O| H/O| H/O| H/A| H/A| H/A

S13 50m

28.62| 28.80

29.60

28.47| 28.89| 29.00

27.85| 27.88| 28,04| 27.46| 27.91| 27.94| 27.34| 28.00| 28,02|26,88|27,52(27,25

S13 100 m

62.38| 62.98

65.20

61.74| 63.30| 63.69

58.87| 60.26| 60.46| 59.56| 60.07| 61.90| 59.19| 59.77| 60.07|57,78|58,38(58,65

S13 400 m

H/o| H/0

H/0

283.23(289.51(289.66

268.64|277.37(277.50] H/0| H/0| H/0|259.59|264.18|283.49| H/A| H/A| H/A

S14 50m

29.13| 29.37

29.55

H/0| H/o| H/O

H/o| Hyo| H/o| H/0| H/o| H/o| H/0| H/0| H/o| H/A| H/A| H/A

S14 100m

63.35| 64.92

65.10

H/0| H/0o| H/O

H/0| H/o| H/0| H/0| H/0| H/0| H/0| H/O| H/O| H/A| H/A| H/A

S14 200m

134.90(135.97

140.64

H/0| H/0| H/0

H/O0| H/O| H/0|132.63|133.18|134.80|{123.30{126.92(130.20| H/A| H/A| H/A

POG - Paralympic Games, N/O - discipline was not held, N/A - analysis was not done for not maintaining
discipline at last POG, G - gold medal, S - silver medal, B - bronze medal

DISCUSSION

Regarding physical impairment, it was stated
earlier that trend analysis was not done for classes
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S1, S2, S3 and S4 because they were merged with
class S5 by administrative decisions. In this way,
female para-swimmers in the first four classes of
physical impairment were disadvantaged (Burkett &
al,, 2018). In the S5 class, there are as many as 33.3%
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of cases (15 out of 45) where female para-swimmers
who won a medal had a slower time than some of the
previous POG who won the same medal.

Female para-swimmers in 'middle classes’, S6
and S7, have similar times in the disciplines 50m and
100m, which is probably due to similar indicators of
the race elements, and above all the start (Clephas et
al,, 2019), which is in most cases performed by. Class
S6 contains as many as 11% of cases (5 out of 45)
where female para-swimmers who won a medal had
a slower time than some of the previous POG who
won the same medal. In the S7 class, there are as
many as 9% of cases (4 out of 45) where female
para-swimmers who won a medal had a slower time
than some of the previous POG who won the same
medal.

"High classes" male and female para-swimmers
with physical impairment (S8, S9, S10), train with
junior and senior swimmers without disability
(Fulton et al., 2010). In the S8 class, there are as
many as 9% of cases (4 out of 30) where female
para-swimmers who won a medal had a slower time
than some of the previous POG who won the same
medal. In the S9 class, there are as many as 16% of
cases (7 out of 45) where female para-swimmers
who won a medal had a slower time than some of the
previous POG who won the same medal. In the S10
class, there are as many as 22% of cases (10 out of
45) where female para-swimmers who won a medal
had a slower time than some of the previous POG
who won the same medal. One suggestion for
improving swim performance and results in female
para-swimmers in categories S6, S7 and S8 is to
work on muscle mass and upper body strength
(Dingley et al., 2015). The times elapsed for female
para-swimmers with physical impairment differ
from class, which is a consequence of clean
swimming speed, stroke frequency and stroke index
(Tejero etal., 2018).

When it comes to classes involving female para-
swimmers with visual impairment (classes S11, S12
and S13), there is a trend of improvement in results,
with sporadic cases of stagnation compared to some
of the previous POG. It has also been observed that
the results of female para-swimmers medal winners
of "high classes" have better times than medal
winners in "lower classes" at the same POG (Souto et
al, 2017), although different levels of visual
impairment do not affect the track elements. In the
S11 class, there are as many as 3% of cases (1 in 30)
where female para-swimmers who won a medal had
a slower time than some of the previous POG who
won the same medal. In the S12 class, there are as
many as 20% of cases (3 out of 15) where female
para-swimmers who won a medal had a slower time
than some of the previous POG who won the same
medal. In the S13 class, there are as many as 30.3%

of cases (6 out of 30) where female para-swimmers
who won a medal had a slower time than some of the
previous POG who won the same medal.

Earlier it was stated that the creation of the
prediction model in freestyle medal winners at 2020
POG could not be done for class S14. However, it can
be noted that there were improvements in the
results (discipline 200m freestyle) at the last two
POG. The assumption is that the specialization of
female para-swimmers with intellectual impairment
within that discipline has been made, so much
progress is evident. A favorable circumstance for this
class is that there is no significant correlation
between the level of intellectual impairment and
swimming performance, which leaves coaches more
opportunities to influence the quality of their female
para-swimmers (Gilderthorp et al.,, 2018), primarily
in explosive power and cardiovascular fitness (Daly
etal, 2006).

This study shows presence of differences
between classes which is consequence of start,
swimming performance and impairment (Dingley et
al,, 2014). Progress in all classes and disciplines is
consequence of  interdisciplinar approach.
Participation of experts from many fields and
proffesions (swimming coaches, dry-land and water
conditional coaches) contributs results imrovement.
Still, coach of female para-swimmers is the person
that has to sublimates and consider specifity of
impairment, classes and discipline, individual
characteristics, specific mechanisms of physical
adaptations, which is not present in literature (Puce
etal, 2018).

CONCLUSION

The overall rating is that the scores of the female
para-swimmers medal winners in all classes in
freestyle disciplines during last five POG has been
improved. On the other hand, occasionally there
were cases where results emerged medal winners
female para-swimmers on last five POG were weaker
than previous POG, what happened in male
competition (Velickovi¢ & al., 2015).

The significance of this research is that it
addresses women's issues in Paralympic sport. Also,
the results and conclusion of this research provide a
(mathematical) answer to coaches in para-
swimming - which result is necessary for their
female para-swimmer to obtain in order to get medal
at next POG.
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ABSTRACT

Rhythmic gymnastics is a sport discipline with specific physiological, biomechanical and aesthetic
requirements which change with the level of skills, training load, and they usually increase with the competition

» o«

level. Serbian Gymnastics Federation formed three competition programs (“A”, “B” and “C”, i.e. high-, medium- and
low-level program), which differentiate in the competition rules, and it can be assumed that these different
requirements of the different types of competition programs have resulted in some differences between these
groups, and in particular in the dynamics of growth and maturation. The main objective of this study was to
examine and compare sexual maturity of 126 rhythmic gymnasts (RGs) distributed in five age group categories
(15 seniors, aged 16 years and older; 25 juniors, aged 14-16 years; 26 advanced-level RGs, aged 12-14 years; 38
intermediate-level RGs, aged 9-12 years; 22 beginners, aged 6-9 years) and two competition programs (“A”=42;
“B”=84). Their baseline characteristics (age, body height and mass, body mass index, onset of menarche, years of
training experience) were established, as well as their sexual maturity (telarche, adrenarche and length of period
since menarche). The data were analyzed (Descriptive statistics, Kolmogorov-Smirnov test, Mann-Whitney U test)
using the SPSS 21.0. Research results showed the absence of statistically significant differences in sexual maturity
of “A” and “B” competitors and in each of five age group categories. Taken as a whole, sexual maturity does not

discriminate significantly “A” and “B” RGs, irrespective of age group category.

Keywords: rhythmic gymnastics, breast development, axillary hair development, menarche

INTRODUCTION

Growth and maturation are characterized by
individual variation and, in addition to being under
the influence of genetics and neuroendocrine
control, environmental factors (type, intensity,
frequency and duration of sports training) also have
an impact on these two processes. Therefore,
physical activity, particularly intensive sport
training, is one of such environmental factor, and
sport-specific requirements are imposed over all
claims associated with normal growth, maturation
and development. Rhythmic gymnastics (RG), as an
artistic and aesthetic, specific and highly specialized
competitive discipline, is a sport that, apart from
intensive physical stress, is characterized by high
energy expenditure (two major factors which
modulate the function of pituitary gland, that is,
causing dysfunction of the gonadal axis), prepubertal
stage is prolonged and pubertal development is
entirely shifted to a later age (Georgopoulos,

Markou, Theodoropoulou, Vagenakis, Mylonas, &
Vagenakis, 2004).

In the past 20 years, the authors were concerned
with comparing the degree of sexual maturity mostly
in athletes and non-athletes, where a significant
delay of puberty in rhythmic gymnasts compared to
non-athletes was found (Klentrou & Plyley, 2003;
Canelas, 2009; Gruodyté-Raciené, Jiirimiae, Saar,
Cicchella, Stefanelli, Passariello, & Jirimae, 2012).
The age of menarche of rhythmic gymnasts
compared to their mothers and sisters was also
examined and it was found that the delayed
menarche is positively correlated with the intensity
of training (Georgopoulos, Markou, Theodoropoulou,
Paraskevopoulou, Varaki, Kazantzi, Leglise, &
Vagenakis, 1999). Some authors were interested in
comparing younger and older senior RGs (Avila-
Carvalho, Klentrou, da Luz Palomero, & Lebre, 2013),
and the results of research indicated the
acceleration, given that younger seniors got
menarche in earlier age. In all of these studies, the
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impact of training intensity in the RG is not
sufficiently studied, and that is exactly what, among
other things, differentiates competition programs in
this sport. Serbian Gymnastics Federation has
formed three competition programs (“A”, “B” and
“C”, i.e. high-, medium- and low-level program)
which all differentiate in some competition rules, i.e.
in items like: final score, the maximal number of
body difficulties, scoring of body difficulties, age
category classification, number of routines and type
of apparatus, training hours per week, etc, and it is
absolutely legitimate to assume that these different
requirements in different competition programs
could produce differences among them, and
especially in growth and maturation dynamic. As
tribute to this assumption, there were some
researches interested in comparing gymnasts of
different performance level (di Cagno, Baldari,
Battaglia, Brasili, Merni, Piazza, Toselli, Ventrella, &
Guidetti, 2008; Broda & Poliszczuk, 2009; da Silva &
Rocha, 2011; Purenovié-Ivanovié, Popovi¢,
Moskovljevi¢, & Penci¢, 2017; Purenovi¢-Ivanovic,
Bogdanovi¢, Popovi¢, Uzunovi¢, & Zivkovié, 2018;
Randelovi¢, 2019), where dissimilarities in

anthropometric and many other values between elite
and low(er) profile ggymnasts of the same age were
recorded. The purpose of the current study was to
examine and compare sexual maturity of rhythmic
gymnasts (RGs) of different competition programs,
within each of five age group categories.

METHODS

Subjects

One hundred and twenty-six RGs, between the
ages of 7 and 20 years, voluntarily participated in the
study [Mean#SD, age: 11.95+3.09 years, body height:
147.76+14.61 cm, body mass: 37.75+11.72 kg, BMI:

16.79+2.26 kg/m?, age of menarche (n=32):
13.57+£1.18 years, sports experience: 5.88+2.79
years]. All of the participants are individual

competitors at national and/or international level in
an “A” and “B” program (i.e. high- and medium-level
competition program), distributed in five age group
categories according to the official age classification
of the Serbian Gymnastics Federation (see Table 1).

Table 1. Distribution of study participants according to age group category, competition program and

country of competition

Age Group 6th "Montene‘:gro Cup 2014 l\.lation.al
Categories 2013 Champlonshlp_s TOTAL
(Budva, Montenegro) (Belgrade, Serbia)
Seniors 7A + 8B 7A+8B=15
Juniors 1A + 5B 12A+7B 13A+12B=25
Advanced 2A+7B 5A +12B 7A +19B =26
Intermediate 5A +13B 4A + 16B 9A +29B =38
Beginners 6A + 3B 13B 6A +16=22
TOTAL 14A + 28B =42 28A + 56B = 84 42A +84B =126

Legend: A- “A” program (national- and international-level RGs competing according to FIG rules), B- “B”
program (national- and international-level RGs, but with less demands for difficulties compared

to an “A” program RGs).

Procedure

The first part of the testing was conducted at the
end of June 2013 in Budva (Montenegro), when 14
elite (i.e. “A” program competitors) and 28
international-level gymnasts (i.e. “B” program
competitors) were tested. During the 2014 National
Championships held in Belgrade (Serbia) on October
25t and 26, the second testing was performed and
it included 28 top-level (i.e. “A” program
competitors) and 56 national-level Serbian gymnasts
(i.e. “B” program competitors). Both competitions
were organized under the FIG rules of the previous
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Olympic cycle (2013-2016). All testing was
performed in accordance with the ethical standards
of the Helsinki Declaration (WMA, 2001).

All the measurements were taken by the authors
in optimal climatic conditions, with the participants
in their underwear, and according to the methods
proposed by the International Biological Programme
(Weiner & Lourie, 1969). The Martin anthropometer
was used for obtaining the RGs’ body height (in cm),
while body mass (in kg) and body mass index (BM],
in kg/m?) were assessed with a tetrapolar
bioelectrical impedance device, Omron BF511
(Kyoto, Japan). Data on their age, years of training
experience, age of menarche and axillary hair
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development, i.e. adrenarche (from AH1 to AHS3,
where AH1 is prepuberty, AH2 is puberty, and AH3
is postpuberty), were collected by interviewing the
participants. RGs’ telarche stage was estimated by
Tanner method (Tanner, 1962), which implied the
participants’ self-assessment: standardized figure
drawings depicting Tanner’s sexual maturation
stages of breast development were shown to the
participants, and they were asked to rate it (from B1
to B5, where B1 is prepuberty, B2 to B4 is puberty,
and B5 is postpuberty).

Statistical analysis

The data were analyzed using the Statistical
Package for the Social Sciences, version 21.0 (IBM
SPSS 21.0, SPSS Inc, Chicago, USA). Descriptive

statistics [average value (Mean), Standard Deviation
(SD), Range] were summarized for all variables.
Normality was tested using the one-sample
Kolmogorov-Smirnov test (K-S). A Mann-Whitney U
test was performed with the aim of determining the
differences in sexual maturity between RGs of high
and medium competition/training level within each
of five age group categories. The level of significance
was set at p<0.05.

RESULTS AND DISCUSSION

The baseline characteristics of the “A” and “B”
study participants, divided into five age group
categories, are presented in Tables 2 and 3,
respectively.

Table 2. Baseline characteristics of “A” study participants

oo | variabes | age | POASB | Botpuas | Vet | pgeriene
MeantsSD | 17.56:1.66 | 165.9+8.17 57.1£6.0 20.73+1.49 14.13+1.11 10.71+1.98
"A"(lslil;i)"rs Range | 1622-2034 | 1544-1782 | 51.4-67.0 19.0 - 23.3 13.0 - 15.92 9.0 -14.0
K-S (Sig.) 470 917 884 739 0.832 831
MeantsD | 1452:0.73 | 16224824 | 48812722 | 1843+1.61 13.51+1.27 8.39+15
A(xf‘:‘f;‘;rs Range 133-1582 | 146.1-176.7 | 31.0-62.7 14.5-20.4 11.58 - 15.17 5.0-10.0
K-S (Sig.) 907 768 787 820 0.793 416
Mean#SD |  12.04+0.5 150.44%6.14 | 35.46:4.0 15.590.66 - 6.14+1.46
A ’2:;’;;‘“‘1 Range | 11.38-12.63 | 142.2-157.5 | 30.2-40.5 14.5-163 - 4.0-8.0
K-S (Sig.) 839 867 993 944 - 588
" Mean#SD | 10.03:0.83 | 137.476.43 | 28.4%3.04 15.0£0.69 - 5.56+1.51
Intermediate | Range 871-11.09 | 1251-1457 | 22.7-326 13.7-15.8 - 3.0-8.0
(n=9) K-S (Sig.) 986 921 941 766 - 954
" MeanzSD | 7.49:046 | 127.38:5.66 | 23.78+2.61 | 14.62%0.42 - 2.58+0.92
Beginners Range 7.04-811 | 1233-1385 | 21.2-287 13.9-15.0 - 1.5-4.0
(n=6) K-S (Sig.) 952 393 528 989 - 887
Total ‘A" MeantsD | 12.65¢3.38 | 150.59+15.71 | 40.02¢13.1 | 17.06%2.52 13.85+1.18 6.96+2.91
sample Range 7.04-2034 | 1233-1782 | 21.2-67.0 13.7-233 11.58-15.92 15-14.0
(N=42) K-S (Sig.) 932 586 357 142 0.998 635

Legend: “A”- “A” program, n, N- number of study participants, Mean- average value, SD- standard deviation, K-S-

Kolmogorov-Smirnov test, Sig.- significance, yrs- years, BMI- Body Mass Index.

