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Force and power producing properties of
multi-joint muscular systems

Slobodan Jari¢

Department of Kinesiology and Applied Physiology & Biomechanics and
Movement Science Graduate Program, University of Delaware, USA

Abstract

Routine test batteries aimed to assess muscle mechanical properties are
typically based on exertion of maximum force in single joint movements,
as well as on more complex movements that often lack either ecological or
external validity. However, recent studies have suggested that functional
multi-joint movements (e.g., jumping, pushing, cycling, lifting) could be also
used to selectively reveal important the muscular mechanical properties, such
as their ability to exert high level of force (F) and power (P) output, or to achieve
high movement velocity (V). Specifically, our resent research revealed that
manipulation of external load provides a range of F and V data that could be
modeled by linear regression. The parameters of that F-V regression equation
may not be only highly reliable and at least moderately valid, but also allow
for calculation of a relatively simple parabolic P-V relationship of the tested
muscles. Therefore, the loaded functional multi-joint movements could reveal
important aspects of the design and function of the human neuro-musculo-
skeletal system. Moreover, the same movements could also be developed into
routine tests of F, V, and P exerting capacities of the tested muscles.

Key Words: force-velocity; power-velocity; load; test; parameters;

Introduction

Evaluation of the abilities of muscular system to maximize force, power,
and velocity output has been in focus of both researchers and practitioners
for decades. Seminal studies conducted on both isolated animal muscles (Hill
1938; Fenn and Marsh 1935) and human single-joint movements (Wilkie 1950)
revealed a well-known hyperbolic force-velocity (F-V) relationship (see left
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hand panel of Fig. 1 for illustration). Since power (P) represents a product of
F and V, F-V relationship directly determines the pattern of P-V relationship
that is inevitably complex in shape and partly skewed towards lower velocities
(see the corresponding dashed line). The above described shapes of the F-V
and P-V relationships have been consistently presented in various textbook
materials on muscle mechanics and modeling, as well as presumed in analyses
of outcomes of various routine tests of physical abilities.

Q 0
g g
(@]
i o
Fopt‘
F
0] 0
g g
o
uw K
FDD(

V(I)pt vO
Shortening velocity

Figure 1. Left hand panel shows classical F-V (solid line) and the
corresponding P-V (dashed line) relationship typically obtained from in vitro
muscles and voluntary contractions of single muscle groups. Right hand panel
panel show the same relationships obtained from loaded functionalmulti-joint
tasks. - denote to the muscle F that overcomes the optimum external load
that results in the optimum shortening Vot for maximizing P.
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Force-velocity properties of functional multi-joint movements

While the F-V relationship of individual muscles and muscle groups
tends to be non-linear, some early studies performed on maximum
performance multi-joint tasks have suggested that the relationship between
the F output and V of observed from functional multi-joint movements could
be approximately linear (Vandewalle et al. 1987). More recent studies also
revealed relatively strong and fairly linear F-V relationships observed from
relatively narrow intervals of Fand V data. Such data have been obtained from
various vertical jumps (Cuk et al. 2014; Sheppard et al. 2008), simultaneous leg
extensions where leg muscles act through closed kinetic chains (Samozino
et al. 2012, 2014), and various arm and upper body movements (Hintzy et
al. 2003; Sprague et al. 2007; Sreckovic et al. 2015). Typically, an external
load was manipulated of to provide ranges of F and V data that allowed for
applying a linear regression model

F(V)=F,-aV, (eq.1)

Note that F, is F-intercept represents the maximum isometric F (i.e,
‘muscle strength’), while a is the slope that corresponds to F /V,, where V, is the
V-intercept (theoretically, the ‘maximum movement velocity’; see right hand
panel of Fig. 1 for illustration). Since the P output represents a product of F
and V, the linear F-V relationship (eq.1) gives a relatively simple parabolic P-V
relationship

PV)=FWV=F,V-aV?, (eq.2)

Here the maximum P (P__) corresponds to maximum power of the tested
muscles

P .=(F,V)4, (eq.3)

that should be observed at 50% of both at the muscle strength and
maximum velocity (Sprague et al. 2007; Cuk et al. 2014; Suzovic et al. 2013;
Jaric and Markovic 2013). Therefore, the shape of both the F-V and P-V
relationship of the tested muscles is determined by numerical values of 3
mutually dependent parameters (i.e., F, V, and P_ ) that have apparent
physiological meaning representing muscle strength, maximum movement
velocity, and the maximum power output, respectively (see Figure 1 for
illustration).
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Reliability, validity, and sensitivity of force-velocity parameters

To justify the use the linear model of the F-V relationship obtained from
loaded functional movements for the purpose of the assessment of muscle
properties, of essential importance are the properties of their parameters.
Although we know that direct assessments of F, P, and V values from various
functional movements, such as the cycling and vertical jumps, could be
both highly reliable and sufficiently valid (Sheppard et al. 2008; Bozic et al.
2012), only our 2 recent studies evaluated the reliability of F-V relationship
parameters (Sreckovic et al. 2015; Cuk et al. 2014). Most of the parameters
revealed high reliability across various types of vertical jumps and bench
press throws (i.e., all ICC > 0.80), while F and P could be somewhat more
reliable than V.

Regarding the sensitivity of the F-V parameters (ie, F, V, and P_ ),
the differences in both P and F-V relationship slope between either the
individuals of different fitness levels (Vandewalle et al. 1987), or young and
old women (Yamauchi et al. 2009), or elite and sub-elite karate competitors
(Ravier et al. 2004) appear to predominantly originate from differences in
F, rather than V, (note that a=F /V ). Conversely, individuals of different P__
could also differ more regarding V, than F, when performing wheelchair
propulsions (Hintzy et al. 2003), while the differences in P between young male
and female swimmers could be based on comparable differences in both F,
and V, (Nikolaidis 2012). Note that all above cited studies have been based on
cross-sectional design, while no studies yet have assessed and compared the
sensitivity of F-V relationship parameters for detecting outcomes of various
athletic training or rehabilitation interventions. Figure 3 depicts the differences
in F-V relationships observed from strength trained, physically active, and
sedentary individuals (Cuk et al, submitted). Apparently, the strength trained
and sedentary individuals reveal the highest and lowest P, respectively, while
the differences among the tested groups could originate more from the
differences in F than in V. These results suggest that the applied linear F-V
model could be sensitive enough to discern among the muscular properties
of individuals of different physical abilities even when obtained from relatively
narrow ranges of F and V data.

14

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA



TH

CONTEMPORARY KINESIOLOGY

SJ cmJ

3000 @ — strengthG 3000-
- — ActiveG

y =-1476x + 4262
(7]
A SedentaryG

r=0.959
y = -1467x + 3542
r=0.949

2500+ 2500+
y =-1490x + 3109
r=0.954 y =-1002x + 3102
r=0.972

20004 \

Force (N)
Force (N)
7/

20004 . D

y = -977x +2393 4;35&
r=0.995 ’ ®
1500+ - %%\

/

y = -748x + 2506

. r=0.967
15004

1000
1000

10 15 2.0 25 ' 1.0 15 70 25
Velocity (m/s) Velocity (m/s)

Figure 2. Example of F-V relationship obtained from series of squat jumps
(SJ; left hand panel) and countermovement jumps (CMJ; right hand panel)
loaded and unloaded by approximately constant external force (range from
+30% to -30% of body weight; Cuk et al, submitted). The data are averaged
across groups body builders (StrengthG), physically active (ActiveG), and
sedentary subjects (SedentaryG). Note exceptionally strong and linear F-V
relationship, as well as that the tested groups differ more regarding maximum
F than maximum V.

Regarding the concurrent validity of its parameters, the findings have been
partly inconclusive. For example, the concurrent validity of F, with respect to
directly measured muscle strength could be from moderate-to-high (Cuk et al.
2014;Vandewalle et al. 1987; Sreckovic et al. 2015) to low and partly insignificant
(Ravier et al. 2004; Yamauchi and Ishii 2007). The concurrent validity of V, could
be eitherlow (Cuk etal.2014) or moderate (Yamauchiand Ishii 2007). Conversely,
the concurrent validity of P could be particularly high when obtained from
the range of external loads close to the optimum load (Cuk et al. 2014; Sreckovic
et al. 2015). Finally, some studies found that the concurrent validity could be
higherinP__and V, than in F (Ravier et al. 2004; Yamauchi and Ishii 2007).

Conclusions

To conclude, there is strong evidence that the F-V relationship of a variety
of maximum performance multi-joint tasks could be fairly linear. Among the
consequences is a parabolic P-V relationship that reveals the optimum loads at
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one-half of maximum F and V. Therefore, the important mechanical properties
of the muscles acting in complex functional movement tasks could be
described by simpler models than the same properties obtained from actions
of either isolated muscles or individual muscle groups. Moreover, the important
mechanical parameters obtained from such relationships could be sufficiently
reliable, valid, and sensitive to justify the use of linear F-V model in both research
and routine testing. Therefore, in addition to their theoretical implications,
loaded maximum performance multi-joint tasks (e.g., vertical jumping, cycling,
throwing, lifting etc) could be developed into relatively simple and ecologically
valid routine tests of F, V and P producing capacities of the tested muscles.
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The evolving role of Performance Analysis
in competitive sport

Nic James
Middlesex University, London, UK

Introduction

Sports Performance Analysis (SPA) is concerned with understanding
human performance during a sporting event. Performance Analysts will
therefore measure and record the actions (notational analysis) and movements
of players with a view to describing the events either during or after the match
has finished. Varying degrees of complexity and precision are possible with
technology playing a major role in how Performance Analysis is developing.
This paper will describe how Performance Analysis has evolved from a
predominately academic area within Sports Science into an applied discipline
that services most major sports.

Academic roots of Performance Analysis

The history of Performance Analysis is long, very early examples include
the notation of dance (Laban, 1948), baseball (Fullerton, 1912) and basketball
(Messersmith and Corey, 1931). However, in the UK and Europe,probably the
most influential and certainly the most controversial notational analyst was
Charles Reep, who died in 2002 (Pollard, 2002) having devoted over 50 years
to analysing football (and other sports) in great detail. Whilst most of his work
remains unpublished his legacy remains as the primary advocate of the long-
ball game or direct play. His first published paper produced the finding that the
structure of soccer was determined by near constants (Reep and Benjamin, 1968)
and his work is thought to have influenced many researchers and football coaches
e.g. Charles Hughes, who was the Assistant Director of Coaching for the Football
Association (Hughes, 1987); Stan Cullis, manager of Wolverhampton Wanderers
and Graham Taylor, manager of Lincoln City, Watford, Aston Villa, England and
Wolverhampton Wanderers) to adopt playing strategies based on his findings.
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In the mid-1970s Liverpool Polytechnic started the first sports degree
independent of Physical Education. Some of their researchers had dramatic
impacts on the future of Performance Analysis as a discipline within its
own right. Reilly and Thomas(1976) codedfootball players’ movements into
standing, walking, trotting, running and sprinting categories. This relatively
simple analysis had profound consequences as football coaches were able to
match training schedules to actual match demands for the first time. Similarly,
Sanderson and Way (1977) adapted Jake Downey’s (1973) notation system
for tennis to pioneer analysis of squash. This was important as Mike Hughes,
a new colleague at Liverpool Polytechnic (1981) and squash coach became
fascinated at the possibilities of this approach. Mike consequently developed
undergraduate academic courses and, along with a multitude of students,
notation systems for a wide range of sports. Whilst much of this work was
unpublished, or published within proceedings of conferences, the impact
of Mike's work was profound. He continued to develop academic courses
and saw their popularity increase exponentially. He also approached sports
teams and National Governing Bodies to provide notational analysis support,
something almost unheard of in the 1980s. As a consequence of the success
of these ventures he decided topromotePerformance Analysis, most notably
notational analysis, by instigating the International Society of Performance
Analysis of Sport in 1992 (formerly known as the International Society of
Notational Analysis) and later the International Journal of Performance Analysis
in Sport in 2001. By founding these two important outlets for academic work
in Performance Analysis Mike led the rapid growth in this area. His influence
today reaches across the world and the large expansion of academics in this
area has seen a similar rise in publications, both textbooks and research papers
published in a wide range of high impact International journals.

Some notable Performance Analysis papers published in SCl journals

A comprehensive selection of papers is not possible in this short section
so papers that have pioneered developments in technique or understanding
are presented chronologically and within themes. The first paper in the first
edition of the International Journal of Performance Analysis in Sportwas an
attempt to construct a methodology for profiling sports performance (Hughes,
Evans, and Wells, 2001). The authors presented a technique to determine the
number of matches required to present a level of performance suggested to be
representative of typical performance, dependent upon the typical variability
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of the performance between matches. This paper led to much debate into the
area of performance profiling and the extent to which performance can be
considered predictable in the future. Alternative methods were presented for
tennis (O’'Donoghue, 2005) and rugby (James et al., 2005) and recently critically
reviewed (Butterworth et al., 2013).

Hughes and Bartlett (2002) presented their ideas on performance
indicators in sport. The paper is currently the 7" most read paper in the Journal
of Sports Sciences (20" July 2015)and has been cited 481 times (Google
Scholar). This paper advises on the handling of performance data and the need
to contextualise this information so as not to make incorrect inferences based
on incomplete information.

Hughes and Franks (2005) analysed the football World Cups of 1990 and
1994 to investigate the suggestions of Reep and Benjamin (1968) that about
80% of goals come from possessions that have 3 passes or less and that goals
are scored from every 10 shots. Their results confirmed these assertions but by
normalising the datawith respectto therespective lengths of passingfrequency
they showed that the simplistic view that the “long ball game” or “direct play”
approach was advantageous was flawed.

An emerging theme in Performance analysis has been the effect of
independent variables. For example Jones et al. (2004) found that the duration
of possession was related to successful performance in the English Premier
league but was also different depending on the current match status (whether
a team was winning, losing or drawing at the time of the possession). Similarly,
Lago and Martin (2007) also found that, independent of team level, teams
had longer possessions when winning than when losing. Other independent
variables thought to influence match performance include match venue (e.g.
Carron, et al., 2005; Downward and Jones, 2007), team and opposition quality
(Stefani, 1998), andattacking style (Tenga et al, 2010) but more recently
combinations of them (Taylor et al., 2008; Sampaio et al., 2010).Indeed, a recent
critical review of Performance analysis research in football (Mackenzie and
Cushion, 2013) found that many published papers did not take into account
the independent variables highlighted as important in other papers. In this
wide ranging paper Mackenzie and Cushion considered many methodological
issues relevant to Performance Analysis research e.g. sampling techniques
and reliability, and suggested that in the future more emphasis on how this
type of research impacts on actual sports performance is needed. In a follow
up letter to the editor Carling et al. (2014) discuss the points raised by the
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Mackenzie and Cushion paper and suggest that Performance Analysis has been
variously described as “an academic discipline, a set of data collection tools,
an applied practice and a sub-process within the broader coaching process”
(p. 6). Interestingly they also suggest that two distinct Performance Analysis
practices now exist, research into sports performance for understanding and
more applied enquiries related to what happens and what can be done to
assist specific teams and individuals.

Performance Analysis in the applied world

Following the early forays (between 1988 and 2003) into sports clubs
and organisations by academics such as Mike Hughes (e.g. England Squash
, Badminton Association of England, Football Association of Wales) and Nic
James (e.g. Welsh Rugby Union, Swansea City AFC, Swansea RFU) the demand
for part time and more recently full time positions as Performance Analysts
are now plentiful. This expansion in demand (top football clubs now have up
to 14 full time Performance Analysts) has coincided with the introduction and
evolution of specific Performance Analysis software and hardware.

The advent of digital video in the 1990s and the increasing ease of use
(price and size) have meant that video capture is available to anyone with a
mobile phone. Hence software companies have been quick to provide easy
to use tagging and analysis packages for all. Player tracking via GPS, tennis
analysis via racket based technology, smart watches to capture heart rate and
activity profilesare just a few of the now commonplace tools to allow anyone
to undertake some form of Performance Analysis. Many of these solutions
were the sole concern of academics less than 20 years ago.

Professional Performance Analysts working for elite teams have access to
the latest technology but nevertheless work within constraints mainly related
to time. For example a successful football team can play 3 matches within one
week. It is usual for the Performance Analysts to provide opposition scouting
reports for use by the coaches and players prior to the game. Within a busy
playing schedule the time available to produce video clips, statistical facts and
any otherinformation means that longer term analysis (rather than preparation
for one game) is difficult to do. The way around this problem is to increase the
number of Performance Analysts (as some teams are doing) or to work smarter
(the compilation of larger databases and intelligent queries).
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The future of Performance Analysis

Performance Analysis started out as a sub-discipline of Sports Science, even
if some academics questioned the worthiness of this title. Some suggested
that Performance Analysis was simply a set of data collection tools (as pointed
out by Carling et al.,, 2014)but, irrespective of this, Performance Analysis used
techniques to provide information from actual match performances, unlike
some other Sports Science disciplines. Like other Sports Science disciplines
Performance Analysis sought out other scientific areas for inspiration into
developingtechniques.Forexample businessaccounting principlesfortracking
and projecting growth have been used to compute player rankings in rugby
(Bracewell, 2003). Performance Analysts are now looking to computer science
to learn how to better deal with large data sets, develop more complex data
mining techniques and become more sophisticated with data visualisation.
The academic world constantly strives to push the boundaries using complex
statistical procedures but the gap between research and applied practice
will reduce as both parties recognise the importance of understanding data
but more importantly the underlying trends and factors which explain the
variability inherent in sports performance.

Conclusions

Performance Analysis has its roots in academic interest in understanding
sports performance better. As technology has advanced and become available
toall, Performance Analysisis now commonplace outside of academia. However
the analysis outside of academia tends to be based on relatively small data
sets, even within professional sports teams and organisations. The adoption of
predictive modelling and data visualisation using large data sets will filter its
way from computer science into Performance Analysis and ultimately into the
non-academic world.
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Abstract

Guanidinoacetic acid (GAA) is a natural precursor of creatine and an
innovativedietaryadditive.Here weadvancerecentstudiesabout performance-
enhancing effects of GAA inclinical and athletic environment. GAA seems to
improve muscular strength performance in healthy volunteers, and patients
with chronic fatigue syndrome. Although long-term studies are not available
at the moment, GAA could be considered as relatively safe nutritional additive.

Keywords: Guanidinoacetic acid; Creatine; Exercise performance; Strength

Introduction

Guanidinoacetic acid (GAA; also known as glycocyamine, betacyamine
and guanyl glycine) isan amino acid derivative andnatural precursor of
creatine, the latter being phosphorylated and playing an important role as an
energy carrier in the cell. GAA is particularlyimportant for energy metabolism
in energy-demanding tissues, such as the skeletal muscle or brain, with GAA
mainly produced by the kidney and pancreas (Edison et al. 2007). It seems the
formation of GAA and creatine cannot be reversed, with creatine synthesis
from GAA increases methylation demand (Stead et al. 2001). GAA was firstly
identified as an endogenous substance in human urine in 1934(Weber
1934),while first clinical trials with exogenous GAA startedtwo decades
afterwards in USA (Borsook et al. 1951). Beneficial effects of supplemental GAA
(co-administered with betaine) has been reported in patients with cardiac
decompensation, heart disease, arthritis, poliomyelitis, depressionand motor-
neuron disease,with most subjects demonstrated an improved sense of well-
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being, less fatigue and greater general strength and endurance after GAA
intake. In addition,decreased plasma GAA is found in humans with end-stage
renal disease (Torremans et al. 2006; Tsubakihara et al. 2012), with decreased
muscle mass and power in uremic patients restored by long-term GAA
administration (Tsubakihara et al. 1999).

Performance-enhancing effects of GAA

Albeit studies from the 1950-s were on the sick and had poor methodology
and design, authors speculated that the performance-enhancing effects of
GAA could be due to creatine-boostingaction of supplemental GAA, and/or
improved availability of dimethylglycine for incorporation into tissue proteins,
providing repair of damaged muscle cells(Borsook et al. 1951).GAA appeared
on sport supplement market in 1980-sas a promising new dietary agent due to
its creatine-recovery effect, high bioavailability and cost-effectiveness(Baker
2009; Ostojic et al. 2013). Anecdoctal claims for GAA suggested greater-than-
normal gains in both muscle size and strength and enhanced recovery after
exercise, gradual transformation to creatine, along with no non-responders
to GAA and synergistic effect with creatine, although most of these claims
have not been evaluated in controlled studies.Recent studies reported that
supplemental GAA improved muscular performance when administered
for 6 weeks in healthy men and women, with no dose-response differences
were found between trials (Ostojic et al. 2015). GAA can be used as ergogenic
agent even at low doses (1.2 grams per day) to enhance upper body strength.
Supplemental GAA appears to improve both isometric and dynamic exercise
performance, with no dose-response effects in dose up to 4.8 g/day, and no
effects on several indices of anaerobic and aerobic performance. In addition,
GAA intervention induced an increase in serum and urinary GAA and creatine,
with serum homocysteine increased in a dose-response manner and clinical
hyperhomocysteinemia (above 11 umol/L) reported rarely, and no major
disturbances in clinical markers (Ostojic et al. 2014). The exact mechanism of
ergogenic action of GAA is yet to be revealed, and may include: (1) increased
cellular bioenergetics through enhanced creatine biosynthesis; (2) anabolic
stimulus through stimulation of insulin secretion; (3) enhanced metabolic
utilization of arginine that affects muscular growth and performance; (4)
interaction with peripheral gamma-aminobutyric acid (GABA) receptors
and regulation of GABA synthesis and utilization; (5) increased availability of
dimethylglycine for incorporation into tissue proteins; and (6) utilization of
phosphorylated GAA as an alternative to phosphocreatine (Ostojic et al. 2015).
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Conclusion

GAA is an old nutritional additive rediscovered,perhaps favorable due to
its solubility in water (~ 3600 mg/L), stability (e.g. highly stable in neutral and
slightly acidic pH aqueous solutions) and reasonable cost. GAA is a promising
performance-enhancing agent that should be co-administered with methyl
donors for better safety, with possible beneficial effects besides creatine-
recovery effect.
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Reeducation sensorimotor: from the
research to clinical practice

Raul Oliveira, PT, PhD

Laboratory of Motor Behavior. Human Kinetics Faculty,
University of Lisbon, Portugal

Introduction

Physiotherapy is the science and practice to prevent, assess and treat
movement disorders. Knowledge and understanding of the mechanisms
and processes of (re) motor learning, the control of human movement and
any changes in the case of neuro-musculo-skeletal disorders are essential in
implementing the appropriate strategies to efficiently restore functionality.

The sensorimotor or neuromotor reeducation should be based thus on
neurophysiological and biomechanical principles neuromuscular control. The
evolution of Physiotherapy as a scientific discipline based on evidence still
requires an applied or clinical research studies that integrate the most current
concepts of neuroscience in clinical practice.

This oral presentation/lecture aims to:

a) Review and briefly describe the key concepts of neuromuscular control
that underlie the practice and current research;

b) To present and describe some of the research projects completed or in
progress in our laboratory;

¢) To characterize the principles of sensory-motor rehabilitation showing a
model and some examples. We present some progression criteria and control
parameters in these examples.

Neuromotor control & the sensorimotor system - key concepts

Sensorimotor control refers to central nervous system (CNS) control of
movement, balance, posture, and joint stability (Lephart et al., 2000; Franklin
and Wolpert, 2011). Well-adapted motor actions require intact and well
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integrated information from all of the sensory systems, specifically the visual,
vestibular and somatosensory systems, including proprioception (Ghez, 1991;
Lephart et al., 1997).

The sensorimotor system, a functional unit of the comprehensive motor
control system of the body, is extremely complex and has some different
dimensions. The term sensorimotor system was adopted by the participants of
the 1997 Foundation of Sports Medicine Education and Research workshop
to describe the sensory, motor, and central integration and processing
components involved in maintaining joint homeostasis during bodily
movements (functional joint stability) (Lephart et al., 2003).

The components giving rise to functional joint stability must be flexible
and adaptable because the required levels vary among both persons and
tasks. The process of maintaining functional joint stability is accomplished
through a complementary and constant interaction between static and
dynamic components. Joint capsule, ligaments, cartilage, friction, and the bony
architecture within the articulation comprise the static (passive) components.
(Lew el al, 1993; Johansson & Sjolander, 1993). Dynamic contributions arise from
feedforward and feedback neuromotor mechanisms over the skeletal muscles
crossing the joint. Underlying the effectiveness of the dynamic restraints are
the biomechanical and physical characteristics of the joint.

Neuromuscular control is a frequently used term in many disciplines
related to motor control. It can refer to any of the aspects surrounding
nervous system control over muscle activation and the factors contributing
to task performance. Specifically, from a joint stability perspective, we define
neuromuscular control as the unconscious activation of dynamic restraints
occurring in preparation for and in response to joint motion and loading for
the purpose of maintaining and restoring functional joint stability. Although
neuromuscular control underlies all motor activities in some form, it is not
easily separated from the neural commands controlling the overall motor
program (Rietmann & Lephart, 2002). In our brain are depicted actions or
movements operationalized through motor programs that have a purpose
and not muscles in isolation. For example, in shoulder overhead activities like
tennis serve or javelin throw, particular neuromuscular activation sequences
and coordination occur between the rotator cuff muscles and scapula muscles
(scapulo-humeral rhythm) to ensure that the optimal glenohumeral alignment
and compression required for dynamic joint stability are provided. These
muscle activations take place unconsciously and synonymously with the
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voluntary muscle activations directly associated with the particulars of the task
(ie, aiming, speed, distance, range of movement). Proprioceptive information
concerning the status of the joint and associated structures is essential for
neuromuscular control. (Rietmann & Lephart, 2002).

Proprioception involves conscious or unconscious awareness of joint
position (joint position sense), movement (kinesthesia), and force, heaviness,
and effort (force sense) (Martin and Jessell, 1991; Riemann and Lephart, 2002).
Proprioception is processed at all levels of the Central Nervous System (CNS)
and is integrated with other somatosensory information (visual and vestibular)
before culminating in a final motor command that co-ordinates the activation
patterns of skeletal muscles (Ghez,1991; Shumway-Cook and Woollacott, 2001).
Proprioception is the product of sensory information supplied by specialized
nerve endings termed mechanoreceptors, i.e., transducers converting
mechanical stimuli to action potentials for transmission to the CNS (Martin and
Jessell,1991; Yahia et al.,1992). Mechanoreceptors specifically contributing to
proprioception are termed proprioceptors and are found in muscle, tendon,
joint and fascia, receptors in the skin can also contribute to proprioception
(Martin and Jessell, 1991; Rothwell, 1994). Proprioceptive information is
processed at the spinal level, brain stem and higher cortical centers, as well as
subcortical cerebral nuclei and cerebellum (Bosco and Poppele, 2001; Amaral,
2013; Lisberger and Thach, 2013; Pearson and Gordon, 2013).

From the spinal cord arise direct motor responses to peripheral sensory
information (reflexes) and elementary patterns of motor coordination
(rhythmic and central pattern generators). Despite being the most primitive
part of the brain from a phylogenetic perspective,(Matthews, 1997) the brain
stem contains major circuits that control postural equilibrium and many of the
automatic and stereotyped movements of the body (Ghez, 1991; Mihailoff,
1997, Matthews, 1997). In addition to being under direct cortical command
and providing an indirect relay station from the cortex to the spinal cord, areas
of the brain stem directly regulate and modulate motor activities based on the
integration of sensory information from visual, vestibular, and somatosensory
sources (Ghez, 1991). In general, the motor cortex is responsible for initiating
and controlling more complex and discrete voluntary movements. It is divided
into three specialized and somatotopically organized areas, each of which
project directly and indirectly (via the brain stem) onto interneurons and
motor neurons located in the gray substance of spinal cord. The major direct
descending pathway from the motor cortex to the alpha motor neurons and
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gamma motor neurons is the corticospinal tract. In addition to influencing
motor functions directly, the corticospinal tract also affects motor activity
indirectly through the descending brain stem pathways. (Ghez, 1991).

Although the cerebellum and basal ganglia associate areas cannot
independently initiate motor activity, they are essential for the execution
of coordinated motor control. The cerebellum, operating entirely at a
subconscious level, plays a major role in both the planning and modification
of motor activities though comparison of the intended movement with the
outcome movement.(Ghez, 1991; Dye, 2000). This is accomplished through the
continuous inflow of information from the motor control areas and the central
and peripheral sensory areas. The cerebellum has three functional divisions.
The first division receives vestibular input, both directly and indirectly from
the vestibular labyrinth (semicircular and otolith receptors) and, as might
be surmised based on the input, is involved with postural equilibrium. The
second cerebellar division is mainly responsible for the planning and initiation
of movements, especially those requiring precise and rapid dexterous limb
movements. It is the third division, the spinocerebellum, which receives the
somatosensory information conveyed through the 4 ascending spinocerebellar
tracts. In addition to the somatosensory input, this division of the cerebellum
alsoreceivesinput from the vestibular labyrinth and visual and auditory organs.
The output from the spinocerebellum serves to adjust ongoing movements
through influential connections on the medial and lateral descending tracts
in the brain stem and cortex via projections on the vestibular nucleus,
reticular formation, red nucleus, and motor cortex. In addition to controlling
movements, the spinocerebellum also uses the somatosensory input for
feedback regulation of muscle tone through regulation of static g-MN drive
to the muscle spindles (Ghez, 1991). Lastly, the cerebellum also receives an
efferent copy of the motor commands arriving at the ventral roots of the spinal
cord (Dye, 2000). The cerebellum has also been implicated in motor learning
and pre-programming of ballistic movements.

The role of proprioception in sensorimotor control is multifactorial. To
plan appropriate motor commands, the CNS needs an updated body schema
of the biomechanical and spatial properties of the body parts, supplied largely
by proprioceptors (Maravita et al., 2003). Proprioception is important also after
movement for comparison of actual movement with intended movement,
as well as the predicted movement supplied by the efference copy (corollary
discharge).Thisis suggested to haveimportance for motorlearning by updating
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of the internal forward model of the motor command (Wolpert et al., 2011).
During movements proprioception has importance for: feedback (reactive)
and feedforward (preparatory) control, the regulation of muscle stiffness, to
achieve specific roles for movement acuity, joint stability, co-ordination and
balance (Ghez, 1991; Riemann and Lephart, 2002; Milner et al., 2007). Cervical
proprioceptive information also has a highly important specific role for head
and eye movement control (Corneil et al., 2002).

Changes and troubles in proprioceptive in-puts have been found to be
associated with several neuromusculoskeletal disorders and/or experimental
conditions following pain, joint effusion, abnormal movement and/or posture
pattern and trauma as well as neural and muscular fatigue.

There are a lot of research studies reported disturbed proprioception in
acute and chronic musculoskeletal pain disorders at the cervical (Treleaven et
al., 2003; Sjolander et al., 2008) and lumbar (Lee et al., 2010; Williamson and
Marshall, 2014) spine, as well as shoulder (Anderson and Wee, 2011), elbow
disorders (Juul-Kristensen et al., 2008) and knee disorders (Salahzadeh et al.,
2013). When there is pain, proprioception can be disturbed due to altered
reflex activity and sensitivity of the gamma-muscle spindle system via
activation of chemosensitive type Il and IV afferents (nociceptors) (Johansson
et al, 2003). Pain can moreover influence body perception at the central
level (Rossi et al., 2003; Haggard et al., 2013), including reorganization of the
somatosensory cortex (Moseley and Flor, 2012). Thus pain can negatively
influence proprioception at both peripheral and central levels of the CNS.

Joint effusions can cause significant inhibition of muscle activation, and
can also in the absence of pain, significantly impair extremity proprioception
(Cho et al., 2011). Following trauma, and after pain and swelling have resolved,
the loss of musculoskeletal tissue and its mechanoreceptors is associated with
persistent impairment of proprioception (Borsa et al.,, 1997; Willems et al.,
2002).

A common phenomenon in fatigue conditions after performing hard
physical work or exercise (especially eccentric training) is the experience of
clumsiness and difficulty performing fine motor tasks, verified in several studies
demonstrating impaired proprioception (Weerakkody et al., 2003; lwasa et al.,
2005; Johanson et al., 2011). Thus the potential for increased injury risk exits in
fatigue conditions. Associated to the causes reported, deleterious effects on
proprioception have also been reported in association with conditions such
as local (Lephart et al., 1994) and general (Hall et al., 1995) joint hypermobility,
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stenosis (Leinonen et al., 2002) as well as due to immobilization (Moisello et
al., 2008).

In acute effects, disturbed proprioception is likely to have adverse
influence on feedback and feedforward motor control and the regulation
of muscle stiffness. It may also explain various sensorimotor dysfunctions
(besides increased errors in specific proprioception tests), which have been
reported in the research literature. These dysfunctions include reduced drive
to alpha motor neurons (Konishi et al., 2002), disturbed reflex joint stabilization
(Beard et al., 1994), increased postural sway in balance tasks (Radebold et al.,
2001; Treleaven et al.,, 2005; Roijezon et al., 2011) and increased error in visual
movement acuity tasks (Sandlund et al., 2008; Williamson and Marshall, 2014).

In chronic effects, altered proprioception and subsequentimpaired actions
outputs from the CNS and deficient muscular protection of joint structures
(Hurley, 1999) may be pathophysiologically associated with increased risk of
injury and recurrence and persistence of pain disorders, including the onset
and progression of secondary (post-injury) osteoarthrosis (OA) (Hurley, 1999).

Reduced muscle performance (EImqvist et al., 1988; Konishi et al., 2002),
as a consequence of altered mechanoreceptor input from injured structures
to the CNS has been associated with the onset and progression of peripheral
joint OA in humans (Segal et al., 2010). Trouble proprioception may also
contribute to increased injury risk (Zazulak et al., 2007) and training directed
towards improving proprioception has been associated with reduced injury
risk (Hupperets et al., 2010).

Each strategy of intervention targeting normalized proprioception and
neuromuscular control, is relevant both in prevention and rehabilitation of
movement disorders, and must follow some guidelines (Lederman, 2010)
based on state of the art from neuroscience:

1. Motor (re)learning and movement control should be associated
with its goals: the whole body is organized and involved in the goal of the
movement, including all anticipatory postural adjustments and motor pre-
programming. The neuromotor programmes are schemes representing
movement sequences not singular or specific muscle actions. All movement
is goal or task orientated. Motor control model.

2. Muscles work always together in complex synergies — they never
work alone or in an analytic away - through the CNS coordination (intra-
muscular & intermuscular).
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3. Neuromuscular activation is task-dependent, their role can change
in different tasks. Neuromuscular patterns activation change according to the
ongoing task/function or change in the movement parameters. Functional
approach.

4. All muscles are equally important in motor pattern, even the
muscles are silent (“off”). Reciprocal innervation is a good example.

5. The proprioception and all somatosensory information are essential
for CNS: (a) planning patterns most appropriate and efficient to the purpose;
(b) give feedback to immediate adjustments and refinement of movement;
(c) motor learning and replenishing/reinforce existing programmes. Retrain
or (re)learning a movement or a task is always reeducate information
inherent to this movement/task. Each and every movement is an opportunity
for sensorimotor training.

6. Pain and fear’s pain, joint effusion, injury and fatigue central or
local could have important negative troubles in proprioception and in
neuromuscular patterns activation. We must always respect and understand
these effects.

”

7. Promoting normal functional movement will “normalize
proprioception and all information by facilitating positive sensorymotor
adaptations. All functional movements have the adequate proprioceptive in-
puts for motor learning and refinement.

8. The main objective of neuromuscular rehabilitation is to bring
motor control to an autonomous state where it becomes part of habitual
movement repertoire. This requires practice.

9. For effective motor learning, this practice must to apply some
principles: a) to know the cognitive components of the practice; b) being
active and keep moving are key-words; c¢) recognize and value feedback
information for adjustments and corrections, d) learning by repetition but
avoid the repetitions of abnormal or undesirable movements; e) promote the
similarity: rehabilitation should apply movement patterns that are similar to
and within the context of the movement or task being recovered; f) promote
the ability to transfer motor learning for new or unexpected situations and
contexts; g) encourage since early the functional autonomy.

10. Learning, retraining, motororganizationtoinjuryand/orimmobilization
and return to functionality partly depend on the neurophysiological capacity
of neuromuscular system to learn and adapt to new experiences and
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stimulus. Central and peripheral adaptations are complementary and occur
concurrently.

11. Neuromuscular rehabilitation is more about facilitating cognitive-
sensory-motor processes and providing a stimulating and variations-rich
environment. It is not just physical exercising.

Indications and applications of sensorimotor programmes:
a) Primary injuries prevention programs (integrated in training);

b) Secondary injuries prevention programs after injury and/or reintegration
into the training (linked to the training - specific);

¢) Improvement/optimization tasks in instability and/or fatigue contexts
(improve specific performance);

d) Integrated into therapeutic exercise program after an injury ou
abnormal condition.

2. 0ngoing research projects in the laboratory of motor behavior

Study 1 - Reis, Melo & Oliveira. Effects of a Neuromuscular Reeducation
Program on the Postural Control in Gymnasts with Chronic Ankle Instability.
(2013)

Chronic ankle instability (CAl) is associated to the mechanical and/or
functional instability of the ankle, being described as often residual change
after sprain.

Objective: To analyze the effects of a neuromuscular reeducation program
for six weeks, in postural sway (PS) and time to stabilization (TS), in functional
tests, in asymptomatic gymnasts and in gymnasts with CAI.

Methods: The postural variation was evaluated - within sample of 24
gymnasts - 9 with CAl (experimental group) and 15 healthy ones (control group)
through a pressure platform, before and after applying the exercise program.

Results and Discussion: In the instability group it was observed an
improvement in PS and TS in a single limb static stance with open and closed
eyes, and after a landing of an anterior jump, medial and lateral side. In the
control group a decrease of the PS in a single-limb static stance with eyes
open and after the landing of a medial side jump was verified; improvement
of the time to stabilization in the landing of lateral and medial side jump, after
applying the exercise program.
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Conclusion: A neuromuscular reeducation program had a positive effect
in the improvement of the postural control in gymnasts with or without CAl.

Study 2 - Coito, Melo & Oliveira. Effects of a neuromotor reeducation
program on postural control and musculoskeletal injury incidence of
amateur football players. (2014)

Few studies have been made about injury incidence in male amateur
football teams, as well as about the effects of a neuromotor training program
in the prevention of injuries.

Objectives: to analyze the effects of an eight-week exercise program of
neuromotor training on postural control and injury incidence in amateur male
football players.

Methods: players of a team of 2B Portuguese Division (n=31, Mean -
22.94 + 4,12 years) participated in the study. Postural sway measures (centre
of pressure, initial peak force and time to stabilization) were evaluated with a
force platform within functional tests, before and after the application of an
exercise program. Injury assessment was made prospectively during the entire
2012-13 season, there were 36 injuries were registered.

Results and discussion; The mean injury incidence after intervention in
the Training Group (TG) was lower than in the Control Group (CG), including
ligament injuries (1,71 vs 3,11 injuries / 1000h) and muscle injuries (1.37 vs 2.05
injuries /1000h). A significant improvement in postural control was observed
in TG, demonstrated by the decrease of initial peak force (total of 45%) and
time to stabilization (total of 50.9%) after a reception of a jump.

Conclusions: The application of eight-week exercise neuromotor program
had positive effects on the improvement of postural control, as well as on the
reduction of injury incidence and time loss after a ligament and muscle injury
in amateur football players.

Study 3. Neves A, Melo F, Oliveira R. Effects of a neuromotor reeducation
program on postural control and musculoskeletal injury prevalence of
amateur korfball players. (2014)

Ankle sprains may generate mechanical instability and a variety of
symptoms, such as chronic ankle instability (CAl), which can be seen as
sensorimotor system derangement.
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Objectives: To determine the prevalence of injuries in korfball players in
two consecutive seasons and analyze the effects of a sensorimotor reeducation
program in the prevalence of injuries and in the postural control (PC).

Methods: 18 athletes (age = 23,2 + 3,15 years) allocated in 2 groups: 10
individuals in the Experimental group (EG) and 8 in the Control group (CG).
The 8 athletes suffering from CAIl were randomly allocated to the groups. EG
athletes were submitted to a six weeks sensorimotor reeducation program.
The PC was evaluated in two different moments using a force platform. The
variables studied were the center of pressure displacement (CPD) and the
oscillation area (OA) for static tasks and the initial force peak (IFP), the time
to stabilization in the medial-lateral and anteroposterior planes (TTE_ML and
TTE_AP, respectively) for dynamic tasks (jumps).

Results and discussion: On the second season there was a reduction of 3
ankle sprains, there were 4 re-injuries and a new ankle sprain. The intervention
program was effective only in the TTE_ML of the anteroposterior jump (p =
0,021) and on the TTE_AP of the left side jump (p = 0,041), on the dominant
lower limbs, at a significance level p < 0,050.

Conclusions: Injury prevention in Korfball athletes and the improvement
in one of the variable of the CP - time to stabilization after a jump landing -
seem to benefit from the application of a sensorimotor reeducation program.
In futures studies we recommend larger samples and the complementary
measures like electromyography or cinematic analysis to study the evidence
of these programs on primary and secondary injury prevention.

Sensorymotor reeducation programs —
applied principles and some examples

Any sensorimotor rehabilitation program must be personalized,
individualized and planned according to the specific needs of each subject.
This requires a careful clinical assessment before the imlementation any
program. The sensorymotor programs should include:

a) balance and coordination activities;

b) dynamic joint stability exercices;

) plyometric exercices (the stretch-shortening cycle);

d) Agility drills; Sport-specific demands/ exercises;

Itis essential to control a lot of parameters/factors, and the same time they
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are criteria for increase the complexity and to have a rationale progression
within the program:

a) Types of support: single leg/limb Vs both leg/limbs; multi-supports;
constant / intermittent supports.

b) Types of surfaces:
1) rigid and stable;
2) rigid and unstable;

3) soft and unstable (Instability unidirectional / multidirectional);
regular / irregular

c) Shoe types (for lower limbs): barefoot; daily shoes; sports specific shoes.
d) Role of vision: eyes open / eyes closed

e) Kinetic chain open / Kinetic chain closed exercises: without/with
weight bearing (partial / total).

f) Parameters of exercises:

1) workload total: repetitions/rest time/range of motion/Types of
muscular contraction;

2) physiological loads/external loads;
3) uniaxial stimuli Vs multiaxial stimulus;
g) Allmovementis goal or task orientated. Motor contol model exercises:

1) balance, coordination and control, speed and agility, time reaction
and time stabilization, temporal coordinations and rhythm;

2) horizontal/vertical/oblique displacements;
3) jumps (plyometrics) and running progression;

4) direction and/or speed changes: slow and planned Vs fast and
unforeseen;

5) programmed responses Vs responses to unforeseen/ new situations;

6) tasks centered into the body Vs tasks centered on an external
objective — Automatization;

7) basic movements of the sport or daily activities Vs specific and
complex movements of the sport or daily activities;

8) manage and control the increased risk of movements;
9) manage and control in fatigue conditions (peripheral / central);

10) Particular considerations in programs for children/adolescents
and in some conditions for women.
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We will present some movies and images that illustrate the application of
these principles in some practical clinical cases in subjects with disorders of
the shoulder and ankle/knee (chronic joint instability).
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Learn to move - the role of fundamental motor
patterns in child’s motor development

Rado Pisot and Matej Plevnik

University of Primorska, Science and Research Centre, Institute for Kinesiology
Research, Koper, Slovenia

Abstract

Motor competence as the basis of human motor capital, which represents
the fundamental lever in the overall functioning of human beings and in the
process of preserving and guaranteeing health, is one of those essential human
abilities that significantly contribute to the quality of life and development
of an individual over their lifetime. Modern lifestyle inputs many various
environmentalimpulsesin a child’s motor development.These impulses mostly
have a negative connotation. Only an environment that is rich in content,
diverse and sufficiently stimulating can ensure the developmental stimuli
that are the prerequisite for a child to establish an appropriate relationship
with persons and objects in the environment. Learning and mastering various
fundamental motor patterns — walking, running, climbing, crawling and
others, which are mostly phylogenetically conditioned, inherited and typical
for humans as a species, have an exceptional role in a child's development
and in the process of mastering important motor competences. This extensive
study entitled Analysis of Fundamental Motor Patterns, Skeletal and Muscular
Adaptation to Specific Sedentary Lifestyle Factors in Children Aged 4 — 7 Years
was conducted with the purpose of examining the mechanisms involved in
the development, execution and adaptation of fundamental motor patterns.
- The results of this s study in comparison with other similar studies will be
presented to facilitate the introduction of the necessary adaptations to the
environment and create the incentives required to help a child develop these
vitally important factors of development.

Keywords: child, motor development, learning, fundamental motor pattern
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Introduction

Movement has accompanied humans through the entire history, because
people are created to be active and to move. In the past, human development
adaptedtoman’sactivitiesandthelivingenvironment.Certain motorstructures
were developed (w.g. bipedality, motor pattern of diagonal reciprocal
activation and other) that enabled survival and maximally efficient movement
for survival needs. Therefore, the need for survival has developed man into an
effective physical and motor system. Man functioned in an environment that
encouraged regular and effective use of fundamental motor patterns (FMPs) -
walking, running, jumping, climbing, crawling and other types of movement.
Many authors who study the human motor development (Walkley, Armstrong
and Clohesy, 1998; Gallahue and Ozmun, 1998; Harrington, 2005; Stodden
et al., 2008; Rajtmajer, 1997; PiSot and Planinsec, 2005; Videm3ek and Pisot,
2007; Pisot et al., 2010, Skof, 2010), emphasise the major value of appropriate
mastering of motor patterns to avoid problems in future motor development.
For adults to avoid inappropriate adaptations and developmental anomalies
in everyday life, to appropriately and sufficiently move during work and
in free time and contribute to the quality of life, special attention must be
given to motor development and the acquisition of appropriate motor
competences in early childhood. The use of elementary forms of movement
in close connection to the environment, where a child lives. Only an
environment that is rich in content, diverse and sufficiently stimulative can
ensure developmental stimuli that are the condition for a child to establish
an appropriate relation with persons and objects in the environment. Child’s
own activity that represents conscious and active functioning is extremely
important. Children are active co-creators of their own knowledge, skills
and also their own development (according to Pisot and Planinsec, 2005).
Many authors (Malina, Bouchard and Bar-Or, 2004; Gallahue, Ozmun and
Goodway, 2011; Haywood and Getchell, 2001) state that children achieve the
level of mastering fundamental motor patterns (FMP) until the end of early
childhood. The newest researches (Okely and Booth, 2004; Pisot et al., 2010)
have unfortunately showed that the level of mastering FMP among children is
declining due to an aggressive lifestyle. Therefore, many children master the
mentioned patterns during later periods of life. It can also happen many times
that due to chronic injuries of the skeletomuscular apparatus, some children
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do not master fundamental motor patterns until the phase when they should
master them. Gallahue and Ozmun (1998) warn that spontaneously, in their
development, children completely master patterns only to the level that
includes the rudimentary motor development phase or the period from one
to two years of age. The development of fundamental motor elements, i.e. the
FMP, is therefore becoming unsatisfactory, which is confirmed by the results of
many researches (Walkley, Armstrong and Clohesy, 1998; NSW Department of
Health, 2003; Harrington, 2005; Gallahue and Ozmun, 1998; Pisot et al., 2012).
Some everday motor patterns (especially walking, and running and jumping
in a smaller extent) still achieve a modern level of development, while other
(especially climbing and crawling) disappear from the everyday life of the
modern child due to the lack of use (Playday, 2007; Plevnik, 2011).

Motor development comprises of dynamical and mostly continuing
changes in the motor behaviour which reflect in the development of motor
(coordination, strength, speed, balance, flexibility and precision) and functional
skills (endurance) as well as motor knowledge that together compose the
zone of motor competences and are manifested as stability, locomotor and
manipulative skills (PiSot and Planin3ec, 2005; Gallahue, Ozmun and Goodway,
2011; Pisot, 2012). In development, a child constantly faces motor learning and
the mastering of new, increasingly demanding motor competences, which is
mostly conditioned with the level of motor skills. The higher the level of the
development of motor skills, the more succes will the parallel process of motor
learning be, and consequently the mastering of motor competences will reach
a higher level, which will be reflected in quality performance of various motor
skills (adapted according to Pisot, 2012). Motor competence as the basis of
human motor capital, which in the comprehensive functioning of man and in
the process of preserving and guaranteeing health presents the fundamental
lever, is one of those necessary human abilities that during lifetime significantly
contributes to the quality of life and development. Therefore, the period which
is nowadays dedicated to monitoring and studying the motor development of
an individual by considering the role of sustainability and from the ecological
perspective, is named competence-oriented period. The consideration model
which sets motor competences to the forefront in the starting point and
during problem goal follow-up, is called the competency model of motor
development (PiSot, 2012).
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ESTABLISHING USE OF PRESERVATION
COMPETENCES COMPETENCES OFCOMPETENCES

UNDAMENTAL PUBERTY DEGRADATION

ANATOMIC—PHYSIOLOGICAL BASIS
GROWTH -MATURATION - CONDITIONS ~ USE OF PREDISPOSITIONS — CONSUMTION COMPENSATION

STPERPLASLA, NEUBDGENESS, _STRUCTURE FORMATION WYPERTRORY_USE OF STEUCTURE = FUNCTION ATROPMY = STRUCTURE DEGRADATION

FUNCTIONAL MOVEMENT STRUCTURE
REFLEX - ELEMENTARY MOTOR PATTERNS ELEMENTARY MOTOR PATTERNS AND STEREOTYPES STEREOTYPES - ELEMENTARY MOTOR PATTERNS

HEREDITY ENVIRONMENT INDIVIDUAL ACTIVITY/INTERACTION ADAPTATION

Figure 1: Competency model of motor development (Pisot, 2012)

The multi-dimensional competency model (Pisot, Plevnik, Mohorko,
Pisot, Marusi¢ and Simuni¢, 2012; Pisot, 2012), which emerged as a detailed
upgrade of preliminary motor development models, defines FMP as the
basis for establishing a motor competence (regardless of the individual's age,
functional orientation, movement goal or level of movement implementation),
which play a different role in an individual through three fundamental periods:
development - building of competences; active functioning - utilisation
of competences, and calming — decline of motor competences. The model
bases on the mechanisms of changes that follow the process of body growth
and development, anatomical and physiological (biological basis) bases and
considers the impact of heredity, individual’s activity and the environment. It
sets FMP as functional movement structure to the focal point of all movements
that a person needs and performs in everyday life through various life
periods. The model sets the optimisation of performing FMP with the goal of
harmonised development, sport result, appropriate rehabilitation or quality
motor learning as the orientation for the selection of appropriate programmes,
contents and interventions.
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Importance and role of fmp in the child’s motor development

Learning and mastering various types of movement, which are mostly
phylogenetically conditioned, inherited and typical for humans as a species,
have an exceptional meaning in the child’s development and the process
of mastering important motor competences. FMP, determined as simple
motor patterns, occur early in a child’s life and present the basis for further
complex motor stereotypes. FMP like walking, running, climbing, crawling,
creeping, throwing, kicking and other, are necessary for a harmonised
human motor development and are in individual’s motor needs focused
mostly in satisfying the quantitative value of movement and achieving a
goal, at the same time the quality of that movement is not in the forefront
(Videmsek and Pisot, 2007).

FMP are significant in further development of motor stereotypes
that enable us to interact with the environment and also a quality motor
manipulation. Appropriate motor competences can be acquired only by a child
who gets an appropriate amount and quality of motor experiences in early
developmental period. These experiences guarantee the mastering of motor
knowledge and the development of motor abilities, fundamental factors of
motor competence. Modern lifestyle and the environment in which children
are living today are far from stimulative. Inappropriately learned FMP have a
negative impact on the upgrade of motor stereotypes and consequently on
inappropriate and irregular physical activity (PA) in adulthood (Pi3ot, Simunig¢,
Sarabon, Cankar, Jelovéan, Plevnik et al., 2010; Pisot and Simuni¢, 2013).
Okley, Booth and Patterson (2001) have found that the result of motor tests
of adolescents is statistically typically connected to their participation in
organised PA to adolescence.

Modern lifestyle inputs many various environmental impulses in the
physical and motor development of a child. These impulses mostly have
a negative connotation. The lack of movement is one of the fundamental
factors at the beginning of the spiral motor/sport inactivity model (Pisot and
Simuni¢, 2008). It is the first part in the chain of health hazard factors that
leads to overweight and further on to the decline of motor competences.
The decline of motor competences is the reason for irrational movement that
leads to increased consumption of energy and faster fatigue. Preliminary
factors lead to low motor self-image and consequently to bad physical self-
image. Poor bodily self-image has an important effect on the quality of life,
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leading to decreased social activities. The decline in social activities is one of
the mostimportant causes of the decrease of general motor sport activity. The
mentioned factors are lined in a spiral model and also in different sequence,
but they persistently and effectively deviate an individual in childhood
from an activity that is necessary for harmonised development. Within this
spiral model, two factors are key to a coordinated motor development of
an individual: the increase of the quantity of total PA and within the latter,
mastering motor competences. Appropriate motor competences can
be acquired only by a child who gets not only an appropriate amount of
PA, but also quality of motor experiences in early developmental period.
These experiences guarantee the mastering of motor knowledge and the
development of motor abilities that represent the fundamental factors of
motor competence.

Some recent researches that were performed in different parts of the
world by Walkley, Armstrong and Clohesy (1998), NSW Department of Health
(2003) and Harrington (2005), found that the development of FMP in children
is not harmonised or is unsatisfactory. Appropriate development of FMP is
necessary for a healthy and safe lifelong physical and motor development,
i.e. motor efficiency (Hands, 2002; Simuni¢, Volmut and Pi$ot, 2010). Without
appropriate motor competences, the motor challenges in the environment
are limited and often present an irresolvable problem to an individual.
Thus, the number of injuries of children due to falls from different heights
is increasing (Ball, 2002). The results of the Report on the injuries of children
and youngsters in Slovenia (Rok Simon, 2007) shjow that falls from various
objects from different heights (chair, table, stairs, play tools etc.) in Slovenia
present the fourth reason for deaths of children and also for more than half
(52.7%) of hospitalisations of pre-school children due to injuries. Herrewegen
and Molenbroek (2005) report that 2400 children in the Netherlands er year
require medical care due to injuries at climbing. The number of skeletal
injuries, inflammatory and degenerative diseases of the bones and joints
as well as spinal diseases and injuries that are greatly connected to inactive
lifestyle, has been concerningly increasing in the recent period (Bilban and
Djomba, 2007; Gasparini, 2012).

