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ANALYSIS OF HUMAN MOVEMENT




COMPARISON OF FMS TESTS BETWEEN FEMALE AND MALE
VOLLEYBALL PLAYERS WITH POSSIBLE IMPLICATIONS ON
VOLLEYBALL PERFORMANCE

https://doi.org/10.5817/CZ.MUNI.P210-9631-2020-1

Maja Ban', Tomislav Durkovi¢?, Nenad Mareli¢?

'PhD student at Faculty of Kinesiology, University of Zagreb, Croatia
2Faculty of Kinesiology, University of Zagreb, Croatia

ABSTRACT

Purpose: The main goal of this study is to determine possible differences in the range and
quality of movement between senior male and female volleyball players of HAOK Mladost.
Methods: Respondents, all right-handed and healthy, were members of the senior volleyball
team of HAOK Mladost (female n=24, male n=17). The testing was conducted during the
transition period, between the first and second competition period. We used seven tests,
all part of standard FMS protocol: Deep Squat (DS), Hurdle Step (HS), In-Line Lunge (ILL),
Shoulder Mobility (SM), Active Straight Leg Raise (ASLR), Trunk Stability Push-up (TSPU),
Rotary Stability (RS), with 12 measured variables (left and right side for five bilateral tests
plus DS and TSPU). Educated staff at the Faculty of Kinesiology, University of Zagreb con-
ducted the testing. The examination of significance of the differences between senior male
and female volleyball players was conducted by using the nonparametric Mann-Whitney U

test.

Results: Statistical analysis showed significant difference in three tests: In — Line Lunge Left
(ILLL), z= -2,11, p=0,03, with moderate effect size (r=0.33), Active Straight Leg Raise Left
(ASLRL), z= -2,58, p=0,01, with moderate to strong effect size (r=0.4) and Stability Push-up

(TSPU) z= -3,68, p=0,00, with strong effect size (r=0.58).

Conclusion: Statistically significant difference was determined in the range and quality of
movement in three measured variables. Male volleyball players achieved better results in two
tests: In-Line Lunge Left (ILLL) and Stability Push-up (TSPU). That addresses to a higher
ability to keep the balance during lunges (reaction on short balls during reception or defence
phase of the game) and considerably higher ability to maintain the stability of the trunk in the
transfer of force from the upper extremities to the lower (during block) and vice versa (during
spike). It is interesting to note that female volleyball players achieved a significantly better
rating in the Active Straight Leg Raise Left (ASLRL) test, suggesting a better flexibility of the
left hamstrings and better right hip mobility which enables higher capacity in performing el-
ements which require extension, which include almost all volleyball elements (hitting, serve
receive and transition into offense, defence and transition into counterattack and blocking,

smashing and jump serve).

Keywords: stability; mobility; FMS; volleyball skills; female; male
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Introduction

A number of factors can affect the level of training of an individual player or an entire volleyball team,
thus also the competitive results that a player (and team) achieve. Health status and good motor
and functional abilities represent basic anthropological characteristics of volleyball players which
enable them to be well trained, while also prerequisites for specific technical-tactical performance
that can be more or less efficient. Gambetta defines athleticism as “the result of movement skills
development that involves learning proper techniques for agility, balance, coordination, flexibility,
metabolic training, power, reaction time, speed, strength, and strength endurance” (Ransdell et al.,
2016). Generally, the implementation of a successful individual and team tactics primarily depends
on technical capacities of individual players. Optimal execution of technical elements in volleyball
requires knowledge — “skills”, and a certain level of morphological characteristics and motor and
functional abilities. In order for all the mentioned factors to be unified in “producing” correct technical
performances, it is thus required to possess mobility and stability of different regions of the body.
The correct, i.e. most effective, performance of technique is at the same time the best possible
prevention from injury. Reduced mobility and stability of certain regions of the body can result in
incorrect movement mechanisms that can ultimately lead to a variety of chronic difficulties. Although
volleyball seems as a sport with symmetric load on the athlete’s body, a series of research have
registered mechanisms which may cause asymmetries in the range and quality of movements, and
eventually also injuries (Kugler et al., 1996; Wang & Cochrane, 2001; Salci et al., 2004; Tillman et
al., 2004; Markou & Vagenas 2006; Lobietti et al., 2010; Cuckova & Suss, 2014; Zohreh & Ashraf,
2016). According to the authors of the mentioned research, such asymmetries are primarily gen-
erated by unilateral smashing and serving techniques, unilateral landings following smashes, jump
serves and blocks or take-off phase prior to a smash or a jump rotation serve (Khan & Bahr, 2003).

Cook developed the functional movement screen (FMS) as a means to qualitatively assess function-
al movement. The FMS is a series of 7 movements that are scored on a 4-point scale of 0-3, based
on the execution of the specific movement pattern (Cook, 2010). In order to determine stability and
mobility, each test is numerically evaluated using grades between zero and 3, which means that an
examinee can achieve a maximum result of 21 points. When an athlete is unable to perform (injury),
he scores zero points. When scoring 1 point, an athlete does not have a functional base of stability
and mobility, indicating that a sports physician should further assess flexibility and strength in more
detail. A score of 2 points does not necessarily require an examination by a sports physician, but
a physical conditioning coach creates special training programs in order to improve stability and (or)
mobility of the desired part of the body. An assessment of 3 points indicates optimal stability and
mobility in particular joints (Cook, 2010). The FMS has good to excellent intra-rater reliability and
is recommended for use during pre-participation screening to identify asymptomatic athletes who
may benefit from injury prevention training (Anderson et al, 2015). Some authors found that players
with a score of 14 or less have a substantially greater chance of injury (Kiesel et al., 2007; Chorba,
2010). This methodology was also used for research in different team sports games: volleyball, bas-
ketball, soccer and handball (Cuckova & Suss, 2014; Shojaedin et al., 2014; Slodownik et al., 2014;
Sprague et al., 2014; Durkovi¢ et al. 2017).

Table 1 demonstrates the potential implications of the measurement for each test in the FMS proto-
col on the performance of volleyball technique.

12



Table 1 Potential implications of the measurement for each test in the FMS protocol on the perfor-
mance of volleyball technique

IMPLICATION ON VOLLEYBALL TECHNIQUES

It is manifested during the execution of all volleyball elements, particularly those
which require a quick reaction — in the preparation phase of serve receive and
defence (explosive first step, forward lunge, side lunge), as well as in extreme
movements while performing defensive elements of technique (“sprawl”, “dive” in
male or roll in female volleyball). Mobility of the upper part of the body become
noticeable during the preparation phase for a smash (or a jump spin serve) where

DEEP SQUAT there is a substantial extension and lateral flexion of the trunk. Mobility of the
shoulders is also relevant in the performance of overhand and forearm passes
(inability to connect the forearms), smashing, serving and blocking. Mobility of the
hips, knees and ankle joints is important in the final phase of the smash, as there
is a jump landing which is, according to certain research, performed as much as
50% on only one foot.
HURDLE It is manifested as the ability to execute a lunge of greater amplitude in all direc-
STEP tions (mostly forward and diagonally forward) and it becomes noticeable in the
preparation phase for serve receive (in short serves) or for defence.
As the performance of this test requires mobility and stability of the joint ankle,
IN-LINE s . . . i .
LUNGE a greater ability of dorsiflexion (better angle) contributes primarily to a better exe-

cution of the preparation phase for a smash and jump serve.

It is manifested in the preparation phase, basic phase (contact with the ball) and
final phase for a smash (serve). As the smash (serve) technique includes various
solutions from different zones (straight shot, shot with an emphasis on internal
SHOULDER | rotation, shot with an emphasis on external rotation), in addition to considerable
MOBILITY angular speed at the shoulder joint, good mobility of the shoulder and the shoul-
der blade are a prerequisite for a good technical performance of a shot, as well
as for the ability to generate maximum force (which is manifested by the speed
of the ball).

In volleyball practice injuries often occur as a result of an unfavourable relation-
ACTIVE ship between strength and flexibility of both hamstrings when strength and flexi-
bility are dominant in the front hamstring (very often in volleyball). Muscles of the
STRAIGHT . L . ”»
LEG RAISE | UPper leg back hamstring also assist in extending the trunk from the position of
a forward bend (preparation phase for smashing, serving and blocking), as well
as affect the stability of the lower part of the back.

Considering that during this test the trunk stabilizers symmetrically transfer
TRUNK strength from the upper towards the lower towards the lower extremities, and vice
STABILITY | Versa this is manifested in volleyball as the correct position for a player during
blocking (active block). During smashes and serves, by correctly “overlapping”
PUSH-UP - . X
the ball, trunk muscles are activated, and force generated from the entire body is
thus transferred to the smash/serve arm.

A quality performance of this test allows for a complex movement of transferring
energy from one segment of the body to another, through the trunk. This requires
trunk stability through all the axis of the body during the joint movement of the
upper and lower extremities. It can be manifested in the game in all volleyball
techniques: smashing, blocking, digging, serving, overhand and forearm hits.

ROTATORY
STABILITY

The main goal of this study is to determine possible differences in the range and quality of move-
ment between senior male and female volleyball players of HAOK Mladost with possible implica-
tions on volleyball performance.
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Methods

Educated personnel at the Faculty of Kinesiology, University of Zagreb conducted the testing. All
examinees signed an informed consent form for the implemented measurements. The sample of
examinees included 24 women and 17 men Premier league volleyball players who are members of
the HAOK Mladost Zagreb. For the purpose of this research were used all 7 tests that are part of the
FMS screening tool protocol; Deep Squat (DS), Hurdle Step (HS), In-Line Lunge (ILL), Shoulder Mo-
bility (SM), Active Straight Leg Raise (ASLR), Trunk Stability Push-up (TSPU), Rotary Stability (RS),
with total of 12 measured variables (left and right side for five bilateral tests plus DS and TSPU).

Results

Table 2 demonstrates the descriptive indicators for FMS tests in male and female volleyball players.
Arithmetic mean, number of examinees, standard deviation for all tested variables is presented for
all tested variables.

Table 2 Descriptive statistical parameters

DS |HS_L|HS R |ILL L|ILL R|SM L|SM_R|ASLR_L|ASLR R| TSPU |RS L |RS_R
M |163| 204 | 208 | 2,00 | 200 | 250 | 2,79 | 254 221 | 2,25 | 2,04 | 2,04
FEMALE | N | 24 | 24 24 24 | 24 24 24 24 24 24 | 24 | 24
sb|o058| 062 | 050 | 029 | 0,59 | 0,72 | 0,41 | 0,59 0,72 | 0,53 | 0,46 | 0,46
M|[194| 1,82 | 206 | 229 | 212 | 229 | 259 | 1,94 2,18 | 2,88 | 2,00 | 2,00
MALE | N | 17 | 17 17 17 17 17 17 17 17 17 | 17 | 17
SD| 0,56 | 0,39 | 0,56 | 0,59 | 0,49 | 0,59 | 0,51 | 0,75 0,64 | 0,33 | 0,00 | 0,00

M=arithmetic mean; N=number of examinees; SD=standard deviation;, Deep Squat (DS), Hurdle Step (HS), In-Line
Lunge (ILL), Shoulder Mobility (SM), Active Straight Leg Raise (ASLR), Trunk Stability Push-up (TSPU), Rotary Stabil-
ity (RS)

Table 3 shows the results of the Mann-Whitney U test for the measured variables among the groups
of male and female volleyball players. Mann-Whitney U test, Wilcoxon W, Z value and two-sided —
level of the statistical significance was calculated in order to compare female and male volleyball
players.

Table 3 Results of the Mann-Whitney U test for the measured variables among the groups of male
and female volleyball players

DS | HS.L |HS.R | ILLLL | ILLR | SM_L | SM R ‘?‘QS'I'_' ‘;S'; TSPU | RS_L | RS_R

MwWU | 148,00 | 167,00 | 200,00 | 146,50 | 184,00 | 160,50 | 162,50 | 114,50 | 196,50 | 82,50 | 195,50 | 195,50
WW | 448,00 | 320,00 | 353,00 | 446,50 | 484,00 | 313,50 | 315,50 | 267,50 | 349,50 | 382,50 | 348,50 | 348,50
-1,72 -1,22 -0,14 | -2,11 -066 | -1,28 | -1,39 | -2,58 | -0,22 | -3,68 | -0,40 | -0,40
o] 0,09 0,22 0,89 0,03 0,51 0,20 0,16 0,01 0,83 0,00 0,69 0,69

MWU — result of the Mann-Whitney U test, Wilcoxon W — result of the Wilcoxon W, Z — Z value, p — two-sided — level
of the statistical significance of the test, *indicates statistical significance (p <0.05)

Out of the 12 tests that were conducted on male and female volleyball players, a statistically sig-
nificant difference was demonstrated in 3 tests. The Mann-Whitney U test registered a statistically
significant difference in the In-Line Lunge Left (ILL_L) variable with higher results of male volleyball
players, in the Active Straight Leg Raise Left (ASLR L) variable, with higher results of female volley-
ball players and in the Trunk Stability Push-up (TSPU) variable, with higher results of male volleyball
players.
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Discussion

The Mann-Whitney U test registered a statistically significant difference (p = 0,03) in the In-Line
Lunge Left (ILL_L) variable, with higher results of male volleyball players (M = 2,29, n = 17) in com-
parison to female players (M = 2,00, n = 24), U = 146,50, z = -2,11, with a medium effect according to
the Cohen criterion (r = 0,33). The obtained results indicate a lower mobility in the hip area of female
volleyball players, a somewhat less stable joint ankle and knee of the landing (right) leg, as well as
a possible misbalance in the relationship of adductors and abductors in both or only one hip. The
possible implications on the performance of technique are an improved ability to maintain balance
while performing lunges (in the phase of defending the court and receiving short serves), as well as
a more efficient and coordinated transfer into offensive activities (spikers) or protection of offensive
activities (libero players).

The Mann-Whitney U test registered a statistically significant difference (p = 0,01) in the Active
Straight Leg Raise Left (ASLR_L) variable, with higher results of female volleyball players (M = 2,54,
n = 24) in comparison to male players (M =1,94, n=17), U = 114,50, z = -2,58, with a medium effect
according to the Cohen criterion (r = 0,4). The obtained results indicate an unfavourable relationship
in hamstring flexibility, which can be caused by a large number of take-offs, one-leg landings and
long-term performance of volleyball stances. The misbalance in the relationship between the front
and back hamstring in male volleyball players results even in chronic and acute injuries (Sommer,
1998; Kibler et al., 1998). In order to achieve a good result in this test, a player should have flexible
back hamstrings and hips (particularly of the opposite, passive leg), as well as stability of the lower
part of the abdomen. Considering the lower results of male players in this test, in addition to the fact
that the muscles of the rear part of the upper leg assist in extending the trunk from a forward bend,
the possible manifestations during the game include limitation in performing elements which require
extension, while this includes almost all volleyball elements (hitting, serve receive and transition into
offense, defence and transition into counterattack and blocking, smashing and jump serve).

The Mann-Whitney U test registered a statistically significant difference (p = 0,00) in the Trunk Sta-
bility Push-up (TSPU) variable, with higher results of male volleyball players (M = 2,88, n = 17) in
comparison to female players (M = 2,25, n = 24), U= 82,50, z = -3,68, with a large effect according
to the Cohen criterion (r = 0,58). Upon considering the obtained results, the conclusion can be made
that the most significant difference between male and female volleyball players was registered in
this variable. The results of this study suggest that male volleyball players have a stronger upper
body and better trunk stability than female volleyball players. Schneider et al. (2011), Agresta et
al. (2014) found the same results in adult population, while Kuzuhara et al. (2018) determined it in
child population. Stability of the trunk shall assist during the symmetrical transfer of force from the
upper extremities towards the lower extremities (block), or vice versa (overhand and forearm hitting
and smashing). Better results in this test can be manifested in the performance of an active block,
enhanced control (overhand and forearm hitting), more precise and stronger hitting (passing the ball
for a smash), and perhaps most in the ball speed of smashes.

Conclusion

The main goal of this study is to determine possible differences in the range and quality of move-
ment between senior male and female volleyball players of HAOK Mladost. A statistically significant
difference was registered in 3 tests: In-Line Lunge Left (ILLL L), Active Straight Leg Raise Left
(ASLR_L) and Stability Push-up (TSPU). The most intensive movements in volleyball technique are
those which are executed with one arm (smash and serve) or one leg (frequent one-leg landings
or smashing after one-leg take-offs in women’s volleyball), which on the one hand results in mus-
cle hypertrophy on the dominant side. The jump serve and smash are biomechanically the most
demanding volleyball elements in both male and female players. The results obtained in this study
indicate that male volleyball players are statistically significantly better in performing the In-Line
Lunge Left (ILL_L) and the Stability Push-up (TSPU) tests, which points to the ability to produce
greater forces, i.e. a stronger performance of jumps and more developed and stronger extremities,
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which thus enables achieving higher speed during smashing or serving. Female volleyball players
achieved significantly better results in the Active Straight Leg Raise Left (ASLR_L) test, which points
to a better flexibility of the left back hamstring and a better mobility of the right hip. After considering
the obtained results of the FMS, it is necessary to give attention in physical conditioning to the seg-
ments which showed dysfunction within the movement patterns in order to reduce and maximally
minimize them. The training process must be specific and directed in accordance to gender and
playing positions.

In order to improve the result on the In-Line Lunge Left test of female volleyball players, it is recom-
mended to put emphasis on working with the left leg as part of a preventive programme. Trainings
should include foam rolling and upper leg muscle stretching, mobility of the joint ankle and hip of the
left leg from a kneeling position, unilateral exercises for strengthening the muscles of the left leg and
exercises for enhancing the balance of the joint ankle and the knee.

Upon considering the results of the Active Straight Leg Raise Left (ASLR L) test, trainings for fe-
male volleyball players should be focusing on muscle flexibility of the left upper leg and calves, as
well as on hip mobility of the opposite leg by applying foam rolling exercises for the left back ham-
string and for the upper leg and hip flexors of the right leg. In addition to flexibility exercises, due to
the disproportion between the muscles of the front and back upper leg muscles, it should also be
insisted on focusing towards strengthening the back hamstring, particularly of the left leg. Corrective
exercises should likewise be performed unilaterally in order to activate a certain group of muscles
on one side and to additionally emphasize the activation of trunk muscles.

According to the obtained results in the Trunk Stability Push-up (TSPU) test, trainings for female vol-
leyball players should be directed towards strengthening the muscles of upper extremities, as well
as exercises for trunk stability. In order to improve the results in this test, trainings should primarily
include a series of exercises in plank position (walking on hands, various endurance combinations),
exercises in kneeling position and from an elevated position, as well as pushing and pulling of the
body or of an external load. Unilateral exercises should likewise be incorporated, while elastic and
TRX (suspension) bands and can also serve as an excellent supplementary tool.
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ABSTRACT

Purpose: The main goal of this study is to analyze possible differences in the space of anthro-
pometric characteristics, motoric and functional capabilities on the sample of senior male vol-
leyball players with different playing roles. On the base of obtained data normative and modal
values could be established eventually helping coaches to perform secondary selection — so
called volleyball specialization (at the age of 15-16), pointing young players to certain roles
where they will be able to achieve maximum results in the volleyball career.

Methods: The research was conducted on 74 senior volleyball players all members of Cro-
atian premier league teams. Players were categorized as setters (n = 11), central players
(n = 17), receivers — attackers (n = 20), opposite hitters (n = 16), and liberos (n = 10). The
sample of independent variables consisted of 4 anthropometric measures (body height, body
weight, one hand standing reach and two hand standing reach. Ten standardized were used
for the assessment of motor skills: lateral agility, starting acceleration, spike and block reach,
general flexibility, explosive strength of arms and shoulders, spiking speed, repetitive strength
of trunk flexors, static strength of trunk extensor and repetitive strength of chest, arm and
shoulders. For the estimation of functional abilities, the relative maximal oxygen consump-
tion was used. Dependent variable — playing role — is numerically defined and represents the
affiliation of a player to a specific group: (1) setters, (2) central players, (3) receivers — at-
tackers, (4) opposite hitters and (5) libero players. A one-way analysis of variance (ANOVA)
with Tukey HSD post-hoc test was used to determine possible significant differences among
groups of players. The level of significance was set at 0.05.

Results: Significant differences (p < 0,05) were detected for 8 of 16 measured variables — all
four anthropometric measures and four measures for the assessment of specific speed —
strength capacities.

Conclusion: Based on the obtained results, it is possible to identify the grouping of players
in two subgroups, subgroup of attacking players (central players, receivers — attackers and
opposite hitters) and the subgroup of the other players (setters and libero players). The main
goal of the attackers is to win points with spiking blocking and serving actions for which they
need certain anthropometric characteristics (height, weight, and arm span) and capabilities
that enable high reaches during those actions. Extremely important is the ability to generate
high spiking and serving speeds to prevent the reaction of the opponent block, defense,
and service reception. For the second subgroup it can be said that they are not necessarily
concentrated on winning points but on the preparation activities before spike in attack or
counterattack like service reception (libero), defense (libero and setter) or setting (setter
and libero) in the attack and counterattack complex for which body height, body weight and
specific speed — strength capacities are not crucial (setter) or they are completely irrelevant
(libero). Based on the obtained results the experts in the training process can direct the play-
ers toward specific role and develop very skills that are highly correlated with the specific
situational efficiency in the game.

Keywords: volleyball; anthropometry; condition; specialization; playing role
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Introduction

Success in sport and high-level sports results are accomplished in conditions with a planned, pro-
grammed, and controlled training process. In order for an athlete or team to be able to approach the
field of top-level sports results and remain in the top primarily on a national and then international
level, one needs to be capable to use expert analyses and results of scientific research by applying
them into the training process. Furthermore, it is necessary to determine the level of certain motor
skills, characteristics, and motor abilities responsible for achieving success in sport, as well as to
transform them in training operators towards the modal values for a specific playing position. Basic
anthropologic characteristics, an athlete’s specific abilities, situational efficiency parameters and
sports results, as the ultimate measure of an athlete’s performance, form a set whole which differs
regarding the unique structure of a particular sport. Volleyball is a sports game dominated by various
forms of movement, which is, according to Jankovi¢ and Mareli¢ (1995), defined as a polystructural
complex sport which requires the players to possess high-level performance indicators of technique,
tactics, motor abilities and psychological preparedness. Success in volleyball depends on technical,
tactical, physical, psychological, and anthropometric parameters (Bompa, 1999; Grosser & Neumai-
er, 1986). ldentically as other sports games, volleyball can be classified as a multi-subject complex
sports activity (Milanovi¢, 2010). Volleyball also belongs to the group of highly intensive intermittent
sports games which are dominated by multiple short periods of explosive movements, separated
by periods of short rest, during which the player recovers to a varying degree. Basic complex poly-
structural movements in volleyball that are highly correlated with success are as follows: ball hitting,
jumps, short sprints, changes of direction of movement, acrobatic throws, static endurance in low
positions and hitting the ball when serving and smashing. Basic motor abilities, which are a con-
stituent part of the equation specification in a sport, for success in volleyball include various forms
of explosive strength, speed, agility, coordination, endurance, flexibility, balance and precision, and
they represent the basis for the development of specific motor abilities which can be improved only
in situational training conditions. Volleyball is predominated by a narrow specialization according to
the playing position (setter, receiver-attacker, opposite hitters, middle blocker and libero), and there-
fore it is to be expected that players also possess various highly developed specific motor abilities,
such as the ability to jump after a specific type of movement for smashing and blocking, the ability
to jump from place, agility, explosive strength abilities such as hitting the ball and alactic endurance.
Previous studies indicate the existence of differences in the field of anthropometric characteristics
in relation to playing positions in younger players (Ciccarone, Fontani, Albert et al. 2005), whereas
a similar research was repeated by Ciccarone, Croisier, Fontani et al. (2008) on a sample of senior
players, which confirmed the findings of Duncan, Woodfield and al-Nakeeb (2006), while Marques et
al. (2009) corroborated the distinction between players according to the playing position in the field of
longitudinal dimensionality of the skeleton in such a way that taller player are also stronger. Burkovic
et al. (2012) isolated the longitudinal dimensionality of the skeleton as the main distinguishing fac-
tor, whereas Sattler et al. (2015) confirmed the differences in the performance of the vertical jump
between receiver-attackers and setters. The aim of this research is to analyze the differences in the
field of anthropometric characteristics, as well as motor and functional abilities in volleyball players
depending on the playing position in order to use the data to determine normative and modal values
that shall enable secondary selection, i.e. volleyball specialization, and thus facilitate guiding younger
players towards the roles in the game that shall allow them to achieve maximum results in the long run.

Methods

The research was implemented with 74 volleyball players from the 1t division league. The tested
volleyball players are members of top-level Croatian volleyball teams competing on the highest na-
tional competitive level. At the moment of conducting the tests, all the players were in good health
and without signs of injuries. Considering the aim of this study, the players were divided into groups
according to their playing positions, as follows: 11 setters, 17 middle blockers, 20 receiver-attack-
ers, 16 opposite hitters and 10 libero players. For the assessment of anthropometric characteristics,
the players were measured for body height — BH and body weight — BW in accordance with the
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recommendations of the International Biological Program — IBP (MiSigoj et al., 1995), as well as
for standing spike reach — SSR and standing block reach — SBR (adjusted according to Burkovic,
2009). For the assessment of motor abilities, the following standardized tests were used: lateral
steps — LA, starting acceleration to 20m — SA20M, spike and block reach — SR and BR, seat and
reach — SAR, medical ball throwing 1kg — MBT1KG, spiking speed — SPS, sit-ups in 1 minute
— SUGO0SECMIN, isometric back strength test — IBST, push-ups in 60 SEC — PUG0OSEC (according
to PBurkovi¢, 2009). For the assessment of functional abilities, the relative maximum oxygen con-
sumption — RMOC was used, which was calculated by using the standard protocol implemented
at the Human Performance Laboratory of the Faculty of Kinesiology University of Zagreb. The list
of independent variables is presented in Table 1. For the purpose of determining the differences in
the field of anthropometric characteristics and motor and functional abilities between the different
groups of volleyball players, a dependent (criteria) variable — Group — was isolated for indicating
the numerically determined affiliation of the players to the groups of different playing positions: (1)
setters, (2) middle blockers, (3) receiver-attackers, (4) opposite hitters and (5) libero players. Central
and dispersive indicators of the measured variables was also determined, whereas the significance
of the differences in the field of anthropometric characteristics and motor and functional abilities
between the groups of volleyball players with different playing roles was tested by using the Univar-
iate variance analysis and the Tukey HSD post-hoc test. Statistical significance was set at p < 0,05.

Table 1 Sample of variables

Abbreviation Variable Unit
BH Body height kg
Anthropometry BW B?dy er|ght cm
SSR Standing spike reach cm
SBR Standing block reach cm
LA Lateral agility sec
SA20M Starting acceleration 20 me- sec
ters
SR Spike reach cm
BR Block reach cm
Motor abilities SAR Seat and reach cm
MBT1KG Medical ball throwing 1 kg m
SPS Spiking speed km/h
SUG0SEC Sit — ups in 60 SEC rep
IBST Isometric back strength test sec
PUGOSEC Push — ups in 60 SEC rep
) _ Relative maximal oxygen
Functional abilities RMOC , VO, max/kg’
consumption

For the purpose of determining the differences in the field of anthropometric characteristics and mo-
tor and functional abilities between the different groups of volleyball players, a dependent (criteria)
variable — Group — was isolated for indicating the numerically determined affiliation of the players to
the groups of different playing positions: (1) setters, (2) middle blockers, (3) receiver-attackers, (4)
opposite hitters and (5) libero players. Central and dispersive indicators of the measured variables
was also determined, whereas the significance of the differences in the field of anthropometric char-
acteristics and motor and functional abilities between the groups of volleyball players with different
playing roles was tested by using the Univariate variance analysis and the Tukey HSD post-hoc test.
Statistical significance was set at p < 0,05.
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Results

Table 2 demonstrated the descriptive parameters for each tested group in the selected variables.
The group with the best results in a certain variable is emphasized in bold letters.

Table 2 Descriptive parameters

Middle Receivers — Opposite .
Setters blockers attackers attackers Liberos All tested players
n="1 n=17 n =20 n=16 n=10 n=74

BH 190,91 +599 197,35+4,96 190,40+5,37 192,38+4,75 180,92+7,17 191,22+ 7,25
BW 84,50+856 93,71+6,54 83,66+ 11,13 89,36 + 6,71 76,05 + 12,36 86,31 + 10,55
SSR 248,45+6,41 259,24 +6,04 249,65+8,54 253,007,441 236,90 + 8,27 250,68 £ 9,88
SBR 246,36 +5,68 255,88 +6,26 247,50 +8,58 251,25+6,72 224,50+37,87 | 246,96 = 17,61
LA 7,63 +0,52 7,39+0,42 7,37 + 0,36 7,46 + 0,45 7,42 + 0,44 7,42 +0,42
SA20M 3,64 +0,19 3,69+0,12 3,54 + 0,08 3,68 + 0,09 3,65+0,12 3,68 +0,12
SR 315,42 +9,15 323,96 + 28,76 324,98 + 10,53 326,42 + 12,43 307,90 £ 8,77 321,33 £ 17,43
BR 29582 +9,07 311,67+7,62 302,98+937 307,85+8,73 287,90+8,10 302,91 £ 11,48
SAR 5,68 + 6,82 8,67 + 7,57 10,69+ 7,18 13,10 £ 6,39 11,87 £ 5,41 10,12+ 7,10
MBT1KG 14,37 +1,04 15,98 + 1,56 15,26 £ 1,62 15,59 £ 1,47 14,30 £ 2,06 15,26 £ 1,64
SPS 92,27 +8,17 96,73 £ 5,22 96,68 + 7,20 95,74 + 8,99 88,15+ 6,20 94,77 + 7,66
SUGOSEC 53,00+7,09 52,53 +5,91 54,35+ 7,71 51,06 * 8,21 53,60 + 7,04 52,92 £ 7,17
IBST 93,03 +22,54 98,26+31,18 104,50 +2594 98,14+31,05 105,15+29,23 | 100,17 £ 27,97
PUGOSEC 33,20+9,59 3447+9,15 37,55+10,30 34,50+ 10,91 41,78 + 7,07 36,07 £ 9,84
RMOC 54,63+4,66 52,44 +4,11 55,17 + 5,87 53,63 = 3,99 56,77 + 4,74 54,37 + 4,86

All variables are reported as mean + standard deviation. n-number of tested players

Based on the ANOVA results demonstrated in Table 3, the conclusion can be made that there are
statistically significant differences in 8 of the 15 measured variables. Statistically significant differ-
ences are also present in all 4 variables that are used for assessment in the field of anthropometry,
as well as in 4 variables which are used for assessment in the field of specific explosive strength in
vertical jump (reach) in spike and block, specific explosive strength in spike and specific explosive
strength of the arms and the shoulder belt.

Table 3 Results of ANOVA for tested variables

Variable F p Variable F p
BH 14,23 0,00* SAR 2,38 0,06
BW 6,83 0,00 | MBT1KG 2,72 0,04*
SSR 14,94 0,00* SPS 2,91 0,03*

SBR 7,26 0,00* | SUGOSEC | 0,49 0,74
LA 0,29 0,89 IBST 0,39 0,82

SA20M 1,28 0,29 | PUGOSEC 1,32 0,27
SR 2,69 0,04* RMOC 1,50 0,21
BR 14,98 0,00*

p — two-sided — level of the statistical significance of the test, *indicates statistical significance
(p <0.05)
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Table 4 shows the results of the HSD post-hoc test for the variables that proved to be statistically
significantly different.

Table 4 Results of HSD post hoc test

BH setters middle blockers | receiver attackers | opposite hitters | libero
setters 0,03 1,00 0,96 0,00
middle blockers 0,03 0,00 0,08 0,00
receiver attackers 1,00 0,00 0,82 0,00
opposite hitters 0,96 0,08 0,82 0,00
libero 0,00 0,00 0,00 0,00
BW setters middle blockers | receiver attackers | opposite hitters | libero
setters 0,09 1,00 0,68 0,22
middle blockers 0,09 0,01 0,65 0,00
receiver attackers 1,00 0,01 0,35 0,22
opposite hitters 0,68 0,65 0,35 0,01
libero 0,22 0,00 0,22 0,01
SSR setters middle blockers | receiver attackers | opposite hitters | libero
setters 0,00 0,99 0,53 0,01
middle blockers 0,00 0,00 0,13 0,00
receiver attackers 0,99 0,00 0,67 0,00
opposite hitters 0,53 0,13 0,67
libero 0,01 0,00 0,00 0,00
SBR setters middle blockers | receiver attackers | opposite hitters | libero
setters 0,49 1,00 0,92 0,01
middle blockers 0,49 0,46 0,91 0,00
receiver attackers 1,00 0,46 0,95 0,00
opposite hitters 0,92 0,91 0,95 0,00
libero 0,01 0,00 0,00 0,00
SR setters middle blockers | receiver attackers | opposite hitters | libero
setters 0,68 0,55 0,45 0,84
middle blockers 0,68 1,00 0,99 0,12
receiver attackers 0,55 1,00 1,00 0,07
opposite hitters 0,45 0,99 1,00 0,06
libero 0,84 0,12 0,07 0,06
BR setters middle blockers | receiver attackers | opposite hitters | libero
setters 0,00 0,19 0,01 0,23
middle blockers 0,00 0,03 0,73 0,00
receiver attackers 0,19 0,03 0,45 0,00
opposite hitters 0,01 0,73 0,45 0,00
libero 0,23 0,00 0,00 0,00
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setters middle blockers | receiver attackers | opposite hitters | libero
MBT1KG
setters 0,09 0,59 0,31 1,00
middle blockers 0,09 0,64 0,96 0,08
receiver attackers 0,59 0,64 0,97 0,56
opposite hitters 0,31 0,96 0,97 0,29
libero 1,00 0,08 0,56 0,29
SPS setters middle blockers | receiver attackers | opposite hitters | libero
setters 0,51 0,49 0,74 0,72
middle blockers 0,51 1,00 1,00 0,04
receiver attackers 0,49 1,00 1,00 0,04
opposite hitters 0,74 1,00 1,00 0,10
libero 0,72 0,04 0,04 0,10
Discussion

Upon referring to Table 2 which demonstrates descriptive parameters, it can be observed that the
group of middle blockers achieved the highest results in as much as 7 (all 4 variables that assess
anthropometry) of the 15 measured variables. The group of receiver-attackers achieved the best
results in 3 of the 15 measured variables, however, also above-average results in as much as 13
of the 15 measured variables. The group of opposite hitters achieve the highest results in 2 tests,
above-average results in 10 tests, however, also the lowest results in as much as 5 tests. The group
of libero players accomplished the best results in 3 tests, yet also the lowest results in all tests for as-
sessing anthropometric characteristics or the tests in which anthropometric characteristics condition
a high level of success (Vint, 1994), such as spike and block reach and spiking speed. The group of
setters represents the biggest surprise as it did not achieve the best result in any of the measured
variables, while it has as much as 13 below-average results of the 15 measured variables. The group
of middle blockers accomplished the best results in all 4 variables for assessing anthropometry. It is
recognized that an increase in body height is accompanied by an increase of body weight, as well
as an expected high correlation with maximum reach with one and both hand from place. Similar
results, except for the body height of the setters, were also confirmed by Marques et al. (2009), as
well as by Sheppard et al. (2009). Considering the high impact of anthropometric characteristics on
spike and block reach (Vint, 1994), it is logical that the mentioned group had the highest results in
block reach and an above-average result in spike reach. Regarding the rules and structure of vol-
leyball, middle blockers play in K1 and K2 in the middle of the net. Their primary role is to win points
with fast balls, as well as successful blocking in the block phase, so that the height of the player is
a major factor for game efficiency, as the length of the arm allows them to make up for the delay in
lateral movement when assembling for a group block or in defensive vertical jumps in fast offense
situations or offense with a second ball by the opposing setter. The group of libero players are sub-
stantially lower than all the other groups, they have the lowest average body weight and significantly
lower results in reach with one and both hand from place. As these are players who play at the high-
est national level of competition and they have gone through a multi-year selection process, it can
be concluded that the anthropometric indicators which assess the longitudinal dimensionality of the
skeleton are not relevant for the selection of libero players, since these are players who primarily
play in the receiving and court defensive phases, while according to the rules they are not allowed
to serve, block or smash. The only significant deviation in the group of setters when considering the
anthropometric variables is in their body height and one-hand reach from place, where they demon-
strated substantially lower results than middle blockers. They are somewhat lower than opposite
hitters, while they are of similar height as the receiver-attackers. Receiver-attackers and middle
blockers stand out in the lateral agility test. It can be assumed that with regard to the increasingly
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faster serves in volleyball (in top-level volleyball, the speed of strong rotational serves reaches up to
between 120-130 km/h), receiver-attackers must be particularly agile considering the short reaction
time in the reception phase, as well as in the possibility of transferring into offense after receiving
such a serve. High results by middle blockers are presumably conditioned by their specific move-
ments which they perform from the middle of the net towards the left and right side in the preparation
phase for the formation of a group block. The best results in the starting acceleration test were ac-
complished by the groups of setters and libero players. Like libero players, setters are also expected
to show a high level of anticipation and reading of the game, as well as quick decision making in
addition to a high level of agility and aptitude in the game (Fattahi et al., 2012). Motor tests for the
assessment of explosive strength in vertical jumps clearly indicate that the groups of “offensive”
players (opposite hitters, middle blockers and receiver-attackers) accomplished the best results in
spike reach — SR and block reach — BR, as well as in the test for assessing explosive strength of the
arms and the shoulder belt - MBT1KG and spiking speed — SPS (middle blockers), while straight
close to them were also opposite hitters, as the main offensive player who in addition to their except-
ed efficiency, besides their height, also have to demonstrate great strength and speed while hitting
the ball, which is also indicated by the results achieved in MBT1KG and SPS tests, while similar
results were also observed in research conducted by Hubbard et al. (2001) and van den Tillaar et al.
(2004). As a result of the favorable relationship between body height and lever lengths, the group of
libero players accomplished the highest results in tests for assessing static and repetitive strength —
IBST and PUG6OSECGE0. The group of libero players also achieved the best results in the test for the
assessment of functional abilities — RMOC. The univariate variance analysis was used for testing
the differences between arithmetic means of all the variables in relation to all the groups of play-
ers and it confirmed the presence of statistically significant differences with an error of reasoning
p = 0.05. Table 3 demonstrates the results which indicate that the groups of players are substantially
different in all anthropometric measurements. The explosive strength indicators in the vertical jump
which were manifested by both specific tests — SR and BR — showed statistical difference, which is
partly due to the body height of the volleyball players (Vint, 1994). Motor tests for the assessment
of explosive strength of the upper extremities — MBT1KG and specific explosive strength in spiking
speed — SPS, confirmed the differences between the “offensive” group of players who win points
by smashing after receiving the ball from both setters and libero players. Namely, both setters and
libero players demonstrated lower explosive strength of the upper part of the body than all the other
playing positions, which can be assigned to the specificities of playing positions in the game, i.e.
to the lack of need to perform the element of smash (setters) or smash and serve (libero players),
which is also confirmed by the findings of Marques et al. (2009) and . Upon considering the results
of the post-hoc analysis (Table 4), it can be concluded that in the field of anthropometric character-
istics of longitudinal dimensionality of the skeleton — BH, BW, SSR and SBR - libero players show
a statistically significant difference in relation to all the other groups of players, which is in accor-
dance with these results, as well as with the tests for assessing explosive strength in vertical jump.
Libero players are also different from all three groups of players for whom play at the net with re-
petitive and high jumps is an important factor for success. Aside from manifestations of explosive
strength aimed at achieving maximum reach and hitting the ball in the highest position, the group of
offensive players must also be able to perform a strong hit at the ball in order for it to be fast enough
to make it difficult for the opponents to play in defense, and this is also demonstrated by the differ-
ences between these groups in the variable SPS.