Menstrual cycle is a very sensitive system and, as
such, it is subject to changes due to the reduction of
body weight, inadequate nutrition, intense exercise,
diseases and psychosocial factors (Ray, 2005).
Aesthetic sports such as the most typical
representative of this group- rhythmic gymnastics,
requires special morphotype of RGs (long and thin
limbs, a minimum percentage of fat, the absence of

the subcutaneous adipose tissue), which these
athletes exposes to an increased health risk of eating
disorders (Ray, 2005). Eating disorders are
automatically associated with the menstrual cycle
irregularities (Purenovi¢-Ivanovi¢, 2014), as well as
with the bone density reduction, i.e. osteoporosis
(Warren & Shantha, 2000; Moreira, Prass, Vargas, &
Silva, 2007; di Cagno, Marchetti, Battaglia, Giombini,
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Calcagno, Fiorilli, Piazza, Pigozzi, & Borrione, 2012).
Early specialization of these athletes, during the
prepubertal stage, further increases the risk of
developing these disorders. Bearing in mind these
important facts, we consider necessary discussing
their BMI and the relation with the onset of
menarche. When speaking of “A“ senior RGs, and
based on the BMI cut-off points for girls of different
ages (CDC, 2000), it can be stated that their BMI
value is within the normal range (Table 2). As for the
time of the onset of menarche, on average, in all of
the “A” senior RGs there was a "delay" of puberty,
given that the average age of first menstruation was
14.13 years, like in a numerous of previously
reported studies (Georgopoulos et al, 1999;
Klentrou & Plyley, 2003; Theodoropoulou, Markou,
Vagenakis, Benardot, Leglise, Kourounis, Vagenakis,
& Georgopoulos, 2005; Avila-Carvalho et al., 2013).
The situation is similar in case of “B” senior RGs
(Table 3), but on average the menarche delay is a
little less compared to “A” senior RGs (13.88 vs.
14.13 years).

In the case of "A" junior RGs, only one of them
was found underweight, i.e. her BMI has low value
for a girl of that age; the remaining "A" juniors
(92.31%) are of normal nutritional status. In 46.15%
of "A" junior RGs the menarche was recorded, and

they started menstruating with 13.5 years of age, on
average (Table 2). As for the "B" junior RGs, the
situation is similar: all are of normal weight, exactly
half of them (50%) are menstruating, with an
average years of onset of menarche like in case of
their "A" peers- 13.63 years (Table 3). In the case of
BMI of "A" advanced-level RGs, it is within the
normal range for girls of that age, but when it comes
to the menarche, it did not happen yet (Table 2). In
contrast to "A" advanced-level RGs, the situation
with "B" RGs is slightly different: in 15.79% of them
a low nutritional status was recorded so as low BM],
and menarche in 26.32% of "B" advanced-level RGs
(average menarcheal age is 12.33, Table 3). When
the recorded value of body mass index of "A" and "B"
intermediate-level RGs are compared, one can notice
that the differences are minimal: only one gymnast
in "A" program is undernourished (11.11%), while
that percent is bit higher in "B" program (17.4%).
The situation with menarche is identical: there are
no recorded cases of menarche neither in sample of
"A" nor "B" intermediate-level RGs (Tables 2 and 3,
respectively). In the subsample of beginner RGs, the
differences are almost missing: they are all of normal
weight, except one obese gymnast from "B" program,
and as for menarche, at this age group category it’s
onset is not recorded.

Table 3. Baseline characteristics of “B” study participants

_ MeantSD | 17.49:117 | 163392573 | 54.11#354 | 20.2620.82 13.88+0.99 7.94+2.18
"Bu(ii‘g)ms Range | 16.16-19.76 | 150.0-169.0 | 47.4-58.7 19.1-21.4 13.0 - 16.0 5.0-11.0
K-S (Sig.) 0.698 0.334 0.994 0.999 0367 0.896
_ Mean#SD | 14.54+0.79 163.7¢5.75 | 4839:5.08 | 18.01¢1.17 13.59+1.22 7.58+1.56
"BEJ:;‘;‘;” Range | 1331-1559 | 153.2-1739 | 40.0-57.8 16.4-19.8 12.0 - 15.5 4.0-9.0
K-S (Sig.) 0.955 0.996 0.969 0.702 0.985 0.526
- MeantsSD | 1233:099 | 151.63+9.63 | 40.3:8.79 17.28+2.07 12.330.77 5.58+2.12
B 31‘1:"1"9“)‘:3‘1 Range 1057-13.8 | 136.0-1644 | 255-53.2 13.8-214 11.5-13.5 0.5-9.0
K-S (Sig.) 0.979 0.691 0.950 0.951 0.868 0369
g MeantSD | 10.14:0.81 | 140.69:5.71 | 30.44x457 | 15.32+1.41 - 4.7+1.95
Intermediate | Range 8.91-12.02 | 1288-151.4 | 22.6-40.2 12.7-189 - 1.0-8.0
(n=29) K-S (Sig.) 0.779 0.862 0.930 0.914 - 0.534
B MeantSD | 8.24%0.74 128.76£5.89 | 25.84+2.81 | 15.56+1.08 - 2.5+1.64
Beginners Range 6.67-9.08 | 120.1-139.3 | 20.8-30.8 13.6-18.7 - 05-6.0
(n=16) K-S (Sig.) 0.514 0.934 0.998 0.437 - 0.289
Total “B” Mean#sSD | 11.6+2.89 146.34%13.9 36'617110'8 16.66+2.13 13.38+1.16 5.29+2.56
2;‘:&‘)’ Range 6.67-19.76 | 1201-173.9 | 208-587 12.7-214 11.5-16.0 0.5-11.0
K-S (Sig.) 0.145 0.309 .049* 0.159 0.756 0.069

Legend: “B”- “B” program, n, N- number of study participants, Mean- average value, SD- standard deviation, K-S- Kolmogorov-Smirnov

test, Sig.- significance, yrs- years, BMI- Body Mass Index.
*absence of normal distribution (significant at p=0.05)

As for the normality of data distribution (K-S
test), in the subsample of "A" RGs there was no
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statistically significant variation in any of the five
examined variables (Table 2). When it comes to the
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distribution of data in the group of “B” RGs (Table 3),
a statistically significant deviation is recorded only
for variable Body Mass (K-S, Sig.=0.049) and in case
of total "B" sample. Considering that in the
subsamples of "A" and "B" intermediate-level and
beginner RGs (Tables 2 and 3, respectively), as well
as in case of "A" advanced-level RGs (Table 2), the
data on menarcheal age are missing (they are all in
prepubertal stage), so as the variability, therefore it
was not possible to examine the normality of that
data distribution.

Early menarche is associated with psychosocial
and health problems (Gluckman & Hanson, 2006;
Herman-Giddens, 2007): women who got their first
period in early age, have an increased risk of breast
cancer (Kelsey & Gammon, 1990), depression
(Joinson, Heron, Lewis, Croudace, & Araya, 2011)
and cardiovascular diseases (Lakshman, Foroubhi,
Sharp, Luben, Bingham, Khaw, Wareham, & Ong,
2009). If we consider the onset of menarche in our
sample of examinees, a slight "delay" in "A" RGs is

evident in comparison to their peers from "B"
program, which contributes to the fact that intensive
training in prepuberty, as case in "A" competition
program compared to "B", has its important place
(Sundgot-Borgen, 1996).

In Tables 4 and 5 the average values of the
recorded sexual maturity parameters in “A” and “B”
RGs, respectively, of each age group category, so as
for the total “A” and “B” samples, are presented.
When it comes to sexual maturity of “A” senior RGs,
they are all in puberty (B3- 28.6%, B4- 71.4%, AH2-
100%, MEN- 100%). The situation is similar when it
comes to their peers from “B” program. When
considering the normality of the data distribution,
the deviation was recorded only for the variable AH
in the subsample of “B” senior RGs (p=0.03, Table 5),
whereas the testing of the same parameter in the
subsample of "A" peers omitted due to the lack of
variability (they are all in the same stage, i.e. AH2,
Table 4).

Table 4. Sexual maturity in “A” RGs of different age group categories

Age Group Categories Variables B AH MENS (yrs)
Mean+SD 3.71+0.49 2.0+0.0 3.43+2.46
“A” Seniors (n=7) Range 3.0-4.0 2.0-2.0 0.46 -7.17
K-S (Sig.) 0.141 - 0.928
Mean+SD 3.08+0.76 1.92+0.49 0.64+0.94
“A” Juniors (n=13) Range 1.0-4.0 1.0-3.0 0.0 - 2.45
K-S (Sig.) 0.044* 0.026* 0.225
Mean#SD 1.86+0.89 1.57+0.53
“A” Advanced (n=7) Range 1.0-3.0 1.0-2.0 -
K-S (Sig.) 0.739 0.324 -
Mean+SD 1.11+0.33 1.0£0.0 -
“A” Intermediate (n=9) Range 1.0-2.0 1.0-1.0 -
K-S (Sig.) 0.016* - -
Mean+SD 1.0+0.0 1.0£0.0 -
“A” Beginners (n=6) Range 1.0-1.0 1.0-1.0 -
K-S (Sig.) - -
Mean+SD 2.26x1.21 1.55+0.55 0.77+1.64
Total “A” sample (N=42) Range 1.0-4.0 1.0-3.0 0.0-7.17
K-S (Sig.) 0.003* 0.000* 0.000*

Legend: “A”- “A” program, n, N- number of study participants, Mean- average value, SD- standard deviation, K-
S- Kolmogorov-Smirnov test, Sig.- significance, B- breast development (telarche), AH-axillary hair
development (adrenarche), MENS- length of period since menarche, yrs - years.

*absence of normal distribution (significant at p=0.05)

In case of “A” junior RGs, only one of them is in
prepubertal stage (B1, AH1, menarche not recorded),
while the rest of them are in puberty. Statistically
significant absence of normal data distribution (K-S
test) is recorded in case of parameters B (“A™:
Sig.=0.044; “B”: Sig.=0.045) and AH (“A”: Sig.=0.026;
“B”: Sig.=0.002) (Tables 4 and 5, respectively). Even
42.86% of "A" advanced-level RGs is in prepubertal
stage (B1, AH1, the absence of menarche), while in

the remaining 57.14% of them puberty has already
started; menarche is not recorded in this age group
category of "A" sample, thus a possibility to test the
normality of the variables’ data distribution is
missing (Table 4). In the subsample of "B" advanced-
level RGs, a smaller percentage of those in
prepuberty is recorded (only 26.32%), while in the
remaining 73.68% a puberty has started, but without
menarche. For the variables AH and MENS in the
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subsample of "B" advanced-level RGs, a statistically
significant deviation from the normal distribution is
recorded (p=0.036, p=0.004, respectively; Table 5).
In case of "A" and "B" intermediate-level RGs, the
situation is identical in terms of menarche (it is
missing), as well as of adrenarche (AH1: 100%), but
when it comes to telarche the situation is as follows:
in 11.11% of them from "A" and in 24.14% from "B"
program, the beginning of puberty is recorded (B2 at
10.55, i.e. 10.8 years of age, respectively). The
identical situation, in terms of data distribution
normality, is recorded: the testing was not possible
for variables MENS (none of intermediate-level RGs

didn’t got the menarche) and AH (due to lack of
variability), and in case of variable B, a statistically
significant deviation was recorded (p=0.016,
p=0.000; Tables 4 and 5, respectively). In the
youngest age group category of both competition
programs, a prepuberty is recorded (B1, AH1, the
absence of menarche), so as statistically significant
deviation from the normal data distribution, in all of
the three parameters (p<0.05, Tables 4 and 5). Also,
when it comes to data distribution of the sexual
maturity parameters, a significant deviation was
recorded in total "A" and "B" sample (p<0.05, Tables
4 and 5).

Table 5. Sexual maturity in “B” RGs of different age group categories

Age Group Categories Variables B AH MENS (yrs)
Mean+SD 3.88+0.64 2.13+£0.35 3.62+0.52
“B” Seniors (n=8) Range 3.0-5.0 2.0-3.0 3.11-4.63
K-S (Sig.) 0.358 0.030* 0.940
Mean+SD 3.08+0.52 2.08+0.29 0.54+0.79
“B” Juniors (n=12) Range 2.0-4.0 2.0-3.0 0.0-2.0
K-S (Sig.) 0.045% 0.002* 0.243
Mean+SD 2.26x0.93 1.58+0.69 0.18+0.41
“B” Advanced (n=10) Range 1.0-4.0 1.0-3.0 0.0-1.44
K-S (Sig.) 0.157 0.036* 0.004*
Mean+SD 1.24+0.44 1.0+0.0
“B” Intermediate (n=11) Range 1.0-2.0 1.0-1.0
K-S (Sig.) 0.000* -
Mean+SD 1.0+£0.0 1.0£0.0
“B” Beginners (n=8) Range 1.0-1.0 1.0-1.0
K-S (Sig.) - -
Mean+SD 1.94+1.11 1.39+0.58 0.46+1.11
Total “B” sample (N=49) Range 1.0-5.0 1.0-3.0 0.0 -4.63
K-S (Sig.) 0.000% 0.000* 0.000*

Legend: “B”- “B” program, n, N- number of study participants, Mean- average value, SD- standard deviation, K-
S- Kolmogorov-Smirnov test, Sig.- significance, B- breast development (telarche), AH-axillary hair
development (adrenarche), MENS- length of period since menarche, yrs - years.

*absence of normal distribution (significant at p=0.05)

Figures 1 and 2 are graphic comparisons of the
obtained data for the “A” and “B” samples in total
(Figure 1) and for the five subsamples within two
competition programs (Figure 2). The differences we
see in the presented Figures the Mann-Whitney U
test has not confirmed. Namely, the test results
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indicate the absence of statistically significant
differences between an "A" and "B" senior, junior,
advanced-level, intermediate-level and beginner
RGs’ sexual maturity, although we can see that the
differences do exist.
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Figure 1. Values of sexual maturity data recorded in RGs of different competition programs (“A” and “B”)
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Figure 2. Values of sexual maturity data recorded in RGs of different age group categories (seniors,
juniors, advanced-level, intermediate-level and beginners) and competition programs (“A” and “B”)

CONCLUSION

By data analysis we obtained results which are
somewhat expected: a greater degree of sexual
maturity and earlier entry into puberty was
recorded mostly in "B" rhythmic gymnasts (when
considering the each age group category separately).
Therefore, the fact that "A" rhythmic gymnasts train
more often, i.e. more times per week (usually every
day), and thereby their daily training sessions last
longer, is probably the main reason for a lower
degree of sexual maturity to that established in their
peers from "B" competition program. Despite the
lack of statistically significant differences, by this
study once again is indirectly pointed out that the

training load a significant factor affecting the
gonadal axis of rhythmic gymnasts.
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ABSTRACT

The aim of the study is to predict the results of medal winners in the following Paralympic Games (POG) in the
butterfly discipline in female competition in physical disability.

Database of all results of medal winners in the 50m and 100m butterfly disciplines at the last five POG (2000
Sydney, 2004 Athens, 2008 Beijing, 2012 London and 2016 Rio de Janeiro) has been created. The data in classes
S5 to S10 were taken into consideration in the data processing. Due to the lack of continuity in the discipline of
50m butterfly for class S5, no results were processed for this class.

Based on the established trend of results development, medal winners in the 50m and 100m butterfly
disciplines in the last five POG. A model for predicting the results of possible medal winners at the next POG 2020

has been developed.