Motor patterns that have not been learned or were wrongly learned in
childhood, have an impact on inappropriate or irregular PA in adulthood.
The results of researches also emphasise that motor self-image and trust in
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motor abilities is a lifelong process that does not only affect motor habits
and patterns but the entire educational field of man. Quite too often older
children who are subjected to scientific research, encounter many problems
that are principally the consequence of inappropriate motor development
in early childhood. This results in the fact that scientific and research work
should be applied to younger children and developmental processes should
be studied in the earliest childhood period (Pisot and Simuni¢, 2005). Gallahue
and Ozmun (1998) emphasise that the FMP assessment is necessary at least
for three reasons: establishing the global impact of lifestyle changes, the
possibility to increase motor competences and the possibility of their upgrade
— motor learning.

The process of development and learning FMP therefore demands their
monitoring, analysis, assessment and comparison with the development
of physical features and the development of motor skills. Early childhood
period, especially from four to six years of age, is very important age-related
developmental milestones. In this period, children enter the fundamental
motor level (Gallahue, Ozmun and Goodway, 2011), which involves a typical
expressive progress in the development of fundamental motor structures and
the structure of the zone of motor skills (Pisot and Planinsec, 2005), while body
growth is continued and already passes the first period of most expressive
increase in body height and mass.

With a view to understand and examine the mechanisms involved
in the development, execution and adaptation of fundamental motor
patterns, in our extensive research we opted to longitudinally monitor
developmental changes in physical characteristics and the functional motor
abilities required to carry out elementary fundamental motor patterns in
early childhood.

Methods

The research data were collected within the scope of the national
fundamental project J5-2397 entitled “Analysis of Fundamental Motor
Patterns, Skeletal and Muscular Adaptation to Specific Sedentary Lifestyle
Factors in Children Aged 4 - 7 Years”, which was implemented from 2009
to 2011. The project was financed by the Slovenian Research Agency
and obtained the permit of the National Medical Ethics Committee. The
project was executed by the Institute for Kinesiology Research (IKARUS)
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that operates within the scope of the University of Primorska, Science and
Research Centre (UP SRQ).

Sample of participants in measurements

The sample of participants in measurements comprised children from
the Koper, Semedela and Skofije kindergartens, born in 2005. There were 570
children invited to the research and the children whose parents provided a
preliminary consent were included in the study. The measurements were
executed on the same sample of children for three consecutive years (2009,
2010 and 2011), i. e. at the age of 4, 5 and 6. 107 4-year-old children (52 boys
and 55 girls), 99 5-year-old children (48 boys and 51 girls) and 91 6-year-old
children (44 boys and 49 girls) participated in measurements.

Sample of variables

The sample of variables in the research is comprised of data of measuring
anthropometric and morphological features, static strength tests, movement
coordination motor tests, muscle activation tests and speed as well as
coordination of selected fundamental motor patterns. Data on motor habits
of families participating in the research were acquired by surveys and semi-
structure interviews.

The fundamental motor pattern analysis comprises of two sets of
variables, i.e.:

« quantitative - time/space and

- qualitative - movement coherency variable.

The coordination of FMP was determined with a qualitative description
based on the following variables of movement description: coherence of
movement, observation of the direction of movement, the use of support
or grip and the use of diagonal reciprocal motor pattern. On the scale of
criteria from 1 (poor) to 3 (excellent), we prepared a 12-point scale of general
movement coordination by considering four descriptive variables, i.e.: non-
coordinated movement (4-6 points), partially coordinated movement (7-9
points) and coordinated movement - coherent FMP (10-12 points)
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Table 1: The descriptive variables criteria of the
coordination of implementation of FMP

NAME OF VARIABLE NUMBER OF POINTS
COHERENCE OF MOVEMENT

Moves incoherently and halts 1

Moves moderately coherently 2

Moves excellently coherently 3

OBSERVATION OF THE DIRECTION OF MOVEMENT

Mostly observes the floor, hands and legs, occasionally the floor or
direction of climbing (glances around the room)

<
Observes only hands and legs, occasionally the direction of climb- = E
ing; observes the direction of climbing, occasionally looks at hands 2 = =
and legs sa
W g
Only observes the direction of climbing 3 ) :
w
PUSH OFF - SUPPORT - GRIP ¥
F
Mostly uses under-grip, fork-grip or full grip, uses other parts of the 1 = §
body
Uses under- and over-grip, fork-grip or full grip 2
Mostly uses over-grip and fork grip 3
USE OF DIAGONAL RECIPROCAL MOTOR PATTERN
Never - occasionally 1
Sometimes 2
Often - always 3
TOTAL POINTS 4-12

Progress and organisation of measurements

Measurements in 2009 and 2010 were implemented at the premises of
the UP SRC IKARUS at the Valdoltra Orthopaedic Hospital and in 2011 in the
premises of the UP SRC IKARUS at the Koper Secondary School of Technology.
Measurements were executed in November, December and January.

In one day, children performed the following measurements in different
sequences:

« measurement of anthropometric and morphological features,
« measurement of selected static strength parameters,
« measurement of the height of jump with and without the use of hands
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on the tensiometric plate,

« measurement of time/space and dynamical parameters during walking
and running on the treadmill,

«measurement of balance parameters during standing on the pressure plate,
» measurement of motor climbing and crawling tasks,
« measurement of whole body coordination motor tests,

«measurement of the Achilles tendon volume and stiffness with ultrasound
and

- measurement of time/space parameters and muscle activation param-
eters during walking, running, jumping. The selected children performed the
mentioned measurements during crawling and climbing the wall bars.

The content of measurements (“Play in the space”) was adapted to the
age of children. At arrival, children got paper rockets, on which they put star
stickers after a successfully implemented task. At the end of measurements,
each child received a symbolic gift.

Results and discussion

The three-year longitudinal study consisted in monitoring a set of
selected FMP from the point of view of fundamental control and management
mechanisms as well as the parameters of quality and consistency in the
execution of FMP as fundamental motor structures. Changes to the selected
criteria were detected in all FMP that were subject to monitoring and reveal a
trend of connectedness between the FMP, which was expected from the point
of view of development conditionality. Certain specifics that can be detected
in the implementation of some FMP in early childhood are particularly
interesting, especially in those instances where there is unexpected and
uncoordinated implementation, resulting in deviations from certain findings
in previous research. The effect of today’s inactive lifestyle, which further
inhibits the coordinated implementation of FMP and, consequently, motor
development, is apparent.

The results section of this study consists in a more detailed presentation of
the results of the fundamental motor pattern of climbing. The time of climbing
in all three climbing tasks decreases with age (p <0.001). At the age of 4, boys
were faster at climbing in the first two climbing tasks, while at the age of 6,
girls were faster in all the climbing tasks, but the differences do not achieve
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the threshold of statistical significance. Up to the age of 6 there is a significant
decline in children who are unable to perform the tasks, whether because of
insufficient strength or fear of heights (Graph 1). Children aged between 4 and
5 showed an improvement by 29.5%, 33.3% and 27% in the selected climbing
tasks CLIMB 90° 15 cm, CLIMB 90° 30 cm and CLIMB 90° 45 cm.

Graph 1: Graphical presentation of the time of climbing of 4-6 years old children at chosen climbing tasks
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Climbing task

Coordination of movement in the climbing task CLIMB 90° 15 cm
increases between the ages of 4 and 6. In the group of 4-year-olds, 7.9% show
coordination in climbing, while the percentage increases to 21.6% in 5-year-
olds and 22.3% in 6-year-olds. At the age of 6, the percentage of children in a
coordinated manner is similar to that of 5-year-olds, while the percentage of
children who climb in a coordinated manner and achieve the grade S2 (7- 9
points) (Graph 2).

Graph 2: Graphical presentation of coordination groups for climbing tasks CLI 90° 15 cm at the age of 4 to 6 years
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The time of climbing for climbing task CLIMB 90° 15 cm is statistically
significantly different in the coordination groups for the aforementioned task
in all three age groups. The children in the coordination group S3 were the
fastest, while the slowest children were in the coordination group S1 (Graph 3).

Graph 3: Graphical presentation of the ratio between the time of climbing and the coordination groups
for climbing task CLIMB 90° 15 cm
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The time of climbing is statistically typically negatively connected with the
coordination variables of climbing in all three years (Table 2).

Table 2: Connection of time variables of climbing with the variables of coordinated climbing

Coordination of
climbing 90° 15 cm

Coordination of
climbing 90° 15 cm

Coordination of
climbing 90° 15 cm

6 YEARS

4 YEARS 5 YEARS 6 YEARS
CLIMB 90° 15 cm
-713™ —-.238" —.285"
4 YEARS
CLIMB 90° 15 cm
—.344" -.753" -.366"
5 YEARS
CLIMB 90° 15 cm
—417 —.346" —-.664™

***p <0.001; ** p <0.01;* p<0.05

Plevnik, Simuni¢ and Pi3ot (2014) have found that the climbing FMP are
not related to the moderate and vigorous PA (MVPA) in 4-year-old children.
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While the quantity of PA in the area of the MVPA was not connected with the
time of climbing in test tasks of climbing CLIMB 90° 15 cm and CLIMB 90° 30
cm, the time of climbing was statistically typically connected with children’s
body height, their muscle mass and the rhythm of climbing as the descriptive
variable of the climbing technique.

Climbing experience, acquired in an environment where there are many
possibilities to climb, impacts the progress during climbing. Plevnik, Marusi¢
and Pisot (2012) have found that the coordination in climbing the test task
CLIMB 90° 15 cm statistically typically improved in 6-year-old children who
were included in the motor activities programme with an increased quantity
of climbing activities three times a week for 20 minutes during a one-month
period.

Table 3: Average climbing times of children climbing on a specially adapted, 275 cm high wall bar (M + SD)

Initial Final
% of progress
measurements | measurements
Time needed to climb up the 4,89 +157 419+ 1,11 143
wall bar (s)
Time needed to climb down 6,13+ 2,05 469 +127 23.48
the wall bar (s)
Total time (s) 11,03+£3,3 889+1,9 18

Table 4: Average descriptive assessment of the performance of climbing tasks (M + SD)

Initial Final
measurements measurements
D.escr.lptlve a'ssessment of 92417 11,4408
climbing (points)

As part of the study, a survey was conducted, which included 24 children
under the age of 6 (14 boys and 10 girls) who were given a climbing test at an
interval of one month. Following a series of warm-up exercises, the children
individually approached the wall bar and performed the test, after being given
a sign by the person in charge of performing the measurement. The same
protocol was applied for the final climbing measurements. Two variables were
identified: the time of climbing as a quantitative assessment and a descriptive
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assessment of climbing as a qualitative variable. For a period of one month, the
children followed an adapted climbing program 3 times a week for 20 minutes
during their regular physical education class. The exercises were performed
by three rows of children simultaneously and the objective was to touch the
top of the wall bar and then return to the back of the row. In the meantime,
the children carried out various exercises involving elementary forms of
movement. Example of a task: the subject starts from the row, jumps using
only the left foot, lays on the stomach, climbs up the wall bar, climbs down
the wall bar, lays on the stomach, jumps using only the right foot, returns to
the back of the row. Over a period of one month, the children improved their
time needed to climb up the wall bar by 14.3%, while the time needed to climb
down the wall bar decreased by 23.5%. The total climbing time, which is the
sum of the time needed to climb up the wall bar and the time needed to climb
down the wall bar, was improved by 18 percent (Table 3). The rate of success in
performing the climbing task based on a 12-point scale of descriptive criteria
increased from the initial value of 9.2 points to 11.4 points (Table 4) after a
1-month period of exercise. The results of the aforementioned sub-study
reflect the importance of non-formal learning in everyday activities.

Numerous studies (Ulrich, 1985; Wrotniak, Epstein, Dorn, Jones & Kindilis,
2006; Okely, Booth & Patterson, 2006; Stodden et al., 2008; Williams et al., 2008)
prove important positive connections between the harmony of movement
(better coordination, higher level of motor knowledge/information) and
intensity of movement in younger children and adolescents. The results show
that those with a higher level of motor knowledge (proficiency) are more
often present in sports and spend more time on physical/sports activity per
week. What is especially interesting is how this is positively connected with
performing more physical/sports activities in adolescence. Research, where the
occurrence and characteristics of fundamental motor patterns were studied,
has shown that children with more coordinated movement (high coherence)
are faster and more efficient (PiSot et al, 2012). These children are better at
climbing (Plevnik & Pi3ot, 2011), crawling (Cekli¢, Plevnik & Pisot, 2011) and
jumping (Koren & Simuni¢, 2012). The connection between monitored motor
patterns (walking, jumping, climbing, crawling) is greater in those children
whose fundamental motor patterns are more coordinated (Marusi¢ & Pisot,
2012). Children with more knowledge and motor information (better motor
memory) and more experience are more involved and have greater interest
in being involved in physical/sports activities in adolescence (Malina, 2008).
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Another interesting fact is that if we frequently offer a child incentive, he or she
will learnharmonised fundamental movements extremely fast and efficiently
(Plevnik, Gerzevic¢ & Pisot, 2012).

Conclusion

Motor activity strongly contributes to the compensation of impacts of
inappropriate, stressful lifestyle and excessive as well as unhealthy food of
humansintoday's modern sedentary society. Itis true that the quantity of motor
activities in everyday lives of the average man who achieves the appropriate
level of energy consumption and compensation, is decreasing. It is important
to engage systemic measures which will guarantee each individual from child
to an elderly in time, space and with required means sufficient possibilities for
a more active spending of work and free time. It is extremely important and, on
the basis of findings of the latest research we could conclude that it is urgent
that we further examine the quality of offered physical/sports contents and
incentives in order to achieve sustainable impacts and consequences.

The role and meaning of motor knowledge, motor abilities (motor
competences) and the impact of learned motor programmes on the efficiency
of implementation of motor tasks was studied on a pattern of kids, adult
and elderly subjects. However, the role of FMP was often not sufficiently
acknowledged in these studies. FMP as fundamental motor structures that are
phylogenetically conditioned and that have defined humans for hundreds of
millennia, are a basis for motor development and motor learning and further
on, the various motor stereotypes and disciplines that an individual will learn
and master throughout his or her lifetime. Therefore, it is extremely important
to understand the mechanisms behind FMP, in order to be able to introduce the
necessary adaptations to the environment and create the incentives required
to help a child develop these vitally important factors of development. In
this respect, today’s living environment and lifestyle are decidedly impeding
factors and this can lead to irreparable damage to the child and the adolescent
as well as the adult later on. The everyday motor experiences and incentives
that were a common fixture of daily life in all social environments and activities
not so long ago, from early childhood through to old age, are disappearing
and being replaced by various and numerous forms sedentary activity. In order
to preserve the fundamental factors that define humans as an exceptional
species, an organism that is capable of reasoning (cognition), socializing
and interpersonal communication (social activities), the motor skills that are
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unique to our species (mobility) are of key importance, as they define our place
in our habitat in our everyday chores, work and leisure activities. Therefore,
natural motor incentives in the form of informal learning are critical as early
as in early development, when movement and the most fundamental FMP are
still being mastered, as we learn about ourselves and the world that surrounds
us. FMP often have a decisive influence on the acquisition of phylogenetically
and later on, ontogenetically conditioned types of movement as well as the
development of basic and special motor abilities and motor skills, which are
upgraded into motor competence - the basis of an individual’s motor capital.

The goal of kinesiology, focusing in the optimisation of movement, is in the
appropriate function of physiological systems that are responsible for control
and implementation of movement. The demands of the complete approach to
realising motor competence have to be individually conditioned and adapted
to an individual with regards to his/her needs, abilities and goals, therefore,
it is impossible to systemically unify them. Every period during lifespan -
formation, functioning and decline of motor competences has a specific
influence on different changes (PiSot, 2013). Knowing and understanding them,
we can predict and solve the problems as well as programmed appropriate
interventions, exercise and training.
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Keynote speaker

A new perspectives in muscle physiology
(new knowledge and results from TMG studies)

Bostjan SIMUNIC

University of Primorska, Science and Research Centre, Institute for Kinesiology
Research, Koper, Slovenia

A significant contribution to the field of muscle physiology has been made
by introducing Tensiomyography (TMG) back in 1990 (Valenci¢, 1990). TMG is a
simple to use, selective and non-invasive method for detecting skeletal muscle
contractile parameters using the linear displacement sensor. It measures
skeletal muscle thickening and low frequency lateral oscillations of active
skeletal muscle fibres during twitch isometric contraction. By the origin of
measured signals it has been listed in the group of mechanomyographic (MMG)
methods. Several MMG methods have been developed so far, for instance: in
phonomyography or soundmyography or acoustic myography microphones
are used to transform muscle fibre mechanical oscillations at its resonance
frequency into audible sound, while in vibromyography accelerometers and
laser beams are used to detect thickening and vibration of the entire muscle
belly. Promising results have been obtained using MMG methods, but there
are several difficulties, such as a low signal to noise ratio and consequently
high variability, complex measuring setup and/or expensive hardware and
necessary post-processing of signals; however, by using the displacement
sensor TMG overcomes those limitations.

After its first scientific publication in 1990 several publications proofed its
validity and reliability and identified two parameters of interest that clearly
contributes to the new perspectives in muscle physiology. Contraction time is
anindirect measure of a muscle composition while the response amplitudeis a
measure of muscle tone — an early measure of muscle atrophic or hypertrophic
processes that could not be detected in anatomical level and standard clinical
tools. By observing those two parameters, several studies were performed
and new findings were well accepted. We have developed a model for non-
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invasive indirect estimation of myosin heavy chain lin vastus lateralis (Simuni¢
et al., 2011) and we have demonstrated that the maximal response amplitude
is directly linked to the loss of muscle diameter (Pisot et al., 2008) and even
more interestingly it provides us with a detailed information about the muscle
specific recovery after physical inactivity that was never observed so far
(Simunic et al., 2012).

Simuni¢ et al. (2011) used multiple linear regression to model myosin
heavy chain | proportion (MHC-I) using three TMG-derived predictors:
contraction time (Tc), delay time (Td) and half relaxation time (Tr) of the TMG
twitch response and found a significant multiple correlation (R = 0.933) with
regression model MHC-I [%] = 2.829-Td + 2.980-Tc + 0.127 Tr — 121.023, with
standard error of approx. 6.08 % and within-day, between-day and inter-rater
reliability higher than 0.88 (Simuni¢, 2012).

Eventhough already in 2008 Pisot et al. (2008) found that maximal
displacement/amplitude (Dm, in millimetres) of the TMG twitch response
is negatively correlated (r = -0.70) to muscle thickness loss after 35-day bed
rest. This indicated that higher the atrophy (lower muscle thickness or CSA),
higher the Dm increase. Furthermore, we measured muscle thickness (using
ultrasound) and maximal TMG displacement during 35-day bed rest and
found nonlinear relationship between both adaptations. Tensiomyographic
amplitude increased very rapidly already after the first day of bed rest and
plateau after the 28th day of bed rest. Different results were found in muscle
thickness, which decreased after the sixth day of bed rest with the following
linear decrease during 35-day bed rest. During the recovery period that
followed, similar principles were confirmed: a higher rate in TMG amplitude
recovery than in muscle thickness (Simuni¢ et al., 2012).

Even though TMG was widely used for studying muscle composition
change, muscle atrophy/hypertrophy dynamics, adaptations to different
pathologies (injuries, spasm), adaptations to specific training; and assessment
of muscle fatigue, we recently discovered that TMG parameters are correlated
to intrinsic muscle fiber properties (diameter, contractile force and unloaded
velocity)while torque twitch parameters were not (Koren, 2015). That clearly
positions TMG as a non-invasive indirect measure of intrinsic skeletal muscle
contractile properties. Further studies will proof the validity of those results
and confirm the theory.

The non-invasiveness and selectiveness with simplicity are three most
important advantages of TMG. It was applied in children, athletes and
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patients and it could give us an opportunity to increase the research power
of established findings without major ethical drawbacks.TMG is relatively new
method that needs further exploration of its potential. One of them will surely
be in diagnostics by normalising TMG to electromyographic amplitude to
establish electromechanical muscle efficiency. Even more, Pordevicetal. (2011)
pointed out another future direction in the development of tensiomyography.
In the newly developed methodology MC (muscle contraction) method they
proposed the sensor to assess dynamic muscle contractions. The proposed MC
method measures the force on the subject’s skin above the skeletal muscle as
a result of changed muscle contractile tension.

Literature
Dordevic¢ S, Stancin S, Megli¢ A, Milutinovi¢ V, & Tomazi¢ S. (2011). MC
sensor-a novel method for measurement of muscle tension.Sensors (Basel),
11(10), 9411-25.

Koren K. (2015). Biomechanical and geometrical adaptation of skeletal
muscle and its muscle fibers on 14-day bed rest and active rehabilitation in
elderly subjects: PhD dissertation.

Pisot R, Narici MV, Simuni¢ B, De Boer M, Seynnes O, Jurdana M, Biolo G,
Mekjavi¢ IB. Whole muscle contractile parameters and thickness loss during
35-day bed rest. Eur. J. Appl. Physiol. 2008;104(2):409-14.

Simuni¢ B, Degens H, Rittweger J, Narici MV, Mekjavi¢ IB, Pisot R.
Noninvasive estimation of myosin heavy chain composition in human skeletal
muscle. Med. Sci. Sports Exer. 2011;43(9):1619-25.

Simuni¢ B. Between-day reliability of a method for non-invasive estimation
of muscle composition. J. Electromyogr. Kinesiol. 2012;22(4):527-30.,

Simuni¢ B, Degens H, Rittweger J, Narici MV, Pi3ot V, Mekjavi¢ IB, Pisot R.
Tensiomyographic measurement of atrophy related processes during bed rest

and recovery. Proceedings of Life in Space for Life on Earth, Editors: Ouwehand
L, ESA Communications, 2012.

Valencic¢ V. Direct measurement of the skeletal muscle tonus.In Popovic
D., editor.Advances in external control of human extremities. Beograd: Nauka.
1990:102-8.

67

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA



CONTEMPORARY KINESIOLOGY

Ekspertna procjena vaznosti funkcionalnih
energetskih mehanizama u rukometu

Marino Krespi, Nedim Sisi¢, Sanja Milat
Kinezioloski fakultet u Splitu, Hrvatska

ABSTRACT

The aim of this study was to expert assessment by questionnaire establishes
the importance of individual functional energy mechanisms at handball seniors.
The study was conducted on a sample of 8 handball experts who have many
years of work experience and are recognized handball conditioning coaches,
handball coaches and teachers with a degree in kinesiology and orientation
of this profession. The experts answered the four questions in the field of
aerobic and anaerobic capacity in handball seniors. The calculated results are
descriptive analysis, reliability analysis CA and IIR, and Sperman coefficient of
rank correlation. Results of this study showed low values of the reliability of
the questionnaire, and insignificant to high statistically significant correlation
coefficients between experts. Spearman rank correlation coefficients were
obtained by the low correlation between aerobic and anaerobic capacity. In new
studies, it is necessary to make a model of a questionnaire that will be reliable
and involve a larger number of questions for the purposes of determining the
importance of functional energy mechanisms at handball seniors.

Keywords: experts, seniors, questionnaire, capacity and handball.

uvoD
Mnogi su sportski znanstvenici opisali rukomet kao vrlo zahtjevan sport
sa tehnicko- taktickog, psiholoskog, ali i motori¢ko-funkcionalnog gledista
(Skarbalius, 2011; Stankovi¢ i sur., 2011; Manchado i sur., 2007). Sa stanovista
strukturalne slozenosti rukomet pripada najkompleksnijim sportskim
aktivnostima - timskim sportskim igrama s loptom. Ova se kompleksnost
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ocituje u interakcijama igraca istog tima ali i suprotstavljenih timova tijekom
pojedinih faza igre a u kojima se izmjenjuju brzinsko-eksplozivne aktivnosti
razli¢itih intenziteta (Michalsik i sur., 2011).

U istrazivanju (Chelly i sur., 2011) navode kako je rukomet naizmjeni¢no
visoko-intenzivan kontaktni timski sport koji zahtjeva kombinaciju aerobne i
anaerobne izdrzljivosti kako bi se izvodile sekvence koordiniranih i slozenih
motorickih aktivnosti. Dakle, rukometna je izvedba ovisha o moguénosti
igraca da naizmjeni¢no ponavlja brzinske, eksplozivne, snazne i agilne kretnje
i aktivnosti u visokom intenzitetu tijekom cijele utakmice, a ne o kapacitetu
igraca da zadrZzava nepromijenjen submaksimalni intenzitet koji se ogleda
isklju¢ivo u maksimalnom primitku kisika (VO2max).

Testiranje izdrzljivosti u rukometu moguce je provesti laboratorijskim ali
i terenskim testovima (Sekuli¢ i Metiko$, 2007). Trenazna je praksa pokazala
kako su terenski testovi prikladniji, pouzdaniji i ucinkovitiji u procijeni
izdrzljivosti zbog specifi¢nije simulacije natjecateljskog opterec¢enja. U svezi
s time, (Kildin i sur.,, 2006) navode kako je primjerenije koristiti protokole za
procjenu izdrZljivosti u timskim sportovima naizmjeni¢nih aktivnosti visokog
intenziteta, koji repliciraju kretne strukture pojedinog sporta.

Jedan od nacina kojim se moze izvrsiti procjena vaznosti funkcionalnih
energetskih mehanizama u sportovima jeste ekspertnom procjenom tijekom
koje ekspert (kondicijski trener, trener), shodno svojim znanjima i prakti¢nim
iskustvima rangira vaznost pojedinih funkcionalnih energetskih mehanizama
u ovom slucaju u rukometu.

Na takvoj ¢e se procijeni temeljiti i ovo istrazivanje ciji je cilj ekspertnom
procjenom utvrditi vaznost pojedinih funkcionalnih energetskih mehanizama
kod rukometasa seniora.

METODE

Uzorak ispitanika za ovo istrazivanje cinilo je 8 rukometnih eksperata.
Svi eksperti imaju dugogodisnje iskustvo u radu sa rukometasima i priznati
su rukometni kondicijski treneri, rukometni treneri i profesori kineziologije
s rukometnim usmjerenjem. Svi eksperti su bili upoznati sa svim detaljima
upitnika i kona¢nim ciljem ovog istrazivanja.

Upitnik su u ovoj studiji Cinila 4 pitanja o vaznosti aerobnih i anaerobnih
kapaciteta kod rukometasa seniora, a to su:, 1. Koliko smatrate da je aerobni
kapacitet vazan kod rukometasa?”;, 2. Koliko smatrate da je anaerobni alaktatni
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kapacitet vazan kod rukometasa? (Atp i CP)“;, 3. Koliko smatrate da je anaerobni
laktatni kapacitet vazan kod rukometasa? (glikoliza);, 4. Koliko smatrate da je
kombinacija aerobnih i anaerobnih kapaciteta vazna kod rukometasa?”.

Vaznost pojedinih kapaciteta kod rukometasa seniora procijenjena je od
strane eksperata putem ocjena na petostupanjskoj Likertovoj skali za svako
pitanje na nacin: ocjena 5 - U najvecéoj mjeri je vazan, ocjena 4 — Vrlo je vazan,
ocjena 3 - ProsjeCno je vazan, ocjena 2 — U manjoj mjeri je vazan, ocjena 1 -
Uopce nije vazan.

Nakon preliminarnih statistickih procedura: aritmeticka sredina (AS),
standardna devijacija (SD), minimalni (Min) i maksimalni (Max) rezultati,
mjere asimetri¢nosti distribucije (Skewness) i mjere izduzenosti distribucije
(Kurtosis), normalitet distribucije je utvrden K-S testom. Grani¢na vrijednost
K-S testa za pojedinu veli¢inu uzorka nalazi se na dnu tablice. Medu-Cesti¢nim
koeficijentom korelacije (lIR) i Cronbach Alpha koeficijentom pouzdanosti (CA)
utvrdila se pouzdanost rezultata eksperata.Za utvrdivanje povezanostiizmedu
varijabli aerobnih i anaerobnih kapaciteta koristio se Spearmanov koeficijent
rang interkorelacije. Ista analiza se koristila i za utvrdivanje povezanosti
izmedu eksperata. Primijenjena je 95% razina statisticke znacajnosti. Koristeni
softverski program za obradu podataka u ovom istraZivanju je STATISTICA
(StatSoft, Tulsa, OK) verzija 12.6.
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REZULTATI

Izracunati su osnovni deskriptivni parametri: aritmeticka sredina, minimum
i maksimum rezultata, standardna devijacija, te koeficijenti asimetri¢nosti i
spljostenosti distribucije (Tablica 2).

Tablica 1. Rezultati anketnih upitnika ispunjeni od strane rukometnih eksperata (EKS - Ekspert)

VARUABLE | EKS1 | EKS2 | EKS3 | EKS4 | EKS5 | EKS6 | EKS7 | EKS 8
AERKAP 4 3 5 4 2 4 3 4
ANALKP 5 3 4 5 5 4 5 5
ANLAKP 4 4 4 4 3 5 5 4
AEANKP 5 5 4 5 3 5 4 4

Legenda: AERKAP - aerobni kapaciteti; ANALKP - anaerobni alaktatni kapaciteti; ANLAKP - anaerobni
laktatni kapaciteti; AEANKP — kombinacija aerobnih i anaerobnih kapaciteta
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Vrijednosti K-S testa ukazuju na normalnu distribuciju podataka, izuzev
varijable ANALKP.

Daljnjom analizom rezultata asimetri¢nosti i zakrivljenosti distribucija nisu
utvrdena neka znacajna odstupanja u varijablama i moze se reéi da se kre¢u u
granicama prihvatljivosti.

Analizama pouzdanosti dobivene su niske vrijednosti Cronbach alpha
koeficijenta, te koeficijenta medu-Cesti¢cne korelacije za sve varijable
funkcionalnih energetskih mehanizama (Tablica 2).

Tablica 2. Deskriptivna analiza i parametri pouzdanosti varijabli (Min — minimalni rezultati; Max — maksimalni

rezultati; AS — aritmeticka sredina; SD - standardna devijacija; Skewness — mjere asimetri¢nosti distribucije; <

Kurtosis — mjere izduzenosti distribucije; K-S — kolmogorov-smirnovljev test; CA — Cronbach Alpha; IIR - ] 2

medu-cesti¢na korelacija.) g :>:

o

VARIJABLE | Min | Max | AS | SD | Skewness | Kurtosis | K-S [ CA | IR "5’ =

o

AERKAP 2.00 ] 5.00 | 3.63 |1 0.92 -0.49 0.42 0.28 @ =

S <

ANALKP | 3.00 | 5.00 | 450 | 0.76 -1.32 0.88 0.37 E E

ANLAKP | 3.00 | 5.00 | 4.13 | 0.64 -0.07 0.74 0.32 -
AEANKP |3.00 | 5.00 | 438 | 0.74 -0.82 -0.15 0.30 | 0.56 | 0.34

Granic¢na vrijednost K-S testa je znacajna na razini od 0.05 za d>0.34 kada je (N=8)

Primjenom Spermanovog koeficijenta ranga interkorelacije dobiveni
su niski negativni (od -0.17 do -0.35) i pozitivni koeficijenti (0.21 - 0.37)
povezanosti izmedu varijabli razli¢itih funkcionalnih energetskih mehanizama
(Tablica 3).

Tablica 3. Spearmanov koeficijent rang interkorelacije izmedu varijabli aerobnih i anaerobnih kapaciteta u
rukometu

VARIJABLE | AERKAP | ANALKP | ANLAKP | AEANKP
AERKAP 1.00 -0.17 0.21 0.29%
ANALKP 1.00 -0.20 -0.35*%
ANLAKP 1.00 0.37%
AEANKP 1.00

Analizom Spearmanovog koeficijenta ranga interkorelacije izmedu
eksperata moze se utvrditi da je potpuna pozitivna povezanost ili najbolja
korelacija prema ocjenama o vaznosti funkcionalnih energetskih mehanizama
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kod rukometasa dobivena izmedu eksperta 1i4. Nulta povezanost pokazala se
izmedu eksperata1i6,2i5,4i6,5i6,Sto znaci da se rezultati (ocjene) varijabli
jednog eksperta u paru krecu sasvim nezavisno od rezultata varijabli drugog
eksperta u istom paru (Tablica 4).

Tablica 4. Spearmanov koeficijent rang interkorelacije izmedu eksperata

EKSPERTI 1 2 3 4 5 6 7 8
1 1.00 | 0.24 | -0.58 | 1.00 | 0.71 [0.00 [0.24 |0.58

2 1.00 | -0.54 |1 0.24 | 0.00 |0.94 |0.06 |-0.54
3 1.00 |-0.58 |-0.82 |-0.58 |-0.82 | -0.33
4 1.00 |0.71 |0.00 |0.24 |0.58
5 1.00 |0.00 |0.83 |0.82
6 1.00 |0.24 [-0.58
7 1.00 | 0.54
8 1.00

RASPRAVA | ZAKLJUCAK

Prema rezultatima aritmeticke sredine ocjena eksperata, evidentno je
da sve analizirane varijable imaju iznad prosje¢nu vaznost funkcionalnih
energetskih mehanizama u rukometu kod rukometasa seniora. Uvidom u
rezultate deskriptivne analize, varijabla anaerobno alaktatni kapaciteti je
dobila najvecu ocjenu prema rezultatima aritmeticke sredine. Anaerobno
alaktatni sustav ima mali kapacitet odnosno malu ukupnu koli¢inu dostupne
energije, ali zato isto tako ima i najveci energetski tempo odnosno najveéu
brzinu oslobadanja energije. Prema misljenju autora, anaerobne alaktatne u
odnosu na ostale sposobnosti su najvaznije u rukometu. Jedan od glavnih
razloga je $to se u skoro svakoj fazi zavrsnog dijela akcije (napada) sve dogada
unutar nekoliko sekundi. Cilj napadaca je da u $to kracoj jedinici vremena
pokusa napraviti neku vrstu varke tijelom ili na neki nacin izbaciti protivnika
iz ravnoteze, te posti¢i pogodak. Da bi to uspio ostvariti od izuzetne vaznosti
je potrebno da ima jako dobru razvijenu brzinu reakcije (reaktibilnost). Isto
to vazi i za obrambenog igraca, gdje isti treba Sto prije i brze reagirati i ne
dozvoliti prolaz protivnickom igra¢u do vratara. Sve ove radnje se dogadaju u
jako kratkom vremenskom rasponu gdje lopta odmah ide na suprotnu stranu
i zbog toga ne dolazi do velike akumulacije laktata. Koliko god da su ostale
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funkcionalne sposobnosti maksimalno razvijene, igra¢ ukoliko nema dovoljno
razvijene anaerobno alaktatne sposobnosti nece biti u moguénosti da zavara
protivnika u napadu ili zaustavi pravovremeno protivnika u obrani. Najmanji
prosjecan rezultat dobiven je u varijabli aerobni kapaciteti.

Rezultati pouzdanosti ukazuju na to kako nije prisutna zadovoljavajuca
povezanost u odgovorima eksperata za sve varijable. Medutim, evidentan
je nedostatak radova koji proucavaju problematiku vaZnosti aerobnih i
anaerobnih kapaciteta kod rukometasa. Koliko je autorima poznato ovo je prvi
rad u kojem se obraduje ovakva problematika u rukometu, pa se prema tome
ne moze izvrsiti usporedba vrijednosti koeficijenata Cronbach alphe i medu-
Cesti¢ne korelacije sa rezultatima istrazivanja drugih autora.

Eksperti 1 i 4 imaju ista misljenja (zaokruzili su iste odgovore) o vaznosti
funkcionalnih energetskih mehanizama kod rukometasa u svim varijablama.

Nulte povezanosti izmedu eksperata ukazuju na nepostojanje bilo kakve
korelativne veze izmedu promatranih eksperata. Medutim, iz matrice korelacije
moze se vidjeti da ekspert pod brojem 3 ima najvece negativne korelacije u
prosjeku u odnosu na druge eksperte. Ovaj ekspert je u najmanjoj povezanosti,
odnosno najslabije korelira sa ostalim ekspertima.

Sukladno dobivenim rezultatima moguce je zakljuciti da bi se ovakav
model za utvrdivanje znacajnosti funkcionalnih energetskih mehanizama
kod rukometasa seniora trebao modificirati u smislu da se obuhvati veci
broj eksperata u ovakvoj studiji, zatim da se poveca broj pitanja o vaznosti
aerobnih i anaerobnih kapaciteta kod rukometasa seniora. Autori ove studije
svjesni su relativno malog uzorka eksperata na kojem je testiranje provedeno,
ali s obzirom da je ovo jedno od rijetkih istraZivanja koje se bavi ovakvom
problematikom u rukometu, u buducim istrazivanjima bi za 5to objektivnije
rezultate glavni preduvjet trebao biti homogen uzorak eksperata. U narednim
istrazivanjima treba voditi ra¢una i o tome da se napravi model upitnika koji
se moze koristiti za potrebe utvrdivanja vaznosti funkcionalnih energetskih
mehanizama kod rukometasa.
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Analiza razlika u rezultatima specijalnog judo
fitnes testa kod judasica razlicite natjecateljske
uspjesnosti

Marino Tavra, Goran Kuvaci¢, Sasa Krstulovi¢
Kinezioloski fakultet, Sveuciliste u Splitu, Hrvatska

ABSTRACT

The aim of this study was to determine and to interpret the possible
differences between more and less successful youth female judoka based
on the results in SJFT (special judo finess test).The study was conducted on
a fourteen Croatian judokas, at average chronological age of 18.4 + 1.3 years.
All of them are active competitors, weight categories ranging from -52 to
+78. Judokas were divided into two experimental groups regarding to their
competitive success. Statistically significant difference was found in the total
number of throws, the number of throws in the first and third interval, and
SJFT index. More successful judoka have better anaerobic glycolytic (lactate)
system (statistically significantly greater number of throws), and also better
ratio of aerobic and anaerobic capacity (significantly smaller SJFT index)
versus less successful judoka. Recorded heart rate showed that intensity
during test was very high. After examining the dynamics of lactate results, it
can be concluded that the values obtained are similar to those in judo fight.
The values of lactate in the last point of measurement (rest period) statistically
significantly increased in comparison to the valuesimmediately after the
test was performed. In future studies would be desirableto the developt
classification table for female judoka at different weight categories and age.

Key words: Special Judo Finess Test, Lactate, Heart Rate, Intensity, Judo

uvoD

Judo borba se sastoji od razdoblja maksimalnog i sub-maksimalnog
intenziteta opterecenja, s prosjecnim trajanjem od 30sekundi rada koja se
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odvijaju uz intervale odmora u trajanju od 10-ak sekundi. U ovim kratkim
vremenskim intervalima nema dovoljno vremena za prikladnu resintezu ATP-a
aerobnim sustavom, ¢ime napori ovise o laktathom anaerobnom kapacitetu
judasa. S druge strane, aerobna komponenta pripremljenosti judasa se
takoder smatra vaznom, te dolazi do izrazaja prilikom smanjenja koncentracije
laktata u krvi nakon judo borbe (Franchini i sur. 2003). Procjena funkcionalnih
kapaciteta judasa je vrlo bitha za trenazni proces, jer daje informacijeo
parametrimana koje valja obratiti pozornost kako bi se unaprijedila u¢inkovitost
aerobno-anaerobnog sustava (Sterkowicz i sur. 2001). Za procjenu stanja
pripremljenostijudasa najcesce se koriste specificni testovi koji su po svojoj
strukturi najsli¢niji judo borbi. Konstruirano je nekoliko testova koji analiziraju
fizioloske i neuro-muskularne zahtjeve u judo borbi, s ciljem da se identificiraju
efikasne metode u poboljsanju fizicke pripremljenosti judasa. Za potrebe
ovog istrazivanja koristiti ¢e se tzv. ,Special Judo Fitness Test” (SJFT), koji je
pregledom literature, zasigurno jedan odnajc¢esce primijenjenih specificnih
judo testova u svijetu. Cilj ovog istrazivanja je utvrditi i interpretirati moguce
razlike izmedu uspjesnijih i manje uspjesnih judasica juniorskog uzrasta na
temelju rezultata SJFT-a.

METODE

Istrazivanje je provedeno na uzorku odcetrnaesthrvatskih judasica,
prosje¢ne kronoloske dobi od 18,4+1,3 godine. Sve ispitanice su aktivne
natjecateljice, teZinskih kategorija u rasponu od -52 do +78 kg.. Ispitanice su
podijeljene u dvije eksperimentalne grupes obzirom na njihovu natjecateljsku
uspjesnost. Eksperimentalnu grupu A je sacinjavalo sedamuspjesnijih judasica
(osvajacice zlatnog odli¢ja na juniorskom PHili ¢lanice juniorske reprezentacije)
a eksperimentalnu grupu B sedammanje uspjednih natjecateljica (sudionice
ili osvajacice odli¢ja na PH). Uzorak varijabli se sastojao od trinaest varijabli.
Mjerenje, odnosno uzorkovanje koncentracije laktata iz krvi (LAC) u tri tocke
mjerenja (u mirovanju, neposredno nakon zavrietka testa i nakon pauze od 5
min.),sréanafrekvencija (SF) u pettocaka mjerenja (prosje¢na vrijednost tijekom
testa, najvisa vrijednost tijekom testa, neposredno nakon zavrietka testa,
nakon pauze od 1i5 min.), broj bacanja pri izvodenju testa u sva tri intervala
rada, ukupan broj bacanja te izra¢unati indeks specijalnog judo fitness testa.
Za ocitavanje srcane frekvencije koristen je Polar uredaj. Laktati su mjereni
Accutrend Lactate aparatom. Opis testa (Special Judo Fitness Test): Dva judasa,
sli¢cne tjelesne mase izvodaca testa (priblizno iste kategorije), nalaze se na Sest
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metara udaljenosti jedan od drugog, dok sam izvodac testa stoji u sredini.
Test je podijeljen na tri intervala od 15 (A), 30 (B) i 30 (C) sekundi, s 10 sekundi
odmora izmedu svakog od njih. Tijekom svakog intervala rada, izvoda¢ mora
sto je moguce vise puta baciti nasuprotne judase ru¢nom tehnikom ippon-
seoi-nage, i to naizmjenic¢no. Svi ispitanici nosili su pripadajuc¢u opremu za
izvodenje testa (kimono i pojas). Otkucaji srca se snimaju odmah po zavrietku
testa i 1 minutu nakon zavrsetka testa. Iz ukupnog broja bacanja kroz sva tri
intervala izra¢unava se indeks izvedbe, pri ¢emu su HRO i HR1 otkucaji srca
odmah nakon, te 1 minutu po zavrsetku testa, a Tt je ukupan broj bacanja. Test
traje 1 minutu i 35 sekundi, a rezultat je indeks koji se izracunava formulom:

INDEKS= (HRO + HR1)/Tt,

Sto je indeks maniji, to je bolji rezultat testa.lzrac¢unati su deskriptivni
statistiCcki parametri, te t-test kojim se utvrdila razlika izmedu dvije
eksperimentalne grupe u svim varijablama.

REZULTATI

Tablica 1. Deskriptivni statisticki parametari: aritmeticka sredina (AS), standardna devijacija (SD) te
Kolmogorov-Smirnovijev test (max D), uspjesne judasice (A), manje uspjesne judasice (B)

AS SD max D

VARIJABLE A B A B A B

TEZINA 7097 | 72,79 |12,02 |1600 [026 |0,25
HR/ AVG 17043 | 178,14 |6,05 |1070 |029 |0,19
HR/ MAX 186,14 [ 190,57 |696 |793 |022 |0,19
HR/ NAKON 186,00 |187,86 |74 |1029 |021 |0,12
HR/ TMIN. 163,71 | 168,00 |17,32 [1393 [027 |0,13
HR/ 5MIN. 12043 [121,71 | 1061 |17,80 |0,16 |0,19
LAC/ MIROVANJE 1,49 1,87 060 |069 |023 |026
LAC/ NAKON 1259 [1063 |437 |530 |023 |024
LAC/ 5MIN. 1283 1139 [364 |[501 [0,18 |05
BR. BACANJA 1.INTERVAL 6,29 5,00 049 |058 |043 |036
BR. BACANJA 2.INTERVAL 10,00 | 9,57 082 |079 |021 |042
BR. BACANJA 3.INTERVAL 9,71 8,29 095 |095 |033 |034
BACANJA SJFT 2600 2286 |163 |212 |021 |028
INDEKS SJFT 1358 [1569 |139 |18 |012 |026

Granic¢na vrijednost K-S testa za n=7 iznosi 0,48 p<0,05
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Tablica 1 prikazuje deskriptivne statisticke parametre primijenjenih
varijabli kod dvaju sub-uzoraka judasica. Uocljivo da su sve varijable normalno
distribuirane, te se moze pristupiti daljnjoj obradi podataka.

Tablica 2. Rezultati t-testa za nezavisne uzorke :aritmeticka sredina (AS), t-vrijednost (t), razina znacajnosti
(p), uspjesne judasice (A), manje uspjesne judasice (B).

AS

t P
VARIJABLE A B
TEZINA 7097 7279 |-024 |081
HR/ AVG 17043 | 178,14 [-1,66 |0,12
HR/ MAX 186,14 | 190,57 [-1,11 |0,29
HR/ NAKON 186,00 | 187,86 |-0,39 |0,70
HR/ TMIN. 163,71 [168,00 |-0,51 |0,62
HR/ 5MIN. 12043 | 121,71 |-016 |0,87
LAC/ MIROVANJE 1,49 1,87 -1,12 0,29
LAC/ NAKON 1259 [1063 [075 |047
LAC/ 5MIN. 1283|1139 (062 |0,55
BR. BACANJA 1.INTERVAL 6,29 5,00 4,50 | 0,00
BR. BACANJA 2.INTERVAL 10,00 |9,57 1,00 | 034
BR. BACANJA 3.INTERVAL 9,71 8,29 2,81 | 0,02*
Bacanja SJFT 2600 |2286 [3,11 |0,01*
Indeks SJFT 1358 [1569 |-2,40 |0,03*

*statisticka znacajnost na razini p< 0,05

Tablica 2 prikazuje rezultate t-testaza sve varijable kod dvaju sub-uzoraka
judasica. Vidljivo je da se grupe statisticki znacajno razlikuju u broju bacanja u 1.
intervalu, broju bacanja u 3. intervalu, u ukupnom broju bacanja, i u indeksu SJFT.

RASPRAVA

Prosjecne vrijednosti sr¢anih frekvencija kod svih 5 varijabli ukazuju da je
test bio visokog intenziteta (HR/avg,max,nakon,1min,5min), te su prosjecne
vrijednosti niZze kod uspjesnijih judasica u odnosu na manje uspjesne. McArde
i sur. (2001), navode da bolje trenirani sportasi imaju nize vrijednosti sréane
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frekvencije od losije treniranih sportasa pri jednakom fizickom optereéenju.
U istrazivanju Almansba i sur. (2007), takoder su zabiljeZzene vece vrijednosti
sréanih frekvencija kod sub-elitnih judasa naspram elitnih judasa pri izvodenju
specifitnog judo testa, sto ukazuje na vaznost sréano-Zilne izdrZljivosti u
judu. Prosjec¢na vrijednost src¢ane frekvencije nakon testa iznosi 186 otk/min
kod uspjesnijih te 187,76 otk/min kod manje uspjesnih judasica, $to je slicho
rezultatima dobivenih u istrazivanju Wolska-Paczoska (2010) kod juniorki
poljske reprezentacije, gdje su vrijednosti iznosile 181 otk/min. Prosje¢na
vrijednost koncentracije laktata u mirovanju iznosi 1,49 mmol/L kod uspjesnijih
te 1,87 mmol/L kod manje uspjesnih, sto je u granicama normalnih vrijednosti.
Uzorkovanjem laktata iz krvi u drugoj toc¢ki mjerenja, odnosno odmah po
zavrsetku testa, prosjecne vrijednosti su iznosile 12,59 mmol/L kod uspjesnijih
te 10,63 mmol/L kod manje uspjesnih judasica. U istrazivanju Sterkowicza i sur.
(1997), navodi se da koncentracija laktata u krvi nakon zavrsene judo borbe
iznosi 11.22 mmol/L, 5to je vrlo sli¢no vrijednostima koje su dobivene u ovom
istrazivanju. Nadalje, broj bacanja pri izvedbi testa SJFT u ovom istraZivanju je
razmjerno visok, tako da je prosjecna vrijednost broja bacanja kod uspje3nijih
judasicaiznosila 26, 5to je sli¢no rezultatima istrazivanja koje su dobili Drid i sur.
(2009) kod seniorki Zenske srpske reprezentacije (28,1). Prosjecna vrijednost
broja bacanja kod manje uspjesnih judasica iznosi 22,86, te je vrlo sli¢na
vrijednostima rezultata istraZivanja koje je dobio Wolska-Paczoska (2010)
kod juniorki poljske reprezentacije (22,1).Neocekivano, u ovom istraZivanju
koncentracija laktata u krvi raste i u oporavku. S obzirom da su uspjesnije
judasice reprezentativke, osvajacice medalja na medunarodnim natjecanjima
i visoko utrenirane sportasice bilo je za ocekivati da ¢e koncentracija laktata
u krvi imati trend opadanja, jer visoko utrenirani sportasi se bolje adaptiraju
na uvjete koje uzrokuje rad visokog intenziteta(Daussin i sur. 2008). Sli¢ne
rezultate u svom istrazivanju dobili su Kuvacic i sur. (2013). Oni su misljenja da
se rast koncentracije laktata u krvi nakon 5 minuta od izvodenja testa, jednim
dijelom moze tumaciti kontroliranim uvjetima testa, za razliku od judo borbe,
gdje borac sam diktira tempo i prilagodava se uvjetima borbe. Drugo moguce
objasnjenje je i trajanje testa. Naime, ispitanici su morali odraditi maksimalni
napor u svega 95 sekundi. Prema nekim autorima koncentracija laktata u krvi 5
minuta nakon intenzivnog i razmjerno kratkog vjezbanja ne bi trebala opadati
nego pokazivati svoje maksimalne vrijednosti(Zouhal i sur. 2007). Uspjesnije
judasice su izvrsile statisticki znacajno vise bacanja u prvom intervalu rada
koji je bio trajanja petnaest sekundi. Tu je moguce vidjeti znacaj anaerobnog
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alaktatnog kapaciteta u kombinaciji sa laktatnim, koji je od presudne vaznosti
u judu, s obzirom da subrzina pokreta, promjene smjera i eksplozivna bacanja
karakteristi¢na za judo borbu. U 2. intervalu rada, kod judasica se nije utvrdila
znacajna razlika u broju bacanja, iako su uspjesnije judasice imale u prosjeku
vedi broj bacanja. U 3. intervalu rada, uspjesnije judasice su izvrsile statisticki
znacajno vedi broj bacanja, Sto se moze objasniti ve¢im laktatnim glikolitickim
kapacitetom i njegovim brzim oporavkom za razliku od manje uspjesnih
judasica.U ovom istrazivanju, uspjesnije judasice su pokazale i da imaju bolje
razvijen anaerobni glikoliticki (laktatni) sustav (statisticki znacajno veci broj
bacanja), te takoder bolji odnos aerobnog i anaerobnog kapaciteta (statisticki
znacajno manji SJFT indeks) naspram manje uspjesnih judasica.Dobiveni
rezultati su sli¢ni rezultatima istrazivanja Franchini i sur. (2005) u kojima
surezultati broja bacanja kod uspjesnijih judasa znacajno vedi, a vrijednost
SJFT indeksa znacajno manja naspram manje uspjesnih judasa.

ZAKLJUCAK

Cilj ovog istrazivanja bio je utvrditi i interpretirati moguce razlike izmedu
uspjesdnijih i manje uspjesnih judasica juniorskog uzrasta na temelju rezultata
SJFT-a. U ovom istrazivanju utvrdena je statisticki znacajna razlika izmedu
navedenih uzoraka ispitanica u ukupnom broju bacanja, broju bacanja u
1.i 3. Intervalu, te u indeksu SJFT. Uspjesnije judasice su pokazale da imaju
bolje razvijen anaerobni glikoliticki (laktatni) sustav (statisticki znacajno veci
broj bacanja), te takoder bolji odnos aerobnog i anaerobnog kapaciteta
(statisticki znacajno maniji SJFT indeks) naspram manje uspjesnih judasica. To
je pokazatelj da SJFT moze uspjesno razlikovati uspjesnije od manje uspjesnih
judasica te moze posluziti kao dobar alat u dijagnosticiranju stanja kondicijske
pripremljenosti judasica juniorske dobne kategorije u svrhu unaprjedenja
njihovog trenaznog procesa. Zabiljezena srcana frekvencija pokazuje da je
intenzitet rada za vrijeme testa bio vrlo visok. Uvidom u dinamiku laktata moze
se zakljuciti da su dobivene vrijednosti priblizne onima u judo borbi. Vrijednosti
laktata u zadnjoj tocki mjerenja (odmoru) statisti¢ki znac¢ajno rastu u odnosu
na mjerenje koje je napravljeno odmah nakon izvodenja testa. Takav rezultat
mozZe se pripisati kratkom trajanju testa i kontroliranim uvjetima u kojima je
testizveden, za razliku od judo borbe koja ima daleko ve¢u dinamiku pokreta. S
obzirom na dobivene rezultate, bilo bi poZeljno da se u buducim istraZivanjima
izradi klasifikacijska tablica za judasice razlicitih tezinskih i dobnih kategorija u
kojoj bi mogli klasificirati razinu kondicijske pripremljenosti judasicas obzirom
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na dobivene rezultate SJFT, te na taj nacin kvalitetnije pratiti i ostvariti ciljeve s
obzirom na njihovo stanje specificne kondicijske pripremljenosti.
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Povezanost motoricko-funkcionalnih sposobnosti
i uspjeha u judu kod judasa kadetske dobne
skupine - misljenje judo eksperata
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ABSTRACT g

For the purposes of this study two objectives were defined: to determine
the order and importance of bio-motor abilities at judoka Cadet age using
questionnaire due to weight class, and identification of differences in the
results obtained through the questionnaire about the order and importance
of bio-motor abilities on the success at judoka Cadet age groups due to weight
class. Study was conducted on 40 European top judo experts from 22 European
countries and questionnaire was constructed for evaluating the impacts
of bio-motor abilities in judoka. Judokas were divided in lower weight class
(-46 kg to 66 kg) and higher weight class (of 66 kg or more). Measuring scale
for evaluation was 0-100.In lower categories speed, explosive strength and
specific judo endurance are on first three places while the maximum strength
and flexibility at the end. Moderate importance to success in judo have
coordination, agility, balance and muscular endurance. On the other hand, in
higher categories the most important abilities are maximum strength, specific
judo endurance and muscular endurance, while the agility and flexibility are
least important for success. Results of t-test between judoka lower and higher
categories under paragraphs coach, indicate that there is a statistical difference
in the four variables (agility, speed, coordination and maximum strength).