Conclusion

The aim of this research was to determine the differences in certain anthropometric characteristics
and motor and functional abilities between different playing positions in volleyball. The research
included 75 volleyball players, and based on the obtained data and its processing, it was confirmed
that there are persistent and statistically significant differences. Generally, it can be argued, with
reservations, that there are two types of players — the group of spikers (middle blockers, receiv-
er-attackers, and opposite hitters). The mentioned group of players plays at the net with the primary
goal of winning points by using high jumps in blocking and smashing, whereas for the other group of
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players, playing at the net does not necessarily include focus on winning points (setters), and their
play on the court is based on preparatory activities for the offensive and counterattack phase. Thus
middle blockers, along with opposite hitters and receiver-attackers, are the tallest and heaviest play-
ers who are capable of demonstrating the highest reach while jumping, as well as generating the
greatest power manifested in the speed of a spiked ball, while the setters and receiver-attackers, are
particularly agile and nimble, so that they could synthetize the reception of the serve and offensive
play, as well as fast transition into counterattack. The practical value of this research is represented
in the obtained parameters that separate different playing positions, and based on which expert pro-
fessionals in the training process can direct players towards particular roles and develop precisely
those abilities that are highly correlated with situational efficiency in the game.
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ABSTRACT

In women’s artistic gymnastics, the balance beam belongs among the disciplines with the
heaviest lower limbs load. The aim of our research was to disclose a lower limbs weekly
load volume regarding load asymmetry, and to determine the take-off and landing reaction
forces between landing ground and foot in selected gymnastic elements. In 9 female artistic
gymnasts of junior and senior category one training week was video-recorded and analysed.
The reaction forces were measured using 5 Bertec force plates in one female Czech nation-
al team member. Based on the training video recordings 12 jump and acrobatic elements
were analysed. Among the total of 422 recorded take-offs and landings 41% were performed
from both legs, (BL), 44.5% from one lower limb (HL) and 14.5% from the other lower limb
(LL). The maximum reaction force of the landing ground during take-offs was 2.4 BW in av-
erage, 3.1 BW in landings. In asymmetrical elements, one leg was loaded three times more
(538.3 BW) than the other (174.1 BW) in one training day in total. We recommend to record
the load asymmetry in the course of the gymnastic trainings in order to choose and person-
alise the appropriate regeneration process and compensational exercise.

Keywords: artistic gymnastics; asymmetry; landing; reaction forces; take-off

Introduction

In artistic gymnastics, the balance beam is both attractive and challenging tool in research of me-
chanical load of lower limbs. The balance beam exercise has a long-run evolution, from originally
basic exercises to the most difficult routines with maximal movement flexibility; its exquisite charac-
ter stems from the floor exercise-based compositions being performed on a strictly demarked space
that conducts the movement technique (Tuma, Zitko & Libra, 2004). Regarding the more detailed
monitoring of training process in artistic gymnastics, there is only a few studies dealing with this
issue. Gymnasts at an international level train from 22—-26 hours a week. More precise data can be
brought from active training time, which was in junior gymnasts dealt with by Kalichova, Hedbavny,
Chrenko, Kopfiva and Kasovi¢ (2018). For female gymnasts the data is not available in (Potop
& Timnea, 2017). Authors warn of asymmetrical load during gymnastic exercises as asymmetric
force load on body increases the risk of injury, both acute and chronic (Bradshaw & Hume, 2012;
Moresi, Bradshaw, Thomas, Greene, & Braybon, 2013; Campbell, Bradshaw, Ball, Hunter, & Sprat-
ford, 2019). Structure of many gymnastic elements is asymmetric from the point of view of load
of upper and lower limbs or rotations. However, even the elements which are symmetrical in their
temporospatial structure can cause asymmetric load on body parts during take-offs and landings, as
found by Exell, Robinson and Irwin (2016) or Campbell et al. (2019), who also adds that intra-limb
loading variability is very individual for each element and each gymnast. The routine on the bal-
ance beam in elite gymnasts is a sequence of repeated take-offs with subsequent landings derived
from the explosive leg strength. The higher the mechanical energy necessary for a realisation of
the demanding gymnastic element, the higher the mechanical load is affecting the biological struc-
tures necessary for its production, transmission and/or absorption (Bruggemann, 2005). Frequent
repetitions of these elements produce the ground reaction forces that could cause severe injury.
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Many studies have shown the most injuries in artistic gymnastics occur during landing (up to 52%)
when the biggest forces are being absorbed (Harringe, Renstrom & Werner, 2007). The big forces
affecting the gymnast’s body in combination with the highly frequential and voluminous training load
is attributed as the principal injury cause also by Farana, Zahradnik, Uchytil and Jandacka (2013).
From the aforementioned reasons the necessity of recording of both volume and frequency of the
absorbed forces is accented by Bradshaw and Hume (2012). The aim of this paper focusing on
beam exercise is to monitor load of lower limbs in female artistic gymnasts of Czech national team
during a week-long training cycle. Based on the aim we lay following questions:

1. How does number of attempts affect the load of lower limbs during take-off and landing
phases of acrobatic and jump elements?

2. To what extent the week training affects the load of lower limbs and its asymmetry?

3. What is the size of reaction forces of landing ground acting on lower limbs during selected
jump and acrobatic elements?

Methods
Subjects’ characteristics

For the research, 9 female artistic gymnasts were evaluated, all of them belong among the high-lev-
el national competitors in either junior or senior category. Their training takes place 5-8 times
a week, whereas the balance beam training takes place 4—6 times a week.

Data collection and processing

The balance beam video recording took place during a week training cycle on a GoPro Hero5 Ses-
sion camera (GoPro Ltd. Iceland) in HD resolution (720 x 1280) with a frame rate of 30 frames per
second. From the record, the dynamic elements were evaluated id est the jump and acrobatic ele-
ments, by two independent observers. In total, 12 elements included in the rules of female artistic
gymnastics during the recording week were evaluated: 1. split leap forward (fwd), leg separation
180° (Split leap), 2. leap fwd with leg change, free leg swing to 45°, to cross split, 180° separation
after leg change (Switch leap), 3. split jump, leg separation 180°, from cross position (Split jump),
4 side split jump from cross position (Sd split jump), 5. handspring fwd with flight to land on one leg
(Handspring fwd), 6. flic-flac with step-out (Flic-flac), 7.salto fwd tucked to cross stand (Salto fwd),
8. salto backward (bwd) tucked, or stretched, step out (Salto bwd), 9. salto sideward (swd) tucked
take off from one leg to side stand (Salto swd), 10. salto bwd stretched, step out (Salto bwd st), 11.
free/aerial walkover fwd, landing on one or both feet (Walkover), 12. free/aerial cartwheel — landing
in cross or side position (Aerial).

The common steps as well as more complex choreographic elements were excluded from the anal-
yses. The data of interest comprised frequency of the selected elements and take-off and landing
leg in single-leg jumps. Parallelly to the training evaluations, in a biomotorics laboratory 6 selected
elements were analysed in one female Czech national artistic gymnastics representant of a senior
category. The gymnast was rated as experienced due to her participating in artistic gymnastics for
over 15 years and regularly undergoing 4-8 trainings per week. The weight of the gymnast was
57.9 kg, the height was 161 cm and BMI was 22.3. For the kinetic analysis of take-off and landing
phases we chose elements representing these three categories: leap/jump, handspring and salto.
In the same time, regarding the asymmetrical load, the elements with single-leg take-off and landing
were selected: Switch leap, Johnson, Handspring fwd, Flic-flac, Aerial and Salto swd. Before the
recording the gymnast performed warm-up as she is used to before each training. Every element
was recorded 3 times, between the attempts there was a minimal break of 30 seconds. Individual
elements were performed in order as listed above. In total 18 valid attempts were recorded, using
5 dynamometric plates Bertec Force Plate FP6090-15 (MIE Medical Research Ltd. United Kingdom)
(each of dimension 60 x 90 cm and load capacity of 10 000 N). The recording of the process of
reaction forces of the landing ground was used to evaluate the maximum force during noth take-off
and landing phase.
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Statistica 12 software and following statistical methods were used to evaluate the data: Kruskal-Wal-
lis multiple comparison test, Friedman ANOVA analysis and post-hoc Wilcoxon test, all calculated at
5% level of statistical significance.

Results and Discussion
Question 1: Training monitoring

The results show that during a weekly training session a female gymnast performs 211 + 59 acro-
batic and jumping elements in average. Regarding the individual elements, jumping elements are
performed equally in all gymnasts. In average there are 85 jumping elements for one gymnast, i.e.
21 attempts for each jumping element. In acrobatic elements the number are bigger, in average it is
126 elements a week in each gymnast (Table 1). This number is probably affected by the fact that
the amount of observed acrobatic elements (8) is higher than jumping elements (4).

Table 1 Amounts of jump and acrobatic elements on balance beam during one week in 9 female
artistic gymnasts (G)

G1 G2 G3 G4 G5 G6 G7 G8 G9
Elements in total 243 149 289 288 275 138 161 169 188

SD 21 15 25 28 16 11 11 13 15
min 0 0 0 0 0 0 0 0 0
max 73 50 90 104 45 39 30 40 50

The most frequently performed jumping element in our research was switch leap (average/gym
= 24), which was included in each gymnast’s training (Table 2). This corresponds to results by
Kalinski, Bozani¢ and Atikovic¢ (2011), who found out that this jump was found in almost every junior
balance beam exercise. According to the authors this is caused by simplicity of the element, despite
the fact that according to Code of Points 2017-2020 (FIG, 2017) it is valued by a quite high C difficulty
value, as well as by its suitability of binding it with other elements to gain extra points.

Regarding the fact that our research group included female gymnasts belonging to high-level nation-
al competitors in either junior or senior category, acrobatic flights are regular part of their competition
routines, therefore also their trainings. The most frequently performed was flic-flac or back hand-
spring (54128 attempts in average), B-level skill (FIG, 2017) which was also recorded all observed
gymnasts. It is an element which is taught early in a gymnast’s carrier (Sands, & McNeal, 2006) and
is an essential part of routines in more disciplines (Payne, & Barker, 1976). As flic-flac can be easily
bound to other artistic elements, it is essential to perform it perfectly so that gymnast is capable of
creating optimal conditions for performance of the whole movement structure and thus gain bonus
awards by connecting two or more elements in one routine.

Table 2 Number of attempts for individual elements (an average for one female gymnast per
week)

sl gl=elelez[sz /e ez 2[3®
e | = |23 2|87 3| 8|28 |¢c|2l%
clements | £ | § |3 = |2 = % | =] 2|8
& | 2 5 | B 3 21853
7 T
average 21 24 20 20 4 54 5 15 17 5 3 24
SD 11 7 6 6 3 28 12 10 14 10 6 20
Min 0 14 9 9 0 18 0 0 0 0 0 0
max 40 | 38 | 31 31 8 104 | 38 | 31 43 | 30 18 | 54
cv 53 30 33 33 71 51 242 | 70 83 | 205 | 204 | 85
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The second most frequently performed artistic element was salto bwd st with a difficulty value C
(24 £ 20 attempts in average). The gymnasts who did not train this element at all substituted it with
a different variant of salto of the same difficulty value C , i.e. salto fwd or salto bwd. This is in cor-
respondence with the Code of Points, there must be one acrobatic series consisting of at least two
flight elements, and one must be a salto (Kelly, 2014).

We may summarise that female gymnasts do not train all observed jumping and acrobatic elements
at once. Each gymnast trains 8-9 selected elements. If a gymnast includes an element into her
training, she performs approximately 24 attempts of the element a week. However, when looking at
the results in more detail, there are significant differences among the gymnasts themselves as well
as among individual elements. The lowest number of elements was performed by G6 with 138, the
most intensive, on the other hand, by G3 who performed 289 elements. Due to the performance
level of our gymnasts, more acrobatic elements was trained than jumping ones, with flic-flac as the
basic acrobatic flight being the most frequently performed, the least frequently performed elements
salto bwd, handspring, salto fwd and salto swd, as can be seen in Table 2. These differences are
statistically significant, as proved by the results of Multiple comparison p values (p = 0.00-0.034).

Question 2: Load asymmetry

There is another risk accompanying an intense training: an asymmetry of frequent unilateral load
could lead to musculoskeletal imbalances. Our research revealed that on the balance beam the
dynamic exercises burden the lower limbs unilaterally, especially in the landing phase. Among the
12 recorded jump and acrobatic elements 6 were initiated by single leg take-off and 6 by double leg
take-off, overall 8 spatially asymmetrical.

In our work it is not important whether it is right or left leg, but which one is more used during take-off
and landing phases. Therefore we use division into lower limb that experiences higher load (HL) and
lower load (LL) calculated from the total load during take-offs and landings (Campbell et al., 2019),
in case both legs are used during take-off or landing we use “both limbs” (BL).

Training asymmetry was assessed as the amount of elements performed with asymmetrical load on
the lower limbs during take-off and landing phase. Among the total of 211 take-off elements 86 were
single leg take-offs (68 HL and 17 LL) and 125 were double leg take-offs. On contrary, the landing
elements mostly comprised single leg landing (121 HL and 43 LL), whereas the double leg land-
ings were of rather a minor occurrence (47). Table 3 presents also a percentual expression of the
take-offs from HL leg (32%) and LL leg (8%) and from both legs simultaneously (60%), as well as
the landings to HL (57 %) and LL (21%) and to both legs simultaneously (22%). These differences
were proved to be statistically significant based on calculations of Friedman ANOVA and following
Wilcoxon paired test, the results are significant for both take-offs and landings ( p = 0.008—0.021). Only
in landings there was no difference between less loaded leg and double leg landings (p = 0.767).

Table 3 The take-offs and landings as performed on a single or both legs

Take-off | Take-off | Take-off | Landing- | Land- | Landing- | Take-offs | Landings
HL LL BL HL ingLL BL overall overall
X 68 17 125 121 43 47 211 211
SD 29 12 46 47 31 20 59 59
min 34 0 63 59 7 23 138 138
max 132 33 200 200 111 95 289 289
% 32 8 60 57 21 22 100 100

The overall evaluation of asymmetry shows that HL is loaded in 44,5%, LL in 14,5% and BL in 41%. A
related study was executed by Pajek, Hedbavny, Kalichova and Cuk (2016) who studied asymmetrical
loads in lower limbs during a balance beam competition of World Cup in Ljubljana, 2014. The study re-
ported that during routines the right leg was loaded in 42.87% of the total routine time, the left leg was
loaded in 29.08% of the total routine time and the both legs simultaneously were loaded in 28.05% of
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the total routine time. These results comply with our results as both indicate high unilateral load put
on the lower limbs. However, Pajek et al. (2016) evaluated the load duration and our working group
evaluated the number of loading elements, both studies detected higher load in one lower limb.

Question 3: Dynamic measurements of ground reaction forces

Based on the dynamometric force plates recordings the maximal value of particular X (anterior-pos-
terior axis), Y (mediolateral axis) and Z (vertical axis) components of the resultant reaction force were
evaluated, in take-off and landing phase. Table 4 presents the average values of the three valid at-
tempts of every element in multiples of body weight (BW).

Table 4 Ground reaction forces during take-off and landing phases in multiples of body weight (BW).
Red colour stands for right leg, green for left and blue for both legs

anterior-posterior

. mediolateral axis X resultant force
axisY

vertical axis Z

Take-off | Landing | Take-off | Landing | Take-off | Landing | Take-off | Landing
(BW) (BW) (BW) (BW) (BW) (BW) (BW) (BW)
Switch leap 2.8 3.5 0.5 0.7 0.1 0.3 2.8 3.6
Johnson 3 3.6 0.8 0.9 -0.2 -0.8 3.1 3.8
Handspring fwd 1.1 0.3 0 1.1
Flic-flac 1.7 1.8 -0.5 0.3 -0.1 0.1 1.8 1.8
Aerial 2.7 0.5 0.2 2.8
Salto swd 2.8 0.7 0.2 2.9

According to our results, when the non-acrobatic, handspring and salto group elements were
compared, it was revealed that the non-acrobatic and salto elements evince similar force in the
take-off phase. The reason is, we assume, a similar take-off technique, stemming from the fast
single leg take-off. The reaction forces in handspring elements were half, compared to the non-ac-
robatic and salto elements. It is, however, necessary to take into consideration the different take-
off technique in Flic-flac (double leg take-off) and Handspring forward (single leg take-off). The
vertical reaction forces in landing were 13-50% lower in the salto and handspring elements than
in the non-acrobatic elements. In jump elements Switch leap and Johnson there was force of more
than 3.6 BW affecting the lower limb.

Burt, Naughton and Landeo (2007) compared the forces acting on a balance beam and floor and
state that ground reaction forces on the beam apparatus ranged from 1.80 to 5.59 BW for the lower
limbs, floor apparatus ground reaction forces applied to the lower limbs varied from 3.30 to 8.46 BW.
Our results vary from 1.1-3.1 BW for take-offs and 1.8-3.8 BW for landings, i.e. our results mostly
correspond with the results of Burt et al. (2007). Similar results were published by Kew-Wan, Young
and Kyoung-Kyu (2012), who performed the kinetic analysis of tucked backward salto on the balance
beam. A ground reaction force appeared more than twice the weight at the moment that showed
the power of motion to all subject. Our study, as well as other similar ones, observed the forces in
elements performed separately. However, when more elements are bound in a routine, the reaction
forces are expected to double, as could be seen in results of Potop and Timnea (2017), who analysed
acrobatic elements on balance beam executed separately, in connection of 2-3 acrobatic elements
and in mixed series.

Based on our dynamometric measurements we can state that the average take-off force on beam has
a value of 2.4 BW, in landing 3.1 BW. If we consider asymmetry in load of lower limbs, i.e. HL, LL and
BL in take-offs and landings and use the measured values, we can gain an overview of the total load
asymmetry. We find out that HL was in total loaded by 538.3 BW, the other lower limb LL 174.1 BW and
during take-offs and landings double legs the total forces were 445.7 BW (Table 5). Not considering the
fact that during double legs take-offs and landings the forces may not be distributed equally between
the lower limbs, we observe triple difference in loads between the lower limbs during unilateral loading.
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Table 5 Approximate calculations of forces acting on lower limbs during weekly training

HL LL BL
Take-off | Landing | Take-off | Landing | Take-off | Landing
number of attempts 68 121 17 43 125 47
F range (BW) 1.1-3.1 1.8-3.8 | 1.1-3.1 1.8-3.8 | 1.1-31 1.8-3.8
F average (BW) 2.4 3.1 2.4 3.1 2.4 3.1
F (BW) 163.2 3751 40.8 133.3 300 145.7
F (BW) 538.3 1741 445.7

Artistic gymnasts as well as their coaches should not only try to achieve maximum performance,
but also should attempt to protect their bodies against possible injuries. The quality and quantity of
take-offs and landings may affect health problems significantly. Therefore it is important to minimise
forces overloading musculoskeletal system, mainly in case of unilateral distribution of load.

Conclusion

In our research we assessed the level of the mechanical load in selected gymnastic elements,
however, the mechanical load resistance threshold is an individual variable. In following studies
training loads should be monitored using unified methods so that the results could be compiled
and compared. We are of an opinion that it would be optimal to perform registration of executed
elements and then further analyse: number of take-offs and landings on upper and lower limbs
and asymmetry in load on landing ground, whether the elements were with or without rotation,
number of successful and unsuccessful (fall) attempts, whether the elements were isolated or
bound in a series. These results then further synthetize with results of dynamic measurements of
impacts either using force platforms, pads or accelerometers. We are convinced that such mon-
itoring increases not only training effectiveness, but may also help to optimise load so that over-
loading and overtraining is prevented leading to decrease in risk of injury and side disbalances of
musculoskeletal system.
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ABSTRACT

Purpose: Classical ballet, Slovakian folklore dance, and sport dance training differ in their
way how to master the art of dance; however, postural control is essential for the correct exe-
cution of complex movements used in all types of dance. The aim of this study was to analyse
the differences in static postural control between classical ballet dancers, Slovakian folklore
dancers and sport dancers and to analyse the effect of body mass, body height and toe grip
strength on postural control.

Methods: 68 dancers, between 17 to 28 years of age, participated in this study: 21 dancers
from Slovakian folklore dance group VSLPT Polana Brno (12 females, 9 males), 22 dancers
from Brno Dance conservatory (16 females, 6 males) and 25 sport dancers competing at
Brno Dance Open 2019 (12 females, 13 males). All participants were asked to stand upright,
barefooted, arms along the body, both feet on the Emed-at platform (Novel GmbH, Germany)
for 10 seconds with their eyes open to obtain the length of COP line (cm), average velocity
of COP (cm/s), the elliptic area (mm?) and numerical eccentricity of the ellipse. The toe grip
strength was measured for each foot when sitting using toe grip dynamometer (Takei Scien-
tific Instruments, Niigata, Japan). To analyse the effect of dance style, to grip strength, body
mass, body height, and gender on postural control variables, Kruskal Wallis test, and Spear-
man Rank Order Correlation were used.

Results: A better postural stability measured by the length and average velocity of COP was
observed in sport dancers, compared to classical ballet and Slovakian folklore dancers. Sport
dancers are used to a greater load on the forefoot and to a special foot roll-of pattern when
dancing, which may lead together with a constantly changing environment during competi-
tions to their enhanced postural stability. Despite the differences in dance training and dance
footwear of female and male dancers (high-heel shoes in sport and Slovakian folklore female
dancers, pointe shoes in female ballet dancers), no statistically significant difference in pos-
tural variables between genders was observed. Similarly, in analysed dancers, no effect of
age, body mass, and body weight on postural control were observed. The toe grip strength
was not observed to affect the postural variables in this study. The greatest toe grip strength
was observed in female ballet dancers, despite their younger age. Ballet dance training in-
cludes repetitive exercises focused on foot and toes such as battement tendu or demi-pointe
and en pointe positions probably resulting in the greater strength of the toes.

Conclusion: In this study, better postural stability measured by the length and average ve-
locity of COP was observed in sport dancers, compared to classical ballet and Slovakian
folklore dancers. In analysed dancers, no effect of body mass, body weight, gender, and toe
grip strength on postural control variables was observed. Future studies focused on postural
stability changes in non-dancers after a sport dance, classical ballet and Slovakian folklore
dance training program would provide additional knowledge about the process how each
type of dance enhance the balance and other coordinative skills.

Keywords: postural stability; dance; length of COP; the average velocity of COP; toe grip
strength
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Introduction

Dancers have enhanced balance skills (Gerbino, Griffin & Zurakowski, 2007; da Silveira Costa, de
Sa Ferreira & Ramiro Felicio, 2013). However, different types of dance such as ballet, Slovakian
folklore dance, and sport dance differ in their demands put on the dancer, which may result in differ-
ent balance control. Balance, or static postural control, minimize the centre of gravity displacement
during quiet standing (Perrin, Deviterne, Hugel & Perrot, 2002). The postural control is affected by
the somatosensory, visual, and vestibular system, joint range of motion, and strength (Ricotti, 2011).
Furthermore, the previous study shows that postural stability is also affected by body mass and gen-
der (Ku, Abu Osman, Yusof & Wan Abas, 2012).

Classical ballet dancing involves both static balance and dynamic choreographic figures for which
the balance control is essential as the female dancers dance en pointe using the pointe shoes. Ad-
ditionally, ballet consists of extreme ranges of motion, especially seen in the ankle plantar flexion
and hip extension. On the other hand, ballet dancers perform in a stable environment on a stage or
in front of a mirror where no unexpected disturbances occur (Perrin et al., 2002; Lin, Lee, Liao, Wu
& Su, 2011; Hugel, Cadopi, Kohler & Perrin, 1999).

Slovakian folklore dance is a part of the Central and Eastern European dancing folklore, has been
formed since the 5" century and influenced during the period of the Austria-Hungarian Empire by
different ethnic groups (Matus, 2016). Slovakian dance folklore includes chorovody and kolesa
(kari¢ky), girls’ round dances, in 2/4 and 4/4 time, characterized by a slow, resting part and a faster
part with more difficult steps turning the circle in increased tempo. Men’s dance includes odzemok
and verbunk characterized by jumps and squats. Couple turning dances, krutivé tance, usually
consist of four parts: the man singing to the musicians the song he wants to play, man solo dance,
couple dance when man and women turn as a pair, and man and women separate dance. Cardas,
a Hungarian couple turning dance, is also one of the Slovakian couple turning dances (Giertlova,
2014).

Sport Dance express emotions provoked by a different type of music of ballroom or Latin-American
dances (Lukié, Bijelié, Zagorc & Zuhrié-Sebi¢, 2011). During the competition, sport dancers pairs
present their program at a simultaneous presentation in a constantly changing environment in which
they must anticipate the movement of other competitors and preserve the space for their own pre-
sentation (Kuczynski, Szymanska & Bie¢, 2011).

The classical ballet, Slovakian folklore dance, and sport dance training differ in their way how to
master the art of dance; however, postural control is essential for the correct execution of complex
movements used in all types of dance and also serves as a protection against injuries (Ricotti,
2011). The aim of this study was (i) to analyse the differences in static postural control between
classical ballet dancers, Slovakian folklore dancers and sport dancers; (ii) to analyse the effect of
gender, age, body mass and body height on postural control; and (iii) to analyse the effect of toe grip
strength on postural control.

Methods

68 dancers, between 17 to 28 years of age, participated in this study: 21 dancers from Slovakian
folklore dance group VSLPT Polana Brno (12 females, 9 males), 22 dancers from Brno Dance
conservatory (16 females, 6 males) and 25 sport dancers competing at Brno Dance Open 2019 (12
females, 13 males). Their body mass, body height, and age are shown in Table 1. Informed consent
was provided by all participants or their caregivers prior to the data collection.
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Table 1 Dancers characteristic: age (years), body mass (kg), and body height (cm)

n Age Body mass Body height
Slovakian folklore |female 12 | 22,58 + 2,47 55,73 +£7,28 167,07 + 6,34
dance male 9 22,44 + 1,67 74,43 + 8,93 179,89 + 1,67
female 16 18,06 + 1,00 54,83 £ 5,96 166,69 + 5,46

Classical ballet
male 6 18,00 + 1,26 64,13 + 6,68 172,92 + 6,48
female 12 | 20,33 +2,67 56,47 £ 6,76 164,63 + 5,02

Dance sport

male 13 | 20,69 +2,87 69,93 £ 9,04 179,52 + 7,64

All participants were asked to stand upright, barefooted, arms along the body, both feet on the
Emed-at platform (Novel GmbH, Germany) for 10 seconds with their eyes open, looking straight
ahead to obtain the length of COP line (cm), average velocity of COP (cm/s), the elliptic area (mm?)
and numerical eccentricity of the ellipse. The toe grip strength was measured twice for each foot
when sitting using a toe grip dynamometer (Takei Scientific Instruments, Niigata, Japan), and the
higher value was used for further analysis.

To analyse the effect of dance style on postural control variables, the Kruskal Wallis test was used.
The correlation between to grip strength, age, body mass, body height, postural control variables,
and dance style was analysed by Spearman Rank Order Correlation. Additionally, the gender differ-
ences in postural variables were analysed using an unpaired t-test.

Results

The mean toe grip strength (N), length of COP line (cm), the average velocity of COP (cm/s), elliptic
area (mm?) and numerical eccentricity are shown in Table 2.

Table 2 Mean toe grip strength (kg), length of COP line (cm), the average velocity of COP (cm/s),
elliptic area (mm?) and numerical eccentricity of female and male Slovakian folklore, classical ballet
and sport dancers

Toe grip strength Average
Length ) o ]
Dominant Non of COP velocity Elliptic area Numerical
-dominant of COP eccentricity
Slovakian | female | 19,27 £ 4,24 | 20,09+ 5,67 |35,12+7,42 |3,58+0,68 | 155,36 £ 129,50 | 76,37 + 20,72
folklore

dance |Male [29,97+9,51/30,73+11,35 |38,26+ 11,65 3,82+ 1,17 | 326,37 + 353,80 | 80,29 + 18,28
Classical | female | 27,48 + 5,76 | 25,54 £+ 5,53 |33,74+7,68 |3,38+0,77 | 161,62 + 239,10 | 79,02 + 12,36

ballet male |29,67+578(29,92+7,36 |3537+4,64 |354+0,47 |114,93+91,37 |83,79+7,97

Dance |female |23,93+8,68|24,36+7,37 [31,20+4,36 |3,12+0,44 |184,12+92,36 |81,82+ 7,81
sport male |31,51+6,88(31,11+6,25 [32,34+4,26 |3,24+0,43 |176,67 +102,22 | 80,92 + 13,46

Classical ballet, Slovakian folklore, and sport dancers differences

Results of Kruskal Wallis test show no statistically significant difference between classical ballet,
sport dance and Slovakian folklore dance in the length of COP (p = 0,085), the average velocity of
COP (p = 0,055), elliptic area (p = 0,041), nor the numerical eccentricity (p = 0,900).

The Spearman Rank Order Correlation showed a small correlation between the dance type and toe
grip strength (0,239 and 0,231 for dominant and non-dominant foot, respectively), length of COP
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(-0,266) and average velocity (-0,298), showing increased to grip strength and decreased length of
COP and average velocity of COP in sport dancers compared to classical ballet dancers or Slova-
kian folklore dancers.

Additionally, the Spearman Rank Order Correlation showed a large correlation between length of
COP and average velocity of COP (0,986), a medium correlation between length of COP and nu-
merical eccentricity (0,410), average velocity and numerical eccentricity (0,390) and a small correla-
tion between length of COP and elliptic area (0,281) and average velocity and elliptic area (0,276).

The effect of gender, age, body mass and body height on postural control

Results of Spearman Rank Order Correlation show no effect of age on toe grip strength or postural
variables. The effect of gender was observed only in toe grip strength of dominant and non-domi-
nant foot (0,419 and 0,432, respectively), body height (0,661) and body mass (0,674). Similarly, un-
paired t-test showed no statistically significant gender differences in postural variables. Body mass
showed a statistically significant correlation with toe grip strength (0,415 and 0,422 for dominant
and non-dominant foot, respectively), gender, and body height (0,765). Body height was observed
to correlate with body mass, age, gender, and toe grip strength (0,462 and 0,425 for dominant and
non-dominant foot, respectively).

The effect of toe grip strength on postural control

The results of Spearman Rank Order Correlation show a large correlation between dominant and
non-dominant foot toe grip strength (0,807), medium correlation between toe grip strength and gen-
der (0,419 and 0,432 for dominant and non-dominant foot, respectively), body height (0,462 and
0,425 for dominant and non-dominant foot, respectively) and body mass (0,415 and 0,422 for domi-
nant and non-dominant foot, respectively) and a small correlation with dance type (0,239 and 0,231
for dominant and non-dominant foot, respectively).

Discussion

The purpose of this study was to analyse the differences in static postural control between classical
ballet dancers, Slovakian folklore dancers, and sport dancers and to analyse the effect of age, body
mass, body height and toe grip strength on postural control variables.

In this study, a large correlation between the length of COP and average velocity of COP was
observed as the velocity is a division of the length of COP by trial time. In previous studies, the
average velocity of COP was observed to be a postural control variable with the greatest reli-
ability when a smaller velocity indicates better postural control (Paillard & Noé, 2015; JanCova
VSeteCkova & Drey, 2013; Prieto, Myklebust, Hoffmann, Lovett & Myklebust, 1996). A medium
correlation was observed between the length and average velocity of COP and numerical ec-
centricity of the ellipse in this study. The numerical eccentricity describes the shape of the ellipse
when “0” is a perfect circle, “100” is an elongated, narrow ellipse. The elliptic area quantifies the
95% of the area covered by medio-lateral and anterior-posterior excursions of COP. Similarly to
the length and average velocity of COP, the smaller is the elliptic area, the better postural control,
and a small correlation between the elliptic area and the length and average velocity of COP was
observed in this study (Paillard & Noég, 2015).

The results of this study showed a smaller length and average velocity of COP in sport dancers,
compared to classical ballet and Slovakian folklore dancers. Sport dancers are used to a greater
load on the forefoot and to a special foot roll-of pattern when dancing, which may lead together
with a constantly changing environment during competitions to the enhanced postural stability.
Previous studies show better postural control in dancers compared to other athletes or control
groups (Gerbino et al., 2007; da Silveira Costa et al., 2013). However, no previous study focused
on postural stability in different types of dance is known to the authors.
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Despite the differences in dance training and dance footwear of female and male dancers (high-heel
shoes in sport and Slovakian folklore female dancers, pointe shoes in female ballet dancers), no
statistically significant difference in postural variables between genders was observed. Similarly, no
effect of body mass, body height and age on postural variables was observed in this study and was
probably caused by the similar body shape characteristics of all dancers as in the general popula-
tion, the effect of body mass and gender on postural stability was described (Greve, Alonso, Bordini
& Camanho, 2007; Hue et al., 2007; Lee & Lin, 2007).

The toe grip strength was not observed to affect the postural variables in this study. An interesting
observation was made in female dancers when female sport dancers and Slovakian folklore danc-
ers were observed to have a greater strength in a non-dominant foot (left in most of the dancers),
which may be a result of the asymmetrical use of the left and right leg in sport and Slovakian folklore
dance. The greatest toe grip strength was observed in female ballet dancers, despite their younger
age, who performed better with their dominant foot. Previous study focused on ballet dancers found
no statically significant difference in balance when landing from ballet jumps between the self-de-
scribed stronger and weaker leg (Mertz & Docherty, 2012) as ballet dancers practice symmetrically
demanding repetitive exercises focused on foot and toes work such as battement tendu or demi-
pointe and en pointe positions (Nihal et al., 2002).

In dancing, most of the injuries are caused by overuse and not by trauma as the movement is cho-
reographed (Gerbino et al., 2007; Teitz, 2000). Previous studies show that lower postural stability
increases the risk of injury and can be improved by a special exercise program (Witchalls, Blanch,
Waddington, & Adams, 2012; Struhar & Dovrtélova, 2014). Future studies focused on postural sta-
bility changes in non-dancers after a sport dance, classical ballet and Slovakian folklore dance
training program would provide additional knowledge about the process how each type of dance
enhance the balance and other coordinative skills.