The obtained results will be of significance for further detailed analyzes on prediction of results in the 50m
and 100m butterfly disciplines. It should be noted that the results obtained will primarily be used for the purpose
of achieving better results than previously achieved. This work is gaining in importance as coaches can now know
(hypothetically) what result their Para swimmer needs to achieve in order to hope for one of the medals.

Keywords: Paralympic Games, Para swimmers, female, butterfly.

INTRODUCTION

Swimming - a sport incorporated since 1960 in
Rome as one of the most significant Paralympic
sports (Dolenec, 2017). To ensure fair competition,
swimming, like any other Paralympic sport, has a
classification system that ensures that victory is
determined by the development of swimming skills,
abilities, strength, stamina, tactical maturity and
mental readiness, the same factors that are required
to succeed in non-Paralympic sports (Tweedy &
Vanlandewijck, 2011). Classification is specific to
sport, as disability affects the ability to perform in
different sports to varying degrees. As a
consequence, an athlete may meet the criteria in one
sport but may not meet the criteria in another sport
(Swimming classification, 2018).

POG are the highest form of competition for
athletes with disabilities (Evershed et al, 2012).
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Swimming has been part of the POG program from
the very beginning - POG in Rome in 1960 (Burkett
et al,, 2018). It is the most massive sporting event for
people with disability and for which athletes have
been purpose fully preparing for the best result for
four years. When it comes to paragliding, para-
swimmers compete in 14 classes (Dingley et al,
2015). Para swimmers compete in five styles
(butterfly, back, breast, freestyle and mixed style), in
individual competition and relays. Butterfly is a
discipline represented for all three disabilities:
physical disability (at distances of 50m for classes
S5, S6 and S7 and 100m for classes S8, S9 and S10),
visual impairment (100m distance for class S13 in
which unified classes S11 and S12) and intellectual
disability (100m distance for class S14).

The aim of the study is to predict the results of
medal winners in the following Paralympic Games
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(POG) in the butterfly discipline in physical
disability.

METHODS

First, a database of all the results of the medal
winners in the 50m and 100m butterfly disciplines at
the last five POG (2000 Sydney, 2004 Athens, 2008
Beijing, 2012 London and 2016 Rio de Janeiro) was
made. The results of the para-swimmers in classes

RESULTS

S5 to S10 were taken into account in the data
processing.

Based on the established trend of results
development, medal winners in the 50m and 100m
butterfly disciplines in the last five POG. A model for
predicting the results of the para-swimmers of
possible medal winners at the next POG 2020 has
been developed.

Table 1. Results of the last five POG in the 50m butterfly discipline for the S5 class and forecasting results for

the 2020 POG.

50 m butterfly S5

POG G S B
2000 41,13 41,22 41,44
2004 44,7 44,7 44,7
2008 H/0 H/0 H/0
2012 41,76 42,67 46,62
2016 43,62 45,67 45,74
2020 N/A N/A N/A

POG - Paralympic Games, N/O - discipline was not held, N/A - analysis was not done for not maintaining discipline at last

POG, G - gold medal, S - silver medal, B - bronze medal

In the 50m butterfly discipline for the S5 class,
the results of the medal winners in the last five POG
have improved steadily (Table 1). However, this
trend was eroded at the 2012 POG when all medal
winners did not have a better swim than the
previous POG when this discipline was held (2004).
This has also happened at the last POG of 2016 in the
case of silver and bronze medal winners. For the first
time, in the 50m butterfly event for the S5 class, the
result of the medal winner was worse than at
previous POG in 2004 (silver medal). Otherwise, at
the 2008 POG, this discipline was not held, so data
processing to calculate the trend was not performed.

In the 50m butterfly for the S6 class, the results
for the medal winners in the last five POG have

improved steadily (Table 2). Only this trend was
broken at the POG in 2004 when the gold medal
winner had a slower time than the previous 2000
POG.

In the 50m butterfly discipline for the S7 class,
the results for the medal winners in the last five POG
have improved steadily (Table 2). However, this
trend has been eroded by the last two POG (2012
and 2016) when the gold medal winners had a
slower time than previous 2008 POG. Likewise, the
winners of the silver and bronze medals at the 2008
POG had a lower result than the winners of those
medals at the previous POG of 2004.

Table 2. Results of the last five POG in butterfly disciplines for the S6-S7 classes and predicting results for the

2020 POG.
POG 50 m butterfly S6 50 m butterfly S7
G S B G S B
2000 39,13 41,85 42,47 38,81 39,43 41,61
2004 40,25 41,03 41,96 37,37 37,47 38,30
2008 38,44 39,93 40,72 34,47 37,87 38,49
2012 36,05 37,65 39,26 35,16 36,03 36,50
2016 35,58 36,45 36,81 35,07 35,46 35,97
2020 34,50 35,13 36,04 33,27 34,44 34,25

POG - Paralympic Games, G - gold medal, S - silver medal, B - bronze medal
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Table 3. Results of the last five POG in the S8-S10 butterfly disciplines and predicting results for the 2020

POG.
POG 100 m butterfly S8 100 m butterfly S9 100 m butterfly S10
G S B G S B G S B
2000 82,33 | 8534 | 87,41 | 7549 | 7590 | 77,08 H/0 H/0 H/O0
2004 | 83,04 | 8385 | 8478 | 67,54 | 72,01 | 76,61 | 72,30 | 73,06 | 74,66
2008 | 71,64 | 7254 | 76,18 | 66,74 | 7092 | 7098 | 69,44 | 70,53 | 71,27
2012 | 70,32 | 71,53 | 73,28 | 69,30 | 69,79 | 70,10 | 64,43 | 68,55 | 69,08
2016 | 69,04 | 70,32 | 70,53 | 67,90 | 68,00 | 69,21 | 62,65 | 66,92 | 68,77
2020 | 63,48 | 64,01 | 64,86 | 65,37 | 6592 | 66,12 | 62,11 | 66,71 | 67,97

POG - Paralympic Games, G - gold medal, S - silver medal, B - bronze medal

In the 100m butterfly discipline for the S8 class,
the results for the medal winners in the last five POG
have improved steadily (Table 3). Only this trend
was eroded at the POG in 2004, when gold and silver
medal winners had a slower time than previous
2000 POG.

In the 100m butterfly discipline for the S9 class,
the results for the medal winners in the last five POG
have been steadily improving (Table 3). Only this
trend was eroded at the 2012 and 2016 POG, when
gold medal winners had a poorer result than the
2008 POG winner.

In the 100m butterfly discipline for the S10 class,
the results for the medal winners in the last five POG
have improved steadily (Table 3). This trend has
never been disrupted.

DISCUSSION

The focus of this paper was on the analysis of the
results of para-swimmers with physical disabilities.
There is a noticeable trend of improvement in the
results at each subsequent POG, when it comes to the
medal winners, which is both in appearance and in
male competition (Miloradovi¢ et al., 2018).

Class S5 is specific, as swimmers from the lower
classes (S1, S2, S3 and S4) also perform in the
disciplines of this class. In doing so, they were placed
at a disadvantage by the swimmer in the first four
classes of physical disability (Burkett & al.,, 2018).
Likewise, the specificity of this class is the diversity
in disability distribution. This means that
paramedics of different disabilities are members of
this class (eg, high bilateral amputation of the hands
with one shorter lower extremity, paraplegia,
cerebral palsy ...). In the S5 class, there are as many
as 50.0% of cases (6 out of 12) where para-
swimmers who won a medal had a slower time than
some of the previous POG winning the same medal,
which shows that there is much room for
improvement. It must also be speculated that some
of the results achieved are currently unachievable, as
the coaches had some information that saw the "light
of day" years later.

Only one in 15 cases (7%) found that a POG
medal winner was poorer compared to a previous
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POG in the 50m butterfly S6 class. This phenomenon
shows the focus of trainers and para-swimmers, but
also of the complex organizations that, above all, the
National Paralympic Committee that provide for
better preparation.

More than one quarter (27%), more precisely
four out of 15 cases, show that the time of a para-
swimmers who has won a medal in one of the last
five POG in the 50m butterfly in the S7 class has run
out. This phenomenon is explained by the fact that
due to the distance that is the shortest in the
Paralympic program (50m), there are limits in
physical abilities that can improve the available
training knowledge.

Although the mathematical model "announces"”
an improvement in results at the next 2020 POG in
Tokyo, practice has shown that there is often no
progression to medal-winning para-swimmers
(compared to medal-winners at some of the previous
POG). The reason for this phenomenon can be
explained by the short distance (50m) of the
discipline and limited training knowledge for these
classes (S5, S6 and S7).

13%, ie. in two out of 15 cases in the 100m
butterfly discipline in classes S8 and S9 it happened
that a medal winner did not have a better swim time
than in previous POG. Longer distance and the
possibility of more variations in training may explain
this phenomenon.

Of all classes in which female para-swimmers
with physical disabilities perform, the smallest
degree of physical and motor impairment is present
in class S10. In the 100m butterfly discipline,
progress was always made in the drifting times of
the para-swimmers. Coaches' experience shows that
in addition to swimming training, there is a lot of
supplemental dry training. Likewise, selection for
this class goes in the direction of selecting those
swimmers with minimal physical disability who
converge toward the very limit of disability.

CONCLUSION

The authors' assumption is that the obtained
results will be of significance for further detailed
analyzes of prediction of results in the 50m and
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100m butterfly disciplines in para-swimmers. Also, it
is assumed that the foregoing prediction, between
the foregoing, will have a motivational character in
paraswimmers. It should be noted that the results
obtained will primarily be used for the purpose of
achieving better results than previously achieved.
This work is important because coaches can now
know what result their swimmer needs to achieve in
order to hope for one of the medals.
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ABSTRACT

Goal orientations depict the ways in which a player defines and experiences success and failure and evaluates
his competence. Mental toughness is a quality of a player to cope with many demands in sport and stay
determined, focused, confident and more in control under pressure situations. The aim of this research was to
explore goal orientation and mental toughness of young athletes involved in major international competition.
Sample included members of Serbian national U16 basketball team at Euro 2015 (N=21). TEOSQ (Duda, 1989) and
MTQ (Goldberg, 1998) were applied. Descriptive statistics, Cronbach’s alpha and Pearson correlation coefficient
were conducted in SPSS, version 22. Mean values, for task (M=4.26; SD=0.50) and ego (M=3.71; SD=0.69) goal
orientation, and for all mental toughness variables: motivation (M=5.54; SD=0.66), pressure (M=5.52; SD=0.92),
concentration (M=5.44; SD=0.79), confidence (M=5.23; SD=0.93), rebound (M=5.09; SD=1.03) were significant.
Significant correlations were found between motivation and task (r=0.604) and ego (r=0.513) orientation. Young
basketball players showed orientation toward goal of achieving higher levels of one’s own competencies rather
than status and normative achievement related to others. Their strongest component of mental toughness was
motivation, and the weakest point was rebound ability. Motivation appeared to be the key component for

promoting sports development and enhancing overall mental toughness.

Keywords: goal orientation, mental toughness, motivation, basketball

INTRODUCTION

Since sport psychology emerged as distinct
scientific discipline and applied science field, many
attempts have been made to help coaches and
athletes in their pursuits (Weinberg & Gould, 2011;
Mladenovic, 2018). Goal orientation (Duda, 1989;
1992) and mental toughness (Jones et al, 2002;
Goldberg, 1998) are some of the most important
psychological constructs with great impact on sports
development of young athletes and their behavior in
performance situation.

There are two types of goal orientation in
literature, task orientation and ego orientation
(Duda, 1989). It is assumed that these two
orientations depict the ways in which a person
defines and experiences success and failure and
evaluates competences. Task orientation exists when
a person is primarily motivated to master a certain
task, overcome the challenges by skills development,
and promote efficiency. Success is estimated by the
perception of actual level of personal competence
when compared to the previous personal

achievement. When goal orientation is ego
orientation, the reference for the evaluation of
personal competence is in others. Success and failure
are estimated by direct comparison to the
achievements of others. A person is primarily
motivated to demonstrate normative competence
(Mladenovic & Trunic, 2015).

According to experience of coaches and athletes,
mental toughness might be more important in
determining the final outcome of a sporting event,
than any other psychological factor. It can be defined
as personal state of being that allows an individual to
perform with his greatest potential and to reach his
ideal competitive state. It is a state of being where an
individual feels most energized, most confident and
most strong. Mental toughness is a quality of players
to cope up better than opponents towards same goal
despite pressure and adversity (Jones et al, 2002;
Williams, 1998).

In this research we used Goldberg’'s (1998)
framework of mental toughness. According to
Goldberg, mental toughness can be described and
measured through five aspects of mental functioning
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in competitive situation: rebound ability, ability to
handle pressure, ability to concentrate and stay
confident, and ability to stay motivated in
competitive situation.

Rebound Ability refers to mental potential to
rebound from adversity setbacks and obstacles
encountered before and during the performance
(Goldberg, 1998). It is one of the most important
psychological skills successful athletes possess.
Falling behind in a match, making a mistake that
costs your team a score, getting an unfair call from a
referee, encountering a hostile crowd and
experiencing inclement weather, are just a few
examples of adversity which athletes must
frequently overcome if they are to be successful. The
best performers in sports are able to bounce back
from adversity-setbacks and obstacles they face
before and during performances.

Handling Pressure is mental potential to deal with
different external and internal factors that may rise a
feeling of pressure (Baric, 2011). Internal factors can
be represented by some dispositional factors like
personality traits, ego strengths, personal beliefs,
self-confidence, and previous experience. External
factors are, for example, the athlete-coach
relationship or the relationships between team-
mates, the level of competition, the importance of the
game, the presence of audience, and public pressure.

Concentration is the ability to focus effectively on
the task at hand while ignoring distractions, and is a
vital prerequisite of successful performance in sport
(Schmidt & Lee, 2011). Other research findings
stated that concentration is the ability to remain
focused on the task at hand, and maintain that focus
over a period of time. Being able to remain fully
focused especially when faced with adversity is
consistently reported as an important mental
toughness attribute (Jones et al, 2007; Gucciardi,
Gordon & Dimmock, 2008). Regardless of what is
going on in the environment, mentally tough athletes
have strong attentional control skills and are able to
focus on the task at hand (Bull & Shambrook, 2005).

Confidence in sport, according to Vealey & Chase
(2008), refers to the belief that an athlete possesses
about his ability to be successful in sport in general
(trait sport confidence) and in specific sport
competitions (state sport confidence). In sport
practice it is usually assumed that if an athlete has
belief in his sport abilities, he will be less likely to
become anxious before big games or high pressure
situations such as overtime or free throw.

Motivation is a particularly relevant issue in
sport. It can be defined as direction and intensity of
effort. Intensity refers to the quantity of effort, while
direction refers to what a person is drawn too.
Evidence suggests that enhanced motivation
promotes learning, performance, enjoyment, and
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persistence in sport, among other benefits
(Mladenovic, 2016). In basketball, motivation is a
key psychological trait that is needed to excel.
Players need high levels of motivation to push
themselves to their limits and to be able to deal with
the pressures of training and playing constantly each
week.

The aim of this research was to explore goal
orientation and mental toughness of young athletes
involved in major international competition. We
wanted to explore which goal orientation is more
dominant among young basketball players and what
aspects of mental toughness are more developed at
15 to 16 years of age. Also, the aim was to explore if
there is correlation between goal orientations and
mental toughness variables.

METHODS

Two instrument were applied.

Goal orientations was measured by TEOSQ
(Duda, 1989). The questionnarie consists of 13
items, six for ego, and seven for task orientation, on
5-point Likert type scale.

Mental toughness was measured by MTQ
(Goldberg, 1998). This questionnarie consists of 30
items, six for each of five mental toughness variables:
rebound, pressure, concentration, confidence,
motivation. Each item is scaled on 7-point Likert
type scale.

Subjects

The research included 21 male participants, U16
basketball players of the Serbian national team. Four
examinees were aged 15, while the others are aged
16.

Procedure

The research was conducted during summer of
2015, as a part of psychological assessment and
preparations for the European Championship in
Lithuania.