Key words: Bio-motor Abilities, Weight Class, Questionnaire, Success, Judo
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uvoD

Koji ¢imbenici i u kojoj mjeri odreduju uspjeh u judu i omogucuju
postizanje vrhunskih rezultata? Odgovoriti na ovo pitanje nije jednostavno,
jer je judo izuzetno kompleksan sport. Naime, natjecateljsku uspjeSnost
odreduje ¢itav niz osobina i sposobnosti, te tehni¢ko-takti¢cka izvedba,
koja se realizira u izravnoj borbi sa protivnikom. Drugim rije¢ima judo je
sport s velikom fizickom, tehni¢ckom i taktickom sloZzenos¢u (Degoutte, i
sur. 2003). Slozenoj strukturi judo sporta pridonosi i podjela judasa u vise
tezinskih kategorija, pa se tako pojedina kategorija razlikuje po svojoj
tehnickoj i taktickoj strukturi, kao i u fizioloskim zahtjevima i morfoloskim
karakteristikama (Drid i sur. 2012). Callister i sur. jos su davne 1991. g. naglasili
kako su faktori odgovorni za uspjesnu izvedbu specifi¢ni za svaku pojedinu
tezinsku kategoriju. Medutim, od tog vremena do danas ucestale promjene
pravila borbe su u vecoj ili manjoj mjeri uvjetovale i promjene u hijerarhiji i
razini znacaja pojedinih dimenzija na uspjeh u judu. Osobito su promjene
nastale u posljednjih nekoliko godina, (primjerice zabrana primjene pojedinih
hvatova i tehnika bacanja, smanjenje trajanja borbe za Zene, itd.) znacajno
utjecale na stil i intenzitet borbe vrhunskih boraca, a time i na promjene
znacaja pojedinih faktora na uspjeh u borbi. Moze se stoga zakljuciti da
je identifikacija sposobnosti bitnih za uspjeh u judu temelj za uspjesno
planiranje i programiranje trenaznog procesa.Do informacija o vaznosti
pojedinih sposobnosti na uspjeh u judu moguce je dodi i putem upitnika
primijenjenih na vrhunskim judo stru¢njacima. Na temelju tih informacija
svaki bi trener mogao ciljano u pojedinoj etapi treninga razvijati odredene
sposobnosti bitne za uspjeh. Dosadasnja istraZivanja provedena putem
testiranja sportasa nisu dala kona¢an odgovor na pitanja o odnosu utjecaja
pojedine sposobnostiio njihovojvaznostiihijerarhiji na uspjeh ujudu. Prema
saznanjima autora, u novije vrijeme, provedena su samo dva istrazivanja koja
su primijenila anketne upitnike (Krstulovi¢, 2012; Krstulovi¢ i Sekuli¢, 2013)
s ciljem utvrdivanja hijerarhije i vaznosti sposobnosti bitnih za uspjeh u
judu. Sukladno tome, za ovo istrazivanje definirana su dva cilja: utvrdivanje
redoslijeda i vaznostimotoricko funkcionalnih sposobnosti judasakadetske
dobne skupine putem anketnog upitnika s obzirom na tezinsku kategoriju,
te utvrdivanje razlika u rezultatima dobivenim putem anketnog upitnika o
redoslijedu i vaznosti motoric¢ko funkcionalnih sposobnosti na uspjeh judasa
kadetske dobne skupine s obzirom na tezinsku kategoriju.
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METODE

Uzorak ispitanika predstavlja 40 europskih vrhunskih judo eksperata,
izbornikaitreneraiz22 europske zemlje(10treneraimazavrien poslijediplomski
studij, 6 trenera je sa zavrsenom visokom Skolom, 18 trenera ima visu Skolu
i 6 trenera ima status studenta. Konstruiran je mjerni instrument-upitnik za
vrednovanje utjecaja motoricko-funkcionalnih sposobnosti judasa na uspjeh
u judu kod dobne skupine kadeta obzirom na tezinsku kategoriju. Uzorak
ispitanika je podijeljen na kadete nizih teZinskih skupina (-46 kg do 66 kg) i
visih tezinskih skupina (od 66 kg i viSe). Mjerna skala za vrednovanje iznosila
je od 0 do 100.Trenerima se putem specijaliziranog servera ponudilo da
postave po redoslijedu i vaznosti motori¢ko funkcionalne sposobnosti koje
su znacajne za uspjeh u judu ovisno o tezinskoj kategoriji: fleksibilnost (FLEK),
agilnost (AG), koordinacija (KOO), ravnoteza (RAV), specificna judo izdrzljivost
(SPECIF), eksplozivna snaga (EKS), misi¢na izdrZljivost (IZD), maksimalna jakost
(MAKS) i brzina (BRZ).U svrhu realizacije prvog cilja, utvrdeni su deskriptivni i
distribucijski parametri za sub-uzorke judasa. U svrhu realizacije drugog cilja,
primijenjen je t-test za nezavisne uzorke.

REZULTATI

Tablica 1. Deskriptivni pokazatelji varijabli redoslijeda i vaznosti motoricko funkcionalnih sposobnosti upitnika
za procjenu uspjeha u judu za judase nizih i visih kategorija: aritmeticka sredina (AS),standardna devijacija (SD),
minimalni rezultat (MIN), maksimalni rezultat (MAX), koeficijent asimetrije (SKE), koeficijent spljostenosti (KUR) i
Kolmogorov — Smirnovljev test (K-S).

NIZE KATEGORLJE VISE KATEGORIJE

VAR AS SD | MIN | MAX | SKE | KUR | KS AS SD | MIN | MAX | SKE | KUR K-S

SPECIF | 7823 | 13.95 | 50 | 100 | -0.06 | -0.82 | 0.12 | 7870 | 1409 | 50 | 100 | -0.38 | -033 | 0.13

AG 7570 | 1569 | 30 | 100 | -0.77 | 037 | 020 | 63.13 | 1900 | 20 | 90 | -045 | -083 | 0.19

BRZ 8220 | 1094 | 50 | 100 | -058 | 079 | 0.19 | 72.08 | 1402 | 40 | 100 | -0.01 | -0.71 0.15

EKS 7867 | 1279 | 50 | 100 | -0.28 | -0.73 | 0.16 | 7693 | 1435 | 40 | 100 | -054 | 097 0.19

FLEK | 61.73 | 1692 | 30 | 100 | 0.12 | -043 | 0.18 | 58.00 | 16.86 | 20 | 90 | -0.02 | -0.58 | 0.15

KOO 7788 | 1527 | 30 | 100 | -092 | 140 | 0.17 | 7063 | 1645 | 20 | 100 | -0.60 | 0.78 0.11

MAKS | 6363 | 17.17 | 30 | 100 | -017 | -042 | 0.14 | 81.73 | 11.70 | 60 | 100 | 0.06 | -0.96 | 0.14

1ZD 7113 |1 1696 | 30 | 100 | -0.78 | 0.15 | 017 | 77.63 | 1214 | 50 | 100 | -0.04 | -0.60 | 0.14

RAV 7170 | 2146 | 20 | 100 | -0.83 | -0.01 | 015 | 7038 | 19.82 | 20 | 100 | -047 | 035 | 0.3

Granicna vrijednost K-S testa za n=40 iznosi 0,21 p<0,05
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Tablica 1 prikazuje deskriptivne pokazateljeanaliziranihvarijablimotori¢ko-
funkcionalnih sposobnosti koji sudobiveni prema stavovima vrhunskih judo
trenera kod judasa. Vrijednosti K-S testa za testiranje normaliteta distribucije
krecu se od 0.11 do 0.20i ispod su razine grani¢ne vrijednosti.

Tablica 2. Rezultati t-testa u motoricko-funkcionalnim sposobnostima izmedu judasa niZih i visih kategorija:

aritmeticka sredina (AS),standardna devijacija (SD), Kolmogorov-Smirnovljev test (K-S), vrijednost t-testa (t test),
razina znacajnosti (P), znacajna razlika na razini p<0.05 (¥)

NIZE KATEGORIJE VISE KATEGORIJE

VAR AS | +| SD AS + SD t-test P
SPECIF 7823 | £ | 1395 | 7870 | + | 14.09 -0.15 0.88
AG 75.70 | + | 1569 | 6313 | + | 19.00 3.23 0.00*
BRZ 8220 | + | 1094 | 7208 |+ | 14.02 3.60 0.00*
EKS 7867 | £ | 1279 | 7693 | + | 1435 0.58 0.57
FLEK 6173 | + | 1692 | 5800 | + | 16.86 0.99 0.33
KOO 7788 | + | 1527 | 7063 | + | 1645 2.04 0.04*
MAKS 6363 | + | 1747 | 8173 |+ | 11.70 -5.51 0.00*
1ZD 7113 | £ | 1696 | 7763 | + | 12.14 -1.97 0.05
RAV 7170 | + | 2146 | 7038 | + | 19.82 0.29 0.77

Uvidom u rezultate t testa (tablica 2) u stavovima trenera o redoslijedu
utjecaja motoricko funkcionalnih sposobnosti na uspjeh u judo sportu izmedu
judasa nizih kategorija i judasa viSih kategorija, moze se primijetiti da se
na razini znacajnosti p<0.05 statisticki znacajno razlikuju stavovi trenera u
varijablama za procjenu agilnosti (t-test=3.23; p<0.01), brzine (t-test=3.60;
p<0.01), koordinacije (t-test=2.04; p<0.05) i maksimalne jakosti (t-test=-5.51;
p<0.01).

RASPRAVA

Promatrajuc¢i srednje vrijednosti vaznosti ponudenih dimenzija na
uspjeh u judu, uocava se mozda i najvaznija Cinjenica ovog dijela istrazivanja.
Naime, primjetne su izuzetno male razlike izmedu prve i posljednje dimenzije
bitne za uspjeh u judu (prosjecne vrijednosti rezultata kre¢u se uglavnom u
vrijednostima od 60 — 100). Takvi rezultati sugeriraju da prakticki sve motoricko-
funkcionalne sposobnosti imaju znacajan utjecaj na uspjeh u judu, te da
nema znacajnih razlika u vaznosti izmedu njih bez obzira na spol i tezinsku
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kategoriju. Kod judasa nizih kategorija vidi se kako su brzina, eksplozivna snaga
i specifi¢na judo izdrZljivost najvaznije za uspjeh u judu prema stavovima judo
trenera. Franchini i sur. (2013) navode kako je judo sport u kojem prevladavaju
aktivnosti visokog intenziteta te su za natjecateljsku uspjesnost i optimalan
tehnicko takticki razvoj potrebne mnoge sposobnosti. Visoko pozicionirane
brzina i eksplozivna snaga vjerojatno su dijelom uzrokovane promjenama
pravila koja su izmedu ostalog imala za cilj smanjiti pasivnost, odnosno
povecati aktivnost-atraktivnost u judo borbi. U istrazivanju Herndndez-Garcia
i sur. (2009) autori su dosli do zaklju¢ka kako se dolaskom novih pravila broj
i trajanje pauza u judo borbi smanjuje, a ujedno se povecava aktivnost u
borbi to rezultira velikim fizioloskim zahtjevima u judo borbi.Nova pravila su
nekadasnju nerijetko pasivnui stati¢nu borbu koja se odvijala u nadmudrivanju
protivnika kroz primanje i raskidanje garda, dovela da se judasi (osobito u nizim
tezinskim kategorijama) brze krecu po strunjaci, a tehnike se izvode ce3ce i
eksplozivnije. Nakon 3to judas primi gard, izvodenje tehnika bacanja zahtijeva
eksplozivne reakcije u trajanju od 1.0-1.4s, u kojoj su uklju¢ene donje i gornje
misi¢ne skupine ( Marconi sur., 2010). Monteiro i sur. 2014. godine navode kako
je cilj judasa prilikom izvodenja tehnika bacanja spustiti centar tezista $to nize
i zadrzati takav polozaj dok se ne pripremi za eksplozivno izvodenje bacanja.
Krstulovicisur.(2012) suusvomi istrazivanju zakljucili kako su eksplozivna snaga
i brzina najvaznije kod judasa nizih kategorija. Ocekivani rezultati dobiveni su
kodjudasa visih kategorija gdje maksimalna jakost zauzima prvo mjesto, a
slijede je specificna judo izdrzljivost i misi¢na izdrzljivost. Za razliku od nizih
kategorija kod kojih se dolaskom novih pravila ,ubrzala” judo borba, u visim
kategorijama jos$ uvijek dominira maksimalna jakost. Prema, Sterkowicz i sur.
(2011) i Bonitch-Goéngora i sur. (2012), vazno mjesto u pripremi judasa zauzima
maksimalna jakost jer ona omogucava drzanje, kontrolu i dominaciju nad
protivnikom kako bi se izvele tehnike u napadu sa krajnjim ciljem ostvarivanja
pobjede. Medutim kako je ve¢ navedeno, potrebno je izbjeci pasivnhu borbu,
pa se tako uocava kako su u visim kategorijama pored maksimalne jakosti
vazne specificna judo izdrZljivost i misi¢na izdrZljivost koje osiguravaju
aktivnost i dominaciju judada tijekom cijele borbe u kojoj su energetski
zahtjevi izuzetno veliki. Takoder se primjecuje kako su vrhunski treneri odmah
iza navedenih sposobnosti, rangirali upravo brzinu i eksplozivnu snagu koje
znacajno pridonose aktivnoj borbi a time u kona¢nici pobjedi. Analizirajudi
razlike u stavovima trenera ovisno o kategorijidobivene su znacajne razlike kod
judasa nizih i visih kategorija. Naime, ocito da anketirani treneri smatraju da
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varijable agilnost, brzina ikoordinacija vise pridonose uspjehu kod muskaraca
nizih kategorija, dok varijabla maksimalna jakost vise pridonosi uspjehu kod
muskaraca visih kategorija.

ZAKLJUCAK

Za potrebe ovog istrazivanja definirana su dva cilja: utvrdivanje
redoslijeda i vaznostimotori¢ko funkcionalnih sposobnosti judasa kadetske
dobne skupine putem anketnog upitnika s obzirom na tezinsku kategoriju,
te utvrdivanje razlika u rezultatima dobivenim putem anketnog upitnika
o redoslijedu i vaznosti motoricko funkcionalnih sposobnosti na uspjeh
judasa kadetske dobne skupine s obzirom na teZinsku kategoriju.Kod judasa
nizih kategorija prema stavovima judo trenera brzina, eksplozivna snaga
i specificna judo izdrzZljivost zauzimaju prva tri mjesta dok su maksimalna
jakost i fleksibilnost najmanje bitni za uspjeh. Umjerenu vaznost na uspjeh u
judu imaju koordinacija, agilnost, ravnoteza i misi¢na izdrzZljivost. S druge pak
strane, kod judasa visih kategorija prema stavovima judo trenera najvaznije
su maksimalna jakost, specifi¢na judo izdrZljivost i misi¢nu izdrzljivost, dok su
agilnost i fleksibilnost najmanje bitne za uspjeh.Rezultati t-testaizmedu judasa
nizih i visih kategorija, ukazuju kako postoji statisticki znacajna razlika u cetiri
varijable(agilnost, brzina, koordinacija i maksimalna jakost).
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Utjecaj motoricko-funkcionalnih sposobnosti na
uspjeh kod judasa kadetske dobne kategorije

Goran Kuvaci¢', Petra Dapic¢ Caput?, Sasa Krstulovi¢'

'Kinezioloski fakultet, Sveuciliste u Splitu
2Judo klub ,,Dubrovnik”

ABSTRACT

In this research testing of bio-motor abilities was conducted in order
to define the influence of bio-motor abilities judoka Cadet age group, and
determine the linkage between results obtained by testing bio-motor abilities
tothe successjudoka Cadet age due to the weight category.Cadet judokas were
divided in two sub-groups. The first sub-group represents 22 judoka of lower
weight categories, the average body weight of 62.35 + 6:51 kg., and second
sub-group represents 20 judoka of higher weight categories, the average body
mass 83.78 + 13:33 kg. Sample of variables represents nine tests for evaluating
bio-motor abilitites. In lower categories greatest influence on the criterion
variable have agility (f =-0.42), speed ( =-0.37) and specific judo endurance,
but not at the level of statistical significance. Furthermore, in higher categories
greatest impact on the criterion variable have maximum strength ( = 0.585)
and coordination (3 = -0433). Variables that are still included in the analysis
were those for assessment of agility, speed, explosive strength and flexibility,
but not at the level of significance.

Key words: Bio-motor Abilities, Weight Categories, Endurance, Judo

uvoD

Natjecateljsku uspjeSnost odreduje citav niz osobina i sposobnosti,
psihicki i energetski potencijal pojedinca te tehnic¢ko-takti¢ka izvedba, koja
se realizira u izravnoj borbi sa protivnikom. Fukuda i sur. (2011) naglasavaju
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kako je trening juda metabolicki zahtjevna aktivnost koja je povijesno bila
povezana s tjelesnim odgojem i razvojem djece i mladezi. Poznajuci vrijednosti
juda i njegov svestrani utjecaj na cjelokupni antropoloski status pojedinca
pred trenerima su veliki izazovi u svakodnevnom radu, posebno kada se radi
o postizanju vrhunskih rezultata. Judo je olimpijski sport sa velikom fizickom,
tehnickom i taktickom slozenos¢u (Degoutte i sur., 2003). Osnovao ga je Jigoro
Kano 1882. u Japanu. Siroki spektar judo tehnika dijeli se na osam skupina:
tehnike stavova, tehnike kretanja, tehnike hvatova, tehnike padova, tehnike
bacanja, tehnike poluga, tehnike gusenja i tehnike zahvata drzanja. Sve
tehnike juda izvode se u borbi sa protivnikom gdje su mogucée mnogobrojne
kombinacije bilo da se radi o obrani ili napadu odnosno o borbi u stoje¢em
stavu ili parteru.U judu se treba voditi racuna o ¢injenici da su judasi osim po
spolu i dobnim skupinama podijeljeni i po teZinskim kategorijama. Callister
i sur. (1991) naglasavaju kako su faktori odgovorni za uspjesnu izvedbu
specificni za svaku pojedinu tezinsku kategoriju. S ciliem izrade Sto kvalitetnijeg
plana i programa, a u konacnici i postizanja vrhunskog rezultata, potrebno je
provoditi istrazivanja vezana uz odredivanje hijerarhijske strukture ¢imbenika
bitnih za uspjeh u judu te odnosa istih. Na taj se nac¢in omogucava dobivanje
vaznih spoznaja odgovornih za postizanje uspjeha. Treninge trebaju provoditi
visokoobrazovanii stru¢ni treneri kako trening ne biimao negativne posljedice
na razvoj pojedincaina njegovu sportskuizvedbu (Oliverisur., 2011). Glavni cilj
ovog istrazivanja je utvrdivanjeutjecaja motori¢ko-funkcionalnih sposobnosti
na uspjeh u judu kadetske dobne skupine putem testiranja motoricko-
funkcionalnih sposobnosti s obzirom na tezinsku kategoriju.

METODE

Uzorak ispitanika sacinjava 2 sub-uzorka judasa kadetske dobne skupine
od 15 do 17 godina, kojeg izmedu ostalih predstavljaju nositelji drzavnih
medalja i medalja sa europskih kupova, te natjecatelji koji su nastupili na
Europskom prvenstvu za kadete i kadetkinje. Prvi sub-uzorak predstavlja 22
judasa kadetske dobne skupine nizih tezinskih kategorija, prosjecne tjelesne
mase 62.35+6.51 kg. Drugi sub-uzorak predstavlja 20 judasa kadetske dobne
skupine visih tezinskih kategorija, prosje¢ne tjelesne mase 83.78+13.33
kg. Uzorak varijabli predstavljaju testovi (po jedan reprezentativni test) za
procjenu pojedinih motoricko-funkcionalnih sposobnosti: 1) za procjenu
fleksibilnosti -pretklon sunozno (FLEK), 2) za procjenu agilnosti -t test (AG),
3) za procjenu koordinacije -okretnost na tlu (KOO), 4) za procjenu ravnoteze
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-stork test(RAV), 5) za procjenu specificne judo izdrzljivosti -specifi¢ni judo
fitness test (SPECIF), 6) za procjenu eksplozivne snage nogu -skok iz ¢u¢nja
sa pripremom (EKS), 7) za procjenu misi¢ne izdrzljivosti podizanje trupa iz
leZanja (IZD), 8) za procjenu maksimalne jakosti - lat masina 1 RM (MAKS), 9) za
procjenu brzinskih sposobnosti -tréanje 30 m iz leteceg starta (BRZ). Kriterijska
varijabla natjecateljske uspjesnosti definirana je na temelju prikupljenih
bodova koje su judasi ostvarili na kriterijskim natjecanjima za teku¢u godinu,
a koji su objavljenih u registru Hrvatskog judo saveza.Utvrdeni su deskriptivni
i distribucijski parametri za oba sub-uzorka.Za potrebe utvrdivanja utjecaja
motoricko-funkcionalnih sposobnosti na uspjeh u judu putem testiranja
motori¢ko-funkcionalnih sposobnosti primijenjena je viSestruka regresijska
analiza sa koriStenjem forward stepwise algoritma selekcije varijabli u
regresijski model.

REZULTATI

Tablica 1. Deskriptivni pokazatelji testiranja motoricko funkcionalnih sposobnosti judasa nizih i judasa visih
kategorija: aritmeticka sredina (AS),standardna devijacija (SD), minimalni rezultat (MIN), maksimalni rezultat
(MAX) i Kolmogorov — Smirnovljev test (K-S).

NIZE KATEGORIJE (n=22) VISE KATEGORLJE (n=20)
VAR AS SD MIN | MAX | K-S AS SD | MIN | MAX | K-S

SPECIF* | 15.24 | 1.70 | 12.03 | 19.67 | 0.09 | 14.73 | 1.52 | 12.31 | 18.00 | 0.16

AG* | 11.82| 093 | 1050 | 1422 | 0.19 | 11.97 | 0.85 | 10.49 | 13.48 | 0.11

BRZ* | 424 | 028 | 388 | 494 | 0.12| 431 | 028 | 396 | 5.04 |0.18

EKS |[29.80| 6.90 | 19.00 | 47.67 | 0.13 | 25.20 | 7.01 | 15.53 | 40.57 | 0.12

FLEK | 3429 | 9.27 | 17.67 | 51.33 | 0.12 | 37.90 | 732 | 21.33 | 49.00 | 0.11

KOO* | 1338 | 1.34 | 10.50 | 1553 | 0.13 | 13.96 | 1.71 | 10.53 | 16.69 | 0.09

MAKS | 59.77 | 11.90 | 40.00 | 80.00 | 0.15 | 70.50 | 8.87 | 55.00 | 90.00 | 0.13

IZD | 60.14 | 6.20 | 41.00 | 70.00 | 0.18 | 56.70 | 5.68 | 41.00 | 66.00 | 0.15

RAV 459 | 220 | 167 | 946 | 021 | 404 | 195 | 186 | 7.88 | 0.27

Granic¢na vrijednost K-S testa (za n=22 iznosi 0,21; za n=20iznosi 0,29; p<0,05)

Analiza distribucije rezultata kod judasa nizih kategorija, putem
Kolmogorov - Smirnovljevog testa za svaku izmjerenu varijablu potvrduje da
ne postoji znacajna razlika distribucija rezultata navedenih varijabli u odnosu
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na teorijski normalne distribucije rezultata na razini pogreske od 0.05. Za
uzorak ispitanika - judasi visih kategorija, deskriptivni pokazatelji iz tablice
1. analiziranih varijabli motori¢ko funkcionalnih sposobnosti i vrijednosti K-S
testa za testiranje normaliteta distribucije se kre¢u od 0.09 do 0.27i ispod su
razine grani¢ne vrijednosti. Navedeni rezultati ukazuju kako sve promatrane
varijable ne odstupaju znacajno od normalne Gaussove distribucije, te se
prikupljeni podaci mogu koristiti za daljnje statisti¢cke obrade

Tablica 2. Rezultati multiple regresijske analize i forward stepwise regresijske analize motoricko funkcionalnih
sposobnosti bitnih za uspjeh kod judasa nizih i visih kategorija: multipla regresija (R), koeficijent determinacije
(R%), standardizirana vrijednost regresijskog koeficijenta (B), standardizirana vrijednost regresijskog koeficijenta-
Forward stepwise (B(FS)), razina znacajnosti (p).

NIZE KATEGORIJE VISE KATEGORIJE
VAR B B (FS) B B (FS)
SPECIF* | -0.242 -0.262 -0.053
AG* -0.375 -0.419* 0.366 0.318
BRZ* -0.339 -0.375* 0419 0.443
EKS 0.005 0.352 0.345
FLEK -0.029 0.257 0.269
KOO -0.155 -0.383 0433
MAKS 0.003 0.598* 0.585*
IZD 0.055 0.079
RAV -0,287 -0.269 0.020
R082°  RO81™ [g083R0.83" Re-0.70
R-068  Re066 | 089
p< 0.05* p<0.01** p<0.05" p<0.01™

Kod nizih kategorija iz tablice 2 moze se zakljuciti kako kod primijenjenog
modela multiple regresijske analize postoji statisticki znacajan utjecaj
skupa motori¢ko funkcionalnih varijabli sposobnosti na kriterijsku varijablu
uspjesnosti. Medutim, parcijalno niti jedna primijenjena varijabla nema
znacajan utjecaj na uspjeh u judu. Primjenom forward stepwise regresijske
analize koeficijent multiple korelacije za navedene varijable iznosi 0.82 te je
statisti¢ki znacajan narazini p<0.01. Najvedi utjecaj na kriterijsku varijablu imaju
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varijable za procjenu agilnosti (3=-0.42) i brzine (3=-0.37). Kod visih kategorija
samo se modelom forward stepwise analize dobio statisti¢ki znacajan utjecaj
skupa prediktorskih varijabli na kriterij. Tako je primjenom navedenog modela
koeficijent multiple korelacije za navedene varijable 0.83 (p< 0.05). U ovom
modelu najvedi utjecaj na kriterijsku varijablu imaju varijable za procjenu
maksimalne jakosti (3=0.585) i koordinacije ($=-0.43).

RASPRAVA

Neke od rezultatadeskriptivne statistike je moguce usporediti s istraziva-
njem Krstulovi¢ (2006) koji je uzorak kadeta takoder podijelio u dvije skupine;
nize i vise tezinske kategorije. UoCava se kako su u navedenom istrazivanju
kadeti niZih tezinskih kategorija imali u testu okretnost na tlu prosje¢nu vrijed-
nost 11.77, a u podizanju trupa 50.28. U ovom istrazivanju, prosjec¢ni rezultati
kod judasa nizih kategorija u testu okretnost na tlu su losiji i iznose 13.38, a re-
zultati podizanje trupabolji i iznose 60.14. Usporedujudi rezultate sa istraziva-
njem (Krstulovi¢, 2006) uocava se kako kadeti visih tezinskih kategorija imaju
vrijednosti u testu okretnost na tlu 11.84, dok kadeti visih kategorija u ovom
istrazivanju imaju prosjecne rezultate testaokretnost na tlu 13.96. Prosje¢ne
vrijednosti u rezultatima za procjenu misi¢ne izdrzljivosti koje u navedenom
istrazivanju iznose 49.04, dok su u ovom istraZivanju prosje¢ne vrijednosti
56.70. Rezultati multiple regresijske analize, te forward stepwise regresijske
analize sub-uzoraka ispitanika ukazuju na izrazito visoke numericke vrijed-
nosti regresijskih koeficijenata na globalnojrazini. Medutim, dobivena je veca
statisti¢ka znacajnost i visi parcijalni beta koeficijenti primjenom forward ste-
pwise metode.Obzirom da se radi o razmjerno malom uzorku ispitanika koji
je uz to podijeljen nadvije tezinske skupine (judasi nize kategorije n=22, ju-
dasi vise kategorije n=20), i obzirom na primijenjen razmjerno veliki broj mo-
torickofunkcionalnih testova bilo je sasvim ocekivano da ¢e metoda forward
stepwise multiple regresijske analize dati interpretabilnije rezultate. Rezultati
kod judasa nizih tezinskih kategorija su pokazali kako znacajan utjecaj nau-
spjeh u judu imaju brzina i agilnost. Navedene sposobnosti dolaze do izrazaja
u brzim kretanjima judasa po strunjaci kako bi se pravovremeno primio do-
minantan gard i time ujedno brzo i efikasno izvela tehnika bacanja s krajnjim
ciljem ostvarivanja pobjede. Takoder brze kretnje i promjene pravca kretanja
pomazu kod oslobadanja od garda koji je nepovoljan da bi se izvelo bacanje ili
kako bi se narusila protivnikova ravnoteza kao preduvjet za izvodenje novog
bacanja. Na sub-uzorku judasa visih kategorija, sustav prediktorskih varijabli
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objasnjava 69% ukupne varijance sustava, a multipla korelacija iznosi 0.83 pri-
mjenom forward stepwise regresijske analize. Najbolji prediktori natjecateljske
efikasnosti kod judasa visih kategorija su maksimalna jakost i koordinacija koje
su vazne u borbi posebno kod primanja garda i kontrole protivnika u stoje¢em
stavu i parteru. Visoka razina koordinacijskih sposobnosti je potrebna kako bi
se u realizaciji kompleksnih tehnicko taktickih elemenata doslo do pobjede. Da
bi realizacija kompleksnih tehnika bacanja bila uspjesna od judasa se zahtjeva
konstantno unaprjedivanje tehnike i tehnic¢ko-taktickih detalja raznih tehnika
u stoje¢em stavu i parteru, ali i obrana od protivnickih akcija, zasto je potrebna
neuro-muskularna koordinacija odnosno koordinacija gornjih i donjih ekstre-
miteta tijekom napada ili pak obrane (Sterkowiczisur 2012.). S obzirom da se
radi o judasima koji su u dobi kad jo3 uvijek nisu stekli potpunu tehnicku sta-
bilnost, vaZznost koordinacije je time jos$ vise izraZzena. Naime, poznato je da je
visoka razina koordinacije potrebna kod ucenja slozenih tehnika juda, te da
ona odreduje nacin na koji se judas bori, odnosno 5to je veca raznolikost tehni-
ka u pojedinom sportu to je veca vaznost koordinacije (Lech i sur. 2014). Visoka
razina koordinacije posebno dolazi do izrazaja u visim tezinskim kategorijama
gdje uz primjenu maksimalne jakosti koja omogucuje judasu dominaciju nad
protivnikom, visoka razina koordinacijskih sposobnosti olakSava izvodenje
tehnika juda u svim smjerovima.

ZAKLJUCAK

U ovom istrazivanju provedeno je testiranje motoric¢ko funkcionalnih spo-
sobnosti kako bi se definirao utjecaj motoricko-funkcionalnih sposobnostiju-
dasa kadetske dobne skupine na uspjeh judasa kadetske dobne skupine s ob-
zirom na tezinsku skupinu. Primjenom multiple regresijeske analize i forward
stepwise regresijske analize utvrdio se redoslijed i vaznost utjecaja motoric-
ko-funkcionalnih sposobnosti putem testiranja motori¢ko-funkcionalnih spo-
sobnosti judasa kadetske dobne skupine u dvije teZinske skupine. S obzirom
na broj ispitanika i primijenjenih varijabli metoda forward stepwise regresijske
analize se pokazala kao metodoloski opravdanija metoda. Kod judasa nizih
kategorija najvedi utjecaj na kriterijsku varijablu imaju varijable za procjenu
agilnosti i brzine, te varijabla za procjenu specifi¢ne judo izdrZljivosti ali ne na
razini statisticke znacajnosti. Nadalje, kod judasa visih kategorija najvedi utje-
caj na kriterijsku varijablu imaju varijable za procjenu maksimalne jakosti i ko-
ordinacije. Varijable koje su jo$ uklju¢ene u analizi su one za procjenu agilnosti,
brzine, eksplozivne snage i fleksibilnosti, ali ne na razini znacajnosti.
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Povezanost dimenzija slike o sebi i ekstenziteta
treninga u sportskom plesu

Noemi Zovko, Alen Mileti¢, Vedrana Gr¢ic¢
Kinezioloski fakultet, Sveuciliste u Splitu, Hrvatska

ABSTRACT

Body image and self perception are important issue among sport dancers
that effects planning of dance training. Interdisciplinary investigations are
needed to understand better relations body image and various training factors.
Training extensity is one of well known factors that influence success on
dance competitions. The investigation was conducted in order to established
relations between factors of Multidimensional Body Image Questionnaire and
training extensity. The experiment comprised of 173 female sport dancers and
200 male sport dancers from 53 countries and six continents. The sample of
variables was consisted of variables for estimation, latent dimensions obtained
in investigation Miletic (2012): attractiveness, joy, body efficacy, flexibility,
energy, strength, bad health/weakness and masculinity/femininity; and
variables for estimation of training extensity. According to results obtained
by discriminate analysis calculated separately by gender, the interrelations of
factors of Multidimensional Body Image Questionnaire were defined among
subsamples defined by training extensity with domination of flexibility and
energy factors. Furtherinvestigations of age differences and training specifityes
are necessary for better understanding of obtained results

Key words: Standard and Latin dancers, gender differences, questionnaire

uvoD

Ples je slozena kinezioloska i drustvena aktivnost koju je potrebno
promatrati i analizirati interdisciplinarno. Proucavanje slike o tijelu kod plesaca
ima kineziolo$ku, psiholosku i umjetni¢ku pozadinu. Cash i Pruzinisky (1990)
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prema Cashmore (2008) definiraju sliku o tijelu kao unutarnje, subjektivne
reprezentacije fizicke pojavnosti tjelesnih iskustava, a nacin na koji se slika o
tijelu razvija nije samo naturalni ve¢ i kulturoloski posredovan proces. Kako
slika o tijelu ovisi 0 ocekivanjima i standardima, te o idealnoj slici koju je osoba
izgradila o svom tijelu, vrlo je vazno istrazivati i pritom razviti sustav procjene
slike o sebina uzorku profesionalnih plesaca kod kojih ¢e se standardi zasigurno
razlikovati od prosje¢ne sportske populacije. Prema Ambrosi-Radni¢ (2003)
slika o tijelu sadrZava: percepcije i stavove o vlastitom tijelu, tjelesni poloZaj
u prostoru, tjelesne granice, tjelesne kompetencije te aspekte tijela povezane
s dobi. Poznato je da su plesaci veoma kriti¢ni prema svom fizickom izgledu,
$to je povezano sa poremecajima u prehrani (Anshel, 2004; Ravaldi i sur., 2006)
te mozemo pretpostaviti da ¢e slika o sebi posredno utjecati i na trenazna
opterecenja, ali nije poznato kako.

IstraZivanje provedeno zasebno po spolu, omogucuje uvid u specifi¢nosti i
razlikovanje muskogizenskog plesnog identiteta, Sto osim plesacki-prakti¢nog
ima i izuzetno vaZzan socijalni ucinak. Sportski ples je disciplina koja se izvodi
u paru te se tako problemu samopoimanja plesnih parova treba i pristupati i
to zasebno po spolu, postujudi trenazne, tehnicke, antropoloske, psiholoske i
socioloske spolne osobitosti kod natjecatelja u sportskom plesu.

Konstrukcija mjernog instrumenta (upitnika) kojom se moze procijeniti
slika o sebi kod plesaca (Mileti¢, 2012), rjeSava vaZzan problem uvida u
specificnosti i razlikovanje muskog i Zenskog plesnog identiteta ali ostaje
neistrazeno podrucje povezanosti dimenzija identificiranih upitnikom s
trenaznim, kinezioloskim specifi¢cnostima.

Cilj istrazivanja je utvrditi strukturu i povezanost dimenzija tjelesne slike o
sebi kod sportskih plesaca s trenaznim ekstenzitetom, posebno po spolu

METODE RADA

Uzorci entiteta u ovom istrazivanju su aktivni plesni parovi, natjecatelji
u sportskom plesu koji su sudjelovali na medunarodnim natjecanjima
u latinoamerickim (samba, rumba, cha-cha-cha, paso doble i jive) i
standardnim (engleski valcer, tango, becki valcer, slowfox i quickstep)
plesovima.

Ukupan prikupljeni uzorak ima 373 plesaca sportskog plesa i to: 173
plesacice i 200 plesaca. Na ukupnom uzorku plesacica prosje¢ne vrijednosti
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tjelesne visine iznose 165,7 + 6,49; prosje¢ne vrijednosti tjelesne teZine iznose
53,7 + 6,84 i prosjecne vrijednosti BMl iznose 19,5 + 1,9. Na ukupnom uzorku
plesaca prosje¢ne vrijednosti tjelesne visine iznose 177,8 + 7,73; prosje¢ne
vrijednosti tjelesne tezine iznose 69,1 + 10,1 i prosjecne vrijednosti BMI iznose
21,8 = 2,5. Prosje¢na dob ukupnog prikupljenog uzorka kod plesacica je 24
godine (raspon od 15 do 38); a kod plesacga 25 godina (raspon od 15 do 40).
Plesaci i plesacice koji predstavljaju uzorak ispitanika u ovom istraZivanju
dolaze iz 53 razli¢itih zemalja svijeta.

Primijenjen je upitnik za procjenu slike o tijelu kod plesaca prema koji
je izraden pilot studiji (Milavi¢, Mileti¢, Mileti¢, 2012) na uzorku studenata
kineziologije, te zatim rekonstruiran na plesac¢ima (Mileti¢ 2012). Izolirano je
osam faktora koji su objasnili ukupno 87,67 % zajednicke varijance i to: prvi
(atraktivnost), drugi (radost), treci (tjelesna efikasnost), ¢etvrti (fleksibilnost),
peti (energi¢nost), Sesti (snaga), sedmi (loSe zdravlje/ nervoza) i osmi
(muzevnost/zenstvenost). Dobivene su razmjerno visoke interne konzistencije
latentnih dimenzija te zadovoljavaju¢e metrijske karakteristike osjetljivosti i
homogenosti.

Prema kriteriju trenaznog ekstenziteta ukupan uzorak je podijeljen na pet
subuzoraka prema razli¢itom trenaznom ekstenzitetu koji je odreden prema
prosjeku sati odradenih treninga unutar jednog tjedna kako slijedi: (1) jedan do
pet sati treniranja tjedno; (2) Sest do deset sati treniranja tjedno; (3) jedanaest
do petnaest sati treniranja tjedno; (4) Sesnaest do dvadeset sati treniranja
tjedno i (5) dvadeset jedan i vise sati treniranja tjedno

Podatci za istrazivanje prikupljeni su kombinacijom ispunjavanja
upitnika tipa ,papir -olovka” i ,on — line” metode prikupljanja podataka.
Pripremljen je upitnik koji je u konacnici preveden na osam svjetskih
jezika, a podatci su prikupljani: upisivanjem teksta, upisivanjem broj¢anih
vrijednosti u predvideno polje; odabirom jednog od ponudenih odgovora.
,On — line” upitnik postavljen je na specijaliziranom serveru namijenjenom
elektronskom prikupljanjuianalizi podataka na globalnoj razini (https://www.
surveymonkey.com/MyAccount_Login.aspx). Server i aplikacija omogucili su
razinu zastite pristupa lozinkom i automatsku identifikaciju ispitanika pri
popunjavanju upitnika s odredenog racunala definiranog IP adresom te
osobnim podacima.
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REZULTATI I RASPRAVA

Kako bi se procijenile razlike izmedu skupina plesacica i plesaca kojl
treniraju razli¢itim ekstenzitetom, a u odnosu na dimenzije testa za procjenu
slike o sebi u latenthnom prostoru, izracunata je diskriminativna kanonicka
analiza.

Prema Mileti¢ A (2012) utvrdene su dobre metrijske karakteristike za
procjenu tjelesne slike o sebi na uzorku plesacica i plesaca u sportskom plesu.
Faktorizacijom matrice sa 36 varijabli te oblimin rotacijom, a prema Guttman
- Kaiserovom kriteriju izolirano je osam faktora koji su objasnili ukupno 87,67
% zajednicke varijance i to: prvi (atraktivnost), drugi (radost), tredi (tjelesna
efikasnost), Cetvrti (fleksibilnost), peti (energi¢nost), Sesti (snaga), sedmi
(loSe zdravlje/ nervoza) i osmi (muzevnost/Zenstvenost). Dobivene latentne
dimenzije primijenjene su i u ovom istrazivanju.

U istom istrazivanju utvrdeno je da postoje razlike izmedu muskaraca i
Zena, natjecatelja u sportskom plesu, u poimanju slike o sebiito u poimanju
slike o sebi u dimenzijama atraktivnost, fleksibilnost i muzevnost/Zzenstvenost.
Dobivene razlike u ljestvicama atraktivnost i fleksibilnost idu u korist zena, dok
je razlika u ljestvici muzevnost/Zzenstvenost u korist muskaraca.

Tablica 1. Diskriminativna analiza dimenzija slike o tijelu plesacica na trenazni ekstenzitet

DF A Rc Wilks' lambda X SS P=
1 0,14 0,36 0,78 40,20 32,00 0,15
2 | 0,06 0,25 0,90 17,81 21,00 0,66
3 0,03 0,17 0,96 7,39 12,00 0,83
4 | 0,01 0,12 0,99 2,25 5,00 0,81

Tablica 2. Diskriminativna analiza dimenzija slike o tijelu plesaca na trenazni ekstenzitet

DF| A Rc Wilks’ lambda X SS P=
110,14 0,36 0,78 47,78 32,00 0,04
2 10,07 0,25 0,89 21,72 21,00 0,42
310,04 0,19 0,95 9,27 12,00 0,68
4 (0,01 0,11 0,99 2,50 5,00 0,78
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Tablica 3. Matrice strukture

1 1
plesacice plesaci
EFIKASNOST -0,11 -0,06
LOSE ZDR./NERVOZN. -0,30 0,27
MUZE./ZENSTVENOST -0,44 0,34
FLEKSIBILNOST -0,06 -0,55
RADOST 0,39 0,05
ENERGICNOST -0,09 -0,61
SNAGA 0,35 -0,04
ATRAKTIVNOST -0,23 0,29

Tablica 4. Centroidi skupina

1 1
plesacice plesaci
1-(1-5 sati) -0,15 -0,69
2 - (6-10 sati) 0,33 0,03
3-(11-15 sati) 0,13 -0,12
4 - (16-20 sati) -0,88 0,14
5- (21 vise sati) -0,31 0,75

Na uzorku plesacica (tablica 1) diskriminativna funkcija s vrijedno$¢u
Wilksove lambde .78 nije znacajna (na razini p<.05), te nije interpretirana ni
matrica strukture kao ni centroidi grupa (tablice 3 i 4 za podatke koji se odnose
na plesacice).

Na uzorku plesaca(tablica 2) diskriminativna funkcija s vrijednos¢u Wilksove
lambde .78 znacajna je (na razini p<.04), sa kanonickom korelacijom .36.

Iz tablice 3 vidimo da faktorsku strukturu ove diskriminacijske funkcije
definiraju dominantno energija (-.61) i fleksibilnost (-.55). Centroidi skupina
na diskriminacijskoj funkciji (tablica 4) pokazuju da takva latentna dimenzija
opisuje vise plesace koji treniraju do 15 sati tjedno. Drugu skupinu predstavljaju
plesaci koji treniraju vise od 15 sati tjedno, s najvisom vrijednosti centroida u
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grupi plesaca koji trenira vise od 21 sat tjedno. Mozemo zakljuciti da je upravo
ova grupa najbolje razdvojena diskriminativnom funkcijom.

Prema dobivenim rezultatima, plesaci koji imaju dobru percepciju o
fleksibilnostiienergijiimaju nizitrenazniintenzitet. Ovakvirezultatinisu o¢ekivani
jer bi oni koji najvise treniraju trebali mati i ve¢u percepciju svog dobrog stanja
fizickih sposobnosti. Potrebna su dalja istrazivanja koja bi sadrZavala egzaktne
vanjske pokazatelje trenaznog ekstenziteta povezano sa trenaznom i Zivotnom
dobi plesaca kako bi se mogli interpretirati dobiveni rezultati.

ZAKLJUCAK

Prema kriteriju ekstenziteta treninga na uzorku plesacica, nema znacajnih
razlika izmedu grupa sa razli¢itim tjednim trenaznim optereéenjem koje bi
definirale dimenzije slike o tijelu.

Na uzorku plesaca faktorsku strukturu diskriminacijske funkcije po
intenzitetu treninga definiraju dominantno energija i fleksibilnost. Plesaci
koji imaju dobru percepciju o fleksibilnosti i energiji imaju nizi trenazni
intenzitet. Ovakvi rezultati nisu ocekivani jer bi oni koji najvise treniraju trebali
mati i vecu percepciju svog dobrog stanja fizickih sposobnosti. Potrebna su
dalja istrazivanja koja bi sadrzavala egzaktne vanjske pokazatelje trenaznog
intenziteta povezano sa trenaznom i Zivotnom dobi plesaca kako bi se mogli
interpretirati dobiveni rezultati.
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Training Effects on Peak Torque and Total Work
of Knee and Elbow Extensor and Flexor Muscle in
Female Karate Athletes

Safet Kapo, Nedim Covi¢, Izet Rado, Husnija Kajmovic,
Nusret Smajlovi¢, SiniSa Kovac

Faculty of Sport and Physical Education,
University of Sarajevo, Bosnia and Herzegovina

ABSTRACT

The aim of this study was to determine the effects of karate training in
performing defence and offense tactic and technique elements reflecting as
peak torque (Pt) and total work (TW) alterations of knee and elbow extensor
and flexor muscles. The conducted programme lasted for 12 weeks, with 3
training sessions per week. The subjects were female karate athletes (n=22) on
average 13.6 + 2.1 years old, with at least 3 years of experience in karate sport.
The results of the conducted programme indicated some minor changes in the
above mentioned variables (ES range: 0.14-0.38). Therefore, it was necessary
to conduct an analysis of the effects of karate training in regards to changes
in isokinetic elbow and knee potential, bilateral differences and antagonistic
relations between the muscles, since these are regarded as important elements
in achieving karate excellence.

INTRODUCTION

Karate is a complex competitive sport, representing a combination of
martial arts and a person’s psychological perseverance. For achieving success
in karate the most important motor abilities are speed, power and aerobic
power (Adamczyk & Antoniak, 2010). Other important abilities are balance,
postural stability and flexibility (Roschel et al., 2009). The effects of karate
training in young karate athletes reflected as improvement in their balance
skills (Vando et al., 2013). The time of acceleration and the time of the peak
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torque in elite karate athletes knee and elbow performance did not differ
bilaterally (Scattone-Silva, Lessi, Lobato, & Serrao, 2012). These results suggest
that there is no difference between the level of strength and power regarding
the dominant and non dominant leg in karate athletes. Based from present
research that included male subjects mostly, it would be very interesting to
determine the effects of karate training on young female karate athletes.

Considering that karate is a popular sport, and that there is a great number
of those who practice it recreationally to improve their health (Douris et al.,
2004), one might pose a question as to what are its effects on the performance
of those who practice it. The basic principle of sport is health, regardless if we
arereferring to sport as recreational or professional (Faigenbaum & Myer, 2010),
therefore it is important to know what changes are induced by exercising,
especially in regards to sensitive children’s growth. It is of great importance
to analyse the effects of karate training in regards to the changes in young
female karate athletes and to determine whether the effects are positive or
negative, including the overall assessment of karate sport impact on muscle
performance status. What is characteristic about this age is the intensive
growth which can affect the level of strength (Ingle, Sleap, & Tolfrey, 2006). Of
course, there are differences between the training process of men and women,
and in the speed of adapting to an assigned training.

Peak torque and the total work can project the speed of movement
performance and the ability of sustaining it. The most important element of
physical condition which is necessary for the success in karate is explosiveness
and mobility of lower extremities (Blazevi¢, Kati¢, & Popovi¢, 2006). Technical
aspect of karate training is based on different patterns of movement such as
explosive leg movement, endurance and energetic movement. These patterns
of movement could influence the change on the quality level of strength, where
knees in particular endure a great load. In regards to theoretical assumption,
karate training affects the level of muscle strength through various mechanisms
of body adaptation. One might pose a question, whether and to what amount
karate training affects the strength and leg muscle power development. The
authors who acknowledge that karate training and its effects have been poorly
analysed, also state that the same goes for the strength development through
karate training. Considering that karate is a specific martial sport, in which
case the contact with the opponent is not essential, and the hitting impulse
is not significantly related to strength, a question is posed as to whether
karate training can influence the improvement of peak torque in leg muscles
regarding that this does not present the primary aim of karate training.
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The aim of this research was to determine bilateral differences and effects
of programmed karate training in regards to peak torque parameter changes
and total elbow and knee muscles work. We have assumed that karate training
will affect the value increase of peak torque momentum and total knee and
elbow work. Likewise, an assumption of this research is that there is smaller
number of bilateral differences within the given parameters.

METHODS
Experimental approach

Female karate athletes from local club were selected to participate at
national and international competitions with at least three years of sport
experience. Experimental programme was designed consisting of three
mesocycles and lasting twelve weeks in total. Training units were designed for
techical kata and fighting purposes, without additional elements in strength
and power development. The programme was conducted three times a week.
Training units lasted on average 87 + 1.7 min. Subjects on average participated
2.8 + 0.1 training units. Training episodes were designed as a sequenced
programme with 15 minutes of dynamic warm up followed by specific technical
elements (katas) and kumite (fight) training. Complete training process was
overseen by an expert coach. Programme was conducted in the period May -
September 2014. The research lasted for 4 months.

Sample

The sample consisted of female karate athletes (n=22) (mean £ SD: 13.6 + 2.1
year; 160.4 £ 10.1 cm; 55.9 + 14.4 kg). All the female karate athletes were without
injuries and healthy, therefore they were able to conduct the entire programme.
Neither of the subjects was hurt during the programme, nor have they abandoned
the training process. The entire procedure was conducted in accordance with the
Helsinki Committee Declaration, and a written consent was signed by the athletes
parents. Subjects were allowed to abandon study at any time.

Measurement procedures

Measuring isokinetic parameters of peak torque (Pt) and total work (TW)
was conducted on isokinetic dynamometer Byodex System 3 (Byodex, Sherly
New York), between 9 and 10 in the morning. Knee isokinetic parameters were
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measured immediately after elbow isokinetic parameters were taken. For each
subject, the instrument was set in accordance with the standard protocol, and
the values used were expressed by absolute units. Warm up protocol for each
subject was conducted by the same procedure consisting of 5 minutes bicycle
rideat50Wand a set of 7 dynamic stretching exercises. The main testing protocol
in isokinetic parameters consisted of three (3) test trials, and five (5) attempts
of purposeful maximum muscle contraction. The isokinetic knee parameter
analysis was conducted at two angular velocities values of 60°/sec and 180°/
sec. Isokinetic elbow potential was analyzed at two angular speed values 60
and 120°/sec. Protocol was conducted by 4 trained isokinetic dynamometer
analysts. The highest peak torque measurement (Pt) was illustrated as the
highest torque, expressed in Newton meters (Nm), and determined during knee
extension and flexion for both knees and elbows at the speed value indicated
above. Total work (TW) was demonstrated as flexor and extensor performance
conducted during the entire measurement protocol and expressed in Joules (J),
determined in regards to knee and elbow performance.

Statistical analysis

Standard distribution of data was evaluated by Shapiro — Wilk W test.
Significance of result differences was evaluated by student t test for the paired
samples (repeated measurements). Effect size (ES - Cohen'd) was calculated
for the variables where specific result differences were determined. ES values
ranging from 0 - 0.19 as trivial effect, 0.2-0.49 small effect, 0.5-0.79 middle
effect, and higher from 0.8 great effect (Cohen, J., 1988). Data were processed
by software SPSS 20.0 system (IBM Corp., Chicago). Data was expressed as
mean value + standard deviation (SD). The level of statistical significance was
determined at p<0.05.

RESULTS

According to Shapiro Wilk W test results all the variables had normal data
distribution. No statistical significance was determined in the differences of
heights and age at the beginning and at the end of the research. Statistically
significant bilateral differences. Subjects have statistically reduced their
body mass for 0.7 kg (p = 0.02; trivial effect ES = 0.04). Significant differences in
knee torque were determined in left leg flexion at the angular speed of 60°/
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sec (p =0.03; small effect ES = 0.28). Differences in the results of elbow torque
were determined in the right arm extension at the angular speed of 60°/sec
(p = 0.034; small effect ES = 0.33), left arm extension (p = 0.026; small effect ES
=0.37), right arm extension at 120°/sec (p = 0.045; small effect ES = 0.3). Higher
total work (TW) of the knee at 60°/sec in the final measurement was determined
in the right leg extension (p = 0.03; trivial effect ES = 0.14) and left leg extension
(p=0.032; small effect ES = 0.22). Differences in the total work (TW) of the elbow
at the speed of 60°/sec have been determined in the right arm extension (p =
0.002; trivial effect ES = 0.15) and left arm flexion (p = 0.001; small effect ES

=0.32).