Conclusions

This study, focused on postural stability and toe grip strength in dancers, show better postural stabil-
ity measured by the length and average velocity of COP in sport dancers, compared to classical bal-
let and Slovakian folklore dancers. In analysed dancers, no effect of age, body mass, body weight,
or gender on postural control was observed. Similarly, the toe grip strength was not observed to
affect the postural variables in this study, probably because of the enhanced postural stability skills
in all three analysed types of dance.
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ABSTRACT

Sports performance is influenced by a many of factors that can be characterised as its rela-
tively independent — although synergetic — components. The most frequently mentioned are
the fithess, somatic, tactical, mental and technical factors of sports performance. The subject of
interest in sport is the process of monitoring and evaluating the level of these individual factors,
i.e. the diagnostics of sports performance. When diagnosing the level of performance prerequi-
site for tennis, it is recommended to use those diagnostic methods that focus on tennis-specific
performance prerequisites. Analyses of modern tennis show speed (reaction, action), strength
(explosive), strength endurance and specific coordination abilities to be the most important
motor prerequisites. Diagnostics of the motor prerequisites of an athlete are often performed in
practice employing motor tests and test batteries. Methods of evaluating the results obtained
are generally based on the probability approach, though an alternative is provided by a method
based on the theory of fuzzy logic. The aim of the research was to use the theory of fuzzy logic
in evaluating the level of performance prerequisites and compare evaluation results by using
of a classical discrete approach and a fuzzy approach. The two approaches are evaluated and
compared using the results of testing of a group of 15—-16-year old tennis players (n = 203, age
M £ SD = 15.97 + 0.57 years, height M £ SD = 181.9 £ 6.8 cm, weight M £+ SD = 71.6 + 8.6
kg) who took part in regular testing conducted by the Czech Tennis Association in the years
2000-2018 using the TENDIAGH1 test battery. STATISTICA 12 software was used for the anal-
ysis of data using a probability approach. FuzzME software was used for analysis using of a
fuzzy approach. The testing of research data (the Kolmogorov-Smirnov test) demonstrated the
normal distribution of the frequency of the results of individual tests in the test battery. The level
of agreement of the results (the Pearson correlation coefficient) obtained by the two approach-
es (the discrete and the fuzzy approaches) was high both from the effect size (ES, large) and
statistical significance points of view (r = 0.89, p = 0.05). The evaluation of the effect size (ES)
of the differences between the mean values of the results obtained by the two approaches us-
ing the Cohen’s d did not demonstrate any substantively significant difference (d = 0.16). For
a more detailed analysis, two subsets were selected from the original group of tennis players.
They consisted of players with an overall evaluation (probability approach) of 4—5 points and
8-9 points, respectively. The level of agreement between the results in the subgroup with the
evaluation 4-5 points was low from both the effect size (ES, small) and statistical significance
points of view (r = 0.15, p = 0.05), while the agreement in the subgroup with the evaluation
of 8-9 points was at a medium level in terms of the effect size (ES, medium) and statistically
insignificant (r = 0.47, p = 0.05). The effect size (ES) assessment of the differences between
mean values of the results obtained by the two approaches did not demonstrate any effect (d
= 0.12) in the group with the overall score of 4-5 points, and a large effect (d = 0.89, large) in
the group with an overall score of 8-9 points. Despite the similarity of the results obtained by
the probability and fuzzy methods, it was shown that the fuzzy approach enables a finer dif-
ferentiation of the level of fitness prerequisites in players on the evaluation boundaries. Since
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that the results for individual items in the TENDIAG1 test battery indicate the level of individual
performance prerequisites, the use of different weighting criteria may be considered for future
evaluation using the fuzzy approach. For this approach, the use of the point method, a paired
comparison method or the Saaty method can be considered for the identification and calcula-
tion of individual subtests weighting.

Keywords: diagnostics; fuzzy logic; FuzzME; probability approach; TENDIAG1 test battery

Introduction

In the area of sports science, one of the basic concepts is sports performance and its structure.
The basic factors of sports performance are somatic, fitness, technical, tactical and mental factors
(Dovalil et al., 2012; Hohmann, 2007). Different sports require different levels of individual factors,
and it is therefore important to diagnose those factors that significantly affect sports performance
- these are referred to as sport-specific factors. Contemporary tennis is characterized by a pow-
erful, fast and aggressive style, and places high demands on the players’ fitness. Players must
also be highly technically and tactically mature (FilipCi¢ & FilipCi¢, 2005). According to Schonborn
(2008), sport-specific factors in tennis can be divided into limiting factors, which are important but
not compensable, and influencing factors, which are important but can be compensated for by
other qualities. Based on a retrospective theory, Hohmann et al. (2010) concluded that successful
adult athletes exhibited a high level of certain specific performance prerequisites already in their
youth. For that reason, early identification of talented individuals, for which motor tests and test
batteries are frequently used, plays such an important role in sports. To diagnose physical and
motor performance prerequisites for tennis, the TENDIAG1 test battery has been developed in the
Czech Republic by Zhanél et al., (2000).

In everyday life, there often arise situations when human thinking creates concepts that cannot be
described unambiguously by the rules of classical set theory, which assumes sharp boundaries be-
tween sets, that is to say a specific element either belongs or does not belong to a set. Fuzzy theory,
which can model uncertainties and fuzziness, is associated with the name of L. A. Zadeh, who in
1965 proposed the basic principles of the so-called fuzzy sets. In fuzzy theory, each element is as-
signed a degree of membership in the range [0; 1]. Thus, an element either does not belong to the
set (degree of membership 0), or it certainly belongs to the set (degree of membership 1) or belongs
to the set only partly (degree of membership ranging between zero and one (0; 1)). Fuzzy theory
is used in many different fields, e.g. in engineering, the building industry, transport and electrical
engineering. economics, banking and personal logistics (Hubacek et al., 2015). The first application
of fuzzy theory in sports dates back to the 1990s. For instance Zhanél et al. (2006) give examples
of its applications in learning to ride a bike, analyzing diagnostic data in speed skating, skiing, gym-
nastics, and sports games. Other examples of fuzzy theory applications are found in table tennis
(Acharjee & Chaudhuri, 2012), strength training (Novatchkov & Baca, 2013), as well as in the diag-
nosing of sports talent, specifically in triathlon (Bottoni et al., 2011), football (Tavana et al., 2013),
volleyball (Noori & Sadeghi, 2017), badminton (Agilénu & Balli, 2009), tennis (Hubacek et al., 2015,
Zdercik et al., 2018) and others.

Methods

The present paper aim is to propose the possibilities of using the fuzzy approach for the evaluation
of the results of tennis players obtained with by the TENDIAG1 test battery, and for the compari-
son of evaluation results obtained using the classical probability approach and the fuzzy approach.
Three research questions were formulated based on of the knowledge synthesis and the objectives
of the research study:
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1. How can the level of performance prerequisites be evaluated using a probability approach?
2. How can the level of performance prerequisites be evaluated using a fuzzy approach?

3. Is it possible to demonstrate significant differences between the results of the performance
prerequisites evaluation obtained using the probability approach and the fuzzy approach?

The research group consisted of male tennis players aged 15-16 (U16, n=203, age
M £ SD =15.97 + 0.57 years, height 181.9 + 6.8 cm, weight 71.6 + 8.6 kg), who participated in regu-
lar testing of the Czech Tennis Association. The research data are the result of long-term monitoring
(2000-2018) using the same diagnostic procedures, tests and instruments. The TENDIAG1 test
battery contains a total of 9 tests divided into three areas (physical prerequisites, fithess skills and
coordination abilities) with three subtest each (12 tests in total).

The results of individual tests in fitness skills and coordination abilities (physical prerequisites were
not scored) are evaluated on a point scale of 0-2 (0 = low level, 1 = medium level, 2 = high level).
The evaluation of the results (the standard) is based on the classical probability approach and
basic statistical characteristics (M and s) for individual age categories of players. The total score
of the TENDIAG1 test battery is the sum of the points obtained in each evaluated test (6 tests)
in the interval 0-12 points. The research data have the character of physical quantities or dimen-
sionless index-type variables. MS Excel and Statistica 12 software were used for the analysis.
FuzzME software (HoleCek & Talasova, 2010) was used to analyse individual tests evaluated using
the fuzzy approach. The degree of agreement between results obtained using the classical prob-
ability approach and the fuzzy approach was assessed using the Pearson correlation coefficient.
Because a deliberate selection of elements of the research group was used, the effect size (ES)
of the results was evaluated using the Cohen’s d value (Cohen, 1988), which can be expressed
in word form as follows: small effect (d = .20), medium effect (d =. 50) and large effect (d = .80).

Results

Basic statistical characteristics of the research group of tennis players (n=203) in the age category
15-16 years are given in Table 1

Table 1 List of basic statistical characteristics

Test | Test parameter M SD Min Max
A Age 15.97 0.57 15.00 16.90
H Height 181.89 6.79 166.0 195.50
W | Weight 71.62 8.56 38.90 90.00
T1 | Dominant arm strength 46.00 6.21 32.40 63.40
T2 | Running speed 13.25 0.66 11.64 15.24
T3 | Medium-term endur- 136.50 7.02 | 117.80 155.15
ance
T4 | Arm reaction time 0.46 0.05 0.35 0.60
T5 | Leg reaction time 0.39 0.04 0.27 0.49
T6 | Trunk agility 42.24 3.72 31.00 54.00

Note. M = mean; SD = standard deviation, Min = minimum value, Max = maximum value

Probability approach

When scoring the results of individual tests using a probability (discrete) approach, the participants
scored points from the set {0, 1, 2} in each test. Conversion of the test results to the point score was

carried out in Microsoft Excel using pre-developed standards.
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The athletes were therefore able to earn a total of 0—12 points in the six tests. An example of point
score calculations in individual subtests of selected athletes in the research group is given in Table 2.

Table 2 An example of a conversion of result in individual subtest to a point score

No. T T2 T3 T4 T5 | T6 | T1 | T2 | T3 | T4 | TS | T6 | Total
1. 35.1|14.00 [ 143.0| 0.56 | 0.39 | 41 0 0 0 0 1 0 1
2. 36.013.90 [ 145.0| 0.47 | 0.36 | 44 1 0 0 2 1 1 5

202. 57.9113.50(130.3| 0.49 | 0.40 | 38 2 0 2 1 1 0 6
203. 50.7 [16.60 | 145.3| 0.51 | 0.43 | 38 2 0 0 1 0 0 3

Note. M = mean; SD = standard deviation, Min = minimum value, Max = maximum value

Fuzzy approach

In the first step of point scoring the results of individual tests using the fuzzy approach, a mem-
bership function for each TENDIAG1 test battery item was selected. Because of the character of
individual tests, the S-shape and Z-shape membership functions were used. The S-shape member-
ship function was used in tests in which the point score increased with an increase in the numerical
value of the test results, e.g. in the dominant arm strength test. The Z-shape function, on the other
hand, was used in tests where the point score decreases with an increasing numerical value of the
test result (e.g. in the running speed test). There are two important points along the S- and Z-shape
membership function curves, the so-called break points, which divide these functions into three per-
formance level intervals. The S-shape membership function can be defined as follows:

0 forv; <aq;
fora; < v; < b;

1 for V; > b,:

Vi—aj

A(vi, ai, b)) = 3, T

where v, is the participant’s result in the i-th test, a is a completely unsatisfactory value in the i-th test,
and b, is a completely satisfactory value in the i-th test. The completely unsatisfactory value a, and the
completely satisfactory value b, in the i-th test correspond to the value of M - SD and M + SD, respec-
tively. Similarly, the Z-shape function can be defined as follows:

1forv; < ¢
di—v;
A(vi, di, ci) = d—” for ¢; < v; < d;

—cj

0 for V; > di

where v, is the participant’s result in the i-th test, ¢, is a completely satisfactory value in the i-th test, and
d.is a completely unsatisfactory value in the i-th test. The completely satisfactory value ¢, and the com-
pletely unsatisfactory value d,in the i-th test correspond to the value of M- SD and M + SD, respectively.
Table 3 lists the membership function types for each test and the mean level of performance stand-
ards for athletes in the 15-16-year age group.
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Table 3 Overview of membership functions and their mean values (1 point)

Code | Membership function shape | Mean values interval Units
T1 S 39.8-52.2 kp
T2 4 12.59-13.91 ]
T3 Z 129.8-143.84 s

T4 4 0.41-0.51 s
T5 Z 0.35-0.43 ]
T6 S 38.52-45.69 number

Note. M = mean; SD = standard deviation, Min = minimum value, Max = maximum value

Figure 1 Examples of S-shape (test T1) and Z-shape functions (test T2)

The Z-shape function is constant below the lower limit of the mean value interval (degree of mem-
bership 1) and above the upper limit of the mean value interval (membership degree 0). Within the
mean value interval, the Z-shape function is linearly decreasing. Table 4 gives examples of result
evaluations in individual T1-T6 tests (participants 1, 2, 202 and 203), and the overall evaluation of
the results of the TENDIAG1 test battery using the FuzzME software.

Table 4 Fuzzy evaluation of individual test of selected participants

Participant/test T T2 T3 T4 T5 T6 Total
1. 0 0 0.06 0 0.05 | 0.333 | 0.893
2. 0 0.008 0 0.4 | 0875 | 0.737 | 2.02
202. 1 0.311 | 0964 | 0.2 | 0.375 0 2.85
203. 0.879 | 0.235 0 0 0 0 1.114

Note. M = mean; SD = standard deviation, Min = minimum value, Max = maximum value

Comparison between the probability and the fuzzy approach

When point scores are used to evaluate test results using the probability approach, athletes are
scored on a 0-2 point scale. In the fuzzy approach-based scoring, athletes can in each test be
scored either 0 (completely unsatisfactory or 1 (completely satisfactory), or any value from the in-
terval (0; 1). For a comparison of results obtained using the probability and the fuzzy approaches,
it is necessary to multiply the total sum of fuzzy evaluations by 2. Table 5 shows the evaluation of
selected participants using the fuzzy approach (multiplied by 2), and using the probability approach.
The last column shows the differences between results obtained using the two approaches, where
the positive difference indicates a higher rating using the fuzzy approach, a negative difference indi-
cates a higher rating using the probability approach.
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Table 5 Comparison between point and fuzzy evaluation

Participant FA PA Diff
1. 1.786 1 +0.786
2. 4.04 5 -0.96
202. 5.7 6 -0.3
203. 2.228 3 -0.772

Note. FA = fuzzy approach, PA = probability approach, Diff = difference

When assessing the level of agreement between evaluation results of the entire group of 15 to
16-year old tennis players (n=203) using the probability and the fuzzy approach, a high level of
agreement was found both in terms of the effect size and statistical significance (large, r = 0.89,
p = 0.05). The assessment of the effect size of differences in mean result values obtained by the
two approaches using Cohen’s d showed small effect (d = 0.16). Therefore, we can conclude that
evaluation results obtained in the group of 15 to 16-year-old tennis players (n = 203) using the two
approaches show no significant differences. For a more detailed analysis, two subgroups consisting
of participants with borderline results in probability evaluation were selected from the total research
group, i.e. participants who scored 4-5 points (S1, n=47) or 8-9 points (S2, n=53). For subgroups
S1 and S2, the degree of agreement of evaluation results obtained by the two approaches as well as
the assessment of the effect size of differences in mean values of results was again assessed. The
degree of agreement between results in the S1 subgroup was insignificant from both the effect size
and statistical importance points of view (r = 0.15, p> 0.05, small). In the S2 subgroup, the agree-
ment reached a medium degree in terms of the effect size but was statistically insignificant (r = 0.47,
p > 0.05, medium). The difference in mean values of the results obtained by the two approaches
was highly significant from both the effect size and the statistical importance points of view (d = 0.89,
p <0.05, large).

Discussion

The results of our research (in which we found significant agreement from the effect size and statis-
tical importance points of view in the results of a group of tennis players aged 15-16 years, r = 0.89,
p <0.05, large) were compared with the results of similar studies. In a research study evaluating the re-
sults of tennis players aged 11-12 years, Hubacek et al. (2015) demonstrated significant dependence
of evaluation results obtained by the two approaches from the effect size and the statistical importance
points of view (r=0.92, p <0.05, large). Zdercik et al. (2018, 13-14-year-old tennis players, n=211) also
demonstrated a significant degree of dependence from both the effect size and statistical importance
points of view (r = 0.94, p <0.05, large) between evaluation results obtained by the two approaches.
The same authors found only trivial differences in the mean values of evaluation by the two approach-
es (d = 0.36, small). These findings indicate that evaluation results obtained by the two approaches in
different groups of tennis players do not differ significantly. To obtain a more detailed comparison of the
results of the two approaches, we evaluated two subgroups of players who scored 4-5 points or 8-9
points in probability evaluation, i.e. scored at the borderlines of performance categories low/medium,
and medium/high, respectively. In contrast to Hubacek et al. (2015, tennis players 11-12 years, n=88),
who found large effect size in the subgroup that scored 4-5 points (r = 0.68, large), we found only
small effect size of dependences (r = 0.15, small). In the other subgroup, Hubacek et al. (2015) again
found a highly significant effect size of the dependence between the results of the two approaches
(r=0.65, large) while in our research we found a medium effect size (r = 0.47, medium). The results of
this more detailed analysis partly corroborate the assumption that the fuzzy approach allows for a finer
and more accurate differentiation between the levels of performance prerequisites. Also Bottoni et al.
(2011) state that the triathlon talent model based on fuzzy logic is somewhat better than the classical
evaluation methods.
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The fuzzy expert system for identification of sports talents in various sports (Papi¢, Rogulj & Plesti-
na, 2008) has demonstrated high accuracy, reliability and agreement of its results with experts’
opinions on individual sports. In a majority of the above studies, evaluation of the results of individ-
ual tests with equal weights set for all subtests was used. However, some methods assign different
weights to different tests according to their importance, which have already been applied in sports,
e.g. in badminton (Agilonu & Balli, 2009).

Conclusions

The result section describes the method of evaluating test results of using the classical probability
approach, including an example of individual tests evaluation and the overall score of the TENDIAG1
test battery of selected participants from the research group. The next section dealing with the fuzzy
approach gives a detailed description of the methods of constructing S- and Z-shape membership
functions, including the reasons for using a particular type of the membership function in subtests
from the TENDIAG1 test battery. Next, the method of evaluating the results of testing using the fuzzy
approach and the FuzzME software was presented. When comparing the results obtained using the
probability approach and the fuzzy approach, a significant agreement between results was found
from both the effect size and the statistical importance points of view (r = 0.89, p < 0.05, large). An
assessment of the effect size of differences between the means of results obtained by the two ap-
proaches showed only a small effect (d = 0.16, small). A more detailed analysis of the results of two
subgroups that scored 4-5 points and 8-9 points, respectively, showed that the degree of agreement
between the results obtained by the two approaches in the former subgroup is insignificant from
both the effect size and statistical importance (r = 0.15, small) and moderately significant in the latter
subgroup (r = 0.47, medium). An assessment of the effect size of the differences between the means
of results obtained by the two approaches in the two subgroups showed no effect (d = 0.12, small)
and large effect (d = 0.89, large), respectively. Application of methods for the calculation of different
weights for individual subtests from the TENDIAG1 test battery, the subsequent comparison of these
methods and the use of the Saaty method could be the subject matter of future research studies.
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ABSTRACT

Purpose: The main goal of this research was to establish differences in self-assessment of
preparedness of Greco-Roman wrestlers in different age groups before a competition.
Methods: The sample of subjects consisted of Greco-Roman wrestlers (n=223) divided into
three age groups (cadets n=76; juniors n=69; seniors n=78). Self-assessment of prepared-
ness was determined immediately before official weighing (approximately 16 hours before
official weighing) using a survey questionnaire on the Likert scale of 1 to 5. Descriptive sta-
tistic parameters were present. The wrestlers’ success was determined by analysis of official
bulletin from national championships. The correlation between self-assessment of prepar-
edness and success was determined by a linear regression analysis. Statistically significant
differences between the groups were determined by the Mann-Whitney test.

Results: Most cadets (35.5% of subjects) estimate that they are completely prepared for
a competition comparing to juniors. Seniors and juniors carefully evaluated preparedness
for a competition. Seniors (42.3% of subjects) estimate that they are somewhat prepared,
while juniors (43.5% of subjects) estimate that they are highly prepared for a competition.
Furthermore, results of linear regression indicate relation (R = 0.203; p = 0.002) between
self-assessment and success of Greco-Roman wrestlers. In addition, statistically significant
differences between cadets and juniors (p = 0.033) were confirmed as well as between ca-
dets and seniors (p = 0.001) in variable self-assessment of preparedness for a competition.
Conclusion: Statistically significant relation between self-assessment and success indicates
that wrestlers with a high level of self-assessment have better success as well as self-confi-
dence in wrestling competition. The differences between age groups of Greco-Roman wres-
tlers in variable self-assessment of preparedness emphasize importance of realistic and
achievable goals in young age groups of wrestlers. Setting unrealistic goals can lead to
frustrations or giving up on practicing wrestling. Therefore, individual approach to the mental
preparedness of young wrestlers before a competition is very important, especially setting
and realization of achievable goals. In this way, positive experience from a competition will
raise the level of self-confidence in young age wrestlers.

Keywords: wrestling; Greco-Roman; focus; self-confidence; motivation; success

Introduction

According to international rules (UWW, 2019), wrestlers are competing in different age groups
(boys, cadets, juniors, and seniors). In wrestling as a sport with three Olympic disciplines, it is
important to have the strength and mental preparedness for a competition. Under the preparation
period of wrestlers for a competition, there are lot of factors that affect the best results such as
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strength, coordination, speed, agility, flexibility, etc. What is important for success in wrestling is
not only a high level of strength preparedness but also a good mental preparation. In the field
of psychological preparedness of wrestlers, there are scientific papers about goal orientation
(Bahrami & Yousefi, 2014; 2015; Han, 2008; Karninci¢, Bai¢ & Sla¢anac, 2016; Sla¢anac, 2017;
Sla¢anac, Karninci¢ & Bai¢, 2017).

The main problem in practice is the absence of mental preparedness or insufficient knowledge in
the field of mental preparedness. This is especially evident in young age wrestlers, which results in
angry behavior after a defeat and has a hindering impact on competition placement as well as not
achieving the set goals (Karnincic et all, 2018). To prevent the appearance of negative emotional
states or frustration and withdrawal from practicing wrestling, it is important to know the importance
of self-assessment of preparedness and their relation with success in wrestling. Also, it is very im-
portant to know the differences between the age group so that we can access the individual mental
preparation of the wrestler for a competition.

This research focuses on two issues. The primary goal of this study was to determine differenc-
es in self-assessment preparedness for a competition of wrestlers between different age groups.
Therefore, the second goal was to establish a relation between self-assessment preparedness and
success of Greco-Roman wrestlers.

Methods

The data for this survey are part of Ph.D. research “Relation between rapid weight loss and
competitive efficiency of wrestlers” (Slacanac, 2017). The sample of subjects consisted of 223
wrestlers, who participated in the Croatian National Greco-Roman wrestling championship. The
subjects were divided into three age groups according to international wrestling rules (UWW,
2019); the first group refers to cadets (n=76), the second group refers to juniors (n=69) and the
third group refers to seniors (n=78). The sample of variables comprises variables of anthropo-
metric characteristics, wrestlers experience self-assessment of preparedness and success on
a competition. Self-assessment of preparedness before a competition was estimated with the
occasional questionnaire in the Croatian language. The survey of subjects was conducted imme-
diately before official weighing (approximately 16 hours before a competition). The question for
estimating self-assessment of preparedness for the competition was: “for this competition | am
ready?”. Subjects estimated their own preparedness on Likert scale by answers offered from 1-5
(1 — not prepared; 2 — little prepared; 3 — somewhat prepared; 4 — very prepared; 5 — completely
prepared). Preparedness means physical condition, technical and tactical as well as mental pre-
paredness for a wrestling competition. Wrestlers’ success was determined by analysis of official
reports from the competition (CWF, 2014a, 2014b, 2014c).

In this paper, basic statistic parameters (mean, standard deviation, minimum and maximum) are
presented. The relation between self-assessment and success is established by linear regression
analysis, whereas statistically significant differences between the groups were determined by the
Mann-Whitney test. All the data were analyzed using IBM SPSS Statistics, version 20.0 (IBM SPSS
Inc., Chicago, IL).

Results

Observing frequencies (Table 1), self-assessment of preparedness varies depending on the age
group. Most cadets (35.5% of subjects) estimate that they are completely prepared for a competition
compared to juniors. Seniors and juniors carefully evaluated preparedness for competition. Seniors
(42.3% of subjects) estimate that they are somewhat prepared, while juniors (43.5% of subjects)
estimate that they are very prepared for a competition.
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Table 1 Frequencies table and descriptive analysis of results

cadets juniors seniors
PREPAREDNESS n=76 n=69 n=78
f % f % f %

not prepared 0 0 1 1.4 1 1.3
little prepared 6 7.9 6 8.7 5 6.4
somewhat prepared 14 18.4 19 27.5 33 42.3
very prepared 29 38.2 30 43.5 28 35.9
completely prepared 27 35.5 13 18.8 1" 14.1

Min—Max 2.0-5.0 1.0-5.0 1.0-5.0

Mean * SD 40+09 3.7+0.9 3.6+0.9

The descriptive parameters variable for self-assessment of preparedness and ranking are present-
ed in Table 2. The results indicate that cadets have the largest average values in variable self-as-
sessment compared to juniors and seniors. The values range in the variable ranking from 1st—18.
Average values of anthropometrical characteristics of juniors and seniors is referred in body mass
and body height as well as experience compared to cadets.

Table 2 Descriptive statistics

Variables cadets (n=76) juniors (n=69) seniors (n=78)
Mean = SD Min—Max Mean = SD Min—-Max Mean = SD Min—-Max
Age (years) 156 +0.9 14.1-17 1 18.1+1.1 16.1-20.2 227 +45 17.1-41.4

Body mass (kg) | 64.0+12.8 | 40.8-98.0 | 73.3+6.1 | 495-119.5 | 77.9+15.0 | 56.7-129.7
Body height (cm) | 173.8+7.9 |148.0-190.0| 176.4 +6.1 | 160.0-190.0| 177.5+93 |140.0-199.0

Experience 51+25 1.0-11.0 74+26 2.0-14.0 10.7 £ 5.1 1.5-27.0
(years)

Ranking 5.8+3.9 1.0-17.0 6.3+4.5 1.0-16.0 6.6 £+4.1 1.0-18.0
Self-assessment 40+0.9 2.0-5.0 3.7+0.9 1.0-5.0 36+0.9 1.0-5.0

Results of linear regression (Table 3) indicate statistically significant correlation (p = 0.002) be-
tween self-assessment and the success of wrestlers. The correlation coefficient is R = 0.203, while
determination coefficient is R>= 0.041(4% of variance). The standardized coefficient (B = -0.203)
indicates linear changes in value of self-assessment and success.

Table 3 Linear regression results

Model R R Adjusted R Std. Error of the Esti- Std. Coeffic. | p-level
Square Square mate
1 .203 .041 .037 .907 -.203 .002

Note: Unstandardized coefficients B = -.909 + 9.626

Differences between groups were determined by the Mann-Whitney test. The results of the
Mann-Whitney test (Table 4) confirm statistically significant differences between cadets and juniors
(p = 0.033) in self-assessment of preparedness before a competition as well as cadets and seniors
(p = 0.001). Differences between juniors and seniors were not confirmed. Besides, statistically sig-
nificant differences were determined in the variables of age, body weight and experience among
cadets, juniors, and seniors.
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Table 4 Mann-Whitney test results

. Cadets vs Juniors Juniors vs Seniors Seniors vs Cadets
Variables
U 4 p U 4 p U Z p
Age (years) 150.5 -9.8 .000 749.5 -7.5 .000 0.0 -10.7 .000

Body mass (kg) | 1679.0 | -3.7 | .000 |21505| -2.1 | .036 | 13725 | -5.8 | .000
Body height (cm) | 2091.0 | 2.1 | .035 |23715| -12 | 214 | 21420 -30 | .003

Experience 1208.5 | -4.7 .000 | 15495 | -4.2 .000 8225 | -71 .000
(years)
Ranking 25195 | -04 .682 | 2518.0 | -0.7 499 | 26185 | -1.3 .208

Self-assessment 2112.5 -2.1 .033 24005 | 1.2 .232 20975 | -3.3 .001

Discussion

Statistically significant differences between groups were determined in variables anthropometric
characteristics, age, experience and self-assessment of preparedness for a competition. By com-
paring results of descriptive parameters in variable experience it can be concluded that cadets start
with wrestling practicing at the age of 10.5 and juniors at the age of 10.7. The finding complies with
previous research (Bai¢, Karning&i¢ & Sprem. 2014). Wrestlers with more experience have a great
mental as well as conditional preparedness (Han, 2008) and train 15.09 years before they won their
first medal on Olympic games or World championship (Karningié, Bai¢ & Sprem, 2017).

Optimal strength preparation is necessary for success in wrestling. Using the long-distance running
contributes to develop specific endurance as well as focus and mental endurance. Through prop-
er conditioning preparation wrestlers can optimally reduce their body mass, keep their weight and
achieve some benefits: to be the highest and have greater weight. Mental preparedness is impor-
tant, so military preparedness of wrestlers is characterized by an optimal level of pre-competitive
excitement (Mari¢, 1985) as well as focus (task orientation) on task (Han, 2008) and positive self-
speech. Together they have a positive impact on psychological skills and performance in wrestling
(Zakaria, 2012). Depending on experience, seniors have more intrinsic motivation and experience
emotional stimulation in that way (Grushko at all., 2016).

Results of linear regression analysis confirm that wrestlers with great self-assessment of prepared-
ness achieve better sports result. Wrestlers with great perceptive competence are more interested,
have a higher level of confidence as well as better task orientation. Successful wrestlers are more
confident than the less successful wrestlers (Slacanac, 2017). Authors Karninci¢, Bai¢ & Slacanac
(2017) determined that wrestlers during moderate weight loss have high levels of intrinsic motivation
and high value of interest/enjoyment. Competition-induced stress, as well as positive psychological
skills that contribute to a state of self-esteem are important for better self-esteem (He, 2014), which
can be improved by forgetting defeat, developing positive affirmation towards one’s work, document-
ing success, visualization, etc. (Cerensek, 2017). It can be said that task orientation during weight
loss produces much more satisfaction, leading to better performance at competitions (Farkhondeh
& Maghaddam, 2015), and it is logical that 87% of wrestlers tend to be task-oriented (Bahrams and
Yousefi, 2004) and despite weight loss more task-oriented (Sla¢anac, KarninCi¢ & Baic¢, 2017). The
task orientation can be developed and influenced by the level of training, fitness, stress tolerance,
attitude and approach, perceptual abilities, patience, anxiety, etc. (Cerensek, 2017). In contrast,
ego-oriented athletes will have a greater degree of arousal (Halvari, 1990), so competitive pressure
on the body of young wrestlers will significantly reduce physical capacity (Korjenevsy & Podlivaey,
2011).

In this research, statistically significant differences between cadets and seniors in variable self-as-
sessment of preparedness for competition were determined. The largest differences are visible in
numerical values of self-assessment of preparedness. This means that more cadets express that
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they are very or completely prepared compared to seniors. This relation can be described by more
experience, better knowledge of their capabilities, competition in the tournament and giving great-
er importance to the competition (Karnin€i¢, Bai¢ and Sla¢anac, 2016). Wrong self-assessment of
preparedness in younger age groups (older boys and cadets) or failure to achieve a goal can lead
to frustration, anger or even quitting practicing wrestling. That is especially important if we know the
fact that wrestlers won their first medal on Olympic games or World championship after 15.09 years
of training (Karnin&i¢, Bai¢ & Sprem, 2017). Therefore, it is very important to set realistic and achiev-
able goals, which is a very important factor in preventing disappointment and frustration, especially
for younger age groups of wrestlers.

By achieving goals, it is possible to develop positive experiences related to an event, so that wres-
tlers develop a sense of security in themselves and increase their confidence. Therefore, goal set-
ting is very important in the process of confidence development. Goal setting should be SMART
- specific, measurable, achievable, realistic and timed (Cerensek, 2017).

Conclusion

Differences in anthropometric characteristics may be important in terms of manifestation of max-
imal power, but also of greater appearance, and may affect the psychological state, that is, they
may have a positive effect on the level of wrestling. Fitness training and athletic training, mental
pre-competition preparation is also important, especially in relation to intrinsic motivation and goal
orientation. It is assumed that, because of previous competition experience, confidence, and proper
goal setting, seniors better evaluate their pre-competition status than cadets. The relation between
self-assessment of preparedness and placement indicates a statistical correlation (p = 0.002), so
wrestlers with a higher level of self-assessment preparedness achieve better placement. This in-
dicates a high level of perceived competence, confidence, and task orientation in pre-competition
wrestlers. Statistically significant differences between groups of wrestlers are reflected in setting re-
alistic and achievable goals in seniors then cadets. Setting unrealistic goals in younger age groups
of wrestlers can cause negative emotional states (anger, frustration, etc.) and even giving up prac-
ticing wrestling. Therefore, it is very important to individually (mentally) prepare young wrestlers be-
fore the competition, especially when setting and achieving realistic goals, thus developing positive
competing experiences and raising self-confidence.
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ABSTRACT

Energy drinks are frequently purported as a non-alcoholic beverage food commodity to im-
prove cognitive function and concentration and as such is marketed especially on vulnerable
populations such as professional drivers, students, managers. We aimed to explore the acute
dose-effect of commercially available multi-ingredient beverage on cognitive performance.
Twenty adult university students, caffeine-deprived received two 500 ml non-alcoholic,
glucose-free, multi-herbal extract drinks differing in ingredients dose: DRINK1o0, threefold
higher concentration dosage (DRINK300) and ingredients-free, flavored-matched placebo
(PLA) in a double-blind, three-way cross over, randomized order, separated by a 7-day
wash-out period. Cognitive functions, autonomous nervous system activity, and specific
mental performance were assessed. Drinks were consumed in the late evening (20 p.m.).
Standardized psychomotor vigilance task (PVT) to detect reaction time, lapses and the
total score and spectral analysis of heart rate variability (software-driven, standing/lying
down with ~300 beats recorded in each position, relative change in total power score be-
tween consecutive measurements was used) took place immediately prior and 60, 120 and
180 min post-drink consumption (post-drink). Thirty minutes of the cognitively demanding
task (continuous manual text transcription) was commenced immediately and in 90, and
150 min post-drink. Total word counts were used in assessing mental performance chang-
es. The ecologically valid methodology was used to mimic typical students time of drink
consumption.
During the 60min post-drink, the level of alertness decreased independently of the drink
category, however, DRINK?300 increased correct: lapsus ratio in 120 min and this remained
elevated until the end of testing. No significant effect of DRINK100 over PLA on vigilance was
present. DRINK?3o0 led to an increase in autonomic nervous system activity after drink admin-
istration in 60—90 minutes post-drink with a clear decline observed in PLA. This corresponds
with a significant increase in the number of words transcripted in the corresponding time in
DRINK300, however, not sustained in 180 min post-drink.
We demonstrate an acute and transitional dose-effect of multi-herbal caffeine-containing
non-energetic beverage on cognitive and autonomous nervous system performance. The
effect appears to be evident immediately (< 30 min) post-drink. A beverage containing guar-
ana equivalent to 120 mg of caffeine reduce cognitive performance impairment and this is
sustained over ~180 min.

Keywords: caffeine; herbal extract; psychomotor vigilance task; heart rate variability
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Introduction

Energy drinks are frequently purported as a non-alcoholic beverage food commodity to improve
cognitive function and concentration and as such is marketed especially on vulnerable populations
such as professional drivers, students, managers. Their most common active ingredient is caffeine,
often in the form of Guarana extract. In addition to stimulants (caffeine), they often contain other
ingredients such as Ginkgo Biloba, taurine, vitamins, and others, and these drinks are the subject of
studies (McLellan & Lieberman, 2012; Mora-Rodriguez & Pallarés, 2014). The stimulating effect on
the body in most energy drinks is mediated by caffeine (Giles et al., 2012). Caffeine in energy drinks
leads to a demonstrable reduction of physical and mental fatigue, increased mental abilities and
maintain alertness and concentration (van den Eynde, van Baelen, Portzky, & Audenaert, 2008).
Similar effects affecting memory and cognitive function are also shown by Ginkgo Biloba, Panax
ginseng (Ginseng) is the subject of extensive research, investigating its effect on various diseases,
weakening and promoting metabolic functions via so-called apoptogenic effect. Adaptogens are
compounds that increase the body’s defence against exogenous stress factors (environmental fac-
tors, toxic substances) and eliminate the risk of damage caused by these factors (Winston, 2011).
The effects are mainly related to the hypothalamus-pituitary-adrenal axis and this axis is part of the
stress system and plays an important role in the body’s response to repeated stress.

To determine cognitive performance and effects of active ingredients psychomotor vigilance task
(PVT) or spectral analysis of heart rate variability (SA HRV) has been widely used for evaluating
wake-promoting food-based substances (Wesensten, Belenky, Thorne, Kautz, & Balkin, 2004). It
was shown that various nutritional factors (e.g. caffeine intake) (Zahn & Rapoport, 1987), health
factors (e.g. presence of illness) (Kapounkova et al., 2019) and/or experimental manipulations affect
the sympathetic nervous system explaining high prevalence of methods used in determining sympa-
tho-vagal disturbances (Acheson, 1993).

Various drinks containing a combination of active naturally-based substances are marketed for
a range of people. As described above, there is no doubt of a performance-enhancing potential
of isolated substances. However multi-component drinks become increasingly popular, namely
among students with high cognitive-performance demands (Garcia et al., 2017; Maijori et al.,
2018). Therefore, we aimed to explore the effect of commercially available multi-ingredient bever-
age on cognitive performance in university students.

Methods

Study design

Twenty adult university students (23 + 3,5 yrs), caffeine-deprived received three drinks in a dou-
ble-blind, three-way cross over, randomized order, separated by a 7-day wash-out period. Two 500
ml non-alcoholic, glucose-free, multi-herbal extract drinks differing in ingredients dose: DRINK100
(Guarana 395mg, Ginko Biloba 45 mg, Lecithin 90 mg, Schizandra 55 mg, Ginseng 45 mg, Matcha Tea
45 mg), threefold higher concentration dosage (DRINKzo00) and ingredients-free, flavored-matched
placebo (PLA) were administered. The amount of administered substances was in accordance with
the Czech legislation and the opinion of the European Food Safety Authority on caffeine consump-
tion in 2015 and the drink does not pose any health risk for the consumer (,Scientific Opinion on the
safety of caffeine”, 2015).