Statistical analysis

Cronbach’s alpha was used for reliability analysis.
Descriptive statistics (Mean value, SD, t-test) was
applied for exploring each variable of goal
orientation and mental toughness. Correlation
between goal orientation and mental toughness
variables was explored by conducting Pearson’s
correlation coefficient. All analyses were done in
SPSS, version 22.



International Scientific Conference

RESULTS

Reliability analysis was conducted applying
Cronbach’s alpha. Values of Cronbach’s alpha for
TEOSQ scale was over 0.7 (a=0.76 for ego, and
a=0.75 for task subscale). For MTQ reliability
analysis showed a value 0.9, but on subscales values
of a were lower (rebound a=0.77; pressure a=0.76;
concentration a=0.63; confidence a=0.74; motivation
a=56).

Descriptive statistics using one sample t-test
revealed significance for all Mean values of explored
variables (Table 1). Young basketball players
appeared to be more orientated toward task than
ego goals. Considering mental toughness variables,
the highest Mean value was obtained for motivation
variable, and the lowest Mean value, with standard
deviation above 1, is obtained for rebound ability.

Table 1. Descriptive statistics for Goal orientations and Mental toughness, for U16 Serbian basketball team at

Euro 2015 (N=21).

Mean SD Minimum Maximum t-test df

Ego 3.70 .695 2.17 5.00 24.437%* 20

Task 4.25 .504 3.00 4.86 38.697** 20

Rebound 5.08 1.030 2.67 6.83 22.613** 20

Pressure 5.51 929 3.00 6.67 27.200%* 20

Concentration 5.43 794 4.00 6.83 31.341** 20

Confidence 5.23 925 3.50 6.67 25.892%* 20

Motivation 5.54 .664 3.67 6.50 38.236%* 20

*¥p<0.01
Correlation analysis revealed significant inter- (Table 2). Motivation variable of mental toughness is
correlations between goal orientations, and all significantly correlated with goal orientation
mental toughness variables, except motivation variables.

Table 2. Correlation and inter-correlation of Goal orientations and Mental toughness, for U16 Serbian

basketball team at Euro 2015 (N=21).

1 2 3 4 5 6 7
1. Ego 1 448" 144 257 .050 153 513"
2. Task 448" 1 -110 212 177 307 664
3. Rebound 144 -110 1 684" .692™ .815" .089
4. Pressure 257 212 684" 1 .564" 730" 379
5. Concentration .050 177 .692™ 564" 1 .810™ 311
6. Confidence 153 .307 .815™ 730" .810™ 1 .304
7. Motivation 5137 664" .089 379 311 304 1
**p<0.01;
*p<0.05
aiming to enter senior sports level, equally
DISCUSSION important are developmental dimensions of any
Psychological variables are assumed to sports quality at the particular moment, just as
determine champions in sport when all other success at  competition (Mladenovic, 2011;
individual and team sports qualities are at the g/geluéinowc & Marjanovic, 2011; Mladenovic et al,

approximately same level (Mladenovic, 2018). That
is usually the case at major international
championships, such as European or World
championships in basketball. For young athletes

In this research, task orientation was more
emphasized among young basketball players than
ego orientation. But it seems there are more
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individual differences in ego orientation, with even
maximum values on the scale. It means there are
some young basketball players, at the age of 15 of 16
years, who gives more attention to one’s own sports
status and superior sports qualities. In science as
well as in practice, differentiation between two goal
orientations is relevant in sports context and it is
connected with the perception of cause of success
and failure in sport. Ego orientation is connected
with the perception of sports situation as a context
used to increase self-respect and status. The cause of
success in sport is attributed to one’s own superior
sports competences when compared to other
athletes. Task orientation is connected with the
strategy of working hard and continually on the
development and improvement of competences. The
success is seen as the result of persistence and effort.
The situation of sports achievement is seen
prosocially, as a place when relative competences of
athletes are measured in specific moment (Duda,
1992). For young athletes, it is important for success
in a current competition, as well as for further sports
development, to put focus on one’s own persistence
and effort more than on ‘ego superiority’ toward
others at the particular moment (Mladenovic et al,
2015).

When it comes to mental toughness, nowadays
this mental attribute is acknowledged as most
important in sporting performance (Hodge, 1994;
Goldberg, 1998; Mladenovic, 2017). In early work on
the issue, Loehr (1991) emphasized that athletes and
coaches felt that at least 50% of success is due to
psychological factors that reflect mental toughness.
Similarly, Gould et al (1987) reported that more than
80% coaches rated mental toughness as the most
important psychological attribute for success in
sport. Many other sport psychology researches (e.g.,
Burton & Raedeke, 2008; Robazza, Pellizzari, &
Hanin, 2004; Vealey, 2007) over the last decades
have investigated the cognitive and emotional
factors associated with sports achievements in an
attempt to identify the personality characteristics of
skilled athletes and the mental preparation
strategies that they use to perform successfully.
Psychological characteristics commonly accepted as
being major contributors to success within the area
of sporting performance appeared to be motivational
factors, self-confidence, and the ability to cope with
and interpret anxiety-related symptoms as
facilitative under pressure (Hanton et al, 2008;
Hardy et al, 1996; Mellalieu et al, 2009). But the
characteristic that is frequently used to describe why
certain individuals have become “the best in the
world” in their respective sports is that of “mental
toughness” (Loehr, 1991; Williams, 1988). In
basketball, 16 years of age might have important role
in further sports affirmation up to senior level of
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competition (Trunic & Mladenovic, 2014). On that
unique personal and sports path, goal orientations
and development of mental toughness mindset are of
great importance.

In this research, as we followed Goldenberg’s
concept of mental toughness, results indicate
motivational aspect of mental toughness as most
developed among young basketball players, while
there are most individual differences in rebound
ability. It seems that although young basketball
players in our research had will to push themselves
hard in the competition, they are still not enough
‘tough’ to overcome setbacks and rebound from
obstacles before and during the game. But certainly,
‘good news’ is that mental toughness is trainable
variable, since it is believed that it is not inherited
gift (Jones et al, 2002). Significant correlation
between motivation variable of mental toughness
and goal orientation indicate that specific mental
training program might be based on athlete’s
motivation and involve coaches as important figure
in sports and personal development of young
athletes (Mladenovic et al, 2015; Mladenovic &
Trunic, 2014). This research goes in line with
evidence supporting important role of motivation in
sports development and success (Mladenovic, 2016).
Further researches should clear potential mediation
role of motivation in establishing mental toughness
mindset.

CONCLUSION

Psychological variables such as goal orientations
and mental toughness might play important role in
sport success, and it is of great importance to pay
attention to development and nourishment of such
mental qualities at younger age. In this research,
young basketball players of Ul6 Serbian national
team, showed higher level of task goal orientation.
Motivational aspect of mental toughness was
somewhat emphasized and the rebound ability with
lowest mean value and widest individual differences
among players. Correlation analysis indicate
connection between goal orientations and mental
toughness mainly through motivation variable.
Motivation appeared to be the key component for
promoting sports development and enhancing
overall mental toughness. It is on future research to
clear the role of motivation in establishing mental
toughness mindset and potential mediation role of
motivation between mental toughness and goal
orientations in sport.
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ABSTRACT

Agility is one of the most important abilities for successful basketball, as the activities of this motor ability are
very present during the game. Agility development should be tailored to player positions in the team. On a sample
of 15 basketball players in regard to positions in the team (Agility T Test, Hexagon Agility Test, Illinois Agility Test
and Lane Agility Drill) differences in agility were found in relation to player positions at the beginning and the end
of the competitive season. Differences were determined by Student's T-test. The results showed that the
basketball players achieved qualitatively better numerical values at the final testing in agility in all player
positions, that this difference is the greatest in the positions of the backs and centers and that the players in the
position of the wing are somewhat less pronounced, which was expected. Based on these results, it is possible to
monitor the status of the basketball player in relation to the positions on the team and on that basis program the
training more correctly and precisely during the competitive season.

Keywords: basketball, agility, competitive season, team positions, differences.

INTRODUCTION

Basketball is a collective sports game and it
requires players to have a specific motor and
cognitive skills and technical and tactical skills, or
anticipation in the game. Five players from both
teams are constantly in the game, which allows a lot
of combinatorics and creativity on the field,
considering the size of the pitch and the readiness of
the players. Today's state-of-the-art basketball
requires a high level of preparedness for all players,
regardless of the positions they play in the team
(Ademovi¢, 2016). If each player is not prepared at
the level required by top basketball, fatigue occurs
and players cannot adequately move around the field
and create better positions for receiving the ball and
completing the action (Forlan, 2010). Agility is one
of the most important skills for successful basketball.
It is an ability whose activities are highly
represented during the match. Having agility
combined with other abilities and features together
make it a prerequisite for creating quality basketball
players. Players constantly change direction and
direction of movement, stopping quickly to create
themselves and teammates in the best position to
receive the ball and successfully realize the attack.
For this reason, agility training plays an important
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role in the comprehensive training of basketball
players, for which playing in all positions on the field
is as successful as possible, which most authors point
out in their researches (Kremer & Gomez, 2010;
Asadi & Arazi, 2012; Lehnert, Hiilka, Maly, Fohler &
Zahalka, 2014; Nikolic, 2016; Mitic, et al, 2018).
Agility is a motor skill that needs to be adjusted to
player positions if we want to make the right
selection of players relative to positions in the team
and generally viewed through roles and tasks in the
team (Koci¢ and Beri¢, 2015). It follows from the
foregoing that for the quality and early selection of
players in relation to positions in the team, it is
necessary for the experts in the field of sports and
basketball coaches to know the fact that agility is a
motor ability, which due to its characteristic
movements is essential for all player positions.
However, players in the positions of a game
organizer, backs and low wingers should just have
the foremost task in the game related to the motility
characteristics of agility motor ability. In this way,
players in the aforementioned positions could create
an advantage over their opponent. If players in high
wing and center positions have agility-like activities
as motor skills, it will be advantageous over the
opponent primarily in demarcation actions, timely
placement in the triple threat position, and timely
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stoppage. It is precisely timely stopping, as an action
in the course of the game that matters because of the
continuation, that is, the next action that follows. The
timing of stopping depends on the quality of creating
the best shot position on the basket or adding to the
free agent (Ademovi¢, 2016; Koci¢, 2007). Agility is
the ability to quickly change the direction of
movement, stop and leave in a controlled manner
(Semenick, 1990). Agility is a synthesis of almost all
physical abilities an athlete possesses (Verstegen &
Marcelo, 2010). Changing the direction of movement,
stopping and accelerating the action, essential for
successful basketball play, depend on coordination
and explosive power (Fratric, 2006). Agility is, to a
large extent, genetically predetermined, which
means that no real increase in average results can be
expected from the programmed basketball training
process (Kocic and Beric, 2015). More recently, the
term speed reversal has been frequently used
(Sekulic, Spasic, Mirkov, Cavar, & Sattler, 2013;
Delextrat, Grosgeorge, & Bieuzen, 2015), which
should actually represent agility, since in essence
agility is a rapid change of direction and direction of
movement. The aim of this research was to
determine the differences in motor skills of agility in
relation to player positions in the team after the
second part of the competitive season.

RESULTS

METHODS

Subjects

The sample of respondents in this study
consisted of 15 basketball players from the
basketball club OKK "Konstantin” from Nis.

Respondents were divided into three groups,
namely: players at the back positions (five), players
at the wing and low post positions (five) and players
at the center position (five). OKK "Konstantin"
Basketball players from Nis in the 2018/19 season
competes in the Second Federal League of Serbia.

Procedure

The following measuring instruments were used
to assess agility: Agility T-Test, Hexagon Agility Test,
Illinois Agility Test, and Lane Agility Drill. All of these
basketball players' agility benchmarks are
downloaded  from  Topend  Sports:  http:
//www.topendsports.com/testing/tests/index.htm.

Statistical analysis

Student's T-test was used to determine
differences in agility between basketball players in
relation to player positions on the team at the end of
the second part of the competitive season.

Table 1 Basic statistical parameters for assessing the agility of basketball players in relation to the position

on the team at initial testing

Groups Tests N Mean Min. Max. Range S.D. Skewness Kurtosis
T-test 5 10.10 9.60 10.30 0.70 0.31 -1.451 1.335
guards Hexagon 5 12.06 10.60 13.50 2.90 1.23 0.080 -2.233
Illinois 5 16.26 15.40 16.70 1.30 0.52 -1.529 2.412
LA Drill 5 13.76 13.10 14.60 1.50 0.57 0.593 0.444
T-test 5 10.24 10.10 10.60 0.50 0.21 1.918 3.878
wings Hexagon 5 12.30 11.40 13.20 1.80 0.71 -0.106 -1.078
Illinois 5 17.24 16.50 18.10 1.60 0.73 0.002 -2.623
LA Drill 5 13.92 13.20 15.10 1.90 0.73 1.301 2.077
T-test 5 10.30 9.80 11.00 1.20 0.52 0.356 -1.601
centers Hexagon 5 12.80 12.00 13.20 1.20 0.50 -1.301 0.708
Illinois 5 17.70 16.60 19.00 2.40 0.88 0.519 0.913
LA Drill 5 13.80 12.70 15.30 2.60 0.96 0.927 1.577

Table 1 shows the basic statistical parameters of
basketball players' agility at initial testing. The
results indicate that a decrease in sensitivity was
observed in all tests due to the fact that less than six
standard deviations are within the range of
minimum and maximum results. Skewness in most
tests indicates a slight asymmetry, as their value

does not exceed the limit of + 1.00, except for the T-
test (-1.451) and Illinois (-1.529) in the escape
group; T-test (1,918) and LA Drill (1,301) in the wing
group; Hehagon (-1,301) in center group. Kurtosis
values show results below 2.75, which represents a
fuzzy distribution, except for the T-test (3.878) in the
wing group.
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Table 2 Basic statistical parameters for assessing agility in relation to the position on the team in the final

test
Groups Tests N Mean Min. Max. Range S.D. Skewness Kurtosis
T-test 5 9.28 9.10 9.50 0.40 0.16 0.518 -1.687
guards Hexagon 5 10.48 10.00 11.00 1.00 0.46 -0.197 -2.716
Illinois 5 15.34 14.50 15.70 1.20 0.51 -1.497 1.694
LA Drill 5 13.02 12.50 13.60 1.10 0.48 0.132 -2.467
T-test 5 9.48 9.20 9.70 0.50 0.19 -0.590 -0.022
wings Hexagon 5 11.58 10.80 12.40 1.60 0.78 -0.022 -2.960
Illinois 5 16.22 15.80 17.10 1.30 0.60 0.983 -1.190
LA Drill 5 13.48 12.90 14.20 1.30 0.61 0.231 -2.727
T-test 5 9.42 9.20 9.70 0.50 0.19 0.590 -0.022
centers Hexagon 5 12.04 11.50 12.60 1.10 0.50 0.099 -2.813
Illinois 5 15.84 15.20 16.20 1.00 0.38 -1.517 2.608
LA Drill 5 12.90 12.50 13.40 0.90 0.36 0.320 -0.870

Table 2 shows the basic statistical parameters of
basketball players' agility in the final testing. The
results indicate that a decrease in sensitivity was
observed in all tests due to the fact that less than six
standard deviations are within the range of
minimum and maximum results. Skewness in most
tests indicates a slight asymmetry since their value

does not exceed the * 1.00 limit, except for the
Illinois (-1.497) tests in the escape group; Illinois (-
1,517) in the center group. Kurtosis values show
results below 2.75, which is a fuzzy or "platikurtic
distribution”, except for the Hexagon test (-2,960) in
the wing group and (-2,813) center group.