<
E
Table 1 Knees peak torque and total work in flexion and extension at 60°/sec and 180°/sec. % <>t
Ea
v
Base line Study end Base line Study end w E
8«
(mean + SD) (mean + SD) (mean = SD) (mean = SD) E E
>
(n=22) (n=22) =3
-8
60°/sec 60°/sec
PT (Nm) TW(J)
Right ex. 538.32+164.83 | 560.8+161.4*
124.44 + 36.43 129.29 + 36.76
ES (0.14)
Left ex. 514.09 + 142.52 | 546.35 +148.1*
121.59 £ 33.13 126.19 £ 33.25
ES (0.22)
Right fl. 59.36 £ 19.71¥ 62.95 + 19.5¥ 269.84 + 88.65 280.12 +91.5¥
Left fl. 54.65+17.96 59.5+16.78*
257.85+87.29 262.43 + 86.35
ES (0.28)
180 °/sec 180 °/sec
PT (Nm) TW(J)
Right ex. 87.49 +£24.22 89.11+£24.18 43294+ 116.14 | 442.44+109.13
Left ex. 86.06 + 22.61 89.97 £21.99 42399+ 110.32 | 435+ 105.51
Right fl. 4833 +13.11¥ 50.14+£12.82 228.46 +62.76 229.41 + 64.65
Left fl. 45.27 +10.98 4773+11.6 232.03 +67.55 237.09+72.6

*p<0.05, **p<0.01, PT - peak torque, TW - total work, ex. — extension, fl. - flexion

¥ - significantly higher compared to the left side
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Table 2 Elbows peak torque and total work in flexion and extension at 60°/sec and 120°/sec.

Base line Study end Base line Study end
(mean £ SD) (mean £ SD) (mean £ SD) (mean £ SD)
(n=22) (n=22)
60°/sec 60°/sec
PT (Nm) TW (J)
Right ex. 32.97 +7.49¥% 35.51+7.68* ¥ 213.62 +47.85¥% 221.48 +£ 55.29%**¥
ES (0.33) ES (0.15)
Left ex. 29.89 + 5.64 32.44 +7.83* 194.24 + 43.92 194.54 + 47.82 <
w2
ES (0.37) = =
<
Right fl. 21.51+5.98 23.28 £5.57 122.29 + 41.64 136.05 + 34.58 E a
o
Left fl. 22.69 +6.09 2482 +6.5 137.6 £39.72§ 149.75 +37.11**§ ; :
[11]
= =
ES (0.32) Ss
120 °/sec 120 °/sec e
PT (Nm) TW (J)
Right ex. 26.5 + 5.95¥ 28.26 + 5.66* ¥ 189.38 + 50.2¥ 188.05 + 41.7¥
ES (0.30)
Left ex. 2423 +545 2492 +5.49 168.38 + 51.37 158.32 +43.74
Right fl. 17.78 £ 5.84 18.28 +5.2 106.65 +43.4 101.55+35.38
Left fl. 18.66 + 4.25 1855+5 111.57 +37.36 119.48 + 33.01§

*p<0.05, **p<0.01, PT - peak torque, TW - total work, ex. — extension, fl. - flexion
¥ - significantly higher compared to the left side, § - significantly higher compared to the
right side

DISCUSSION

Influenced by the karate programme, female karate athletes have
morphologically reconstructed the body mass and reduced it for 0.7kg. All the
girls have a relatively similar body mass, height and morphological size which
can affect the results of peak torque and total work. The results of this research
indicate that karate training has in small amount affected the change in values
of peak torque and total work in female karate athletes extensor and flexor
knee and elbow muscle. Based on the values of the size of the effect (ES has
indicated variations of 0.14-0.37) one can state that the effect of karate training
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on the torque peak and total work alteration was insignificant and minor.
During the extension and flexion of the right leg, in female karate athletes a
much greater value of torque peak and total work was expressed in relation to
the left leg. Greater values of torque peak and total work were registered in the
right arm extension, while greater values of flexion were indicated in the left
arm.What can be regarded as specificin the research analysis is that the applied
programme has generated more value alterations in relation to peak torque
and total work of the elbow muscles than the knee muscles. These results can
be connected to the importance of performing fast hand techniques in karate
(Roschel et al., 2009). Regarding the characteristics of karate programme and
movement patterns, one can conclude that the intensity or total volume of
three times per week were not suitable to cause significant changes since
karatekas were experienced and well trained.

Positive affect of karate training in regards to the lower extremity strength
increase in karate athletes aged from 8 to 13 have been established by Violan
and co-authors (Violan, Small, Zetariuk, & Micheli, 1997). Results of the research
have confirmed that karate training increases isokinetic knee parameters,
measured at 60°/sec. Programmed training performed within this research
consisted of high intensity training exercises, therefore it is regarded as one
of the major reasons which have led to the increase in the strength of lower
extremities in such a short period of time. Isokinetic parameters in elite karate
athletes are greater if compared to the amateurs (Sbriccoli et al., 2010). Long
term training process in karate has in regards to elite karate athletes generated a
strength increase in the lower extremities. There is a great connection between
strength and agility when it comes to performing karate elements (Kati¢, Males,
& Mileti¢, 2002), therefore the more successfull ones are those that have a better
understanding of the basic motor abilities. According to Padulo (2014) karate
trainign contributes to the development of the explosive strenght, which was
measured by performing long jump and medicine ball throw tests, however
no results were recorded in relation to the isokinetic peak torque parameters.
Training programme conducted by the authors consists of a great number of
exercises designed for developing the strenght and power and for the most
part differ from the one performed in our study which is over 70% of time
dominated by technical fight elements. The subjects differ in age, and were not
trained to work on the isokinetic dynamometer, contrary to the respondents
from mentioned study who perforemed jumping and throwing which allows
increase in power parameters and might cause sudden peak power jump.
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Research indicated that there are slightly significant bilateral differences
between knee and elbow extensor and flexor muscles. Regarding the knee
muscles the greatest bilateral differences were confirmed in the left and
right flexion. The programme conducted in our research did not decrease
the existing differences, but has contributed to an increase of differences
regarding to the total work variable. Data obtained in relation to the bilateral
differences indicate an increase which is not in accordance with the results
gained by the individual research conducted so far. Concerning the results
obtained by Scattone (Scattone-Silva et al.,, 2012) the results of this research
indicate the existence of bilateral differences. The results can be explained as
such by observing the characteristics of tested subjects, elite karate athletes
as opposed to female karate athletes. Diversity and bilateral differences could
be expected considering the age variability of the tested subjects. Likewise,
a well regulated training can generate asymmetries between the agonist
and antagonist which can contribute to contestant knee and elbow injuries
(Scattone-Silva et al., 2012). Special attention should be devoted to precisely
this segment. Contrary to the mentioned results, bilateral differences were
determined in younger female karate athletes (Do Kim & Pieter 2014). These
results are similar to the results which were obtained in this research. Sample
is on average 6 years older than our test subjects. From the above stated, one
can assert that female karate athletes, unlike elite karate athletes demonstrate
bilateral differences even in older age.

Restrictiveness of the study can be reflected in a relatively non
homogeneous sample of girls in relation to the competition level. Further
research is required for the study of the extensor and flexor elbow muscle
strength, regarding the fact that explosive strength and speed of upper
extremities is crucial for the elite karate athletes performance (Stockbrugger
& Haennel, 2001). Likewise, it is necessary to evaluate the karate training effect
on the changes of isokinetic knee parameters in girls of younger age.

CONCLUSION

According to the results of previous research, one can state that karate
training affects the torque peak in knee and elbow muscles in elite karate
athletes. The research has not confirmed the existence of significant changes
in the level of strength in female karate athlete. The conducted programme
consisted of those fighting elements used in offense and defence and it was
not efficient enough to have any impact in strength increase as a significant
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motor ability which can contribute to greater efficiency. Karate training has
slightly improved the elbow and knee strength. Further research is necessary
to determine the karate training effect in regards to strength increase in
female karate athletes. Karate training slightly increases the upper and lower
extremity strength but it does notimprove the bilateral differences in strength.
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ABSTRACT

Numerous psychological instruments are developed with a purpose assess
psychological characteristics of athletes. In this study, recently preliminary
validated battery of questionnaires, named Multidimensional Inventory of
Sport Excellence (MUSI) is applied. From entire MUSI, several subscales are
applied, measuring following psychological characteristics: mental energy,
cognitive anxiety, somatic anxiety, attention focusing, awareness about
attention, wide internal/external attention, awareness about attention during
performance, internal speech and narrow external focus. The main goals of
the study are: to determine the differences between top female handball
and volleyball players in abovementioned psychological characteristics (1);
to determine the correlations between these psychological characteristics,
separately for handball and volleyball players (2). Sample of 91 female athletes,
35 handball and 56 volleyball players (mean age for handball 16.49+3.71 and
14.04+2.74 for volleyball) were included in the study. They are recruited from
sport clubs in Rijeka: “Rijeka” (volleyball) and “Zamet” (handball). Data were
collected from March to June 2014 in Rijeka, during the trainings in sports
clubs. The results revealed that only one statistically significant difference is
found between female handball and volleyball players in the aspects of MUSI
(in somatic anxiety, higher means female handball players had higher means
than volleyball players did). Approximately half of the correlations between
different psychological characteristics were low to moderate statistically
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significant (and mostly positively) correlated, with just a bit more significant
correlations found in volleyball players. The results provide the information
mostly about the similarities in examined psychological characteristics in
these two sports, as well as the similar profiles in the relationships between
these characteristics.

Keywords: coaching, diagnosis, female athletes, sports excellence

INTRODUCTION

The purpose of recently preliminary validated battery of questionnaires
(named Multidimensional Inventory of Sport Excellence, hereinafter MUSI) is
to help sport experts to understand how an individual perform under a variety
of sport situations. This information is very useful for the practical work with
the athletes, for the coaches or sport psychologists.

Mental energy describes specific biological processes involved in the
capacity of brain neurons to do physical work. Practically, mental energy refers
to the mood or motivational and cognitive processes. Self-reported feelings
are recognized as the best method for assessing mood (O'Connor, 2006).
Attention allows selecting information, sensations and perceptions that are
relevant now, because the performance in an athletic event requires an athlete
to focus upon the task at hand in order to achieve success. Vigilance and choice
reaction time are psychometrically convenient for assessing mental energy
(Lieberman, 2006). Tests of reaction time and vigilance are associated with
mood states corresponding to mental energy, such as sleepiness, fatigue, and
alertness and are of approximately equivalent sensitivity. Competitive anxiety
is the characteristic that describe the experience of the competition, which
could be perceived as more or less stressful: in the form of ,negative» thoughts
(cognitions), as well as negative emotions, followed by physiological indicators
(Cox, 2005; Spielberger, 1983). Successful confrontation with this competitive
stress causes lower incidence of competitive anxiety. Theory of Attentional and
Interpersonal Style (TAIS) had the goal to be useful in predicting performance
and in providing feedback about concentration skills to individuals involved in
a wide variety of performance areas (Nideffer, 1976). This theory brings together
performance relevant constructs in such a way as to accurately predict how
people will perform in wide variety of situations. TAIS considers concentration
along two dimensions: 1) breadth: at any given moment, attention could be
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either Broad (focused on multiple things simultaneously) or Narrow (focused
on one thing); and 2) direction: focus could be either External (focused outside
your head) or Internal (focused inside your head) (Nideffer, 1976). Attention is
a concept that describes actively processing specific information presented in
our environment. It allows to an individual to “filter out” information, sensations
and perceptions that are not relevant for certain task and instead focus on
the information that is important (Abernethy et al., 1998). While low arousal
may introduce unwanted competition between irrelevant and relevant cues,
high levels of arousal could lead to the phenomenon of distractibility. The
athlete with higher distractibility tends to experience sudden and significant
decrements in performance (Abernethy et al., 1998). However, it is important
to classify stimuli that require conscious or controlled attention as either task
relevant, or task irrelevant. Successful eliminating distractors is the ability to
recover quickly which is probably the single most important factor separating
successful athletes from unsuccessful ones (Orlick&Partington, 1990). Most
performance in sport is demanding, requiring athletes to combine very
complex motor sequences, using the perceptual information (e.g., information
about the location of the goal, other players, etc.) with internal information (e.g.,
feedback from the body about its position in space), to create patterns that the
brain can recognize at a preconscious level (Norman, 1968). In this study, young
female athletes in two team sports are particularly chosen to compare certain
psychological characteristics, considering that the differences could reflect
requests of certain sport, as well as coaching style. The first goal of this research
was to determine the differences between top female handball and volleyball
players in following psychological characteristics: mental energy, cognitive
anxiety, somatic anxiety, attention focusing, awareness about attention, wide
internal/external attention, awareness about attention during performance,
internal speech and narrow external focus. Moreover, the second goal was
to determine the correlations between these psychological characteristics,
separately for handball and volleyball players. These results could provide
the information about the level of the development of certain psychological
characteristics in these sports, as well to give useful data for coaches’ work.

METHODS

Participants and procedure. In total 91 female athletes, 35 handball and
56 volleyball players (mean age for handball 16.49+3.71 and for volleyball
14.04+2.74) were involved in the study. They are recruited from sport clubs
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in Rijeka: “Rijeka” (volleyball) and “Zamet” (handball). Their playing experience
was: 8.06+3.83 (handball) and 5.13+2.64 (volleyball). According to the level of
sport excellence, all participants were semi-professionals (they work or study
regularly out of sport, but they are engaged in regular training and national
competitions). Data are collected between March 2014 and July 2014 in the city
of Rijeka, Croatia. Participants always filled out the questionnaire anonymously
in the presence of a research assistant, or during or during the training, in their
respective sports clubs.

Measures. ltems of all questionnaires in battery followed the assumptions
from theoretical frameworks and belonging measuring instruments: Profile of
Mood States (POMS) (McNair et al., 1971, 2003), State-Trait Anxiety Inventory
(STAI) (Spielberger, 1983) and The Attentional and Interpersonal Style (TAIS)
(Nideffer, 1976), but with significant modifications. For the measuring mental
energy, Mental Energy Scale consists of 14 items based on the self-evaluation
of the level of mental energy (Sindik et al, 2015). For measuring attention
(concentration) we have developed Maintaining Attention Scale, with 12 items
based on the self-evaluation of the level of ‘adequate concentration’ Extensive
Internal Attention Scale consists of 9 items, while Extensive External Attention
Scale, as well as Narrow Internal Attention Scale and Narrow External Attention
Scale, and consists of 7 items, each. Finally, Cognitive and Somatic Anxiety
Scales (both with 14 items) are developed to measure these two aspects of
anxiety. All the questionnaires are using estimation Likert 5-point scale ranging
from strongly disagree (1) to strongly agree (5) The results are defined as a
simple linear combination of the estimations of the items, which define certain
dimension of the attention. Higher estimation means higher attention skills
and higher level of anxiety, except in case of Extensive internal attention (lower
score means higher developed skills). The reliabilities type internal consistency
in this study varied in range from 0.72 to 0.90, for all questionnaires in MUSI,
very similarly wit.

Statistical Analyses. In the statistical analyses of the data, the software
package SPSS 20.0 is used for both samples of participants. The reliability type
internal consistencyforall components (factors) revealed was determined using
Cronbach’s alpha coefficient. The differences are tested using independent
sample t-test, while the correlation analyses were performed using Spearman
rank-correlation coefficients. The significance of differences commented on
the probability level p<0.05.
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RESULTS

In Table 1 could be inspected that only one statistically significant
difference is found between female handball and volleyball players in the
aspects of MUSI. In the aspect of somatic anxiety, higher means are found in
female handball players, as compared with volleyball players.

Table 1 - Differences between female handball and volleyball players in the aspects of MUSI

Variables Type of sport | Mean | Std. Deviation | t-test (df=90)
, , handball 3.612 |0.753
attention focusing 0.136
volleyball 3.589 |0.782 ”
, handball 3.551 | 0.607 w2
awareness about attention 0.139 & <
volleyball 3532 |0.693 =
o , handball 2627 |0.708 o 2
wide internal attention 0.985 o
volleyball 2471 | 0.754 w =
, , handball 3.645 | 0.666 2 E
wide external attention -0.223 =0
volleyball 3.678 | 0.696 =
awareness about attention | handball 3.895 |0.598 1737
during performance volleyball 3619 |0.813 '
, handball 3.329 | 0.774
internal speech 1.317
volleyball 3.094 |0.859
handball 3.878 |0.738
mental energy 0.405
volleyball 3.812 | 0.695
cognitive anxiety handball 3.265 |0.672
1.842
volleyball 2969 |0.787
, , handball 2.095 |0.737
somatic anxiety 2471*
volleyball 1.742 | 0.522

Legend: * t-test significant at p<0.05

In the following two analyses, we have used obtained latent dimensions
of MUSI, to calculate the correlations among these latent dimensions of
psychological characteristics, separately for female handball players (Table
2) and volleyball players (Table 3). In handball players, out of 45 correlations
between variables of MUSI, included in this study, 20 of these correlations were
statistically significant (two negative-directed, while the others were positive),
and mainly low or moderate high (Table 2).
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Table 2 - Correlations between the aspects of MUSI in female handball players

= =) = (=) —
5| 2 g | 5 | 3 = = €g| § | €
2| = g S | 5| 58| 58| 35| & | 2.
Handball players | — 2 S s 85 | Eg g5 | 85 = 2 8
S| £ | E| £ | g% | g% | g% | gg| § | &
el g 2 £ |z = = £ £ | 8
mental energy 1| -146 | -203 | 556" | 445 | -135 | 614" | ,268 169 | 666"
cognitive anxiety 1 695" | -437° | 193 | 516" | -240 | -124 | 600" | -113
somatic anxiety 1 -338 ,004 304 | -345 | -042 | 366" | -247
attention focusing 1 230 | -244 | 6547 | 4617 | ,034 | 480"
awareness about . " . - -
attention 1 ,386 414 423 481 494
wide internal -
attention 1 -,049 087 | 719 ,022
wide external . -
attention 1 A4 ,109 /533
awareness about
attention during 1 328 ,287
performance
internal speech 1 155
narrow external 1
focus

Legend: * correlation significant at p<0.05; ** correlation significant at p<0.01

117

<
w2
€ <
Sz
(e~
VU
W
= a
8«
[T}

|:Z
SS
=N
o
a




TH
INTERNATIONAL
SCIENTIFIC
CONFERENCE

Spl, August26:30,2015 CONTEMPORARY KINESIOLOGY

In volleyball players, out of 45 correlations between variables of MUSI,
included in this study, 25 of these correlations were statistically significant
(five negative-directed, while the others were positive), and mainly low or
moderate high (Table 2).

Table 3 - Correlations between the aspects of MUSI in female volleyball players

()]
> = =
S| 8 2| 5|3 E § | E
= = 2 3 e} = ] 29 3 <
Volleyball g | & g 8 > < £ o £ s | £
| S v S c 9 c gc 9 c P a 3
players 5 | £ = 2 S22 | E2| §2 | g E s z
S| 5| E| 5|58 |e8|e8|zs¢| 5|83
| 8 3 B |38 | 38| 35| 58| E ge <
w2
[ " . . . " <
menta 1| 060 | 192 | 566" | %168 | -281° | 499" | 387" | 147 | 368 5=
energy -]
VUn
W
-, = a
cognitive 1 | 651% | 5190 | 417 | 620% | -151 | -312° | 602 | -138 8<
anxiety =2
SS
=N
: =0
somatic 1 | -007 | 359" | 431" | 025 | -070 | 358" | ,169 e
anxiety
attention 1 151 | -581" | 853" | 598" | 016 | ,571°
focusing
awareness
about 1 208 | 291" | 040 | 4377 | 249
attention
wide internal 1| 441 | 4817 | 5317 | -188
attention
wide e'xternal 1 559" 069 735"
attention
awareness
a.bout at.ten— 1 154 589"
tion during
performance
internal 1 127
speech
narrow
1
external focus

Legend: * correlation significant at p<0.05; ** correlation significant at p<0.01
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DISCUSSION

The main findings in this study provide the information mostly about
the similarities in examined psychological characteristics in these two sports.
Extensive internal attention, somatic and cognitive anxiety are the dimensions
with a number of negative associations with other characteristics in both
samples, what is expected (all these characteristics are undesirable for sport
success). Only statistically significant difference is found (somatic anxiety), as
well as the similar profiles in the relationships between these characteristics,
with only few more significant correlations found in volleyball players.
However, the trend of higher scores in desirable direction (except for somatic
and cognitive anxiety, and wide external attention) is found in female handball
players. One of possible explanation should be the fact that handball players
are slightly older than volleyball players. For this explanation is a little support,
because the dimensions explored in wider study are not associated with age of
athletes or their sport experience, in the larger sample of participants (Sindik
et al, 2015). On the other hand, some studies suggest that scores in similar
concentration scales indicate that concentration skills are improving with
age (Nideffer& Bond, 2012; Kovarova&Kovar, 2010). Second explanation is the
nature of two different sport games: handball is rough contact sport, while
the volleyball is not (Cox, 2005): thus, higher level of desirable psychological
characteristics, as well as high level of anxiety are expected. The advantage of
this research is the application of these (new) questionnaires on two team sport
games, for female athletes. The main shortcoming of the research is the fact
that the number of participants is not representative (it is too small and covers
at least athletes from one club for each sport, with age discrepancy). Moreover,
the same competition level in these two sports, in spite of the fact that it is
balanced, is not a guarantee that overall training and competitive requests are
similar (neglecting the‘nature’ of these sports in terms of contact etc.). Practical
implication of this study could be focused on using this orientation standards
(explained by means in certain characteristics), as useful information for sport
coaches or sport psychologists, as the start point to develop individualized
training programs to improve these skills (Nideffer& Bond, 2012).

CONCLUSIONS

The results obtained show that only in somatic anxiety is found one
statistically significant difference between female handball and volleyball
players, off all the dimensions of MUSI, in direction of higher means for
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female handball players. In all other characteristics, no statistically significant
differences were found, but with the trend of higher scores in desirable
direction (except for somatic and cognitive anxiety), found in female handball
players (as compared with volleyball players). Twenty significant correlations in
handball and 25 in volleyball players are found, mostly positive direction and
low to moderate high. The results provide the guidelines for sport coaches,
giving insights into the similar profiles of psychological characteristics in
these two sports, but with characteristic levels.
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Association of hypohydration and rate of body
mass reduction among elite youth amateur boxer

Damir Zubac, Vladimir lvanéev, Hrvoje Karnincic¢
Faculty of Kinesiology, University of Split, Croatia

ABSTRACT

The first aim of our study was to examine association of hydration status
(USG assessment) and rate of body mass reduction (ROR), secondly we also
examined prevalence of hypohydration and ROR among elite youth boxer. The
participants were 24 boxers (all males; nationalteam members; 16,83+1,01 years
of age) from three European countries, competing at the official tournament.
The variables were collected by assessing urine specific gravity (USG) using
digital refractometer and an anamnestic questionnaire asking subjects on
sports factors; current weight class category, competitive experience and
reduced body mass prior to a competition. ROR was calculated by dividing
body mass with body mass reduced prior to competition. According to results
shown in our study, USG was associated with subsequent body mass reduction
(Rs =0,65, p<0,01). Notably, we found that the change in body mass explained
very little of the variance in USG, only r*> = 42%. Moreover, high prevalence
of hypohydration was found, almost 60% of participants were reported USG
values >1,021 g/ml, while the most abundant pattern of weight reduction
was 2-5% of ROR reported by 50% of youth boxers. The official weigh-in at
competition day did not prevent hypohydration in our study. Boxing authorities
could reconsider official rules and regulation and advocate for implementing
an official hydration assessment program aiming to discourage athletes from
engaging in harmful weight loss procedures

Keywords: dehydration, weight cycling, combat sports

Introduction

Combat sports athletes’ are historically associated with competing in
weight class categories (WCC). Amateur boxing was the first combat sport
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that introduced WCC in 1867 (Smith, 2006a). Weight cutting is a common
practice in boxing with the purpose of taking advantage of rivals competing
in weight divisions below the athlete’s natural weight (Fernandez-Elias et
al., 2014). Extreme restrictions in the consumption of food and beverages,
training in rubber suits, improper use of a sauna, as well as the use of banned
pharmacological agents are frequently reported weight cutting methods
adopted by amateur boxer (Reljic, et al., 2013; Smith, 2006b). Detrimental
negative health consequences, including death, are documented as a result of
weight cutting, but this practice is still common in the majority of weight class
combat sports (Franchini, et al. 2012).

Excessive weight-cycling practices during adolescence may affect body
development through changesin endocrine mechanisms, such as testosterone
release and growth factor linked to insulin-1 (Roemmich & Sinning, 1997).
Furthermore, an eating disorder linked to weight making in junior boxers, in
attempt to suppress his body weight and continue to box domestically was
reported (Lovett, 1990). Higher prevalence of overweight and obesity in
former combat athletes exposed to body mass manipulation in comparison
with former athletes who were not weight cyclers during their competitive
career was also reported (Saarni, et al. 2006).

Two terms related to hydration status are often mistakenly interchanged
are dehydration and hypohydration. Dehydration was commonly defined as
the dynamic loss of body water due to sweating over the course of exercise
without fluid replacement, or a process in which fluid replacement is
inadequate (Sawka et al., 2007). In contrast, hypohydration refers to a state
or level of hydration after a loss of a certain amount of body water (Cheung,
2010). The consequent dehydration is assumed to be a major adverse effect
associated with rapid loss of body mass in amateur boxing (Reljic et al., 2013).
Likewise, the resultant state of hypohydration could adversely affect health
and performance outcomes (Fernandez-Elias et al.,, 2014; Maughan, 2003).

To best of our knowledge, only two papers had been published addressing
hydration status of amateur boxers in real-life settings (Pettersson &Berg, 2014;
Zubac et al., 2015). Moreover, we failed to find a study reporting association
of consequential body mass reduction and hydration status in prior to official
competition in youth boxers. Therefore, the first aim of our study was to
examine the association of hypohydration and rate of body mass reduction
(ROR), secondly, we also examined the prevalence of hypohydration and ROR
among elite youth boxer.
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METHODS

Our study was carried out as part of a preparation bouts between national
teams prior to the official World Youth Championship held in April 2014,
Sofia, Bulgaria. The participants included in our study were elite youth boxers,
national team members of Croatia, Hungary and Germany (N=24; 16,83+1,01
years old, 176,58+8,67 cm, 70,41£16,01 kg, 10,49+2,51 % of body mass
expressed as fat, 5,83+1,58 boxing experience, 2,46+2,14 ROR). Participation
was voluntary, with written permission from national team managers. Our
study was approved by the authors’ Institutional Research Ethical Board in
accordance with the Helsinki Convention. The participation criteria was current
national champion with international boxing experience (>25 fights).

PROTOCOL

Inagreementwith American College of Sports Medicine’s (ACSM) hydration
testing guidelines, (Sawka et al., 2007) each participant was instructed to
provide a small urine sample collected mid flow from the first void in the
morning of the competition day. The urine specific gravity (USG) is reflecting
upon pre-competition hydration status. The cut-off was based on these
organizations’ guidelines regarding hydration status: USG <1.010 indicates
a well-hydrated state, USG =1.010-1.020 indicates minimal hypohydration,
USG >1.021 indicates significant hypohydration, and USG >1.030 indicates
serious hypohydration. The limit for minimal hypohydration might be too
strict for initial morning void measurements due to the insensible water losses,
an absence of fluid intake, and decreased glomerular filtration during sleep.
Therefore, a first-morning USG >1.020 is suggested to point toward a state of
hypohydration (Sawka et al., 2007). Moreover, USG has even been suggested
as a superior index to detect hypohydration following overnight sleep without
fluid intake (Hamuti et al., 2013).

The assessment was performed prior to Croatia-Germany and Croatia-
Hungary matches within a seven-day period. Athletes did not train for 24
hours before sampling and were asked not to consume any medications or
dietary supplements. The temperature and relative humidity in the testing
facility ranged from 16-19°C and 50-55%, respectively, for all trials. Due to
the exceptional competitiveness within the Croatian team ( i.e. during 2013-
2014 youth team won a total of eight medals in four different WCC competing
at major AIBA tournaments) the Croatian national team manager decided
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to try out a combined lineup in bout against Hungary and introduced new
participants who were not eligible for our survey due to strict inclusion criteria.

The official weigh-in was scheduled for 9 a.m. Participants handed out
their urine specimens before weigh-in and after weigh-in they approached the
anthropometric measurement. Sample of variables in this study also consisted
of anthropometric variables and data collected by extensive questionnaire
(QWCQ). The QWC was combined of previously used questionnaires where
athletes from different combat sports were tested on similar issues (Artioli et
al., 2010; Brito et al.,, 2012; R. Kordi, et al., 2011). The instrument had undergone
content validity by three researchers before the final draft. Throughout the
questionnaire, participants were asked on anamnestic data of sport-factors:
competitive experience, current weight class category, and body mass reduced
prior to this particular competition (in kg).

Additionally, we calculated the ROR for each single competitor. More
precisely, the self-reported average value of body mass for each WCC was
divided with self-reported body mass reduced prior to competition as
suggested previously (Casa et al., 2000). The USG was analyzed by an AtagoPal
10s refractometer (Tokyo, Japan) providing accurate readings to 0.001 units.
The refractometer was calibrated with distilled water before usage. A glass
pipette was used to apply the urine sample to the instrument and the value
was digitally read. The RF determined the USG in a range from 1.000 to 1.060;
the deflection in the scale was 0.001. The percentage of body mass expressed
as fat was calculated according to the protocol previously used in research
applied to youth boxer (Reljic et al., 2013). Body mass was measured by official
Tanita BC 520 scale (correctness of results 0.1 kg), body height was measured
by a Martin’s anthropometer (correctness of results 0.1 cm).

STATISTICS

We analyzed data via descriptive statistics of the distribution of variables
(mean and standard deviation). The normality of the distribution was tested
using Shapiro-Wilk. For determining the association among USG and rate of
body mass reduction Spearman’s range of correlation was used, because the
rate of body mass reduction violated the normality assumption. Frequencies
of USG and ROR were also calculated. The data were analyzed using Statistica
v.12.0 (StatSoft, SAD) package and MS Office 2013. Statistical significance was
setatp <0,01.
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RESULTS

Reliability analyses showed appropriate reliability of the testing.
Spearman’s R was 0,99 (ROR), while percentage of equally responded queries
ranged from 0,90 % (competitive experience)-100,0 % (current WCC).

Figure 1

URINE SPECIFIC GRAVITY

58,33%

Frequency

1 2 3

Categorization of different levels of hypohydration in elite youth boxer
(n=24); USG values in the first chart bar indicate minimal hypohydration
ranging from 1.010-1.020; USG >1.021 values in the second chart bar indicate
significant hypohydration, and USG >1.030 values in the third chart bar indicate
serious hypohydration on competition day

Figure 2

RATE OF BODY MASS REDUCTION

45,8% 50%

Frequency

4,2%

|
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Categorization of different levels of rate of body mass reduction expressed
in percentage in elite youth amateur boxer (n=24); Values in first chart bar
indicates minimal body mass reduction up to 2%, value in second chart bar
indicates significant body mass reduction 2-5 %, and values reported in the
third chart bar indicates serious body mass reduction of >5%

Figure 3.
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The relationship between subsequent USG values and rate of body mass reduction expressed percentage
(R, _0,65,p<0,01; N=24).

DISCUSSION

To the best of our knowledge, this was the first study that examined the
association between hypohydration (USG assessment) and ROR in elite youth
boxer, (Rs = 0,65, p<0,01; N=24). Moreover, we found high prevalence of
hypohydration. Almost 60% of participants exceed USG cut of point >1,021
g/ml, while the most abundant pattern of weight reduction was 2-5% of body
mass reduced, reported by nearly 50% of youth boxers. The most important
findings will be discussed in the following text.
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Notably, weight cutting practice is studied among different combat sports
(Brito et al,, 2012; Kordi, et al., 2011), but studies rarely report association
of consequential body mass loss and hypohydration on competition day.
Spearman’s range of correlation was used to demonstrate an association
between hypohydration (USG) and ROR. According to results presented
(Figure 3.), USG was associated with subsequent body mass reduction
(Rs = 0,65, p<0,01). We found that the self-reported change in body mass
explained very little of the variance in hydration status, only r? = 42%. Such
finding were unexpected and inconsistent with suggestions of (Casa et al.,
2000). One possible mechanism accountable could be that, even if USG is
broadly advocated as superior method in field assessment of hydration status
(Pettersson & Berg, 2014), in order to obtain a far more precise information on
pre-competition hydration status of athletes, urine concentration and water
balance should be addressed simultaneously, due to close loop system of
regulatory neuroendocrine mechanisms, as advocated by (Armstrong, 2007).

We found that only 20% of participating youth amateur boxer had an
upon-waking USG <1.020 g/ml, a value suggestive of being euhydrated
(Casa et al., 2000). Nearly 60% of our participant’s were reported significantly
hypohydated, exceeding ACMS cut off point >1,020 g/ml. Our data are similar
to previous findings of Swedish authors who reported prevalence of serious
hypohydration prior to competition, in almost 50% of elite senior boxers
and judokas (Pettersson & Berg, 2014). Likewise, nearly half of the athletes
in current study were seriously hypohydrated (USG > 1.030 g/ml). Common
wisdom suggests that such finding should be corresponding to a >5% body
mass loss (Casa et al., 2000) on the morning of competition day as an indicator
of hydration status. On the contrary, our findings of serious hypohydration did
not correspond to self-reported values of >5% body mass loss (see Results).
However, currently suggested cut off point for USG should not be not be
generalized. Buford et al. (2006) suggested that wrestlers seem to have higher
USG values even when euhydrated. Moreover, to support this theory, recently
Relji¢ et al., (2015) demonstrated that regardless of body water and plasma
volume decreasment, USG still tended to increase, after rapid weight loss in
elite combat athletes.Therefore, physiological mechanisms underlying this
phenomenon in combat athletes are unclear and requires further investigation.

The most abundant pattern of ROR reported was 2-5 % of body mass reduced
during final preparation for this competition. Nearly 50% of participants were
reported. Smith (2006a) suggested that English youth boxers experience large
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fluctuations in body mass during a period of growth and maturation.Our findings
arein line with such report. Furthermore, official weigh-in at competition day did
not prevent hypohydration in our study, therefore our data are also supportive
to recent report of Pettersson and Berg (2014). Thus, Olympic combat sports
athletes with serious hypohydration in the morning risk to commence match ina
hypohydrated state under the current structure and rules in use at competitions.
Sport governing authorities should seriously considered implementing an official
hydration assessment program aiming to discourage athletes from engaging in
the harmful weight loss practice. Impaired physiological processes, health risks
associated with harmful weight cutting protocols justify the need for screening
and detecting consequential dehydration.

We could be criticized for not accounting for laboratory analysis of
pathological changes of the urine sample. Furthermore, this investigation is
partially based on self-reported data and the subjects might not have told
the truth, especially if they felt uncomfortable. However, we believe that the
testing design (see Methods), the fact that testing was done by “insider” (one
of the authors of the paper is former boxer and current boxing coach) and our
experience gained from previous studies decreased this possibility.

CONCLUSION

Thefirstaim of our study was to examine the association of hydration status
(USG) and ROR, secondly we investigated the prevalence of hypohydration
and rate of body mass reduction among elite youth boxer. We found a
significant association between USG and ROR. Notably, we found only 42 %
of the common variance between USG and ROR. Secondly, official weight in
did not prevent the prevalence of hypohydration. Therefore, an introduction of
systematic monitoring of hydration status may be a promising tool that could
lead to improvement in athletic performance, but also a significantly reduce
their health risk in amateur boxing. Novel investigation should address the
relation of hydration status and body mass reduction in a more comprehensive
manner, in order to establish facts and reach new conclusions.
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Utjecaj nekih motorickih sposobnosti na vodenje
lopte u vaterpolu

Alma Dizdar', Edin Mirvic?, Faris Rasidagi¢?

'Olimpic swimming pool Sarajevo, Bosnia and Herzegovina

2Faculty of Sports and Physical Education,
University of Sarajevo, Bosnia and Herzegovina

SAZETAK

The main objective of this research is to determine and explain the
impact of some motor skills on dribbling in water polo players aged 13 to
15 years. The sample consists of 70 male water polo players, aged 13-15,
from the following water polo clubs from Sarajevo Canton: Water Polo Club
Akademija, Water Polo Club Torpedo, Water Polo Club Mladost Sarajevo and
Water Polo Club Dabar. Sample of predictor variables from the area of basic
motor skills of water polo players was measured using the tests: agility in
air, hand tapping, foot tapping, reach on the beam, sit and reach, transverse
standing on a low beam, running 20m from a standing start, triple jump,
standing long jump, bar hanging, sit-ups in 30 seconds, push-ups on the
parallel bars; criterion variable - dribbling 3x5m. It can be concluded that
body coordination and rational performance of complex motor skills has
a major impact on the dribble 3x5m. Also, coordination allows to a certain
extent, to compensate the lack of other motor skills.

Kljucne rijeci: water polo players, dribbling, regression analysis.

uUvoD

Motori¢ke sposobnosti Covjeka ucestvuju u rjeSavanju motornih zadataka
i uvjetuju uspjesno kretanje bez obzira da li su ste¢ene treningom ili ne. U
motoricke sposobnosti se ubrajaju: snaga, brzina, izdrZljivost, koordinacija,
fleksibilnost, ravnoteza i preciznost (Malacko, Rado, 2004). U igri se sluze
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razli¢itim tehnikama kretanja, bez i s loptom (Trumbi¢, 2010). U zadnjih deset
godina doslo je do odredenih promjena u pravilima igre kao 3to je trajanje
vremenskog napada sa 35 na 30 sekundi, i skracenog vremena napada s
igracem vise sa 25 na 20 sekundi $to zahtjeva brZe plivanje sa i bez lopte. Na
mladim vaterpolistima istrazivan je utjecaj procesa treninga na razvoj nekih
bazi¢nih motori¢kih sposobnosti (Simenci sar. 1990). U svom istrazivanju autori
Dopsaj et al. (2007) bavili su se procjenom usvojenosti razli¢itih modaliteta
plivanja kraul tehnike kod vatepolista u funkciji uzrasta i takmicarkog niova.
Rezultati su pokazali da postoji generalna statisticki znacajna razlika izmedu
datih plivackih testova izmedu posmatranih uzoraka u odnosu na takmicarski
nivo, u odnosu na uzrasne grupe, kao i u odnosu na takmicarsku kategoriju u
funkciji uzrasnih grupa. DErcole, A.A. et al. (2013) u svom istrazivanju su testirali
slalom i kontrolu lopte u situacijskim uslovima u plivanju na duZini od 20 m
maksimalnom brzinom kod dvije razlic¢ite grupe (pocetniciiiskusnivaterpolisti).
Medutim, zavrini testovi nisu bili znacajno razli¢iti kod pocetnika u odnosu
na stru¢ne igrece, dok pojedinacna diskriminacijska analiza je identifikovala
poboljsanja u igraca pocetnika, $to nam omogucava da razlikujemo 2 grupe,
jedna s visim stopama ucenja i druga sa nizim stopama ucenja. Falk B. et al.
(2004) imali su za cilj da identifikuju varijable plivanja, rukovanja loptom i
fizicke sposobnosti, kao i igracku inteligenciju, koja bi mogla pomoc¢i u procesu
selekcije mladih vaterpolista. Dosli su do zaklju¢ka da treba manje posvetiti
paznje plivanju u procesu selekcije mladih vaterpolista a vedi naglasak
treba staviti na ocjenu igracke inteligencije. Osnovni cilj ovog istrazivanja je
utvrdivanje i objasnjavanje utjecaja nekih motori¢kih sposobnosti na vodenje
lopte u vaterpolu, vaterpolista uzrasta od 13 do 15 godina.

METODE ISTRAZIVANJA
Uzorak ispitanika

Uzorak ispitanika ¢ine 70 vaterpolista muskog spola, starosti 13-15
godina, iz sljedecih vaterpolo klubova Kantona Sarajevo i to: Vaterpolo klub
Akademija, Vaterpolo klub Torpedo, Vaterpolo klub Mladost Sarajevo i Vaterpolo
klub Dabar.

Uzorak varijabli

Uzorak prediktorskih varijabli iz prostora bazi¢no-motorickih sposobnosti
vaterpolista izvrseno je pomocu testova prema Kureli¢ i saradnici, (1975) i
testova Eurofit baterije (1988) i to:

133

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA



TH

CONTEMPORARY KINESIOLOGY

a) Mehanizam za strukturiranje kretanja koji predstavlja koordinaciju i
fekvenciju pokreta

1.0kretnost u zraku

2.Taping rukom

3.Taping nogom

b) Mehanizam sinergijske regulacije i regulacije tonusa $to predstavlja
motoricki sposobnost fleksibilnosti i ravnoteze

1.Duboki pretklon na klupici

2.Dohvat u sjedu

3.Poprecno stajanje na niskoj gredi

c) Mehanizam regulacije intenziteta ekscitacije $to predstavlja motoricki
sposobnost brzina, eksplozivne snage

1.Tréanje 20m iz visokog starta

2.Troskok iz mjesta

3.Skok udalj iz mjesta

d) Mehanizam regulacije trajanja ekscitacije sto predstavlja motoricki
sposobnost repetativne snage i stati¢ke snage.

1.Vis u zgibu

2.Dizanje trupa za 30 sekundi

3.Sklekovi na razboju

Kriterijska varijabla:

1. Vodenje lopte 3x5m

PROCEDURA

Istrazivanje je realizirano na redovnom treningu u istim uslovima
potrebnim za testiranje sa istim planom i programom. Testiranje motorickih
sposobnosti i vodenja lopte 3x5m je izvrSeno u Olimpijskom bazenu Otoka.
Procedura testiranja vodenja lopte 3x5m je sprovedena na nacin: prostor za
mjerenje je oznacen na sredini vaterpolo terena od 5 metera, ispitanikse nalazi
na prvoj oznacenoj crti u osnovnom polozaju, mjerilac pistaljkom oznacava
start, a ispitanik startom krece u realizaciju zadatka. Ispitanik ispliva prvu
dionicu od 5 metara i zaustavlja se kod oznacene linije, okreée se za 180 stepeni
i tako nastavlja plivati. Zadatak se zavrsava kada ispitanik ispliva trec¢u dionicu
dodirujuci stazu. Rezultati su mjereni u desetinkama sekunde.

Metode obrade podataka

Za utvrdivanje utjecaja nekih motorickih sposobnosti na vodenje lopte,
primijenjena je regresijska analiza koristeci statisticki paket SPSS 12 for windows.
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REZULTATI

Deskriptivnom statistikom (Tabela 1) pojedina¢nim pregledom i analizom
varijabli, moze se utvrditi sljedece: Okretnost u zraku je varijabla koja u
sebi akumulira koordinaciju pokreta cijelog tijela. Na osnovu dobivenih
rezultata moze se vidjeti da, vrijednost aritmeticke sredine (Mean) iznosi
6,23, raspon (Min.-Max.) iznosi od 4,88 do 10,16, sto se manifestuje dobrim
rezultatom i potvrduje standardnom devijacijom (Std. Dev.) koja iznosi 1,16.
Zakrivljenost (Skewness) pokazuje blago grupisanje rezultata u pozitivnom
dijelu koordinatnog sistema, a izduZenost (Kurtosis) je u granicama normalne
distribucije. Sve ovo ukazuje na to, da vaterpolisti imaju dobru koordinaciju,
sto je i razumljivo za sport kojim se bave, a §to se moze zakljuciti iz testova
koordinacije. 1z tabele se takoder moze zakljuciti, da u ovom istraZivanju
distribucija nimalo ne odstupa od normalne i da ova varijabla ima dobro
rasporedene rezultate koji se mogu uzeti u dalje razmatranje. Taping rukom je
varijabla koja u sebi akumulira brzinu i koordinaciju pokreta ruku. Vrijednost
artimeticke sredine (Mean) iznosi 44,17 a raspon minimalnog i maksimalnog
rezultata iznosi 28 do 50 sa standardnom devijacijom (Std. Dev.) koja iznosi
4,51. Vrijednosti skewnessa i kurtosisa su u normalnim granicama $to govori
da je distribucija rezultata normalno rasporedena i moze se uzeti dalje u
razmatranje. Vaterpolisti imaju dobre rezultate u ovoj varijabli jer imaju
specifican program rada koji zahtijeva ¢esto upotrebu ruku sto je doprinijelo
dobrim pokazateljima u testu taping rukom. Taping nogom je varijabla koja
takoder u sebi akumulira brzinu i frekvenciju pokreta nogu. Ova varijabla ima
sljedece vrijednosti: artimeticka sredina (Mean) iznosi 25,25, raspon (Min.-
Max.) iznosi od 19 do 31, standardna devijacija (Std.Dev.) iznosi 2,62 a mjere
zakrivljenosti (Skewness) i zaobljenosti (Kurtosis) iznose -,10 i ,53 $to znaci da
varijabla ima normalnu distribuciju i moze se uzeti u dalje razmatranje. Duboki
pretklon na klupici je varijabla koja govori o fleksibilnosti tijela. Distribucija
rezultata nije najbolje rasporedena $to se moze vidjeti iz vrijednosti Kurtosisa
koji iznosi 3,09, ali se rezultati mogu uzeti u obzir jer se nalaze na grani¢noj
vrijednosti normalne distribucije. Vrijednosti Skewnessa pokazuju pozitivnu
zakrivljenost (2,06) rezultata i u normalnim i dozvoljenim su granicama tako da
se dalje razmatranje ove varijablje moze uzeti u obzir. Razlog losije distribucije
rezultata ove varijable moze biti u tome da vaterpolistiinae nemaju pretjerano
dobru fleksibilnost zbog vertikalnog polozaja tijela i ne tako ¢estog savijanja
tijela. Dohvat u sjedu je varijabla koja takoder govori o fleksibilnosti. Za razliku
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od prethodne varijable, ova varijabla ima normalnu distribuciju Ciji rezultati
pokazuju negativnu zakrivljenost (-,23) i zaobljenost (-,19). Vrijednost
artimeticke sredine iznosi 36,01, raspon rezultata minimalne i maksimalne
vrijednosti iznosi od 12 do 58, standardna devijacija iznosi 11,13. Ova
varijabla je normalna i uzima se u dalje razmatranje. Popre¢no stajanje na
niskoj gredi je varijabla koja govori o sposobnosti odrzavanja ravnoteze u
otezanim uvjetima i varijabla je sa normalnom distribucijom koja se uzima
u dalje razmatranje. Rezultati pokazuju pozitivnu zakrivljenost i zaobljenost.
Tréanje 20m iz visokog starta je varijabla koja govori o eksplozivnoj snazi,
tacnije o brzini tranja. Vrijednosti rezultata ove varijable nisu ba$ najbolje
rasporedene, alipripadajunormalnojdistribucijiimogu se uzetiurazmatranje.
Mjere zaobljenosti (Skewnessa) pokazuju pozitivnu asimetriju rezultata dok
vrijednosti spljostenosti (Kurtosis) pokazuju negativnu asimetriju ciji su
rezultatiizrazito heterogeni. Troskok iz mjesta je varijabla koja takoder govori
o eksplozivnoj snazi ¢iji rezultati nisu najbolje rasporedeni po distribuciji,
ali pripadaju vrijednostima sa normalnom distribucijom i mogu se uzeti
u dalje razmatranje. Skok u dalj iz mjesta je varijabla koja takoder pripada
grupi varijabli koje govore o eksplozivnoj snazi. Varijabla je normalno
rasporedena, a rezultati pokazuju negativnu zakrivljenost i spljostenost. Vis
u zgibu je varijabla koja govori o stati¢koj snazi, rezultati pokazuju pozitivhu
zakrivljenost i spljostenost, ali su malo udaljeniji nego kod prethodne
varijable. Medutim varijabla je normalno distribuirana i moze se dalje
razmatrati. Dizanje trupa za 30 sekundi je varijabla koja govori o repetativnoj
snazi trbuSne muskulature. Ima normalnu ditribuciju i moze se uzeti u obzir.
Vrijednosti zaobljenosti (Skewnessa) i spljostenosti (Kurtosisa) su pozitivne i
blizu su rasporedene. Sklekovi na razboju je varijabla koja takoder govori o
repetativnoj snazi, ali u ovom slucaju o snazi ruku. Varijabla je sa normalnom
distribucijom cije vrijednosti pokazuju pozitivhu zaobljenost (Skewness
iznosi 1,16) i spljostenost (Kurtosis iznosi ,79) rezultata. Vodenje lopte 3x5m
- VOL3X5 je varijabla koja takoder pokazuje normalnu distribuciju Sto se vidi
iz dobivenih rezultata i uzima se u dalje razmatranje u ovom istrazivanju. Na
osnovu dobivenih rezultata centralnih i disperzionih parametara varijabli za
procjenu motorickih sposobnosti vodenja lopte 3x5m, moze se zakljuciti da
su vrijednosti svih varijabli normalno distribuirane i da se mogu uzeti u dalje
razmatranje u ovom istrazivanju.
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Tabela 1. Centralni i disperzioni parametri motorickih sposobnosti i vodenja lopte 3X5 metara

S
= c @ ¢ = |.|L: g ()
S S o c % > c & o c 3
= 9] o° = & S = =
S| = 2| =] =] & = s | 8| § =
> n % % poz
&H
Okretnost | | ¢o3 | 578 | 488 | 1016 | 528 | 134 | 16 | 15 | 84 | 67
u zraku
IETEITG) 70 | 4417 | 45 28 | 50 | 22 | 2038 | 451 | 57 | -107 | 1,88
rukom
IEIEg 70 | 2525 | 25 19 | 31 12 685 | 262 | 33 | 10 | 53
nogom
Duboki m;
pretklon | 70 | 287 | 07 0 20 | 20 | 3450 | 587 | ;75 | 206 | 3,00 i S
na klupici =
)
w
Dohvatu | | 3551 | 36 12 | 58 | 46 | 12379 | 1133 | 141 | -23 | -19 W
sjedu n:
[T}
Poprec¢no = E
stajanje 23
e | 70 | 1018 | 93 | 504 | 21,56 | 1652 | 1499 | 387 | 49 | 142 | 223 ZN
na niskoj 2
gredi
Tréanje
20m iz 70 | 326 3,09 | 281 | 384 | 1,03 15 38 05 26 | -1,48
visokog
starta
Troskokiz | . | 50045 | 625 | 401 | 647 | 246 | 432091 | 6573 | 835 | -1.75 | 240
mjesta
Skok u
daljiz 70 | 199,61 | 212,25 | 1225 | 226 | 1035 | 73427 | 27,10 | 344 | -79 | -65
mjesta
\Z/;t‘)‘u 70 | 3658 | 3887 | 3 | 6563|6263 22094 | 1486 | 1,80 | 65 | ,07
Dizanje
tupaza | .4 | 5595 | 2 14 | 26 | 12 | 1106 | 334 | 42 | -50 | -99
30 sekun-
di
Sklekovi
na raz- 70 | 5,38 5 1 12 11 890 | 298 | 38 | 116 | 79
boju
Vodenje
lopte 70 | 1636 | 1522 | 11,13 | 275 | 1637 | 1362 | 369 | 47 | 1,26 | 137
3x5m

Regresijska analiza kriterijske varijable Vodenje lopte 3x5m (Tabela 2),
pruza dovoljno informacija o utjecaju primijenjenih motori¢kih varijabli
na uspjeh izvodenja tretirane kriterijske varijable. Povezanost prediktora
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sa kriterijskom varijablom je R = .650, a objasnjeno je 43% zajednickog
varijabiliteta sa kriterijem. Takva povezanost je znacajna na nivou .003.
Analizom utjecaja pojedinacnih motoric¢kih varijabli, moze se vidjeti da
najvedi i statisticki znacajan utjecaj na kriterijsku varijablu ima samo varijabla
Okretnost u zraku sa grani¢nom vrijedno3¢u do .05. Ostale motoricke varijable
nisu pokazale statistiCcku znacajnost, ali ne mozemo pricati o uspjehu vodenja
lopte bez cjelokupnog skupa motori¢kih sposobnosti. Zbog toga motoricke
sposobnosti imaju veliki znacaj i doprinos u rje3avanju situaciono motorickih
sposobnosti u vaterpolu.

Tabela 2. Regresiona analiza varijable vodenje lopte 3x5m

R=,650, R Square=,422; Adjusted R Square=,280; F=2,980, Sig.=,003

B Std. Error Beta t Sig.
Okretnost u zraku 97 48 ,30 2,00 ,05
Taping rukom ,19 14 24 1,34 ,18
Taping nogom -,36 ,26 -25 -1,37 17
Duboki pretklon na 18 09 28 187 | 06
klupici
Dohvat u sjedu -11 ,05 -33 -1,88 ,06
Poprecno stajanje na 16 14 16 1,12 26
niskoj gredi
Tréanje 20m iz visok- 155 128 -16 121 23
og starta
Troskok iz mjesta ,00 ,00 ,05 ,36 71
Skok u dalj iz mjesta -,03 ,02 -,28 -1,52 13
Vis u zgibu -,09 ,06 -38 -1,52 13
D|zanje.trupa za 30 -00 14 -00 _02 97
sekundi
Sklekovi na razboju A2 31 34 1,35 ,18

DISKUSLJA

Osnovni cilj ovog istrazivanja bio je utvrdivanje i objasnjavanje utjecaja
nekih motori¢kih sposobnosti na vodenje lopte u vaterpolu, vaterpolista
uzrasta od 13 do 15 godina. U svom istrazivanju autori Modri¢ et al. (2011)
su utvrdili metrijske karakteristike Cetiri novokonstruirana testa za procjenu
koordinacije kod vaterpolista. Ovo istrazivanje navedenih autora dalo je vece
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bogatstvo i olak3alo dalja istrazivanja u prostoru motori¢kih sposobnosti —
koordinacije, a poznato je da je koordinacija veoma bitna u vaterpolu. Sli¢na
istrazivanja su sproveli u vaterpolu Aleksandrovi¢ et al. (2011) koji su istrazivali
bateriju testova plivanje na 25, 50, 100, 4x5, 3x5 metara, gdje se pokazala visoka
korelacija situacionih motorickih sposobnosti vaterpolista kao i motorickih
sposobnosti. Ovi testovi se mogu koristiti u testiranju transverzalnog stanja
vaterpolista u predtakmicarskom periodu. Garrido et al. (2010) je dokazao da
bazi¢na motori¢ka sposobnost ima znacajnu povezanost sa brzinom plivanja
kod vrhunskih plivaca. Takoder, u literaturi nailazimo na pojmove situaciona i
specifi¢na koordinacija (Sekuli¢ i Metikos 2007; Metikos i sar., 2003).