The study was spread into 3 weeks with one day in every week (experimental day) a randomly
assigned drink was ingested and followed by ~3 h period in which the test of cognitive functions,
autonomous nervous system activity (ANS), and specific mental performance were realized. Stand-
ardized psychomotor vigilance task (PVT), spectral analysis of heart rate variability (SA HRV) and
the cognitively demanding task (continuous manual text transcription (TEXT) were used to identify
a post-drink effect (Figure1). participants were educated to be familiar with all the testing proce-
dures, received complete information of the course of the experiment and were trained in manipula-
tion with the measuring device.
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As far as the drinks were consumed in the late evening (20 p.m.), the ecologically valid methodology
was intentionally used to mimic typical students time of drink consumption. Each participant signed
informed consent. The research was approved by the Scientific ethical board of Masaryk University.

Description of the PVT

Standard 10-min form of PVT was used to assess the level of alertness and ability to keep attention
(Dinges & Powell, 1985). The participants have to react to a red-light spot that appears on a black
background for 10 minutes at irregular intervals. The participants were prompted to respond by
pressing the key immediately after the red dot appears. The participants responded on average to
80 stimuli. The accurate, delayed or premature reactions were examined. The correct reaction was
evaluated as a sufficiently rapid response to occur within 0,5 s of the red dot appeared. A premature
reaction was considered to occur before the red dot appears and the delayed reaction was consid-
ered as a lapsus, a reaction that takes place more than 0,5 s after the red dot appears and overall
success defined as the score was calculated as the ratio between correct reactions and delayed
reactions. The testing was carried out on desktop computers with free software described by Khitrov
et al. (2014). Each participant underwent a total of 12 tests (4 within an experimental day). The prin-
ciple of PVT test was blinded to the participants.

Description of the SA HRV

The heart rate variability was assessed by measuring the length of R-R intervals using the frequen-
cy-domain spectral analysis method based on Fourier transformation (Stejskal & Salinger, 1996).
A mySASY software (mySASY a.s.) was used. Each participant received a chest belt to measure
heart rate variability and installed a mobile application on own mobile phone for monitoring ANS
via mySASY app. The measurement was audio assisted by the installed application and follows
standard protocol (Stejskal & Salinger, 1996). All participants underwent ANS standardization
measurements period to assess the individual level of the ANS activity, which consisted of morn-
ing and evening measurements of ANS activity during the 5 days preceding the experiment. The
duration of the each ANS measurement was 15 minutes, with the first 5 minutes of the proband
remaining in the lying position, the second 5 minutes of the proband remaining in the standing po-
sition, the last 5 minutes of the proband remaining in the lying position. On the experimental days,
participants underwent morning standardization measurement. In the evening (at the time of the
experiment), they underwent four experimental measurements (pre- and post-drink). We focused
on total spectral power that reflects overall autonomic activity where the sympathetic activity is
a primary contributor (Zahn & Rapoport, 1987).

Description of the TEXT transcription

Specific mental performance task consisted of three 30min continuous manual text transcription.
It commenced immediately (TEXT I) and in 60 (TEXT II), and 120 (TEXT Ill) min post-drink. Total
word counts were used to assess mental performance changes. The printed book was selected for
text rewriting. All participants were asked to start manually rewriting the given part of the text. The
transcription took exactly 30 min. Time was measured with a stopwatch, started and ended with oral
instruction. Three different parts of the text were selected for transcript. Individual transcribed parts
(highlighted in the printed book) were then converted to the number of words using MS Word as the
book was available in the docx. form. This procedure was used to objectively replicate real mental
activity, as the number of transcripted words allows for quantification of the work done.
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Figure 1 /llustration of the experimental design

Statistical analysis

The results of PVT are presented as a median of the “overall score” parameter (the ratio between
correct reactions and delayed reactions.) in order to take into account, the high degree of inter-in-
dividual variability (mean CV in the overall score 9,75 * 3,9%). To show ANS changes, total power
was used to show total spectral power that reflects the overall autonomic activity. Due to the high
variability of baseline total power values in individual probands, the relative change in ANS activity
was evaluated between successive measurements. The number of words transcripted was used as
a marker of a specific mental performance task. Analysis of variance with repeated measurements
was used to detect the time and the groups’ differences. This method tests the consistency of mean
values for recurrent measurements, including the detection of statistically significant changes. Effect
size is described using Cohen’s d coefficient.

Results

Vigilance decreased during the first hour after the testing began. A DRINK3o00 increased alertness
as depicted by the ratio between correct reactions and delayed reactions and maintained the condi-
tion until the end of the testing period (Figure 2). No significant time interaction was found in either
experimental situation. However, a significant effect of DRINK3oo on the difference between the
overall score over DRINK100 was evident in 150—-180 min post-drink period (p = 0,005). The effect of
DRINK?3o0 is consistent as the interindividual CV in the 150—-180 min post-drink was the lowest (5 %)
in comparison to the DRINK100 and PLA (14% and 11%, respectively).
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Figure 2 Overall score in PVT 30-180 min post-drink (ratio between correct reactions and delayed
reactions) (%) (no significant time interaction was found; # significantly different from DRINK100)

After 180 minutes, the number of transcribed words decreased in all experimental situations (Figure
3). The effect of drink consumption on the cognitive work done (amount of words transcripted) did
not appear immediately after the drink was consumed as there was no difference between situa-
tions. Throughout the post-drink period (3 h), DRINKS100,300 increased the performance at 60—90
minutes after consumption, with clear but not-significant effect especially at the DRINKz00 dose over
PLA and DRINKi100 (p = 0,09 and 0,08, respectively). No significant time effect was found, but the
trend was strong for DRINK?3o0 (p = 0,05).
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Figure 3 Total word count during the post-drink manual text transcription

Figure 4 shows the difference in spectral power at 30-180 min post-drink. The results show a trend
in the influence of DRINK100 and DRINK3o00 on the overall spectral performance of participants. This
is mainly due to the extreme increase in the activity of the autonomic nervous system after serving
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the drink and maintaining it for about 90 minutes after use. Placebo has no significant impact. The
differences are not statistically significant (p, ,=0,92; p,,,= 0,41; p,,, = 0,26). Interpretation of effect
sizes (Cohen’s d) can classify small effect of 100% and 300% (d, ,= 0,28; d, = 0,35; d,,,= 0,38).
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Figure 4 Differences in ANS spectral power during the post-drink period

Discussion

We aimed to assess the acute effect of commercially available non-energetic herbal blended drink
on selected parameters of cognitive performance. The ecologically valid methodology with the drink
administration was set at 20:00 p.m. and the post-drink period ended at midnight was intentionally
used to mimic the typical time of the drink consumption by the vulnerable groups (eg. students, driv-
ers, managers, etc.). We used standardized PVT test to detect cognitive impairments, continuous
manual text transcription to measure real-work performance and ANS activity measurement. Most
importantly we demonstrate an immediate dose-effect of caffeine-containing non-energetic bever-
age on cognitive and ANS performance.

An important aspect of caffeine-containing drink consumption is the health aspect. Mayo Clinic
experts draw attention to the acute effect of such beverages on heart rate, blood pressure without
changes in heart rhythm. They conclude that there is no link between long-term caffeine consump-
tion and the risk of hypertension, and cardiovascular disease in the case of consumption of cof-
fee and other sources of food caffeine (Higgins, Tuttle, & Higgins, 2010). Similarly, EFSA reports
a safe daily dose of the caffeine of 400 mg/day and a single 200 mg dose (,Scientific Opinion on the
safety of caffeine”, 2015). In our research, 0, 395 and 1185 mg of guarana (equivalent to ~0, 40 and
120 mg of caffeine) were administered.

The vast majority of studies, with 50-250 mg of caffeine to be usually administered, show a pos-
itive effect on cognitive abilities. The effect always occurs after a single, acute use, with an effect
lasting up to several hours, with a different time effect after administration (Heatherley, Hayward,
Seers, & Rogers, 2005; van Duinen, Lorist, & Zijdewind, 2005).

The effect of guarana is not only explained by caffeine, but a possible synergistic action with other in-
gredients such as ginseng is questioned. Kennedy, Haskell, Wesnes, & Scholey (2004) administered
75 mg guarana and/or 200 mg ginseng and observed the acute effect of the administered active ingre-
dients 1-6h after administration on various computer-controlled cognitive abilities (similar to PVT). The
positive effects of an acute dose of ginseng on cognitive abilities and mood 1-6h after administration
was first presented by Kennedy, Scholey, & Wesnes (2001). The authors administered higher doses
and observed a beneficial effect already at doses of 200 mg in attention and response rate indicators
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and the effect persisted for up to 6 hours. In the research, 0 and lower doses of 45 mg or 135 mg were
administered. The acute effect of schizandra on attention (standardized d2 attention test) at 100mg, ie
the amount corresponding to the dose administered by us (55 or 165 mg) was observed 2 hours after
administration of the combined plant extract (Aslanyan et al., 2010). A synergistic effect of caffeine on
cognitive abilities has also been observed with L-theanine, the active ingredient with similar effects to
caffeine, present in green tea such as Matcha tea, at a dose of 50 mg caffeine and 100 mg L-theanine
(Owen, Parnell, De Bruin, & Rycroft, 2008). L-theanine interferes with the production of dopamine and
serotonin, known as fatigue inducers.

A high rate of delayed or premature reactions in PVT as the testing period progressed indicates
lower alertness, intense concentration, fatigue and possible sleep deficit (Table 1). The time x lap-
sus effect was positively correlated (r = 0,85). Caffeine was shown to improve concentration and
motor coordination. The desired effects persist for about three to four hours (Nehlig, 2010) which
was confirmed by the effects of DRINK3o0o0 in a reduction of cognitive performance impairment seen
as the post-drink time progressed. The average number of lapses in PVT within 3h post-DRINK300
discontinue to increase in contrast to the DRINK100 and PLA and was significantly lower (10,1 vs.
14,2 and 13,4, respectively) (p < 0,01).

Table 1 Correct and delayed responses in PVT (average)

Correct (n) Lapsus (n)
PLA DRINKio0 | DRINK:00 | PLA DRINKi0 | DRINK:00
Pre-drink 74,2 71,7 74,7 8,2 9,7 8,2
30-60 min 70,3 72,2 70,6 10,3 9,8 8,6
(’;r‘l?,f,i 90-120 min | 70,6 70,0 70,4 11,3 10,8 10,3
150-180 min |69,0 67,1 72,5 13,4 14,2 10,1

Our results correspond with findings by Giles et al. (2012). The vigilance and the reaction ability test
outcomes significantly improved 30 and 60 minutes after administration of 200 mg caffeine. Inter-
estingly, there was no superior effect when glucose (50 g) was administered. The immediate effect
of beverages, even without energy, was therefore predominantly mediated by effective stimulants
(caffeine). This conclusion supports the positive properties of the glucose-free beverage.

Despite the fact that the number of words transcribed period decreased significantly towards the
end of the post-drink period (180 min) from ~433 to ~404 words (p = 0,003), the DRINK3z00 even
improved the word-count and therefore specific mental performance by 19% in the 60—90 min post-
drink (~507 words). This was strongly correlated with an overall score in PVT (r = 0,69) supporting
the fact that a number of words method was sensitive enough in the determination of real cognitive
performance. The effect of DRINK3oo on ANS does not correspond with the cognitive task. The
DRINK?100 effect on total spectral power (expressed as the difference in two consecutive time-point
measurements, eg. 30—60 min vs. 90—120 min) revealed the most prolonged stimulation of ANS as
the spectral power increased.

The above discussion objectively justifies the inclusion of a combination of active substances and
given dosages in the researched beverage as psychoactive effects of tested substances were wide-
ly confirmed. Besides, we may speculate to what extent the blended substances can interact and
strengthen the effect as this remained to be established.

Conclusions

We demonstrate an acute, transitional dose-effect of multi-herbal caffeine-containing non-energetic
beverage on cognitive and autonomous nervous system performance. The effect appears to be
evident immediately (< 30 min) post-drink. A beverage containing guarana equivalent to 120 mg of
caffeine reduce cognitive performance impairment and this is sustained over ~180 min.
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ABSTRACT

The aim of the present study was to examine the structure of an expert model of exercises
designed to eliminate the Lack of specific ski movement mistake in short ski turn, as well
as offer a hierarchical classification of the expert model. For this purpose, a two-stage
research was conducted. During the first stage of the research the exercises with the
purpose of Lack of specific ski movement mistake elimination were designed by 20 skiing
experts aged 25 to 45. By means of email and coordinated by the paper author, the experts
first designed a model of 14 methodical exercises and subsequently selected the five most
relevant ones, ranking them on a scale from 1 to 5. A nonparametric chi - square test (x?)
was used. The research showed there was no significant variation across the experts’ eval-
uation of the five most important methodical exercises (x? = 21,69; p = 0,06). The expert
model of the most important methodical exercises for the Lack of specific ski movement
mistake correction thus includes the following: Holding a ski stick under the handle, Jump
turns, Hands on hips, Unbuttoned ski boots and Ski poles in vertical position in forwards.
307 skiing professionals of various levels of expertise participated in the second stage of
the research, whose aim was to classify the Lack of specific ski movement mistake elimi-
nation exercises. The participants’ task was to rank the exercises based on their relevance.
Total amounts of rank sums (ZR) were calculated, the Kruskal-Wallis test (H-test) was car-
ried out, and the corresponding levels of significance (p) were recorded, for the purpose of
comparing the significance of diversity between rank sums and the expert model. The sta-
tistically significant difference was found between the rank sums (£R) of the most efficient
exercises for the Lack of specific ski movement mistake correction (H=198,19; p < 0,001).
The results obtained in the two stages of the research provide valuable insights regarding
the methods of short ski turns. The hierarchical classification of the most important method-
ical corrective exercises obtained from ski teachers and professionals with different levels
of education and expertise yields accurate and precise data about corrective methodical
exercises in the process of studying short ski turn. Any further research regarding the same
object should evaluate the designed expert model of the most important methodical exer-

cises, as well as their hierarchical classification, across different groups of participants.

Keywords: Expert evaluation; alpine skiing; methodical exercises; short ski turns
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Introduction

The successful performance in alpine skiing depends on the quality and the nature of the skiing
equipment used, but mostly on the level of skiing education, experience and way of teaching em-
ployed by skiing experts. The skiing skill acquisition can be defined as the process of system-
atic adoption and perfection of specific structure of dynamic movement, with the aim of efficient
performance in various conditions and types of ski slopes. Ski school programmes are especially
significant in the process of alpine skiers’ instruction and training. The principle of progression in
ski schools means that learners shift from easy activities designed to guarantee safety and pro-
gression towards the more advanced skills, for example, from the snow plough to the parallel ski.
The skiing school programme models enable and accelerate the process of skiing skill acquisition
(Jurkovié & Jurkovi¢, 2005; Matkovi¢ et al. 2004; Le3nik & Zvan 2010). The basis of the programme
facilitates the adoption of various techniques of alpine skiing and secures the gradual progress of
skiing skill acquisition. All the mentioned factors are the result of specific divisions and formations of
different skiing school programme models (Feinberg-Densmore, 2000; John, 2006; Murovec, 2006;
Anderson, 2007; Puskari¢, 2010; Bozidar et al. 2010). In relation to the mentioned and with the aim
of rational performance and lower energy consumption, the skiing elements and methodological
exercises should follow one another in a logical methodological order (Franjko, 2007; Kuna et al.
2013). Furthermore, when coordinating actions, good skiers use optimal amount of energy for transit
across a slope compared to those with lower levels of skiing expertise (Bucher et al. 2014; Males et
al. 2013). Moreover, good skiers require less energy in order to perform any of these elements than
the skiers of lower skiing proficiency level. Skiing technique changes also depend on the skier’s fit-
ness level, such as the ability to produce power by the upper and lower limbs, equipment and snow
quality, height and weight, as well as tactical aspects and individual preferences based on earlier
experience (Hausken, 2017.)

The key factor in the process of skiing skill acquisition and advancement is professional and
high-quality guidance provided by ski experts, teachers and instructors. To be able to provide ad-
equate instruction, a skiing teacher or trainer should be highly knowledgeable in skiing theory and
practice. Not only that, but he/she should also understand the methodological and didactic principles
of training process as well as the basics of psychology. We must accept the fact that potential stu-
dents differ substantially regarding the level and the degree of anthropological abilities and personal
traits (Emeterio & Gonzalez-Badillo 2010; Malliou et al. 2004). To be able to plan and execute an
adequate training process ski instructors should acknowledge the athletes’ diverse maturity levels
and growth rates, especially so as to prevent late maturing athletes from sustaining injuries (Muller,
Hildebrandt, Maller, Fink et al., 2017). Therefore, it is essential that skiing teachers and instructors
understand the dynamics of motor skills acquisition process and other concepts pertaining to motor
development. Without these preconditions, skiing instructors will not apply an adequate teaching
method, which may decelerate the learners’ progress or even be dangerous.

All this applies to short ski turn acquisition, which is taught in Croatian advanced skiing school
programme. Short ski turn is a dynamic technical element, which primarily consists of pronounced
creasing and stretching of the body with minimal rotation of the trunk, and almost constant skiing
on the edges of the skies. The second important matter is constant control of speed, which is done
by dynamic and rhythmic turn shifting, from the right side to the left side. Constant shifting between
sides is enabled by means of lateral deflections of the body. Indeed, turning produces centrifugal
force, which leads to an increased effective weight of the skier and hence higher normal reaction
and friction forces compared to the case of fall-line gliding. As the centrifugal force depends on the
speed and local radius of the skier’s trajectory, it varies during the run and its overall effect cannot be
estimated easily (Komissarov, 2018.). Short ski turns are an exception in that case because every
turn is approximately equal, so the skier can efficiently control the speed. The pressure transloca-
tion from the forefoot (at the beginning of the turn) towards the heel (at the end of the turn) is still
a feature of short ski turn (Falda-Buscaiot et al. 2017). The variables of the ideal-carving equation
are the velocity of the skier, the angle between the trajectory of the skier and the horizontal, and the
instantaneous curvature radius of the skier’s trajectory (Jentschura & O'Fahrbach, 2003.).
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Previous research on the matter (Kuna, 2013) has defined the expert model for teaching dynamic
short ski turns, the typical mistakes occurring in the process, and the most important exercises used
for their elimination. Research on the matter is aimed at a detailed elaboration of methodical ap-
proach to short ski turn instruction to improve the quality of the acquisition process.

Since one of the typical mistakes in short ski turns is Lack of specific ski movement, this research
had two objectives: a) To form an expert model of the most important corrective methodical exer-
cises used for the elimination of the Lack of specific ski movement mistake, manifested through the
execution of short ski turn, b) To form a hierarchical classification of expert models of most important
exercises for elimination of the Lack of specific ski movement mistake through execution of short
ski turn.

Methods
» Participants and procedure

Data was collected in order to form an expert model of the most important corrective exercises used
for Lack of specific ski movement mistake elimination; a mistake that most often occurs during the
execution of short ski turn. The sample comprised of twenty state ski demonstrators. There were
eight ski demonstrators from Croatian team, six ski demonstrators from Slovenian team and six from
Bosnia and Herzegovina team. Following the request of the research authors, and with the approval
of the president and the members of the executive council of HZUTS Croatia, ZUTS Slovenia and
ATUS Bosnia and Herzegovina, the state ski demonstrators agreed to take part in designing the expert
model for elimination of the Lack of specific ski movement mistake; a mistake that occurs during the
execution of short ski turn. Participation requests were sent to the participants via email, along with
the descriptions of each of the elements and their role in the research. The experts devised a model
of the most important corrective methodical exercises for the Lack of specific ski movement mistake
elimination. They had to choose between fourteen corrective exercises which are: Short turn to one
side - STOS, From snowplough turn cross to the short ski turn - FSTCST, From parallel ski turn cross
to the short ski turn - FPSTCST, Short ski turn in sideling direction - STISD, Hands on hips - HOH, Ski
poles behind in the back - SPBIB, Ski poles in vertical position with arms forward - SPIVPAF, Hands on
the thighs - HOT, Switching the ski poles around the body - STSAB, Ski poles in parallel position with
arms in forwards - SPPAF, Unbuttoned ski boots - USB, Jump turns - JT, Sting both ski poles under
the outside ski - SBSPUQOS, Holding a ski poles under the hands- HSPUH.

Once the expert model was defined, the participants were asked to select/highlight the five most
important corrective exercises. In order to make the process more transparent and allow the par-
ticipants to distinguish between different elements, all exercises were filmed and converted into
GIF format. Next, an online poll was created and sent to all participants from the second stage of
the research. The sample comprised of four hundred and sixty ski teachers with various levels of
expertise from Croatia, Slovenia and Bosnia and Herzegovina. They were required to take the poll,
answering all the questions, as well as send their personal data and IP addresses. Having been
carefully examined, three hundred and seven results were used in further data analysis. Thus, the
final sample of participants consisted of one hundred and eighteen Croatian, one hundred and nine
Slovenian and sixty Bosnian ski teachers, aged twenty-five to forty-five.

« Sample of variables and statistical analysis

A sample of variables was defined in the first stage of the research, with the expert model of most
important corrective exercises used for the Lack of specific ski movement mistake elimination con-
sisting of: Holding a ski stick under the handle, Jump turns, Hands on hips, Unbuttoned ski boots
and Ski poles in vertical position in forwards.

The participants’ task was to rank the exercises based on their relevance. The significance level
was set to p < 0,001. Total amounts of rank sums were calculated, the Kruskal-Wallis test (H-test)
was performed, and the corresponding levels of significance were recorded with the purpose of
comparing the significance of diversity between rank sums and the expert model. Experts first
designed a model of 14 methodical exercises and subsequently selected the five most relevant
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ones, ranking them on a scale from 1 to 5. For the purpose of it nonparametric chi - square test
(x?) was used. Data analysis was completed with the help of “Statistica Windows 12.0“ program.

Results and Discussion

Table 1 shows total values of the most important corrective methodical exercises ranking. Based
on the results, it can be said that although there is no statistically significant difference, the num-
bers come very close to statistical significance, in the evaluation of five most important corrective
methodical exercises for the Lack of specific ski movement mistake elimination among the choices
made by experts. The reason for this might be the fact that the experts defined too wide a spectrum
of methodical exercises which have specific values and contributions to the Lack of specific ski
movement mistake elimination, so the distribution of their values was dispersed. Nevertheless, ac-
cording to the results gained from the experts’ evaluation of five most important corrective exercises,
certain corrective exercises are of higher frequencies. In other words, they were selected more often
by the experts than other exercises. And the main reason for this is their collective contribution to the
elimination of the Lack of specific ski movement; a mistake typically occurring during the execution
of short ski turn.

Table 1 Expert evaluation of the most important corrective exercises used for the elimination of the
Lack of specific ski movement mistake occurring during the execution of the short ski turn. Ob-
served (OF) and expected (EF) frequencies of expert evaluation for corrective exercises, value of
Chi-square test (x2) and level of significance (p)

The most important corrective gxercises_ f(_)r th_e Lack of specific ski OF EF
movement mistake elimination

STOS 3 4,28
FSTCST 3 4,28
FPSTCST 3 4,28
STISD 2 4,28
HOH 8 4,28
SPBIB 1 4,28
SPIVPAF 8 4,28
HOT 4 4,28
STSAB 4 4,28
SPPAF 1 4,28
USB 6 4,28
JT 9 4,28
SBSPUOS 2 4,28
HSPUH 6 4,28

x?=21,69

p = 0,06

By analysing the five most important corrective methodical exercises for the Lack of specific ski
movement mistake elimination, it becomes clear that the exercise with the highest value is Jump
turns. The goal of the exercise is to jump from one side to the other, which requires the skier to
perform an accentuated vertical motion with a squat. This action can reflect the skier’s jump and
movement at the same time and set the skis in the direction of the new turn.

The second most relevant exercise according to the expert evaluation of the most important correc-
tive exercises for the Lack of specific ski movement mistake elimination is the exercise called Ski
poles in vertical position with arms in forwards and Hands on hips.

During the execution of short ski turns with the help of the Ski poles in vertical position with arms
in forwards exercise, the skier should be focused on rhythmic and proper timing of ski movement,
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especially when it comes to vertical and circular moves, as well as maintain the correct gravity cen-
tre. These are the main elements that determine the rhythm and the direction of the skier’s course.
To perform short ski turns in succession, a skier needs to hold his ski sticks vertically in front of him
and establish a controlled upright position of the upper body while constantly controlling the speed
and the direction. These are the preconditions for the execution of specific ski movements. During
the execution of short ski turns with the help of the Hands on hips exercise, the skier again has to
establish and maintain the correct centre of gravity, and have absolute control of the direction which
determines the execution of specific vertical, lateral and circular ski movements.

All the points presented above account for the expert evaluation of those exercises in greater fre-
quencies when it comes to the elimination of the Lack of specific ski movement mistake occurring
during the execution of short ski turns.

In the third position of expert evaluation of the most important corrective exercises for the Lack of
specific ski movement mistake elimination is the exercise called Unbuttoned ski boots and Holding
a ski poles under the handle.

During the execution of short ski turn with unbuttoned ski boots, the skier needs to perform a spe-
cific ski movement because unbuttoned ski boots do not allow the same movement as skiing with
buttoned ski boots. Accordingly, for the skier to move in desired direction and speed, he needs to
perform specific short ski turns, otherwise the technique will be incorrect, and the desired direction
and speed will not be achieved.

During the execution of short ski turn while holding ski sticks below the holding grip, the skier lowers
his centre of gravity, which means that he should perform vertical movements in short ski turns, but
also circular and other specific ski movements.

Table 2 Rank sum of the evaluation of the most efficient corrective methodical exercises for the
elimination of the Lack of specific ski movement mistake made during the execution of short ski
turn, Kruskal-Wallis test (H-test) and level of significance (p)

The most efficient corrective exercises for the Lack of specific ski
movement mistake elimination

USB SPIVPAF HOH JT ZR
UsSB 628
SPIVPAF 0,00 774
HOH 0,00 1,00 755
JT 0,00 0,00 0,00 1055
HSPUH 1,00 0,00 0,00 0,00 628

H =198,19; p < 0,001

The analysis of rank sum values for most efficient corrective methodical exercises, obtained from
ski teachers with different levels of education (N=307), applying the H-test and p values, shows that
there are statistically significant differences (Table 2).

By means of non-parametric post-hoc analysis, it has been found that there is significant difference
(p = 0,000) between rank sums of the following methodical corrective exercises: Unbuttoned ski
boots, Ski poles in vertical position with arms in forwards, Hands on hips and Holding a ski poles
under the handle. Also, there is statistically significant difference (p = 0,000) between the variables:
Ski poles in vertical position with arms in forwards, Jump turns and Holding a ski poles under the
handle, as well as between variables: Hands on hips, Jump turns and Holding a ski poles under the
handle and between Jump turns and Holding a ski poles under the handle.

According to the differences between rank sums of corrective methodical exercises as assessed by
ski teachers of different levels of education, a hierarchical classification of selected exercises was
formed. The corrective methodical exercise with the highest value in efficiency pertaining to the Lack
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of specific ski movement mistake elimination is the Jump turn. The assessment carried out by ski
teachers with different levels of education confirmed the relevance of this exercise as assessed by
the experts. The reason for this are the accentuated vertical movements that are required in perfor-
mance of the exercise From one side to the other short ski turns. Holding ski poles under the handle
and Unbuttoned ski boots are the exercises ranked as second in relevance. The third place belongs
to Ski poles in vertical position with arms in forwards and Hands on hips exercises.

The hierarchical classification of expert models of exercises used for the elimination of typical mis-
takes made during the execution of short ski turn shows that the exercises of the highest rank are
the ones that involve vertical and circular movements, dominant in short ski turn performance. The
exercises that involve an upright position of the upper body are of the lowest rank. These exercises
are performed without ski sticks because the skiers are required to focus primarily on body move-
ments and skiing rhythm. What needs to be pointed out is the lack of circular and vertical movement,
very common among skiers, especially the unexperienced ones. Many skiers do not understand
or do not practice the difference between short ski turns, dynamic parallel turns and carving turns,
which needs to be improved. In comparison to other sports, very little research has been conducted
for the skiing instruction methods. Most researches in alpine skiing are based on the expertise of ski-
ers racing performance (Decroix et al 2017; Cernohorski & Pustovrh, 2008). A better understanding
of the differences across certain skiing techniques would allow the skiers to gain more experience
on ski tracks and reduce their chances of getting injured. The implication for training instructors is
that the skills of adapting these five methodical corrective exercises for the elimination of typical
mistakes made during the execution of short ski turn aspects to meet individual needs every skier
and should also be given due consideration alongside the technical skiing skills.

Conclusion

The results obtained by the research provide a very accurate and valuable insight regarding the most
efficient corrective exercises for the elimination of the Insufficient ski movement mistake manifested
through the execution of short ski turn. In addition to that, we presented the results of the efficiency
of expert model of certain corrective exercises in skiing instruction. The hierarchical classification of
expert model of most important corrective exercises for the mentioned mistake elimination will help
teachers and instructors in the training processes planning and programming. Due to the thriving
numbers of recreational and competitive skiers, there is a growing need for precise definition of
appropriate exercises to employ in skiing instruction and training to make it as efficient as possible.

We need to consider the fact that most skiers have limited time to spend in instruction, mostly
because of the costs included as well as their own everyday activities that prevent them from
doing so. These circumstances bring about new challenges for us; namely the need to optimize
the skiing instruction and the process of skiing skill acquisition. The beginners often stay on ele-
mentary level, because they perceive the advanced techniques as too complicated. The answer
to this problem might be to conduct more research on the matter and consider the implications
for practice change. This research represents only a part in a sequence of scientific papers with
the purpose of forming a hierarchical classification of expert models of most important corrective
exercises manifested in all skiing techniques. This fact will determine the direction of our future
research as well, to finally arrive at the optimal hierarchical classification which would then be an
undeniable methodical foundation for skiing instruction employed across the world.
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ABSTRACT

A number of youth movement activities, e.g. running, walking, jumping, climbing trees, throw-
ing and catching a ball, has been on a decline in the current European cultural space. The
results of this research contribute to broadening the knowledge about the level of basic
motor competencies and qualifications of the 1t and 2" grade elementary children in the
Slovak Republic. The primary data on the basic motor competencies and qualifications of the
examined group (n=307, age = 7.58 £ 0.69 years) were collected by means of the MOBAK
1-2 test battery (Herrmann et al., 2018b). The significance of differences between boys
(n=156, age 7.62 + 0.69) and girls (n=151, age 7.55 + 0.70) was evaluated by Student’s
t-test in two independent groups. The boys in the first grade (n = 97) achieved a significantly
better performance in basic motor competency object movements (X = 5.17 + 1.79 points)
than their female peers (n=88, X = 3.52 + 1.78). The girls in the second grade did not achieve
a statistically better performance in the movement qualifications in throwing, balancing and
rolling than the first-graders of the same gender. Knowledge of the level of basic motor com-
petencies and qualifications of the Slovak elementary school children allows the national and
European educational and cultural authorities to design and improve the content of physical
and sport education classes.

Keywords: basic motor competencies; first-graders; second-graders; elementary school;
boys and girls; MOBAK 1-2 test battery

Introduction

Basic motor competencies are defined as functional performance dispositions, which guarantee that

children are qualified to participate in sports and exercise (Herrmann et al., 2019).

Unfortunately, the current European culture foster the lifestyle with limited daily physical activities
in almost all of its citizens regardless of their age and gender. For example, the parents drive their
children to school by car every day and then continue to work. In both cases, they only carry out
minimum motor activity. It is unthinkable for many Europeans to walk to school or walk to work...
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A similar situation can be observed in children and adolescents. The several-hours-long unorga-
nized physical outdoor activities after coming home from school are a thing of the past. The interest
in physical activities organized by schools, sports clubs and non-profit organizations is on a decline.
Many young people do not perform any physical activity at all.

Such a behavior has far-reaching society-wide health and economic impacts.

Herrmann and his colleagues (Herrmann et al., 2017a; Herrmann et al., 2018b) set the objective to
map the level of basic movement skills and abilities in children of both sexes from kindergarten to
the sixth grade of elementary school. They developed the MOBAK-KG test battery for kindergartens
(Herrmann et al., 2019), MOBAK 1-2 for the pupils of the first and second grade elementary school
(Herrmann and Seelig, 2014, 2017a; Herrmann et al., 2018a), MOBAK 3-4 for the third and fourth
grade elementary school (Herrmann & Seelig, 2015; 2017b) and MOBAK 5-6 for the fifth and sixth
grade elementary school (Herrmann & Seelig, 2016; Herrmann & Seelig, 2017c).

All four test batteries contain motor tasks targeted at demonstrating the level of children’s skills in
two areas:

1. object-movement tasks with ball and/or small ball control activities;

2. self-movement tasks with body control activities.

The first group of tasks includes the following tests:

throwing a ball at a stationary target;

different methods of catching a moving ball or small ball;
dribbling the ball by hand/hands;

dribbling the ball by foot/feet.

w0 N~

The second group of tests includes:

1. maintaining dynamic balance;
2. various rolling;

3. various jumping;

4

. various types of movements (walking, running, shuffle stepping sideways ...).

It is clear that the motor tasks in the test items copy a number of spontaneous activities of children:

1. in the yard, for example, the child throws and catches the ball bouncing off the wall, dribbles
and kicks the ball;

2. in the nature, for example, the child balances while walking on a tree that fell over the stream,
jumps over various natural obstacles, playfully crosses rugged terrain etc.

The creators of the MOBAK test batteries Herrmann & Seelig (2014, 2015, 2016) repeatedly report-
ed that the sets of test tasks were also designed to identify talented children in sports games (ball or
small ball control with upper and lower limbs) and select talented children for individual sports, such
as athletics or gymnastics (body movement control).

In addition to the methodological approaches, a number of researchers (Tuminaite, 2016; Macura
et al., 2017; Vrbas, 2017; Herrmann et al., 2018b; Gerlach et al., 2018; Masarykova & Labudova,

1 The importance of examining the basic motor competencies and qualifications of children is also evi-
denced by the award of a two-year (2018-2019) Erasmus + grant titled Basic Motor Competencies — EU
(BMC-EU, 2018) by the European Union.

75



2018; Quitério et al., 2018; Scheuer et al., 2019) have begun publishing the first results of children
at the level of basic motor competencies and qualifications.

The main aim of our paper is to improve the understanding of the level of basic motor competencies
and qualifications of the first-graders and second-graders in both sexes in the Slovak Republic with
a vision of their potential comparison with the peers from other countries from the European Union
and worldwide. We identified and compared the level of performance in boys and girls — first-graders
and second-graders — at the level of basic motor competencies: object-movement and self-move-
ment.

Method

The primary data on the basic motor competencies and qualifications of the examined groups (Tab.
1) were obtained by means of the MOBAK 1-2 test battery (Herrmann et al., 2018b).

The significance of differences was calculated and evaluated by Student’s t-test in two independent
groups (Vincent & Weir, 2012). The statistical analyses were done in Excel with the significance
levels of p .05 and p <.01. The testing was performed in the second half of the 2018/2019 school
year in the period from January to May 2019.

Table 1 Descriptive parameters of compared groups

Decimal age
_ Range
Grade Gender n (x)
[years]
[years]

1st g 97 7.21+0.41 6.31-8.26
1st Q 88 7.04+0.40 6.33-8.31
1st 3+Q 185 7.13+0.41 6.31-8.31
2nd 3 59 8.30+0.43 7.22-9.34
2nd Q 63 8.25+0.29 7.60-8.94
2nd 3+Q 122 8.28+0.37 7.22-9.34
st + 2nd g 156 7.62+0.69 6.33-8.94
st + 2nd Q 151 7.55+0.70 6.31-9.34
st + 2nd 3+9 307 7.58+0.69 6.31-9.34

Results

Effects of age: As expected, the second-graders (3 + Q) had statistically better results both in the
object movement and self-movement activities compared to the first-graders (Fig. 1, Tab. 2).
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Basic motor competencies
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Figure 1 Comparison of basic motor competencies between first-graders and second-graders in
Slovakia

Table 2 Basic motor competencies of the compared grade groups regardless of gender (3 + Q)

Object movement Self-movement
Grade (X) (x)
[points] [points]
1st 4.38+1.96 6.19+1.38
2nd 6.19+1.42 -9.361** 6.89+1.13 -4.679**
**p .01
Basic motor competencies
Boys
8
7
6
5
.‘E 4 M 1st grade
3 3 H 2nd grade
2
1
0
Object movement Self-movement

Figure 2 Comparison of basic motor competencies between first-grade and second-grade boys in
Slovakia
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The skill levels in second-grade boys in self-movement activities were indeed higher, but not by
a significant margin compared to the first-graders (Fig. 2, Tab. 3). In the ball and small ball control
activities (object movement activities) we found statistically higher levels in the second-graders than
in the first-graders.

Table 3 Basic motor competencies of the compared first-grade and second-grade boys

Object movement Self-movement
Grade (x) (x)
[points] [points]
1st 5.17£1.79 6.14+1.38
2nd 6.49+1.43 -4.830** 6.68+1.32 -2.385
**p .01
Basic motor competencies
Girls

8

7
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,‘E 4 M 1st grade
< 3 H 2nd grade

2

1

0

Object movement Self-movement

Figure 3 Comparison of basic motor competencies between first-grade and second-grade girls in
Slovakia

The second-grade girls achieved significantly better results in both basic motor competencies than
the younger first-graders (Fig. 3, Tab. 4).

Table 4 Basic motor competencies of the compared groups of first-grade and second-grade girls

Object movement Self-movement
Grade (x) (x)
[points] [points]
1st 3.52+1.78 6.2411,40
2nd 5.90+1.35 -9.356™* 7.101£0.89 -4.588**
**p £.01
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Effects of gender: Unlike the boys, the older second-grade girls achieved significantly better perfor-
mance compared to the performance of first-grade girls in movement tasks not only in object move-
ment, but also in self-movement (Fig. 3, Tab. 4).