Table 3 T-test for evaluating differences in the final position's different positions against initial testing

Groups Tests Mean (MHUIIHjaJIHO) Mean (¢uHamHO) T-value p
T-test 10.10 9.28 6.61 .003

guards Hexagon 12.06 10.48 4.29 .013
Illinois 16.26 15.34 24.59 .000
LA Drill 13.76 13.02 4.23 .013
T-test 10.24 9.48 8.72 .001

wings Hexagon 12.30 11.58 1.91 128
Illinois 17.24 16.22 6.67 .003
LA Drill 13.92 13.48 1.80 .146
T-test 10.30 9.42 3.61 .023

centers Hexagon 12.80 12.04 3.52 .024
Illinois 17.70 15.84 5.89 .004
LA Drill 13.80 12.90 2.89 .045

Table 3 shows the results of the T-test of agility
and it can be seen that the significance of the DISCUSSION

differences between the initial and final testing of
basketball players is noticeable in most tests and in
all groups. The Hexagon (.128) and LA Drill (.146)
tests show no significant differences in wing
basketball. From the obtained results it can be seen
that there are differences with respect to the
positions of the players in the team and that they are
the most pronounced in the final compared to the
initial measurement in the players at the positions of
the backs and centers. There is a difference in the
position of the winger in half of the tests, and in the
other two tests, they showed no statistical
significance.
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Agility is a motor skill that is among the most
important in the equation of success in playing
basketball. Such individuals who possess the
capacity for agility type activity should be selected.
On the other hand, if we decompose a basketball
game, it can be concluded that activities of the type
of agility are very prevalent. First of all, we mean a
large number of rapid changes in direction of
movement in a relatively small area, sudden stops,
starting to run the ball or dribbling, short sprints,
etc. All of the above has a foothold precisely in
agility. Current methods of basketball preparation
differ from those used in the past. In the past, sports
experts and basketball coaches have taken the
position that basketball development requires only
basketball. Today's approach is different and
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involves a combination of different training systems.
Agility training is of particular importance for the
comprehensive preparation of basketball players
(Ostojic, Mazic, & Dikic, 2006; Delextrat & Cohen,
2008; Issurin, 2009; Metaxas, Koutlianos, Sendelides,
& Mandroukas, 2009; Kremer & Gomez, 2010). The
characteristics of the game are, first and foremost,
frequent and rapid changes in direction and
direction of movement, rapid and sudden stops,
most often after mastering the force at short
distances. Also, quick and timely demarcations and
breakthroughs are common, with the aim of
achieving the best possible scoring position.
Basketball is a sports game of above-average people,
where players in the center and high wing positions
stand out and should be given special attention in
agility training (Jakovljevic, Karalejic, Pajic & Mandic,
2011). The results of this research have shown that
there are differences caused by the competitive
season in the motor ability of agility in players in all
three positions, as the authors of previous studies
have confirmed in similar studies (Delextrat and
Cohen 2009; Miti¢, et al, 2018: Stojanovi¢ , et al,,
2018). The biggest difference is with the players in
the positions of the backs and centers, while the
wings also have progress, but it is less pronounced
compared to the two mentioned positions. The
results obtained in the parameters of agility, in
addition to other factors, directly influenced the
placement and the overall result, but also the better
score of wins and losses at the end of the second half
of the competitive season, which Tsitskaris, et al.,
(2003) also proved in his research. That is why it can
be concluded that agility type activities are highly
correlated with competitive success (Shaji & Isha,
2009; Bal, et al., 2011; Ademovi¢, et al., 2014; Miti¢,
et al,, 2018; Stojanovi¢, et al., 2018).

CONCLUSION

The results of this study showed that the values
of motor agility during the competitive season differ
from all three player positions on the team at the end
of the second part of the competitive season. They
are most pronounced in the players in the positions
of the backs and centers, and the difference is
slightly less pronounced in the players in the
position of the wing. The importance of the research
is reflected in the detection of the activity of
basketball players' agility type in relation to the
positions they play in the team at the beginning and
end of the competitive season. Also, by monitoring
the parameters of the activity type of agility during
the competition, it is possible to make certain
adjustments and directing the state of training in the
desired direction, as well as planning and
programming of the training, based on the results

obtained. Particularly significant should be the fact
that the parameters are monitored in relation to the
positions in the team, and it is known that agility
training is conducted on the basis of this fact.
Success in performing agility-type actions has a great
impact on the result, and therefore the additional
importance of the research that has been conducted
is in this fact. This ability monitoring approach more
clearly defines the parameters that affect the
competitive outcome. The research conducted so far
has mainly dealt with the impact and effects of
certain abilities during the preparation period or
during the transition period. This research makes a
contribution, as agility activities are monitored
during the competitive season.
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ABSTRACT

Handball belongs to complex sports, structured by different simple and complex movements, and the demands
and tasks of the game differ between the player positions in the team. The objective of this study was to provide
body composition and motoric abilities of an Serbian elite woman handball team. On a sample of 15 handball
players divided into three groups by playing positions (backs n=5, wings n=5 and pivots/goalkeepers n=5)were
determined differences in body composition on the “Omron BF511” body scale, speed (Sprint 5, 10, and 30 m),
agility (New agility without ball, Straight Slalom without ball, Straight Slalom with ball, Zig-Zag 100 without ball
and Zig-Zag 100 with a ball) and explosive leg strength (Squat jump, Counter Movement Jump - CM], CM] free arm,
Single-leg vertical countermovement jumps (CM] right leg, CM] left leg). To determine the differences among the
female handball players in relation to their positions in the team, the ANOVA and a post-hoc analysis were used.
The results showed that the backs and the pivot/goalkeepers group were statistically significantly higher in body
height and mass than the wing players, and also had higher basal metabolism values. No statistically significant
difference was found between the groups in speed, as well as in the explosive power of the legs, except in the CM]
left leg test, where players at the back and wing positions had greater jump height. Agility results show the

difference only in the Zig-Zag 100 with a ball test, in favor of a group of players on the back and wing positions.

Key words: Female handball, body composition, motoric abilities, differences, playing positions.

INTRODUCTION

Handball is considered a complex sport, which
means that it comprises different simple and more
sophisticated movements. The contact game is
allowed between the players and clearly defined by
the rules. It is dominated by natural movements
(jumping, running and throwing) combined with
complex coordination and technical movements
performed through multiple players’ cooperation.
Modern female handball is a physically demanding
intermittent team sport, in which the players are
exposed to a large relative load with the usage of
aerobic and anareobic energy sources. High-intensity
movements are dominated by anaerobic capacity
consumption; therefore, the amount of work in this
regime is limited. The modern trend in handball
development implies that the players have universal
tactical and technical knowledge and skills in order
to complete the tasks successfully in many positions

throughout the different stages of the game.
However, the tasks and demands depend on the
players’ positions, which hampers determining the
extent to which individual anthropological
characteristics of a player influence the
successfulness in this sport.

The morphological characteristics of the players
determine their positions in the game to a large
extent. Goalkeepers are usually the tallest players
who have a large portion of subcutaneous fatty
tissue in the overall body mass (Sibila & Pori 2009;
Gruji¢, 2016). Pivots and left and right backcourts
are very similar in terms of their morphological
characteristics, with pivots having slightly bigger
muscular mass, more fatty tissue and more
accentuated transversal measurements (Srhoj,
Marinovi¢ & Rogulj, 2002; Sibila & Pori, 2009;
Taborsky, 2007). Contrary to other players, left and
right wingers are not that tall, have lower body mass
and lower values of subcutaneous fatty tissue. As a
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rule, the top players more commonly have
accentuated longitudinal and transversal dimensions
of the upper extremities as well as the muscular
mass and the lower values of the body mass index -
BMI (Massuga & Fragos, 2015). A few studies have
shown that along with technical and tactical skills,
anthropometric characteristics represent decisive
factors in successfulness in the sport (Gorostiaga,
Granados, Ibanez & Izquierdo, 2005; Gorostiaga,
Granados, Ibanez, Gonzalez-Badillo & Izquierdo,
2006; Urban & Kandrac, 2013).

Some players’ positions require certain
anthropological types of players depending on the
specific functions and the position itself. The analysis
of the types of movements and the speed during top
competitors’ games (Michalsik, Madsen & Aagaard,
2013) showed that the shortest distances during the
game demanded low intensity on the part of the
players (standing and walking around for 4 km),
moderate intensity though running at a slower pace,
sideway and backward movements (9 to 12 km),
whereas the longest distances demanded high-
intensity running and sprint (15,5 to 22 km). Left
and right wingers cover the longest distances during
the game, with the high intensity movements (3.6
km), followed by pivots (2.3 km) and then left and
right backs (1.3 km). Depending on the positions,
wingers and pivots cover the longest distances in
games (app. 4500 m) as opposed to left and right
backs (app. 4000 m). The time spent in the game also
influences the distance covered, so the players who
spend the whole game playing cover 1 km more than
those who play with timeouts or breaks. When it
comes to the differences in motor abilities between
the players with respect to their positions, the
wingers dominate in certain types of explosive
power, speed, agility and the frequency of the leg
movements, whereas the goalkeepers dominate
when it comes to flexibility (Rogulj, Srhoj, Nazor,
Srhoj & Cavala, 2006).

Many authors have conducted research in the
field of physical and physiological characteristics of
top handball players (Rannou, Prioux, Zouhal,
Gratas-Delamarche & Delamarche, 2001; Taborsky,
2007; Trnini¢, Papi¢, Trnini¢ & Vukicevié, 2008;
Zapartidis, Toganidis, Vareltzis, Christodoulidis,
Kororos & Skoufas, 2009; Sibila & Pori, 2009;
Chaouachi, Brughelli, Levin, Boudhina, Cronin &
Chamari, 2009; Milanese, Piscitelli Lampis, &
Zancanaro, 2011; Gruji¢, 2016; Boji¢ - Cacié, 2018).
The results of those studies point to the fact that
physiological and motor profiles of the players
depend on anthropometric characteristics to an
extent, and that there are certain differences in
motor abilities among handball players. However, in
the last decade only few studies have dealt with the
differences in  morphological and  motor
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characteristics of female handball players with
respect to their playing positions (Zapartidis,
Toganidis, Vareltzis, Christodoulidis, Kororos &
Skoufas, 2009; Milanese, Piscitelli Lampis, &
Zancanaro, 2011; Urban & Kandrac, 2013; Michalsik,
Madsen & Aagaard, 2013; Weber, Wegner & Wagner,
2018).

The aim of this research was to determine the
differences in body composition, explosive power,
speed and agility in top female handball players with
respect to their playing position.

METHODS

The sample of examinees

The examinees in this research were 15 handball
players aged 23.9 * 3.6, all members of the female
handball club ‘Naisa’ from Nis, which competed in
Serbian Super League in the 2018/ 19 season. The
participants were divided into three groups, based
on their playing positions (the wingers, n=5, the
backs, n=5 and the pivots/ goalkeepers n=5).

The sample of measurements

The body composition was measured with ‘Omron
BF511’ scales which provided precise data on the
body mass, fat percentage, muscle percentage, body
mass index (BMI) and daily metabolism. The Body
Mass Index (BMI) was calculated as the ratio
between body mass in kilograms and squared body
height in meters (kg/m2).

In this research we used five tests for the
evaluation of explosive power. Tests were used to
evaluate the hight of vertical jumping (Bosco,
Luhtanen, & Komi, 1983): Squat Jump (S]);
Countermovement Jump (CM]), Countermovement
Jump Free Arm (CM] free arm), Single-leg vertical
countermovement jump - right leg (CM] right leg)
and Single-leg vertical countermovement jump - left
leg (CM] left leg). The evaluation of vertical jumping
was carried out on a flat surface using a system of
electric photocells (Optojump, Microgate, Bolzano,
Italy) which displayed excellent validity and
reliability when testing these types of jumps
(Glatthorn et al., 2011).

Test 5, 10 i 30m Sprint was used for the
evaluation of speed (Ellis et al., 2000). A system of
photocells (Witty, System, Microgate, Bolzano, Italy)
was set at the starting line, at a distance of 5m, 10m,
and 30m from the start, in order to measure lap time,
along with an increase in speed. The system of
photocells was set at hip height for all the
participants so as to ensure that only one part of the
participant’s body passed through the gate (Yeadon,
Kato, & Kerwin, 1999). The test requires the
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maximal performance of the 30m sprint. The
participant assumes a high start position at 50cm
from the start line, and is instructed that the goal line
is to be passed as soon as possible.

Agility was measured with five tests, using a
system  of  Electronic Timing  Gates“Witty
System”(Microgate, Bolzano, Italy): New Agility
Coverta Without Ball, Straight Slalom without ball,
Straight Slalom with ball, Zig-Zag 100 without ball
and Zig-Zag 100 with ball. All measuring instruments
for agility are taken from Topend Sports:
http://www.topendsports.com/testing/tests/index.
htm. The data analysis was carried out using the
SPSS program for statistical analysis. For all the
obtained data, the following was calculated: the basic
central and dispersion parameters (Mean, Skewness,
Kurtosis, Range, Min, Max, and SD). To determine the

differences in body composition, explosive power,
speed and agility among the female handball players
in relation to their positions on the team, the
Analysis Of Variance for independent samples -
ANOVA was used (the statistical level of significance
was set at p<0.05) and a post-hoc analysis.

RESULTS

Univariate analysis of the body composition
variance (Table 1) shows that there is a statistically
significant difference in the following tests: height
.003, body mass .008, and daily metabolism .007, on
the basis of the F-relationship coefficients and their
significance (P-level).

Table 1. Univariate analysis of the body composition variance in female handball players playing different

positions

Measures Mean (backs) Mean (wings) (pivots /Bg/[::llll(eepers) F P-level

Height 177.00 166.20 177.30 9.89 | .003

Weight 73.22 56.80 73.18 7.41 | .008

BMI 23.34 20.58 23.24 2.77 | .102

% fat 28.52 25.28 30.06 1.87 | .196

% muscle 31.56 31.86 30.68 0.41 | .675

Basal Metabolism 1535.40 1292.00 1527.00 7.77 | .007

For the final definition of the determined
differences the post hoc test was done - Fisher LSD
test (Table 2) and the results show that there is a
statistical difference between the backs and the
wingers in their body height (.003), body mass

(.006) and basal metabolism (.005), and a statistical
difference between the wingers and the group
comprised of the pivots and the goalkeepers (in their
body height .002, body mass .006 and basal
metabolism .006).

Table 2. Post hoc test measuring body height (Fisher LSD test)

Measures Playing position Mean {1} {2} {3}

1 - backs 177.00 .003 918

Height 2 - wings 166.20 .003 .002
3 - pivots/goalkeepers 177.30 918 .002

1 - backs 73.22 .006 .994

Weight 2 - wings 56.80 .006 .006
3 - pivots/goalkeepers 73.18 .994 .006

1 - backs 1535.40 .005 907

Basal Metabolism 2 - wings 1292.00 .005 .006
3 - pivots/goalkeepers 1527.00 .907 .006

Univariate analysis of the explosive power (Table
3) shows that there is no statistically significant
difference in any of the tests, on the basis of the F-

relationship coefficients and their significance (P-
level).

Table 3. Univariate analysis of the explosive power in female handball players playing different positions

. Mean
Measures Mean (bekovi) Mean (wings) (pivots/goalkeepers) F P-level
S] 25.96 25.18 23.78 032 | .731
CM] 27.32 28.72 24.76 1.63 | .237
CMJ arm 32.56 33.46 29.86 0.88 | .442
CM] right leg 13.26 13.18 10.88 2.65 | .111
CM] leftleg 13.60 13.38 11.08 3.53 | .062
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However, for the CM] left leg test (.062) the post
hoc test was done due to the borderline values of
significance (table 4). The results proved that there
was a statistically significant difference between the
backs and the group comprised of the pivots/ the

goalkeepers (.034) and the wingers and the group
comprised of the pivots/ the goalkeepers (.049) but
the values were not high enough to influence the
overall significances among the three groups.

Table 4. Post hoc test for the CM] left leg test in female handball players playing different positions

{1} {2} {3}
CM] left leg 13.60 | 1338 | 11.08
1 - backs .838 .034
2 - wings .838 .049
3 - pivots/goalkeepers .034 .049

Univariate analysis of the speed variance (Table
5) shows that there is no statistically significant
difference in any of the tests, on the basis of the F-

relationship coefficients and their significance (P-
level).