ZAKLJUCAK

Na osnovu postavljenog osnovnog cilja istrazivanja i na osnovu dobivenih
rezultata moze se zakljuciti da veliki utjecaj na vodenje lopte 3x5m zauzima
koordinacija tijela koju definiramo kao sposobnost vremenski i prostornog
efikasnog, te energetski racionalnog izvodenja kompleksnih motorickih
zadataka i prakticno uclestvuje u realizaciji svake kretne strukture, od
najjednostavnijih do najslozenijih oblika gibanja. Takoder, ona omogucava da
se u odredenoj mjeri, u odredenim situacijama kompenzira nedostatak nekih
drugih motoric¢kih sposobnosti. Koordinacija je izuzetno slozena motoricka
sposobnost i nije odredena samo jednim faktorom, ve¢ ima mnogo razlicitih
manifestacija: koordinacija ruku, nogu, tijela, brzina izvodenja kompleksnih
motorickih zadataka, reorganizacija stereotipa kretanja, agilnost, brzina u¢enja
novih motori¢kih sposobnosti, koordinacija u ritmu i tajming. Cesto se u toku
same vaterpolo igre deSavaju promjene pravca i smjera kretanja, koje iziskuju
od vaterpolista da u $to kraéem vremenskom roku promijeni svoj polozZaj
tijela, npr. iz polozaja na prsima doci u polozaj na ledima da bi se uspjesno
izvrsila zamisljena akcija ili kontrakcija. Rezultati istrazivanja mogu se koristiti
prilikom konstruiranja baterije mjernih instrumenata kojima se mogu dobiti
kvalitetne informacije prilikom planiranja i programiranja treninga, selekcije,
usmjeravanja i usavrsavanja za odredivanje pozicije u igri, kao i za izradu
periodizacije treninga kako u godisnjim, tako i u polugodisnjim ciklusima
treninga, pri izradi plana i programa svakog pojedinog treninga. Testiranjem
motorickih i situaciono—motorickih sposobnosti vaterpolista moze se uspjesno
pratiti njihov razvoj a dobivene rezultate trener moze primijeniti u svakom
daljem trenaznom radu tako $to ¢e uspjesno vrsiti sve potrebne korekcije bez
improvizacije i “lutanja”
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Comparative analysis of foot status and certain
motoric capabilities in female volleyball and
handball players

Tamara Durkovic', Dejan Ili¢', Goran Nesi¢', Danica Janicijevic', Nikola Fisekovic'
"Faculty of Sport and Physical Education, University of Belgrade, Serbia

ABSTRACT

Aim of this research was to determine and compare status of motoric
capabilities in female volleyball and handball players, and to show foot
status in subjects as well. Three variables for assessment of anthropometric
characteristics and eight variables for assessment of motoric capabilities were
obeserved. By comparing the status of certain motoric capabilities, attempt
was made to comprehend differences between them. In order to define
specific motoric space of female volleyball and handball players, eight motoric
tests were implemented, which covered the space of explosive strength,
repetitive strength, flexibility, speed and speed of change of direction, agility.
In order to determine the foot status, plantography was carried out. Based
on the results obtained in the scope of anthropometric space, statistically
significant difference was found in one variable, and those were the results of
body height measurement. Statistically significant difference was found in two
variables of the motoric space, those being modified Jelka test and 20 meters
sprint. Of the total number of subjects, 23 have normal foot status, while 35
have disturbed foot status.

Key words: volleyball, handball, motoric capabilities, foot status

INTRODUCTION

Motoric capabilities are those capabilities of human beings that are
involved in solving motoric tasks and that affect the succesful movement,
whether they are conditioned or not.(Kukolj, 2006) This term was given different
names by various authors (anthropometric capabilities, biomotoric dimensions,
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kinesiologic capabilities, movement habits, motoric dimensions, etc.), but they
alltalkabout properties of man that express his physical preparedness for certain
kind of work and creative expression of his or her personality as well. The term
motoric capabilities, most frequently translated to term physical capabilities,
appeared for the first time in the works of theorists of physical education, at
the end o 19th and the beginning of 20th century.Aim of this research was
to determine and compare level of motor capabilities in female handball and
volleyball players 13 years of age, and to show their foot status as well.Analysing
differences between these two groups, we can learn something more about
particular sports, characteristics of girls of this age and at last, but not the least
we can help them to correct postural disorders that has been found.

METHOD
Sample of subjects

Sample of subjects included 58 girls 13 years of age. Of the total number
of subjects, 29 subjects play handball, and the other half of subjects plays
volleyball.

Sample of variables

At first, testing of anthropometric characteristics was carried out, body
weight(BW) and body height(BH), and foot plantography was conducted. After
that, following motoric tests were carried out: standing long jump(SLJ), Sargent
test(ST), modified Jelka test (MJT), 20 meters sprint (lap time at 10 meters),
throwing 2kg medicine ball (MBT), bat flex test (BFT), deep forward bend on
bench(DFB) and lying-sitting(LS) (lifitng the torso) in 20 seconds. Testing was
carried out with the aim of comparing of motoric capabilities between the two
groups and showing the foot status. In the table 1, and table 2 is also shown a
higest reach of one hand (HROH) for both handball and volleyball players.

The method of tests implementation

During the time period between 7t of April, 2014. to 10 of April, 2014.,
the testing of anthropometric characteristics and motoric capabilities was
carried out, and foot plantography was conducted.Testing was carried out in
four different clubs, two volleyball clubs, VC Zeleznik and VC Roda, and two
handball clubs, HC Vozdovac and HC Radnicki from Belgrade.The testings
were distributed in such a way to avoid influence of one test on the other
one. Before taking the test, subjects were given the detailed explanations of
test protocol, followed by a practical presentation. Each subject had one trial,
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after which two attempts were measured. Only the better result was taken
into the statistical analysis. Between the attempts, depending on motoric
test, adequate pause was given, and between the tests, 5 minute pause was
given. For body height measurement, Martin’s anthropometer was used, and
for body weight measurement portable scale with 0,1kg precision was used.
Regarding checking the foot status, plantography was conducted. Thomsen'’s
method was used for interpreting the plantogram. The assessment of motoric
capabilities was carried out using battery of tests.

RESULTS WITH DISCUSSION

In this section of this work, results of the measurement are presented
regarding certain motoric capabilities in the subjects playing handball and
volleyball. Comparative analysis is performed as well, in order to compare
motoric capabilities of the two samples.

Results of the motoric capabilities of the female handball players.
Table 1. Presentation of descriptive analysis results of morphologic characteristics of female handball players

N Min Max | Mean SD Skewness Kurtosis cV%

Statistic | Statistic | Statistic | Statistic | Statistic | Statistic | Std.Error | Stafistic | Std.Error | Statistic

BH-H 29 1,47 1,75 1,62 0,08 | -0,20 0,43 062 | 084 4,95
BW-H 29 37,8 78 54,05 | 9,26 | 046 0,43 0,23 084 | 17,14
BMI-H 29 | 1636 | 27,31 | 20,47 | 2,52 1,03 0,43 154 | 084 | 12,34
SU-H 29 125 208 | 166,17 | 20,90 | 0,17 0,43 034 | 084 | 1257
HROH-H 29 189 231 | 209,37 | 10,08 | -0,34 0,43 004 | 084 4,81
ST-H 29 19 45 30,34 | 7,02 | 0,09 0,43 089 | 084 | 23,13
MIT-H 29 | 1085 | 1519 | 12,73 | 1,22 | 0,59 0,43 053 | 084 9,60

Sp(10m)-H | 29 2,01 2,97 2,38 | 022 | 0,72 0,43 1,10 | 084 9,64

Sp(20m)-H | 29 3,39 4,5 3,89 026 | 011 0,43 023 | 084 6,85

MBT-H 29 410 1063 | 651,31 | 14551 | 0,71 0,43 1,04 | 084 | 2234
DFB-H 29 -10 19 5,34 6,68 | -0,04 0,43 0,19 | 084 | 12513
BFT-H 29 50 113 79,65 | 17,36 | 0,19 0,43 081 | 084 | 21,79

LS(20s)-H | 29 15 21 1837 | 1,84 | -0,23 0,43 -1,30 | 0,84 | 10,01

Valid N 29

(listwise)
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Results of motoric capabilities of the female volleyball players

Table 2. Presentation of the descriptive statistics results of the morphologic characteristics and motoric
capabilities of the female volleyball players.

N Min | Max | mean SD Skew. Kurt. V%

Statistic | Statistic | Statistic | Statistic | Statistic | Statistic | Std. Error | Statistic | Std.Error Statistic

BH-V 29 | 156 | 1,75 | 1,67 | 0,04 | -059 | 0434 | 114 | 084 2,43
BW-V 29 | 48 | 63 | 5662 | 368 | -047 | 0434 | 027 | 084 6,51
BMIV | 29 | 1821|2171 | 2023 | 081 | -0,44 | 0,434 | 001 | 0,88 4,00
SL-V 29 | 113 | 176 | 158,03 | 1528 | -1,21 | 0434 | 124 | 0,84 9,67
HROH-V | 29 | 197 | 229 211,72 | 7,49 | 0,15 | 0,434 | 036 | 0,8 3,53 <
STV 29 | 17 | 38 | 2855 | 561 | -059 | 0434 | -044 | 084 | 1967 i 2
>
MITV | 29 | 1246|1742 | 1469 | 123 | 0,40 | 0434 | 023 | 084 8,40 g3
(1]
Sprint Ja
29 | 212|303 | 236 | 019 | 1,45 | 0434 | 329 | 084 8,30 8<
(10m) -v £2
, Z R
Sprint =0
29 | 393|489 | 423 | 025 | 1,15 | 0434 | 108 | 084 6,01 g
(20m}- v

MBT-V 29 | 550 | 880 |691,89|80,27 | 048 | 0,434 | 043 0,84 11,60
DFB-V 29 -3 13 6,24 | 459 | -0,20 | 0434 | -0,86 0,84 73,62

BFT-V 29 45 103 | 73,27 | 14,18 | 0,12 | 0,434 | -0,25 0,84 19,36
LS(20S)-v | 29 15 21 | 17,65 | 1,75 | 0,14 | 0434 | -0,75 0,84 9,95
Valid N

29
(listwise)

Comparative analysis of motoric capabilities of the female handball and
volleyball players

In this section, presentation of comparative analysis of the certain
anthropometric parameters, and parameters of motoric space of the examined
sample as well (Table 3). Univariant level of testing was implemnted (T-test).

Table 3. Presentation of the comparative statistics results — T-test (female
handball and volleyball players)
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Paired Differences
95% Confidence Interval of
Mean the Difference Sig.
Test Group | Diff. SD Lower Upper t df (2-tailed)
BH O:R .05 .08 .02 .08 3.58 28 .001*
BW O:R 2.57 8.88 -81 5.94 1.56 28 131
BMI O:R -24 2.49 -1.18 71 -51 28 614
HROH OR 234 12.15 -2.28 6.97 1.04 28 308
ST O:R -1.79 7.16 -4.52 93 -1.35 28 .188
SLJ O:R -8.14 22.58 -16.73 45 -1.94 28 .062
MBT OR 40.59 162.48 -21.22 102.39 1.35 28 189
LS20s O:R -72 2.51 -1.68 23 -1.56 28 131
MJT O:R 1.97 1.70 1.32 2.61 6.22 28 .000*
SP1I0m  OR -.02 29 -13 10 -28 28 781
SP20m  OR 33 38 19 48 474 28 .000*
DFB O:R .90 8.46 -2.32 411 57 28 573
BFT O:R -6.38 22.68 -15.01 2.25 -1.52 28 141

Values of the T-test were obtained based on anthropometric and motoric
parameters, measured in subjects that play handball and volleyball. Regarding
anthropometric space, there is statistically significant difference at level
p=0,001 in body height in favor of the volleyball players. Regarding motoric
space, statistically significant difference is observable in Jelka test at the level
of p=0.00 in favor of handball players and in 20m sprint test at the level of
p=0,00 in favor of handball players.

In the case of other variables of anthropometric space (body weight and
body mass index) as well as motoric space, no statistically significant difference
was measured between these two samples. The assumption is that training
itself at this age for both groups of subjects is similar, and, thus, there are no
larger differences when it comes to their motoric capabilities.

Foot status analysis

For interpretation of plantogram, the Thomsen’s method was used.Of the
total number of handball players, 11 subjects have normal foot, while 18 have
disturbed foot arch, and when it comes to volleyball players 12 subjects have
normal foot, while 17 have disturbed foot arch.

146

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA




TH

CONTEMPORARY KINESIOLOGY

CONCLUSION

Based on the presented results and their discussion, certain conclusion
can be drawn:

1. There is statistically significant difference in terms of body height at
the level of p=0,001, where it was measured that volleyball players have higher
body height.

2. There is statistically significant difference in motoric capabilities in
these two groups of subjects, in two of eight examined variables of motoric
space, and those are in modified Jelka test and 20m sprint.

3. In 60,34% of the total number of subjects there is diturbed foot arch.

4. Inthe conducted research, observed statistically significant difference
in body height can be attributed to good selection of subjects that play
volleyball. When it comes to modified Jelka test, test that assesses speed
of change of direction, agility, statistically significant difference was found
explained by assumption that the subjects that play handball achieved better
results due to the specific features of the sport itself. Statistically significant
difference observed in 20 meters sprint test in favor of handball players can be
explained by differences in dimensions of the playgrounds and specificity of
the sport branches.

5. In other variables of the motoric space, no statistically significant
differences were found between the two samples.

6. When it comes to the foot status, the aim of the research was to
show only the current status, that is to show to what extent the foot status is
disturbed. Of the total number of subjects, 23 subjects have normal foot, while
35 have disturbed the foot arch. When it comes to the group that plays the
handball, 11 have normal foot, while 18 have disturbed foot arch.

7. In the case of the group that plays volleyball, 12 have normal foot,
while 17 have disturbed foot arch.

8. Disturbance of the normal foot status, such as shown in this example,
thatis research, should be a warning for all the coaches, as well as professors of
physical education. During the class itself, and training, carry out testings and
set the exercises that will have preventive action on the entire body structure.
In that way, the students and athletes will avoid deformities that later in life
can cause much more serious consequences, injuries, above all. That's why
the responsible and competent persons should be working with younger
cathegories.
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Hijerarhijska klasifikacija metodickog modela za
poduku skijaskog pluznog zavoja i pluznog luka

Danijela Kuna', Sanjin Dzaji¢?, Josip Males'

'Kinezioloski fakultet, Sveuciliste u Splitu, Hrvatska
2Srednja $kola Konjic, Bosna i Hercegovina

ABSTRACT

The purpose of this research was to establish the hierarchical classification
of expert model on fundamental methodological exercises for teaching of the
movement of snow plow turn and snow plow bow in ski school. Participants
were 307 skiing experts of varying degrees of cross-education from different
states. Defined expert model of the 6 most important methodical exercises
to teach the snow plow turn and 5 most important methodical exercises to
teach the snow plow bow, was ranked by the ski experts of different levels of
education. There rating was based on the importance of implementation in
the methodology of teaching the novice skier. Using non-parametric analogue
post-hoc analysis, i.e. Kruskal-Wallis test (H-test) and appropriate empiric level of
significance (p), statistic significance of sums of ranks (3R) of the most important
methodical exercises for teaching snow plow turn and snow plow bow have
been tested. In ranking of the most important methodical exercises for teaching
both skiing figure have been established a statistically significant difference at
the level of p <0.001. Reliability between the ski experts was examined using
the Kendall Tau (t) coefficient of concordance. Those variables which were not
different in statistically significant way according to sums of rank were classified
in one significant group, while variables which showed statistically significant
difference were classified separately. Based on obtained significant differences
in ranking importance methodical exercises for teaching snow plow turn
and snow plow bow, and by the help of values of total rank sum, hierarchical
clasification among the differences had been successfully formed. This research
makes a good basis for future works where skiing experts throughout the world
should be engaged, and evaluation of hierarchical classification experts model
of teaching snow plow turn and snow plow bow.
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UvoD

Alpsko skijanje spada u red onih motorickih aktivnosti tijekom koje skijas
sluzedi se razlic¢itim skijaskim tehnikama savladava strmine razli¢itih nagiba.
Evolucijskim razvojem skijaske opreme alpsko skijanje je preraslo u jednu od
najpopularnijih oblika rekreativne aktivnosti i profesionalni sport. Veliki broj
skijaskih tehnika i opreme prilagodene svim dobnim i spolnim skupinama,
boravak na ostrom planinskom zraku i u ugodnom drustvu, skijanje kao
sportsko-rekreativnu aktivnost ¢ini carobnom. Da bi uspjeSno savladali svoje
prve skijaske korake velika vecina skijaskih pocetnika trazi pomo¢ skijaskih
stru¢njaka upisujuci se u program $kole skijanja (Lesnik i Zvan 2010.). Radi $to
kvalitetnijeg usvajanja, izvodenja i manjeg utroska koli¢ine energije, programi
Skoleskijanjase neprestanorazvijajuiunaprjeduju.Polaznatockasvih programa
skole skijanja je omoguciti postupnost u ucenju skijanja. Savladavanje skijaskih
elemenatai primjena specifi¢cnih metodickih vjezbi za njihovu poduku treba biti
u logi¢nom metodskom slijedu jer samo na takav nacin se olak3ava i ubrzava
proces usvajanja i savladavanja skijaskih znanja. Buduci je proces poduke
alpskih skijasa iznimno slozen proces ovisan o mnogobrojnim ¢imbenicima, a
prije svega o antropoloskim specificnostima pojedinca, uvjetima na skijaskoj
stazi i razini skijaskog predznanja skijasa, u praksi se velika paznja posvecuje
modelu po kojem ¢e se skijadi poucavati (Kuna 2013.). Danas je rezultat toga
primjena i implementacija razlicitih modela procesa poduke alpskih skijasa
koji egzistiraju medu razli¢itim nacijama i programima 3kole skijanja. Osnova
velike vecine programa je da skijas$ najprije savladava osnovne skijaske kretnje
na ravnom terenu i elemente prilagodbe nakon ¢ega usvaja pluznu, potom
paralelnu, pa carving skijasku tehniku. Pluzna i paralelna skijaska tehnika ¢ine
neizostavan dio metodike poduke alpskih skijasa jer omogucavaju da skijas
u pravom trenutku primjeni odredenu razinu skijaskog znanja i da nadasve
olaksaju daljnji tijek procesa usvajanja specificnih znanja. Na taj nacin polaznik
skoleskijanjastjec¢e noveskijaske kompetencije ¢imesenjegovunutrasnjiproces
koji je ovisan o kapacitetu izvedbe svakog elementa, poboljSava vjeZzbanjem
te raste proporcionalno ukupnom skijaskom znanju i iskustvu, odnosno
skijanju. Pluzna skijasa tehnika spada pod elemente osnovne $kole skijanja, a
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idealna je za pocetnike svih uzrasta. Pluzni poloZaj skija karakteriziraju Siroko
razdvojeni zadnji dijelovi (repovi) skija, sa blago spojenim prednjim dijelovima
(vrhovima) $to pocetniku omogucuje stabilnost, kontrolu brzine a samim tim
i sigurnost tijekom savladavanja blazih skijaskih padina. Prema ekspertnom
modelu usvajanja najvaznijih likova osnovne i napredne $kole skijanja, pluzni
luk spada pod temeljne elemente osnovne skole skijanja (Kuna 2012.). Tehnika
izvodenja pluznog zavoja skijasu pocetniku omogucava sigurno i kontrolirano
spustanje niz padinu, a podrazumijeva kontinuirani i istovremeni potisak oba
koljena prema naprijed i unutra $to dovodi skije u poziciju rubljenja, gdje je
neophodno prethodno prebacivanje tezine na buducu vanjsku skiju u odnosu
na smjer kretanja. U usporedbi s pluznim zavojem, tehnika izvodenja pluznog
luka objedinjuje pluzni zavoj i spust koso kojeg skijas izvodi tijekom prelaska iz
jednog zavoja u drugi. Izvodenje pluznog luka zapocinje u srednjem skijaskom
stavu u spustu koso na paralelno postavljenim skijama. Skijas nakon spusta
koso raspluzenjem obiju skija i prijenosom tezine na buducu donju skiju
izvodi zavrseni pluzni zavoj i spusta se u nizi skijaski stav. Prolaze¢i padnom
linijom skija$ izvodi postepeno priklju¢enje gornje skije do ponovnog dolaska
u srednji skijaski stav spusta koso nakon Cega te iste kretne strukture ponavlja
na drugu stranu. Pluzni luk ¢ini skijasku strukturu izvedbe pomocu koje skijas
moze uspjeSno kontrolirati brzinu i smjer kretanja skija na blazim skijaskima
stazama, pa prema ekspertnom misljenju spada medu najvaznije elemente
osnovne skole skijanja (Kuna 2012.). Oslanjajudi se na rezultate istrazivanja u
kojima je postavljen ekspertni model najvaznijih metodickih vjeZbi za poduku
pluznog zavoja i pluznog luka, elemenata osnovne skole skijanja (Kuna 2014. i
2015.), javila se ideja za daljnjim metodskim postavkama. U svezi s navedenim,
proizasao je glavni cilj ovog istrazivanja, a to je formiranje hijerarhijske
klasifikacije ekspertnog modela metodickih vjeZzbi za poduku pluznog zavoja
i pluznog luka.

METODE RADA
Radi prikaza ekspertnog modela najvaznijih metodickih vjezbi za poduku
pluznog zavoja i pluznog luka, izradeni su gifovi video isjeCaka snimljenih
metodickih vjezbi. Potom je uslijedila instalacija online ankete na specijalizirani
sustav, gdje je opisan protokol i cilj istrazivanja. Popunjavanje upitnika
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provedeno je elektronski (putem interneta), a ispitanici su osim autorice rada
putem e-maila dobili poziv od strane predsjednika i ¢lanova izvrsnog odbora
ZUTS-a Slovenije, HZUTS-a Hrvatske i ATUS-a Bosne i Hercegovine koji su
odobirili provedbu ovog istrazivanja. Istrazivanju se odazvalo 460 slovenskih,
hrvatskih i bosansko-hercegovackih skijaskih ucitelja i demonstratora skijanja
razli¢ite razine struc¢nosti. Glavni kriterij izbora ispitanika ciji su se rezultati
uzimali u obzir uvjetovala je u potpunosti ispunjena anketa s preciznom
identifikacijom IP adrese i osobnim podacima. Djelomi¢no ispunjene
ankete, kao i rezultati onih anketa koje su ispunjene metodom istog sustava
vrednovanija svih varijabli, nisu ulazile u obradu. Nakon pregledavanja varijabli
identifikacije i klasifikacije ispitanika, koji su pristupili online ispunjavanju
ankete, za daljnju obradu podataka odabrani su rezultati od 307 ispitanika.
Od toga je bilo 119 slovenskih, 128 hrvatskih i 60 bosansko-hercegovackih
ucitelja i demonstratora skijanja razlicite razine stru¢nosti u dobi izmedu 25
- 45 godina. Uzorak varijabli najvaznijih metodickih vjezbi za poduku pluznog
zavoja su Cinile vjezbe: NPRS (naizmjenic¢no potiskivanje repovima skija), AVPZ
(imitacija aviona), PSK (potiskivanje Sakama koljena), OSVK (obje $ake na vanjsko
koljeno), PTPZ (pti¢ pluznog zavoja), KORPZ (zadani smjer kretanja). Uzorak
varijabli najvaznijih metodickih vjezbi za poduku pluznog luka su ¢inile vjezbe:
SPKGSUP (spust koso gibanje gore - dolje s stapovima u predrucenju), SPKPK (spust
koso, pluZenje koso), SIPNK (Sake iz predrucenja na koljena), PTPL (pti¢ pluZnog
luka), STUPL (5tapovi u predrucenju). Zadatak ispitanika je bio da formirani
ekspertni model metodickih vjezbi za poduku pluznog zavoja i pluznog luka
rangiraju temeljem vaznosti primjene pojedinih vjezbi. Obrada podataka
izvrsila se pomocu programa STATISTICA Windows 12.0, a prag znacajnosti
postavljen je na p<0.001. Izracunate su ukupne vrijednosti sume ranga (XR),
Kruskal-Wallisov testa (H-test) i pripadnog empirijskog nivoa signifikantnosti
(p) radi ispitivanja statisticke znacajnosti razlika izmedu vrijednosti sume
ranga najvaznijih metodickih vjezbi za poduku pluznog zavoja i pluznog luka.
U svrhu utvrdivanja suglasnosti medu skijaskim stru¢njacima, izracunate su
vrijednosti Kendall Tau (1) koeficijenta konkordancije.

REZULTATI I RASPRAVA

U Tablici 1. prikazane su ukupne vrijednosti rangiranja najvaznijih
metodickih vjezbi za poduku pluznog zavoja i pluznog luka od strane skijaskih
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stru¢njaka razli¢itog stupnja skijaske izobrazbe. Na osnovu iznesenih rezultata
vidljiva je statisticki znacajna razlika u rangiranju metodickih vjezbi za poduku
oba skijaska elementa. Vrijednosti Kruskal-Wallisovog testa (H-test) i statisticke
znacajnosti (p) za pluzni zavoj su iznosile: H=429,43; p<0,001; dok su za pluzni
luk bile: H=60,77; p<0,001.

U vrijednostima rangiranja metodickih vjezbi za poduku pluznog zavoja
statisticki znacajna razlika za p=0,00, utvrdena je izmedu vjezbe obje sake na
vanjsko koljeno, imitacija aviona i imitacija ptice, izmedu vjezbe naizmjenicno
potiskivanje repovima skija, obje Sake na vanjsko koljeno, imitacija aviona,
potiskivanje Sakama koljena i zadani smjer kretanja. Nadalje, statisticki znacajna
razlika utvrdena je izmedu vjezbe imitacija aviona i potiskivanje Sakama
koljena, imitacija ptice i zadani smjer kretanja, te izmedu vjezbe imitacija ptice,
potiskivanje sakama koljena i zadani smjer kretanja. Temeljem dobivenih
znacajnosti razlika rangiranja vaznosti u primjeni pojedinih metodickih vjezbi
za poduku pluznog zavoja i na osnovu vrijednosti sume ranga, formirana je
hijerarhijska klasifikacija. Najvaznija metodicka vjezba za poduku pluznog
zavoja je imitacija aviona. |zvodi se bez upotrebe skijaskih stapova na nacin da
skijas nakon pluZenja ravno s rukama u odrucenju postepeno vrsi opterecenje
na buducu vanjsku skiju, te uz istovremene kruzne pokrete obaju koljena,
vanjsku ruku spusta prema vanjskom koljenu, a unutarnju podize u odrucenje.
Nakon prolaska preko padne linije i zavrsetka zavoja skija$ prebacuje tjelesnu
tezinu na unutarnju, buducu vanjsku skiju, te odru¢enjem obiju ruku u Sirini
ramena isti zadatak ponavlja na drugu stranu. Druga metodicka vjezba po
vaznosti je postavljanje obiju Saka na vanjsko koljeno gdje skija3 iz pluzenja
ravno s rukama u predrucenju pocetkom prebacivanja centra tezista na
buducu vanjsku skiju i promjenom smjera kretanja spusta obije ruke prema
vanjskom koljenu, te prelaskom u novi zavoj obje ruke ponovno podize u
predrucenje. Visoki rang vrijednosti ovog operatora se ogleda u tome 3to
skijas drzeci ruke u predrucenju u trenutku prelaska iz jednog zavoja u novi,
uspostavlja bolji ravnotezni polozaj, a prebacivanjem obaju ruku prema
vanjskom koljenu efektivnije uspostavlja opterecenje na vanjskoj skiji. Na
tre¢em mjestu su vjezba potiskivanje Sakama koljena i zadani smjer kretanja.
Potiskivanje Sakama koljena je metodicka vjezba pomocu koje se pluzni zavoji
izvode na nacin da skijas postavlja Sake na koljena, te ih tijekom svih faza
izvedbe zavoja potiskuje u smjeru kretanja. Kruzni pokreti koljenima tijekom
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izvedbe pluznih zavoja su klju¢an ¢imbenik o kojem ovisi brzina usvajanja i
efikasnost izvodenja pluznog zavoja, $to je vjerojatno glavni razlog visokoj
vrijednosti vrednovanja ove vjezbe. Nakon $to skijas uspjesno savlada pluzni
zavoj u lijevu i desnu stranu slijedeci korak je povezivanje pluznih zavoja u nizu.
Stoga skijaski stru¢njaci najcesce postavljaju koridor kroz koji skijas prema
unaprijed definiranim uputama izvodi pluzne zavoje. Skijanje kroz koridor
skijaskim pocetnicima, a osobito djeci, predstavlja veliki izazov i zadovoljstvo,
zbog Cega je njihova motivacija i Zelja za daljnjim ucenjem i napretkom sve
veca. Na Cetvrtom mijestu je vjeZba imitacija ptice gdje skijas iz pluZzenja ravno s
rukama u odrucenju pocetkom prebacivanja centra tezista na buducu vanjsku
skiju i promjenom smjera kretanja spusta obije ruke prema vanjskim dijelovima
pancerica, te prelaskom u novi zavoj obje ruke ponovno podize prema gore u
odrucenje. VjeZba se izvodi bez Stapova, a njena posebna vrijednost se ogleda
u tome Sto imitacijom ptica skijas stjeCe osjecaj za pravovremeno gibanje gore
- dolje, odnosno opterecenje i rasterecenje skija tijekom prelaska iz zavoj u
zavoj. Zbog rasirenih ruku postavljenih u odrulenje, skija$ lakSe uspostavlja i
zadrzava ravnotezZni polozaj i centar opterecenja na skijama. Na posljednjem
petom mjestu je vjezba naizmjenicno potiskivanje repovima skija. 1zvodi se na
nacin da skijas iz pluZzenja ravno naizmjeni¢no prema van potiskuje zadnji
dio - rep jedne, a potom druge skije. Skijas na taj nacin razvija dobar osjecaj
za istovremeno uskladivanje razli¢itih pokreta nad skijama, kruzne pokrete
koljenima i kontrolu pravca kretanja.

Pregledom hijerarhijske klasifikacije ekspertnog modela metodickih vjezbi
za poduku pluznog zavoja, uocava se kako primarnu vaznost prema misljenju
skijaskih stru¢njaka razli¢itog stupnja skijaske izobrazbe imaju metodicke
vjezbe pomocu kojih skija$ savladava izvedbu specifi¢nih skijaskih gibanja
koordinirano s pravovremenim prebacivanjem tezista tijela u pojedinim
fazama izvedbe pluznih zavoja, 5to je od primarne vaznosti kod efikasnog
vodenija skija. Iza toga vaznu ulogu u metodici poduke pluznog zavoja imaju
vjezbe kojima skijas naglasenim radom koljena uvjetuje promjenu smjera
kretanja. Kombinirajuci primjenu prethodno navedenih metodickih vjezbi u
poduci pluznog zavoja, skija$ uci voditi skije nagladenim skijaskim gibanjima i
radom koljena, uspostavljajuci pravovremeni skijaski poloZaj u odnosu na skije,
padinu i smjer kretanja, $to je od primarne vaznosti za kontroliranu i uspjesnu
izvedbu pluznih zavoja.
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Tablica 1. Suma ranga najvaznijih operatora za poduku pluznog zavoja i pluznog luka (XR), vrijednosti Kruskal-
Wallisovog testa (H-test) i pripadni nivo signifikantnosti (p).

OPERATORI PLUZNOG ZAVOJA

OSNVK | NPRS [ AVPZ | PSK | PTPZ | R
OSNVK 1056
NPRS 0,00 498
AVPZ 0,00 0,00 1305
PSK 1,00 0,00 | 0,00 992
PTPZ 0,00 0,00 | 0,00 | 0,00 735
KORIDOR 0,13 0,00 | 0,00 | 1,00 | 0,00 943

H=429,43; p<0,001
OPERATORI PLUZNOG LUKA

SPKGSUP | SPK- | SIPNK | PTPL *R

PK
SPKGSUP 623
SPKPK 0,02 732
SIPNK 0,00 0,00 868
PTPL 0,00 1,00 | 0,13 779
STUPL 0,00 0,03 | 1,00 | 0,99 838

H=60,77; p<0,001

U rangiranju metodickih vjezbi za poduku pluznog luka pomocu
neparametrijske analogne post-hoc analize za p=0,00 utvrdena je statisticki
znacajna razlika izmedu rangiranja vjezbe spust koso gibanje gore - dolje
Stapovima u predrucenju i spust koso, pluZenje koso, te Sake iz predrucenja
na koljena, pti¢ pluznog luka i Stapovi u predrucenju. U rangiranju vjezbe
spust koso, pluzenje koso i Sake iz odrucenja na koljena utvrdena je statisticki
znacajna razlika za p=0,00, dok je u odnosu na vjezbu stapovi u predrucenju
dobivena razlika za p=0,03. Temeljem prikazanih statisticki znacajnih razlika
u rangiranju vaznosti primjene pojedinih vjezbi za poduku pluznog luka, a
na osnovu vrijednosti sume ranga svake od njih, formirana je hijerarhijska
klasifikacija. Prema misljenju skijaskih stru¢njaka razlic¢itog stupnja skijaske
izobrazbe metodicke vjezbe koje imaju najvecu vaznost u poduci pluznog luka
su $ake iz predrucenja na koljena i Stapovi u predrucenju. U izvedbi metodicke
vjezbe 3ake iz predrucenja na koljeno, skijas iz predrucenja tijekom izvedbe
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spusta koso u trenutku raspluzenja spusta obje Sake na buduce vanjsko
koljeno prebacujuci centar teziSta na buducu vanjsku skiju, te izvodi pluzni
zavoj. Postavljajuci ruke u predrucenje skijas se fokusira na uspostavljanje skija
u paralelni poloZzaj u Sirini kukova, te ravnoteznog polozZaja i centralnog pritiska
na skijama. U trenutku raspluzenja postavlja obje ruke na buduce vanjsko
koljeno radi efikasnijeg prebacivanja centra tezista tijela na buduc¢u vanjsku
skiju, ¢ime pospjesuje izvedbu pluznog zavoja i kruznih gibanja koljena.
U izvedbi metodicke vjezbe Stapovi u predrucenju skijas pluzni luk izvodi s
paralelno postavljenim Stapovima ispred tijela u Sirini ramena. Primarna
vrijednost ove metodicke vjezbe ocituje se u tome sto skijas drzanjem Stapova
u predrucenju lakse uspostavlja visoki, srednji, odnosno niski skijaski polozaj
na skijama, ovisno o pojedinoj fazi izvedbe skijaskog elementa, ¢cime su manja
odstupanja polozaja gornjeg dijela tijela u odnosu na skije.

Na drugom mjestu hijerarhijske klasifikacije najvaznijih metodickih vjezbi
za poduku pluznog luka su vjezbe pti¢ pluznog luka i spust koso - pluZenje koso.
U izvedbi metodicke vjezbe pti¢ pluznog luka skijas imitacijom ptice pluzni luk
izvodi na nacin da tijekom spusta koso ruke drzi u odruéenju u Sirini ramena,
nakon ¢ega pocetkom pluznog zavoja i promjenom smjera kretanja, obje ruke
postavlja na koljena, te zavrietkom pluZznog zavoja ruke ponovo podize u
zrak u odrucenje, te prelazi u spust koso. Izvedba pluznog luka pomocu ptica
utjece na efikasniju izvedbu i uskladivanje potrebnih vertikalnih i kruznih
skijaskih gibanja. Zbog rasirenih i slobodnih ruku, pretpostavka je da skijas
bolje uspostavlja ravnotezni polozaj i sredisnji pritisak na skijama, a u trenutku
spustanja ruku na koljena pravovremeno potiskuje potkoljenice na prednji dio
pancerice gurajuci koljena u pravcu skretanja ¢ime pospjesuje kruzna gibanja
koljenima i efikasnost izvedbe pluZznog zavoja. Spust koso — pluZenje koso je
metodicka vjezba pomocu koje skija$ uci pravovremeno uskladiti izvedbu
kombinacije spusta koso i pluZzenja koso u koordinaciji s vertikalnim skijaskim
gibanjima. Na taj nacin se stvaraju mnogo povoljnije pretpostavke za usvajanje
pluznog luka u cjelini i skracuje se vrijeme poduke zbog ¢ega su ga eksperti
vrednovali kao najvazniji operator. Na posljednjem mjestu hijerarhijske
klasifikacije metodickih vjezbi za poduku pluznog luka je vjezba spust koso
gibanje gore - dolje s Stapovima u predrucenju. To je vjezba koja je po svojim
sastavnicama izvedbe potpuno jednaka prethodnoj samo se izvodi s paralelno
postavljenim stapovima u predrucenju radi uspostavljanjai lak$eg zadrzavanja
pravilnog skijaskog polozaja. Radi ispitivanja suglasnosti medu skijaskim
stru¢njacima tijekom rangiranja metodickih vjezbi za poduku pluznog zavoja
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i pluznog luka, ispitanici su temeljem slu¢ajnog odabira podijeljeni u 5 grupa,
nakon ¢ega su izracunate i dobivene vrijednosti Kendall Tau (1) koeficijenta
konkordancije koje su se kretale u granicama od 0.72 do 0.88, $to ukazuje na
prikladnu uskladenost medu njima.

Generalnim osvrtom na formiranu hijerarhijsku klasifikaciju ekspertnog
modela metodic¢kih vjezbi za poduku pluznog luka, uocava se kako primarnu
vaznost prema misljenju skijaskih stru¢njaka razli¢itog stupnja skijaske
izobrazbe imaju metodicke vjezbe pomocu kojih skijas najprije usvaja
pravilno uspostaviti ravnotezni polozaj na skijama, te potom uskladiti izvedbu
specificnih skijaskih gibanja s pravovremenim prebacivanjem tezista tijela u
pojedinim fazama izvedbe pluznog luka. Slijedom iza toga u metodici poduke
pluznog luka vaznu ulogu imaju metodi¢ke vjezbe koje u svojim izvedbama
obuhvacaju prethodno spomenute sastavnice usvajanja pluznog luka.
Obzirom da ne postoje radovi slicne tematike, niti znanstveno utemeljeni
metodski postupci za poduku pluznog zavoja i pluznog luka, ovo istrazivanje
ima posebnu vrijednost u vidu formiranja bazi¢nih struktura metodskih
postavki.

ZAKLJUCAK

Na osnovu rezultata rangiranja vaznosti primjene ekspertnog modela
temeljnih metodickih vjeZbi za poduku pluznog zavoja i pluznog luka od
strane 307 skijaskih stru¢njaka razli¢itog stupnja skijaske izobrazbe i statisticki
znacajne razlike medu njima, formirana je hijerarhijska klasifikacija. Prema
dobivenim rezultatima, moze se zakljuciti kako su se utvrdenom statisticki
znacajnom razlikom u rangiranju vaznosti primjene metodickih vjezbi za
poduku pluznog zavoja odvojeno klasificirale vjezbe pomocu kojih skijas
savladava izvedbu specifi¢nih skijaskih gibanja koordinirano s pravovremenim
prebacivanjem tezista tijela u pojedinim fazamaizvedbe zavoja, a potom vjezbe
kojima skijas naglasenim radom koljena uvjetuje promjenu smjerakretanja.Kod
pluznog luka odvojeno su se klasificirale vjezbe kojima skijas uci kako pravilno
uspostaviti ravnotezni polozaj na skijama, te potom vjezbe pomocu kojih uci
uskladitiizvedbu specifi¢nih skijaskih gibanja s pravovremenim prebacivanjem
tezista tijela u pojedinim fazama izvedbe pluznog luka. Dobiveni rezultati
ovog istrazivanja svoju aplikativnu vrijednost ocituju u tome $to ¢e brojnim
skijaskim stru¢njacima razli¢itog stupnja skijaskog obrazovanja omoguciti
precizne metodske smjernice u svezi primjene najvaznijih metodickih vjezbi
za poduku pluznog zavoja i pluznog luka.
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Efekti razlic¢itih modela treninga na rezultatsku

uspjesnost u alpskom skijanju
Mersad Culjevi¢', Danijela Kuna?

'Sveuciliste u Sarajevu, Akademija Scenskih Umjetnosti, Bosna i Hercegovina
2Kinezioloski fakultet, Sveuciliste u Splitu, Hrvatska

ABSTRACT

The goal of the research was to establish the impact of the innovative
model of acrobatics training on the success of Alpine skiing (experimental
program), and his comparison to the effect derived from the classical concept
of conditional training of Alpine skiers. The average age of respondents was
from nine to thirteen years, in the age groups of younger and older boys and
girls. The total of fifty-three respondents participated in this research, from
which there was twenty-seven respondents in the control group (nineteen
boys and seven girls), and the experimental group counted total of twenty-
three respondents (seventeen boys and seven girls). The experimental
program was conducted during the preparatory competition period, between
the two ski competition seasons. The experimental group was subject
to programmed kinesiology treatment of innovative training models of
acrobatics in duration of total of twenty-four weeks, three times a week for
ninety minutes, while the control group had ski fitness trainings in the same
proportion. For the purpose of testing the significance of differences in the
progression of the experimental and control groups the author used two-way
analysis of variance for dependent and independent samples. Analysis of the
results showed a statistically significant interaction between the two types of
training process and the period of time between the competitions (F=13,346,
p=,00063, n?=0,21), which represents a significant difference between the
impact of the program. A statistically significant “small” difference between
Experimental and Control groups in the initial measurement, and a statistically
significant “big” difference in the final measurement was obtained (F=20,92,
p=0,00, n?=0,30). Based on the analysis of the results we can conclude that the
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innovative model of acrobatics training has multiple significant usage value in
the period of preparation before the competition, and integrated effect of the
training process on the organism of young Alpine skiers.

Key words: innovative model of acrobatics training, experimental
program, young Alpine skiers.

uvoD

Alpsko skijanje je aktivnost koja kao sport postavlja velike fizicke i psihicke
napore pred skijasa, zahtijevajudi od njega visoku razinu usvojenih specifi¢nih
motorickih znanja, izuzetnu agilnost, koordinaciju, snagu i izdrZljivost koje su
dokazano pozitivno povezane s uspjehom natjecatelja u alpskome skijanju
(Bosco C. 1997; Reid i sur. 1997; Dolenec M. i Zvan M. 2001.). Odvija se u
posebnim uvjetima vanjske sredine, a zbog evolucije razvoja skijaske opreme
pred skijase se postavljaju sve veci zahtjevi u fizickoj pripremljenosti. Traze
se nove, efikasnije, brze i sigurnije metode razvoja motorickih sposobnosti i
specificne kondicijske pripreme koje su direktno ili indirektno vezane uz ovaj
sport. Glavna draz i specifi¢cnost natjecateljskog skijanja je brzina kojoj teze
svi skijasi. U natjecateljskom skijanju skijas mora voziti tako da u najkracem
vremenu prode odredenu stazu i stigne do cilja, a da pri voznji ne gubi brzinu.
S obzirom na usvojeno znanje, natjecateljima je potrebno prilagodavati brzinu
skijanja, jer je taj element tehnike alpskog skijanja kasnije veoma bitan. U
radu s mladim natjecateljima, elemente tehnike treba prvo izvoditi pri malim
brzinama, a tek kasnije povecavati brzinsku granicu. Ukoliko se zanemari
postupnost u razvijanju brzine skijanja, dolazi do narusavanja motorike i
tehnike skijanja, sto utjece na rezultat natjecanja. Za mlade sportase vrlo je
vazno da razviju cijeli niz temeljnih vjestina koje ¢e im pomodi da postanu
opcenito dobri sportasi prije nego pocnu treniranje odredenog sporta. To se
naziva visestrani razvoj i jedno je od najvaznijih nacela treninga djece i mladezZi
(Bompa 2005.). Upravo stoga se u kondicijskom treningu vedine mladih
sportasa razvijaju temeljne vjestine kao 5to su tréanje, skakanje, hvatanje,
bacanje, prevrtanje, ravnoteze. Na taj nacin djeca postaju izuzetno uskladena
i usvajaju vjestine koje su temeljne za uspjesnost u razli¢itim pojedina¢nim i
momcadskim sportovima kao $to su sportska gimnastika, plivanje, laka atletika,
kosarka, nogomet. Razlog takvog pristupa lezi u Cinjenici da niti jedna sportska
grana ne osigurava cjelokupnirazvoj djeteta. U tom pogledu nema bitne razlike
ni kod djece koja se namjeravaju baviti skijanjem (Kosteli¢ A. 2005.) Visestrani
razvoj omoguditi ¢e im da kasnije uspiju iskoristiti sva motoricka znanja koja
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su naucila i primjene ih tijekom skijanja. Bitnu ulogu u razvoju motorickih
sposobnosti, prije svega koordinacije, snage, fleksibilnosti i ravnoteze ima
akrobatika koja ¢ini segment sportske gimnastike. Akrobatski elementi imaju
utjecaj na sposobnost kretanja tijela u prostoru, ¢ime se pospjeSuje opca
koordinacijska motori¢ka sposobnost. Isto tako, preciznim te brzim radom i
naizmjeni¢nom aktivacijom pojedinog misica i misi¢nih skupina, akrobatikom
se razvijaju svi oblici snage, pri ¢emu je najznacajnija eksplozivha snaga
donjih ekstremiteta (Ziv¢i¢ K. 2000.). Zbog navedenog, akrobatika je veoma
rasirena u svim sportskim granama i vrstama tjelesne aktivnosti. Svakako
treba napomenuti da mnogi sportovi koriste akrobatske elemente kako bi se
lakSe savladale odredene specifitne motoricke kretnje (Neumayr i sur. 2003.).
Nije rijedak slu¢aj da nogometasi nakon postignutog gola naprave seriju
akrobatskih elemenata na travnatom terenu, a da ne govorimo o skakacima
u vodu, hrva¢ima, dzudasima, atleti¢carima, plesac¢ima, tenisac¢ima, skijasima
i sportasima iz mnogih drugih sportova koji koriste akrobatiku kao sastavni
dio trenaznog procesa. Bududi neizostavan dio treninga mladih alpskih
skijasa ¢ine programi sportske gimnastike, odnosno akrobatike (Matkovic i
sur. 1994; Andersen i sur. 2000; Kristi¢evi¢ i sur. 2010.) proizasao je cilj ovog
istrazivanja, a to je: a) utvrditi efekte inovativnog modela treninga akrobatike
na uspjeh u alpskom skijanju (eksperimentalni program) b) usporediti efekte
eksperimentalnog programa sa efektima dobivenim klasi¢nim konceptom
kondicijskog treninga.

METODE RADA

Uzorak ispitanika u ovom istrazivanju predstavljala je grupa od 51
ispitanika ukupno. Cinili su ih muski i Zenski natjecatelji alpskog skijanja iz
Sarajevskih skijaskih klubova: Jahorina, llidZa, Bjelasnica i Zeljezni¢ar uzrasta
od 10 do 13 godina. Ispitanici su podijeljenih na eksperimentalnu (N=27)
i kontrolnu skupinu (N=24). Cjelokupno istrazivanje je trajalo jednu godinu,
a eksperimentalni program je proveden tijekom Sest mjeseci u pripremnom
natjecateljskom periodu, dakle izmedu dvije natjecateljske skijaske sezone.
Eksperimentalna skupina je bila podvrgnuta programiranom kinezioloskom
tretmanu inovativnog modela treninga akrobatike u trajanju od 24 tjedna, tri
puta tjedno od 90 minuta. Inovativni model treninga akrobatike koncipiran je
na nacin da su elementi koje su ispitanici ucili i izvodili bili $to vise priblizeni
strukturi natjecateljskog skijaskog polozaja. Da bi se ispitanici adekvatno
pripremili za ucenje i izvodenje akrobatskih elemenata na pocetku svakog
treninga radile su se vjezbe zagrijavanja i razgibavanja u trajanju od 20 min.
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Glavni dio treninga se izvodio u trajanju od Th. Elementi akrobatike su se
izvodili iz osnovnog skijaskog polozaja i zavrsavali u istom obliku. Model je
osmisljenistrukturiran kroz Cetiri segmenta koja su se metodickim slijedom, po
sloZzenosti strukture izvedbe primjenjivali,ito: 1) Program osnovnih akrobatskih
elemenata bezfaze leta: Kolut naprijed jednonoZnim odrazom bez koristenja ruku,
Kolut naprijed obic¢an gréeno, Kolut naprijed raznozno, Kolut unazad raznozno,
Kolut naprijed sunozno ispruzenim nogama, Kolut unazad do stava na $akama,
Stav na Sakama sunoZnim odrazom gréeno, Stav na sakama sunoznim odrazom
raznozno, Stav na sakama kolut naprijed, Premet strance (zvijezda), Premet
strance sa pola okreta (rondat); 2) Program naprednih akrobatskih elemenata s
fazom leta: Leteci kolut, Sklopka s ¢ela do usprava, Salto naprijed, Salto unazad; 3)
Program i prikaz akrobatskih elemenata, skokova na malom trampolinu: Skok
pruzeni i zaustavljane, Skok prednoZno zgrceni, Skok prednozno-raznozni, Skok
prednoZno- sunozni, Skok pruzeni s okretom oko uzduZne osi tijela, Salto naprijed
grceno; 4) Program akrobatskih elemenata, skokova na velikom trampolinu:
Skok ravno pruZeni, Skok prednoZno grceni, Skok prednozno raznozni, Skok u
sjed sunozni, Skok na leda gréeno, Skok s leda s pola okreta do leda, Skok lete¢im
kolutom do leda, Premet uporom naprijed, Premet uporom unazad, Salto pruZeni
unazad, Salto i pol unazad gréenim tijelom. U zavrSnom dijelu treninga su se
radile vjezbe istezanja i labavljenja u trajanju od 10 min.

Kontrolna skupina je u istom omjeru od 24 tjedna, tri puta tjedno od
90 minuta, imala skijaske kondicijske treninge cija struktura optereéenja je
bila prilagodena individualnim moguénostima pojedinih grupa ispitanika.
Program vjezbanja eksperimentalne grupe su ¢&inile vjezbe za unapredenje
agilnosti, koordinacije, snage i izdrZljivosti. Nakon uvodno pripremnog dijela
treninga kojeg su cinile vjezbe zagrijavanja i razgibavanja u trajanju od
30 minuta, u glavnom dijelu treninga u trajanju od 45 min primjenjivale su
vjezbe za unapredenje agilnosti, koordinacije, snage i izdrzljivosti, i to: razliiti
oblici poligona prepreka 15-30 sec., tréanje ¢etvoronoske 10-15m., puzanje
na prsima 5-10m., igre lovice tréedi i ¢etveronoski 30 sec - Tmin., razliciti
gimnasticki elementi: kolut naprijed, nazad, zgrc¢ka, zanoska, stoj na rukama,
rondat, pregibi trupom 15-30 sec., sunozno preskakanje klupice 15-30 sec.,
zaklon iz leZzanja na trbuhu 15-30 sec., preskakanje vijace 15-20 sec., sunozni
poskoci sa zasucima trupa 10-15sec., vjezbe ravnoteze otvorenim i zatvorenim
ocima (stajanje na niskoj gredi na obje noge poprecno, stajanje na niskoj gredi
na obje noge uzduz grede, stajanje prednjim djelom stopala na niskoj gredi
jednom nogom a druga je u odnoZenju, prednozenju ili zanozZenju) i vjezbe
dinamicke ravnoteze otvorenim i zatvorenim ocima (prelaZenje niske grede
prvo hodanjem, tréanjem, sunozni i jednonozni poskoci, prelazenje prepreka
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na niskoj gredi, hodanje i tr¢anje na gredi naprijed i nazad i tréanje naprijed sa
okretima za 180°. Glavni dio treninga je koncipiran kruznom metodom rada. U
zavrsnom dijelu treninga radile su se vjezbe istezanja i labavljenja u trajanju od
15 min. Pri pravljenju plana skijaskog treninga za vrijeme natjecateljske sezone
kod obje skupine ispitanika vodilo se ra¢una o tome da raspored treninga za
obje grupe bude uskladen sa kalendarom natjecanja koja su se odrzavala
vikendima subotom ili nedjeljom. Skijaski treninzi su se odvijali pet puta
tjedno u trajanju od 180 minuta dok su subotom ili nedjeljom bila predvidena
natjecanja. Sadrzaji skijaskih treninga je obuhvacao: Rad na tehnici skijanja
30% treninga; voznja izmedu vrata veleslalom 40% i slalom 30% treninga,
efektivni intenzitet treninga 120min, ukupni ekstenzitet treninga 240 sati,
broj prijedenih vrata 30720, broj prijedenih voznji 960, broj dana treninga 80
dana. Uzorak varijabli su Cinili ostvareni bodovi u dvije natjecateljske skijaske
sezone u BiH za obje skupine ispitanika u disciplinama slalom i veleslalom, a
na osnovu zvani¢nih rang lista Skijaskog saveza BiH. Normalitet distribucije
mjernih instrumenata utvrden je prema rezultatu Kolmogorov-Smirnovljevog
testa gdje su ostvareni bodovi ispitanika u dvije natjecateljske sezone imali
normalnu distribuciju rezultata (p>0,20). Podaci su analizirani programom
STATISTICA Windows 12.0, a prag znacajnosti postavljen je na p<0.05. U svrhu
testiranja znacajnosti razlika u napredovanju eksperimentalne i kontrolne
skupine koristena je dvosmjerna analiza varijance za zavisne i nezavisne uzorke.