Basic motor competencies

8

7

6

5
£
£ .
& H Girls

3 N Boys

2

1

0]

1st grade 2nd grade
Object movement Self-movement

Figure 4 Comparison of basic motor competencies between the girls and boys in Slovakia

First-graders: Gender comparison. The first-grade boys had a significantly better performance in
object movement than the first-grader girls. In contrast, we found better performance levels of the
first-grade girls in self-movement compared to the first-grade boys, but they were not statistically
significant (Fig. 4, Tab. 5).

Second-graders: Gender comparison. The second-grade boys were better in object movement ac-
tivities (p < 1%) compared to the second-grade girls. The situation reversed in the self-movement
activities (Fig. 4, Tab. 5).

Gender comparison independent on age. By comparing all the girls and boys from the first and
second grade, we found that girls are better at self-movement, but this difference is statistically in-
significant when compared to the boys. In object movement, the boys were significantly better than
girls (Fig. 4, Tab. 5).

Table 5 Basic motor competencies of the compared groups of girls and boys in Slovakia

Object movement Self- movement
Grade Gender (x) (X)
[points] [points]

1st 3 5.16+1.79 6.14+1.38

1st Q 3.52+1.78 -6.259** 6.24+1,40 1.830

2nd ) 6.49+1.43 6.68+1.32

2nd Q 5.90+1.35 -2.328** 7.10+0.89 -2.033**
st + 2nd ) 5.67+1.78 6.35+1.38
st + 2nd Q 4.52+1.99 -5.338** 6.60+1.28 1.645

**p <.01
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It is obvious that the Slovak first-grade and second-grade boys together are significantly more dex-
terous in the object movement activities than their female peers. Girls achieved better results in the
self-movement activities, which were statistically significant only in the second-graders.

Discussion

When analyzing the testing period during the school year, we found that Herrmann et al. (2018b,
p. 45) carried out their testing mostly in the months of October and November. Our testing was
carried out in the months of January to May. The Slovak children were older in the testing period
(X =7.58 £ 0.69 years) compared to the German and Swiss children (X = 6.85 + 0.42 years), which
could be one of the reasons for the better results in basic motor competencies. One of the reasons
for this older age of Slovak children during the testing period is the fact that Slovak parents may
send their children to the first grade one year later based on the recommendation of the child’s
physician.

Table 6 Comparison of basic motor competencies with Herrmann et al. (2018b)

*Object **Object Diff *Self- **Self- Diff
iff. iff.
movement | movement movement movement
Grade** | Gender _ _ (x) _ _ (X)
(x) (X) . (X) (x) .
. . [points] . . [points]
[points] [points] [points] [points]
st ) 4.49+1.97 5.17+1.79 0.67 4.83+1.82 6.1411.38 1.31
1st Q 3.00£1.78 3.52+1.78 0.52 5.02+1.87 6.2411,40 1.22
1st 3+9 3.73£2.01 4.38+1.96 0.65 4.93+1.85 6.19+£1.38 1.26
2nd ) 5.261£1.95 6.49+1.43 1.23 4.89+2.03 6.6811.32 1.79
2nd Q 3.781£1.76 5.90+£1.35 212 4.99+2.02 7.10+£0.89 211
2nd 3+Q 4.63+2.00 6.19+£1.42 1.56 4.93+2.02 6.891£1.13 1.96
st + 2nd ) 4,77+1.99 5.67+1.78 0.09 4.85+1.90 6.351£1.38 1.50
qst + 2nd Q 3.231+1.81 4.52+1.99 1.29 5.01£1.92 6.60+£1.28 1.59
1st+20d | 3+Q 4.03+2.06 5.10+£1.97 1.07 4.93+1.91 6.47+1.33 1.54

* Herrmann, Ch. et al. (2018b), ** this research

Tuminaité (2016) did not find any link between gender and motor skills (n=129, 68 boys — 52.7%,
61 girls — 47.3%). She proposes a broader study to better examine the gender dimensions.

Greek boys (n=73) performed significantly better than girls (n=73) at throwing, bouncing and drib-
bling, while the girls outperformed the boys at rolling and side stepping. This makes us conclude that
the boys were more successful in object movement activities than the girls. In self-movement activi-
ties, the success rate of the boys and girls was approximately identical. The second-graders scored
significantly higher than the first-graders at catching, bouncing, dribbling and jumping in Greece
(Gerlach et al., 2018; p. 83). Interestingly, the one year older children (boys and girls combined) did
not achieve a significantly better performance in the self-movement activities such as balancing,
rolling, side stepping and object movement activities such as throwing.

The independent sample t-tests revealed significant gender differences (n=204, age 6.7 £ 0.3). The
Portuguese boys achieved a higher object movement score (5.7 + 1.8) than the girls (4.0 £ 1.7). How-
ever, the girls were significantly more proficient in the self-movement skills (1 =5.3+1.8, ? =4.3+1.7)
than the boys (Gerlach et al., 2018; p. 88).

The boys (n=122, Xoge = 6.3 years, s, = 0.4) exhibited better object movement motor competen-
cies than the girls (n=127, Xogo = 6.2 years, s, = 0.5; boys: X = 5.8, s, = 1.7 points; girls X = 4.0,
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s, = 1.7 points; p <.001), while the girls were more proficient in the self-movement skills (girls:
X=5.1,s,=1.8 points; boys: X =4.3, s, = 1.7 points; p <.01) (Quitério et al., 2018). Finally, this study
noted no significant links between age and motor competence. These age-related findings are prob-
ably explained by the fact that the analyzed population had a very small age range.

Herrmann et al. (2017a) found that age had a positive influence on object movement competency,
but not on self-movement one.

The boys exhibited higher object movement motor competencies than the girls (boys: X = 5.8,
s, = 1.7, girls X = 4.0, s, = 1.7; p =.001), while the girls were more proficient in self-movement skills
(girls: X =5.1,s,=1.8; boys: X=4.3,s,=1.7; p <.01) (Quitério et al., 2018).

The validity of the comparisons is sometimes questionable because some authors do not provide
accurate information on the children’s age (Tuminaité, 2016; Gerlach et al., 2018) or the school year
period in which the testing was conducted (Tuminaité, 2016; Gerlach et al., 2018; Quitério et al.,
2018). Similarly, some authors divide the children into the groups by first- or second-graders, while
others divide them according to age with no clear indication of their school grade. Herrmann et al.
(2018b) stratifies the compared groups by age and not by the school grade although the test bat-
teries were designed for specific elementary school grades, initially. These facts may be sometimes
confusing when interpreting the results.

It is commonly known that some physical performance in sports is determined genetically, and its
improvement is only possible through long-term, targeted and intensive training (Horicka et al.,
2018; Simonek & Horitka, 2020). Therefore, the results do not always confirm the prevailing expe-
rience that older children achieve better results than younger children.

Another area for future research is to observe the relation between body height and weight and the
performance levels achieved in the motion tasks. Gerlach et al. (2018) found mixed results for BMI
in MOBAK-1. Children (n = 923) with a high BMI achieved higher results in locomotion (p. 84). Fu-
ture research holds the answers even to this question.

Conclusion
The following trends are slowly becoming obvious:

Gender: boys show a higher performance than girls in object movement activities (competency).
The situation is inverse in the self-movement activities.

Age: second-graders do not achieve better performance than first-graders in all physical activities in
the MOBAK 1-2 test battery. We believe that the performance in some of the tests in this test battery
in first-grade and second-grade populations is determined by the factors independent of age.

When justifying the trends in basic motor competencies, a more detailed gender and age compari-
son of the basic motor qualities will be vital in the future.
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ABSTRACT

Equilibrium represents the motor capability responsible for the performance of virtually
all functional movements. Thus, the importance of early diagnosis of equilibrium levels in
boys and girls was recognized as the key factor for the prevention of motor deficits and
muscles misbalances later in life. Purpose: The purpose of this paper was to show the
difference between boys and girls aged 7-10 years in the level of unilateral static balance
of the take-off leg. Methods: Research was conducted at the Kvarner Athletics Club Rijeka,
and it involved 80 children aged 7—10 years (38 boys and 42 girls). Measurement of static
unilateral equilibrium was obtained using Gyko Inertial System (Microgate, Bolzano, Italy).
Three attempts were made in 20 seconds and two motor variables were observed: medio-
lateral and antero-posterior trajectories of the body. For both variables, the arithmetic mean,
the minimum and maximum score and standard deviation were calculated. Moreover, a non-
parametric method of the Mann-Whitney U test was used to determine statistical significance
between boys and girls. Statistical significance was set at p < 0.05. Results: Statistically,
girls have significantly better results compared to boys, both in the medio-lateral trajectory
variable (M_Sumg = 335.1, M_Sumb = 479.34) and the antero-posterior trajectory variable
(M_Sumg = 291.14, M_Sumb = 411.71). Conclusion: The results of this study showed that
girls aged 7-10 years achieved significantly better results compared to boys in observed
motor variables (medio-lateral and antero-posterior trajectory of the body), when performing
a static unilateral take-off leg balance test. These results are consistent with previous research.
Indications for such results stem from different perspectives, among which the most common
one refers to the earlier maturation of the systems responsible for postural control in female
bodies. Recommendation for further research is to conduct examination on a larger sample
of subjects, in younger children (pre-school age) and with both legs.

Keywords: static unilateral balance; early school-age children; take-off leg

Introduction

Quiality diagnostics of motor capabilities is the foundation for planning and programing transformation
processes. Considering the fact that equilibrium presents a motor capability responsible for the
performance of all functional movements, the importance of its diagnostics has been recognized.
The ability of maintaining balance presumes the central integration of information coming from
several centres, primarily from vestibular system, visual system and various sensory cells from the
periphery (Trost Bobi¢, 2012). Riach and Hayes (1987) stated that children use visual information
for equilibrium control differently than adults and they start approaching the similar use only after
the age of 7. The key age for the development of postural control is between the ages of 1 and 7
(Nougier et al., 1998), while Reconsvalles et al. (2005) advocated the extension of that period to the
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age of 8 or 9. As mentioned by Sa (2018), ability to maintain stable position in children firstly occurred
on the visual system, than proprioceptive and finally vestibular system, reaching functional maturity
at nine years of age. Milanovi¢ (2003) has defined equilibrium as a capability which is manifested
in establishing and maintaining the position of balance by successfully resisting the forces which
distort it and can further be defined as dynamic and static equilibrium. The evaluation of equilibrium
level is rarely conducted in athletic clubs, especially among early school-age children. The deficit
in equilibrium level can hinder the performance of different motor performances, while muscle
asymmetries can lead to injuries. By the use of timely diagnostics it is possible to act preventively,
and consequentially, on the entire motor system through training process. The aim of this study is to
present the differences between boys and girls between the ages of 7 and 10 years in the level of
unilateral static balance of the take-off leg.

Methods
Sample of participants

The research included 80 children (38 boys and 42 girls) aged 7—10 years. The children were
members of the Kvarner Athletics Club from Rijeka. The participants were measured in February
2018. Prior to testing procedure parents were informed about protocol and they gave written consent
for their children.

Sample of variables

Two variables were used for the evaluation of equilibrium motor capability: the antero-posterior (AP)
and the medio-lateral (ML) trajectory of the body (cm).

Measurement protocol

Prior to the testing, the participants had a 10-minute standardized warm-up which consisted of
running, the athletic school of running and stretching and were also introduced to the testing protocol.
Static unilateral equilibrium of the take-off leg was measured and Gyko inertial system (Microgate,
Bolzano, Italy) was used to obtain data. For the purpose of system calibration, the height of the
device was measured on participant’s body. The take-off leg was determined during practices prior
to the testing. Three attempts were measured, each lasting 20 seconds.

Data processing methods

Statistica 14.0 program package was used for data processing. Basic descriptive indicators were
calculated and non-parametric method of Mann-Whitney U test was used for further analysis of
differences between the groups.

Results

Table 1 shows the basic descriptive indicators (Mean, Minimum, Maximum, Std. Dev.) obtained
from measuring the antero-posterior (AP) and the medio-lateral (ML) trajectory of the body. It is
evident from the table that both boys and girls achieved the best results in the first attempt in both
variables (ML_G_1 =101.97, ML_B_1 =150.20; AP_G_1 =90.72, AP_B_1 =130.78). The largest
body oscillations in boys were in the third attempt in the ML variable (ML_B_3 = 165.35) and the AP
variable (AP_B_3 =149.67), while the largest oscillations in girls were noted in the third attempt in the
ML variable (ML_G_3 = 117.95), and in the second attempt in the AP variable (AP_G_2 = 101.87).
In minimum values girls achieved better overall values than boys in both measured variables

(SUM_ML_ming=116.76; SUM_ML_minb=125.38; SUM_AP_gmin=116,87; SUM_AP_bmin=132.00).
Both boys and girls demonstrated the smallest oscillations in the ML variable in the third attempt,
and the largest in the second attempt (ML_2_ ming=37.66; ML_2_minb=47.06; ML_3_ming= 33.63;
ML_3_minb= 37.39). In maximum values, girls also achieved better total values than boys in both
measured variables (SUM_ML_maxg = 1270.62; SUM_ML_maxb = 1846.36; SUM_AP_maxg
=1061.61; SUM_AP_maxb = 1245.18). The greatest changes in body stability were observed in
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boys in the third attempt in both variables (ML_3_maxb = 737.68; AP_3_maxg = 694.86) and in girls
in the MP variable in the third attempt (ML_3_maxg = 659.65) and in the AP variable in the second
attempt (AP_2_maxg = 569.30). Standard deviation, i.e. results variability in the ML movements in
the first attempt in both sexes exhibited the lowest values (ML_G_1 = 59.23; ML_B_1 = 105.74).
Also, the lowest results variability in the first attempt was noted in the AP movement in girls, while in
boys it was in the second. Girls had less variability of results in every attempt and overall and also
managed to maintain a more stable body position.

Table 1 Descriptive statistics

Variable Descriptive Statistics
Me Min Max Std.Dev.
Sex G B G B G B G B

ML_1 (cm) 101.97 150.20 38.02 40.93 | 307.65 479.18 59.23 105.74

ML_2 (cm) 115.18 163.78 37.66 47.06 | 638.26 683.80 97.97 145.60

ML_3 (cm) 117.95 165.35 33.62 37.39 | 659.65 737.68 106.47 131.53
SUM_ML (cm) 335.10 479.34 116.76 | 125.38 | 1270.62 | 1846.36 | 214.40 362.31

AP_1 (cm) 90.72 130.78 32.96 4547 | 259.86 461.84 49.25 79.95

AP_2 (cm) 101.87 131.26 38.00 50.63 | 569.30 330.48 83.73 69.11

AP_3 (cm) 98.56 149.67 35.68 35.90 | 476.07 694.86 71.58 110.49
SUM_AP (cm) 291.14 411.71 116.87 | 132.00 | 1061.61 | 124518 | 165.72 230.05

(M- mean, Min- minimum, Max- maximum, G-girls, B-boys, Std.Dev.-standard deviation, Sum-sumarum)

From Table 2 where Mann-Whitney U test was conducted it is evident that the values in both variables
in concern are significant in all attempts. Girls achieved significantly better results (p < 0.05) in
variables ML and AP in the test of unilateral equilibrium of the take-off leg in each of the positions
but also in the sum of all three attempts (SUM_ML_U = 571.00; SUM_ML_Z =-2.18; SUM_AP_U
=426.00; SUM_AP_Z =-3.57924).

Table 2 Mann-Whitney’s U-test

Mann-Whitney U Test (w/ continuity correction) (Balance)
By variable sex
Variable Marked tests are significant at p < 0.05
Valid N Valid N U 4 p-value
ML_1 42 38 544.00 -2.44 0.02*
ML_2 42 38 587.00 -2.03 0.04*
ML_3 42 38 542.00 -2.46 0.01*
SUM_ML 42 38 571.00 -2.18 0.03*
AP_1 42 38 430.00 -3.54 0.00*
AP_2 42 38 466.00 -3.19 0.00*
AP_3 42 38 389.00 -3.94 0.00*
SUM_AP 42 38 426.00 -3.58 0.00*

* Marked values show statistical significance of differences between groups of participants
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Discussion

It is evident from the results in Table 1 that both girls and boys achieved the best results in the
first attempt in variables ML and AP. It is also evident that in both variables (except in variable
AP_2 in girls) the results became more and more variable with each attempt. This trend in results
shows that children manage to maintain the stable body position in the initial attempts of the testing.
Every subsequent attempt of maintaining/keeping equilibrium caused lesser concentration and
body instability. Also, such results may indicate the occurrence of muscle fatigue. Muscle fatigue is
defined as a decrease in the ability to produce force (Wan et al., 2017) and as such, it can hinder
motor performances. Johnston et al. (1998) studied whether lower extremities fatigue influences
the equilibrium of an individual. The sample included 20 healthy individuals aged 20-39 years.
The analysis of the results of equilibrium before and after fatigue showed a significant decrease in
performance in all participants. Similar results were obtained by Shimpi Apurva et al. (2014) from
which they concluded that fatigue significantly influences the decrease in static equilibrium levels,
dynamic equilibrium levels and lumbar core strength. In this research, a statistically significant
difference was determined in equilibrium between sexes. Girls achieve significantly better results
than boys their age (Smith, Wong and Ulmer, 2012; Lee and Lin, 2007; Nolan, Grigorenko and
Thorstensson, 2005). The authors of such studies ascribe results to improved sensory integration
(Steindl et al., 2006), advanced neuromuscular development (Eguchi and Takada, 2014), application
of strategies for maintaining postural control more similarly to those used in the adulthood (Smith,
Ulmer and Wong, 2012), earlier maturation of responsible systems (neurological, visual, vestibular,
proprioceptive systems), which is related to precocious puberty (Alves Faco et al., 2013; Malina and
Bouchard, 2002; Cratty, 1970) and differences in anthropometric characteristics (Dorneles, Pranke
and Mota 2013; Lee and Lin, 2007; Rivas and Andries, 2007). Certain studies obtained different
results than this study_(Erkut Atilgan et al., 2012; Mickle, Munro and Steele, 2011), which indicates
the need for further and more detailed research. Erkut Atilgan et al. (2012) explained the results in
which boys achieve better results than girls through the possibility of boys being physically more
active than girls, which positively influences equilibrium due to the enhanced muscle strength. It
is certainly important to mention the notion of biological maturity, which might partly explain the
obtained results of the research. Although it is a fact that in average, girls reach their biological
maturity earlier than boys, which is also closely related to sensitive developmental phases of motor
abilities and emotional control all of which makes the obtained results logical, equilibrium can still be
defined as an exceptionally complex ability. The motor ability of equilibrium integrates psychological,
physiological and biomechanical components which are used in every movement, on a conscious or
an unconscious level (according to Rogulji¢, 2015).

Conclusion

The results of this study revealed that girls achieve significantly better results than boys in both
motor variables observed (medio-lateral and antero-posterior trajectory of the body) while performing
a static unilateral equilibrium test with a take-off leg in the age of 7-10 years. Although there are
some studies which disagree with the findings of this study, the number of studies in accordance
with the obtained results is significantly larger. The indications for such results start from different
viewpoints and the most common refer to the earlier maturation of systems responsible for postural
control. Besides for athletes, early diagnostics of equilibrium levels is also important for people who
are not engaged in some form of organised physical exercise (sports clubs, fitness, etc.). As it was
already mentioned in the text, every movement cannot be functional without an optimal equilibrium
level. Therefore, by developing equilibrium one can act preventively, enable the development of
other motor abilities and often use it for rehabilitation purposes. Further research should be directed
towards the procedures of determining equilibrium levels in a larger sample of pre-school children.
Furthermore, for the purpose of more detailed analyses it is necessary to observe the differences in
sexes in equilibrium tests conducted by standing on dominant and non-dominant leg.
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ABSTRACT

Purpose: The aim of this research was to make reference to the difference in heart rate
values (HR) of soccer players in small-sided games (SSG) with different rule modifications.
We assumed that the permitted number of ball touches in SSGs will significantly affect the
internal load of participating soccer players’ organism.

Methods: The experimental group consisted of older junior players (U19) from the FC DAC
1904 Dunajska Streda soccer club (n=6). The HR values were evaluated on the basis of
collected data, which were obtained using sport testers and special software. In order to find
out the statistical significance of the difference in HR the one-way ANOVA and the Bonferroni
post hoc test was used. The level of statistical significance was set at 5%.

Results: We found out that by the change of the SSG rules, the internal reaction of players’
organism to training load was at different level. In the SSG1, where players were permitted
only one ball contact during the SSG, the highest achieved average HR value of the moni-
tored players’ (160.08 + 9.27 beats.min') was recorded. This form of the SSGs was the most
intense for the players’ cardiovascular system. However, there were no significant differences
in HR values among the different types of the SSGs.

Conclusions: Our recommendation is to employ small forms of SSGs (3 vs. 3) with different
rule modifications in the systematic training process, because by the means of it we can ad-
equately prepare the players for the real competitive match demands.

Keywords: soccer; training load; heart rate; rule modifications; small-sided games

Introduction

The constant development of contemporary soccer is also influenced by the quality of the system-
atic, long-term premediated and purposeful training process. Properly increasing the level of the
training process brings about important questions for soccer coaches, including the appropriate
optimization and suitable intensification of soccer players” training load. In the mindfully designed
training units of soccer players have an inevitable role the realization of small-sided games (SSG)
with different modifications. During SSGs, it is possible to progressively raise the level of skill po-
tential, tactical behaviour, fithess capacity and emotional intelligence of soccer players. Throughout
the SSGs players need to solve a lot of variously complicated and complex game situations during
time-space deficiency under active pressure of defensive player. The conditions in various forms of
SSGs are really close to the competitive match conditions.

The aim of systematic training process is to help increase the adaptation capacity of player’s organ-
ism to the load, with which players are closely confronted in the game itself, or more precisely in the
real match (Holienka, 2004). The training process need to focus on the creation of a specific adap-
tation change in the player’s organism, which is induced by purposeful repeated adaptation stimuli
(Holienka, 2012). When the batching of training stimuli is proper, it contributes to the development,
progressive increasing, stabilization and preservation of the training experience state, then can we
note about the meaningful training load (Kac¢ani, 2005).
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Holienka (2012) states that indicators of internal load, including the values of heart rate (HR), make
it possible to determine the usefulness and effective level of training load during training units. These
modern devices provide accurate feedback on actual reactions of the internal state of players” or-
ganism to the training load. The HR values are widely accepted and frequently used physiological
indicator of the players” physical activity in the training units (Holienka, 2016). Nowadays the moni-
toring of HR become an inseparable part of the training load research in collective sports, such as in
soccer, and many authors dealt with this issue in their research (Dellal et al., 2008; Halouani et al.,
2014a; Randers et al., 2014; Koklu et al., 2015; Asci, 2016; Proietti et al., 2017; Babic & Holienka,
2018).

Sport testers give us immediate feedback on the reaction of player’s organism to the load (Benson
& Connolly, 2012). Monitoring of HR values is to a large extent implemented in training units, which
include different variations of SSGs. It is also widely used in youth soccer to gain and understand
the physiological parameters of training units and real match load in different levels (Owen, 2016).

Holienka (1998) claims that the current required principle in systematic soccer training process
— all with a ball — fulfills the game training (GT). The dominant position in it have different forms of
SSGs, which include a wide range of situation that are similar to the real game situations during
a competitive match. Systematic training activity of soccer players in sports games, like soccer should
take into consideration the specific technical, tactical, physiological and psychological demands of
individual game performance (Christopher et al., 2016; Zapletalova et al., 2017). Therefore, different
variants of SSGs have become a favourite and necessary part of the training unit when we want to
increase the level of game preparedness and fitness capacity of players. By applying the principle of
“adequate coverage theory”, we try to model in the training process through SSGs such game con-
ditions, which are very similar to real match conditions. Ideally, the training unit has to contain such
SSGs, where the physiological curve moves at the level or above of the anaerobic threshold (ANT).

Soccer coaches are able to influence the intensity of the training load in SSGs if they adequately
manipulate with the variables, which affect the intensity of SSGs.

Among these variables we can mention: the number of players, the size of playing field, coaching
methods, game rules, content focus of the game, goal size, number of goals, presence of goal-
keepers, dosing of work : rest intervals and different rule modifications, like the number of ball
touches (Aktas et al., 2014; Halouani et al. 2014b; Gonzales-Rodenas et al., 2015; Torres-Ronda
et al., 2015; Holienka, 2016; Brandes et al., 2017; Giménez et al., 2018; Mikuli€ et al., 2018; Nagy
& Holienka, 2018; Peracek et al., 2018a, 2018b; Nagy & Babic, 2019).

Knowing that the number of ball contacts could affect the physiological responses and, therefore,
the potential beneficial effect for individual and team performance improvement, it has to be noted
how permitted 1 ball touch, 3 ball contacts and the free number of ball touches to affect the internal
load during SSGs.

Thus, the main aim of the present study was to compare the effects of 3 variants of SSGs with
different rule modifications, especially the number of ball contacts. These 3 forms of SSGs with lim-
ited and unlimited ball touches are indeed very popular and much used by soccer coaches during
training sessions. The findings could potentially provide valuable, reliable and useful information to
coaches for the design different forms of SSGs as part of their training process.

Methods

Experimental approach to the problem

In our research we measured internal load (cardiovascular response) during three different forms of
3 vs. 3 SSGs. SSGs were played with the same team consist of 3 players against the same opposite
team for each of the 3 SSG variants, and only the number of permitted ball touches were changed
among SSGs. This approach allowed us to identify the changes in the rule modifications mentioned
earlier.
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The dependent variable was the internal load of players” organism, expressed by the level of HR,
and the independent variable was the permitted number of ball contacts/player during the SSGs.

Participants

The research group consist of six (n=6) male youth soccer players (aged 17.8 + 0.7 years, body
mass 68.5 + 6.1 kg, body height 176.6 + 5.5 cm, VO2max 61.06 + 3.24 ml.min"'.kg!, maximum heart
rate (HRmax) 199.8 + 7.6 beats.min) from the FC DAC 1904 Dunajska Streda U19 soccer club.
The monitored players were participants at the highest competition of this age category in Slovakia
(1.LSD).

Methods of measurement

One of the main methods to acquire the data used during this research was HR measurement. First
of all, we ascertained the values of maximum heart rate (HRmax). The HRmax was calculated using
a field test by Hipp (2007). During testing the tested soccer player had to run 50 meters in a defined
area, which they completed with various intensities. The test included 6 repetitions in every single
set of the run. Players went through 4 sets and in each one of them the intensity was gradually in-
creased to the maximal subjective intensity.

The test included:

* low-intensity run (warm-up): 120-130 BPM - 6 times,
* medium intensity run: 130-150 BPM - 6 times,

* submaximal intensity run: 150-170 BPM — 6 times,

* maximum (subjective) intensity run — once.

There was a 30 seconds rest interval between the repetitions and 60 seconds between the sets.
According to the maximum heart rate (HRmax) we determined 5 load zones.

Table 1 Intensity load zones according to the HR values (Moravec et al., 2007)

ZONE % HRmax CHARACTER
Zone 1 50-59% Very low intensity
Zone 2 60-69% Low intensity
Zone 3 70-79% Medium intensity
Zone 4 80-89% Submaximal intensity
Zone 5 90-100% Maximal intensity

To measure the HR the set of sports testers POLAR TEAM was used. The calculation of the percentage
and time representation of HR values was done by using a special program and software.

Small-sided games (SSGs)
Game description:
Players played the SSGs in a defined area with permitted one, three and unlimited number of ball

contacts. They could pass the ball between themselves any times. After scoring the goal, the game
was started by the goalkeeper, whose team scored the goal.
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Figure 1 SSG

During SSG1 players must play with one permitted ball contact. In SSG2 players had 3 permitted
ball touches. Throughout SSG3 players had unlimited ball contacts, they played on free manner.
During the SSGs the number of repetitions was 4, the work interval (WI) lasted 2 minutes, the rest
interval (RI) was in each variants 2 minutes. The work and rest ratio were 1 : 1.

Table 2 Different forms of SSGs

Number . .
Areal
of ball Players GKs di F'el‘.j Field Batch load
imensions area p|ayer
SSG touches
Width Length Wi RI L
(n=6) (n=2) [m?] [m?] _ , NR NS .
[m] [m] [min.] [min.] [min.]

SSGH1 1 3vs. 3 11 18 25 450 75 2 2 4 1 16
SSG2 3 3vs. 3 11 18 25 450 75 2 2 4 1 16
SSG3 free 3vs. 3 11 18 25 450 75 2 2 4 1 16

Statistical analysis

To determine the statistical significance of the HR values the One-Way ANOVA method and Bonferroni
post hoc test was used. The level of statistical significance was set at 5% (p < 0.05). The results were
interpreted, compared and we also tried to find the connections between them. On the basis of these
data, we formulated conclusions and recommendations for the sport theory and to training practice.

Results

The monitored players spent during SSGs with different rule variations in selected intensity load
zones different time. In table 3 the average time values and the percentage representation of play-
ers’ remaining in each intensity load zone are presented.
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Table 3 Remaining of players in each load intensity zone

Load zones | 50-59% HRmax | 60—-69% HRmax | 70—-79% HRmax | 80-89% HRmax | 90-100% HRmax
Intensity Very low Low Medium Submaximal Maximal
SSG [min] [%] [min] [%] [min] [%] [min] [%] [min] [%]
SSG1 0.34 3.51 219 | 16.51 3.1 19.26 448 | 31.46 | 5.06 34.28
SSG2 1.02 6.28 | 2.51 19.36 3.43 | 24.87 413 | 26.12 | 4.51 29.75
SSG3 1.41 10.26 | 3.29 | 24.62 2.51 17.61 513 | 32.25 | 2.57 18.26

The highest intensity of the training load was monitored during SSG1, in which the players had to
play with one ball contact, they were limited with one ball touch. Players remained in the SSG1 the
longest time period in the maximal intensity load zone (90-100% HRmax) on average 5.06 minutes
(34.28%) of SSG1 duration. In this form of SSG players spent least time in very low intensity zone
(50-59% HRmax). In this zone the players remained even for half a minute. The lowest intensity was
monitored in the SSG3, where the players had unlimited ball contacts and could play in free manner.
On average players spent 2.57 minutes (18.26%) of the SSG3 duration in the load zone of maximal
intensity. In SSG2, where participants had maximal 3 ball touches the players spent 4.51 minutes
(29.75%) of the SSG2’s total time in the load zone of maximal intensity. The highest average val-
ue in the load zone of medium intensity represented was during SSG2, 3.43 minutes, (24.87%).In
the SSG3 the players remained the most time in the load zone of submaximal intensity (80—-89%
HRmax), on average 5.13 min. (32.25%). In the load zone of low intensity players spent the most time
in SSG3 too.

The internal response of organism with different rule modifications was monitored using the HR val-
ues. The recorded values are stated in Figure 5.

= 200

§ 150

= mm LR

g 50

QE HRmin [beats.min-1] HRmean [beats.min-1] HRmax [beats.min-1]
OSsSG1 119,16 160,08 185,83
BSSG2 113,11 158,66 184,66
mSSG3 107,33 154,16 184,16

O55G1 mSSGZ mS5G3

Figure 2 The average HR values in different SSG forms

The highest average value of minimum HR (HRmin) was achieved by the monitored players in the
SSG1, where players had only one permitted ball contact, 119.16 + 12.48 beats.min". The lowest
values were monitored in the SSG3, where players had unlimited ball touches, 107.33 + 12.12
beats.min™. In the SSG2 with maximal 3 ball contacts were the HR_113.83 £ 9.31 beats.min"".

The mean HR values (HRmean) of the monitored players was the lowest in the SSG3 154.16 + 8.25
beats.min' and the highest in the SSG1 160.08 + 9.27 beats.min”'. In the SSG2 we measured
158.66 + 8.09 beats.min".
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The recorded average value of maximal HR (HRmax) was the lowest in the SSG3 184.16 + 7.02
beats.min”' and the highest in SSG1 185.83 + 9.06 beats.min, in the SSG2 was recorded HR-
max184.66 + 5.75 beats.min".

In small forms of the SSG, in which the players played 3 vs. 3, the training load was often higher
than the real match load itself. The recorded ascertained values of HRmax show that players per-
formed the training activity at a high level. Differences between the ascertained HRmax values and
percentage values from HRmax (Tab. 4) are at a low level. We can see that the highest value was in
the SSG1 (92.66%) and the lowest in the SSG3 (91.83%).

Table 4 Values of HRmaxand % of HRmax during the different SSG variations

SSG |.'|Rmax % HRmax
[beats.min™] SD [%] SD
SSG1 185.83 9.06 92.66 4.67
SSG2 184.66 5.75 92.16 3.18
SSG3 184.16 7.02 91.83 2.22

In contemporary soccer the match load is at the level of the anaerobic threshold (ANT). During the
training process in different forms of SSGs the training load is at a higher level. In this case time
spent above the ANT represents higher values.

Table 5 Time spent above the ANT

SSG Time spent above the ANT
[min] [%]
SSG1 6.23 38.11
SSG2 5.32 34.06
SSG3 4.58 32.15

Players spent the most time above the ANT in the SSG1, it was up to 6.23 minutes (38.11%) of
SSG1 duration and at least in the SSG3 4.58 minutes (32.15%) of the SSG’s total time. In the SSG2
the time spent above the ANT was 5.32 min, which represents up to 34.06% of the SSG.

On the basis of the One-Way ANOVA results, we can state that there is a statistically insignificant dif-
ference in mean HR values after completing the SSGs with different rule modifications (F = 0.7657,
p = 0.4824).

The statistical significance between the SSG1 and SSG2 was not proved (t = 0.2699, N. S.). The
difference between the HRmean was only 1.42 beats.min™'. It was probably caused by the fact that the
change of permitted number of one ball contact/player or three touches to the ball in SSGs did not
significantly influence the internal response of players’ organism, and therefore, the average values
of HR were not different.

Between the SSG1 and SSG3 no statistically significant lower HRmean values (t=1.1808, N. S.) were
found. In the SSG1 the HRmean values were 160.08 + 9.27 beats.min’, in the SSG3 HRmean values
of 5.92 beats.min'less, 154.16 + 8.25 beats.min"' were recorded.

Statistically significant differences in the HRmean values between the SSG2 and SSG3 were not
proved (t = 0.9109, N. S). The difference between the HRmean values was 4.5 beats.min'. The rule
modifications in SSGs did not significantly affect the internal response of the players” organism
during the game.
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Discussion

The main aim of the present study was to compare the cardiovascular response in 3 different SSGs
forms. Thus, 3 SSG variants, with identical number of players (3 vs. 3), pitch dimensions (18 x 5§ m),
same number of sets, reps, work and rest ratio (1 : 1), but different in the permitted number of ball
contacts (SSG1- 1 touch, SSG2- maximal 3 ball touches, SSG3-unlimited ball contacts/player) were
compared.

We purposely choose small form of SSG when the players’ perform with a number of 3 vs. 3, in
a tight area (75 m?/player), because players need to solve various game situations under time-space
deficit like in competitive match play.

HR is a generally accepted and often used physiological indicator of the players” physical activity in
the training process (Holienka & Cihova, 2016). When speaking about the results obtained from the
sports devices, one has to respect the fact that the HR values showing the training load intensity of
the soccer players” organism in different forms of SSGs are only indirect indicator.

Different forms of SSGs in a systematic training process enable the players to improve and stabilize
the technical and tactical side of game activities, to secure the development of creative thinking and
their actions on soccer pitch. SSGs with different rule modifications ensure the realization of individ-
ual’s game activities and combinations, which have a positive effect on spatial orientation, physical
activity and players” emotions as well.

In training practice, soccer coaches quite often modify playing rules in different forms of SSGs
to achieve greater exercise intensity or develop soccer specific technical and tactical skills. Rule
changes increase the cognitive load required from players as a consequence of new rules (Hill-Haas
et al., 2011).

Los Arcos et al. (2015) claims that the SSGs are more effective to improve and maintain the aerobic
capacity of young soccer players” than interval training. Players during the SSGs showed more joy
in physical activity than during the interval training.

Through the SSGs it is possible to maintain the level of anaerobic abilities by specific means and to
increase the players” motivation. The SSGs performed on smaller playing fields, in which is involved
a lower number of players, are ideal for development and improvement of special match condition
and game capacity (Peracek et al., 2018a; Mikuli€ et al., 2018).

Small forms of SSGs (3 vs. 3 players) represent for coaches an alternative to increase the demands
on the cardiovascular and metabolic system of young players (Halouani et al., 2017). The HR values
in the SSG1, where players had permitted only one ball contact, were higher than in the SSG2, in
which players had allowed maximal three ball touches, or in the SSG3, where players had unlimited
ball contacts.

Castellano et al. (2013) claim that the intensity of the training load was highest in the SSG with
a focus on ball holding, with unlimited ball contacts. In our case, in SSG1 were measured the highest
HR values, when players need to solve game situations with one ball contact. This can be due to the
fact that the players have to constantly work with the space, free themselves of the opponent and
adequately make a free space for their teammates. Players’ tried to use goalkeepers often, because
they could cooperate with him, especially in SSG1.