Table 5. Univariate analysis of the speed variance in female handball players playing different positions

Measures Mean (backs) Mean (wings) Mean F P-level
(pivots/goalkeepers)
Sprint 5m 1.30 1.25 1.27 1.03 .386
Sprint 10m 2.18 2.06 2.12 2.00 178
Sprint 30m 5.22 4.83 5.08 1.84 .200

Univariate analysis of agility (table 6) shows that
there is a statistically significant difference only in
the test Zig-Zag 100 with the ball (.048), on the basis
of the F-relationship coefficients and their
significance (P-level). For the final definition of the

determined differences the post hoc test was done
(table 7), which showed a statistically significant
difference between the wingers and the group
comprised of the pivots/ the goalkeepers (.017).

Table 6 Univariate analysis of agility in female handball players playing different positions

Mean (wings) Mean :
Measures Mean (backs) (pivots/goalkeepers) F P-level
New agility Kol;/:lll';a (without the 8.25 773 8.43 266 111
Slalom without the ball 8.27 7.99 8.31 1.56 .250
Slalom with the ball 9.24 9.00 9.54 1.37 291
Zig- zag 100 without the ball 5.76 5.53 6.07 3.41 .067
Zig- zag 100 with the ball 5.97 5.79 6.34 3.97 .048

Table 7 Post hoc test for the test Zig-Zag 100 with the ball in female handball players playing different

positions
— : W@ | @
Zig- zag 100 with the ball 597 579 6.34
1 - backs 404 .083
2 - wings 404 .017
3 - pivots/goalkeepers .083 .017

Due to the borderline values of significance the
post hoc test for the test Zig-Zag 100 without the ball
was done (table 8) (.067) and it was established that
there was a statistical difference between the
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wingers and the group comprised of the pivots/ the
goalkeepers (.023) and which was not, in this case,
high enough to influence the overall significances
among the three groups.
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Table 8. Post hoc test for the test Zig-Zag 100 without the ball in female handball players according to

different playing positions

Zig- zag 100 without the ball

{1} {2} {3}

1 - backs

2 - wings

3 - pivots/goalkeepers

5.97 5.79 6.34

.289 162
.289 .023
.162 .023

DISCUSSION

Previous research has proven that there are
differences in the body composition in female
handball players playing different positions (Rogulj
et al,, 2005; Zapartidis et al., 2009), and our results
show that the wingers are of statistically significant
lower body height and body mass than the rest of the
players, and that they have the lowest basal
metabolism rate. These coincide with the previous
results in female handball players’ morphological
characteristics (Srhoj & al., 2002; Rogulj & al, 2005;
Sibila & Pori, 2009; Vila, Manchado, Rodriguez,
Abraldes, Alcaraz & Ferragut, 2012; Urban &
Kandrac, 2013; Michalsik, Madsen, & Aagaard, 2013)
and can be explained by the roles these players have
in the game, which imply swift changes from the
offence to defence, shooting, very often without any
contact with the opponent players, as well as
landings with different types of falls. On the other
hand, the obtained results show that there are no
statistically significant difference in the body
composition of the backs and the group comprised of
the pivots/ the goalkeepers. Some possible reasons
for that might be the demands associated with those
playing positions. The backs usually have the task to
complete the shooting actions while jumping from
longer distances. Similarly to the pivots, they are
almost always in close contact with the opponent’s
defence players, which requires accentuated body
height and muscular mass. The results are in
concord with the recent research conducted by the
following authors Milanese, Piscitelli Lampis &
Zancanaro, 2011. The position of a goalkeeper is
completely different from all the other playing
positions when it comes to its technical and tactical
demands. The goalkeeper plays within limited space;
she is relatively static, uses fast and simple
movements, which need a smaller amount of energy;
therefore, they belong to the mesomorphic-
endomorphic body constitution, as opposed to the
wingers. Our results show that the handball players
who have the positions of the pivots or the
goalkeepers are much taller, have larger body mass
and the values of basal metabolism than the wingers,
which has been proven by some previous studies
(Milanese, et al, 2011; Vila, et al, 2012; Urban &
Kandrac, 2013).

When it comes to the explosive leg power, our
results do not show any statistically significant
difference in female handball players in different
playing positions, except for the CM] left leg test, in
which the backs and the wingers had better results
than the pivots/ goalkeepers. The reason for there
not being differences is presumably in the influence
of the training process, aiming at the utilization of
explosive power as the dominant ability, on the
successful development of all technical and tactical
elements. It should be emphasized that one leg
jumps are more common with the backs and the
wingers so that can serve as a justification for
slightly better results. The earlier research did not
show any statistically significant differences in the
explosive leg power in female handball player in
different positions (Vila et al., 2012).

Our results do not show any statistical
differences in speed in female handball players in
different playing positions. Taking into consideration
the importance of this ability in all the positions, the
pivots and the goalkeepers included, the results
obtained are justified. However, it is possible that
they were influenced by the motivation during the
very process of testing, as well as the players’
selection for the afore mentioned position. Contrary
to our results, some studies have proven that the
wingers are significantly faster than other positions
(Sibila et al., 2004; Rogulj et al., 2005; Zapartidis et
al. 2009).

Speed and agility are motor abilities which are
closely connected and have a significant influence on
the successfulness in handball. When it comes to
basic motor abilities, the speed of movements is
linked to the ability of ball manipulation and
determines, to a large extent, the performance of the
players in different playing positions, except for the
Zig-zag test with the ball, in which the wingers were
better than the pivots/ the goalkeeper group. Taking
into consideration the fact that movements with the
ball are not dominant with the goalkeeper and the
pivot, the obtained results are expected and justified.

The similar results can be found in some earlier
research in which the back and the wingers showed
domination in the tests of agility with the ball
(Cavala &Kati¢, 2010).

The future trends in handball development will
probably erase the sharp boundaries between the
playing positions. However, the roles and the tasks
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will remain the key components of the tactical and
technical activities required from a player in a
certain position. Due to their different roles in
different stages of the game, it is necessary to
establish and perfect universal technical and tactical
knowledge.

CONCLUSION

The results obtained in this research show that
there are no statistically significant difference in the
explosive power of the lower extremities, speed and
agility in female handball players in different playing
positions. The differences are obvious when it comes
to the body composition of the players and the
results point to the fact that the wingers are of
statistically significant lower body height and body
mass, and that the values of their basal metabolism
are also lower than those of the other players. These
relations can serve as one of the helping methods in
determining the extent to which the players have
been trained and prepared. In addition, the results
can serve as a guideline for the selection of the
players as well as for planning and programming
specific training sessions for the players in the
positions of left and right backs, left and right
wingers, pivots and goalkeepers.
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ABSTRACT

The aim of this study was to investigate the influence of some kinematics parameters (upper extremity, trunk
position) on ball velocity of the handball penalty throw. Thirty female elite handball players (height: 1.73 + 0.08
m; mass: 69 * 89 kg; BMI 22.9 £ 2; training experience: 12.3 * 6.2 yrs), playing in the first Serbian Handball
League from two different clubs volunteered to participate in the present study. The research was of transversal
character, during the competition period. An angle of upper body relative to the ground (deg); Shoulder internal
rotation (deg); Elbow flexion (deg), that is, the angle closing the longitudinal axis of the upper arm with the
longitudinal axis of the forearm was analyzed by Kinovea 0.8.2 kinematic analysis software. Pearson linear
correlations were used to calculate the influence of kinematic parameters to throwing ball velocity. A strong
negative correlation was calculated between the angle of upper body relative to the ground with the throwing ball
velocity (r=-0,496) whereby the big angles relative to the ground was followed by the reduction throwing ball
velocity. It has been proven existence of the mean negative correlation between variables shoulder internal
rotation and the throwing ball velocity (r=-0,299). Between variables the elbow flexion and the throwing ball
velocity there was mean positive correlation (r=0,402), which means that by increasing the angle of elbow flexion
increases ball velocity. It can be concluded that the tested kinematic parameters have an influence on the throwing
ball velocity in performing a penalty throw in team handball.

Keywords: team handball, throwing velocity, ball velocity, kinematics, penalty throw

INTRODUCTION

Competitive success in team handball depends of
the numerous factors such as the anthropometric
characteristics, the technical skills and tactics and
highs levels of power, force and throwing velocity
(Hoff, & Almasbakk, 1995). In competition, 6-9%
during the game constitute penalty throw (Wagner &
Miiller, 2008). The aim of the offensive handball
players is to throw a ball on goal from a position
from 7 m distance without being tackled or
obstructed by the opposing goalkeeper. An
important fact is that the faster the ball is thrown at
the goal, the less time defenders and goalkeeper
have to save the shot what is important aspect for
success (Markovi¢, S., & Markovi¢, K, 2018).

The overarm throw is an example of a complex,
discrete and fast movement with a clear beginning
and end. It can be divided into six phases: wind-up,
stride, arm cocking, arm acceleration, arm
deceleration, and follow-through (Werner, Fleisig,
Dillman, & Andrews, 1993; Van den Tillar & Ettema,

98

2007). Maximal internal rotation, maximal elbow
flexion and ball release speed are some of
characteristic points, which identify the phases of
overarm throw. Van den Tillar & Ettema, 2004 used
a model that predicted that 73% of the contribution
to the ball velocity was explained by the maximal
elbow extension velocity and the maximal internal
rotation velocity shoulder during the throw.

The velocity of handball throw is dependent on
the aspects such as body segments coordination and
the technical skills not only on the on the muscular
strength (Markovi¢, S., & Markovi¢, K, 2018). Some
authors described differences in ball velocity of elite
team-handball players revealing that greatest ball
velocity was achieved in the standing throw with
run-up (26.3 = 3.2 mes-1) rather than the standing
throw without run-up (23.5 * 2.2 mes-1) (Bayios &
Boudolos, 1998). This fact indicates that the
throwing ball velocity depends on the technique
performance, the way the feet, body and arm are
positioned. It is not determined how much all
throwing kinematics parameters separatly have an
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influence on throwing ball velocity, which is an
extremely difficult research task since the shot is a
complex Kinetic chain whose parts are almost
impossible to isolate and decompose individually.

The aim of this study was to investigate the
influence of some kinematics parameters (upper
extremity, trunk position) on ball velocity of the
handball penalty throw.

METHODS

Subjects

Thirty female elite handball players (height: 1.73
+ 0.08 m; mass: 69 * 89 kg; BMI 22.9 * 2; training
experience: 12.3 * 6.2 yrs), playing in the first
Serbian Handball League from two different clubs
volunteered to participate in the present study. All
participants had a certificate from the physician that
they were healthy and able to fulfill the
requirements that were expected of them, at the
time of testing,

Procedure

The research was of transversal character, during
the competition period. The testing procedure was
standardized (Van den Tillar & Ettema, 2007). The
subjects had a warm-up period of 30 min, which
needed to be prepared for the optimal organism
condition, to have the best respond to the tasks. Each
subject performed a shot 3 times from the ground at
a distance of 7 m from the goal. A Casio Exillim F1
camera was placed on the side of the throwing arm,
recording all three attempts. The task was to hit the
target as strong as possible, that is, the upper half of
the standard size handball goal (2 m x 3 m). Behind

the goal was an interrogator who measured the
speed of each shot by radar (Pocket Radar). When
the testing was completed, the shot that had the
highest velocity of all three attempts was analyzed
by Kinovea 0.8.2 kinematic analysis software. For the
throwing kinematics parameters were tested three
variables: An angle of upper body relative to the
ground (deg); Shoulder internal rotation (deg) and
Elbow flexion (deg), that is, the angle closing the
longitudinal axis of the upper arm. The point
describing the center of this angle is the region of the
lateral epicondylus (lat. epicondylus lateralis).
Maximal throwing ball velocity was also one of the
analyzed variables. The phase of ball throwing was
analyzed, that is, the moment when the ball leaves
the hand of the subject.

Statistical analysis

Statistical analysis was conducted via IBM SPSS
Statistics 19 (Statistical Package for Social Sciences,
v19.0, SPSS Inc., Chicago, IL, USA) software. To
provide basic summaries about the sample and
tested variables descriptive statistics was used:
average value (MEAN), standard deviation (SD),
coefficient of variation (cV%), Minimum (MIN) and
Maximum (MAX). Pearson linear correlations were
used to calculate the influence of kinematic
parameters to ball velocity.

RESULTS

Table 1 shows the basic statistical parameters for
kinematic variables and ball velocity for a throw
from the ground with a distance of 7 m from the goal
(penalty throw).

Table 1 Basic descriptive statistics for the kinematics parameters and ball velocity

Variables N MEAN MIN MAX Std. Deviation Coefficient of
variation

An angle of upper 30 69,17 50,00 83,00 7,38 54,49
body

Shoulder internal 30 49,53 5,00 98,00 17,54 307,64
rotation

Elbow flexion 30 130,37 91,00 168,00 16,23 263,34
Ball velocity 30 75,87 61,00 93,00 9,29 86,26

Descriptive values of kinematic variables (angles)
are shown in degrees (°), while ball velocity values
are expressed in km/h. Average value of the angle of
upper body relative to the ground was 69,17+7,38,
average value of the angle of shoulder internal

rotation was 49,53+17,54, average value of the angle
of elbow flexion was 130,37+16,23 and average
value of ball velocity was 75,87+9,29. Minimal value
of ball velocity variable was 61 and maximal was 93.
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Table 2 Pearson linear correlation coefficients, P-values between kinematic parameters and ball velocity and

coefficient of determination (the percentage of variance)

Variables N Ball velocity p %Variance
An angle of upper body 30 -0,496™ 0,005 25
Shoulder internal 30 -0,299 0,109 5
rotation
Elbow flexion 30 0,402* 0,028 16
*p<,001 (2-tailed).
Relationship between  tested  kinematic efficiency even though the tested sample was of

parameters of penalty throw and the ball velocity
was express by Pearson linear correlation.
Satisfaction with the assumptions of normality,
linearity and homogeneity of variance was
confirmed by preliminary analyzes. A strong
negative correlation was calculated between the
angle of upper body relative to the ground with the
throwing ball velocity (r=-0,496) whereby the big
angles relative to the ground was followed by the
reduction throwing ball velocity. It has been proven
existence of the average negative correlation
between variables shoulder internal rotation and the
throwing ball velocity (r=-0,299). Between variables
the elbow flexion and the throwing ball velocity
there was average positive correlation (r=0,402),
which means that by increasing the angle of elbow
flexion increases ball velocity.

DISCUSSION

Earlier research has found that the highest
velocity of the ball is achieved by shot from the
ground from the run-up (100%), then from the
ground without run-up (93%) and jump shot
(92%)(Wagner, Pfusterschmied, Von Duvillard &
Miiller, 2011). This study examined the correlation
between the selected kinematic parameters to the
throwing ball velocity. Kinematic parameters
described the angles in the elbow and shoulder joint
and the angle of the upper body relative to the
ground at the ball release time. According to Van den
Tillar & Ettema, 2007 it is considered that two main
contributors to the total ball velocity (73%) are the
internal rotation of the shoulder together with the
extension of the elbow. They found that those
subjects who had a smaller angle at the elbow joint
at the time of the ball release had achieved higher
ball velocity (angle that engages the outside of the
forearm with an imaginary axis that is an extension
of the upper arm). Our results indicate that subjects
who achieved higher ball velocity also had a greater
angle at the elbow joint (the angle closing the
longitudinal axis of the upper arm with the
longitudinal axis of the forearm). Such data confirm
the fact that greater acceleration can be achieved if
there is greater leverage. Both studies show a
significant correlation of extension range with shot
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different sex. The highest ranked handball players
who competed in the national competition, some of
whom were also representative, took part in this
research. The angle of the shoulder internal rotation
achieved by the handball players was 49.53 + 17.54
°, while for the handball players in the study of Van
den Tillar & Ettema, 2007 it was about 65 ° and
subjects who had a faster shot also had a greater
angular velocity of shoulder internal rotation. We did
not prove that these results were consistent with
this study, but we found that by increasing the angle
of shoulder internal rotation, the throwing ball
velocity decreases and vice versa.