REZULTATI | RASPRAVA

Graficki prikaz 1. Velicina interakcije izmedu primijenjenog E i K programa rada i efekata trenaznog procesa
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Prema Grafickom prikazu 1., za aritmeticke sredine E i K skupine ispitanika
u ostvarenim skijaskim bodovima tijekom dvije natjecateljske sezone utvrdena
je statisticki znacajna interakcija izmedu dvije vrste trenaznog procesa i
vremenskog perioda natjecanja (F=13,346, p=,00063, n>*=0,21), $to predstavlja
veliku razliku izmedu ucinka programa ,high effect” (Levin e & Hullett,
2002.). Na osnovu dobivenih rezultata moze se konstatirati kako primijenjeni
model inovativhog treninga akrobatike i skijaskog kondicijskog treninga u
pripremnom natjecateljskom periodu u odnosu na skijaske natjecateljske
treninge u natjecateljskom periodu, imaju razlicit razvojni uc¢inak na skijasku
uspjednost mladih alpskih skijasa. Nadalje, testiranjem statisticke znacajnosti
razlike izmedu E i K skupine u inicijalnom i finalnom mjerenju utvrdena je
statistiCki znacajna razlika. Prije provedbe eksperimentalnog programa rada, u
inicijalnom mjerenju, statisti¢cka znacajnost razlike izmedu E i K skupine iznosila
je:F=5,23,p=0,003, n?=0,10 $to predstavlja malu razliku izmedu skupina, small
effect” (Levin e & Hullett, 2002.). Nakon provedbe eksperimentalnog programa
rada, ufinalnom mjereniju, statisti¢cka znacajnostinterakcije izmedu EiK skupine
je iznosila: F=20,92, p=0,00, n*>=0,30 $to predstavlja veliku razliku izmedu
skupina,high effect” (Levin e & Hullett, 2002.). Temeljem prethodno navedenih
rezultata, moze se konstatirati kako je pored skijaskog natjecateljskog
treninga, inovativni model treninga akrobatike u odnosu na klasi¢ni kondicijski
trening mladih natjecatelja alpskog skijanja utjecao na vedi pozitivni efekt
u ostvarenju ukupnog broja skijaskih bodova u disciplinama veleslalom
i slalom na kraju natjecateljske sezone. Kao 5to je ve¢ navedeno, akrobatski
elementi koje je eksperimentalna skupina usvajala tijekom eksperimentalnog
programa rada izvodili su se iz osnovnog skijaskog poloZaja, te su se u istom
zavrsavali. Izvrsnost njihove izvedbe definirana je integracijom velikog broja
visoko razvijenih motorickih sposobnosti. U prvom redu akrobatski elementi
znacajno utjec¢u na sposobnost kretanja tijela u prostoru, ¢ime se pospjesuje
opca koordinacija, ravnoteza i fleksibilnost. Preciznim, brzim i naizmjeni¢nom
radom i aktivacijom pojedinog misi¢ca i misi¢nih skupina, razvijaju se svi
oblici snage, a najvise snaga ruku i ramenog pojasa, staticka snaga trupa, te
eksplozivna snagu nogu (Ziv¢ié K. 2007.). Stoga je to¢na i precizna izvedba
specificnih elemenata koji su se koristili u inovativnom programu akrobatike
uvjetovana visokom medusobnom uskladenosti medu pojedinim dijelovima
tijela. Slicne zakonitosti vrijede i u natjecateljskom alpskom skijanju. Naime,
za vrijeme izvedbe specificne skijaske tehnike, skijas, skije i Stapovi cine
jedinstven sustav koji optimalno funkcionira kada postoji visoka medusobna
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uskladenost medu pojedinim dijelovima sistema. Zbog navedenih ¢injenica
od skijasa se zahtijeva izrazita situacijska ucinkovitost. Skijaseva percepcija
mora biti iznimno kvalitetna kao i procesiranje i izrada programa kretanija, jer
se staza mora svladati brzo i precizno, a za to je naravno potrebna kvaliteta,
$to je slucaj i s natjecateljskom izvedbom (Males i sur., 2009.). Sve kretnje u
cijelom kinetickom lancu moraju biti koordinirane, a skija$ mora djelovati brzo
bez narusavanja ravnoteznog polozaja i gubitka brzine nad skijama. Stoga
kondicijska priprema mladih alpskih skijasa pomocu inovativnog modela
treninga akrobatike nije nista drugo nego integrativni pristup koji predstavlja
visu i ucinkovitiju razinu modeliranja treninga od klasi¢cnog koncepta
kondicijske pripreme koji je u ovom istrazivanju primijenjen. Pored toga,
dobivenim rezultatima i pozitivnim promjenama u ostvarenju skijaskih bodova
kod obje skupine ispitanika zasigurno je doprinijelo usavrSavanje skijaskih
natjecateljskih tehnika tijekom natjecateljskog perioda. Medutim bududi su
se ispitanici statisti¢ki znacajno razlikovali u inicijalnom mjerenju, moze se
konstatirati kako je razina njihovih usvojenih skijaskih znanja na razlicitim
razinama. Pretpostavlja se kako je razina usvojenosti skijaskih znanja i izvedba
u situacijskim uvjetima kontrolne skupine ispitanika odraz stanja u kojemu se
odredene strukture gibanja pravilno izvode ali postoje izvjesna odstupanja od
idealnih trajektorija. Zbog toga se specifi¢na skijaska znanja ocitovana tijekom
izvodenja skijaskih tehnika ne mogu u potpunosti upotrijebiti kao sadrzaji
vjezbanja za razvoj osobina i sposobnosti koje su u njihovoj osnovi. Razina
usvojenosti skijaskih znanja i izvedba u situacijskim uvjetima eksperimentalne
skupine ispitanika zasigurno je karakterizirana sa znatno manjim odstupanjima
od idealnih trajektorija gibanja ili su beznacajna i mogu se pripisati
pojedina¢nom stilu izvodenja neke strukture kretanja. Na ovoj razini gibanje
se izvodi automatski na dati skup nadrazaja, s maksimalnim iskoristenjem svih
trenutnih potencijala. Dakle, stupanj realizacije ste¢enih motorickih znanja
eksperimentalne i kontrolne skupine ispitanika je na razli¢itim razinama i
znacajno se razlikovao u inicijalnom, a osobito u finalnom mjerenju. Shodno
tome kontrolna skupina ispitanika nije bila u moguénosti da optimalno
eksploatira svoje antropoloske potencijale, za razliku od eksperimentalne
skupine ispitanika. Osim specificnih skijaskih znanja, pretpostavlja se kako je
stupanj razvoja njihovih motorickih sposobnosti o kojima ovisi ucinkovitost
skijaske izvedbe na razlic¢itoj razini. Ipak, prethodno navedene konstatacije bi
trebalo potkrijepiti dodatnim istraZivanjima i ispitivanjima razine usvojenosti
specifi¢nih skijaskih znanja i dijelovima antropoloskog statusa obaju skupina
ispitanika.
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ZAKLJUCAK

Analiza rezultata ovog istrazivanja pokazala je veliku razliku statisticki
znacajne razlike izmedu ucinka inovativhog modela treninga akrobatike
i klasicnog kondicijskog treninga skijasa u pripremnom natjecateljskom
periodu, te skijaskih natjecateljskih treninga u natjecateljskom periodu,
na razvojni ucinak skijaske uspjeSnosti mladih alpskih skijasa. Dobiveni
rezultati ukazuju kako je Eksperimentalna skupina ispitanika koja je u pred
natjecateljskom periodu usvajala akrobatske elemente znacajno vise poboljsala
svoje rezultate, odnosno postigla bolji bodovni plasman na kraju skijaske
natjecateljske sezone, u odnosnu na eksperimentalnu skupinu ispitanika kod
koje je ta promjena bila statisti¢ki znacajno manja. Dobiveni rezultati upucuju
na zaklju¢ak kako inovativni model treninga akrobatike ima viSestruko veéu
znacajnu uporabnu vrijednost u pred natjecateljskom periodu priprema, te
integrirani uc¢inak trenaznog postupka na organizam mladih alpskih skijasa.
Daljnja istrazivanja bi se trebala fokusirati na pracenje transformacijskih
efekata i ucinka tretmana modificiranog treninga akrobatike uz istovremeno
pracenje stupnja usvojenosti specificnih skijaskih znanja.
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Uticaj vezbi snage uz proteinsku suplementaciju
na telesni sastav

Mila Vukadinovi¢, Milan Pantovi¢, Jelena Obradovi¢
Faculty of Sport and Physical Education, Novi Sad, Serbia

ABSTRACT

The aim of this study was to determine the effects of 12 week resistance tra-
ining with the consumption of protein supplementation on body composition
(body mass, fat free mass, fat mass and muscle mass) in adolescents. Ten healthy
male athletes aged 22 years + 6 months were randomly divided into two equal
groups. The first group consisted of 5 subjects who consumed the proteins with
resistance training (VP) and the second group consisted of 5 respondents who
practiced resistance training without consuming additional protein supplemen-
tation (K). Resistance training was practiced for 12 weeks, four times a week. The
intensity of the load was sub-maximal 80-95% 1RM.The measurement was carried
out at 2 time points on bioimpedance MALTRON 920. The difference between the
groups was determined by multivariate analysis of variance / univariate analysis
of variance, and differences within the group was tested by t-test for paired sam-
ples. The results show that there is a significant difference between VP and K gro-
ups in fat-free mass, body fat and muscle mass (p <.05) whereas for body mass no
significant difference between the groups was observed. The conclusion is that
after 12 weeks of resistance training with men consuming protein athletes achie-
ve better results in body composition than men which only practiced resistance
training without additional protein supplementation.

Kljucne redi: proteins, weight training, adolescents.

uvoD

Sportisti imaju dva puta vecu potrebu za unos proteina nego ljudi koji
se ne bave nikakvom fizickom aktivno$¢u (Lemon, Tarnopolsky, MacDougal, i
Atkinson, 1992) zbog bezmasne mase (BEZM) za ¢ije je odrzavanje potrebno
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vise proteina, protenurije, sagorevanja malih koli¢ina proteina za vreme fizicke
aktivnosti (5% od ukupnog sagorevanja energije) adaptacije misi¢nih vlakana
koja su bila oste¢ena tokom trajanja treninga sa opterecenjem (Butterfield,
Cady, i Moynihan, 1992). Izvori proteina sa ve¢om koncentracijom razgranatih
lanaca (EAA) i drugih esencijalnih amino kiselina su viSeg kvaliteta i efikasniji
su u podsticanju sinteze proteina (Kerksick i sar., 2006). Vej protein sadrzi
vece koli¢ine svih potrebnih aminokiselina u odnosu na druge uobicajne
izvore proteina koji se nalaze u hrani (Di Pasquale, 1999) a konzumiranjem
razgradnja (Burd, Tang, Moore, i Phillips, 2006). Kod adolescenata misi¢na
masa (MM) se vise povecava konzumiranjem proteinske suplementacije
(vej protein i soja) uz treninga sa opterecenjem (9 nedelja) nego samostalan
trening sa optere¢enjem (Candow, Burke, Smith-Palmer, i Burke, 2006). Sli¢ne
rezultate dobili su Brown, DiSilvestro, Babaknia, i Devor (2004). Autori smatraju
da ne postoji nikakav napredak u MM kod isptanika koji nisu konzumirali
proteinsku suplementaciju (Brown i sar.,, 2004). Kod masne mase (MASM) i
bezmasne mase (BEZM) Hoffman i sar. (2009) navode da ne postoji znacajna
razlika izmedu sportista koji treniraju svakodnevno trening sa optere¢enjem
uz konzumiranje proteinske suplementacije (42 g enzimskog hidolizovanog
kolagen protein izolata, vej protein izolat i kazein protein) ujutru i uvece, i onih
koji konzumiraju pre i odmah posle treninga. Medutim, autori ipak navode da
proteinska suplementacija (vej protein) uz trening sa optere¢enjem ostvaruje
pozitivne efekte na BEZM u poredenju sa placebo grupom kod mladih i starih
ispitanika (Cermak, Res, De Groot, Saris, i Lon, 2012). BEZM posle 10 nedelja
kod netreniranih muskaraca uzrasta 19 godina povecava se za 5,62+0,98kg
ispitanici su unosili 40g proteina uz trening sa opterecenjem (Willoughby,
Stout, i Wilborn, 2006). Kod gojaznih ispitanika koji su samo konzumirali
vej protein 23 nedelje bez treninga sa optere¢enjem telesna masa (TM) se
smanjila za 1,8 kg (Baer i sar., 2011). Na osnovu svega navedenog, moze se
postaviti hipoteza da proteinska suplementacija uz treninga sa optere¢enjem
ostvaruje drugacije efekte na telesnu masu, masnu masu, bezmasnu masu i
misi¢nu masu od treninga sa opterecenjem bez proteinske suplementacije kod
muskaraca. Primarni cilj rada bio je da se ispita da li postoji razlika u telesnom
sastavu izmedu grupa (VP grupa - ispitanici su pili proteinsku suplementaciju
uz trening sa opterecenjem i K grupa- ispitanici su upraznjavali trening sa
opterecenjem). Sekundarni cilj bio je da se pojedina¢no ispitaju grupe i utvrde
efekti na telesni sastav.
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METOD

Uzorak ispitanika

Deset muskaraca studenata Fakulteta sporta i fizickog vaspitanja u Novom
Sadu (godine 22 + 6 meseci; telesna visina 181.94 + 3.98; telesna masa 78.92 +
6.58) potpisali su saglasnost za u€estvovanje u istrazivanju, a sve procedure u
skladu su sa Helsinskom Deklaracijom (WMA, 2002). Randomizacijom podeljeni
su u dve grupe po 5 ispitanika. Ispitanici u prvoj grupi (n=5) konzumirali su 1g/
kg Twinlab Fuel 100% whey protein uz trening sa optereéenjem (VP) a ispitanici
u drugoj grupi (n=>5) trenirali su bez dodatne proteinske suplementacije (K).

Uzorak varijabli

Uz pomoc bioelektricne impedance MALTRON 920 (bioimpedanca Maltron
Bioscan 920 - 2) dobijene su sledece varijable: TM (kg) - telesna masa, BEZM
(kg) —udeo bezmasne mase u telesnom sastavu, a predstavlja ukupnu masu
misi¢nog, vezivnog i kostanog tkiva, MASM (kg) - udeo masne mase u telesnom
sastavu, MM (kg) — predstavlja udeo misi¢ne mase u telesnom sastavu.

Suplementacija

Ispitanici u grupi VP konzumirali su odmah posle vezbanja 1g/kg Twinlab
Fuel 100% whey protein. Jedna merica od 35g (140kcal) sadrzi - 25 g proteina
surutke (vej izolat i vej koncentrat), 2 g masti, 5 g ugljenih hidrata, 3g BCAA
(L-alanin 1290mg, L-arginin 600mg, L-asparaginska 3320mg, Cistein 730mg,
Glutaminska kiselina 4460mg, Glicin 460mg, L-histidin 470mg, L-isoleucin
1620mg, L-leucin 2660mg, L-lysin 2190mg, L-metionin 620mg, L-fenilalanin
840mg, L-prolin 1660mg, L-serin 1290mg, L-treonin 1810mg, L-tiptofan 560mg,
L-tirozin 770mg, L-valin 1480mg).

Protokol treninga sa opterecenjem

Eksperimentalni program trajao je 12 nedelja, 4 puta nedeljno. Sviispitanici
pratili su isti trenazni program. Radilo se metodom ponavljaju¢eg naprezanja
(submaksimalno optereéenje do otkaza ) (Zaciorski i Kremer, 2009). Repetativni
maksimum (1RM) utvrden je pre pocetka programa. Tri trenazna dana sastojala
su se od razli¢itih programa sa po 10 vezbi, koje se izvode u 3-5 serija (Tabela
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br. 2). Posle treceg trenaznog dana ispitanici su upraznjavali prvi pa drugi itd..
Kvalifikovano osoblje prisustvovalo je treninzima i pratilo rad ispitanika.

Tabela br. 1 Eksperimentalni program

Prvi trening - GRUDI - 1 osnovna vezba 5 serija BICEPS - 1 osnovna vezba 5 serija
2 dodatne vezbe 3 serije 1 dodatna vezba 3 serije
Drugi trening - LEDA - 1 osnovna vezba 5 serija TRICEPS - 1 osnovna vezba 5 serija
2 dodatne vezbe 3 serije 2 dodatne vezbe 3 serije
Treci trening - RAMENA - 1 osnovna vezba 5 serija NOGE - 1 osnovna vezba 5 serija
2 dodatne vezbe 3 serije 2 dodatne vezbe 3 serije

Merenje Telesnog sastava

Za procenjivanje telesnog sastava koris¢ena je bioelektricna impedanca
MALTRON 920 (bioimpedanca Maltron Bioscan 920 - 2) u pre podnevnim
¢asovima. Procenjivanjem telesnog sastava dobijeni su podaci u sledec¢im
pokazateljima: telesna masa, udeo bezmasne mase u telesnom sastavu, a
predstavlja ukupnu masu misi¢nog, vezivnog i kostanog tkiva, udeo masne
mase u telesnom sastavu i udeo misi¢éne mase u telesnom sastavu.

Metode obrade podataka

Za svaku varijablu izraCunate su vrednosti aritmeticke sredine (AS),
standardne devijacije (SD). Za utvrdivanje razlike izmedu AS unutar grupe
koris¢en je t — test za zavisne uzorke. Za dobijanje razlike izmedu ispitanika
VP i K grupe bila je upotrebljena multiravijatna analiza varijanse i univarijatna
analiza varijanse u statisti¢ckim programu SPSS 18.0.

REZULTATI

Unos hranjivih sastojaka tokom eksperimentalnog programa u trajanju
od 12 nedelja bio je kontrolisan. U tabeli br.2 mozZe se uociti da ne postoji
znacajna razlika izmedu grupa (VP i K) u procentualnoj zastupljenosti unosa
proteina, masti i ugljenih hidrata u ishrani.
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Tabela br. 2 Deskriptivna statistika i razlika izmedu grupa u unosu hranjivih sastojak

Varijable AS SD F p
VP 24.70 5.03
Proteini% 1.15 .31
K 21.26 3.73
VP 57.75 9.58 0.93 .36
Masti%
K 63.17 8.08
VP 17.89 5.13 0.53 .48
Ugljenihidrati%
K 15.55 5.04

Legenda: VP- vej protein grupa; K- kontrolna grupa; AS-aritmeticka sredina; SD-standardna devijacija; F
vrednost univarijatne analize varijanse; ; p - statisticka znacajnost univarijatne analize varijanse (<.05)*

Analizom tabele br. 3 kod VP grupe moZe se uociti da postoji statisticki
znacajnarazlika izmedu inicijalnog finalnog merenja u TM, BEZM, MASM i MM (p<
.05)*. Aritmeticke sredine (AS) kod TM, MM i BEZM povedale su se kod VP grupe,
dok se MASM smanijila. Kod K grupe u tabeli br. 3 moze se zapaziti da ne postoji
znacajna razlika izmedu ispitanika na inicijalnom i finalnom merenju u TM, BEZM

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA

i MASM (p> .05) jedino se u MM moze se uociti razlika znacajna razlika (p< .05)*.

Tabela br. 3 Deskriptivna statistika i znacajnost t-testa kod VP i K grupa

Varijable VP (N=5) K (N=5)
AS1 SD1 t p AS2 SD2 t p
T™(kg) | IN | 7530 | 3.21 77.98 5.26
-6.07 .00* -1.89 A3
FIN | 77102 | 351 79.22 418
BEZM (kg) | IN | 67.86 | 1.62 . 67.49 231
-3.24 i 14 2
FIN | 6944 | 1.04 3 03 66.98 1.90 0 3
MASM IN 848 60 8.74 49
422 01% 80 46
(kg) FIN | 699 27 847 66
MM(kg) | IN | 3451 | 1.02 3354 143
-8.32 .00* -2.36 .05%
FIN | 36.16 | .89 33.59 1.46

Legenda: IN - inicijalno merenje; FIN - finalno merenje; AST - aritmeticka sredina VP grupe; SD1
- standardna devijacija VP grupe; t- vrednost t-testa; p — statisticka znacajnost t-testa (p< .05 )*; AS2-
aritmeticka sredina K grupe; SD2 - standardna devijacija K grupe.
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Interpretacijom tabele br. 4 moze se uociti da u celokupnom sistemu
analiziranih varijabli postoji statisticki znacajna razlika izmedu grupa (VP i K) na
finalnom merenju (p=.00)*. Pojedinac¢no analizirajudi svaku varijablu na finalnom
merenju moze se uociti da u TM ne postoji znacajna razlika izmedu grupa (p>
.05) dok se kod BEZM, MASM i MM moze uociti znacajna razlika (p< .05)*.

Tabela br. 4 Razlika izmedu VP i K grupe na finalnom merenju u varijablama telesnog sastava

varijable F p
TM (kg) FIN 0.73 41
BEZM (kg) FIN 6.40 .03*
MASM (kg) FIN 21.03 .00%
MISM (kg) FIN 11.24 01*

F=17.79;P=.00*

Legenda: f - F vrednost univarijatne analize varijanse; p - statisticka znacajnost univarijatne analize
varijanse (p<.05)%; F — F vrednost multivarijatne analize varijanse; P — statisticka znacajnost mulitvarijatne
analize varijanse (p<.05 )*.

DISKUSIJA | ZAKLJUCAK

Rezultati pokazuju da su statisti¢ki znacajne promene ostvarene kod VP
grupe u MASM, BAZM, MM i TM (p< .05) dok se kod K grupe statisti¢ki znacajne
promene uocavaju samo u MM (p< .05). Metoda submaksimalnog opterecenja
do otkaza uz unos 1g/kg vej proteina (odmah posle treninga sa opterecenjem)
povecava MM za 4,7%. Identi¢ne rezultate dobili su Canodow i sar. (2006) ali
su njihov uzorak ¢inili netreninrani muskarci uzrasta 18-35 godina, dok Joy i
sar. (2013) navode da se MM povecala za 3,2kg kod treniranih ispitanika koji
su konzumirali vej protien uz 8 nedelja treninga sa opterecenjem. Kod K grupe
moze se uociti da se MM povecala samo za 2,1%. Poznato je, da trening sa
opterecenjem izaziva povecanje sinteze i razgradnje proteina (Tipton i sar.,
1999). Medutim, unos aminokiselina odmah posle vezbanja povecava sintezu,
rezultata (VP=4,7%; K=2,1%) i navedenih Cinjenica moze se pretpostaviti, da
unos proteina (vej) odmah posle treninga sa opterecenjem povecdava MM
vise nego sam trening sa opterecenjem. Kod ispitanika koji nisu trenirali i nisu
konzumirali proteinsku suplementaciju Brown i sar. (2004) navode da se ne
ostvaruje napredak u MM. TM se kod VP grupe znacajno povecala za 2,4%, dok
se kod K grupe ne moze uociti znacajno povecanje, medutim na osnovu AS
moze se uociti da se TM povecala sa 77,98 kg na 79,22 kg. Suprotne rezultate
dobio je Rohimi (2006). Autor navodi da se TM statisticki znacajno smanjila sa
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84 kg na 66 kg posle 12 nedelja treninga sa opterecenjem (85%1RM 5 serija
i 6 ponavljanja) kod ispitanika koji su pripadali populaciji gojaznih (Rohimi,
2006). U BAZM i MASM kod VP grupe mogu se uociti znacajne promene (p<
.05)*, BAZM se povecala za 2,3%, a MASM smanijila za 2,2%, dok se kod K grupe
te promene ne uocavaju. Sli¢ne rezultete dobili su Willoughby i sar. (2006) ali
kod netreninranih muskaraca BEZM povecala se za 2,7% a MASM se smanijila
za 1,38%. U tabeli br. 2 moZe se uociti da postoji znacajna razlika izmedu VP
i K grupe u celokupnom sistemu analiziranih varijabli na finalnom merenju
(p< .05)*. Ukoliko, pojedina¢no analiziramo BEZM, MASM i MM na finalnom
merenju mogu se uociti razlike izmedu VP i K grupe, dok se kod TM ne vidi
statisticki znacajna razlika. AS pokazuju bolje rezultate u VP grupi. Na osnovu
svega havedenog moze se zakljuditi, da trening sa optereéenjem uz unos 1g/kg
vej proteina 4x nedeljno u toku 12 nedelja, ostvaruje drugacije efekte na telesni
sastav, nego samostalan trening sa opterecenjem kod sportista studenata.
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ABSTRACT

Jumps are very important for success in artistic gymnastics in all levels
of competitions. The aim of the study was to give more information about
jumping abilities of young female gymnasts, participating in an international
competition. We examined age differences in variables of counter-movement
jump (CMJ) and counter-movement jump with arm swing (CMJA) between
three age categories of young female gymnasts from different countries (n=47).
First age group included 16 gymnasts (8 to 10 years old, body height 133.18 cm,
body mass 29.52+3.45 kg) second group 15 gymnasts (10 to 12 years old, body
height 143.31+731 cm, body mass 33.93 kg) and third group 16 gymnasts (12 to
14 years old, body height 152.16+7.66 cm, body mass 43.20+8.26). All gymnasts
participated in the International Competition in gymnastics. The results indicate
that there is a statistically significant difference between age groups in height
of the jumps and peak power of the both jump protocols. The difference isin a
favor of the older age groups. In other variables: depth of the centre of gravity
displacement before the take-off and relative maximal power of jump at CMJ
and CMJA, there were no significant differences between gymnasts.

Key words: Artistic gymnastics, explosive leg power, counter-movement
jump, counter-movement jump with arm swing.

INTRODUCTION

As a basic sport, artistic gymnastics affects development of motor abilities:
strength, coordination, flexibility and balance. Gymnastic elements are mostly
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complex movements which require explosive strength and jumping abilities
on the high level of performance. Height of the vaults, jumps and acrobatic
elements on the balance beam and floor are one of the most important
components of technical requirements of successful execution of gymnastics
elements. Gymnasts' ability to transmit impulse from their feet to their
upper bodies following rebounds is crucial, allowing acrobatic skills such as
somersaulting and twisting (Mkaouer et al., 2011). Bouncing as one of the most
important movements on the floor and vault is present since a very early age
as a part of young gymnasts’ daily training routines (Marina & Torrado, 2013).
The vertical jump assessments are designed to assess the explosive strength of
the lower limbs in different subjects. One of the most used protocols of testing
vertical jumping ability is using of tensiometric platforms where subjects
perform unilateral and bilateral single jumps (SJ, CMJ, VJ, DJ) and a series of
jumps (4CMJ and 60CMJ). Counter-movement jump (CMJ) contains an eccentric
and a concentric phase that constitute a stretch-shortening cycle and they are
associated with many dynamic movements, including running, bounding, and
tumbling, and depend on contractile elements, elastic properties of the muscle
and connective tissue (Kinser et al., 2008). Testing and periodical monitoring
of young athletes’ abilities is necessary for success in senior category. Those
informations are important for planning and making training programs
adapted to the needs of gymnastics and the gymnasts’ age. In this way we
could achieve a harmonious and healthy development of fundamental motor
skills in accordance with the physical development of athletes (Ricotti, 2011).

So far in the literature, the authors have described significant differences
in jumping abilities between trained and untrained subjects (Kums et al., 2005)
national and university teams (Smith, Roberts, & Watson, 1992) and different
age categories of the athletes (Busko et al., 2012). Researches investigated
jumping performance of gymnast’s of different age, gender and levels (Swartz
et al,, 2005; Marina, Jemni, & Rodriguez, 2013). Comparing with match control
groups, there were greater, more significant differences between the female
gymnasts and the control group, than between the male gymnasts and the
male control (Marina et al., 2013). Mentioned authors also reported significantly
increased differences, especially in men, when counter-movement jump and
counter-movement jump with arm swing were normalized to the body mass
(p<0.001).
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Earlier findings of authors suggest that almost every investigated
parameter in counter-movement jumps were affected by age (Focke et al.,
2013).Jumping capabilities are crucialin gymnasticsin all levels of competitions
and in all categories of gymnasts, but for the best of our knowledge there
are not researches in the categories of the young gymnasts that are already
competing on the international level. These gymnasts are already selected
as talented in their countries and can be seen as future representatives of
their countries at major competitions. Therefore, the aim of our study was
to determine differences in chosen variables of counter-movement jumps
without (CMJ) and with arm swing (CMJ), in young female gymnasts (8 to 14
years old), competing in three age groups on the international competition.

Methods
Subjects

Forty-seven young female gymnasts, national team members from eight
European countries (Slovenia, Croatia, Austria, Denmark, Sweden, Romania,
Bulgaria and Serbia), took part in this investigation. The physical characteristics
of the participants are shown in Table 1.

Table 1. Descriptive characteristics of the participants: Means (+standard error).

N Age-group (years) Body height (cm) | Body mass (kg)
Group 1| 16 8-10 133.18 (5.38) 29.52 (3.45)
Group 2| 15 10-12 143.31(7.33) 33.93 (4.59)
Group 3| 16 12-14 152.16 (8.26) 43.21 (8.26)

The subjects were informed about the scope and protocol of the study, and
of the possibility to withdraw from the study at any moment. They were training
for six days a week (one or two training sessions per day) for approximately
48 and 34 hours per week and participated in competitions according to the
national and the international calendar of the International Federation of
Gymnastics. The gymnasts were free of injury and testing was performed on
training two days before competition. The gymnasts were tested after their
usual warming up. All parents and coaches submitted their written consent for
participating of gymnasts according to Helsinki Declaration (WMA). The study
was granted approval of the Research Ethics Committee.
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Procedures

The vertical jump tests (counter-movement jump and counter-movement
jump with arm swing) were measured by Kistler QuatroJump 9290AD and
performed according the protocols described in Bosco (1992) and criteria
for correct trials of jumps was according Acero et al. (2011). During testing,
the air temperature ranged from 24°C to 27°C. Testing commenced at 10 a.m.
and was completed by 1 p.m. Participants were asked to perform six vertical
jumps three with their hands placed on their hips in order to minimize arm
contribution to leg extensor assessment (CMJ), and three with arm swing
(CMJA). Basic anthropometric parameters (body height and body mass) were
registered in the study protocol.

We included four variables of counter movement jump (CMJ): SVIS -
Height of the performed jumps (cm); DPTT - Depth of the centre of gravity
displacement before the take-off (cm); SNKG - The relative maximal power
of jump (W/kg); Peak power, according equation proposed by Sayers et
al. (1999): SPP(W) = 60.7 x jump height (cm) + 45.3 x body mass (kg) -
2,055. Counter-movement jump with arm swing (CMJA) variables: ZVIS -
Height of the performed jumps (cm); ZPTT - Depth of the centre of gravity
displacement before the take-off (cm); ZNKG - The relative maximal power
of jump (W/kg) and Peak power ZPP (W), according the same equation
(Sayers et al., 1999).

Statistical analysis

For statistical analysis of the data, software SPSS version 20 was used.
Descriptive statistics and reliability of testing for all variables were calculated.
The jump height, relative maximal power of jump and depth of body center of
gravity displacement for both protocols were compared between groups by
using a one-way analysis of variance (ANOVA). The criterion for establishing
statistical significance was p < .05.

RESULTS

Table 2 shows results of descriptive statistics, reliability and ANOVA
analysis of CMJ and CMJA jumps of the gymnasts.
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Table 2. Descriptive statistics, reliability and age-group differences of variables

Group 1 Group 2 Group 3 ANOVA
Variable Mean | SD ICC | CA i Mean | SD |ICC| CA :Mean| SD |ICC| CA: F p
SVIS(cm) | 3202 | 409 | 915 | 970 | 3579 | 458 | 876|955 3639 | 457 | 860 | 948 i 459 | 00
DPTT(cm) : 1830 | 498 | 771 | s86 @ 1872 | 472 | 455|715 2027 | 284 | 377 | 645 ¢ 103 | 36
SNKG Do | 248 | 602 | 820 0 2393 | 345 | 746|898 2329 | 343 | 731 | 891 204 | 14
(Wkg) § § §
SPP
£ 100813 | 33391 - 150089 | 37871 - 1199484 | 56341 1680 | 00
(W/em/kg) : ! :
ZVIS(cm) | 3929 | 419 | 854 | 946 © 4368 | 501 | 872|953 4612 | 602 | 868 | 952 0 724 | 00
ZPTT(cm) : 1893 | 427 | 811 | 98 @ 1792 | 542 | 896|963 1786 | 506 | 813 | 929 1 23 | 79
INKG kg | sto | e | o as7a | sss 715|883 2338 | 69 | 805 | 95 7 | 47
(Wrkg) ¢ § § g
PP
© 147592 | 35912 © 191956 | 36461 - 249924 | 63164 1895 | 00
(W/cm/kg) : : :
F=3.83, P<0.005, Wilks’ Lambda=.000

Legend - Mean- arithmetic mean; SD-standard deviation, ICC- Interclass Correlation Coefficient, CA - Crombach’s
alpha, F- F ratio; p-statistical significance between groups (p<0.05)

As showed in Table 2 the older gymnasts jumped higher than younger
gymnasts (36.39+4.57, 35.79+4.58 vs. 32.02+4.09 cm) and that the values of
the SPP were significantly different (p<.005). Variables DPTT, ZPTT, SNKG and
ZNKG do not differ between categories.

DISCUSSION

The goal of the present study was to determine age-group differences
in vertical jump performance. Results indicate that there is a statistically
significant difference between age groups in height of the jumps and peak
power of the both jump protocols. Differences in height of the jumps and
maximum power showed that the older gymnasts have achieved better
results as it was expected. Except maturation which affects the development
of power, the training process and selection of gymnasts are also reasons for
these results. In the youngest category, the success on the competition does
not depend largely on this ability, because of the smaller number of acrobatic
elements. In the older age categories it's necessary to have higher level of this
ability, especially at the oldest category. Gymnasts aged 14-16 perform a large
number of acrobatic elements and high value jumps. The selection process
is focused on the selection of gymnasts that can meet the high demands of
gymnastics in junior and senior categories. Depth of the centre of gravity
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displacement before the take-off wasn't significantly different so we can
conclude that all gymnasts had similar technique of initial jump positions,
mainly characterized by the degree of flexion at the hips and the knees. Also the
relative maximal power measured in both jumps wasn't significantly different.
This is in agreement with the study of Busko et al. (2012). These results can be
consequences of different abilities of gymnasts in spite of the fact that they are
competing in the same category.

Jump reliability reported in our study (9-28%) is higher than it was in
previous researches. Marina & Torrado (2013) reported reliability from 1.57
to 2.35% in the group of fifty young female gymnasts, 8.84+0.62 years old.
Variability in vertical jump tests is higher among younger respondents and
increases with age. Some studies have shown that this ability reaches a level
of adults aged 15 to 16 years, as well as greater reliability scores. Three of the
four all-around apparatus in women gymnastics require a power of lower
limbs, especially when performing acrobatic elements, so young gymnasts
begin practicing vertical jumps at an early age (from 5 to 8 years) (Marina and
Torrado, 2013).

The authors reported that three vertical jump protocols are of great
importance to gymnastics: jumps from squat (in a few cases), jumps with the
previous movementin the opposite direction of the jump (countermovement -
characteristic of the elements on the shaft) and fast plyometric jumps, with so-
called “rebound” effect, typical for the floor and balance beam. If a gymnast is
not successful doing an acrobatic jump, the problem could be either related to
jumping capacity, the specific technique and coordination of the movement,
or both (Marina & Torrado, 2013). Kums et al. (2005) concluded that young
elite female rhythmic gymnasts (12-13 years old) have greater jump height in
CMJ than untrained female. Active subjects jumped higher than the sedentary
group and showed lower variability during consecutive performance. These
results suggest that physical activity and sport experience enhances jumping
performance (Richter et al., 2010). Temfemo et al. (2009) compared vertical
jumping performances in girls during growth, and reported that jumping
performance increases during growth. This is in agreement with our research
when analyzing height of jump in CMJ and CMJA because the oldest gymnasts
aged 12 to 14 years (group 3) achieved greater results in height of jump (SVIS)
and height of jumps with arms swing (ZVIS) than gymnasts from younger age
categories (group 1 and 2). Significant age effects were found for jump height
and jump height variability. Richter et al. (2010) reported significant increase in
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jump height with age increasing over six age groups and a significant decrease
in jump height variability until the age of 9 years. Height, power and body
mass values were larger in girls aged 14.

CONCLUSION

Our research has shown that age-related differences were observed in
jump heights and peak power of the jumps between three age groups of female
gymnasts. The differences between them were not statistically significant in
maximal relative power output in CMJ and CMJA and in depth of the centre of
gravity displacement before the take-off.
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Running and serious leisure perspective
Sasa Pisot

University of Primorska, Scence and research centre, Insititute for kinesiology
research, Koper, Slovenia

ABSTRACT

Running as a mean and a path to physical fitness, health and wellbeing
became a world revolution and popular “brand” of a healthy lifestyle. Running
a marathon or a half marathon in Slovenia also became one of the fastest
growing sport activities reflected in mass sport participation at recreational
running competitions or events.

This phenomenon needs a different perspective in researching who the
runners are and what are their relations to their leisure time? This was also
the aim of this research - to analyse who run a marathon and a half-marathon
in Slovenia and how running affect to runner’s leisure time. From the point
of Stebbins’s (2007) Serious Leisure Perspective - the theoretic framework
that synthesises three main forms of leisure: serious leisure, casual leisure and
project-based leisure, we have analysed runners as amateurs and hobbyists.
The sample of 260 runners of the 1t Istrian marathon 2014; marathon runners
on 42 km (14 females, +41.4 years and 60 males +42 years), half-marathon
runners on 21 km (85 females; +41years and 101 males 41.4 years), was
analysed in the frame of serious leisure perspective, especially their running
pursuit. According to results, we can conclude that running as “serious leisure”
activity for runners is highly substantial (more than 90% runners systematically
prepared themselves for the competition) and fulfilling (“to compete with
myself”; “to improve health and physical fitness” and “to diminish stress” were
the most common answers of motive for run). Running as a“career”in acquiring
and expressing a combination of its special skills, knowledge, and experience
could be found in runner’s answers of their time practicing running (between
60 to 80% of them practise running from 5 years to 10 years and more, the
majority of marathon runners run 30 to 50 km per week, female runners slightly
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less; and half-marathon runners between 20 and 50 km per week; mostly 3 to
5 times per week). We notice a fair level of knowledge of sport nutrition and
their willingness to spend more than 600 euros per year for sport equipment,
fees and other. Because of the obtained results were quite interesting, more
characteristics of running as serious leisure will be studied within the scope of
the next Istrian marathon in 2015.

Key words: running habits, serious leisure perspective, male and female
runners profile

INTRODUCTION

Running as a mean and a path to physical fitness, health and wellbeing
became a world revolution and popular “brand” of a healthy lifestyle. Slovenia
also faces the running fever as the rest of Europe where 50 million people
estimated to run on a regular basis (Scheerder & Breedveld, 2015). According
to the research (Pori et al., 2010) approx. 30,000 adults in Slovenia run regularly,
which represents 2% of the adult Slovenian population. There is no doubt
that running has become one of today’s most popular activities. Running a
marathon or a half marathon has in Slovenia also become a very popular mass
sport type of participation at recreational running competitions or events.
The flow of the running subculture still rises and that phenomenon needs a
different perspective in researching who the runners are and what are their
relations to their leisure time. The increase in running activity can mostly be
attributed to running events and commercial initiatives via social media and
sport industry. In the last decade, we have evidenced the rise from 41 running
sport events in 2004 to over 100 events in 2013 (Olympic committee, 2013).
Those issues were our main focus in this paper; to analyse the characteristics
of runners and their relation to leisure time on the sample of runners of a new
sport event on the Slovenian coast - the Istrian marathon.

From the point of Stebbins’s (2006) Serious Leisure Perspective — the
theoretic framework that synthesises three main forms of leisure: serious
leisure, casual leisure and project-based leisure, we have analysed runners on
42 km and 21 km distance as amateurs who run at the1*t Istrian marathon.

Leisure is defined (Stebbins, 2006) as unforced activity engaged in during
free time, which people want to do and, in either a satisfying or a fulfilling way
(or both) and use their abilities and resources to succeed at this. Meanwhile
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“free time” is time away from unpleasant obligation. Pleasant obligation being
treated here as essentially leisure; since “leisure man”in fact feels no significant
coercion to enact the activity in question. Free choice is intentionally omitted
from this definition, because choice generally is never completely free, but
rather limited with all sorts of conditions.

In the Serious Leisure Perspective Stebbins (2006) also defines the “core
activity perspective” where “core activity” is a distinctive set of interrelated
actions of steps that must be followed to achieve an outcome or product
attractive to the participant. According to the Stebbins’ framework the core
activity of running could be participation at a running sport event (running
on time to certain distance). Also in running, the participant takes several
interrelated steps to successfully run (or for example in other core activity
ski downhill, rescue someone). Although core activity motivates people to
participate in a larger leisure activity; the intensity, meaning and the context of
appeal of this core vary across the three forms. For instance, in serious leisure,
participants gain a sense of deep fulfilment from the core activity, whereas
this is impossible in casual leisure. From that point serious leisure time could
be called “committed leisure” as Tomlinson (1993) suggested, but although
commitment is an important attitude in serious leisure, it is too narrow to
serve as a descriptor of entire serious leisure perspective.

Serious Leisure Perspective (Stebbins, 2006) offers a classification and
explanation of all leisure activities and experiences, as these two are framed
in the social psychological, social, cultural and historical context in which each
activity and accompanying experience take place.

From the point of subject who participated in serious leisure or its core
activity we considered the runners as amateurs. The marginal view to leisure is
evident for amateurs. They do not participate in popular leisure, so their form
of leisure is closer to being work than any other. They are serious about their
leisure and its core activity (running), sometimes they are preoccupied with
sport activity what could reflect in fatigue and injuries. These are the reasons
that are not rarely to be misunderstood by those of their associates, but they
are still within the ambit of respectable society (Stebbins, 1979).

As we described, the aim of this paper is to analyse the pofile of participants
of 1% Istrian marathon from the point of Serious Leisure Perspective where
main focus was on their amateurism, their core activity engagement (running)
and its effect on their leisure time management (intensity, meaning and the
context of appeal).

186

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA




TH

CONTEMPORARY KINESIOLOGY

METHODS

Forthe purposeof collectingthemaincharacteristicofrunners participating
in the 1st Istrian marathon, an online quantitative survey questionnaire “A
profile of 1st Istrian marathon runner” was sent to all registered participants
by e-mail. The research was conducted from 21st of January till 30th of April
2014 and consisted of 53 questions about socio-demographics characteristics,
motive and running related habits and sport injuries at the end. The sample of
participants consisted of those who fully completed the online questionnaire
with expected response rate (16.5%), 337 participants, (176 males (52.2%)
and 161 females (47.8%)). We divided participants into three different groups
according to the distance they intended to run: a full marathon (42.195 km); a
half-marathon (21.097 km) and recreational run (8.5 km) and additionally also
by gender. The further analyses of data focused on the runners’running pursuit
in the frame of the Serious Leisure Perspective, consisted of marathon runners
on 42 km (14 females in average 41.4 years old, and 60 males in average 42
years old) and half marathon runners on 21 km (85 females in average 41years
old, and 101 males, in average 41.4 years old). Variables which define serious
leisure; the substantiality as systematic physical preparation for running event,
fulfilling of running from the point of runners motives of running; running
as a career in expressing a combination of its special skills, knowledge and
experience were examined through several questions. The substantiality
was examined by data of systematic physical preparation, planned running
activities during the week and their time dedicated to training. The fulfilment
of running was analysed by Motivations of Marathoners Scales (56 examples)
of Masters, Ogles in Jolton (1993). Amateur running as a career was examined
by analysing the running history and experiences in sport event participation
and by their knowledge about sport diet and consumption habits dedicated
to sport participation.

RESULTS

Serious leisure perspective obtained analysed data of how structured,
organised and planned is serious leisure and its core activity — running. Results
showed that running as “serious leisure” or “core activity” is highly substantial.
More than 90% runners systematically prepared themselves for the competition
with planned amount of sufficient running kilometres. Marathon runners in
majority ran from 30 to 50 km/week and one third of them even more than 50
km, while female marathon runners run slightly less. Half marathon runners
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(not related to gender) are divided mostly in two equal groups; those who run
from 21 to 30 km per week and those who run 30 to 50 km per week and are
apparently more enthusiastic. Running as a self-fulfilling activity (in Figure 1)
showed that“to compete with myself”;“to improve health and physical fitness”
and “to diminish stress” were the most common answers to the question with
regard to the motivation for running. We can find the gender differences which
are related also to running distance, where female marathon runners reported
“to diminish stress” as the main motive for running, while male marathon
runners value that motive the lowest among all three stated motives.

Figure 1: The scale of three motives for defining the “fulfilment of running”

Fullfilment of running

4 "to to improve health and physical fitness ® "to compete with myself”

= »o diminish stress«

6,06 6,03
5,87 5.86 5,92

Female Female
21km 42 km

Source: Ramesa & Pisot, 2014

Running as a career in acquiring and expressing a combination of its special
skills, knowledge, and experience could be found in runners’ answers of their
time practicing running (between 60-80% of them ran from 5 years to 10 years
and more, most of them ran in average 3 times during the week and often at
weekends. Female marathon runners have the most short running career (4-5
years), meanwhile 60% of male marathon runners run from 5 to more than 10
years. That also reflects the experience in participating at sport events, where
almost one quarter of male marathon runners participated more than 10 times
in the marathon run, while none of our female marathon runners participated
more than 5 times. With regard to practicing sport nutrition, we found that the
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50% of male marathon runners and 28% female marathon runners, 37% maleand
female half marathon runners have had a more healthy diet since they started
running. A lower percentage, just one third of the runners reported about “the
chasing the golden hour after run” and proper timing of meals. We found also a
lower share (less than 1/10) of runners who consume sport supplements (energy
bars, minerals, etc.). An important factor of relevance of running as career was
reflected also in the runners’ willingness to spend more than 600 euros per year
for sport equipment, fees and other (Figure 2 and Figure 3).

Figure 2. The running history of participants — building a career

Running history 7 5
W <
50,00% g =>t
4500% 5 a
40,00% =
35,00% a <
™
30,00% w21 km M SS
25,00% Z N
20.00% m21kmF o
15,00% m42kmM
12883" = 42kmF
3 (] ]
0,00%
less 1-3 4-5 5-10 more
than 1 years years years than 10
year years

Figure3: The average expenditure for running activity on a yearly basis in EUR

Expenditure for running

50,00%
45,00%
40,00%
35,00%
30,00%
25,00% =21kmM

20,00% m21kmF

15,00%
10,00% =42km M

5,00% ‘ m42kmF
0,00% L
0-299 300- 600- 900- 1200-

EUR 599 899 1189 1499
EUR EUR EUR EUR

Source: Ramesa & Pisot, 2014
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DISCUSSION

Results confirm the existence Serious Leisure Perspective characteristics in
the group ofamateurrunners.Running and sportevents (marathon) participation
as core activity is represented as very substantial (systematically planned core
activity for competition in sport event) and fulfilling, because for the majority
of respondents the motive for running is the competition with themselves, the
improvement of health and physical fitness and consequently to diminish stress.
Running as a career in acquiring and expressing a combination of its special
skills, knowledge, and experience was found in the proportion of runners’ time
devoted to running (5-10 years or longer running career, precise weekly and
weekends running schedule, etc.), most runners have adopted and expand
the knowledge on their nutrition habits to sport activity. Their consumption
habits as spending and willingness to spend and to participate at mass sport
events were more evident than with recreational runners, which reflected
the importance of their running activity as a serious leisure perspective. This
could imply that serious leisure of amateurs is the time when the core activity
(running) is carefully structured, organised, allows self-fulfilment and enables
the opportunity to upgrade own special skills, knowledge, personal wellbeing
and the positive self-identity and social identity (social respect).

CONCLUSION

Running a marathon and a half marathon in the presented case could
be defined as running as a career. The runners devoted to running activity
much of their leisure time, for more than 5 years of engagement, with planned
running schedule. Although their position based on the amateur level, most
runners have adopted and expanded the knowledge on nutrition habits to
sport activity and exercise. They are also willing to spend and to participate at
mass sport events more often than other recreational runners. The interesting
results that we have obtained at the same time open additional questions
in the research of the Serious Leisure Perspective, so more characteristics of
amateur runners as the rising sport subculture will be studied within the scope
of the next, the 2" Istrian marathon in 2015.
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A comparative analysis of the jumping tempo
of volleyball players at different levels of
competition

Nikola Toplica Stojanovi¢, Zvezdan Savi¢, Nebojsa Randelovic
Faculty of sport and physical education, University of Nis, Serbia

ABSTRACT

With the aim of studying the differences in the jumping tempo of
volleyball players, the current study was based on a sample of 12 volleyball
players, members of the Super League, and 13 volleyball players, members of
the First Serbian Volleyball League. In order to evaluate the jumping tempo,
three two-foot jump tests were applied: (two-foot quick jumps sideways, two-
foot jumps to the side and jumping lunges) and four tests of single-leg jumps
(left and right leg jumps back and forth, left and right leg jumps sideways). The
results these participants scored had a normal distribution and had satisfactory
sensitivity. Based on the results, we can conclude that there is a difference in
the jumping tempo between the volleyball players of the Super League and
First Serbian Volleyball League, which is manifested in the two-foot jumps and
single-leg jumps in the frontal plane, the ones performed back and forth, while
no difference was determined in the sideways two-foot and single-leg jumps.

Key words: comparative analysis, jumping tempo, volleyball players.

INTRODUCTION

Speed, as a human motor skill, enables the performance of simple
or complex movements in a short period of time, and is the main factor in
achieving a win in numerous sports disciplines (Zeljaskov, 2004). Speed
emerges as a complex skill in many sports disciplines, one which includes
several inter-connected factors (Coh, 2003) and makes up the “speed potential
of an individual”in a particular motor activity, wherein certain factors impose
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as the dominant ones (Zeljaskov, 2004). Based on numerous studies, it was
determined to take several forms, including speed of motor reaction, single
movement speed and frequency speed (Gredelj et al., 1975; Hofman, 1980).
Frequency speed represents the ability to quickly perform several connected
simple or complex movements and plays an important part in sports in which
the ability to quickly repeat uninterrupted, identical movements is dominant,
including quick movements in simple jumps (Boher et al., 1993). Frequency
speed primarily depends on the characteristics of the nervous system and
the physiological characteristics of the activated muscles (Heimer & Matkovi¢,
1997). The game of volleyball is characterized by short and frequent actions
of high intensity, which are accompanied by low-intensity activities and a
recovery period (Polglaze & Dawson, 1992; Viitasalo et al, 1987). Among
volleyball players, the metabolic pathways of keratin-phosphate and glycolysis
are well developed, as is aerobic capacity (Smith, Roberts & Watson, 1992;
Spence, Disch, Fred & Coleman, 1979; Viitasalo et al., 1987). By analyzing the
results of previous studies and existing volleyball matches, it was determined
that the requirements made on the neuro-muscular system are high during
sprinting, falls, jumps and movements in all directions on the court (Dyba,
1982). During an attack sequence or defense, volleyball players use jumps
of various structures, intensity and direction. During the game of volleyball
jumps can be vertical or horizontal, on two feet or just one, and are performed
in all directions (front, back and to the side). Logically, we can assume that
volleyball players need to have well developed speed and muscle force, as
well as the ability to repeat maximum effort with limited recovery periods
during an entire match (Smith et al., 1992). The basic aim of this research was
to determine the difference in the jumping tempo of the volleyball players of
the Super League and First Volleyball League in Serbia.

THE METHOD
The sample of participants

Thisresearchwas carried outonasample of 12 volleyball players competing
in the Super League, and 13 volleyball players competing in the First Serbian
Volleyball League. The basic criteria for selection included the following: all
of the participants were members of senior teams which competed in the
national championship; all of the participants had at least six years of volleyball
training and all of the participants were healthy during the testing.
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The sample of measuring instruments
1. Two-foot jumps sideways (BSKB)
2. Two-foot jumps to the side (SKUS)
3. Lunge jumps (POUI)
4, Right leg jumps back and forth (SDNNN)
5. Left leg jumps back and forth (SLNNN)
6. Right leg jumps sideways (SDNB)
7. Left leg jumps sideways (SLNB)

The reliability, sensitivity and homogeneity of the first three newly-
constructed tests involving jumping on both feet was confirmed in the study
carried out by Stojanovic¢ et al. (2011).

The organization and description of the measuring process

1. Two-foot jumps sideways (BSKB)

Equipment: a stopwatch, 5 (five) small foam cone-shaped hurdles, 7cm
in height, 8cm in width at the base, and 30 cm long. The small hurdles are
positioned in parallel fashion at a distance of 60 cm, one behind the other.

The invigilators: there was one invigilator for each participant.

The overall duration of the test: the test is not finished until the participant
jumps over all the hurdles in both directions.

The task: the participant stands with is right (left) side in front of the first
hurdle. His arms hang freely by his sides. When the invigilator gives the mark
NOW the participant jumps (both feet) over all five hurdles in a row in one
direction. When he jumps over the final hurdle, he jumps over all five in the
opposite direction. The invigilator measures the time from the mark NOW until
the landing position that the participant assumes after jumping over the final
hurdle. The free arm swing is used during the jump.

Evaluation: time is measured in seconds, with a precision of 1/10 seconds.

Instructions: the test is performed three times, and the average score is
recorded.

2. Two-foot jumps to the side (SKUS)

Equipment: a stopwatch, one foam cone-shaped hurdle, 7cm high, 8cm
wide at the base and 30 cm long.
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The invigilators: there was one invigilator for each participant.
The overall duration of the test: 20 seconds.

The task: The participants stands sideways in relation to the hurdle. His
arms hang freely by his sides. At the invigilator’s mark NOW the participant
jumps sideways first on one leg, then on the other, and vice versa. The free arm
swing is used during the jump.

Evaluation: each sideways jump over a hurdle is recorded.

Instructions: the test is performed three times, and the average score is
recorded.

3. Lunge jumps (POUI)

Equipment: a stopwatch, one foam cone-shaped hurdle, 7cm high, 8cm
wide at the base and 30 cm long.

The invigilators: there was one invigilator for each participant.

The overall duration of the test: 20 seconds.

The task: The participant steps forward, so that the hurdle is between
his feet. His arms hang freely by his side. At the invigilator's mark NOW the
participant jumps upwards, changing his position so that he lands in the lunge
position, with his other leg forward, and vice versa. The free arm swing is used
during the jump.

Evaluation: each performed jump luge is recorded.

Instructions: the test is performed three times, and the average score is
recorded.

4. and 5. Right leg jumps back and forth (SDNNN)

(the same test is performed for the left leg as well - SLNNN)

Equipment: a stopwatch, one foam cone-shaped hurdle, 7cm high, 8cm
wide at the base and 30 cm long.

The invigilators: there was one invigilator for each participant.

The overall duration of the test: 20 seconds.