In Table 6 is presented the internal response of the players” organism to the match load according to
Mendez-Villaneuva et al. (2013) in the U18 age category. The zones of load intensity were divided at
the same level as in our research. The intensity of the training load was on the same level than the
match load. In some cases, especially in SSG1 we measured a little higher intensity load than the
real match conditions. We need to consider, that in our research the work interval was 2 minutes and
the rest interval lasted 2 minutes too. It was ideal to prepare players to be match fit and game ready.
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Table 6 Intensity of U18 players” match load (Mendez-Villaneuva et al., 2013)

Zones < 60% HRmax 61-70% HRmax 71-80% HRmax 81-90% HRmax 91-100% HRmax
Match | 1sthalf | 2" | 1sthalf | 2nd hatf| 1sthatf | 2" [1sthalf| 2" | 1sthalf| 2nd half
half half half
10+ | 66+ | 85+ | 173+ | 265+ | 36.7+ | 408« | 365+ | 226+
0,
[%] | 28+58 | 465 | 66 57 96 99 | 133 | 81 | 228 | 144

During the soccer match the internal response of the players’ organism to the load is in different lev-
els. A systematic, purposefully thought-out training process has to stimulate those bio-energy sys-
tems, which predominate in the real match conditions. In training practice this criterion replaced with
the cognition and adequate manipulation of SSG variables, including the rule modification (Peracek,
2014).

Svihorik (2005) claims that, when concerning the SSG rules, it is necessary to be mindfully prepared
and preventing from the frequent interruption of SSG continuity. These rules should force the players
to play and move all the time.

In the SSG1 the players had only one permitted ball contact. It was very challenging without ade-
quate space selection, movement without the ball, physical activity, etc... The ball often got outside
the playing field. Although the replacement balls were prepared around the playing field, so the
players could keep the HR values and intensity of play at a high level. In SSG2 and SSG3, where
players had permitted more ball contacts, the game quality was much more better.

Coelho et al. (2016) found that the players spent a statistically significant more time above the ANT
level in the first half of the match than in the second half. By using small forms of the SSGs with the
number of players 3 vs. 3, it is possible for us to prepare the players for the real match load intensity,
like in our study with SSG1.

Table 7 Comparison of the mean HR values during soccer matches

AUTHOR (YEAR) AVERAGE HR TYPE OF MATCH
[beats/min]

Florida-James & Reilly (1995) 165 competitive
Thatcher & Batterham (2004) 166 competitive
Helgerud et al. (2001) 171 competitive
Capranica (2001) 180 competitive
Krustrup (2006) 156 pre-season
Reilly (1996) 157 pre-season
Seliger (1968) 165 pre-season
Van Gool et al. (1988) 166 pre-season

The mean HR values found in different forms of SSGs are at a similar level to the values recorded
in competitive or pre-season matches at different levels and with various age categories (Seliger,
1968; Van Gool et al., 1988; Florida-James & Reilly, 1995; Reilly, 1996; Capranica, 2001; Helgerud
et al., 2001; Thatcher & Batterham, 2004; Krustrup, 2006).

Conclusions

The purposeful use of modern technologies in training units, such as sport testers, enable the sports
experts or coaches to find out the internal response of the players” organism to the intensity load
and get objective feedback on the adequacy of the training load.
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In this research our aim was to point out to the cardiovascular reaction of the players” organism
during SSGs with different number of permitted ball contacts/player. On the basis of acquired data,
we can state that in the SSGs with various rule modifications the average HR values were at dif-
ferent level. The highest HR values were recorded during SSG1, where players had allowed only
one ball contact. Players in this type of SSG remained the longest time in the load zone of maximal
intensity and spent the most time above the ANT. For this reason we can claim that the SSG1 was
the most intense one from these three versions.

Recommendations for didactic theory and training practice

On the basis of our findings in this research, we can state that by the change of the rules in SSGs,
it is possible to increase, but also decrease the demands on individual bio-energy systems of the
players” organism.

Our recommendation is to integrate all 3 different variants of SSGs into the systematic training pro-
cess, depending on players’ technical capability. During SSG1 with only one permitted ball contact/
player the intensity was high but there were a lot of lost balls and inaccuracy. For some players with
low level of technical-tactical preparedness solving game situations adequately proved to be hard.
During SSG2 with 2 permitted ball touches/player the intensity was on a lower level, but the quality
of the game was much better. The difference between HRmean was 2.14 beats.min'. Three allowed
ball touches/player during SSG3 ensured that players have time to receive the ball, analyse the
game situation and solve it correctly, but in that case the intensity level was on lower rate.

We found out that the optimization and intensification of the training load in the SSG can also be ad-
justed by rule modifications. During SSGs the HR values were at the same level as the match load
level, so we can state that during SSG1 and SSG2 we can prepare players for real and competitive
match demands.
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ABSTRACT

Purpose: The aim of the study is to develop and verify an intervention program based on find-
ings of the subject field Pulmonary Rehabilitation and the application of such programme to
a daily program of healthy probands over a six-week period. The authors were concerned
with determining whether an intervention program, based on a combination of aerobic load
and resistance training, might affect the breathing stereotype and breathing functions in
healthy individuals.

Methods: Muscle dynamometer MD03 was used to examine the extent of engagement of in-
dividual breathing regions. Breathing functions, or more specifically, the forced vital capacity
(FVC) and one-second vital capacity (FEV1), were measured by means of Spirometer Ot-
thon, and the evaluation was conducted using program ThorSoft. The intervention included
6 probands at the age of 21.3 + 0.8 who exercise regularly. The probands underwent initial
and final tests. The data obtained were evaluated and substantial significance was deter-
mined using Cohen’s d, and the Student’s paired t test for dependent selection. Significance
value was determined at significance value a = 0.05. Data were processed in programs Mi-
crosoft Excel 2016 and Statistica 12.

Results: The tested set of probands showed a substantially significant change of value
FVC (Cohen’s d = -0.13, i.e. a small effect). This change was also statistically significant.
As regards value FEV,, a substantially significant change incurred (Cohen’s d = -0.23, i.e.
a small effect). Likewise, this change was statistically significant. The analysis of breathing
movements of the observed group of probands revealed improvement especially in the lower
thoracic region (abdominal) following the completion of the intervention program. In resting
breathing, a substantially significant (Cohen’s d = 2.83, a large effect) as well as statistically
significant change was effectuated in this region. In the middle thoracic region, a substantial-
ly significant change (Cohen’s d = 0.01, i.e. a small effect) incurred; however, there was no
statistical change. No substantially or statistically significant changes were obtained for the
upper thoracic (subclavian) region.

Conclusion: Our results imply that the aforementioned intervention applied in healthy individ-
uals who exercise regularly hasn’t had a positive influence on breathing functions. Though
there was a small improvement in the breathing stereotype, the optimum engagement of the
abdominal breathing region within the breathing wave as described in specialized literature
was not accomplished.

Keywords: breathing wave; breathing regions; breathing stereotype; inspiratory pressure;
intervention program; pulmonary rehabilitation

Introduction

Pulmonary rehabilitation is a multidisciplinary program of care provided to patients suffering from
chronic respiratory disorder, developed individually with the aim of optimizing physical and social
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performance. Respiratory physiotherapy is a more specialized term related to respiratory rehabilita-
tion techniques. (Zdafilova et al., 2005). Smolikova & Macek (2010) argue that pulmonary rehabili-
tation is predominantly engaged in a physical activity treatment directed at improving the adaptation
to physical load and an increase in performance. Respiratory physiotherapy includes especially
a set of methods and techniques of modified breathing. Accordingly, pulmonary rehabilitation should
embrace both methods.

In the physical education practice, the importance of correct breathing has recently been acknowl-
edged with an increasing intensity both in the musculoskeletal perspective, i.e. body alignment, and
in the perspective of sports performance.

One of the first studies to objectivise thoracic expansion was conducted by Moll & Wright (1972).
These authors draw attention to thoracic expansion as a useful indicator of a disease. Using a
centimetre sliding tape, they measured thoracic expansion (perimeter) in the total of 262 subjects
(standard population at the ages from 15 to 75 years) at the level of xiphosternal line. The authors
concluded, inter alia, that after an initial increase, thoracic expansion in subjects had shown a grad-
ual but considerable drop (by 50-60%) with increasing age. Thoracic expansion in men was higher
by 13-22% than that in women.

Likewise, current research has revealed the substantial role played by breath in both health and
sickness (Gosselink, 2004; Courtney, 2009; Chaitow, Bradley, & Gilbert 2014). In their study, Rag-
narsdottir &Kristinsdoéttir (2006) set up an objective consisting in the determination of reference
data for breathing movements and patters for healthy men and women. Movements of the upper
and lower thorax were measured on both sides (right, left sides) at resting breathing and deep
breathing by means of a measuring appliance for respiration movement in 100 probands at the
ages from 20 to 69 years. The authors discovered that breathing movements were symmetric and
changed only insignificantly with increasing age. The average breathing type in men and women
was abdominal breathing at resting breathing. As regards deep breathing, abdominal movements
were considerably lower in women when compared with men.

Normal breathing movements are described as a combination of abdominal and lower thoracic
movements (Chaitow, Bradley, & Gilbert, 2002). Similarly, Yuan, Drost & Mclvor (2013) maintain
that the normal breathing pattern consists of inspiration and expiration phases, accompanied by
a synchronic movement of the thorax and abdomen. Kaminoff (2006) states that normal breathing
signifies a synchronized movement of the upper thoracic and lower thoracic regions and the ab-
domen.

Dysfunctional breathing constitutes a respiration condition characterized by irregular breathing
schemes. Dyspnoea or “thirst for air” are the most frequent primary indicators. Dysfunctional breath-
ing is also associated with non-respiration indicators, such as vertigo and palpitation (Vidotto et al.,
2019). Palecek et al. (1999) reason that weakness and fatigue are the most usual functional disor-
ders of respiration muscles. Weakness may be defined as a condition where the ability of a relaxed
muscle to generate power is decreased. Contrary to fatigue, weakness is not quickly reversible.
CliftonSmith (2017) claims that an incorrect breathing pattern of a sportsman at physical activity
may cause early dyspnoea or fatigue of lower extremities, which fact does not reflect cardiovascu-
lar fitness or any organic pathology. A disorder of the breathing pattern at rest may interfere with
a sportsman’s physical performance.

The maximum inspiration pressure is a criterion that is used most often when it comes to evaluating
the power of inspiration muscles (Sclauser Pessoa et al., 2014). PaleCek et al. (1999) argue that
the maximum inspiration pressure is defined by the power and coordination of inspiration muscles.
In its declaration as to the testing of respiration muscles, American Thoracic Society & European
Respiratory Society (2002) claims that the power of inspiration muscles is reflected by the pressure
developed in the thorax. In the respiration system, the power of muscles is generally estimated as
pressure, and shortening of muscles as a change in the pulmonary volume or a change in structures
of the thoracic or abdominal wall.
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Kotova et al. (2014) monitored breath by means of pressure sensors. The research team fixed two
pressure belts on a proband, the first belt at the level of navel: this belt monitored abdominal breath-
ing; and the other belt was fixed under arms to monitor thoracic breathing. The authors proved that
the above measurement method is capable of discerning isolated breathing during the breathing
cycle.

As has already been mentioned, breathing mechanics and gas exchange are positively affected by
the complex influence of pulmonary rehabilitation. A long-term influence invokes the development of
metabolic adaptation to load, whereby motor capabilities of a weakened or sick individual improve.
Attention should be drawn especially at large muscles groups of lower extremities. A minimum inten-
sity should be set up for physical load, which should last for a certain period (Troosters et al., 2005;
Smolikova & Macek, 2010). It is recommended to carry out physical activities 3 times a week for
about 2 hours. A complex program should last from 6 to 12 weeks, whereas the acknowledgement
has been made that a longer application will bring an effect of a more permanent nature. Most often,
it is recommended that the program should last 8 weeks, after which measurable positive results
are accomplished (Smolikova & Macek, 2010). Similarly, Dovalil et al. (2005) argue that in order to
influence the intermuscular coordination and hence to improve the effect of the intramuscular coor-
dination, physical exercises should be conducted for 6 to 8 weeks as a minimum. Interval training is
a popular form of exercise, when an exercise unit is divided into short one- or two-minute sessions
of a higher intensity load (approximately 80-90% of the maximum heart rate); these sessions take
turns with recovery sessions of the same duration. Since lactate cannot be accumulated during such
load sessions, the necessary ventilation drops. As a second part, the physical exercise program
contains resistance exercises, which not only increase the power of flaccid muscles, but these ex-
ercises also - especially in the case of old-aged people - may help regenerate oxidative fibres. This
phenomenon does not occur in young individuals. Resistance training is carried out on fitness appli-
ances or by using the weight of own body, such that muscles are in motion at all times despite the
considerable resistance load. Most exercises engage two large joints and exercises strengthening
various muscle groups alternate (Smolikova & Macek, 2010).

With respect to the aforesaid, the question we have asked was whether an intervention program
based on aerobic load and complete with resistance training and basic breathing exercises might
have a positive influence on the breathing stereotype.

Methods

The objective of the paper was to develop and verify an intervention program based on findings of
the discipline of Pulmonary rehabilitation. We formulated certain hypotheses, where we assumed
that a breathing stereotype would be discovered in observed probands corresponding to the opti-
mum breathing pattern (Véle, 2012; Sponar, 2003; KolaF et al., 2009). In addition, it was also as-
sumed that in observed probands, certain selected spirometry data, specifically FVC, FEV1, would
improve considerably. Another presumption was that a breathing stereotype of observed probands
would improve as a result of an intervention program, on the basis of an examination conducted by
means of the muscle dynamometer MDO03. The study included 6 healthy probands (four men and
two women) at the age of 21.3 + 0.8 who exercise regularly.

The muscle dynamometer MD0O3 was used to carry out a non-invasive examination of the breathing
stereotype (Malatova et al., 2007, 2008; Malatova, Bahensky, & Mares, 2017). In analysing breath-
ing movements, we proceed from the concept of three thoracic sectors. One probe was fixed on
each sector by means of belts. The spots for placing the probes were selected based on the kin-
ematics of the three thoracic sectors according to Dylevsky (2009). The first probe was placed on
the lower thoracic sector on the ventral side at the level L4-5. The second probe was placed on the
middle thoracic sector at the level of the 8"to 9" ribs on the ventral side, and the third probe was
fixed on the upper thoracic sector at the level of the 3 to 4'" ribs on the ventral side in the sternum
region. The test was performed in the upright standing posture. The vertical posture is a physiologi-
cal position for breathing (Smolikova & Macek, 2010). The probes enabled us to record the pressure
on sensors exerted by the elevation of the individual breathing sectors for one minute at resting
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breathing. The same measurement procedure was applied also in the case of deep breathing. The
probands were instructed to breathe during the examination as they are accustomed to. As many
as 600 values were gained in this manner during an examination of one proband. In processing the
data, we worked with the average of recorded maximum inspiration and expiration pressures on the
individual probes at resting breathing and deep breathing for one minute.

The examination of breathing functions was carried out by means of the appliance Spirometr Otthon,
and the tests were evaluated in the program ThorSoft. Both spirometry tests (FVC, FEV1) were meas-
ured in the upright standing posture. The test methodology observed the appliance manual. Before
the intervention program was applied, an initial (control) examination was carried out, and the appli-
cation of the program was followed by a final examination. The intervention program was based on
aerobic load, complete with resistance exercises and basic breathing exercises, the aim of which
was to gain awareness of the individual breathing sectors and the subsequent interconnection of
these sectors in a breathing wave. The intervention was held twice a week in the form of group ex-
ercise sessions during a six-week period under professional guidance.

To evaluate the data, we used Cohen’s d to determine substantive significance, and Student’s
paired t-test to determine statistical significance for dependent selections. The level of statistical
significance was ascertained at the level of significance a = 0.05 (Blahus, 2000). The generally used
evaluation of substantial significance is for coefficient d = 0.80 — large effect, d = 0.50 to 0.80 — me-
dium effect, d = 0.20 to 0.50 — slight effect (Cohen, 1988). Data were processed using the program
Microsoft Excel 2016 and Statistica 12.

Results

During the analysis of breathing movements (the recorded maximum inspiration and expiration
pressures on the individual probes) of the observed group of probands, improvement showed after
completion of the intervention program, in particular as regards abdominal breathing, both at resting
breathing (Cohen’s d = 2.83, i.e. large effect), and deep breathing, where an increase was recorded
(Cohen’s d =1.09, i.e. large effect). Changes in this breathing sectors were substantially and statis-
tically significant. Thoracic breathing considered, values changed only minimally at resting breathing
(Cohen’s d = 0.01), this change is not substantially and statistically significant. As regards deep
breathing, a change that is substantially (Cohen’s d = —0.79, medium effect) and statistically signif-
icant occurred after the intervention program. For subclavian breathing at rest (Cohen’s d = 0.34,
slight effect) a substantially significant change occurred; however, there was no statistically signifi-
cant change. In the case of deep subclavian breathing (Cohen’s d = 0.19) a substantially significant
change did not occur, but a statistically significant change did.

The following text presents our results gained by us when we worked only with the recorded maxi-
mum inspiration pressures exerted on the individual probes in the given breathing sectors.

Figure 1 Engagement of breathing sectors before and after the intervention at resting breathing

106



Figure 2 Engagement of breathing sectors before and after the intervention at deep breathing

Figures 1 and 2 show that the intervention yielded an improvement in the engagement of the ab-
dominal sector in the framework of the breathing wave both at resting breathing and deep breathing.
It may be stated that the intervention led to a better coordination of inspiration muscles.

Next, we present results of the measurement of forced vital capacity (FVC) and forced expiratory
volume in one second (FEV1). The values measured before the intervention were as follows: FVC
5.45+ 0.9 and FEV14.563 £+ 0.691. After the intervention, the values were lower: FVC stood at 5.338
+ 0,843 and FEV1was 4.408 + 0.64. Both values slightly decline, by 2% for FVC and by 3.4% for
FEV1. In the tested set of probands, the change of FVC was not substantially significant (Cohen’s
d = -0.13); nonetheless, the change is statistically significant. As regards the value of FEV1, the
change of FEV1was substantially significant (Cohen’s d = —0.23, slight effect); this change is also
statistically significant.

Figure 3 a) Graphic representation of forced vital capacity (FVC) before and after the intervention,

b) Graphic representation of forced expiratory volume in one second before and after the intervention
(FEV1).

Discussion

All breathing sectors should be engaged during the correct breathing pattern (Véle, 2012; Kolar et
al., 2009). As Figures 1 and 2 reveal, the probands activated the given breathing sectors both before
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and after the intervention. Another issue is the proportion in which these sectors should be engaged.
It is claimed in specialized literature (Kolaf et al., 2009; Dylevsky, 2009; Kocjan et al., 2017; Bordoni
& Zanier, 3013; Chaitow, Bradley, & Gilbert, 2014) that the diaphragm alone is responsible for 60%
to 70% of the overall efficacy of breathing. Kolar et al. (2009) states that the activity of diaphragm
as such is adequate to ventilate two thirds of the lung vital capacity. As is common knowledge, the
diaphragm decreases actively in inspiration, whereby the abdomen arches slightly and the lower
ribs begin to open at the moment when the downward movement of diaphragm stops by abdominal
organs through the increasing intraabdominal pressure and the concurrent activity of m. transversus
abdominis and other abdominal muscles, which slightly curb the passive arching of the abdominal
wall. Afterwards, the abdomen arches only slightly, pressure in the lungs decreases to enable the air
to flow into the lungs, the intraabdominal pressure continues to increase and is maintained by the
isometric activity of muscles of the abdominal wall and the pelvic diaphragm. In this phase, intercos-
tal muscles activate, the diaphragm alone helps raise the lower ribs, hereby extending the thorax.

In the last phase of inspiration, abdominal muscles together with the diaphragm and muscles of the
pelvic diaphragm and pelvic girdle stabilize the spine. At the same time, the upper ribs activate and
respiration continues upwards as a breathing wave (Véle, 2012). Similarly, KolaF et al. (2009) argue
that the content of the abdominal cavity is primarily incompressible, hence in inspiration, organs of
the abdominal cavity move caudally and the abdominal wall moves in the external direction. Lower
ribs and sternum move cranially. The cranial movement is carried through the sternum to upper ribs,
which are also elevated by the activity of auxiliary respiration muscles, whereby the upper part of rib
cage is expanded mainly in the anteroposterior direction. Based on the aforesaid, it may be stated
that the abdominal sector is the location of where the largest activation takes place. This assertion
corresponds to the ratio presented by Sponar (2003), i.e. as regards a breathing wave, the abdom-
inal breathing, costal breathing and subclavian breathing form 60%, 30% and 10%, respectively, of
the total efficacy of breathing. In their study, Kotova et al. (2014) concluded that the ratio between
the thoracic and abdominal breathing is 49% : 51% in favour of the abdominal breathing. The above
ratios were approached by our group neither before nor after the intervention. Individuals who reg-
ularly practise sports activities should activate correctly all of the three breathing sectors during
a breathing wave. However, this presupposition proved incorrect for the group of probands observed
by us. Accordingly, hypothesis 1 was not confirmed. The point to be acknowledged is that a disor-
der of the breathing stereotype will generally influence the whole body (Chaitow, Bradley, & Gilbert,
2014). The above implies that correct breathing should be given more emphasis in education, es-
pecially as regards physical activities of children (Sedlafova et al., 2008). The current unnatural way
of life that puts restrictions on natural physical activities, occupational sedentary behaviour and pas-
sive ways of spending leisure time all contribute to the fact that contemporary society is unable to
breathe correctly (Haichova & Yesudian, 2014). McKeown (2013) is another researcher to claim that
the more the society grows richer, the more our lifestyle changes, affecting the way we breathe. Last
but not least, Barknowitzova (2004) emphasizes the considerable influence of the today’s lifestyle
that influences the body alignment and is reflected in the quality of breathing.

The intervention program was based on aerobic training, complete with resistance and basic breath-
ing exercises. The intervention was introduced on account of the fact that this type of training is used
not only for the ill but also in sportsmen’s training (Smolikova & Macek, 2010). After the intervention,
the engagement of the abdominal sector improved in the framework of a breathing wave, for resting
breathing and deep breathing to 40% and 34%, respectively, which confirms hypothesis 3. We also
observed the manner in which the intervention would affect pulmonary functions, specifically values
of FVC and FEV,. Gosselink et al. (2000) claims that FVC is connected with the power of expiration
muscles. In their study, Han & Kim (2018) examined effects of a breathing technique in combination
with dynamic exercises of upper extremities on pulmonary functions in healthy men at the age of 20.

The experiment was conducted three times a week for a four-week period. The above authors con-
cluded that the intervention did improve pulmonary functions. However, after the six-week interven-
tion held twice a week, no improvement was seen in our study, which observed healthy individuals
who exercise regularly. Contrariwise, the values of FVC and FEV1 slightly worsened, a fact which
might have been caused by the then health condition or inaccurate measurement.
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Conclusion

For the observed individuals, our study proved a larger engagement of the middle and upper breath-
ing sectors in comparison with the lower (abdominal) breathing sector both at rest breathing and
deep breathing before the intervention and after the application of the intervention. The six-week
intervention resulted in improvement of the engagement of the lower (abdominal) breathing sector,
at resting breathing from 29% to 40%, and at deep breathing from 19% to 34%. The intervention had
a positive influence on the breathing stereotype in the observed group of probands.
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ABSTRACT

Purpose: Agility is an important determinant of success in football (soccer), but there is a lack
of reliable and valid tests applicable in the evaluation of different agility components in youth
football players. In this study we evaluated the reliability and factorial validity of the two newly
developed tests of agility in male youth football players.

Methods: The sample comprised 44 youth football players (all males, 14—15 years of age)
who were tested on anthropometrics (body height and mass), newly developed tests of foot-
ball specific reactive agility (FS-RAG) and change of direction speed (FS-CODS), one stand-
ard test of CODS (20-yards), and sprinting over 20-m distance (S20M). The relative reliability
is evaluated by calculation of Intra-Class-Correlation coefficients (ICC), while the absolute
reliability was evaluated by calculation of the coefficient of variation (CV). Further, systematic
bias was checked by analysis of variance for repeated measurements (ANOVA). The asso-
ciations between studied variables were evidenced by Pearson’s correlation. Finally, factor
analysis was calculated to define the factorial validity of agility tests (FS-RAG, FS-CODS,
20-yards).

Results: The newly developed football-specific tests were found to be reliable, with better re-
liability of FS-CODS (ICC: 0.81, CV: 6%), than of FS-RAG (ICC: 0.76, CV: 9%). The ANOVA
evidenced significant (p < 0.05) learning effects for FS-RAG, but post-hoc analysis indicated
stabilization of the results until the third testing trial. Factor analysis extracted one significant
factor under the Guttmann-Kaiser criterion (Explained Variance: 1.67), showing the appro-
priate factorial validity of newly developed tests in comparison to standard agility indicator
20-yards. Meanwhile, the significant correlations between all agility performances with S20M
(Pearson’s R: 0.52-0.63; all p < 0.01) revealed that sprinting capacity significantly influence
agility performances and that conditioning capacities of youth football players are not yet
discriminated.

Conclusion: Results showed appropriate reliability and validity of the newly developed tests
of football specific change of direction speed and reactive agility. Therefore, here proposed
FS-CODS and FS-RAG can be used as reliable and valid measures of agility components in
youth football players. Further studies should evaluate the discriminative validity of the here
proposed tests (i.e. identification of position-specific or performance-related differences), as
well as reliability in younger players than those studied herein.

Keywords: soccer; agility; sport-specific tests; reliability; validity
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Introduction

Agility is a motor ability that directly influences successful performance in majority of team sports
(Freitas et al., 2019). It is defined as a performance quality of an athlete to rapidly change direction
and speed of movement (Gabbett, 2006). Agility has two main components: change of direction
speed component and perceptual and decision making component (Sheppard & Young, 2006).

Football is a team sport characterized by short sprints, rapid acceleration or deceleration, turning,
jumping, kicking, and tackling (Wisloeff, Helgerud, & Hoff, 1998). Following this, it is clear that most
important abilities for successful football performance are those connected with speed and force
production such as; power, speed and agility. Agility in football is often described as a player quality
to fast change direction or speed of movement, to start and stop quickly, with or without the ball
(Sporis, Jukic, Milanovic, & Vucetic, 2010). Time-motion analysis show that football player changes
direction every 2—4 seconds and makes 1,200-1,400 changes of direction during a game (Bangsbo,
1992).

In football, agility appears in two forms dependable on game situations; non-reactive (CODS)
— pre-planned players change of direction that is not conditioned by any external factor and reactive
(RAG) — non-planned change of direction that is influenced by opponent action. Both forms appear
with or without the ball. CODS depends on: technique of movement, straight sprinting speed, an-
thropometry, reactive strength, concentric strength and power & left-right leg muscles imbalances.
On the other side RAG depends on completely different qualities: visual scanning, knowledge of giv-
en situations, pattern recognition and anticipation (Sheppard & Young, 2006). Although the nature of
the football game produces many unexpected situations and puts reactive agility on very important
place in player’s ability setup, both CODS and RAG should be trained and developed from the youth
categories.

As a fundamental physical trait, agility should be regularly monitored and assessed, if possible, in
sport-specific conditions. Sport-specific tests are developed to simulate basic movement patterns in
real-sport situations. It is overall opinion that these tests better asses players capacities for success-
ful performance in given sport than general fithess tests (Uljevic, Spasic & Sekulic, 2013). Football
coaches, trainers, and players continually search for simple and effective tests that may help to revel
deficiency in agility. Along with simplicity and efficiency those tests must have acceptable metric
characteristics. Most of all tests must have satisfying reliability and validity.

Since there is a lack of reliable and valid tests applicable in the evaluation of different agility compo-
nents, especially in youth football players, we have developed new tests of football specific change
of direction speed and reactive agility. In regard to this, main goal of the study was evaluation of the
reliability and factorial validity of these two newly developed tests.

Methods
Subjects

Subjects in this study were 44 youth male football players, 14—15 years old. Only participants who
had no injuries and/or ilinesses for 30 days before the experiment were included in this investigation.
The ethics board of the author’s institution provided approval of the research experiment. Partici-
pants voluntarily took part in the testing after they provided written consent. All players had been
playing football for at least 4—6 years. The average training frequency of all players ranged from
10 to 14 hours per week, with an average of 5-6 sessions weekly.

Procedures

Players were tested on 2 basic anthropometric variables; body height (BH) and body mass (BM).
Body height was measured with GPM anthropometer (Siber Hegner, Zurich, Switzerland) while
body mass was assessed using the Tanita BC-418 device (Amsterdam, Netherlands).
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The agility variables included 2 newly developed tests of football specific reactive agility (FS-RAG)
and change of direction speed (FS-CODS), one standard test of CODS (20-yards), and sprinting
over 20-m distance (S20M).

For the S20M test, the participants were placed 1 meter behind the start line with their body leaned
forward. The first timing gate (Powertimer, Newtest, Finland) was on the start line (0O m), and the sec-
ond at the finish line (20 m), reflectors were at 1 m height. The participants were told not to include
backward movements at the start and to sprint at maximal speed the whole distance with avoiding
a “dive finish.” The athletes had three trials with a rest period of 2 minutes between each sprint. The
best score was used for the analyses.

For the 20-yards (CODS) three marker cones are placed along a line five yards apart. The player
stands 50 cm from the middle line and starts moving with 90° full body rotation by going to the left
direction. When passing the middle line he activates timing gate (Powertimer, Newtest, Finland).
After coming to the first cone on 5 yard, player turns and runs 10 yards to the right side. He turns
again and finishes by running back through the start/finish timing gate.

The specific football agility performances were tested with one protocol that evaluated the FS_
CODS and three protocols for the FS_RAG, and the testing was performed on plastic turf grass. All
performances were tested with the same equipment and test set-up, with the difference that the par-
ticipants in the FS_CODS protocol were aware of the movement pattern in advance. In contrast, the
participants had no advanced knowledge of the testing scenario when they performed the FS_RAG
testing protocols. Each protocol consisted of 5 trials.

Measurements were performed using a hardware device system based on an ATMEL micro-con-
troller (model AT89CS51REZ2; ATMEL Corp, San Jose, CA, United States) as the core of the system.
A photoelectric infrared (IR) sensor (E18-D80NK) was used as an external time triggering input, and
LEDs were used as controlled outputs. The photoelectric IR sensor has been shown to be as reliable
as high-speed sensors, with a response time of less than 2 ms (500 Hz) and a digital output signal.
The sensor’s detection distance ranged from 3 to 80 cm and was capable of detecting transparent
or opaque objects. Because it has a digital output (high-low state) with an NPN transistor open col-
lector, the sensor is connected through a microcontroller 10 port. For the purposes of our study, this
device was connected to a laptop PC operated on Windows 7. This equipment has previously been
used and proven to be both valid and reliable for reactive agility and CODS assessments (Sekulic
et al., 2017; Sisic, Jelicic, Pehar, Spasic, & Sekulic, 2016).

The FS_CODS and FS_RAG were performed in the testing area shown in Figure 1. The participants
commenced from the start line, and the timing was initiated when they crossed the IR signal. At this
particular moment, a hardware module (microcontroller — MC) lit one of the two LEDs placed inside
the 30-cm-high cones (labelled A and B). When tested on the FS_RAG, the participant had to as-
sess which cone was lit, run to the particular cone, kick (rebound) the ball in front of the cone placed
at the specially constructed stand positioned 3 cm above the ground, and return to the start line as
quickly as possible. When a participant crossed the IR signal on their way back, the timing stopped.
Testing of the FS_RAG was performed over three protocols and the participants had no advanced
knowledge of the testing scenario. The participants performed the protocols in a random order. Fol-
lowing the reliability analysis (refer to the results on reliability), the best achievement for each of the
three protocols was employed as the final result for each participant. The rest period between at-
tempts was 10—15 s with 3 min of recovery between the protocols. The testing of the FS_CODS was
similar to the testing of the FS_RAG performances; however, a participant had advanced knowledge
of which cone would light up and only one protocol that consisted of five attempts was performed
(scenario: A-B-A-B-A). Following the reliability analysis, the best achievement was retained as the
final result for each participant.
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Figure 1 Tests of specific football agility (FS_CODS and FS_RAG)

Statistical analysis

The relative reliability is evaluated by calculation of Intra-Class-Correlation coefficients (ICC), while
the absolute reliability was evaluated by calculation of the coefficient of variation (CV). Further, sys-
tematic bias was checked by analysis of variance for repeated measurements (ANOVA). The asso-
ciations between studied variables were evidenced by Pearson’s correlation. Finally, factor analysis
was calculated to define the factorial validity of agility tests (FS-RAG, FS-CODS, and 20-yards).

Results

The reliability of the FS_RAG and FS_CODS is presented in Table 1. The newly developed foot-
ball-specific tests were found to be reliable, with better reliability of FS-CODS (ICC: 0.81, CV: 6%),
than of FS-RAG (ICC: 0.76, CV: 9%). ANOVA indicated significant differences between testing trials
for RAG, but post-hoc analysis revealed significant differences between first trial and remaining two
trials, indicating stabilization of the results until the third testing trial.
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Table 1 Reliability and descriptive parameters for the football-specific agility tests

Mean | Std Dev ICC Ccv ANOVA
F test (p)
FS-CODS
Trial 1 2.59 0.15
Trial 2 2.55 0.19
Trial 3 2.54 0.27
FS-CODS final 2.45 0.18 0.81 0.06 3.12 (0.14)
FS-RAG
Trial 1 3.62 0.40
Trial 2 3.32 0.38
Trial 3 3.21 0.39
FS-RAG final 3.19 0.40 0.76 0.09 7.11 (0.04)

Factor analysis extracted one significant factor under the Guttmann-Kaiser criterion (Explained Var-
iance: 1.67), showing the appropriate factorial validity of newly developed tests in comparison to
standard agility indicator 20-yards (Table 2)

Table 2 Factor analysis results (F1 — correlations with main component, Expl Var — factor variance,
Prp Totl — proportion of total variance explained)

F1
FS-CODS -0.51
FS-RAG -0.85
20 YARDS -0.82
Expl Var 1.67
Prp Totl 0.56

Table 3 Correlation coefficients among studied variables (* indicates statistical significance of
p < 0.05)

FS-CODS FS-RAG | 20 yards
FS-RAG 0.58*
20 yards 0.61* 0.60*
Sprint 20 m 0.58* 0.52* 0.63*

Correlation coefficients among studied variables were statistically significant with percentage of ex-
plained variance ranging from 27-38% (Table 3).

Discussion

Good reliability of newly developed football-specific tests is outcome of variability of the sample. It
is well known that greater diversity between the subjects contribute to the higher numerical values
of the correlation coefficients which produces better reliability of the given test. Since sample of this
study is consisted of preadolescent boys that have different maturation status and different quality
level strong correlation between particles and good reliability of the tests are not surprising.
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When comparing reliability results with current research in the area of agility performance testing
resemblance can be noticed. Pojskic et al. (2018) defined the reliability and validity of newly devel-
oped tests of the reactive and non-reactive agility to discriminate between the performance levels
of junior soccer players. They reported ICC for CODS 0.92 and for RAG 0.70-0.88 (Pojskic et al.,
2018). In another study of Spasic et al. (2014) examined sport-specific tests of reactive-agility and
change-of-direction-speed to replicate real-sport environment in handball. Results showed satisfac-
tory reliability for reactive-agility-test (ICC 0.91-0.93) and CODS-test (ICC of 0.85-0.90). Study of
Sekulic et al. (2017) determined the reliability and discriminative validity of 1 standard agility test and
4 newly developed basketball-specific agility tests, in defining playing positions and performance
levels in basketball. Determined reliability was very high with ICC ranging from 0.91 to 0.95 for
CODS and 0.85-0.86 for RAG (Sekulic et al., 2017). Although test validated in mentioned studies
are not completely similar to our test and some of them were constructed for other sports than foot-
ball we can say that our results of reliability are in agreement with recent studies in the area.

Better reliability of FS-CODS than of FS-RAG is result of error of measurement. Reactive agility
(RAG) is more complex motor task than non-reactive (Sheppard & Young, 2006). As so participants
have much more unstandardized movements that increase possibility of testing error. Similar ex-
planation was offered by Sekulic et al. (2017) when authors compared CODS and RAG tests for
basketball players on dominant and non-dominant side of performance (Sekulic et al., 2017).

Differences between testing trials for FS-RAG revealed learning effects. However post-hoc analysis
indicated stabilization of the results until the third testing trial. Therefore, it is evident that reactive
agility testing demands from participant perceptual and decision making qualities. As testing contin-
ues (second and third trial) participants are becoming more focused on visual scanning and pattern
recognition. This help them in learning movement pattern and perform test better (Benvenuti, Min-
ganti, Condello, Capranica, & Tessitore, 2010).

Factor validity of newly developed football agility tests is proven by its comparison to basic agility
test 20-yards. It can be stated that both FS-CODS and FS-RAG belong to the same motor ability
(agility) area in this age of football player’'s development. Meanwhile, the significant correlations
between all agility performances with S20M (Pearson’s R: 0.52—-0.64; all p < 0.01) revealed that
sprinting capacity significantly influence agility performances and that conditioning capacities of
youth football players are not yet discriminated.

Conclusion

Results showed appropriate reliability and validity of the newly developed tests of football specific
change of direction speed and reactive agility. Therefore, here proposed FS-CODS and FS-RAG
can be used as reliable and valid measures of agility components in youth football players. Further
studies should evaluate the discriminative validity of the here proposed tests (i.e. identification of
position-specific or performance-related differences), as well as reliability in younger players than
those studied herein.
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ABSTRACT

Purpose: Vitamin D is known to have a significant role in numerous body-system processes.
Specifically, it has an impact on muscle functioning and, therefore sports performance. Chil-
dren and adolescents have increased need for vitamin D because of its importance in growth
and development, and it is evident that they are more susceptible to have vitamin D deficien-
cy. Consequently, vitamin D status is particularly important issue in youth competitive sport.
The aim of this study was to determine the prevalence of vitamin D deficiency/insufficiency
(measured as 25(0OH)D concentration), and the possible associations between vitamin D,
with age, maturity status, sprinting- and jumping-performance among youth soccer players.