According to some studies about kinematics
parameters of shot from the ground 7 m distance
from the goal it is proved that elite female handball
players had the angle of upper body relative to the
ground 65,8+7,9°. Such data can be considered as s
model considering that the subjects were the female
handball players of the Norwegian national selection
(Van den Tillaar & Cabri, 2012). Average value of the
angle of upper body relative to the ground was
69,17+7,38 what was a little difference which may
be justified by different body structure. Considering
that the results do not differ significantly, it can be
concluded that there is a great similarity in the
technique of taking a shot from the ground 7 meters
distance from the goal in top handball players
regardless of nationality. Statistical processing has
found that the big angles relative to the ground was
followed by the reduction throwing ball velocity.
This can be explained by the fact that the standing
throw involves keeping the lead foot on the floor
during the throw and is typical for the penalty throw
in team handball (Wagner, Pfusterschmied, Von
Duvillard & Miiller, 2011). The fact is that the
throwing ball velocity also depends on the muscular
strength of the abdominal musculature when it
comes to this segment of the body, so the results can
be explained if the subject flexes the body more
during the shot, giving a stronger impulse, the faster
the ball throw.

CONCLUSION

Based on the obtained results, it can be concluded
that the kinematic parameters at the moment of ball
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release (the moment when the ball left the hand of
the subject) have an influence on the throwing ball
velocity, at a shot 7 m distance from the goal. This
data indicates that coaches should pay attention to
the method of taking a shot from 7 meters, in the
training cycle, as it is often a crucial factor for
winning games. Each team should have its own
statistician who will keep an eye on the number of
missed and scored penalties in the match so that the
records can contribute to the improvement in the
realization of the same and, consequently, to the
reduction of the number of errors. Higher throwing
ball velocity in the top handball players of this
research is conditioned by decrease of the upper
body angle in relation to the ground, decrease of the
angle of shoulder internal rotation and increase of
the range of extension in the elbow joint. If the lever
of the throwing arm is higher and a stronger force is
created that will cause increased flexion in the hip
joint (reduced upper body angles relative to the
ground), the throwing ball velocity will be higher.

The information obtained can be useful for
coaches in planning training programs, especially in
the period when new handball players are created.
Future research in the field of kinematic analysis of
handball throwing should be based on current
knowledge. A suggestion for further research is to
examine whether the longitudinal dimensionality of
certain parts of the hand (arm length, forearm, or
upper arm) and the whole arm affect the velocity of
ball release. It is also advisable to carry out similar
research with the male population of elite handball
players.
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ABSTRACT

The aim of this study was to investigate the relationship between anthropometric characteristics and
explosive strength of arm and shouldar region in wheelchair basketball players.The sample of respondents were
wheelchair basketball players, national team of Serbia (n=12), age (22-49 + 7,61), with at least three years of
sports experience in this sport. In this study, the following variables were used to access anthropometric
characteristics: sitting height (SEDVIS), body weight (TT), arm length (DUZRU), shoulder width (SIRRAM), upper
arm circumference (OBNA), and chest circumference (OBGR). For the motor variable, the explosive strength of
arm and shoulder region (BCMED) was selected. Of the statistical techniques, Pearson’s correlation was used to
determine the association between the variables. The results of this study showed that there was a statistically
significant association between the variables (DUZRU, BCMED) (p=0,02) and between the variables (OBGR,
BCMED) (p=0,02), while there was no statistically significant association with the other variables. Future research
should include other motor abilities, especially situational motor abilities that are relevant to basketball, given
that it is abundant in different situational and motor phases. It would be interesting to see to what extent the
efficiency of wheelchair basketball players from different positions in the game is determined by anthropometric
characteristics along with situational motor abilities, in order to more easily understand the complexity of the

wheelchair basketball itself.

Keywords:wheelchair basketball, anthropometric characteristics, explosive strength, relationship.

INTRODUCTION

Wheelchair basketball is one of the most popular
sports among Paralympic disciplines in persons with
different types of disabilities, according to the
International Federation of Wheelchair Basketball
Federation (IWBF) classification protocol
(Iturricastillo, Granados & Yanci, 2015). Wheelchair
basketball is played in more than 80 countries at a
competitive level and attracts the interest of male
and female coaches and work analysts (Angel-
Gomez, Perez, Molik, Szyman & Sampaio, 2014).
Given the wide range of functional and motor
abilities of wheelchair basketball players, it is
necessary to establish a clasification system that
ensures equal participation for all eligible athletes
(Molik, Laskin, Golbeck, Kosmol, Rekowski,
Morgulec-Adamowicz, Rutkowska, Marszalek,
Gajewski & Angel-Gomez, 2017). Players receive
points ranging from 1,0 (for players with the lowest
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physical function) to 4,5 points (for players with the
highest physical function including players with
minimal disabilities) based on the classification
(Anekcangposuh, Jopruh u Mupuh, 2016; Molik et
al, 2017). According to IWBF rules, the maximum
number of points a team can have on the field is 14
(1p+2p+3p+3,5p+4,5p=14) (Molik et al, 2017).
Basketball consists of activities that require
explosive power, speed and medium intensity
(Akimoglu & Kocahan, 2017). Wheelchair basketball
requires the biomechanical and coordination
engagement of the upper extremity muscular
apparatus, especially the shoulder region muscular
apparatus. The greatest contribution is made by the
shoulder flexors during the pushing phase, i.e., the
propulsion and the shoulder extensors during the
retropulsion phase, or during the returin to the zero
position (Akinoglu & Kocahan, 2017). In addition to
biomechanical parameters, other parameters should
also be considered for the performance of
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wheelchair basketball players such as: physiological,
psychological, motor functioning and control, level of

technical and tactical knowledge and
anthropometric parameter.
That anthropometric  characteristics are

significant for the basketball player’s situational
efficiency and that every basketball player’s position
in the game depends on antropometric
characteristics, studies have confirmed (Hoare,
2000; Jelicic, Sekuli¢ & Marinovié¢, 2002; Gerodimos,
Manou & Kellis, 2005; Carter, Ackland, Kerr & Stapff,
2005; Koley, Singh & Sandhu,2010; Petrovié¢, Ramos,
§olaja, Golik-Peri¢ & Obradovi¢ 2013; Apostolidis &
Emmanouil, 2015; Borovié, Rupci¢, Matkovi¢,
Garafoli¢ i Dai¢, 2016; Gomez, Mendez, Zanetti, Leite
& Junior, 2017; Gryko et al,, 2018).The difference is
that the respondents were not wheelchair basketball
players, but basketball players without disabilities,
but studies clearly indicate the significant impact of
anthropometric characteristics in basketball, and
that it would be worth paying attention to them,
when analyzing the situational effectiveness of
wheelchair basketball players. On the other hand,
analyzing and searching the literature, it can be
concluded that there is a relatively small number of
studies that have addressed the problem of
anthropometric  characteristics in wheelchair
basketball players (Angyan, Teczely, Zalay & Karsai,
2003; Wang, Chen, Limroongreungrat & Change,
2005; Ciliga, Petrinovi¢-Zekan & Trost, 2006;
Cavedon, Zancarano & Milanese, 2015; Granados,
Yanci, Badiola, Iturricastillo, Otero, Olasagasti,
Bidaurrazaga-Letona & Gil, 2015; Oliveira, Oliveira,
Guimardaes & Costa, 2017; Ferreira, Souza,
Nascimento, Tartaruga, Portela, Mascarenhas &
Queiroga, 2017).

The aim of this study was to investigate the
relationship between anthropometric characteristics

RESULTS

Table 1. Descriptive description of all variables

and explosive strength of arm and shouldar region in
wheelchair basketball players.

METHODS

Subjects

The sample consisted of wheelchair basketball
players, Serbian national team players (n=12), age
group (22-49 * 7,61), with at least three years of
sports experience in that sport, and who train at
least three times a week.

Procedure

In this study, the following variables were used to
access anthropometric characteristics: Sitting height
(SEDVIS), Body weight (TT), Arm length (DUZRU),
Shoulder width (SIRRAM), Upper arm circumference
(OBNA) and Chest circumference (OBGR). For the
motor variable, the explosive strength of arm and
shoulder region was selected. A 2 kg medicine ball
was used to evaluate the explosive power of the
shoulder region and arm - Medicine ball throwing
(BCMED).

Statistical analysis

All statistical analyzes were processed through
,IBM SPSS Statistics” (version 23,0). Descriptive
statistics were used for all variables: arithmetic
mean (MEAN), standard deviation (SD), minimum
value (MIN), maximum value (MAX). A Pearson
correlation (r) was used to determine the association
between anthropometric characteristics and
explosive strength of arm and shoulder region.
Significance level (p) was at p<0,05.

VARIABLES N MIN MAX MEAN SD

SEDVIS 12 120,30 155,60 140,23 11,29
TT 12 65,00 98,00 78,20 8,80
DUZRU 12 69,50 83,80 75,98 4,22
SIRRAM 12 46,80 52,10 48,78 1,75
OBNA 12 21,00 35,00 29,34 515
OBGR 12 87,00 114,00 100,37 8,79
BCMED 12 6,00 10,00 7,79 1,30

Legend: N - number of respondents, MIN - minimum value, MAX - maximum value, MEAN - arithmetic mean, SD -
standard deviation, SEDVIS - Sitting height, TT - Body weight, DUZRU - Arm length, SIRRAM - Shoulder width, OBNA -
Upper arm circumference, OBGR - Chest circumference, BCMED - Explosive strength of arm and shoulder region.

Table 1. shows the basic descriptive data for the
variables observed in this study; statistical entity
count, minimum value for each variable, maximum

value for each variable, calculation of arithmetic

mean for each variable, and calculation of standard
deviation values for each variable.
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Table 2. Relationship between anthropometric variables with a variable explosive strength of arm and

shoulder region (BCMED)

VARIABLES r P

sgh?l‘é})s 0,33 0,29
;ZMED 0,47 0,12
DUZRU 065 002
EICRI\Z{QII;A 0,36 0,23
(B)CBI\I\/IIQD 0,15 0,63
g?l\(jlléD 0,65 0,02

Legend: r - correlation value, p - statistical significance coefficient, SEDVIS- sitting height, TT- body weight, DUZRU - arm
length, SIRRAM - shoulder width, OBNA- upper arm circumference, OBGR - chest circumference, BCMED -explosive

strength of arm and shoulder region.

Table 2. shows the significant correlation
between the variables as well as the strength of the
correlation, or the relationship between them.
Analyzing this table, one can see the correlation
between the SEDVIS variable and BCMED is weakly
distributed (r=0,33), and not statistically significant
(p=0,29). There was no statistically significant
association between the TT and BCMED variables
(p=0,12). However, if the Pearson correlation value
is analyzed, it can be concluded that the correlation
between TT and BCMED is moderate (r=0,47). With
the DUZRU and BCMED variables, analyzing the
Pearson correlation value (r=0,65), it can be
concluded that a strong correlation is present
between the variables with statistical significance
(p=0,02). Relatively weak correlation (r=0,36) was
present with SIRRAM and BCMED, but not
statistically significant. The weakest Pearson
correlation, that is, the correlation between the two
variables, was detected with OBNA and BCMED
(r=0,15) without statistical significance. With the
OBGR and BCMED variables, analyzing the Pearson
correlation value (r=0,65), it can be concluded that a
strong correlation with statistical significance is
present (p=0,02).

DISCUSSION

Analyzing the wheelchair basketball game as a
hole, it can be concluded that it is full of various
actions and reactions of players, different
phyisological intensity (anaerobic-aerobic), motor,
situational motor (movement, addition, catching,
driving, dribbling, kicking), psychological, technical
and tactical functioning. In wheelchair basketball
players, motor functioning, motor control and upper
limb strength are very important for situacional
performance, because of the specifity of the
movement. The movement of wheelchair basketball
players is realized by two biomechanical phases:
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propulsive and retropulsive. Wheelchair basketball
requires the biomechanical and coordination
engagement of the upper extremity muscle
apparatus, especially the shoulder region muscle
apparatus. The greatest contribution is made by the
shoulder flexors during the pushing phase, namely
the propulsion, and the shoulder extensors during
the retropulsion phase, or during the return to the
zero position (Akinoglu & Kocahan, 2017). The
overall structure of the biokinematic model of a
wheelchair basketball player is complex, because it
depends on numerious factors that can affect the
performance and success of the wheelchair
basketball player (motor, biomechanical, functional,
neurophysiological, morphological etc.). This study
examined the relationship between anthropometric
characteristics and the explosive strength of arm and
shoulder region in wheelchair basketball players, in
order to Dbetter understand the role of
anthropometric characteristics on the basketball
players’ situational efficiency. It should be noted that
so far, no scientific research in Serbia has been done
on wheelchair basketball players, which aimed to
examine whether anthropometric characteristics can
affect the performance of wheelchair basketball
players, and which of them can contribute most to
this. On the other hand, in the scientific literature,
relatively few scientific studies have addressed the
anthropometric  characteristics of wheelchair
basketball players (Angyan, Teczely, Zalay & Karsai,
2003; Ciliga, Petrinovi¢-Zekan & Trost, 2006;
Cavedon, Zancarano & Milanese, 2015; Granados,
Yanci, Badiola, Iturricastillo, Otero, Olasagasti,
Bidaurrazaga-Letona & Gil, 2015; Oliveira, Oliveira,
Guimardaes & Costa, 2017; Ferreira, Souza,
Nascimento, Tartaruga, Portela, Mascarenhas &
Queiroga, 2017; Wang, Chen, Limroongreungrat &
Change, 2018). It is also very important to point out
that not all anthropometric variables were examined
in this study, and that only one motor ability was
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included, which is why conclusions should be drawn
cautiously. Because of all this, it is difficult to
compare the results of this study with those of the
aforementioned studies. In this study, the
respondents were wheelchair basketball players,
national team of Serbia, who have experience
competing in international basketball games. Of all
the variables observed in this study, the Pearson
correlation found a statistically significant
association for the variables (DUZRU, OBGR) with
variable (BCMED). The length of the arms gives the
player a greater chance of effectively adding the ball
to his teammate, while on the other hand, the
circumference of the chest, i.e., the mass of the chest,
allows for an adequate accumulation of mechanical
force that will make a significant contribution to the
ball throwing. In each case, both variables coordinate
together, so the correlation of both variables is
significant (p=0,02). For variables (SEDVIS, TT),
there is no statistically significant correlation with
variable (BCMED). However, if correlation values are
observed, it can be seenthat there is a relatively
weak correlation between the variable (SEDVIS)
with the variable (BCMED), while the correlation
value between the variable (TT) with variable
(BCMED) is mean (r=0,47). The body weight value
expressed in kilograms of body weight was
quantified and statistically analyzed, but other body
composition variables were omitted (body fat, body
fat percentage, muscle mass, percentage of muscle
mass, visceral fat, visceral fat percentage, BMI), that
could contribute to explaning why there is no
correlation between the variable (TT), and variable
(BMCED). It should be noted that it is extremely
complex to arrange weight measurements for
wheelchair users (Ciliga, Petrinovi¢-Zekan & Trost,
2006). Therefore, the quantitative values of body
weight in this study were collected by subjects
reporting their body weight. The anthropometric
measurement of the sitting height variable (SEDVIS)
is specific, because respondents are not able to
measure it in the way people with disabilities are
measured, since players are wheelchair users. For
other variables (SIRRAM, OBNA), there was no
statistically significant correlation with the variable
(BCMED). A possible reason why there is no
correlation between the variable (OBNA) and
variable (BCMED) should be looked at in terms of
body weight, which varied among subjects on the
one hand, while on the other, as said for variable
(TT), the others were omitted variables that make up
the overall body status of individuals, so it is
necessary to interpret the results carefully. As
another reason, the morphological profile of the
respondents was heterogeneous, so this difference
probably had an effect on the result itself.

The shoulder width from the biomechanical point
of view allows a greater degree of freedom in terms
of mobility, on the one hand, while on the other
shoulder region provides stability for performing the
shot. In futher studies, it is necessary to continue
exploring the impact of anthropometric
characteristics on the situacional performance of
wheelchair basketball players, with the inclusion of
other motor abilities, above all, situacional motor
abilities, whose role is important in basketball.