The task: The participant faces the hurdle, standing on his right leg, while
his left leg is bent at the knee and suspended in the air. His arms hang freely by
his sides. At the invigilator’s mark NOW the participant jumps over the hurdle
with his right foot forward and back right away without touching the hurdle.
The free arm swing is used during the jump.
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Evaluation: every jump is recorded.

Instructions: the test is performed three times, and the average score is
recorded.

6.and 7. Right leg jumps sideways (SDNB) (the same test is performed for
the left leg as well - SLNB)

Equipment: a stopwatch, one foam cone-shaped hurdle, 7cm high, 8cm
wide at the base and 30 cm long.

The invigilators: there was one invigilator for each participant.
The overall duration of the test: 20 seconds.

The task: The participant stands sideways in relation to the hurdle, on his
right leg, with his left leg bent at the knee and suspended in the air. His arms
hang freely by his side. At the invigilator’s mark NOW the participant jumps
over the hurdle sideways without touching it. The free arm swing is used
during the jump.

Evaluation: every jump is recorded.

Instructions: the test is performed three times, and the average score is
recorded.

Statistical analysis

In order to obtain the basic parametric data, we applied the descriptive
statistical analyses, where in addition to arithmetic means, the values of minimal
and maximal scores were calculated, along with the range of the scores, standard
deviations, the variation coefficient, as well as the skewness and kurtosis of the
distribution. For information on the difference in the jumping tempo between
the volleyball players of the Super League and First Serbian Volleyball League
we applied the multivariate/univariate analysis of variance (one-way MANOVA/
ANOVA). The results of the measuring were processed using the statistical
package STATISTICA 7.1, (StatSoft, Inc., Tulsa, OK).

RESULTS

Tables 1.and 2. show the descriptive statistical parameters of the volleyball
players of the Super League and First Serbian Volleyball League. By studying
them, based on the values of the skewness (Skew.) and kurtosis (Kurt.) of the
distribution curve, we can conclude that the results of these jumping tempo
tests among the players of the Super League and First Serbian Volleyball
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League had a normal distribution, which is the basic precondition for using
the multivariate and univariate methods in further analysis. These methods
were used to determine the differences between the groups. Only the lunge
jump test (POUISK) and the right leg jump sideways test (SDNB) showed signs
of positive skewness, which as a consequence of the results one participant
scored. These results were significantly higher than the results of the others,
and so the curve was bent towards the lower scores.

Table 1. The descriptive statistical parameters of the jumping tempo of the volleyball players of the Super
League

N | Mean | Min. [ Max. | Range [ Std.Dev. | CoefVar. | Skew. Kurt.
STAR 12121.00 | 17.00 | 29.00 | 12.00 [ 3.95 18.83 1.00 -0.04
BSKBO |[12] 3.79 | 3.28 | 442 | 1.14 0.32 8.50 0.48 -0.17
SKUSTR [ 12 |1 49.17 | 39.67 [ 62.00 | 22.33 | 5.83 11.86 0.52 1.25
POUISK | 12| 61.00 | 54.33 | 75.33| 21.00 | 5.82 9.55 134 2.57
SDNNN [ 12 | 50.06 | 40.33 | 57.00 | 16.67 | 4.40 8.78 -0.94 1.23
SLNNN [ 12 ] 49.56 | 41.00 | 59.00 | 18.00 | 4.27 8.62 0.18 2.50
SDNB 125233 |46.67 [61.67 | 15.00 | 3.76 7.19 1.22 297
SLNB 12 50.86 | 43.00 [ 62.00 | 19.00 | 5.43 10.67 0.46 0.29
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Legend: STAR - the age of the participants; N- the number of participants; Mean - the means; Min. - min-
imal result; Max. - maximum result; Std.Dev. - the standard deviation of the arithmetic means; Coef.Var.
- the variation coefficient; Skew.— the skewness of the distribution curve of the results; Kurt. - the kurtosis
of the distribution curve of the results.

Table 2. The descriptive statistical parameters of the jumping tempo of the volleyball players of the First
Serbian Volleyball League

N Mean Min. | Max. | Range | Std.Dev. [ CoefVar. [ Skew. Kurt.
STAR 13 | 1946 | 16.00 [ 23.00 | 7.00 | 2.11 10.82 0.10 -0.68
BSKBO | 13 [ 395 [ 341 | 453 | 112 | 033 8.37 0.13 -0.75
SKUSTR| 13 | 48.28 | 41.67 | 57.33 | 15.67 | 4.34 9.00 0.48 0.42
POUISK | 13 | 56.28 | 44.00 | 64.67 | 20.67 | 5.33 9.47 -0.73 1.30
SDNNN | 13 | 45.85 | 32.67 | 54.67 | 22.00 | 5.52 12.04 | -0.81 1.83
SLNNN | 13 | 4538 | 39.33 | 53.33 | 14.00 | 4.00 8.82 0.44 -0.43
SDNB 13 | 52.15 | 47.00 | 57.67 | 1067 | 3.72 7.14 0.45 -1.20
SLNB 13 | 51.49 | 42.67 | 58.67 | 16.00 | 4.39 8.52 -0.30 0.07

Legend: STAR - the age of the participants; N- the number of participants; Mean - the means; Min. - min-
imal result; Max. - maximum result; Std.Dev. - the standard deviation of the arithmetic means; Coef.Var.
- the variation coefficient; Skew.- the skewness of the distribution curve of the results; Kurt. - the kurtosis
of the distribution curve of the results.
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By means of the multivariate analysis of variance, we calculated the
differences in the jumping tempo of the volleyball players of the Super League
and the First Serbian Volleyball League at the multivariate level (Table 3.). By
studying these results we can note that at the multivariate level, for the entire
sample of variables of the jumping tempo, a statistically significant difference
was determined for the group centroids (Q=.038).

Table 3. The multivariate analysis of the differences in the jumping tempo of the volleyball players of the
Super League and First Serbian Volleyball League

Wilks Lambda F Effect - df Error - df Q
462 2.83 7 17 .038*

Legend: Wilks lambda - the value of the coefficient of Wilk’s test of group centroid equality; F - the value
of the F-test coefficient for testing the significance of group differences; Effect df, Error df- the degrees of
freedom; Q - the coefficient of the significance of the differences in the group centroids ; * - the statistically
significant level of the group centroids

Considering that the value of the coefficient for the significance of the
differences between the group centroids at the multivariate level is smaller
than the referent value (Q=.038), differences were expected in the variables of
the jumping tempo at the univariate level.

By analyzing table 4., which shows the results of the analysis of variance
at the univariate level, we can conclude that there is a difference in the lunge
jumps variable (POUISK), in the right leg jump back and forth (SDNNN) and the
left leg jump back and forth (SLNNN). It is clear that the volleyball players of
the Super League were more dominant in the jumps which were performed
back and forth, while no difference was determined for the two-foot sideways
and single-leg sideways jumps (BSKBO, SDNB and SLNB).

Table 4. The univariate analysis of the differences in the jumping tempo of the volleyball players of the
Super League and First Serbian Volleyball League

Variable Mean SL Mean PL Difference F(1;23) p

BSKBO 3.79 3.95 -0.16 1.65 0.212
SKUSTR 49.17 48.28 0.89 0.19 0.669
POUISK 61.00 56.28 472 4.47 0.045*
SDNNN 50.06 45.85 4.21 4.40 0.047*
SLNNN 49.56 45.38 4.18 6.35 0.019*
SDNB 52.33 52.15 0.18 0.01 0.906
SLNB 50.86 51.49 -0.63 0.10 0.753

Legend: Mean SL - the means of the Super League volleyball players; Mean PL - the means of the First
Serbian Volleyball League volleyball players; Razlika - the difference in the arithmetic means; F - the value
of the F-test coefficient used to test the significance of the differences; df 1, df 2 - degrees of freedom; p -
the coefficient of the significance of the differences in the means; * - the statistically significant level of the
difference in the arithmetic means
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DISCUSSION

In order to explain the obtained differences in the jumping tempo of the
volleyball players of the Super League and First Serbian Volleyball League,
it is necessary to additionally explain the mechanisms and cause and effect
relations which join together this motor skill, and whose existence was proven
in previous theories and research studies.

The jumping speed to a great extent is determined by the morphological
characteristics of the players (height, weight, the length of their extremities,
etc.), the physiological characteristics of the players (the speed of contraction
of the muscle fibers), as well as the abilities acquired through the training
process (the extent of the force, the technique used to perform the structure
of the movement-jump etc.). The timely performance of a jump is an essential
parameter of the effectiveness of performing the structure of the jump
movement (Canaki & Birki¢, 2009). During the performance of a jump it is very
important for volleyball player to make a move at a precise point in time (in a
timely manner) upwards, forward, or to the side, which means that he should
be interacting with the ball at the moment of his the most extended reach or
before it is achieved (Stojanovic et al., 2005).

What we should add to this is the knowledge that the most important
factors of the jumping ability and jumping speed are the muscle and nervous
system. It is well known that the size of explosive strength is determined by
the abilities of the Abstract exertion of many muscle groups which take part
in movement, under the conditions of full inter-muscle and intra-muscle
coordination and the most suitable relationship between the components
of speed and strength. In the muscle system, the relation between the quick
and slow muscle fibers and the elasticity of the muscles and tendons is very
important. If the quick muscle fibers are dominant, then the consequence is
the greater percentage of the development of strength and speed. The most
important characteristic of muscle and tendon elasticity is the utilization of
elastic energy during the eccentric-concentric cycle. The contribution of the
elastic characteristics to the muscle-tendon system is based on the speed of
this transition (Coh, 2004). The transition must be as quick as possible, that
is, less than 260 milliseconds (Bosco, 1982; Zatsiorsky, 1995). During such
a muscle contraction, in the same amount of time, for the same mechanical
work, less chemical energy is spent, which enables greater movement speed
than in the case of only a concentric contraction.

Explosive strength of the plyometric type can be analyzed as a motor skill
from the standpoint of the system. The organization of this system as well
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as the leading role of some element of that system will determine the type
of explosive movement. A very important element of the plyometric system
is the reactive ability of the movement apparatus. This includes the joint
contribution of the myotatic reflex (or the muscle extension reflex, where the
muscle contracts violently right after extension) and the force which is created
when the passively stretched tissue reverts back into its original position.
Within certain limits, quicker expansion makes a greater contribution to the
explosive nature of the movement (Canaki & Birki¢, 2009).

The concept of accumulation of elastic energy, that is, energy which the
deformation of viscous elastic tissue generates during an eccentric phase of
movement, can be used during the concentric phase of muscle activity. This
brings us to the concept of the muscle spindle reflex or myotatic reflex. It takes
part in the eccentric-concentric contraction and is an important component
in the overall control of the nervous system over body movement (Coh, 1988).

Significant differences in the jumping tempo of the volleyball players
of the Super League and First Serbian Volleyball League between single-leg
jumps back and forth and lunge jumps can be justified by the part that the
speed component plays, which to a great extend depends on genetic material,
in favor of volleyball players who are competing in the Super League. This was
justified considering the improved quality of competition in the Super League.
Thus the quality and speed abilities of the players of the Super League are
greater in comparison to those of the First Volleyball League.

CONCLUSION

Based on the results obtained in this research we can conclude that
differences were determined between the volleyball players of the Super
League and First Serbian Volleyball League, where the volleyball players of the
Super League scored significantly higher results for the jumping tempo on the
two-foot jump and single-leg jump back and forth. The results obtained in this
study can be connected with the various qualities of the Super League and First
Serbian Volleyball League competitions. The Super League of Serbia represents
an elite competition, so there is a need for players with pronounced speed
abilities, which are directly connected to the jumping tempo. This field should
be studied further in detail considering that in the relevant literature there is
not a lot of published information on this topic. Further studies should include
a greater number of participants so that precise results could be obtained.

200

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA




TH

CONTEMPORARY KINESIOLOGY

REFERENCES

Booher, L. D., Hench, K. M., Worrell, T. W., & Stikeleather, J. (1993). Reliability
of three single leg hops tests. Journal of Sport Rehabilitation, 2, 165-170.

Bosco, C,, Viitasalo, J.T., Komi, PV., & Luhtanen, P. (1982a). Combined effect
of elastic energy and myoelectrical potentiation during stretch-shortening
cycle exercise. Acta Physiolgica Scandinavica, 114, 557-565.

Dyba (1982). Physiological and activity characteristics of volleyball.
Volleyball Tech Journal, 6(3), 33-51.

Gredelj, M., Metikos, D.,Hosek, A., &Momirovi¢, K. (1975). Model hijerarhijske
strukture sposobnosti. Kineziologija, 5(1-2), 7-81.

Heimer, S., & Matkovi¢, B. (1997). Sportska fiziologija. U: Milanovi¢, D., (Ur).
Prirucnik za sportske trenere (pp. 161-244). Zagreb: Fakultet za fizicku kulturu.

Hofman, E. (1980). Kanonicke relacije antropometrijskih mjera i testova za
procjenu brzine. Kineziologija, 10(3), 33-38.

Canaki, M., & Birki¢, Z. (2009). Specifi¢nosti pliometrijskog treninga
tenisaca. Hrvatski Sportskomedicinski vijesnik, 24, 45-50.

Coh, M. (1988). Razlike v testih odrivne moc¢i med kosarkarji in $portniki
nekaterih drugih $portnih panog. Trener, 16(578), 32-46.

Coh, M. (2003). Razvoj brzine u kondicijskoj pripremi sportasa. U:
D. Milanovic¢ i I. Juki¢ (Ur.), Kondicijska priprema sportasa, Zbornik radova
medunarodnog znanstveno-strucnog skupa, Zagreb, 21. — 22. veljace 2003, (pp.
229 - 238). Zagreb: Kinezioloski fakultet.

Coh, M. (2004). Metodika i dijagnostika razvoja sko¢nosti u kondicijskoj
pripremi sportasa. Kondicijska priprema sportasa, Zbornik radova, (pp. 104-120).
Zagreb: Kinezioloski fakultet.

LaChance, P. (1995). Plyometric Exercise. Strength Condition Journal,
17(4),16-23.

Polglaze, T., & Dawson, B. (1992). The physiological requirements of the
positions in state league volleyball. Sports Coach, 15, 32-32.

Smith, D. J., Roberts, D., & Watson, B. (1992). Physical, physiological and
performance differences between Canadian national team and universiade
volleyball players. Journal of Sports Sciences, 10(2), 131-138.

Spence, D. W,, Disch, J. G, Fred, H. L., & Coleman, A. E. (1979). Descriptive
profiles of highly skilled women volleyball players. Medicine and science in
sports and exercise, 12(4), 299-302.

201

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA



TH
5 CONTEMPORARY KINESIOLOGY

Stojanovi¢, T., Kosti¢, R., & Nesi¢, G. (2005). Odbojka. Banja Luka: Fakultet
fizickog vaspitanja i sporta.

Verhosanski, J.I. (1979). Razvoj snage u sportu. Beograd: NIP Partizan.

Viitasalo, J. T., Rusko, H., Pajala, O., Rahkila, P, Ahila, M., & Montonen, H.
(1987). Endurance requirements in volleyball. CANADIAN JOURNAL OF SPORT
SCIENCES-REVUE CANADIENNE DES SCIENCES DU SPORT, 12(4), 194-201.

Zatsiorsky, V.M. (1995). Science and practice of srength training. Champaign,
IL:“Human kinetics”.

Zeljaskov, C. (2004). Kondicioni trening vrhunskih sportista. Beograd:
Sportska akademija.

202

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA



TH

CONTEMPORARY KINESIOLOGY

Population size as a factor in countries’ success in
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ABSTRACT

The aim of this research is to determine and explain the correlation
between the success of countries at the World Taekwondo Championships
and population size of individual countries. The sample consisted of 68
countries from all 6 continents whose representatives won medals at the
World Taekwondo Championships from 1973 to 2013. Data was collected
from 21 world championship tournaments and for the purpose of this
research a total of 65 variables were analyzed, which included the number
of gold, silver and bronze medals won by country at world championships
from 1973 to 2013. The success of individual countries was calculated using
a weighted linear combination based on the official scoring system of the
World Taekwondo Federation (WTF) (gold = 7, silver = 3, bronze = 1 point). By
applying a non-parametric correlation analysis it was determined that there
is a moderate statistically significant correlation (r=0.46; P<0.05) between the
success of countries at world championships and population size of individual
countries. For further conclusions about the factors that contribute to the
result-basedsuccess of countries, gross domestic product should probably
be included, while also analyzing the trends in the relationship between
population size and result-based success considering the variations over a
longer time period.

Key words: efficiency, success, number of medals won, world championship

INTRODUCTION
Theissue of identifying the variables which affect the distribution of medals
at competitions of the highest level has been of scientific interest for some time
(Ball, 1972; Grimes, Kelly, Rubin 1974; Levine, 1974). In professional practice an
empirical model based on the data from 1960 to 1996 is well known, and the
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basic model takes into account only the variables population and gross domestic
product (GDP) per capita (Bernard, Busse, 2004). Other research indicates that
some other variables also have an impact on the medals won by countries,
so the model has been expanded and the variables tournament host, planned
economy, former Soviet Union and remaining medal share have been added.

Research shows that past success at the Olympic Games is a significant
predictor of a country’s success at the next Olympic Games (Shughart and
Tollison, 1993). By using regression analysis, the prediction for 23 out of 36
countries was within a deviation of 3 medals from the number of medals wonin
Sydney. Johnson and Ali (2000) take the following variables into consideration;
GDP per capita, host advantage, geographical proximity to the host country,
political system and former colonial connections. The results show that host
advantage adds 12% to the chances of a country’s success and that communist
countries surpass other countries by approximately 12 medals. Research also
shows that the wealth of a nation (GDP) is not the most important factor for
winning a large share of Olympic medals (Krishna and Haglund, 2008). The
probability that a country will win a medal increases with its population size,
wealth and the amount of public information. Furthermore, Bian (2005) gives
an empirical analysis of the different variables used to predict the medals a
country will win. The paper uses the previously mentioned basic models and
the data from the 1988, 1992, 1996 and 2000 Olympics. The results reflect the
results from the previously mentioned research to a great extent.

According to the research mentioned above, the first variable is population
size because the larger the population of a specific country, the greater the
chances that said country will have potentially talented athletes. In a simplified
model, this would imply that the percentage of the world’s population living
in a specific country would be the same as the percentage of medals that
said country would win at the Olympic Games. The above mentioned can be
expressed by the following formula (Bernard and Busse, 2004):

The expected medal share (E(medalshare t)) of the i-th country at the
Olympic Games at the moment t is calculated by dividing the medals the
country will win with the sum of all medals that can be theoretically won. In
an idealized model, the relative result (medal share) is equal to the population
size of a country divided by the total population of the world.

Another frequently used variable isthe economic situation of the country.
The wealthier the nation, the more economic resources it can be expected to
spendon the development of successful athletes. Research indicates that it is
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better to use relative GDP per capita (Moosa and Smith, 2004) which gives a
modified version of the above mentioned equation:

More precisely, the expected number of medals a country will win at the
moment t is an unknown function depending on the population size , GDP
and the organizational capabilities of a certain country (.

Using only the number of medals won at the Olympic Games is not the most
appropriate way of determining the most successful countries. For example, at
the 2008 Olympic Games in Beijing, USA finished second behind China by the
gold medal count in the final rankings, but ahead of China in the total medal
count. This sparked much debate about which ranking system should be used.
The World Taekwondo Federation has prescribed a model for evaluating the
result-based success of teams at competitions (WTF rules Article 6) which shall be
used for the purpose of our research. The TAEKWONDO WTF model of assigning
points to results (7:3:1), i.e. gold - 7 points, silver — 3 points and bronze — 1 point.

In accordance with the above mentioned, the main aim of this research
is to determine and explain the correlation between the success of countries
at the World Taekwondo Championships and population size. It shall be
necessary to determine the success of countries on the basis of total points
won at world championships held so far (1973 - 2013) as an intermediate step,
but also to determine the relative success of countries by the number of total
points won at world championships held so far (1973 - 2013) with respect to
population size.

METHODS

The sample consisted of 68 countries from all 6 continents whose
representatives won medals at world championshipsin the period from 1973 to
2013. Data related to result-based success, i.e. the number of bronze, silver and
gold medals won, was collected from the website www.taekwondodata.com.
Data related to population size was collected from the World Bank database at
the World Bank website http://data.worldbank.org. Data was collected from a
total of 21 world championships, and for the purpose of this research, a total
of 65 variables were analyzed: for each country the number of gold, silver and
bronze medals (1973 - 2013) and the population size of individual countries.

The collected data was processed with Statistica programme for Windows
12.6. (StatSoft, Tulsa, USA). Total point success was calculated based on a
weighted linear combination:
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TOTPTS = 7*TOTGold + 3*TOTSilver + TOTBronze

The following descriptive parameters for the variables of point success
were determined: the arithmetic mean (AM), standard deviation (SD),
minimum (min) and maximum result (max). The normality of variable
distribution was tested by a KS test. Furthermore, the coefficient of correlation
between success and population size of countries was calculated. Countries
were also ranked by their result-based success: based on the total points won
at world championships held so far (1973 - 2013) and the number of total
points won at world championships held so far (1973 - 2013) with respect to
population size.

RESULTS AND DISCUSSION

Table 1 shows the descriptive statistical indicators of countries at the
World Taekwondo Championships (1973 - 2013).

Table 1: Descriptive statistics of the success of countries at the World Taekwondo Championships
(1973 -2013) POPUL - total population size in millions, TOTPTS - total points, TOTPTS/POPUL - ratio of total
points per million residents

AM=*=SD Min Max KS-p
POPUL 61.83+-167.34 |0.16 1337.711 >0.20
TOTPTS 49.23+155.13 | 1.00 1225.00 >0.20
TOTPTS/POP 2.34+4.17 0.01 248 >0.20

Legend: arithmetic meanztstandard deviation - (AM£SD), minimum (MIN) and maximum result
(MAX), significance of the KS test (KS- p)

Looking at Table 1, we can notice that the population size variable (POPUL)
results indicate that countries ranging from relatively “small” ones with scarcely
more than 150,000 residents to the most populous countries in the world with
more than 1.3 billion residents won medals. The average number of points
won per country is 49.23, and it ranges from 1 up to 1225 points. A very high
data variability can be noticed.

Table 2 shows countries ranked by success based on the total number of
points won at world championships held so far (1973-2013). Considering that
results were achieved by countries from all 6 continents, it may be concluded
that taekwondo is a global sport practiced in all parts of the world.
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Table 2: Point rankings for individual countries at the World Taekwondo Championships (1973 — 2013)

COUNTRY NAME G S | B | TOTPTS | COUNTRYNAME | G | S | B | TOTPTS
Korea, Republic Of 158 | 30 | 29 1225 | Gabon 11010 7
Spain 22 | 22 | 60 280 Sweden 0] 0]6 6
Taiwan, Province Of China 14 25 | 37 210 Kazakhstan 0016 6
United States 13 | 19 | 47 195 | Argentina 0113 6
Turkey 10 | 18 | 30 154 Indonesia 01210 6
Iran, Islamic Republic Of | 11 16 | 18 143 Uzbekistan 01210 6
Mexico 4 27 | 30 139 Serbia 0015 5
Germany 5 12 | 32 103 DominicanRep. | 0 | 0 |5 5
China 9 9 |9 99 Jordan 0112 5 " Ez‘,
France 6 10 | 15 87 Viet Nam 005 5 E <
Netherlands 4 5115 58 Norway 003 3 5 E
Canada 1| 1|13 53 | Switzerland 0013 3 E &
Thaland 305 1| 47 |Belarus 003 3 £
Croatia 2 s 110] 39 |Tunisia 003 3 ZR
Cuba 3 3 6 36 Senegal 0[0]|3 3 g
Denmark 2 6 3 35 Saudi Arabia 0013 3
Egypt 2 3] 12 35 Guam 0110 3
United Kingdom 2 6 | 3 35 Bahrain 0110 3
Russian Federation 1 5 110 32 Portugal 0110 3
Italy 0 5115 30 Cyprus 002 2
Australia 1 1117 27 Slovenia 002 2
Brazil 1 4 7 26 Finland 0]0]2 2
Greece 1 3 9 25 Austria 0]0]2 2
Philippines 0 5 6 21 Hungary 002 2
Azerbaijan 1 1 8 18 Belgium 002 2
Cote D'lvoire 0 2 |1 17 Guatemala 002 2
Morocco 0 317 16 Nepal 002 2
Mali 2 0 1 15 Malaysia 002 2
Ecuador 1 2 1 14 Costa Rica 001 1
Puerto Rico 0 2 2 8 Israel 001 1
Afghanistan 0 2 |2 8 Uganda 001 1
Japan 0 1 5 8 Poland 0|01 1
Venezuela 0 1 4 7 Colombia 001 1
Chile 0 2 1 7 Nigeria 001 1

Legend: G - number of gold medals, S — number of silver medals, B - number of bronye medals, TOTPTS -
total points (7 — gold, 3 - silver, 1 — bronze)
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By analyzing the results of the points won at the World Taekwondo
Championships from 1973 to 2013 given in Table 2, it may be stated that the
Republic of Korea takes first place with 1225 points, and that the ranking of
the first six countries stays the same regardless of the ranking method (the
number of points or the number of gold medals won). The rankings given
in Table 3 show the relative success of countries with regards to the number
of total points won at world championships held so far (1973 - 2013). It is
necessary to point out that the following formula was used to calculate the
COEFF
TotN
Pop

where TotN refers to the total number of points, and Pop refers to the
population size.

COEFF = 0°

Table 3: Relative point rankings of countries at the World Taekwondo Championships (1973 - 2013) - Total
number of points per million residents

COUNTRY NAME COEFF COUNTRY NAME COEFF
Korea 2479 Italy 0.50
Guam 18.82 Egypt 0.45
Taiwan 9.08 Chile 041
Croatia 8.83 Switzerland 0.38
Denmark 6.31 Finland 037
Spain 6.08 Kazakhstan 0.37
Gabon 450 Belarus 0.32
Netherlands 3.49 Tunisia 0.28
Cuba 3.19 Portugal 0.28
Bahrain 240 Afghanistan 0.28
Greece 221 Venezuela 0.24
Puerto Rico 215 Austria 0.24
Turkey 213 Senegal 0.23
Azerbaijan 1.99 Russian Federation 0.22
Iran 1.92 Philippines 0.22
Cyprus 1.81 Costa Rica 0.21
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Canada 1.55 Uzbekistan 0.21
France 1.34 Hungary 0.20
Germany 1.26 Belgium 0.18
Australia 1.22 Argentina 0.15
Mexico 1.18 Guatemala 0.14
Mali 1.07 Brazil 0.13
Slovenia 0.98 Israel 0.13
Ecuador 0.93 Saudi Arabia 0.11
Cote D'Ivoire 0.90 Nepal 0.07 <
Jordan 0.83 China 0.07 E E
Thailand 0.71 Malaysia 0.07 xE E
Serbia 0.69 Japan 0.06 g E
Sweden 064 Viet Nam 006 Ss
United States 0.63 Uganda 0.03 &
Norway 0.61 Poland 0.03
United Kingdom 0.56 Indonesia 0.02
Morocco 0.51 Colombia 0.02
Dominican Republic 0.50 Nigeria 0.01

Based on the data presented above, it may be concluded that of all the
analyzed countries only the Republic of Korea won a disproportionately high
number of gold medals in relation to the number of won silver and bronze
medals. All other countries ranked from 1 to 10* place with respect to the
number of medals won per one million residents have a higher number of
silver and bronze medals in relation to gold medals. Table 4 shows the results
of a non-parametric correlation analysis of the observed variables.

Table 4: Rank correlation matrix

POPUL TOTPTS
POPUL 1 0.46*
TOTPTS 0.46* 1

Legend: POPUL - total number of residents expressed in millions, TOTPTS - total number of points.
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All the research conducted so far has greatly emphasized the fact
that population size is an important factor in winning medals at sport
competitions, considering the fact that a larger population size of a country
increases the probability of potentially talented athletes. By analyzing
the results of the applied correlation analysis shown in Table 4 it can be
concluded that, according to the existing research of the issue at hand, and
in relation to the set hypothesis, there is a statistically significant correlation
between the success of countries at World Taekwondo Championships and
population size, i.e., the number of residents. More precisely, it has been
established that on the level of significance P<0.05 there is a moderate (0.46)
statistically relevant correlation between the success of countries at world
championships and the population size of individual countries.

CONCLUSION

Based on the obtained results, a ranking list ofthe general success of
countries according to the total number of points won at world championships
from 1973 to 2013 was created. Moreover, based on the coefficient calculation
of the relative success of countries (TOTPTS/POPUL) in relation to population
size (number of points per million residents), the ranking list of the relative
success of countries was created. The fact that there are 207 member countries
of the World Taekwondo Federation and the analyzed data from 68 countries
from 6 continents that win medals at world championships lead to the
conclusion that taekwondo is a globally practiced sport, and that the Republic
of Korea is without a doubt the most successful country according to both
of the applied criteria. The reason behind the “outstanding” success of Korean
athletes can, among other things, be found in the noticeable positive ratio of
the gold medals won in relation to silver and bronze medals, relative to all other
countries. By applying correlation analysis, it has been established that on the
level of significance P<0.05 there is a moderate (0.46) statistically significant
correlation between the success of countries at world championships and
population size (i.e., number of residents) of individual countries.

In order to make further, but scientifically based conclusions regarding
the possible factors related to the result-based success of countries, it would
probably be advantageous to analyze the data on the impact ofthe gross
domestic product (GDP) in future research. In this sense, it would undoubtedly
be of interest to apply different models of success evaluation, with additional
emphasis on the trends in the result-based success depending on changes in
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population size, economic power and similar variables within the analyzed
time periods. It would also be useful to investigate, taking into consideration
the qualification system, whether there are statistically significant differences
between the success of countries at world championships and the Olympic
Games, as well as if there are differences in the result-based success of countries
from different continents.
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Analysis of attitudes towards combat sports
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ABSTRACT

Aim of this research was to analyze the attitudes towards combat sports
of a group of people which can be characterized as being representative for
the population of Croatia. In accordance with the aim of the study, sample
(n=190) of adult respondents of varying age, gender, profession and sport
preference from the Split-Dalmatia county area was used. Attitude towards
combat sports and activities was measured with by using Attitude towards
combat sports scale. The reliability of the measuring instrument was tested
using the test-retest method on a subsample of n,=14 examinees. Results
indicate that respondents had a positive opinion of combat sports and
activities in general. The results of the study could surely be used as an
argument to encourage planning social activities that include combat sports
in the Split-Dalmatia county and other areas.

INTRODUCTION

Sports are an integral part of everyday life for people all around the world.
As such, they are an important segment of society and in this day and age
they are seen as one of the fundamental social institutions, inseparable from
politics, the economy, media, education, social structures, the institution of
family or even religion. The social institution of ‘sport’ certainly relies heavily
on the norms and values of the society of which it is a part of (Perasovi¢ &
Bartoluci, 2007).

It is possible to have an opinion on any object, phenomenon or problem,
which in turn makes it susceptible to assessment. Therefore, we can assess
various attitudes towards sports (PleSa-Bosnar, Serti¢ & Ribici¢, 2002).
Consequently, there have been a lot of studies focused on researching attitudes
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towards combat sports. For example, studies conducted among elementary
school teachers point to the fact that female teachers are less inclined to like
combat sports than their male counterparts (Busch et al.,, 1999). Another thing
that stood out in these studies was the gender stereotype regarding attitudes
towards combat sports in a sense that males responded more favorably to
combat sports (Prot & Radi¢, 2010). Contrary to this, studies indicate that
there are no differences in attitude towards combat sports based on gender
or even age (Rogowska & Kusnierz, 2013). Similarly, a study conducted among
students in Poland showed no differences in attitude based on gender or age
(Witkowski et al., 2012).

Itis important to stress that there is an evident lack of scientific studies on
attitudes towards combat sports conducted among the general population.
Therefore, the aim of this study is to analyze the attitudes towards combat
sports of a group of people which can be characterized as being representative
for the population of Croatia.

METHODS

In accordance with the aim of the study, it was conducted on a sample
(n=190) of adult respondents of varying age, gender, profession and sport
preference from the Split-Dalmatia county area. Such a sample was chosen
because of the tendency to obtain as generalizable results as possible.

The level of attitude towards combat sports and activities can be
measured with reliable and valid one-dimensional measuring instrument
Attitude towards combat sports scale SBS1 (Bosnar, Serti¢ & Prot, 1996).
The questionnaire contains 20 statements regarding combat sports. Every
statement is rated from 1 to 5 on the Likert scale, with 1 signifying a completely
false statement and 5 signifying a completely accurate statement. The second
part of the questionnaire contains the following segments: 1. Boxing, 2. Karate,
3. Taekwondo, 4. Wrestling, 5. Judo, 6. Kickboxing, 7. MMA. which respondent
rate on the Likert scale from 1 to 7, with 1 signifying a completely negative
attitude and 7 signifying a completely positive attitude. The reliability of the
measuring instrument was tested using the test-retest method on a subsample
of n,=14 examinees. The correlation coefficient between the test and the retest
was used as a measure of reliability.

The arithmetic mean and standard deviations for all the scale components
were used as descriptive statistics parameters. The total score on the Attitude
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towards combat sports scale (SBSS) was obtained by a simple summation of
the answers from all the components, also taking into account the present
scaled variables. In order to quantify the correspondence between people’s
preferences towards particular combat sports and activities, correlation
coefficients were calculated and significance levels between preference
variables for particular combat sports were added. Furthermore, the correlation
between the total scores on the Attitude towards combat sports scale and the
general attitude towards particular sports and activities scales was calculated.
The data was processed using the Statistica 12.6. software. (StatSoft, Tulsa,
USA). Type | error was set at 5%.

RESULTS AND DISCUSSION

The reliability test results indicate a relatively high reliability of the
measuring instrument, which is evident from the correlation coefficient. More
precisely, all the items had a test-retest correlation coefficient within r=0,81 to
1,00 (p<0,05).

The descriptive statistics of the components in Table 1 show the average
ratings respondents gave to particular statements.

Table 1. The descriptive statistics parameters of the measuring instrument: mean value (M), standard
deviation (SD).

M+SD
1. 1 wouldn't take up combat sports in any way, shape or form. 2,37+1,44
2.1 simply can’t understand people who enjoy fighting each other. 2,88+1,54
3.1 hate boxing. 2,23+1,49
4. 1t's extremely satisfying to get the best of an opponent by using your
. 3,81+1,21
own strength and skill.
5. Combat sports are no more dangerous than many other sports. 3,48+1,37
6. Combat sports should be banned because they advocate violence 2244137
against people. e
7. People who train karate are extremely aggressive. 1,97+1,17
8.1 like to watch good contests from a variety of combat sports. 3,59+1,45
9. They shouldn’t add more combat sports to the Olympics, but drop
. 2,05+1,30
them from the competition.
10. Combat sports are brutal and boring. 2,20+1,33
11. 1 would never allow my child to take up combat sports. 2,16+1,32
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12. 1 dream of becoming well-known in the combat sports circuit. 2,05+1,28
13.It's pleasing to see a well executed kick. 3,63+1,48
14. Fighting builds character. 3,44+1,29
15. If-the._-re were no combat sports, something would be missing from 2614122
our civilization. ! !

i1n6j.u(r2(:)£1bat sports don't appeal to me because a person might get 270+1,49
17. Only a barbarian would choose to take up combat sports. 2,01+1,19
18. Combativeness is a noble trait of humankind. 3,78+1,12

19. There is nothing that can justify the savagery on display in combat

2,62+1,33
sports.

20. There should be more combat sports on television. 3,27+1,33

It is evident from table 1 that the absolute value of the statements
that reflect negatively on combat sports and activities is low because the
respondents gave them low ratings. This study suggests that respondents
do not share the prejudice that people who participate in combat sports are
“savages”. Statements such as:“People who train karate are extremely aggressive”,
“Only a barbarian would choose to take up combat sports” and “They shouldn’t
add more combat sports to the Olympics, but drop them from the competition”
got the lowest ratings of all. There are studies which go against the opinion
that the people who love combat sports are extremely aggressive (Daniels &
Thornton, 1990; Daniels & Thornton, 1992). The following statement: “/ dream
of becoming well-known in the combat sports circuit” also got a low rating of
2,05, which suggests that the respondent sample is a diverse one and not a
specific one that consists merely of people who professionally engage in
combat sports. It is important to stress that the respondents on average have
nothing against their children taking up combat sports.

The statements that speak positively of combat sports and activities have
the highest average rating. It is clear that the respondents on average have a
high regard of the skills used in combat sports and activities and see them as
being useful in everyday life. Statements such as:“It’s extremely satisfying to get
the best of an opponent by using your own strength and skill’, “Combativeness is
a noble trait of humankind", received the highest average rating and speak of
the competitive nature of the respondents and their relationship with combat
sports and activities which satisfy their needs. The statement “It’s pleasing to
see a well executed kick" also got a very high average rating of 3.63 and has the
third overall highest rating in the questionnaire, which suggests that combat

215

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA




TH

CONTEMPORARY KINESIOLOGY

sports are held in high regard and are found to be esthetically appealing. The
following statements were also rated very highly: “I like to watch good contests
from a variety of combat sports” and “Fighting builds character”. Martial arts have
been developing for centuries now and many studies suggest they exert a
positive influence on a person’s character and develop positive moral modes
of behavior (Twemlow et al., 2008, Hunlei, 2008).

Table 2 shows the arithmetic mean (M), minimum (Min) and maximum
result (Max) and the standard deviation (SD) of the condensed result on the
Attitude towards combat sports scale.

Table 2. Descriptive statistics parameters: Arithmetic mean (M), minimum result (Min), maximum result,

(Max) and standard deviation (SD) of the Attitude towards combat sports scale from respondents from the 5,
Split-Dalmatia county. b E
S 2
. i (o=
Attitude towards combat AM=5D Min Max g
-l
a
sports scale 70,23+25,35 20 100 F
=
S <
23
-}
a

By using simple summation and taking into account the scaled variables
of the components, the relatively high average score of 70,23 was obtained.
The maximum possible score of a 100 would denote a complete and absolute
preference towards combat sports. The results show a relatively high, i.e.
positive, attitude towards combat sports among the respondents. Furthermore,
table 3 shows the descriptive statistics parameters for particular combat sports
and activities preferences.

Table 3. Descriptive statistics parameters: arithmetic mean (M), standard deviation (SD) for combat sports
and activities preferences.

M+SD
Boxing 4,62+1,62
Karate 4,00+1,38

Taekwondo | 3,93+1,39
Wrestling 3,70+1,50

Judo 4,04+1,46
Kickboxing | 4,57+1,53
MMA 437+1,85

Table 3 shows that boxing has the highest average rating with 4,62. In
order from the highest to the lowest average rating, boxing is followed by:
Kickboxing, MMA (mixed martial arts), Judo, Karate, Taekwondo and Wrestling.
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Itisinteresting to note that MMA has the highest standard deviation of 1,85
which suggests that even though the respondents have a fairly good opinion
of the activity, the results are more dispersed. There is a relatively large number
of respondents which gave MMA either a low or high rating. Although it is
one of the oldest sports, wrestling got the lowest average rating. Kickboxing
finds itself in second place with an average rating of 4,57, just behind Boxing
with a rating of 4,62. On the other hand, in a similar study conducted on a
specific group of respondents from the Faculty of Philosophy combat sports
are perceived as brutal and the respondents are not attracted to the idea of
finding themselves in close contact with their opponents (Gosnik, Sedar &
Bunjevac, 2007).

Table 4 contains correlation coefficients between the sports and activities
with regard to preferences.

Table 4. Correlation between preference variables towards particular combat sports

Boxing | Karate |Taekwondo | Wrestling |Judo | Kickboxing
Karate 0,48*
Taekwondo | 0,33* 0,74*
Wrestling 0,45 0,35 0,38

Judo 0,24 0,38 0,45 0,58*
Kickboxing | 0,74* 0,41* 10,37*% 0,24 0,23*
MMa 0,69* 0,35* |0,38* 0,33 0,27 |0,76*

*-statistically significant correlations (p<0,05)

It is noticeable that boxing has a high correlation coefficient with
kickboxing (0.74) and MMA (0,69). Itis also evident that these are the three exact
sports which were best ranked in the preference questionnaire. Kickboxing
and boxing share the same technical-tactical features and are based on stand-
up fighting, even though kicks are a prominent factor in kickboxing. MMA is
greatly defined by techniques used in these two sports. Furthermore, karate
only has a high correlation coefficient with taekwondo. Their technical-tactical
structure is also extremely similar so these results are not surprising. Also,
taekwondo has an insignificant correlation coefficient with judo. These two
sports do not share technical-tactical elements, because one is a striking sport
and the otheris a grappling sport. However, both of these sports are performed
while wearing a kimono. It is important to note that wrestling and judo have
a significant correlation coefficient of 0.58, which is probably due to the fact
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that both sports are based on direct contact and have the aim to physically
overpower an opponent, pin him to the ground and control him. That fact is
most likely the ,differentia specifica” that separates judo and wrestling from
the other sports.

Table 5. Correlation coefficients for the total scores on the Attitude towards combat sports scale and the
General attitude towards particular sports and activities scales

Boxing | Karate | Taekwondo | Wrestling | Judo | Kickboxing | MMA

Total score
on the Atti- 0,50* | 0,30* 0,24* 0,24 0,22 0,47* 0,43*
tude scale

*-statistically significant correlations (p<0,05)

Table 5 shows that the highest and a statistically significant correlation
coefficient for the total scores on the Attitude scale is shared between Boxing,
Kickboxing and MMA. Among this group of respondents, these three sports
got the best average preference rating. Also, they have many common aspects.

This leads to the conclusion that to these respondents the connection
between the total scores on the Attitude scale is more prominent for boxing,
kickboxing and MMA than for the other sports.

CONCLUSION

This research was an attempt to show and interpret the attitudes of a
relatively diverse group of respondents towards a group of combat sports and
activities. In line with the aim of the thesis, a sample of n=190 respondents was
questioned using the measuring instrument known as the Attitude towards
combat sports scale SBS1. Most of the respondents were from the Split-
Dalmatia county, which should not diminish the possibility of generalizing the
results. The attitude levels towards combat sports and activities determined by
the measuring instrument were rated relatively highly. The respondents had a
positive opinion of combat sports and activities in general.

The results of the study could surely be used as an argument to encourage
planning social activities that include combat sports in the Split-Dalmatia
county and other areas. It would certainly be of public interest that the
preference indicators were taken into account and the results were used as a
basis to instigate activities to which the respondents responded to favorably.

The study was limited by the sample and the relatively low number of
respondents, and the same study should be conducted with a larger random
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sample across the whole of Croatia. Therefore, larger and fully representative
respondent samples should be used in future studies of this type so that a
general insight into the people’s attitude towards combat sports could be
gained.
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ABSTRACT

The insights into relevant factors significantly influencing competitive
sucess raise numerous questions to be answered by coaches and researchers
in the field of one of the most complex sports games - football. It can be stated
that the efficiency/ success in football is determined by the level of sucess in
performing both individual and collective tactics/ actions which are repeated
during the game, and that it can be reflected in the indicators of the situational
effectiveness. Thus, the main objective of this paper has been to determine
whether there are differences in the selected indicators of situational
effectiveness in the UEFA Champions League group stage in the season 2014/
2015 between the best football clubs divided in “A league Champions (English
Premier league, German Bundesliga, Spanish Primera, Italian Serie A and
French Ligue 1)” and “the other clubs” The results, obtained by performing a
discriminant analysis, show differences between “A League Champions” and
“The other clubs’, as well as that the groups are discriminated by effective
short and crossfield passes. The “A League Champions” achieve more short
and crossfield passes, which means that they have higher ball possession
percentages, which provides them with the higher probability to win and play
in the playoffs. Furthermore, the results show that the team in control of the
midfield - the ball possession, wins the game.

Keywords: football, clubs, efficacy
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uvoD

Spoznaje o relevantnim faktorima koji su znacajno povezani sa igrackom
i momcadskom ucinkovito$¢u, a samim time i natjecateljskom uspjeSnoscu
pitanja su koja se namecu mnogim trenerimaiistrazivac¢ima u podrucju sporta,
pa tako izuzetak nije ninogometnaigra. Nogomet je jedna od najkompleksnijih
sportskih igara i moze se redi da je uspjeSnost u nogometu odredena razinom
uspjednosti obavljanja individualnih i kolektivnih zadataka koji se ponavljaju
tijekom igre.

Uspjesnost uizvrdavanju zadataka u igrimoze se prikazatiikroz pokazatelje
situacijske ucinkovitosti.U podru¢ju nogometne igre iznimno je veliki broj
istrazivanja medutim, prema autoru dostupnim podacima, istrazivanja u
podru¢ju situacijske ucinkovitosti u nogometu nisu toliko cesta. Bitno je za
istaknuti da se u dosadasnjim istraZivanjima smjer samog istrazivanja kretao u
podrucju individualnih pokazatelja razlika izmedu nogometasa, odnosno nisu
se istrazivale momcadski pokazatelji niti se i$lo u cilju definiranja standardnih i
nestandardnih pokazatelja situacijske u¢inkovitostiunogometu.Tek Bloomfield
(2005) navodidajeneophodnoidentificiratiizvore varijabilnostiistandardizirati
pristup i analizu podataka. Trnini¢ (2006) navodi da su pokazatelji situacijske
ucinkovitosti tradicionalni nacin procjenjivanja individualne i timske izvedbe,
koji oslikavaju samo djelomi¢nu uspjesnost u igri. Nadalje Trnini¢ (2006) tvrdi
kako je situacijska ucinkovitost djelomic¢ni pokazatelj stvarne kvalitete igraca i
igre te da je odredena individualnom i mom¢adskom razinom sportske forme,
uigranoscu ekipe te razinom integralne pripremljenostiigracai cijele momcadi.
S tim u vezi situacijska ucinkovitost nije samo funkcija situacije i stvarne
kvaliteteigraca, vecitaktike suprotstavljenih mom¢adi, odluka sudaca, utjecaja
publike, funkcionalnih odnosa u ekipi (kvalitete suradnje), razine vjere u sustav
igre i nacin treniranja te ulozenog napora u igri obje momcadi. Od istraZivanja
koja su ucinjena na pokazateljima situacijske ucinkovitosti u momcadskom
smislu moze se istaknuti Szwarc (2008) koji navodi da rezultati pokazuju da
momcad koja kontrolira posjed lopte pobjeduje u igri kao i istrazivanje na
16 utakmica Liga prvaka, Smaji¢, Molnar i Radoman (2008),gdje se navodi da
rezultati pokazuju da su uspjesni nogometni klubovi statisticki ucinkovitiji
u aktivnostima s loptom koja im je omogucdila sportsko postignuce. Trnini¢ i
Vukicevi¢(2005) upucuju da su ¢imbenici koji odreduju situacijsku u¢inkovitost
igraca i momcadi slijededi: stvarna kvaliteta igraca i igre, razina sportske forme,
uigranost ekipe, integralna pripremljenost igraca i cijele momcadi, situacija,
stvarna kvaliteta igraca, taktika suprostavljenih momcadi, kvaliteta suradnje,
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razina vjere u vlastiti sustav igre, nacin treniranja, suci, publika, uloZze napor
vlastite i protivnicke momcadi.

U ovom radu ispitat ¢e se i procijeniti, pomocu odabranih pokazatelja
situacijske ucinkovitosti, djelomi¢na uspjeSnost u igri kod vrhunskih
nogometnih kubova. Varijabilnost pokazatelja izvedbe pojedinih nogometasa
i mom¢adi na vremenskom nizu utakmica iznimno su vazni podaci koji se mogu
koristiti za povecanje performansi i ucinkovitosti u samoj igri. Neophodno je
razvijati metode za objektivnije procjene stvarne kvalitete u igri, te definirati
standardne i nestandardne pokazatelje situacijske u¢inkovitosti u nogometu.

Cilj ovog istrazivanja, koristedi diskriminacijsku analizu, bio je ispitati
postoje li razlike izmedu vrhunskih nogometnih kubova podijeljenih u dvije
grupe ,Klubovi liga petice” i “Klubovi ostali” u odabranim pokazateljima
situacijske ucinkovitosti u grupnoj fazi UEFA Lige prvaka u sezoni 2014/15.

METODE RADA

Uzorak predstavlja 190 entiteta, gdje entitete predstavljaju 32 nogometna
kluba koja su sudjelovala u grupnoj fazi natjecanja UEFA Lige prvaka, sezone
2014/15. Odigrano je ukupno 96 utakmica dok je u samom istraZivanju
obradeno 95 utakmica. U svakoj utakmici svaka ekipa predstavlja jedan entitet.
Izmjerena 32 nogometna kluba ¢ini 16 ,Klubova liga petice“i 16 ,Klubova
ostali”. ,Klubovi liga petice” su klubovi koji pripadaju u skupinu od 5 najjacih
europskihnogometnih liga koju ¢ine Engleska Premier League, Francuska Ligue
1, Talijanska Serie A, Njemacka Bundesliga i Spanjolska La Liga. Pokazatelje
situacijske ucinkovitosti sacinjavalo je 17 varijabli: postignuti golovi ekipe na
utakmici (GOL), posjed lopte (POS), prijedena udaljenost (PRE), udarci na gol u
okvir (UDARCI-0), udarcinagolizvan okvira, (UDARCI-IO), blokirani udarcina gol
(UDARCI-B), korner (KOR), zalede (ZAL), zuti karton (ZUT), crveni karton (CRV),
napravljeni prekrsaji (PRK), neuspjela dodavanja - duga (NDOD-D), neuspjela
dodavanja srednja (NDOD-S), neuspjela dodavanja — kratka (NDOD-K), uspjela
dodavanja - duga (UDOD-D), uspjela dodavanja - srednja (UDOD-S), uspjela
dodavanja - kratka (UDOD-K).Svi rezultati dobiveni su na sluzbenoj stranici
UEFA Champions league.Metode obrade rezultata ukljucile su izracunavanje
deskriptivnih statistickih parametara prema grupama aritmeti¢ka sredina
(AS) i standardna devijacija (SD). Zatim je napravljena interkorelacija medu
odabranim pokazateljima situacijske ucinkovitosti.Da bi se utvrdilo postoje li
znacajne razlike izmedu dvije grupe napravljena je kanonicka diskriminacijska
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analiza izmedu grupe,Klubovi lige petice” i“Klubovi ostali”. U sklopu kanonicke
diskriminacijske analize izracunat je koeficijent kanonicke diskriminacije,
pozicije grupa na diskriminacijskoj funkciji, te korelacije manifestnih varijabli
s diskriminacijskom funkcijom.Testiranje znacajnosti koeficijenta kanonicke

diskriminacije provedeno je Bartletovim Hi-kvadrat testom.

REZULTATI I RASPRAVA

Podrugje analize odabranih pokazatelja situacijske uc¢inkovitosti
podijeljeno na dvije grupe ,Klubovi liga petice” i ,Klubovi ostali’, aritmeticke

sredine i standardne devijacije prikazane su u tablici 1. <
e
Sz
Tablica 1. Deskriptivni pokazatelji odabranih pokazatelja situacijske u¢inkovitosti, grupa,Klubovi liga petice” E a
i, Klubovi ostali 2 E
AS, sD, AS, SD, g §
GOL 1,10 1,39 1,80 1,55 -9
POS 44,30 9,03 50,00 7,99
PRE 114136,00 | 4638,26 | 113983,60 | 5142,25
UDARCI-O 4,10 2,92 5,30 2,68
UDARCI-IO 4,70 2,70 5,50 2,75
UDARCI-B 3,20 2,12 3,70 2,74
KOR 4,30 2,26 5,10 2,70
ZAL 2,10 1,77 2,90 1,89
ZUT 2,20 1,50 1,70 1,35
CRV 0,10 0,33 0,10 0,32
PRK 13,10 413 12,30 4,48
NDOD-D 12,60 5,90 12,90 5,28
NDOD-S 24,80 8,08 26,00 8,83
NDOD-K 17,80 9,01 18,90 8,95
UDOD-D 35,10 15,04 39,60 14,66
UDOD-S 226,10 80,75 291,70 108,84
UDOD-K 79,40 25,70 118,10 36,15

AS-aritmeticka sredina grupa ,Klubovi ostali’, SD_-standardna devijacija grupa “Klubovi ostali’, AS -
aritmeticka sredina grupa,Klubovi liga petice”, SD,-standardna devijacija grupa,Klubovi liga petice”
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Iz tablice 1. vidljivo je da ,Klubovi lige petice” imaju vece prosjecne
vrijednosti u vedini varijabli, tj. manje u obrnuto skaliranim varijablama.
Najistaknutija razlika je u varijabli UDOD-K u kojoj je vidljivo da ,Klubovi liga
petice” imaju Cetrdesetak uspjesnih kratkih dodavanja vise od ostalih klubova,
kao i UDOD-S preko 60 uspjesnih srednjih dodavanja vise od ostalih klubova
po utakmici. Zanimljivo je da na varijabli PRE ,Klubovi liga petice” imaju u
prosjeku, uz zanemarivu razliku, jednak broj pretréanih kilometara.

Tablica 2. Interkorelacija medu odabranim pokazateljima situacijske u¢inkovitosti.
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1.GOL, 2.POS, 3.PRE, 4.UDARCI-O, 5.UDARCI-IO, 6.UDARCI-B, 7.KOR, 8.ZAL, 9.ZUT, 10.CRV, 11.PRK,
12.NDOD-D, 13.NDOD-S, 14.NDOD-K, 15.UDOD-D, 16.UDOD-S, 17.UDOD-K
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Rezultati interkorelacija medu odabranim pokazateljima situacijske ucinkovi-
tosti prikazani su u tablici 2. Najvecu korelaciju s ostalim varijablama ima varijabla
POS, koje je u visokoj korelaciji sa svim uspjesnim dodavanjima. Najveca korelacija
je s uspjeSnim srednjim dodavanjima (r=0,77), zatim uspjesnim dugim dodavaniji-
ma (r=0,69) i uspjesnim kratkim dodavanjima (r=0,59), $to upucuje da su za duzi
posjed lopte u nogama nuzna uspjesna kontinuirana medusobna dodavanja, sto
jeiuskladu s ocekivanjima. UspjeSna dodavanja su i medu sobom u visokoj korela-
ciji; kratka-srednja (r=0,79), duga-srednja (r=0,67) i kratka-duga (r=0,43). Uspjesna
dodavanja su u srednje visokoj korelaciji i s udarcima u okvir (r=0,40 — 0,45). Ovaj
podatak nas navodi na vjerojatni zaklju¢ak da uspjeSna dodavanja otvaraju mo-
gucnost otvorenog i preciznijeg udarca na gol, a bududi da je varijabla udarac u
okvir u korelaciji s varijablom GOL r=0,66, ocigledno da su uspjesna kratka, srednja
i duga dodavanja glavni faktor za realizaciju zavrsnih akcija.