Methods: The sample of participants in this research comprised 62 youth soccer players
(age: 15.7 + 2.2 years). They were divided into two categories according to 25(OH)D levels
measured at the end of the winter season: group with inadequate levels of 25(OH)D (vitamin
D deficiency/insufficiency [< 75 nmol/L]), and group with adequate levels of 25(OH)D (vitamin
D sufficiency [> 75 nmol/L]). Biological maturity status (maturity offset) was calculated from
participants age and height by the following equation:

Maturity offset = —7.999994 + (0.0036124 x (age(yrs.) x height(cm)). Performance variables
were 10 meters sprint test (S10m) and countermovement jump test (CMJ).

Results: Results showed relatively good 25(OH)D concentrations (78.32 + 23.39 nmol/L),
with prevalence of deficiency (< 50 nmol/L) in 8.06%, and insufficiency (50—-75 nmol/L) in
46.77% athletes. Significant correlations were evidenced between the CMJ and 25(OH)D
level (R = 0.27, p < 0.05), but chronological age was also correlated with CMJ (R = 0.64,
p < 0.05). Further, higher chronological age was found in participants with sufficient vitamin
D levels (15.1 £ 2.4 vs. 16.4 £ 1.6 years; t-test = 2.43, p < 0.05). However, no significant as-
sociation was evidenced between vitamin D and maturity status.

Conclusion: Vitamin D groups significantly differed by chronological age but not by maturity
status, which collectively with correlation between CMJ and vitamin D status indicates that
both vitamin D status and performance in youth soccer players is actually influenced by
chronological age. Meanwhile, biological age doesn’t have a significant physiological influ-
ence on vitamin D concentration, while some external factors (i.e. time spent outdoors, pa-
rental control, sunscreen usage), should be considered important.

Keywords: Vitamin D; age; maturity; jumping; sprinting; soccer

Introduction

Vitamin D is a pro-hormone soluble in fat; it can be synthesized upon skin exposure to ultraviolet B
radiation or trough intake of food rich with vitamin D (i.e., fatty fish, eggs, cheese, mushrooms, etc.)
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(Holick, 2007). Previously, vitamin D has been recognized mostly only for its beneficial effect on
bone development and health as it regulates calcium and phosphate homeostasis, but more recent-
ly, vitamin D receptors have been found in many tissues, indicating its importance in regulating nu-
merous body-system functions (Bischoff-Ferrari et al., 2004). Specifically, it might be necessary for
optimal muscle function and performance, immune function, and inflammatory modulation. The dis-
covery of vitamin D receptor (VDR) in skeletal muscle tissue provides evidence for the importance
of this hormone in muscle metabolism (Hassan-Smith et al., 2017). Changes in protein synthesis,
muscle regeneration, myogenesis, mitochondrial activity, and glucose metabolism have been pro-
posed as molecular mechanisms affected by vitamin D, which are considered to make an impact on
muscle function, strength and performance (Montenegro, Cruzat, Carlessi, & Newsholme, 2019).
Nevertheless, low vitamin D levels in athletes are associated with low bone health, muscle function
impairment, and decreased immune function, leading to the reduced regenerative capacity after the
exercise session (Dahlquist, Dieter, & Koehle, 2015).

Athletes are more predisposed to have vitamin D deficiency most likely because of the increased
active use in many metabolic pathways, therefore they require larger amounts of vitamin D com-
pared to general population (Ogan & Pritchett, 2013). For this reason, it has been hypothesized
that vitamin D could impact physical performance in athletes, but there is a limited number of stud-
ies which attained supportive results for this theory (Kope¢, Solarz, Majda, Stowinska-Lisowska,
& Medras, 2013; Koundourakis, Androulakis, Malliaraki, & Margioris, 2014). However, the fact that
vitamin D decreases bone fractures and muscle-tissue damage should be considered important for
athletes health and, consequently, performance (Ceglia, 2008; DelLuca, 2004). Soccer is a sport
which requires large amounts of sprints, jumps, fast changes of direction, and increased aerobic and
anaerobic capacities in general. The study conducted on adult professional soccer players suggest-
ed that vitamin D is affecting neuromuscular and aerobic performance (Koundourakis et al., 2014).
Therefore, it is possible that vitamin D levels could be related to physical performance in soccer
players, and this is particularly possible in youth players because of their greater metabolic needs
for this pro-hormone (Constantini, Arieli, Chodick, & Dubnov-Raz, 2010). Therefore, the aim of this
study was to evaluate the association of vitamin D status with jumping- and sprinting-performances
among youth soccer players.

Methods

The sample of participants in this research comprised 62 youth soccer players (age: 15.7 £ 2.2 years).
All players were members of the same soccer club in Split, Croatia, and were engaged in systematic
soccer training for at least 6 years. All the players have been informed of the purpose, risks, and
procedures of the investigation, and were at good health and had no current injuries. Parental con-
sent was obtained as athletes were under 18 years old. The testing was performed during February
2019.

The variables included players maturity status, vitamin D status as measured by 25(OH)D con-
centration (Bischoff-Ferrari, Giovannucci, Willett, Dietrich, & Dawson-Hughes, 2006), 10 meters
sprint test, and countermovement jump test. The biological maturity offset (MO) predicts years
from achieving the peak height velocity (PHV) and was calculated by the following equation: MO
= =7.999994 + (0.0036124 x (age(yrs.) x height(cm)); (R? = 0.896; SEE = 0.542)). A MO of -1.0
suggests that the athlete was measured 1 year before his PHV; a MO of 0 suggests that the player
was tested at the point of the PHV; and a MO of + 1.0 indicates that the player was measured 1 year
after the PHV (Moore et al., 2015). For the 25(0OH)D measurement, the blood samples taken from
the athletes were analysed at the accredited laboratory of the University Hospital of Split, Croatia.
According to the 25(OH)D levels, players were divided into two categories: group with inadequate
levels of 25(0OH)D (vitamin D deficiency/insufficiency [< 75 nmol/L]), and group with adequate lev-
els of 25(0OH)D (vitamin D sufficiency [> 75 nmol/L]) (Karin et al., 2018). The 25(OH)D levels were
measured using an Elecsys Vitamin D total assay with Cobas €601 analyser (Roche Diagnostics
International Ltd., Rotkreuz, Switzerland). The 10 meters sprint test (S10m) was used for assess-
ing the running speed. One photoelectronic timing gate (Powertimer, Newtest, Finland) was placed
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10 meters from a marked starting line, and one gate was placed at the start line. The athlete had pre-
ferred foot placed on the marked line 1 meter before the start line, from the standing start, and had
to run at maximum speed along the 10-meter field. 3 testing trials have been performed, with 2—3
minutes of rest between the trials (Sekulic, Spasic, Mirkov, Cavar, & Sattler, 2013). For the counter-
movement jump test (CMJ), players were starting from and upright position with hands placed on the
hips. They performed fast downward movement to 90° of knee flexion followed by a maximum-force
upward vertical movement. The Optojump system (Microgate, Bolzano, Italy), a dual-beam photo-
electric device that measures flight time and ground contact time during a jump or during repeated
jumps, has been used for measuring the CMJ (Sattler, Sekulic, Hadzic, Uljevic, & Dervisevic, 2012).

Statistics included frequencies and percentages (for Vitamin D status observed on categorical
scales) and means and standard deviations (for continuous variables). The associations between
variables was evidenced by calculation of Pearson’s correlation coefficients. Additionally, t-test for
independent samples between groups based on vitamin D status (vitamin D insufficiency/deficiency
vs. vitamin D sufficiency) was calculated for age, maturity offset, CMJ and S10m.

Results

Results showed relatively good 25(0OH)D concentrations (78.32 + 23.39 nmol/L), with prevalence of
deficiency (< 50 nmol/L) in 8.06%, and insufficiency (50-75 nmol/L) in 46.77% athletes (Figure 1).

Significant correlations were evidenced between the CMJ and 25(OH)D level (R = 0.27, p < 0.05),
but chronological age was also correlated with CMJ (R = 0.64, p < 0.05) (Table 1).

The higher chronological age was found in participants with sufficient vitamin D levels (15.1 £ 2.4
vs. 16.4 + 1.6 years; t-test = 2.43, p < 0.05). However, no significant association was evidenced
between vitamin D and maturity status (Table 2).

Figure 1 Vitamin D status in youth soccer players (as measured by 25(0OH)D)

Table 1 Correlation coefficients between studied variables

Age | MO | S10m | CMJ

Age

MO 0.86*

S10m -0.60* | -0.36

cMJ 0.64* | 0.32 | -0.68*

VITAMIND | 0.28* |-0.10| -0.26 | 0.27*

Legend: MO — maturity offset, S10m — sprint 10 meters, CMJ — countermovement jump, * denotes
statistical significance of p < 0.05
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Table 2 Descriptive statistics and t-test differences between groups based on vitamin D status

Vitamin D insufficiency/deficiency Vitamin D sufficiency T test
Mean Std.Dev. Mean Std.Dev. t-value p
Age (years) 15.11 2.40 16.41 1.63 -2.43 0.02
MO (years) 3.58 0.63 3.35 0.91 0.76 0.45
S10m (s) 1.80 0.1 1.74 0.11 1.95 0.06
CMJ (cm) 31.09 5.71 33.70 6.02 -1.64 0.11

Legend: MO — maturity offset, S10m — sprint 10 meters, CMJ — countermovement jump

Discussion

We have found good results for vitamin D with only 8.06% / 46.77% soccer players with vitamin
D deficiency/insufficiency. Meanwhile, recent study of Karin et al., done in the same region as our
study, reported 58% / 29% of studied children being vitamin D deficient/insufficient (Karin et al.,
2018). Danish study found 45% vitamin D deficiency among youth swimmers (Geiker et al., 2017).
However, such differences in results could be explained by differences in the samples of participants.
Briefly, Karin et al. investigated pre-schoolers, and it is known that children at this age have different
biological and metabolic processes as they are in the phase of intensive growth and development
(Rogol, Clark, & Roemmich, 2000). Meanwhile, Danish participants were swimmers and therefore
spent most of their training in the indoor facilities, contrary to soccer players who practice outside.

Of all studied performance variables, only CMJ was significantly correlated with 25(OH)D, theo-
retically supporting the thesis that vitamin D has an impact on muscle functioning as suggested
previously (Cannell, Hollis, Sorenson, Taft, & Anderson, 2009). Indeed, the results of the study eval-
uating vitamin D and exercise performance in professional soccer players suggested that vitamin D
level is associated with muscle strength, also expressed by horizontal jumps (CMJ and Squat jump)
(Koundourakis et al., 2014). However, our results showed that players with greater CMJ and higher
vitamin D levels are also chronologically older, indicating that chronological age is actually a con-
founding factor of relationship defined between CMJ and vitamin D status (i.e. older children jump
higher, and at the same time have higher vitamin D levels).

The finding that chronological age, but not maturity status, is correlated with higher vitamin D levels
could lead to the assumption that biological age does not have a significant influence on physiolog-
ical processes at the studied athletes. Supportively, study done with young hockey players which
were divided into vitamin D sufficient-insufficient groups, that also had a low prevalence of vitamin D
insufficiency (13.3%), showed that athletes with better vitamin D levels were older (Mehran, Schulz,
Neri, Robertson, & Limpisvasti, 2016). Collectively, it is reasonable to conclude that other, external
factors are more important concerning vitamin D status. These factors are most likely the amount of
time spent outside exposed to sunlight, clothing, sunscreen usage, nutritional habits etc. (Hagenau
et al., 2009). Specifically, for children and adolescents who live with their parents, all previously
mentioned factors could be highly influenced by parenting style, simply because of the parental
influence on their children lifestyle. For example, in the studied region, there is a growing concern
about possible negative influence of sunlight radiation on skin health. Therefore, in the recent years
parents sometimes (over)protect children from sunlight exposure by reduction of the time the chil-
dren are exposed to sunlight, extensive usage of the sunscreens with high protective factors, and
clothes. Altogether it could result in a lower vitamin D levels in younger children, who are naturally
under the stronger parental influence then older ones.

Conclusion

Vitamin D groups significantly differed by chronological age, but not by maturity status. Together,
with the correlation between CMJ and vitamin D status indicates that both vitamin D status and
performance in youth soccer players are influenced by chronological age. Meanwhile, our results
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indicated that biological age does not have a significant physiological influence on vitamin D con-
centration, while some external factors like time spent outdoors, parental control, and sunscreen
usage, should be considered important determinants of vitamin D status in studied players.
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ABSTRACT

Introduction: One of the basic processes to improve stability and prevent injuries in sport is
warming up. The aim of our work is to verify the impact of the first part of the training unit
(warm-up) on the stability and performance of the footballer.

Probands: The research work was carried out on 37 football players in the category U-19 and
U-17 in the football club — JUPIE football school of Marek HamSik. Probands were divided into
two groups. The test group consisted of 19 U-19 football players (age average 17.2 £ 0.87), the
control group consisted of 18 U-17 football players (age average 15 £ 0.5).

Methods: Both groups underwent input measurement consisting of Y balance test and per-
formance tests — slalom with ball, run 5 x 10m. Subsequently, the test group footballers un-
derwent our intervention, myofascial release + core training, which was added to the opening
part of the training unit. The study lasted 4 weeks.

Results: Probands of both groups achieved a statistically significant improvement in the y bal-
ance test. When comparing the performance tests, they achieved significant improvement in
the test group —run 5 x 10m (p = 0.0024) and slalom with the ball (p = 0.0159) and in the control
group —run 5 x 10m (p = 0.0182). The improvement in slalom with the ball test in the control
group was not statistically significant (p = 0.1798).

Conclusion: We have shown a significant effect of core exercises and myofascial release
at the beginning of the training unit. However, the benefit was also achieved in the control
group, except for the test - slalom with the ball.

Keywords: postural stability; Y balance test; core training; myofascial release; football

Introduction

Movement or sports can be performed on different levels, from recreational form to amateur to the
level of professional sports. Improving one’s skills is most often the main purpose of sports. Ath-
letes try to achieve ever better performance through different procedures. Whether it is forms of
regeneration, special training, or precisely defined concepts for the sport. Injuries are another very
important topic in athletes. They want to avoid it as much as possible, because it make them to lose
their player’s form, to take short or long breaks from their active work and to change their financial
ratings on a professional level.

A lot of injuries are behind the decline in performance, depending on the development of a sports
career and ultimately can also end the sport activity. Football, despite being a contact sport, brings
several injuries that are not caused by contact with other player on the pitch. On the other hand,
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players get injured without contact with other players. It is mainly an ankle or knee injury. Nowa-
days, when football pitches already have a fairly good surface quality, it is not possible to refer to
the “crooked terrain” as was often mentioned in the past. In our work, we focus on role of postural
stability of players and the possibility of influencing stability by changing first part of the training pro-
cess — warming up.

The Aim

The aim of work was to determine the level of postural stability using the Y balance test kit in foot-
ball players and subsequently to determine the effect of myofascial release and core exercises on
postural stability and performance in general and special tests of football.

A partial goal of our work was also to trace the prevalence and incidence of individual injuries in foot-
ball players tested by us during their playing career. Data were collected through a questionnaire.

Participants

The sample included 37 participants that were football players in the U-19 and U-17 category in the
football club - JUPIE Marek Hamsik football school. Probands were divided into two groups. The test
group consisted of 19 football players in category U-19 (age average 17.2 £ 0.87), the control group
consisted of 18 football players in category U-17 (age average 15 + 0.5).

Methods

The participants, who were divided into two groups (test, control), were tested in two stages — diag-
nostic measurement and output measurement. The test group was tested before and after interven-
tion. The control group was run concurrently with the test group before our intervention, and then
the output measurement after our program (4 weeks), which we performed with the test group. We
compared the results within and between groups. Diagnostic measurements in both groups were
performed as follows. We introduced the players to the whole testing process. Subsequently, we
obtained personal data (gender, age, weight, height, playing post, dominant leg) from respondents
of both groups using a questionnaire. The questionnaire also included questions on the prevalence
and incidence of injuries during the previous football career and also this season, as testing was
making in the winter period of football season (mid-season 2018/2019). Questions were also fo-
cused on the mechanism of injury (contact, non-contact) and how often individual types occurred.
Wound localization and injured structures (muscle, joint, bone) were also followed. After obtaining
the data, there was a standard club warm-up, which consisted of warming up the organism (2 min.
Free running + motion game — in our case chase for 5 minutes), followed by running alphabet and
dynamic stretching. After the collective warm-up, we started to measure postural stability by means
of the Y balance test, in our case the Y balance test professional kit. First, we measured the length
of the lower limb that was needed in the evaluation. The limb length was measured in the supine,
from SIAS - anterior superior spina to malleolus medialis.

The test was performed in the following order, in the anterior direction, followed by posteromedial
and then posterolateral. In each direction, the respondent had to record three successful attempts.
After testing the stability, we switched to performance testing by testing the general part - boat run-
ning 5 x 10m and testing individual gaming activity — slalom with the ball.

After the diagnostic measurement, we entered the training process of the test group. The control
group continued its training process without our intervention. So, according to the instructions of the
coach, he was instructed not to change the opening / preparation part of the training unit — from the
standard club warm-up in the category. So it was similar to what we described before the diagnostic
measurement. Regarding the introductory part of the training group of the test group, we intervened
as follows: the training started with 3 minutes running on pitch (with / without ball), then each play-
er took a soccer ball to serve as a foam roller for myofascial release — these muscle areas have
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gradually relaxed — calf, hind thigh, outer thigh, anterior thigh, inner thigh, back — each region for 10
seconds. Subsequently, players of test group practiced core training, which consisted of the follow-
ing exercises: plank on palm, plank on forearm, plank side on the forearm (both side), endurance
in the squat, glute bridge on one leg (right/left), superman (5 reps with 5s endurance), eccentric de-
cline squat (5 reps on each leg). The exercises were performed for 25 s, with 10 s pauses between
exercises. Core exercises were performed in two series. Between the series, the players practiced
an exercise with a passing ball. The second series of core exercises followed by activation / mobili-
zation, it means exercises with dynamic stretching elements, in a collective form. This training pro-
gram lasted for 4 weeks (from 21 January to 15 February 2019). After the 4-week program, the final
measurement was performed, where all tests were again tested as in the diagnostic measurement
(Y balance test, 5 x 10m boating, slalom with ball) with the same process.

Questionnaire

The non-standardized questionnaire we created contained 20 questions, which consisted of two
parts:

* Part 1 consisted of questions for obtaining personal data: age, height, weight, playing post,
dominant lower limb; the age category;

* Part 2 consisted of injuries related to sports activity, in particular from football.

The questionnaire consisted of open questions where the respondent himself answered the ques-
tion, closed questions where the respondent had to choose the answer from the given options.
Among the elimination criteria we included incomplete listing of the questionnaire and the reluctance
of football players to issue a questionnaire.

Y balance test

We tested players for Y balance test (YBT) using the Y balance test kit, we made sure that there
was one, at most two testers in the test room to eliminate disturbing factors, such as to compete and
compare with other players. Subsequently, the proband was asked to remove the shoes and in the
case of inappropriate clothing for testing he was asked to remove his underwear so that the cloth-
ing did not prevent him from performing the maximum reach. Then there was a verbal explanation
of testing for the Y balance test kit and a demonstration of the therapist. After that, the respondent
made measurements. Testing proceeded as follows:

1. right leg in anterior direction (3 successful attempts) and then left leg in anterior direction
(3 successful attempts)

2. right foot in posteromedial direction (3 successful attempts) and then left foot in posteromedi-
al direction (3 successful attempts)

3. right leg in posterolateral direction (3 successful attempts) and then left leg in posterolateral
direction (3 successful attempts)

Failure was evaluated according to YBT standards. The duration of the test depended on the ability
to perform a successful YBT experiment. Some probands did 3 successful attempts for the first time,
some needed more attempts.

In our work, we have identified a risk factor for injury, a data based on YBT testing. The composite
reach distance below 94% as well as the second risk factor was the absolute reach asymmetry
(in the anterior and posteromedial directions) with a difference = 4 cm. (Plisky, 2006; Smith, 2015;
Gonell, 2015)
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Run 5 x 10m — acceleration factor

At a distance of 10 m from each other we mark two parallel lines on the track. Behind the first of them
from the half-start, starts the tested to the second line. After stepping one foot behind the other line, it
returns as quickly as possible beyond the starting line, which must again cross one leg. In the same
way he will pass all 5 sections without interruption. There was only one run, who had two attempts
with a minimum break of 5 minutes between each start. We recorded only the best respondent time
in the statistics. Time was measured with a GARMIN Forerunner 235 Optic sports watch.

Slalom with ball — the level of technical mastery of ball at speed

The player must run obstacle course as fast as possible with the ball. There were eight cones at
an unequal distance, the track twists twice at right angles. We recorded only the best respondent
time in the statistics. Time was measured with a GARMIN Forerunner 235 Optic sports watch. Test
sketch:

Figure 1 Slalom with ball

Statistical methods

For processing of data we used descriptive statistics with meaning arithmetic average and standard
deviation. Based on normal data distribution we used paired T-test for comparison in groups. In
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comparing between groups we used the T-test with unequal variance. The interdependencies were
determined based on Pearson’s correlation coefficient. A significance level of 95% (a = 0.05) was
determined for all established comparisons.

Results

The test group consisted of 19 football players who completed 20 training units from 21. January
2019 to 15. February 2019. The control group consisted of 18 football players who completed 20
training units from 8. January 2019 to 3. February 2019. Group characteristics and data of injury is

shown in Table 1.

Table 1 Basic characteristics of groups

The test group The control group
Age 17,2 + 0,87 15+ 05
BMI 21,88 + 1,67 20,1 £1,75
Without injury 2 1
1 injury 0 4
2-3 injuries 8 6
4-6 injuries 5 7
6 or more injuries 4 0
Average career injuries 3,71 2,69
Contactless injury 4 4
Contact injury 5 5
Both forms of injury 8 8
Without injury 2 1
Contactless injury dominance 10 7
Contact injury dominance 7 10
*The number specifies the number of players

Evaluation of results at YBT:

*PDK= right lower limb
**I'DK= left lower limb

The respondents of the test group achieved a statistically significant improvement when comparing
the composite range of reach in the input measurement for PDK was 93.51 + 8.76% compared to
the 95.63 £ 8.95% measured in the output measurement (p = 0.010). There was also a statistically
significant improvement for LDK at 94.78 + 7.96% in the input measurement versus 96.36 + 8.70%
in the output measurement (p = 0.038).

The control group respondents achieved a statistically significant improvement when comparing
the composite range of reach in the input measurement for PDK was 89.31 + 5.24% compared to
91.55 + 5.62% measured in the output measurement (p = 0.025). There was also a statistically sig-
nificant improvement for LDK at 89.51 £ 6.19% in the input measurement versus 91.66 + 5.45% in
the output measurement (p = 0.0279).

Comparisons of diagnostic and outcome evaluation of YBT data and performance tests in the test
and control group: Respondents of both groups achieved a statistically significant improvement in
run 5 x 10m; in the test group, input measurement 13.13 + 0.82 (s) versus output measurement
11.83 £ 0.62 (s) (p = 0.0024); in the control group, an input measurement of 12.36 + 0.77 (s) versus
an output measurement of 12.27 + 0.69 (s) (p = 0.0182). When comparing the slalom performance
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test with the ball, a statistically significant improvement was achieved by the test group, the input
measurement of 19.73 + 1.25 (s) over the output measurement of 19.53 + 1.08 (s) (p = 0.0159); in
the control group, the change was not statistically significant, the input measurement 20.13 + 1.22(s)
versus the output measurement 20.03 + 0.90 (s) (p = 0.1798). Comparison of absolute impact
asymmetry (in anterior and posteromedial direction) to YBT within the group was not statistically
significant. For the test group in the anterior direction (p = 0.255) in the posteromedial direction
(p =0.095). For the control group in the anterior direction (p = 0.406) in the posteromedial direction
(p = 0.055).

Discussion

Low levels of postural stability, changed motor control, or insufficient neuromuscular control were all
described as predictors of lower limb injury in athletes. The implementation of an injury prevention
program, which includes exercise for balancing and neuromuscular control of footballers, has been
shown to reduce injuries and also reduce healthcare costs (McGuine, 2000). The aim of our work
was to determine the level of stability of YBT players and also to verify the impact of basic exercises
and myofascial release on the stability and performance of players.

There was no statistically significant change in either the test or control group when comparing the
input and output testing results for absolute reach asymmetry in the anterior and posteromedial di-
rection. However, we have noticed a change in the correlation of asymmetry of reach and number
of injuries. In the test group, there was a correlation between asymmetry reach of anterior direction
and the number of injuries at the input measurement (r = 0.51), at output, the correlation decreased
(r = 0.37). In the control group, the correlation was at input (r = 0.03) and output (r = 0.41). In the
posteromedial direction, the correlation between asymmetry of reach and injuries was very low.
Based on the results, there is therefore a correlation between the asymmetry of reach in the anterior
direction and the number of injuries. Our results agree with the study presented by Plisky, 2006 and
Smith, 2015.

In our work, we included an intervention in the test group in the form of a change in warming up
compared to the control group. The intervention consisted in a change or addition of core exercise
elements that have positive effects as prevention of injuries and support performance improvement
— Soligard, 2008; Leetun 2004; Peate, 2007. Based on our results, the full effect of our intervention
in improving YBT results in the test group (p = 0.010 for PDK, p = 0.038 for LDC) cannot be attribut-
ed, since the control group also achieved statistical improvement (p = 0.025 for PDK, p = 0.0279 for
LDK). When comparing the results between the groups, there were differences in both the input and
output testing. However, a comparison of the average of the differences did not show statistical sig-
nificance. However, despite these results, we did not rule out the effect of core training and myofas-
cial release to improve stability on YBT. Intervention could also contribute to improving stability and
performance at YBT. It is important to recall that the intervention took place for 4 weeks in the winter
period of season, where the emphasis is placed on the physical aspect of the athlete — strength,
speed, etc. And just the strength increase could have contributed to improving the results of the YBT
control group. It would certainly be interesting to continue our program or add the intervention we
have created to the training process during the competition period.

Some authors describe that core exercise and also myofascial release has an impact on improving
sports performance — Afyon, 2017; Nesser, 2008; Healey 2014; MacDonald 2013. Based on our re-
sults when comparing the effect of the intervention on the sports performance of a football player, we
achieved a statistical improvement in both tests in the test group (p = 0.0024 run 5 x 10m; p = 0.0182
slalom with ball). In the control group, we observed only a significant change in the run 5 x 10m
(p = 0.0182); Just as the YBT performance could be affected by the winter period of season and its
training process could also be affected by performance testing. However, the effect of core training
and myofascial release seems to have a significant effect on the need to improve the individual's gam-
ing activity over the control group.
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The nervous system is 90% developed within 8 years of age. Coordination skills in boys develop
between 7 and 12 years (Laczo, 2014). Thus, there is no assumption that age differences in groups
could affect results due to ontogenesis.

Conclusion

Observation of the results, we demonstrated a significant effect of core exercise and myofascial re-
laxations at the beginning of the training unit. However, the benefit was also achieved in the control
group. Our intervention contributed to improving stability on the Y balance test kit, and also showed
a significant improvement in the performance tests — run 5 x 10m, but especially in the individual
gaming activity of the individual — slalom with the ball, where there was no significant improvement
in the control group. Further work could complement the relationship of core training and myofascial
release to performance on the Y balance test kit, because we have not confirmed or refuted this
relationship in our work.
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ABSTRACT

Purpose: Correct breathing pattern in resting breathing is connected to the overall physical
health, whereas the breathing pattern affects the performance in endurance sports. The prin-
ciple of breathing economy consists primarily of the involvement of diaphragm as the main
breathing muscle. The paper is engaged in the breathing stereotype in resting breathing and
breathing under load. The objective of our paper is to verify whether it is possible to influence
breathing stereotype by applying a two-month intervention breathing program.

Methods: The paper examines changes in the resting breathing stereotype and the breathing
stereotype during load in adolescent, healthy runners. Twenty participants took part in the
intervention. They underwent initial and final tests of the breathing stereotype at rest and in
submaximal load. Eleven of them were members of an experimental group and the remaining
nine constituted a control group. The experimental group included seven boys at the age of
16.1 £ 1.3, with height 173.2 £ 6.5 cm and weight 56.8 *+ 4.6 kg, and four girls at the age of
16.5 £ 0.5, with height 161.7 + 3.1 cm and weight 54.3 + 2.3 kg. The breathing stereotype
was measured using muscle dynamometer MDO3 before and during a indirect calorimetry
test conducted on a bicycle ergometer. The data obtained were evaluated in terms of sub-
stantive (Cohen’s d) and statistical significance (a = 0.05).

Results: The breathing intervention resulted in positive changes in the breathing stereotype
at rest and under load. At rest, the engagement of the abdominal segment increased by
16.2%, that of the thoracic segment and subclavian segment decreased by 3.6% and 12.6%,
respectively, when compared to the initial test. In the submaximal load, the engagement of
the abdominal segment increased by 4%, and there was a decrease by 2% for both the tho-
racic and subclavian segments in comparison to the initial test. The control group showed
no significant changes in the engagement of the individual segments of breathing muscles.
Conclusion: Our results has proved that a two-month interventional program of breathing ex-
ercises, aimed at activation of the diaphragm and other breathing regions, has a substantial
influence on the breathing stereotype both at rest and in the submaximal load.

Keywords: breathing; breathing pattern; breathing exercise; load; diaphragm

Introduction

Breathing is connected not only with gas exchange, but also with the postural function (Hodges
& Gandevia, 2000). Breathing movements are divided into three sectors: abdominal, lower thoracic
and upper thoracic (Kolar et al., 2009; Véle, 2012). At resting breathing, the lower (abdominal) sec-
tor is the first to be activated, followed by the middle sector and then by the upper breathing sector.
This gradual activation gives rise to a breathing wave (Dylevsky, 2009). In abdominal breathing, the
diaphragm is the organ to be most engaged. Thoracic breathing is characterized by predominant en-
gagement of inter-rib muscles. In case of intensive breathing, inter-rib muscles work on expiration as
well; in resting breathing, expiration is passive and is taken care of by the elasticity of thorax (Sponar,
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2003). In this type of breathing, the body takes in less oxygen in comparison with abdominal breathing
(Lysebeth, 1984). In subclavius breathing, inter-rib muscles are engaged, as in thoracic breathing,
and in addition, cervical oblique muscles are also active. In clavicular breathing, the less movable
shortest ribs are engaged as well: subclavius breathing therefore requires more effort than in case of
rib breathing (Sponar, 2003).

The diaphragm is the major breathing muscle on whose activities depends approximately two thirds
of gas exchange in lungs (Fleischmann & Linc, 1987). Ganong (1995) and Kolaf et al. (2009) argues
that in resting breathing, the diaphragm is responsible for up to 75% changes of the thorax volume.
Dylevsky (2009) maintains that the abdominal sector, which is associated with the activity of the
diaphragm, is responsible for 60% of the total efficacy of breathing. In resting breathing, abdominal
breathing, thoracic or rib breathing and subclavian breathing would have 60%, 30% and 10%, re-
spectively, within a single breathing wave (Sponar, 2003).

The energy demands of breathing at rest make up approximately 2—5% of the total energy consump-
tion of the body. During intensive muscle work, energy consumption may increase severalfold, espe-
cially in persons with limited pliability of lungs or increased resistance of breathing pathways (Slavikova
& Sviglerova, 2012). The mechanics of breathing changes during physical activities. Up to a certain
intensity (ca. 40 breaths per minute), expiration muscles need not be used, inspiration is active and ex-
piration is passive. Upon reaching a certain level of load intensity, expiration muscles (internal inter-rib
muscles and abdominal muscles) must be engaged: this engagement invokes a large consumption
of energy. Deep breathing with a lower breathing frequency is more advantageous in economic terms
(Havlickova et al., 2006). Regular endurance physical activities improve the breathing mechanics. The
share of diaphragm breathing increases in case of physical load. Trainers and singing teachers lay
great emphasis on diaphragm breathing (Bartinkova et al., 2013). Clifton-Smith (2017) states that the
athletes who were identified to have a defect of the breathing paters often show an increased rest tone
of oblique muscles. If active at rest, these muscles can have an effect of an abdominal corset, which
prevents the diaphragm from descending, and creates a dominant pattern of the upper part of thorax.

The examination of maximum inspiration and expiration presses serves for evaluating the strength
and functional condition of breathing muscles (De Turk & Cahalin, 2004). To evaluate the breathing
stereotype, the following methods may be applied: palpation examination of breathing, whole-body
plethysmography, skiagram of thorax, spirometry, or various tools recording changes of the eleva-
tion of individual segments of the torso (Cahalin, 2004; Kandus & Satinska, 2001). The engagement
of individual segments of muscles can be recorded e.g. by means of a 3-dimensional system (Kane-
ko & Horie, 2012) or by circumferential parameters of thorax (Bockenhauer et al., 2007; Cahalin,
2004). Another option is to determine the activity of breathing muscles by polyelectromyographic
examination (Kandus & Satinska, 2001). The strength of breathing muscles may be examined also
by non-invasive examination methods of maximum inspiration and expiration oral pressures (Roch-
ester, 2003) or by means of a muscle dynamometer (Malatova, Bahensky, Kanasova, & Stumbauer
2019; Malatova, Bahensky, & Mares 2016).

The objective of breathing exercises is to achieve an optimum breathing economy. It is possible
to change the breathing stereotype by practising deep breathing, a fact confirmed in their work
also by Thomas & Mclntosh (1994). When practising, the breathing pattern of participants must be
monitored and participants must be notified of inadequacies, if any (Smolikova & Macek, 2010).
To achieve a required effect, at least ten breathing exercises must be done, whence the important
regular rhythm is created by the body. Static, dynamic and mobilization breathing gymnastics are
the most common form used in practice (Kolar et al., 2009). Breathing techniques include isolated
breathing, where three different manners of breathing are practised: diaphragm breathing, thoracic
breathing and subclavian breathing. The objective of practising diaphragm breathing is in particular
to become aware of the diaphragm activity and to learn to control this activity. In turn, the objective
of practising thoracic breathing is to increase the elasticity of the rib cage. The objective of practising
subclavian breathing is to relax the region of nape and to become aware of the accessibility of upper
lung apexes (Lysebeth, 1984). To influence the intermuscular coordination and improve the effect of
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intermuscular coordination, physical exercises must be done for six to eight weeks as a minimum.
Adaptation changes in the form of hypertrophy will show after a longer period, in the range of months
and years (Dovalil et al., 2005). The aim of our paper is to verify whether the breathing stereotype
during load may be affected by applying a two-month intervention breathing programme.

Methods

This study was implemented at the DPSS of FE of SBU in the Laboratory of Load this Diagnostics.
The ethics committee PF JU approved (this) study on October 19, 2018 (002/2018). All subjects
have given their informed consent to participate in the research study. The study was attended by
20 middle and long distance runners who have been engaged in endurance training for at least six
times a week for one year as a minimum. Eleven of these runners formed an experimental group
and the remaining nine became members of a control group. The experimental group consisted
of seven boys at the age of 16.1 + 1.3, with height 173.2 £ 6.5 cm and weight 56.8 + 4.6 kg, and
four girls at the age of 16.5 + 0.5, with height 161.7 £ 3.1 cm and weight 54.3 + 2.3 kg. Members
of the control group were five boys at the age of 16.3 + 1.3, with height 172.7 + 5.5 cm and weight
57.4 £ 4.7 kg, and girls at the age of 16.6 + 0.5, with height 161.0 + 4.7 cm and weight 52.9 + 2.5 kg.
The selection was intentional, whereas endurance athletes were chosen because their breathing
functions are above-average, a fact implied in the character or specialization of their training. Ac-
cording to the selection criteria, the decisive factors included the adolescent age and at least one-
year endurance training.

The paper examined a change of the resting breathing stereotype and the breathing stereotype
under load in adolescent, healthy runners. The runners underwent an initial (pre-intervention) and
final (after the intervention of breathing exercises) examinations of the breathing stereotype at rest
and in the submaximal load (at 4 W . kg™') during a indirect calorimetry test on a bicycle ergometer.
Within the indirect calorimetry test, the initial two-minute warm-up phase at the load of 1 W . kg was
followed by an escalating test, when the load increases by 0.5 W . kg every minute until the test
is interrupted by the participant himself/herself. Every participant underwent the same test, with the
initial load standing at 1.5 W . kg'.

The set of breathing exercises was based on yoga and the aim was to activate the diaphragm and
to become aware of individual breathing sectors. The intervention programme was held for two
months, when the tested group of participants conducted exercises focused on isolated breathing in
various positions, practising the breathing wave, full breath and rhythmic breathing. Exercises were
carried out in various positions: in a lying position, in a sitting position on heels, in sitting, kneeling
and standing positions. Breathing exercises in these positions encourage and invoke changes in
the breathing stereotype. Moreover, full breath was practised in accordance with movement in short
dynamic sets (Bursova, 2005). The acquisition of breathing exercises was effectuated during the
first week of breathing intervention, in the framework of three joint sessions. Breathing during the
breathing exercises was done through the nose. At the beginning of the intervention, participants
breathed spontaneously, and later proceeded to the extension of the inspiration and expiration phas-
es. Participants carried out exercises at least five times a week for ten minutes as a minimum. Every
week, one joint session was held, where the performance of breathing exercises was monitored and
corrected. Information on the length of the exercises conducted was recorded by participants; this
information was processed on a continuous basis.