CONCLUSION

The results of this study showed that there was a
statistically significant association between the
variables (DUZRU, BCMED) and between the
variables (OBGR, BCMED), while the other variables
were not statistically related to the variable
(BCMED). This study did not examine all
anthropometric characteristics, as well as the fact
that only one motor ability was tested, so the
conclusions should be drawn with caution. It is
necessary to continue exploring the anthropometric
characteristics of wheelchair basketball players in to
find out to what extent their role is crucial and
necessary for basketball success at games. Future
research should include other motor abilities,
especially situational motor abilities that are
relevant to basketball, given that it is abundant in
different situational and motor phases. It would be
interesting to see to what extent the efficiency of

wheelchair basketball players from different
positions in the game is determined by
anthropometric characteristics along  with

situational motor abilities, in order to more easily
understand the complexity of the wheelchair
basketball itself.
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ABSTRACT

Introduction. The characteristics of players based on their positions on the team are useful for determining a

player’s profile, which based on specific requirements. Body height and body weight are significantly connected to
the physical requirements of the game of football among young football players. The aim of this research is to
determine the connections between body composition and the differences based on player position on the team
on a sample of young football players. The method. The study is of the transversal kind, and includes junior and
cadet football players. It included 49 football players, 23 cadets, competing in the Cadet league of Serbia, and 26
juniors competing in the Quality league of Serbia. The sample of variables which was used in the research consists
of the following set of eight variables: five variables for the evaluation of body composition, and three variables for
the evaluation of explosive power (countermovement jump (CM]), countermovement jump free arms (CMJA), and
the squat jump (SJ])). The results. No statistically significant connection was determined between the variables of
explosive power and the variables of body composition among the cadets, while among the juniors the TM shows a
statistically significant, moderate, negative connection on the tests CM] (-.472), CMJA (-.408), and S] (-.467).
Statistically significant differences between the groups can be found only between midfielders and forward
players in lean body mass (.027) and variables of muscle mass (.031). Discussion and conclusion. The research
indicates that there is a statistically significant connection between the variables of the percentage of body fat and
the tests of explosive power only among the juniors, while in the case of the remaining variables, and the cadets,
no connections were determined. The results indicate that it could be assumed that this increase in the percentage
of body fat has a negative impact on the fitness of the players. In the case of differences in terms of player position
on the team, the results indicate that there is no great and significant difference in the values of explosive power

and body composition of football players.

Keywords: maturation, power, reaction rate, hamstring, Q ankle

INTRODUCTION

In addition to the various challenges in football,
there are also types of movement which require
maximal effort over a short period of time, such as
sprinting, acceleration, agility and jumping (Gunnar,
& Svein, 2015). Football is an activity in which
sporadic high intensity exercise programs are
combined with movements of lower intensity
(Stglen, et al, 2005). By analyzing competitive
activities in football, on the individual or team level,
we can identify those moments in the game which to
a greater or smaller extent influence the final result
(Castelano, Casamichana, & Lago, 2012; Liu, &
Gomez, 2014; Liu, et al, 2015). The speed and
explosive power of the lower extremities are

considered a precondition for success in junior
league football (Reilly, Bangsbo, & Franks, 2000).
Explosive power refers to the activities which enable
the muscles to realize maximal power in the shortest
period of time (Kaeding, & Whitehead, 1998). The
development of explosive power must at the same
time also include strength training, speed training,
training for the development of aerobic capacities
and flexibility. Understanding physical requirements
and their features in the case of football players, in
relation to age, player position, and load, can
improve the physical performance of the players
(Manson, 2013). The characteristics of the players in
terms of their positions on the team is useful for
determining player profiles, which are based on
specific requirements. Body height and body weight
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are significantly related to physical requirements
which the game itself demands of young football
players (Mathisen, & Petersen, 2015). However, we
cannot speak of one isolated characteristic of body
composition or a single ability which is the deciding
factor for the end result. The most favorable values
of body composition can lead to an improvement in
the general level of fitness and anaerobic power
(Nikolaidis, 2014). Football players have lower levels
of body fat and an increased percentage of muscle
mass (Popovic, et al., 2014). Excess body fat can be
the result of unnecessary load and can decrease
effectiveness during play (Bajramovi¢, et al,, 2019).
Tests for the evaluation of explosive power of the
lower extremities indicated a statistically significant
connection with competitive success in the case of
professional football players (Arnason, et al., 2004;
Mujika, et al.,, 2009; Wislgff, Helgerud, & Hoff, 1998).
Studies focusing on muscle power mostly present
these results as the values of the vertical jump,
assessed using various tests. The tests which are
most frequently applied to evaluate explosive power
of the lower extremities are the countermovement
jump (CM]), countermovement jump with arms
(CMJA), and the squat jump (S]). Studies which
analyzed the vertical jump indicated that the values
range from 55.6-63.4 cm (Strudwick, Reilly, &
Doran, 2002; Thomas, & Reilly, 1979), while other
studies have determined that the values for the
countermovement jump in the case of professional
football players range from 41.4-41.6 cm (Casajus,
2001; Cometti, et al., 2001). The connection between
body composition and the parameters of physical
fitness are in some sports used for professional
sports selection (Miller, et al, 2002; Sawyer, et al.,
2002; Stuempfle, Katch, & Petrie, 2003). However,
there is still an insufficient number of studies of this
kind involving young football players. Body
composition is usually divided up into fat and lean
body mass. It could be assumed that an increase in
body fat has a negative impact on the physical fitness
of the athletes (Doxey, et al., 1987). On tests used to
evaluate physical fitness and body fat among
younger athletes, lower results for physical fitness
were recorded when the values of body fat exceeded
10% (Mcleod, Hunter, & Etchison, 1983).

The aim of this research is to determine the
connection between body composition and the
differences based on player position on the team, on
a sample of younger football players.

METHODS

Subjects

The research included a sample of 49 football
players of the FC Radnicki from Nis, juniors and
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cadets, divided into two subsamples. The first
subsample included 26 junior football players, of a
chronological age of (18+0.5 yrs), while the second
subsample included 23 cadets, of a chronological age
of (16+0.5 yrs). The research was carried out during
a transitional period. The evaluation of body
composition and explosive power was determined in
the morning hours (10am). One day prior to the
evaluation of body composition, the participants had
to follow protocol, which required that they not
consume food or drink after 10pm. In addition, in the
morning hours prior to the testing, the participants
did not consume either food or drink. The tests for
the evaluation of explosive power were preceded by
a standardized warm-up which consisted of running
at a moderate intensity (4 min), static and dynamic
stretching (4 min), and acceleration (2 min). All of
the football players voluntarily agreed to take part in
the measurements and did not have any injuries to
the locomotor apparatus which might possibly affect
the final outcome.

Procedure

The anthropometric variables (Body Height (BH),
Body Weight (BW)) were measured according to
standard procedures of the International Society for
the Advancement of Kinanthropometry (ISAK) as
stated in Marfell-Jones, & et al, (2006). Body
composition, Body Fat (BF), Low Body Mass (LBS)
and Muscle Mass (MM) were determined using the
InBody 720 (Aandstad, et al, 2014). To evaluate
explosive power, i.e. vertical jumping ability, the
following tests were used: the Countermovement
jump (CM]), Countermovement jump free arms
(CMJA) and the squat jump (S]). The
countermovement jump test was measured using the
Optojump (Glatthorn, et al., 2011). The values of the
jump were obtained when the participant was asked
to stand in a limited space which is covered by
Optojump sensors. From an upright position, at the
researcher’s mark, the participant, arms ‘fixed’ at the
hips, performs a semi-squat and from that position
attempts to jump as high as possible. The mistake
that occurs during the performance is that the hands
move from the hips. The Countermovement jump
free arms is a test which also evaluates the explosive
power of the lower extremities and differs only in
the fact that during this test the arms are ‘free’, need
not be ‘fixed’ to the hips, and could provide an
additional impulse during take-off. It was also
measured using Optojump sensors (Glatthorn, et al,,
2011). The final test for the evaluation of the
explosive power of the lower extremities is the squat
jump. The test procedure requires the participant to
assume an initial position in a semi-squat, hands on
hips. At the researcher’s mark, the participant takes
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off from the starting position and performs a vertical
jump. The values of the jump are recorded on a
screen using Optojump sensors (Glatthorn, et al,
2011).

Statistical analysis

All of the data compiled during the research were
processed using descriptive and comparative
statistics. In terms of descriptive statistics, for each
variable the measures of central tendency and
measures of dispersion were calculated: means
(Mean), minimal values (Min), maximal values
(Max), range (Range), standard deviation (Std. Dev.),
while to determine the distribution, Skewness and
Kurtosis were calculated. In terms of comparative
statistics, discriminant parametric procedures were
used, a one-way analysis of variance, ANOVA, and the
Post Hoc test which was used to determine the
differences in relation to player position. To
determine the connection between body

composition and explosive power of the lower
extremities, a correlation analysis was used. To
process the data, the statistical package for personal
computers IBM SPSS software was used (v17.0, IBM
Corporation; Armonk, NY, USA).

RESULTS

Table 1 presents the descriptive parameters of
the football players of various ages and levels of
competition. The analysis of the results confirmed
that the juniors were more dominant in terms of
explosive power, on all the tests, which is linked to
their age and the point of achieving peak explosive
power. Average values on the tests of explosive
power were noted among the juniors, which can also
be seen in the maximal recorded values, so that we
can conclude that the linear relationship between
explosive power and the age of the football players is
evident.

Table 1. Basic statistical parameters of the football players

Variables Age Mean Std. Dev. Range Min Max Skewness Kurtosis
BH Cadets 176.71 6.254 22.2 164.4 186.6 -.063 -1.068
(cm) Juniors 176.69 8.101 34.1 158.9 193 -.091 321
BW Cadets 65.77 8.756 32.1 51.2 83.3 351 -764
(kg) Juniors 68.48 8.765 35 52.4 87.4 159 -.387
CM]J Cadets 31.82 4.150 15.3 24.5 39.8 .067 -601
(cm) Juniors 33.71 3.474 16.1 24.3 40.4 -416 964
CMJA Cadets 38.03 4.465 16.4 30 46.4 .000 -797
(cm) Juniors 40.04 5.188 24 28 52 .065 .805

SJ Cadets 30.60 3.659 13.1 23.8 36.9 .059 -.659
(cm) Juniors 32.11 3.582 19.6 22.6 42.2 217 2.739
BF Cadets 11.69 3.551 18.2 6.1 24.3 1.869 5.939
(%) Juniors 11.71 2.671 9.1 6.8 15.9 -.366 -1.025
LBM Cadets 57.84 7.553 25.4 45.1 70.5 212 -1.121
(kg) Juniors 60.36 7.320 28 46.1 74.1 .328 -.378
MM Cadets 32.61 4.450 15.1 24.9 40 .187 -.104
(kg) Juniors 34.24 4.321 169 259 42.8 329 -.354

Similar average values were noted for the
variables BH and BF, while the juniors had greater
average values for the variables BW, LBM and MM.
The analysis of the symmetry of the results of the
junior football players enabled the formation of the
distribution frequency with a statistically negative
asymmetry for the variable (BH), while for the other

Table 2. Pearson’s correlation, cadets

variables there are no significant deviations from
normal distribution. In the case of junior football
players, a statistically negative asymmetry was
noted for the variables (BH, CM], BF). In terms of
homogeneity, there is a leptokurtic and platykurtic
curve among the football players of both age
categories.

Variables CM]J CMJA BF LBM MM
Y] 1 937%* 951 %+ -.043 221 222
CMJA 1 905%* -.099 209 215
s -147 120 122
BF 1 -091 095
LBM 1 999**
MM 1
**p<0.01
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Table 3. Pearson’s correlation, juniors

Variables CMJ CMJA BF LBM MM
CM] 1 823** .853** -472* -.247 -.238
CMJA 1 .781** -.408* -.205 -.198

N -467* -.290 -278
BF 1 137 .146
LBM 1 .998**

MM 1

*%p<0.01; *p<0.05

The values of the connection between the
parameters of explosive power (CM], CMJ]4, S]) and
the values of body composition are shown in tables 2
and 3 for the cadet and junior football players. No
statistically significant connection between the
variables of explosive power and variables of body
composition were noted for the cadets, while in the
case of the juniors, the BF showed a statistically
significant, moderate, negative connection with the

tests CM] (r=-.472), CMJA (r=-.408) and §J (r=-.467).
To determine the statistically significant differences
between player positions in terms of explosive
power and body composition, the one-way analysis
of variance, ANOVA, was used (Table 4). An analysis
of the results in table 4 indicated that there are
statistically significant differences between the
football players for the variables LBM (p<0.031) and
MM (p<0.033).

Tabela 4. Differences in the anthropometric characteristics and explosive power of the football players -

Anova, Post Hoc

Variables Position Anova
GK DF MF FW F p
CM] 29.50+6.78 33.71+4.02 32.67+3.44 32.46+4.50 774 .515
CMJA 35.85+8.27 40.04+5.15 38.66+4.75 39.45+4.80 .536 .660
S] 29+5.37 32.22+4.37 31.33+3.28 30.70+3.22 .623 .604
BF 13.05+0.21 12.10+4.44 11.58+2.53 11.78+1.94 184 906
LBM 62.85+2.19 60.22+6.80 56.38+6.29* 64.70+9.52 3.236 .031
MM 35.80+1.55 34.08+3.99 31.84+3.70* 36.68+5.75 3.164 .033

Note: Goalkeeper — GK; Defender — DF; Midfielder — MF; Forward — FW. *Midfielder vs Forward p<0.01

Following the analysis of the results of the Post
Hoc, the differences in the explosive power and body
composition among football players of various ranks
of competition were presented in table 4.
Statistically significant differences were noted for
body composition between the midfielders and
forward players for the variables LBM and MM.

DISCUSSION

The obtained results of the correlation for the
cadets indicate that there is no statistically
significant connection with body composition.
However, among the juniors, the percentage of body
fat indicates a statistically significant connection
with the tests of explosive power. In the research of
Silvestre, et al, (2006), the values of the vertical
jump indicate a statistically significant connection
with the percentage of body fat. Similar results were
obtained by the authors Stuempfle, Katch, & Petrie
(2003), who determined that the values of the
correlation range from 0,52 to 0,70. Better results in
explosive power of the lower extremities and body
composition were achieved by juniors in comparison
to cadets.
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Differences in terms of positions on the team and
the wvariables of explosive power and body
composition indicate a statistically significant
difference only between the forward players and
midfielders (Table 6), for two parameters of body
composition, muscle mass and lean body mass. In the
work of Silvestre, et al., (2006), it was concluded that
midfielders have a lower percentage of body fat and
higher values of lean body mass compared to the
forward players. In addition, the research of Lago-
Pefias, ReyCasais & Gémez-Lopez (2014) indicates
that midfielders have somewhat lower values of the
percentage of body mass compared to forward
players. The research of Lago-Peifias, et al., (2011)
indicated that midfielders have lower levels of
percentage of body fat, but no statistically significant
differences were determined.

CONCLUSION

This research indicates that there is a statistically
significant connection between the variables for the
percentage of body fat and the tests of explosive
power only in the case of the juniors, while for the
remaining variables and the cadets, no connections
were determined. The results indicate that it could
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be assumed that the increase in the percentage of
body fat has a negative impact on the physical fitness
of athletes. When it comes to the differences based
on the positions on the team, there was no great and
significant difference in the values of explosive
power and body composition among the football
players. The recommendations and conclusions of
the paper are that further research, in order to
obtain as precise results as possible, should analyze
a greater number of variables of body composition.
Furthermore, the recommendation is that, in
addition to the tests of explosive power of the lower
extremities, tests of speed, agility and endurance
also be included.
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ABSTRACT

A game of football is characterized by richness and variety of movement. High level of motor skills is a basic
prerequisite for a quality and effective display of technique and tactics in football (Joksimovié, 2008). The aim of
this paper is to determine the differences in the agility of female footballers in relation to the player position. The
sample consisted of 20 female footballers aged 17 to 20. The sample of measuring instruments consisted of a
three-test battery (T-test, Zigzag and Slalom). A T-test for independent samples was used to determine differences
between groups of subjects. Based on the obtained results, it can be concluded that there are no statistically
significant differences in agility between female footballers at different positions in a team.

Key words: agility, foot