Tablica 3. Diskriminacijska analiza izmedu grupe ,Klubovi lige petice” i grupe ,Klubovi ostali”

,Klubovi liga petice” ,Klubovi ostali”
Varijable N=16 N=16 DF
AS+SD AS+SD
GOL 1,80£1,55 1,10+1,39 -0,29
POS 50+7,99 44,30+9,03 -0,42
PRE 113983,60+5142,25 114136+4638,26 0,01
UDARCI-O 5,30+2,68 4,10£2,92 -0,26
UDARCI-IO 5,50+2,75 4,70+2,7 -0,19
UDARCI-B 3,70+2,74 3,20+£2,12 -0,13
KOR 5,10+2,70 4,30+2,26 -0,2
ZAL 2,90+1,89 2,10£1,77 -0,31
ZUT 1,70£1,35 2,20+1,50 0,24
CRV 0,10+0,32 0,10+0,33 0,08
PRK 12,30+4,48 13,10+4,13 0,12
NDOD-D 12,90+5,28 12,60+5,90 -0,04
NDOD-S 26+8,83 24,80+8,08 -0,08
NDOD-K 18,90+8,95 17,80+9,1 -0,08
UDOD-D 39,60+14,66 35,10+15,04 -0,19
UDOD-S 291,70+108,84 226,10+80,75 -0,43
UDOD-K 118,10£36,15 79,40+25,70 -0,78
Centroidi -0,78 0,78 CanR=0,62
Wilks'lambda = 0,62 x*=86,22 S$S=17,00 p=0,00

N-broj ispitanika,AS-aritmeticka sredina, SD-standardna devijacija, DF-koeficijenti korelacije diskriminacijske funkcije i var-
ijabli, CanR-koeficijent kanonicke korelacije, Wilks' lambda-koeficijent Wilksova lambda, x*-testna vrijednost pri testiranju
znacajnosti diskriminacijske funkcije, SS-broj stupnjeva slobode: p-razina statisticke znacajnosti diskriminacijskog modela
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Rezultati su obradeni kanonic¢kom diskriminacijskom analizom i iz tablice
3. je vidljivo da koeficijent kanonicke diskriminacije iznosi CR=0,62 $to nam
pokazuje da razlika izmedu grupe ,Klubovi liga petice” i grupe ,Klubovi ostali”
po navedenim varijablama ocito postoji s obzirom na situacijske parametre
koji su izmjereni. Diskriminacijska funkcija znacajno razlikuje grupe. Testiranje
znacajnosti navedenog koeficijenta provedeno je Bartletovim Hi-kvadrat
testom, koji je statisticki znacajan uz pogresku p=0,00. U tablici 3. prikazane
su i aritmeticke sredine grupa na diskriminacijskoj funkciji. Vidljivo je da se
grupa ,Klubovi liga petice” pozicionirala na negativan pol diskriminacijske
funkcije, dok se grupa,Klubovi ostali” pozicionirala na pozitivan pol. U tablici
3. takoder se vidi da sve varijable koje razlikuju grupe su na negativnom polu
diskriminacijske funkcije, $to nam govori da,Klubovi liga petice” postizu vece
rezultate na tim varijablama. Pojedina¢no, razlici najvise pridonosi varijabla
UDOD-K (r=-0,78) 5to je i u skladu sa navedenim istrazivanjima. Kako nam je
kurtosis pokazao veliku rasprsenost ekipa na ovoj varijabli, pretpostavili smo
da razlika znatno ovisi jesu li ,Klubovi liga petice” ili ne. Slijedeca varijabla
koja najbolje diskriminira grupe jetakoder vezana za kontrolu lopte i to je
UDOD-S(r=-0,43). Varijabla POS takoder u zadovoljavajucoj mjeri doprinosi
diskriminaciji grupa (r=-0,42), $to je ocito posljedica uspjesnih kratkih i srednjih
dodavanja.Prema osnovnim statistickim parametrima, ,Klubovi liga petice” u
prosjeku oko 50% vremena kontroliraju loptu u posjedu, dok ,Klubovi ostali”
kontroliraju u posjedu loptu oko 44% vremena. Dakle ,Klubovi liga petice’
imaju vise kratkih i srednjih uspjesnih dodavanja, iz ¢ega proizlazi da imaju
duze vrijeme loptu u posjedu, $to im omogucava vecu vjerojatnost za pobjedu,
a time i prolaz u doigravanje. Buduci da su varijable POSJED, posljedica visokih
rezultata na varijablama UDOD-S i UDOD-K, pretpostavljamo da su najvazniji
parametri koji razlikuju ,Klubove liga petice” i, Klubove ostali” uspjesna kratka
i srednja dodavanja. Naveden istraZivacki nalazi mogu se pronadi u istrazivanju
Szwarc (2008).

7

Zakljucak

Osnovni statisticki parametri ukazivali su da postoje razlike jer dobiveni
rezultati pokazuju da ,Klubovi lige petice” imaju veée prosjecne vrijednosti
u vecini varijabli, tj. manje u obrnuto skaliranim varijablama. Kanoni¢kom
diskriminacijskom analizom potvrdeno je da postoje razlike izmedu grupe
LKlubovi liga petice” i grupe ,Klubovi ostali“ na temelju navedenih varijabli.
Najvazniji parametri koji razlikuju grupesu uspjesna kratka i srednja dodavanja
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kojih,Klubovi liga petice” imaju vise. |z toga proizlazi da imaju duZe vrijeme
loptu u posjedu 5to omogucava vecu kontrolu igre te vecu vjerojatnost
za pobjedu, a time i prijelaz u doigravanje. Dobiveni rezultati pokazuju da
momcad koja kontrolira vezni red-posjed lopte, pobjeduje u nogometnoj igri.
Ogranicavajudi faktori ovog istrazivanja ocituju se u ¢injenicama da je velik
broj ¢imbenika koji odreduju situacijsku uc¢inkovitost te da postoji nedostatak
strukture standardnih i nestandardnih pokazatelja situacijske ucinkovitosti
u nogometu. Informacije o tzv. ,slijepim tockama” u podrudju istrazivanja
pokazatelja izvedbe (situacijske ucinkovitosti) i stvarne kvalitete sporta trebale
bi usmjeravati buduca istrazivanja. Isti autor navodi da upravo ,slijepe tocke” u
navedenom podru¢ju koje tek trebaju biti istrazivana ili koja su neopravdano
zanemarena trebaju biti smjernice za buduca istrazivanja (metaanaliza).
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ABSTRACT

The number of articles that aimed to evaluate the functional capacities of
athletes from the team sports, as opposed to the individual, is very small, and
therefore, the aim of this paper is to present the value of aerobic and anaerobic
capacities of junior basketball players, and therefore, make a functional profile
of young players aged 16-18 years. Aerobic and anaerobic capacities of 10
junior basketball players (BH: 191,3 + 8,3cm; BW: 83,7 + 11,7kg) was analysed.
In this group, VO,max had a mean value of 55,79ml/kg/min, ATVO, 42,61ml/
kg/min (76.4% VO,max), MaxHR 186,9bpm. Average force generated during
the Wingate test was 8,47W/kg, while the peak was 11,56W/kg. Fatigue
index amounted to 49.6%. Taking into account the results of this study, and
comparing them with the results of other studies, it is evident that there was
no difference between the levels of functional abilities of young players who
were involved in this study and junior basketball players which were analysed
in the studies of other authors.

Keywords: Junior Basketball Players, Aerobic Capacity, Anaerobic
Capacity, Fatigue Index

uUvoD

Kosarka je veoma dinamic¢na igra u kojoj igraCi moraju da se u kratkom
vremenu kre¢u veoma intenzivno, obiluje kratkim sprintovima, Cestom
promjenom pravca i smjera kretanja, okretanja, fintiranja, hvatanja i dodavanja
lopte, Sutiranja i dr. (Drinkwater i sur., 2008), te se moze okarakterizirati
velikim zahtjevima za igrackom aktivnoscu razli¢itog karaktera po intenzitetu
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i koordinacionoj sloZenosti, sto od igraca trazi ¢esto i maksimalno misi¢no
naprezanje u promjenjivim situacijama.lako ko3arka nije primarno sport
izdrzljivosti visok nivo kardiorespiratornih funkcija je znacajan, moglo bi se reci
neophodan, kako bi igraci odrzali i izdrzali visokointenzivne aktivnosti tijekom
cijele utakmice (Drinkwater i sur., 2008). Visok tempo igre u oba smjera stvara
potrebu za veoma napornim intenzivnim treniranjem, a sve, da bi se zadovoljili
trenazni kriteriji za vrhunsku izvedbu(Truni¢, 2007).

U funkcionalnom smislu nivo treniranosti ogleda se u nivou aerobne i
anaerobne izdrZljivosti. Anaerobni kapacitet podrazumijeva stvaranje energije
u uslovima nedostatka kisika (hipoksije). Uglavhom se izrazava kao ukupna
produkcija energije tokom kratkih aktivnosti visokog intenziteta.Statisticki
promatrano, ko3arkasi djeluju maksimalnim intenzitetom u igri 40-58% u
odnosu na ukupno ucesée u igri. Od ukupnog vremena provedenog u igri,
26% vremena, puls se nalazi ispod 160/min, dok je ostalih 74% vremena on visi
od 160/min (Truni¢, 2007).

S druge strane aerobne funkcionalne sposobnosti mogu se definirati kao
sposobnosti sustava za transport kisika da dopremi, sustava za iskoriStavanje da
u biokemijskim procesima za proizvodnju energije iskoristi kisik i sposobnosti
radne muskulature da iskoristi kisik u procesu razgradnje hranjivih tvari, a sve
to radi obavljanja misi¢nog rada (Sekuli¢ i Metikos, 2007). Sudarov i Fratari¢
(2010) navode da je VO,max osnovna i integralna mjera aerobne sposobnosti
koja ukazuje na nivo sposobnosti organizma da udahnuti zrak pretvori u
energiju.Primarni cilj ove studije prikazati vrijednosti aerobnih i anaerobnih
kapaciteta mladih kosarkasa (juniori KK,Spars”).

METODE
Uzorak ispitanika

Ukupno 10 ispitanika igraca, juniora ko3arkaskog kluba,Spars” iz Sarajeva
je Cinilo uzorak. Juniori KK ,Spars”, koji su podvrgnuti testiranju su prvaci
juniorske lige Bosne i Hercegovine, te prvaci A2 lige Jug. Prosjecna visina:
191,3+£8,3cm, prosjecna tezina: 83,7+11,7kg. Obzirom da se radi o maloljetnim
osobama, roditelji svih ispitanikasu pristali da se istrazivanje izvrsi.

Kosarkasi koji igraju na visem nivou imaju konzistentnije rezultate (Hoare
i War, 2000; Drinkwater i sur., 2007), te su zbog toga, u svrhu ovog istrazivanja
testirani prvaci juniorske lige Bosne i Hercegovine.
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Uzorak varijabli
Varijable koje su analizirane u ovom istraZivanju se mogu podijeliti u dvije
grupe:
1. Aerobni kapacitet
2. Anaerobni kapacitet

Primijenjene varijable iz testa opterecenja

1. VO,max - maksimalni primitak kisika (ml/kg/min)

2. ATVO, - primitak kisika na anaerobnom pragu (ml/kg/min)*

3. MaxHR - najvisa vrijednost sr¢ane frekvencije (otkucaja/min)

4, ATHR - vrijednost sr¢ane frekvencije na anaerobnom pragu (otkucaja/
min)*

* Anaerobni prag je odreden V-slope metodom (na temelju pracenja
odnosa primitka kisika i izdahnutog uglji¢nog dioksida, te promjena minutnog
volumena disanja) (Walsh i Davis, 1990),
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Nadalje, anaerobni kapacitet je procijenjen pomocu idudih varijabli:
1. PP -vrsna vrijednost generirane sile tokom Wingate testa (W/kg)
2. AP - prosjec¢na vrijednost generirane sile tokom Wingate testa (W/kg)

3. Fl - index zamora tokom izvedbe Wingate testa (%) — prema formuli:
[(PP-LP(lowest power))/PP1*100

Ispitanici su testirani u laboratorijskim uvjetima prema Kavcici sur. (2012).
Vazno je napomenuti da su koristene iskljucivo relativnevrijednosti, Sto se
moze primijetiti iz mjernih jedinica.

Protokol testiranja

Maksimalni primitak kisika (VO,max) je izmjeren tokom testa koji
podrazumijeva kontinuirano tr¢anje na pokretnoj traci (Gait Trainer™ 2,
Biodex, Shirley, New York, USA). Svi ispitanici su bili upoznati sa protokolom u
koji su ukljuceni. U svrhu procjene VO,max-a, koristen je standardizirani Bruce-
ov (Bruce, 1971) protokol koji podrazumijeva postepeno povecanje brzine
tréanja i nagiba trake svake tri minute. Test se prekida kada ispitanik da znak
da nije u stanju odrzavati dostignutu brzinu pokretne trake. Primitak kisika je
mjeren pomoc¢u metaboli¢kog analizatora (Fitmate PRO, Cosmed, Rome, Italy).
Opravdanostuporabe Bruce protokola je pronadena u studijamaod Zhangisur.
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(1991) i Hamlin i sur., (2012) koji navode da su parametri aerobnog kapaciteta
isti neovisno o ukupnom trajanju testa.Sr¢ana frekvencija je mjerena tokom
trajanja testa pomocu pulsmetra (RCX5, Polar, Oulu, Finland).

Kada su u pitanju anaerobne sposobnosti, iste su procijenjene Wingate
testom. Cjelokupniprotokol je izveden prema standardu (Inbar, Bar-Ori Skinner,
1996; Beneke i sur., 2002). Za izvodenije testa koriSten je biciklergometar (Cycle
ergometer, Model 864, Monark,Sweden) opremljen elektronskim mjernim
uredajem.

Metode obrade podataka

Za sve varijable su izra¢unati standardni centralni i disperzivni parametri
kao i mjere asimetrije i izduzenosti distribucije. Obrada podataka je izvrsena
pomocu statistickog paketa SPSS 21 za Windows operativni sustav.

REZULTATI | DISKUSLJA

Analiziraju¢i tabelu 1, u kojoj su predstavljeni centralni i disperzivni
parametri, moZe se konstatirati da su rezultati svih varijabli normalno
distribuirani.

Tabela 1. Centralni i disperzivni parametri, te parametri asimetrije i izduzenosti distribucije za sve varijable

Descriptive statistic
Mini- Maxi- Std. Devia- Skew- Kur-
Mean . .
mum mum tion ness tosis
VO, max 44.2 60.3 55.79 4.77 -1.69 3.67
ATVO- 36.9 52.7 42.61 4.98 .96 .59
,max
MaxHR 168 197 186.9 8.37 -1.29 2.09
ATHR 155 182 168.9 9.50 -25 -1.29
PP 8.82 13.53 11.56 1.52 -28 -51
AP 7.24 10.05 8.47 .86 53 -53
Fl 32.92 67.39 49.60 10.32 -.196 18

Obzirom da je primarni cilj ove studije prikazati rezultate mladih kosarkasa
Profili seniorskog uzrasta nece biti ukljuceni u raspravu.Pored navedenog,
potrebno je naglasiti da, zbog promjena u pravilima ko3arkaske igre u 2000.
godini, koja su dodatno utjecala na povecanje fizioloskog optereéenja igraca
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tijekom ko3arkaske utakmice, istrazivanja funkcionalnog stanja ko3arkasa,
prije ove godine, nisu relevantna, te nece biti uklju¢ena u raspravu.

Rezultati koji se odnose na VO, max (tabela 1), kod analizirane skupine
igraca imaju srednju vrijednost od 55,79ml/kg/min. Nadalje, prosjecna
vrijednost u varijabli primitak kisika na anaerobnom pragu ATVO, iznosi
42,61ml/kg/min, odnosno, 76,4% od maksimalnog primitka kisika. Pored
ove dvije varijable, uocljivo je da je u varijabli MaxHR zabiljezena prosje¢na
vrijednost od 186,9/min., dok, rezultati varijabli koje se odnose na anaerobni
prag pokazuju prosje¢nu vrijednost od 168,9/min., odnosno, procentualno, na
90% od maksimalnog pulsa u minuti se nalazi anaerobni prag.

Deli¢isur.(2005) sunauzorku (n=12;16+0,2 godina)junioradobiliprosje¢nu
vrijednost maksimalnog primitka kisika od 60,2+1,4ml/kg/min, te maksimalni
zabiljeZeni puls od 193,7+1,8bpm. Sli¢ne rezultate su zabiljezili Castagna i sur
u studijama (2007)i (2008).0ni su na uzorkuod 16i 18 juniora(16,8+1,2 godine),
u sezonama u kojima su pobijedili na regionalnom ko3arkaskom prvenstvu,
zabiljezili prosje¢nu vrijednost maksimalnog primitka kisika od 59,6+6,9ml/kg/
min, odnosno 59,5+7,9ml/kg/min.Prem da su u ova dva istrazivanja zabiljezeni
nesto bolji rezultati u odnosu na rezultate ove studije, evidentno je da su razlike
u svim parametrima funkcionalnih sposobnosti unuitar 10 %, te nije moguce
sasvim pouzdano tvrditi Sto je uzrok tim razlikama. Pored razlike u kvalitetu
lige iz koje dolaze ispitanici prethodnih studija, one mogu biti uvjetovane i
trenutkom u kome su izmjerene varijable funkcionalnih kapaciteta, naime
u ovoj studiji ispitanici su testirani unutar takmicarskog perioda, sto moze
rezultirati nesto nizim rezultatima ako se u obzir uzme umor igraca i motivacija
za testiranje u momentu kad igraju takmicarske utakmice.

Apostolidis i sur. (2004), zabiljezili su nesto niZe rezultate od rezultata ove
studije.U njihovoj studij(Funkcionalni profil juniorskih reprezentativca Grcke
uzrasta 18+0,5 godina) zabiljeZena je vrijednost maksimalnog primitka kisika
od 51,7+4,8ml/kg/min, dok je primitak kisika na anaerobnom pragu iznosio
77,6£7% od maksimalnog primitka kisika. Sli¢ne rezultate su dobili i Abbasian
i sur. (2012), na uzorku od 45 kosarkasa juniora uzrasta 16,46+0,37 godina
(nasumicno izabranih iz nacionalne juniorske lige) sa prosje¢nom vrijednosti
maksimalnog primitka kisika od 51,53+4,46ml/kg/min.Takoder,Stojanovici sur.
(2007)su na (n=26) kosarkasa juniora zabiljezili nizu vrijednost maksimalnog
primitka kisika53,8+5,5ml/kg/min, ali neSto viSu kod primitka na anaerobnom
pragu46,3+6,1ml/kg/min.
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Kada su u pitanju anaerobni kapaciteti, dosadasnja istrazivanja su daleko
oskudnija po pitanju rezultata koji ukazuju na nivo istih. lako se ko3arka smatra
za primarno anaerobni sport (Ostoji¢ i sur., 2006), interesantna je Cinjenica
da je daleko maniji broj istraZivanja, ne samo na ovom uzorku, koji se bavio
ovom problematikom. Stoga, rezultati Wingate testa ¢e biti usporedeni sa
nesto manje studija, u koje, bas kao i u prethodnom dijelu teksta, su ukljuceni
iskljucivo ko3arkasi juniori.

U ovoj studiji, prosje¢na vrina vrijednost generirane sile tokom Wingate
testa iznosi 11,56W/kg, dok je prosjecna vrijednost ukupno generirane sile
tokom Wingate testa 8,47W/kg. Nadalje, indeks zamora tokom izvedbe
Wingate testa, kod ispitanika ukljucenih u ovu studiju, je iznosi 49,6%.

Prethodno spomenuti Apostolidis i sur. (2004) navode je da prosje¢na
vréna vrijednost generirane sile tokom Wingate testa iznosila 10,7+1,3W/
kg, dok je prosje¢na vrijednost ukupno generirane sile tokom Wingate testa
iznosila 8+0,7W/kg.Ukupno generirana sila tokom Wingate testa u istraZivanju
Stojanovic i sur. (2007), iznosila je 6,3+1W/kg.

Nesto veca prosjecna vrina vrijednost generirane sile tokom Wingate testa
14,1+£1,4W/kg, prosjecna vrijednost ukupno generirane sile 9,5+1W/kg, te indeks
zamora tokom izvedbe testa 56+7,6%, zabiljezena je u studiji (Hoffman i sur.,
2000) na uzorku imala 9 ¢lanova lzraelske juniorske koSarkaske reprezentacije.

ZAKLJUCAK

Uzimajuci u obzir rezultate ove studije, te komparirajudi ih sa rezultatima
prethodnih studija uocljivo je dasu funkcionalne sposobnosti mladih kosarkasa
iz ove studije na razini drugih juniorskih kosarkaskih selekcijakoji su analizirani
u studijama drugih autora,a koji koji su uglavnom ukljucivali reprezentativce
razli¢itih nacionalnih selekcija.Moze sezakljuciti da testirani uzorak ispitanika
posjeduje visoku razinu funkcionalnih sposobnosti sto je u skladu sa prosjekom
elitnih igraca Europskog nivoa.S ciljem objektivnijeg utvrdivanja stanja
funkcionalnih sposobnosti ubuducim istrazivanjima slicnog karaktera trebalo
biuzeti uzeti u obzir vedi uzorak ispitanika sto bi se postiglo ukljuc¢ivanjem veceg
broj klubova iz nacionalne lige. Takoider, kako bi se dobila objektivnija slika
prosjec¢nog funkcionalnog profila kosarkasa juniora potrebno je utvrditi razliku
izmedu razli¢itih kvalitativnih razina izmedu klubova unuitar nacionalne lig,
izmedu igraca ligaske razine sa igrac¢ima reprezentativne razine, tu u konacnici
razlike izmedu igrala reprezentativnih selekcija razlicitog kvalitete.
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Differences between the elite and sub-elite
athletes in kinematic and dynamic parameters
of sprint - start
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ABSTRACT

The purpose of the study was to determine differences between the
elite and sub-elite athletes in some kinematic and dynamic parameters of
sprint start, which represents the first segment of sprinting velocity. The
study included 12 athletes, who were divided in two groups according to the
60 and 100- metre time criterion. System with 9 Smart-e 600 cameras was
used for 3-D kinematic analysis. Dynamic parameters were determined with
the help of bipedal tensiometric force plates with starting blocks installed
on them. Differences between the athletes were calculated with the use of
t-test for independent samples. The results revealed statistically significant
differences between the measured subjects in seven kinematic and seven
dynamic parameters of sprint start. The most important noticed kinematic
generators of differences between the elite and sub-elite athletes were: pre-
motor reaction time, total reaction time, block velocity, duration of leaving
the rear starting block, duration of leaving the front starting block, length of
first step and length of second step. In the dimension of sprint start dynamics,
the athletes differentiated in the absolute force on the rear starting block,
maximum vertical force on the rear starting block, time needed to generate
the maximum force on the front starting block, the impulse of force on the
front starting block and the absolute impulse on the front and rear starting
blocks.

Key words: sprinters, sprint start, biomechanics.
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INTRODUCTION

In sprint events, the sprint start is one of the crucial factors of competition
success. According to the studies (Guissard and Hainaut, 1992; Harland end
Steele, 1997; Hunter et al., 2004), the efficiency of realisation of sprint start
depends mainly on the block positioning, position of body centre of gravity
(BCG) in“set”position, block time, impulse of force on the front and rear starting
blocks and block velocity, which continues into block acceleration. All these
factors depend on specific motor abilities, energetic processes, morphological
characteristics and central processes of motor regulation. Mero, Luhtanen and
Komi (1983) have in their study found that block velocity is strongly correlated
with horizontal and vertical force created on the front and rear starting blocks.
Block positioning of both blocks, position of the body in “set” position has to
ensure that the body centre of gravity (BCG) is at a height between 54 cm -
75 cm, whereas the horizontal projection of BCG has to be at the distance
between 28 cm - 30 cm from starting line (Harland & Steele, 1997). Optimal
correlation of start and block acceleration represents a specific motor problem,
where an athlete has to integrate time and spatial acyclic movement into a
cyclicone (Harland and Steele 1997; Ozsu, 2014). The purpose of the study was
to determine the differences in kinematic and dynamic parameters of sprint
start between the elite and sub-elite athletes. Hypothesis was set that the
quality of athletes in kinematic and dynamic variables of start represents the
generators of differences. The results of the study will help the understanding
of biophysical starting mechanisms, which will then lead to the development
of suitable training methods and tools for improvement of the quality of sprint
start in athletes.

METHODS

The experiment included 12 best Slovenian sprinters (average age 22.4
+ 3.4 years, average body height 177.6 + 6.9 cm, average body weight 74.9
+ 5.2 kg) with the average personal best results in 60-metre sprint at 6.93 *
0.12 s (with the best result 6.65 s) and in 100-metre sprint at 10.82 + 0.25 s
(the best result 10.39 s). Concurring to the aims of the study, the athletes were
divided in two groups, where the criterion for selection into either elite or sub-
elite group was the result at an official competition in a 60 or 100-metre sprint
event. Measurements of sprint starts were carried out in a biomechanical
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laboratory of Polyclinic for physical medicine and rehabilitation »Peharec« in
Pula, Croatia. The positioning of starting blocks was left individually to every
athlete. System of 8 CCD cameras (SMART-e 600, BTS Bioengineering) with a
200 Hz frequency. Dynamic sprint start parameters were determined with the
help of two independent force plates (Kistler Type 9286A), frequency 800 Hz,
where two starting blocks were installed (see Figure 1). Data were statistically
analysed with the use of SPSS for Windows 15.0 programme. In addition to
basic statistical parameters of variables, the differences between the two
groups of athletes were calculated with the use of t-test for independent
samples. Differences were accepted at a 5% risk level (p<0.05).

Figure 1: Measuring procedure of dynamic and kinematic variables in sprint start

RESULTS

In relation to the 100-metre sprint event results, the athletes significantly
differentiatedin eight kinematic parameters of sprint start (see Table 1): reaction
time — premotor time, total reaction time (time from starting signal to the last
contact with starting blocks), block velocity, time of the last contact of feet in
front and rear starting blocks, the length of first step and block acceleration.
According to the group of dynamic parameters of sprint start (see Table 2),
the elite and sub-elite athletes differentiate in nine parameters: maximal
horizontal and vertical force on the front starting block, maximal vertical force
on the rear starting block, time of force acting on the front starting block, the
impulse of force on the front starting block and in total impulse of force on
both starting blocks.
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Table 1: Kinematic parameters of sprint-start
ELITE ATHLETES SUB-ELITE ATHLETES
(6) (6)
Parameter Unit | Mean SD Mean SD
Reaction time — premotor time | ms 121 11.33 131 16.53
Block velocity ms? 3.83" 0.17 3.16 0.19
Total block reaction time ms 453" 24.62 436 18.83
Reaction time - front block ms 332° 28.73 305 24.35
Reaction time — rear block ms 162" 9.47 149 12.40
Step one/length m 1.30° 0.51 1.06 0.60 -
Step two / length m 1.03" 0.12 0.98 0.33 E E
" Significantly different at p < 0.05 E é
““Significantly different at p < 0.01 E =
o
Table 2: Dynamic parameters of sprint-start E §
ELITE ATHLETES | SUB-ELITE -
(6) ATHLETES (6)
Parameter Unit | Mean SD Mean |SD
Total force / rear block N 913" |[89.23 771 |55.09
Maximal force / front block — horizontal | N 461" |51.05 398 |56.73
Maximal force / front block - vertical N 1019 " | 69.99 978 |43.12
Maximal force / rear block - vertical N 795" 191.29 645 | 41.55
Time to peak force / front block ms 2627 | 22.11 242 | 15.22
Force impulse of front block Ns 221.3" |15.8 178.3 | 13.1
Force impulse - total Ns 2943 |21.1 269.5 |17.9

“ Significantly different at p < 0.05
“*Significantly different at p < 0.01

DISCUSSION AND CONCLUSIONS

The reaction - premotor time (RT), which is defined with a time interval
between the starting signaland the activation of muscles applying the horizontal
(pressure) force on the starting block, exceeding the 10% of maximal force
(Mero and Komi, 1990, Mero, Komi end Gregor 1992). Premotor reaction time is
statistically significantly shorter in elite athletes (121£11 ms) in comparison with
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the sub-elite athletes (131+16 ms) - see Table 1. The same could not be found
for the total block reaction time, which is defined with premotor reaction time
and the time of leaving the front and rear starting blocks. Elite athletes have
significantly longer total block reaction time. The difference between the elite
and sub-elite groups was revealed at 17 ms. Time spent in front-rear starting
block, which is defined with the start of production force on the starting block
(10% of maximal horizontal force) to the moment the foot leaves the front-rear
starting blocks (force = 0 N). The time of action in the front block is statistically
significantly shorter in the sub-elite group of athletes (sub-elite = 305+24, elite
= 332429 ms). Similarly, the sub-elite group of athletes had significantly shorter
time of force action on the rear starting block

Longer reaction time allows the elite athletes to develop larger total block
force on the front and rear starting blocks (see Table 2). The difference in the
total force on the front starting block was noticed at 31 N yet it does not carry
statistical significance. In contrast, the total force on the rear starting block is
statistically significant; in the group of the elite athletes the difference between
the total block force on the front and rear starting block is 17.3%, whereas
the difference in the same parameter in the group of sub-elite athletes was
measured at 28.1%. It can be concluded that better athletes develop more even
force on both starting blocks. The impulse of force - block force (Impulse Ns
= F x t), which is mathematically equal to the total area under the force - time
curve, is one of the most significant criterion of the efficient start (Harland end
Steele, 1997; Guiterez- Davila et al., 2006; Slawinski et al., 2010). The impulse
of force is larger on the front than rear block, understandable as the front leg
spends twice as much time on the block as the rear leg. Elite athletes develop
statistically significantly larger impulse of force on the front block, compared
to the group of sub-elite athletes (recorded difference = 24.8 N.s). Total impulse
on both starting blocks thus significantly differentiates two groups of athletes.
In the group of elite athletes the total impulse was measured at 294.3+21.1 Ns,
whereas in the group of sub-elite athletes it was 269.5+17.9 Ns. Larger impulse
of force on the front starting block generates larger block velocity (Harland
end Steele, 1997). In order to generate the impulse of force, the largest part
is down to the agonists and antagonists of ankle joint, which ensure the
necessary stiffness of this segment. The key role in this process is in the motor
programme joint stiffness regulation, which controls and synchronises the
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work of flexors and extensors of the foot in take-off action from the starting
block (Sale et al., 1983; Mero end Komi 1990; Guissard end Hainaut, 1992).

Start velocity is a product of optimal set position, production of force on
front and rear starting block and high degree of automatism of start motor
pattern (Mero end Komi, 1990; Slawinski et al., 2010). Start velocity is defined
with the speed of leaving the front starting block; this parameter significantly
differentiates elite and sub-elite athletes. The values of start velocity in the
group of elite athletes were measured at 3.83+0.17 m.s" and in sub-elite at
3.16 £0.19 ms™'. The important criteria of start acceleration are the lengths of
first two steps and their contact times. From the biomechanical aspect, the
relationship between the length of step and ground contact time is changing.
With the progressive increase in the length of step, the ground contact times
are getting shorter. The speed is generated mainly by these two parameters
(Mero end Komi, 1990; Guissard end Hainaut, Slawinski et al., 2010). In the
group of elite athletes, ground contact times vary between 160 ms and 184 ms
(Mero end Komi, 1990; Mero, Komi end Gregor 1992; Hunter et al., 2005). No
significant differences were found in the ground contact times of first two steps
in the athletes from the chosen sample. Elite athletes have generally shorter
contact times in the first two steps, yet they are statistically not significant

Sprint-start is a very important element of sprinting dynamics. Its
contribution to the final result in a 100-metre run is somewhere between 8 to
10%. The present study revealed that better athletes possess better quality of
start in some kinematic and dynamic parameters. The differences were shown
mostly in reaction times, block velocity, the magnitude of force production on
the front and rear starting blocks, in larger total and partial impulse of force on
starting blocks, in the time interval needed for the realisation of maximal force
on the front block and in better transition from start into starting acceleration.
Study was carried out on the best Slovenian athletes and with the use of latest
diagnostic technology. On the basis of acquired information, the training
process of sprinters will be easier to monitor and plan. A prerequisite for a good
result in a 100-metre sprint event is a stable and efficient motor pattern of
sprint start. Insufficient starting technique is often a cause of disqualification of
the athlete in accordance with the latest rules. Optimisation of motor pattern is
a long-term process, which can be successful only when its key biomechanical
parameters and mechanisms are understood.
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Utjecaj antropometrijskih karakteristika
na uspjesnost plivanja kraul tehnikom kod
vrhunskih hrvatskih plivaca

Renata Pavi¢', Pero Kuterovac?

'Kinezioloski fakultet, Sveuciliste u Splitu, Hrvatska
2 Hrvatski Plivacki Savez, Zagreb, Hrvatska

ABSTRACT

The primary goal of this research is to establish relationships and influences
of anthropometry, with success freestyle swimming technique based on
relationships and results crawl technique of top swimmers. Measurements
were carried out on a sample of 43 categorized top swimmers from all over
Croatia. Selection criterria were categorized swimmers, top athletes of first,
second and third category according to the Croatian Olympic Committee
criteria. All measured swimmers are members of the national swimming team.
Respondents were male, age (mean = 21.41, s = 3.67), medicaly controled and
clinically healthy. Measurements were carried out in the Diagnostic Centre,
Faculty of Kinesiology, SWC pool “Mladost” and the gym in the same centar.
Anthropometric space is represented by the tests that are an integral part
of the IBP (International Biological Program), with a total of 27 measured
variables. The results obtained measuring the subjects were analized in the
program “Statistica for Windows 10.0.” Anthropometric characteristics showed
a large and significant impact on achieving superior crawl technique results.
A set of tests covering anthropometric area that make 27 variables which, with
86%, determine success of crawl technique. Only 4 variables show a statistically
significant effect on the value of freestyle swimming technique. After analysis
it is possible to conclude that swimmers with greater sitting height, lower
body height and smaller hand wrist diametar, thigh girth and percentage of
body fat, but higher krystal suprailium skin folds can achieve better results in
freestyle swimming technique. These results suggest the need of monitoring
the status of anthropological crawl swimmers in these stated anthropometric
characteristics, especially those that can affect the training process (% of
body weight, skin folds and girths), while in the selection process monitoring
longitudinal dimensionality of the skeleton is needed.

Key words: swimming, freestyle, anthropometry, swimming coaches.
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uvoD

Podrucje kinezioloske znanosti interdisciplinarno je i uz samosvojne
C¢initelje, zadire u podrugje istraZivanja ostalih znanstvenih disciplina koje
objasnjavaju probleme antropometrije, bio-mehanike, fiziologije, psihologije,
sociologije te njihov utjecaj na krajnji rezultat, vrhunski sportski cilj. Relacije
izmedu morfoloskih te motori¢kih karakteristika predmet su mnogih
istrazivanja i znanstvenih oprec¢nosti, a kako se plivacka aktivnost odvija
u vodenom mediju i razli¢itim tehnikama, time se taj prostor moze osjetno
zakomplicirati. Jedan od osnovnih problema koji se postavlja pred sportske
djelatnike svih sportskih grana, pa tako i plivanja, jest izrada modela, to jest
standarda prema kojima bi se plivaci trebali selekcionirati. Buduci da u plivanju
postoje 4 plivacke tehnike jasno je da za svaku od njih treba izraditi poseban
model, i to s obzirom na spol, dob i disciplinu. TeZnja je autora da pridonesu
rjeSavanju postojece problematike utvrdivanja uspjesnosti plivanja u ovom
sluc¢aju kraul tehnikom te navedenu problematiku istraZe i znanstveno dokazu.
Parametri koji ¢e se ispitati u ovom istrazivanju definiraju kako i koliki utjecaj
imaju antropometrijske karakteristike na vrijednost plivackih rezultata kraul
tehnikom plivanja. Morfoloske karakteristike ljudi, koji se s kiberneti¢kog
aspekta mogu pojednostavljeno promatrati kao fleksibilni bioloski aparati s
odredenim dimenzijama odavno su predmet istrazivanja, pa ¢e primjenjivost
rezultata ovog istrazivanja naci svoju primjenu u sportskoj praksi.

Cilj ovoga istrazivanja je definirati utjecaj varijabli antropometrijskih karak-
teristika na uspjesnost plivanja kraul tehnikom kod vrhunskih hrvatskih plivaca.
Rezultati dosadasnjih istraZivanja mogu se generalno sistematizirati na pozitivne
utjecaje tjelesnih opsega i mase na motoricke sposobnosti, te negativni utjecaji
potkoznog masnog tkiva na rezultate u plivanju. Zahorec (1983) istrazivao je
utjecaj tjelesne konstitucije plivaca na plivacku uspjeSnost pa su utvrdeni pozi-
tivni utjecaji longitudinalne dimenzionalnosti skeleta na rezultate u plivanju i
pozitivni utjecaji popre¢nih mjera na sposobnosti koje predstavljaju apsolutnu
koli¢inu razvijene sile. S obzirom na to, da je veli¢ina morfoloskih obiljeZja uv-
jetovana genetski i utjecaj treninga na njih je minimalan, pa i Zahorec zaklju¢uje
da su za izbor plivackih talenata presudne antropometrijske karakteristike. Pavi¢
(2008) istrazivala je i korisnost mjerenja morfoloskih karakteristika u pojedinoj
uzrasnoj dobi za efikasniju selekciju buducih plivaca. Plivacki treneri trebaju
znati da su misi¢no tkivo i potkoZzno masno tkivo znatno manje genetski deter-
minirani nego $to je skelet te su viSe podlozni promjenama trenaznog procesa
koji moze utjecati na formiranje pozeljne morfoloske strukture.

METODE RADA

Mjerenja su izvrSena na uzorku od 43 kategorizirana vrhunska plivaca iz
cijele Hrvatske. Kriterij odabira plivaca kategorizacija je vrhunskih sportasa I.,

245

w
w
3
=
-
v
w
-
(=]
w
E
>
=

POZVANA PREDAVANJA




TH

CONTEMPORARY KINESIOLOGY

Il i lll. kategorije prema kriterijima Hrvatskog olimpijskog odbora. Svi mjereni
plivaci ¢lanovi su Drzavnih plivackih reprezentacija. Prema kriterijima HOO-a
Il. i lll. kategorija moze se postidi isplivavanjem rezultata, dok je I. kategorija
isklju¢ivo plasmanska, Sto znaci da pliva¢ mora osvojiti propisani plasman na
nekom od sluzbenih natjecanja (olimpijske igre, svjetsko prvenstvo i europs-
ko prvenstvo). Ispitanici su muskog spola, starosne dobi (x = 21,41; s = 3,67),
lijecnicki pregledani i klini¢ki potpuno zdravi. Mjerenja su obavljena u Dijag-
nostickom centru Kinezioloskog fakulteta, bazenu PVC “Mladost” i teretani is-
tog centra. Antropometrijski prostor zastupljen je testovima koji su sastavni
dio IBP-a (International Biological Program), a pokrivaju cetiri faktora antro-
poloskog statusa (Medved, 1987), te vitalnog kapaciteta koji se ¢esto svrstava
u longitudinalnu dimenzionalnost skeleta zbog medusobne visoke korelacije
(Vol¢ansek, 1979).

Postujudi ciljeve istrazivanja odabran je prediktorski sklop varijabli koji
je relevantan kod plivanja kraul tehnikom pa je obuhvaceni antropometrijski
prostor zastupljen sa 27 varijabli, a kao kriterijska varijabla uzet je broj bodova
na osnovi najboljeg rezultata u 50 metarskom bazenu po IPS (International
Point Scores) sustavu, rezultat koji je sluZio kao osnova za odredivanje
vrijednosti, tj. broja bodova, izmjeren je na jednom od sluzbenih natjecanja
uz elektronsko mjerenje vremena (OMEGA). Rezultati dobiveni mjerenjem
ispitanika obradeni su u programu ,Statistica for Windows 10.0", a na skupu
testova koji pokrivaju antropometrijski prostor nakon provedene backward
regresijske analize bilo je moguce zakljuciti koje varijable determiniraju uspjeh
kod plivanja kraul tehnikom. IstraZivanje u ovome radu provedeno je s ciljem
utvrdivanja veli¢ine utjecaja antropometrijskih karakteristika na vrijednost
rezultata u plivanju kraul tehnikom kod vrhunskih hrvatskih plivaca.

REZULTATI I RASPRAVA

Kao i u dosadasnjim istrazivanjima, na temelju dobivenih vrijednosti
moguce je potvrditi ve¢ ranije odredene latentne strukture: longitudinalna
dimenzionalnost skeleta, transverzalna dimenzionalnost skeleta, volumen i
masa tijela te potkoZzno masno tkivo (Petri¢, 1996, Leko, 2001). Tjelesna visina
(VISTL)) visoko je korelirana s mjerama koje se mogu svrstati u latentni prostor
volumena i mase tijela (TEZTLJ, LBM), ali i s ostalim mjerama longitudinalne
dimenzionalnosti skeleta (DUZSAK, DUZSTO, RSPRUK, SJEVIS) te s vitalnim
kapacitetom $to moze biti razumljivo jer s veéim vrijednostima tjelesne visine
i odredenih varijabli poput Sirine ramena (SIRRAM) i opsega grudnog kosa
(OGK) realno je ocekivati i vedi vitalni kapacitet.
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Tablica 1. Osnovni deskriptivni parametri antropometrijskih varijabli

Mean Minimum Maximum Std.Dev. Skewness Kurtosis max d
VISTHI 186,20 175,50 199,10 473 0,48 1,12 0,10
DUZSAK 21,12 17,70 23,10 0,99 -0,80 2,56 0,10
DUZSTO 27,78 26,00 30,10 0,86 0,49 0,79 0,12
RSPRUK 193,62 182,00 206,00 6,22 -0,19 -0,79 0,12
SJEVIS 99,48 93,50 106,70 3,37 0,42 -0,49 0,90
SIRRAM 43,35 39,20 46,70 1,91 -0,09 -0,70 0,11
SIRKUK 29,80 25,80 33,50 1,73 0,16 -0,19 0,08
SIRSAK 8,53 7,25 9,55 0,41 -0,45 1,58 0,12
SIRSTO 10,15 9,10 11,20 0,51 0,00 -0,40 0,08 <
DRZ 5,62 5,10 6,20 0,31 0,24 0,62 0,10 i E
OPSNAT 56,82 52,50 65,80 2,89 0,76 1,00 0,12 E E
OPSPOT 37,60 34,90 41,80 1,57 0,54 0,26 0,08 4 =
OPSNAD 32,33 27,60 35,50 2,14 -0,38 -0,66 0,09 @ §
OGK 101,48 90,60 110,00 4,84 -0,30 -0,45 0,10 E E
TEZTIJ 79,97 64,60 103,70 7,03 0,63 2,16 0,10 = 2
LBM 73,02 61,51 86,89 5,55 0,22 -0,07 0,10
NABNAT 11,85 5,20 28,00 4,52 1,17 2,38 0,12
NABPOT 7,86 5,20 19,50 2,69 2,44 8,18 0,16
NABNAD 7,48 4,00 15,50 2,27 1,24 2,42 0,12
NABLED 9,98 6,30 16,40 2,24 0,70 0,35 0,11
NABTRB 1,1 5,00 25,20 543 1,09 0,03 0,24
NABSIK 10,66 5,00 25,40 5,21 1,29 1,12 0,18
NABPAZ 713 3,00 14,80 2,39 1,27 2,02 0,15
%PMT 8,04 4,06 18,73 3,04 1,50 3,13 0,13
FVK 7,00 4,90 9,57 0,98 0,37 0,45 0,12
FVK1 5,56 4,01 7,67 0,66 0,40 1,83 0,10
TIFFIND 80,37 65,10 96,70 7,93 -0,06 -0,39 0,07

LEGENDA: Mean - aritmeti¢ka sredina, Minimum - minimalna vrijednost, Maximum - maksimalna vrijednost,
Std.Dev. - standardna devijacija, Skewness - koeficijent asimetri¢nosti distribucije, Kurtosis - koeficijent
zakrivljenosti distribucije, max D - udaljenost izmedu empirijske i teorijske relativne kumulativne frekvencije;

Visina tijela — VISTIJ, Duzina Sake — DUZSAK, Duzina stopala — DUZSTO, Raspon ruku — RASRUK, Sjedeca
visina — SJEVIS, Sirina ramena - SIRRAM, Sirina kukova — SIRKUK, Sirina 3ake — SIRSAK, Sirina stopala -
SIRSTO, Dijametar ru¢nog zgloba — DRZ, Opseg grudnoga kosa — OGK, Opseg nadlaktice - OPSNAD, Opseg
natkoljenice — OPSNAT, Opseg potkoljenice — OPSPOT, Ukupna bezmasna masa - LBM, TeZina tijela - TEZTIJ,
Nabor nadlaktice - NABNAD, Nabor na trbuhu - NABTRB, Nabor na ledima — NABLED, Nabor natkoljenice
— NABNAT, Nabor potkoljenice — NABPOT, Nabor suprailiokristalno — NABSIK, Nabor pazuha - NABPAZ,
Potkozno masno tkivo % - PMT, Forsirani vitalni kapacitet — FVK, Forsirani ekspirirani volumen u 1 sekundi -
FVK, Tiffneauunov indeks — TIFFIND.
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Tablica 2. Korelacijska matrica antropometrijskih varijabli s kriterijskom varijablom (p<0,05)

IPS
VISTIJ -0,05
DUZSAK 0,08

DUZSTO 0,14
RSPRUK 0,46

SJEVIS 0,43
SIRRAM 0,27
SIRKUK 0,07
SIRSAK 0,00 .
SIRSTO 0,11 2 g
DRZ -0,44 f-j 5
OPSNAT 0,06 48
OPSPOT 025 £ §
OPSNAD 0,30 Z5
0GK 0,12 -
TEZTI 0,17
LBM 0,18

NABNAT 0,03
NABPOT -0,02
NABNAD 0,03

NABLED -0,08
NABTRB 0,06
NABSIK 0,11
NABPAZ -0,09
%PMT -0,16
FVK 0,14
FVK1 0,14
TIFFIND -0,05

LEGENDA: Visina tijela — VISTIJ, Duzina Sake - DUZSAK, Duzina stopala — DUZSTO, Raspon ruku —
RASRUK, Sjedeca visina — SJEVIS, Sirina ramena — SIRRAM, Sirina kukova — SIRKUK, Sirina $ake — SIRSAK,
Sirina stopala — SIRSTO, Dijametar ru¢nog zgloba — DRZ, Opseg grudnoga ko3a - OGK, Opseg nadlaktice
— OPSNAD, Opseg natkoljenice — OPSNAT, Opseg potkoljenice - OPSPOT, Ukupna bezmasna masa — LBM,
Tezina tijela - TEZTLJ, Nabor nadlaktice - NABNAD, Nabor na trbuhu - NABTRB, Nabor na ledima - NABLED,
Nabor natkoljenice - NABNAT, Nabor potkoljenice - NABPOT, Nabor suprailiokristalno — NABSIK, Nabor
pazuha — NABPAZ, Potkozno masno tkivo % - PMT, Forsirani vitalni kapacitet — FVK, Forsirani ekspirirani
volumen u 1 sekundi - FVK, Tiffneauunov indeks — TIFFIND.
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Slicne rezultate potvrduje Volc¢ansek (1979) koji je takoder utvrdio
visoku korelaciju tjelesne visine i vitalnog kapaciteta. Opseg natkoljenice
(OPSNAT) nalazi se u statisticki znacajnoj korelaciji sa skoro svim ostalim
antropometrijskim varijablama, a u najvecoj korelaciji (0,85) s teZzinom tijela
(TEZTU). Najvecu korelaciju (0,9) medu antropometrijskim varijablama
moguce je ocitati izmedu LBM i TEZTLJ, sto upucuje da povecanje tjelesne
tezine uvelike je rezultat povecanja ukupne bezmasne mase. Juriamae i sur.
(2007) dobili su znacajne razlike u ukupnoj bezmasnoj masi medu pliva¢ima
predpubertetne i pubertetne dobi, sto upucuje da sa sazrijevanjem udio
ukupne bezmasne mase vise utjece na tezinu tijela nego postotak masnog
tkiva u tijelu (%PMT) iako je korelacija u ovom istraZivanju pozitivna, no u
puno manjem obimu (0,43).

Ukupna bezmasna masa tijela (LBM) u vrlo je visokoj korelaciji sa svim
opsezima $to, takoder, ukazuje da kod vrhunskih sportasa, veli¢ina opsega
pojedinih dijelova tijela rezultat je razvijenog misi¢nog sustava i misi¢ne
mase, dok istrazivanje provedeno na mladim dobnim skupinama (Leko, 2001)
upucuje da kod te dobi povecanje u opsegu rezultat je povecane koli¢ine
masnog tkiva, odnosno rezultati pokazuju postojanje pozitivnih korelacija
izmedu mjera koznih nabora i opsega te u toj dobi porast misiéne mase nije
dovoljan da bi znac¢ajno utjecao na opsege tijela dok kod vrhunskih sportasa
upravo misi¢na masa ima taj utjeca;.

Vitalni kapacitet (FVK) u ovome istrazivanju svrstan je u antropometrijski
sklop varijabli, kao i u ve¢ nekim dosadasnjim istrazivanjima (Leko, 2001,
Vol¢ansek, 1979), s obzirom da pokazuje statisti¢ki pozitivnu i relativno visoku
korelaciju s longitudinalnim dimenzijama, a takoder i s opsegom grudnog
kosa i Sirinom ramena 3to je i ocekivano da ce plivaci s vec¢im vrijednostima u
varijablama OGK i SIRRAM imati vece vrijednosti u varijabli FVK.

ZAKLJUCAK

Antropometrijske karakteristike pokazale su relevantan utjecaj na
vrijednost rezultata u plivanju kraul tehnikom kod vrhunskih hrvatskih plivaca.
Kod izbora prediktorskih varijabli obuhvacen je prostor antropometrije s 27
varijabli, kriterijska varijabla bio je broj bodova na osnovi najboljeg rezultata u
50 metarskom bazenu po IPS (International Point Scores) sustavu, rezultat koji
je sluzio kao osnova za odredivanje vrijednosti, tj. broja bodova. Za testiranje
utjecaja antropometrije, na vrijednost rezultata koji je izrazen bodovima i
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time standardiziran s obzirom na dionicu koristena je deskriptivna statistika.
Rezultati utjecaja antropometrijskih karakteristika na postizanje vrhunskih
rezultata kraul tehnikom sa ¢ak 86% determiniraju uspjeh kraul tehnikom, dok
samo4varijable pokazuju statisti¢kiznacaja utjecajnakriterij. Nakon provedene
analize moguce je zakljuciti kako plivaci s vecom sjede¢om visinom, manjom
visinom tijela te manjim dijametrom ru¢nog zgloba, opsegom natkoljenice i
postotkom masnog tkiva, no ve¢im suprailiokristalnim koZznim naborom mogu
postici bolje vrijednosti u kriterijskoj varijabli.

Dobiveni rezultati ukazuju na potrebu pracenja statusa plivaca kraulasa u
navedenim antropometrijskim karakteristikama pogotovo na one varijable na
koje je moguce utjecati trenaznim procesom (%TM, kozni naboriiopsezi) dok u
procesu selekcije treba obratiti pozornost na longitudinalnu dimenzionalnost.
lako je %TM dobar prediktor kod mlade dobi, sjedeca visina kod vrhunskih
plivaca ukazuje na najvecu prediktivhu moc .

Medu antropometrijskim varijablama, iz prosje¢ne visine i tezZine tijela
moze se zakljuciti kako vrhunski hrvatski plivaci pokazuju vise vrijednosti
u navedenim varijablama naspram ipak mladih plivaca ¢ije vrijednosti su
iznosile 1.76 + 0.09 za visinu, te 63.3 £ 10.9 za tezinu, a sli¢ni rezultati za gotovo
isti uzorak dobiveni su dosadasnjim istrazivanjima s rezultatima 1.77 £ 0.05 i
69.1 = 7.9 za visinu i tezinu. U usporedbi s elitnim pliva¢ima na duge pruge te
one u otvorenim vodama (177.3 £ 7.06, 71.25 + 8.08), hrvatski plivaci pokazuju
takoder vise rezultate, a u usporedbi s plivac¢ima sli¢ne dobi i vrhunskog profila
rezultati prikazuju sli¢ne vrijednosti u visini i teZini sa dobivenim vrijednostima
vrhunskih hrvatskih plivaca.
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Kinesiology interventions during the contest
period in football club koper

Marko Vidnjevic
Univerza na Primorskem, Koper, Slovenija

ABSTRACT

Introduction: Modern professional footballers are exposed to many
physical and psychological requirements. In order to achieve positive results
in the matches they should therefore take care of their health in three areas:
physiognomy, cognition and dietetics. The science of movement, which
is called Kinesiology, has potentials that can be very useful for professional
footballers. Methods: The article includes a survey which was carried out in
Football Club (FC) Koper during the period of the domestic football season
because of the urgent need for improving physical and mental abilities
through kinesiological interventions carried out by experts from the University
Kinesiology Center (UKC). In three different periods experts used the following
methods: Tensiomyography (TMG), bioelectrical impedance analysis (BIA),
questionnaire about eating habits, a seven-part test called the Functional
Movement Screen (FMS) ™ and cognitive interview. Conclusion: Because FC
Koper finished Slovenian Cup Championship 2015 as a winner, we can assume
that our kinesiological intervention has brought successful results.
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