Control diagnostics came up after 8 weeks of the application of intervention. The control group was
tested at the same time as participants of breathing exercises intervention. Members of the control
group performed no breathing exercises. Throughout the intervention period, both groups underwent
the identical running training. The breathing stereotype was measured using muscle dynamometer
MD 03 before and during the indirect calorimetry test on a bicycle ergometer, for one minute at every
stage of the test . The data obtained were assessed in terms of substantive significance by Cohen’s
d and statistical significance (a = 0.05). The data were processed using the following: Cohen’s d
to determine substantive significance, Student’s paired t-test for depended selections to determine
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statistical significance. The level of significance was determined at the level of significance a = 0.05.
Data were processed in programmes Microsoft Excel 2016 and Statistica 12.

Results

Participants carried out breathing exercises for the average of 13.5 £ 3.6 minutes per day during
a two-month period. As regards the experimental group, in resting breathing, engagement in the
abdominal sector deepened on a substantive significant level, with a large effect (d = 1.20). Initial
values 0.55 + 0.23 N.100 ms™ increased to 0.98 + 0.44 N.100 ms™'. Engagement in the thoracic
sector decreased in substantive significant terms, with a small effect (d = 0.34) from initial values
0.90 + 0.60 N.100 ms™ to 0.74 + 0.32 N.100 ms™, in subclavian sector, the decrease in engagement
was insignificant, from initial values 0.52 + 0.34 N.100 ms™ to 0.49 £ 0.28 N.100 ms™'.

A statistically significant change was recorded for the abdominal sector only. A percentage change
is illustrated in figures 1 and 2, where there was a significant increase in the proportion of engage-
ment of the abdominal sector — by 12%. The percentage engagement decreased in the thoracic
sector and subclavian sector by 8% and 4%, respectively. Considering the control group, no sig-
nificant change in the strength of load of probes occurred, the same applies to the engagement
of individual sectors. Initial values on the abdominal sector reached 0.61 + 0.26 N.100 ms™', and
final values were 0.61 + 0.26 N.100 ms-'. In the thoracic sector, initial values stood at 0.97 + 0.52
N.100 ms™, and final values were 0.96 + 0.52 N.100 ms™, in the subclavian sector, the initial val-
ues were 0.51 £ 0.31 N.100 ms™, and final values reached 0.52 + 0.31 N.100 ms™'. No percentage
change occured, the engagement of the abdominal sector, thoracic sector and subclavian sector
was 32%, 44% and 24%, respectively.

In breathing at the submaximal load, the engagement of all sectors observed increased significant-
ly. Breath deepened considerably and breathing frequency decreased significantly. The change
for the abdominal sector has a large effect (d = 1.02), from initial values 1.41 £ 0.63 N.100 ms™ to
2.11+£0.74 N.100 ms™, also the percentage engagement of this sector increased by 2% (see figures 3
and 4). The thoracic sector is characterized by a substantially significant increase in the engagement,
with a medium effect (d = 0.72), from initial values 2.83 £ 1.10 N.100 ms™" to 3.59 £ 1.03 N.100 ms-
1, the percentage engagement decreased by 2%. The engagement of the subclavian sector in-
creased significantly, with a small effect (d = 0.31), from initial values 1.57 £ 1.05 N.100 ms™ to
1.90 £ 1.12 N.100 ms™; the percentage share in breathing remained unchanged. A statistically
significant change was identified only for the abdominal sector. In the control group, there were
no significant changes of the parameters observed. The initial values for the abdominal sectors
reached 1.23 £ 0.49 N.100 ms™, and final values were 1.23 + 0.48 N.100 ms™. The initial values for
the thoracic sector stood at 2.75 £ 1.17 N.100 ms™, and final values were 2.76 £ 1.18 N.100 ms™.
For the subclavian sectors, the initial values were 1.43 + 1.08 N.100 ms™' and final values stood at
1.44 + 1.08 N.100 ms™. The percentage share in breathing for all sectors remained unchanged.
The engagement of the abdominal sector, thoracic sector and subclavian sector was 25%, 50% and
25%, respectively.
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Figure 1 Engagement of breathing Figure 2 Engagement of breathing

sectors at rest before intervention sectors at rest after intervention
Figure 3 Engagement of breathing Figure 4 Engagement of breathing sectors
sectors before intervention under load under load after intervention
Discussion

Most studies concerned with the breathing stereotype focus on ill individuals or individuals who
have been injured. Certain studies analyse healthy individuals, when it was confirmed that not only
static ventilation parameters (Bahensky, Malatova, & Mares, 2016; Malatova, Bahensky, Kanasova
& Stumbauer 2019) but also dynamic ventilation parameters (Bahensky, Malatova, & Bunc, 2019)
can be affected in healthy individuals.

Initial tests revealed disorders of the breathing stereotype in all members of the experimental and
control groups, whereas the percentage engagement of the abdominal sector reached only 32%
at rest in both groups. In the experimental group, the proportion of engagement of the abdominal,
thoracic and subclavian sectors changed from 32:42:26% to 44:34:22 % thanks to the intervention;
nevertheless, the proportion 60:30:10 % (Sponar, 2003) was not achieved even after the interven-
tion. Physical activities considered, an athlete’s ineffective breathing pattern may cause premature
dyspnoea, or exhaustion of lower extremities, which does not reflect cardiovascular fitness or any
organic pathology. Alternatively, a disorder of the breathing pattern at rest may disrupt an athlete’s
performance (Clifton-Smith, 2017).

Our intervention programme was developed to cover a period of eight weeks, with emphasis on
influencing the breathing pattern. It was confirmed that an eight-week period is a sufficient time for
adaptation changes and for improving the breathing economy (McArdle, Katch, & Katch, 1996). The
results we have achieved imply that a positive change of the breathing stereotype at rest occured.
The percentage engagement of the abdominal breathing segment increased significantly, and the
percentage engagement of the thoracic and subclavian percentage sectors decreased in resting
breathing. However, despite the improvement in abdominal breathing, the percentage engagement
of the abdomen is not utilize sufficiently to achieve the correct breathing stereotype, as described
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in literature (Kolar et al., 2009; Dylevsky, 2000). Instead of the optimum breathing stereotype with
a share of abdominal breathing of 60—70%, the participants observed by us reached only the aver-
age of 44% engagement in resting breathing.

Under load, the breathing stereotype remained virtually unchanged when compared with results
of resting breathing; this result is attributed to latency and the transfer from resting breathing to
breathing under load as well as the fact that participants trained the breathing stereotype in resting
positions. Even though changes in the engagement of the breathing stereotype are not as signifi-
cant as those in resting breathing, participants approached the correct percentage threshold of the
engagement of individual breathing segment, as determined in literature (Kolaf et al., 2009; Bartunk-
ova et al., 2013; Slavikova & Sviglerova, 2012). The change of breathing stereotype under load is
significant. To achieve a better breathing stereotype under load, it might be beneficial to undergo an
intervention programme with a higher proportion of dynamic exercises, which develop the harmony
between breath and movement. The completion of such programme might lead to a faster automa-
tion of the corrected breathing stereotype under load.

The study is also limited by the number of the participants involved; it would be advisable to confirm
its findings using a larger group of persons. Furthermore, the level of permanency of the effects after
the end of intervention of breathing exercises should be determined. The major factors influencing
the success rate of the therapy include: regularity and quality of performance of breathing exercises.
We consider it suitable to focus on breathing exercises at least for ten minutes five times a week
as a minimum. Purposeful breathing exercises may be helpful in improving the breathing pattern
and thereby decrease the energy demands of breathing and affect positively the prerequisites for
endurance physical activities.

Conclusion

A two-month intervention, with frequency of exercises five times a week, when the length of one unit
is 10 min as a minimum, may influence the breathing pattern to a considerable extent and engage
the abdominal sector in breathing significantly.
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ABSTRACT

Purpose: A choice between a running or bicycle ergometer is not possible in every labora-
tory. Significant differences may appear in measuring results of ergometers with different
load specificity. The objective of our paper is to determine a difference in values measured
during a spiroergometry test on a bicycle ergometer and a running ergometer in adolescent
endurance sportsmen, with different specializations, for mountain cyclists and middle- and
long-distance runners.

Methods: Theexperimentinvolved 10cyclistsand 10runnersatthe nationaltoplevel. Thecyclists
and runners were divided in two groups: one half of the tested group completed the first test on
a running ergometer and the other on a bicycle ergometer. The test on the other ergometer
was taken after three days’ time. The progressed load test up to “vita maxima” was used for
both ergometers. The examined parameters included values of VOzmax, Vr, VE, BF, HRmax
and WRmax. Results were evaluated in terms of both statistical and substantial significance.
Statistical significance was ascertained by means of t-test at the level a = 0.05. Cohen’s d
was used to evaluate substantial significance.

Results: The results showed substantially significant differences for runners in all examined pa-
rameters. A substantially significant difference in measurement results of cyclists was discovered
for parameters VOzmax, V., VE and WRmax. In runners, the mean of values for the most important
parameter VO2max reached 60.6 £ 4.24 ml.min"".kg™ when running, and 56.0 + 5.34 ml.min"".kg"’
when cycling; values reached by cyclists were 56.6 + 5.16 ml.min'.kg™ when running, and 61.30
+ 4.47 ml.min".kg" when cycling. The only parameter not to correspond with the sportsmen’s
specializations was V,, as it revealed larger values on a bicycle also for runners.

Conclusion: Results confirmed the correspondence between the load specificity according
to the ergometer selected and the specificity of sports pursued. It was proven that it is nec-
essary to select a suitable type of appliance for determining VO2max according to the sports
pursued.

Keywords: VO2max; runners; cyclists; adolescents; ergometer

Introduction

Functional load diagnostics, as an objective tool, makes it possible to assess motor fitness and
sports performance. Generally, the purpose of functional load diagnostics is to examine the physi-
ological response and adaption of the body to load (Bartlifikova et al., 2013). There exist an array
of procedures and methods enabling the assessment of fithess and performance. Laboratory tests,
whether directly or indirectly determining the maximum oxygen uptake, rank among those most fre-
quently applied. The maximum oxygen uptake constitutes the basic parameter of human fitness and
performance, since this parameter represents the upper limit of aerobic load tolerance. The maximum
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oxygen uptake signifies not only the lung capacity, ability of the heart and blood to transport oxygen
to muscles at work, but also the utilization of oxygen in muscles under load (Heller, 2018).

According to Heller (2018) the value of the maximum oxygen uptake (VO2max) stands at approxi-
mately 73 ml.kg".min"' in mountain cyclists and about 71 ml.kg".min""in middle and long distance
runners. In adolescence, the development of VO2max continues, in both training and non-training
population (Neumann, Pfltzner, & Berbalk, 2000). The development of VO2max in adolescent run-
ners is examined e.g. by Daniels, Oldridge, Nagle, & White (1978) and Bahensky, & Bunc (2018).

The test of maximum oxygen uptake, VO2zmax test, is most commonly carried out by means of run-
ning or bicycle ergometers (Noakes, 2002). Load-testing laboratories are most often equipped with
bicycle ergometers as these are considerably cheaper than their running counterparts. These er-
gometers are characterized by considerable differences worth mentioning. The main difference lies
in measurement results on account of different movement stereotypes (Bunc, 2012). A running
treadmill and a bicycle ergometer have unique mechanical features and different physiological ef-
fects (Smodlaka, 1982).

Values measured by a running ergometer are generally higher than those gained by a bicycle er-
gometer (Bunc, 2009; Bartlrikova et al., 2013). Hermansen, & Saltin (1969) studied the values
measured by running and bicycle ergometers for 55 male probands at the ages between 19 and 68,
where the values measured in running were higher by 7% than those measured on a bicycle. In test-
ing male students, statistically higher values of the maximum oxygen consumption were measured
in favour of a running ergometer (Miyamura, & Honda, 1972; McArdle, Katch, & Pechar, 1973). The
problems of different results for spiroergometry of runners and cyclists were dealt addressed e.g. by
Rimak, Fiala, Kunzova, & Kariovsky (2012), who discovered higher values of the maximum oxygen
consumption during a test on a bicycle ergometer, specifically by 12% in cyclists, and a statistically
insignificant value 4.6% in runners. On the contrary, the research of Pannier, Vrijens, & Van Cauter
(1980) and Verstappen, Huppertz, & Snoeckx (1982) yielded statistically higher values of runners
during a test on a running ergometer. The maximum oxygen uptake of top sportsmen is usually
measured at their specific load (Macek & Radvansky, 2011; Verstappen, Huppertz, & Snoeckx,
1982).

The objective of our study is to determine the dependence of results of spiroergometry tests by
means of running and bicycle ergometers in adolescent categories of runners and cyclists.

Methods

The study involved 20 adolescent boys, out of which 10 were middle and long distance runners,
and 10 were cyclists in MTB category. The average age of cyclists was 16.90 = 1.75 years, weight
72.90 + 5.61 kg and height 181.30 + 2.86 cm. All cyclists are members of Ceska spofitelna Special-
ized Junior MTB team. At the average, probands spend 13 hours per week cycling and complete
at the average 7,170 + 1,438 km on an annual basis. As regards runners, the average age was
15.80 + 1.24 years, average weight 65.40 £ 9.73 kg and height 179.90 £ 7.80 cm. All members of
the research group of runners undergo 6 and more training units per week. The performance level
of the tested runners reaches that of the Czech youth top runners, four probands are members of
the youth national team and won medals in youth categories of the Championship of the Czech
Republic. The number of kilometres completed by running by the tested group of runners reached
2092 £ 492 km per year. The tested probands had experience in taking load tests, of the same
type as in case of our experiment. The author of the present paper has no conflict of interest in
connection with this study. The research was performed with consent of the Ethics Committee,
Faculty of Education, University of South Bohemia, Ref. No.: 001/2018. All procedures conducted
within the study comply with ethical standards of the Institutional Research Committee and the
Helsinki Declaration.

Protocol

In the course of the study, probands of the both sports disciplines were tested using two different
ergometers, i.e. running and bicycle ergometers. All probands underwent a test on both ergometers,
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with a three-day interval between the tests. The three-day interval enabled the probands to recover
after the first test to an adequate extent, while eliminating different results due to a worse or better
performance after the second test. Importantly, the probands undertook the test on the same level
of physical and mental tiredness: for this reason, the same training plan was set up before both
tests. The possibility of influencing the results due to different levels of tiredness was also eliminat-
ed by a “plan with cross-classification and repetition of measurement” (Hendl, 2004). The plan with
cross-classification consisted in random division of the runners’ and cyclists’ group into two halves,
whereas the first half undertook the first test on a running ergometer and the other half was tested
on a bicycle ergometer. The parameters examined included values VO2max, Vr, VE, HRmax, BF and
WRmax. Resultant values were compared between the ergometers and both groups.

The maximum functional parameters were determined by means of a progressed-load test up to
“vita maxima”. The running ergometer test was preceded by a four-minute running warm-up at the
speed of 6 km.h"" and a subsequent two-minute break. The initial speed of the treadmill was set up
individually according to the test results conducted three months before, and increased by 1 km.h"’
every minute until the test was stopped by the proband himself. Throughout the test, the constant
inclination was set up at 5%. The test was followed by a three-minute walking phase at the pace of
4 km.h"; this phase does not affect test results.

A two-minute cycling warm-up with resistance of 25 W and the cadence of 80-100 n.min"" preced-
ed the test on a bicycle. All 10 cyclist as well as runners were tested 3 months before our study so
the initial resistance of the test itself was set up in line with the individual fithess level of the given
proband (approximately 2.5 W.kg') and increased by 20 W every minute until the test was terminat-
ed by the proband himself. The same protocol is applied e.g. by Bahensky, & Malatova (2018). The
cadence during the test stood at 98—102 n.min". The “cool-down” phase with resistance of 25 W
and cadence of 60 n.min'followed the termination of the test; this phase does not affect test results.

Statistical analysis

Material significance of differences in values gained on both ergometers was determined by Cohen’s
d, which can be applied to evaluate the effect between two independent variables (Blahu§, 2000). The
size of coefficient d was established according to Hend| (2004), specifically as follows:

*+ d=0.80 - large effect,
« d=0.50to 0.80 — medium effect,
+ d=0.20to 0.50 - slight effect.

The values were compared also in terms of statistical significance, using t-test at the level a = 0.05.

Results

Table 1 presents resultant parameters of runners on both ergometers. Runners achieved larger
values of VO2max in running; this difference is materially significant, with a large effect (d = 0.903).
The statistical importance of the difference in parameter VO,max was also proven (p < 0.01). Pa-
rameter Vr was found to reveal a materially significant difference (d = 0.325) in favour of the bicycle
test. The difference of Vr values was statistically insignificant. Runners reached higher VE values in
running. The difference of VE values is materially significant, with a medium effect (d = 0.614). Sta-
tistical significance was not proven. Breathing frequency in runners was greater in case of the test
on a running treadmill, with a materially significant difference (d = 0.541), yielding a medium effect.
Statistical significance was not proven. The difference of values of HRmax in runners was materially
(d = 0.656) and statistically (p < 0.05) significant, in favour of the running treadmill. As to parameter
WRmax, runners achieved larger values when running on the running treadmill. The difference was
both materially (d = 1.115) and statistically (p < 0.01) significant.
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Table 1 Resultant values of runners on the running treadmill and bicycle

V02max VT VE BF HRmax WRmax
[ml.min'.kg"] 1] [l.min-] [n.min™"] [n.min7"] [W]
Running ergometer 606+4,2 |234+£05|14345+11,1| 63,8+11,4 | 196 + 8,1 402 + 68,9
. 56,60 +
Bicycle ergometer 56,0+5,3 |2,52+0,5|135,68+ 12,7 136 189+ 10,2 | 334,5+ 37,3

VO2max: Maximum oxygen uptake; Vr: Tidal volume; VE: Pulmonary ventilation during exercise; BF: Breathing
frequency; HRmax: Maximum heart rate; WRmax: Maximum work rate

Table 2 shows resultant values of cyclists on both ergometers. Cyclists reached greater values of
VO2max in the bicycle ergometer test; the difference of the values is both materially (d = 0.923), and
statistically (p < 0.01) significant. In the case of parameter Vr, a materially (d = 0.871) and statisti-
cally (p < 0.01) significant difference between both ergometers was determined. The difference of
the values as to parameter VE was materially significant (d = 0.795), with medium effect. Statistical
significance was not proven for this parameter. Parameter BF was not found to have a materially or
statistically significant difference between both ergometers in the cyclists. The difference of values
of parameter HRmax was not statistically or materially significant in cyclists. Cyclists achieved higher
WRmax values in riding a bicycle ergometer. The difference of values between the ergometers was
materially (d = 1.543) and statistically (p < 0.01) significant.

Table 2 Resultant values of cyclists on the running treadmill and bicycle

VOZmax VT VE B F H Rmax WRmax
[ml.min.kg] 1] [l.min] [n.min"] [n.min] [W]
Running 56,6 + 5.1 251+04 | 156,80 +132 | 633+96 | 1952+89 | 411,1+364
ergometer
Bicycle 613+44 | 290+04 | 17213+222 |615+115| 1955+89 | 4732+ 39,7
ergometer

VO2max: Maximum oxygen uptake; V-: Tidal volume; VE: Pulmonary ventilation during exercise; BF: Breathing
frequency; HRmax: Maximum heart rate; WRmax: Maximum work rate

Discussion

Both ergometers reveal differences in measurement results (Bunc, 2012); our results confirm this as-
sertion. The research of Pannier, Vrijens, & Van Cauter (1980) and Verstappen, Huppertz, & Snoeckx
(1982) revealed statistically higher values of runners in case of the test on a running ergometer.. Also
in the research of Basset & Boulay (2000), groups of triathlets, runners and cyclist had significantly
(P<0.05) higher values of VO2max on the treadmill compared with the cycle ergometer; our data com-
ply with this assertion for runners group. All of the ten participants of the study in the runners’ group
reached higher values of VOzmax on the running ergometer, specifically by a significant value of 8.21%.
Contrariwise, cyclists were found by Rimak, Fiala, Kunzova, & Karovsky (2012) to reach higher val-
ues of the maximum oxygen consumption in the test on a bicycle ergometer, specifically by 12%. All
of the ten participants of the study in the cyclists’ group accomplished higher values of VO2max when
riding the bicycle ergometer. The value of VO2max was higher by 8.30% at the average on a bicycle
ergometer in case of cyclists.

We anticipated that, due to the specificity of the load, cyclists would reach higher values of VO2max
when riding the bicycle, when compared with the runners on a treadmill; however, a greater differ-
ence was expected for runners, not cyclists. We proceeded from the theory that running — which is
included in most sports preparations — would not present as a big problem for cyclists as a bicycle
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riding technique for runners. The reason for the greater difference between values of VO2max could
consist in the fact that cyclists might not have coped with higher speed of the running treadmill, that
reason not being the exhaustion of the respiratory, circulatory and metabolic systems. This issue is
addressed e. g. by Bartankova et al. (2013).

Our resultant values of VO2max comply with the studies of Macek, & Radvansky (2011) and Verstappen,
Huppertz, & Snoeckx (1982). Top sportsmen achieved higher values of VOzmax under their specific load.

Runners accomplished higher Vr values when riding a bicycle, i.e. by 7.96%. The lower Vrmay have
been caused by a poorer coordination of the upper torso when running at higher speed, with the
result of worse breathing stereotype and breathing economy. An explanation may also be found in
the engagement of abdominal muscles in running: these muscles are engaged to a great extent in
inspiration. These muscles may tire during running, whereby decrease the value V+ and the overall
breathing economy.

The difference between Vr values was even more distinct in cyclists than in runners. Cyclists
achieved higher values by 15.88% in riding on a bicycle. These results may contribute to the theory
mentioned above in the case of runners. When running at higher speed, the problems with body
coordination may be even more noticeable in cyclists; as a result, this may evidently disrupt their
breathing stereotype. The breathing stereotype may, however, be influenced by targeted training
(Bahensky, Malatova, & Bunc 2019).

In the study of Tanner, Duke, & Stager (2014), 22 trained males underwent a progressed-load test
up to maximum on two ergometers, running and bicycle. Ve did not differ between the individual
ergometers. Our results do not tally with the above study. The resultant Ve values in runners, de-
spite the lower Vr, were higher on a running ergometer, specifically by a materially significant value
5.73%. The lower V+r was compensated in runners by the higher BF, which was larger on a running
ergometer by 12.72%. Cyclists achieved higher values Ve in the test on a running ergometer, specif-
ically by 9.78%. The difference between BF was not significant in the case of cyclists.

Runners reached higher values of HRmax on a running ergometer. This result may be explained by
the engagement of larger muscle groups in running and most probably also by a higher work inten-
sity, in a sports activity structurally the same or similar to the sport practised by the given individual.
The difference between values of HRmax was not significant in the case of cyclists. This might be
explained by the above theory proclaiming a higher number of engaged muscle groups, and also a
great probability of reaching HRmax in a sports activity that is the same in terms of structure as that
in the sport pursued by the given individual.

Runners were found to achieve higher values of WRmax on a running ergometer, contrariwise, these
values were higher in cyclists on a bicycle ergometer. The difference for runners and cyclists was
20.18% and 15.11%, respectively.

Conclusion

Our study proved that the appliance used does influence the value of VOzmax in the case of using
a running ergometer and a bicycle ergometer for runners and cyclists. All of the ten participating
runners were found to achieve a higher value of VO2max in the test on a running ergometer. All of the
ten participating cyclists were found to a higher value of VO2max in the test on bicycle ergometer. As
a consequence of a poor coordination at higher speed of running and a more considerable engage-
ment of abdominal muscles, the breathing stereotype may be disrupted and Vrvalue may decrease.
Runners and cyclists alike achieved higher Vrvalues in running on a bicycle ergometer. Higher
values of VE and WRmaxwere reached by both runners and cyclists in the test when it came to their
specific activities. The difference in parameters BF and HRmax was significant only in runners, who
achieved higher values when running. It is suitable to test highly trained sportsmen on an appliance
on which the nature of the physical activity performed comes as closest as possible to that in the
sportsmen’s specific load.
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ABSTRACT

Purpose: Change of direction speed (CODS) and reactive agility (RAG) are important qual-
ities in futsal, but studies rarely examined the predictors of these conditioning capacities
in players of advanced level. This study aimed to evaluate predictive validity of certain an-
thropometric and conditioning capacities in evaluation of futsal specific CODS and RAG in
top-level players.

Methods: The sample comprised 54 male players from Croatia and Bosnia and Herzegovina,
members of teams competing at the highest national rank, including national champions for
the 2017-2018 competitive season in both countries. The variables comprised set of pre-
dictors (body mass, body height, triceps skinfold, reactive strength index [RSI], sprint 10 m
[S10M], and broad jump [BJ]; and four criteria: futsal specific CODS and RAG, performed
with and without dribbling (CODS_D, CODS_WD, RAG_D, RAG_WD). To identify the asso-
ciation between variables Pearson’s correlation and multiple regressions were calculated.
Results: Observed predictors explained statistically significant (p < 0.05) percentage of vari-
ance for all four criteria (Rsq: 0.28, 0.30, 0.23 and 0.25, for CODS_WD, CODS_D, RAG_WD,
RAG_D, respectively). Body mass was significant predictor for all criteria (Beta: 0.35-0.51),
with poorer performances in heavier players. In both performances which involved dribbling,
significant predictors was RSI (Beta: —-0.27 and —-0.31 for CODS_D and RAG_D, respective-
ly), with superior performances in players with better RSI. The S10M and BJ were not identi-
fied as being significantly correlated to studied RAG and CODS performances.

Conclusion: Study confirmed specific influence of studied predictors of futsal specific CODS
and RAG with consistent negative influence of body mass on studied performances. Almost
certainly this can be explained by specifics of RAG and CODS execution. Specifically, tests
are performed over relatively small distances, with several changes of direction, which clear-
ly mimic the futsal specific performances. Although sprint performance is often observed as
important determinant of CODS and RAG, herein we did not confirm its predictive validity in
explanation of futsal specific CODS and RAG. Future studies should evaluate other poten-
tially important predictors of these capacities in futsal.

Keywords: prediction; multiple regression; conditioning capacities; pre-planned agility; non-
planned agility
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Introduction

Agility can be defined as the ability to rapidly change direction and speed of movement. It is a high-
ly complex quality, and differentiation between non-reactive agility (i.e. change of direction speed
— CODS), and reactive agility (RAG) deserves special attention. In brief, while CODS involves an
active change of direction speed, RAG is performed throughout a non-planned scenario to which
the athlete must respond to a specific visual or audio stimulus by performing a precise change of
direction as quickly as possible (Pojskic et al., 2018). Research has shown that CODS and RAG
are independent qualities. Specifically, the percentage of common variance of these two qualities
rarely exceeded 30% which indicate that RAG and CODS should be tested and trained separately
(Serpell et al., 2010).

Due to the diversity of agility maneuvers within a sport and between sports, agility components are
hard to develop in general (i.e. each type of agility requires specific exercises). Therefore, knowing
which factors directly influence agility could lead to specific training and the development of these
factors to improve different types of agility performances. However, most of the studies done so far
examined the factors associated with CODS, while there is a limited number of studies where au-
thors reported factors associated with RAG (Pehar et al., 2018; Sekulic et al., 2013). What is also
important, recent analyses confirmed the necessity of investigation of sport-specific testing proto-
cols in order to precisely accentuate the type of CODS and RAG which appears in sport of interest
(Pehar et al., 2018, Spasic et al., 2015).

Futsal is a sport that involves intermittent periods of high-intensity physical effort over two, 20-min-
ute periods per game, and research shows that agility appears to be a vital component to successful
play since sport requires sudden changes in movement patters, fast sprints, and rapid decision-mak-
ing to obtain or maintain ball possession (Teixeira et al., 2019). However, studies which specifically
examined agility in futsal are limited, while to the best of our knowledge no study so far directly
reported factors associated to CODS and RAG in this sport. Therefore, the aim of this study was
to evaluate predictive validity of certain anthropometric and conditioning capacities in evaluation of
futsal specific CODS and RAG in top-level futsal players.

Methods

The sample participants in this study comprised 54 male futsal players from Croatia and Bosnia
and Herzegovina (age: 25 + 4.1 years, body height: 182 + 5-8 cm, mass: 81 £ 12.3 kg), members
of teams competing at the highest national rank, including national champions for the 2017-2018
competitive season in both countries. The participants were selected based on the following criteria:
older than 18 years of age; free from injury or illness; and have regularly performed standard training
for at least three weeks prior the study. Goalkeepers were not included in this investigation.

The variables comprised set of predictors (body mass, body height, triceps skinfold, reactive strength
index [RSI], sprint 10 m [S10M], and broad jump [BJ]); and four criteria: futsal specific CODS and
RAG, performed with and without dribbling (CODS_D, CODS_WD, RAG_D, RAG_WD). Body mass,
body height, and triceps skinfold were measured by standard techniques and calibrated equipment.
The BJ (in cm) was measured using the standardized measuring mat (Elan, Begunje, Slovenia)
throughout three attempts and the best performance was used as the final result for each player.
The S10M (in 0.01 s) was evaluated by Muscle Lab timing gate (Muscle Lab, Norway), participants
performed three sprints with 2—3 minutes rest, and the best achievement was used as final result
for each player. The RSI (index) was derived from the height jumped in a 30-cm depth jump, and
the time spent on the ground developing the forces required for that jump, which was measured by
Optojump system (Microgate, Bolzano, Italy). The RAG and CODS performances were measured
by futsal specific protocols involving test executions with dribbling (CODS_D, and RAG_D), and
without dribbling the ball (CODS_WD, and RAG_WD) (Figure 1). In general, RAG tests were com-
menced throughout five-, and CODS tests throughout three-testing-trials, and the best result of each
participant for each test was used for statistical analyses (in 0.01 s).
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Figure 1 Testing of the futsal specific change of direction speed and reactive agility (a) with drib-
bling, and (b) without dribbling

Statistics included means and standard deviations, while the associations between predictors and
agility performances were evaluated by Pearson’s correlation coefficients, and multiple regression
calculations. The alpha level of < 0.05 was applied.

Results
Descriptive statistics for obtained variables are presented in Table 1. The CODS performances are

approximately 15% faster than corresponding RAG performances. Also, the performances with ball
are 13—-15% slower than corresponding performances that didn’t include dribbling.

Table 1 Descriptive statistics for obtained variables

Mean Minimum Maximum Std.Dev.
BH (cm) 182.66 168.00 197.50 5.86
BM (kg) 80.92 56.50 139.90 12.27
TrSF (mm) 10.71 3.90 25.20 4.60
BJ (cm) 238.45 195.00 279.00 19.74
RSI (index) 148.48 62.24 222.30 36.67
CODS_WD (s) 2.16 1.83 2.75 0.20
CODS_D (s) 2.54 2.04 3.24 0.26
RAG_WD (s) 2.47 212 3.18 0.26
RAG_D (s) 2.68 2.20 3.51 0.26

LEGEND: BH - body height, BM — body mass, TrSF — triceps skinfold, BJ — broad jump. RSI — reactive
strength index. CODS_WD - change of direction speed performed without dribbling the ball, CODS D
— change of direction speed performed with dribbling the ball, RAG_WD - reactive agility performed without
dribbling, RAG_D - reactive agility performed with dribbling
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Pearson’s correlation coefficients indicate significant correlation between body mass and RSI with
all observed agility performances. Similarly, triceps skinfold and BJ were significantly correlated with
three of four agility performances (Table 2).

Table 2 Pearson’s correlation coefficients between observed variables (* denotes statistical signifi-
cance of p < 0.05)

CODS_WD (s) CODS_D (s) RAG_D (s) RAG_WD (s)
BH (cm) 0.17 0.18 0.05 0.04
BM (kg) 0.41* 0.46* 0.34* 0.32*
TrSF (mm) 0.36* 0.33* 0.28* 0.22
BJ (cm) -0.29* -0.30* -0.30* -0.19
RSI (index) -0.40* -0.34* -0.33* -0.35*

LEGEND: BH — body height, BM — body mass, TrSF — triceps skinfold, BJ — broad jump. RSI — reactive
strength index. CODS_WD - change of direction speed performed without dribbling the ball, CODS_D
— change of direction speed performed with dribbling the ball, RAG_WD - reactive agility performed without

dribbling, RAG_D - reactive agility performed with dribbling

Table 3 Multiple regression results between predictors and agility-performances criteria (* denotes
statistical significance of p < 0.05)

Criteria
CODS_WD (s) CODS_D (s) RAG_D (s) RAG_WD (s)
Predictors Beta Beta Beta Beta
BH (cm) 0.10 0.09 0.1 0.04
BM (kg) 0.49* 0.51* 0.35* 0.37*
TrSF (mm) 0.20 0.18 0.14 0.10
BJ (cm) -0.11 -0.09 -0.12 -0.04
RSI (index) -0.12 -0.27* -0.11 -0.31*
R 0.52* 0.55* 0.48* 0.51*
Rsq 0.28* 0.30* 0.23* 0.25*

LEGEND: BH — body height, BM — body mass, TrSF — triceps skinfold, BJ — broad jump. RSI — reactive
strength index. CODS_WD - change of direction speed performed without dribbling the ball, CODS_D
— change of direction speed performed with dribbling the ball, RAG_WD - reactive agility performed without
dribbling, RAG_D - reactive agility performed with dribbling; Beta — standardized regression coefficient,
R — multiple correlation coefficient, Rsq — coefficient of determination

Observed predictors explained statistically significant (p < 0.05) percentage of variance for all four
criteria (Rsq: 0.28, 0.30, 0.23 and 0.25, for CODS_WD, CODS_D, RAG_WD, RAG_D, respective-
ly). Body mass was significant predictor for all criteria (Beta: 0.35-0.51), with poorer performances
in heavier players. In both performances which involved dribbling, significant predictors was RSI
(Beta: —0.27 and -0.31 for CODS_D and RAG_D, respectively), with superior performances in play-
ers with better RSI.

Discussion

Body mass was found significantly partially related to all CODS and RAG performances, with poor-
er performance in heavier players. The mechanism of (negative) influence of body mass on agility
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performances is relatively understandable, knowing the characteristic of the test performance. In
brief, the RAG and CODS tests used in this study involve several changes of direction, including
pre-planned and non-planned scenarios (for CODS and RAG, respectively). While all changes of
direction are performed after achieving highest possible velocities over distance of approximately
3 meters (see Figure 1 for details) it is understandable that higher body mass will negatively influence
the capability to effectively perform necessary change of direction, irrespective of its non-planned,
or pre-planned nature. Supportively, previous studies where authors investigated the predictors of
various agility performances noted similar associations between body mass and agility in basketball
players (Pehar et al., 2018).

A certain novelty of our study is the fact that this is probably the first study which confirmed neg-
ative influence of higher body mass on agility performances which include dribbling with the ball.
However, it is clear that association between body mass and performances which include dribbling
(CODS_D, RAG_D) are less pronounced than associations between body mass and less complex
agility performance (e.g. those which doesn’t involve dribbling the ball; CODS_WD, and RAG_WD).
This finding is almost certainly related to the overall influence of skill-level on studied agility perfor-
mances. In brief, the level of characteristic futsal skill greatly influences the level of performances
which involve dribbling, irrespective of other characteristics (i.e. anthropometrics) and capacities
(i.e. power, sprinting). Consequently, somewhat lower correlation between body mass with perfor-
mances which involve dribbling (RAG_D and CODS_D) is understandable.

Previous studies which investigated the predictors of different agility performances already highlight-
ed the theoretical importance of different forms of RSl in explaining the variance of CODS and RAG.
Specifically, Pehar et al. in recent study noted the importance of this quality in explaining basketball
specific CODS and RAG, while Young et al. noted superior agility in Australian-rules football players
who had better RSI (Pehar et al., 2018; Young et al., 2015). This association is explainable knowing
the physiological basis of RSI, and similarity of this muscular capacity with agility performances. In
short, RSl is the ability to efficiently switch between eccentric and concentric muscular contractions,
or in other words — the ability to efficiently perform plyometric activities). Physiologically, the stretch
shortening cycle results in more powerful contractions than purely concentric action (Flanagan
& Comyns, 2008) The stretch shortening cycle that occurs in the eccentric part of plyometric per-
formance increases the excitability of proprioceptors (mostly the Golgi tendon organ and muscle
spindle) and results in an optimal reaction of the neuromuscular system, which naturally contributes
to better agility performance as well (Sattler et al., 2015).

Although previous studies regularly noted the importance of sprinting and horizontal jumping on
CODS and RAG performance (Sekulic et al., 2013), in our study neither S10M, nor BJ were found
as significantly related to futsal specific CODS and RAG. Two explanations are plausible in defining
the differences in findings between our results and those obtained previously. First, RAG and CODS
tests in this study involved performances over relatively short distance, and several changes of
directions (see Figure 1 for test dimensions). Therefore, although horizontal displacement capacity
(i.e. sprint, horizontal jump) may theoretically be beneficial in RAG and CODS, the test dimensions
actually decreased the influence of both S10M and BJ on studied agility-performances. Second, all
variations of the RAG and CODS tests observed here were relatively complex. Consequently, the
influence of “energetic capacities” (i.e. power, sprint) is logically lower than influence of some quali-
tative physical capacities (i.e. coordination).

Conclusion

The study highlighted importance of players’ body mass and RSl on RAG and CODS performances.
In general, the most superior RAG and CODS performances are expected of those players who
have relatively low body mass and good RSI. However, while body mass was found as significant
predictor of all studied performances, the RSI significantly influenced RAG and CODS which in-
volved dribbling with the ball. These information should be disseminated to strength and conditioning
coaches working with futsal players. This is particularly important knowing that sprinting and hori-
zontal jumping (i.e. power-related capacities) were not evidenced as significant predictors of studied
futsal specific RAG and CODS, while most of the strength and conditioning programs actually aim
toward development of these capacities as a way of improvement of various agility performances.
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ABSTRACT

Global popularity of football (soccer) has led to implementation of scientific and technolog-
ical knowledge in its everyday use. One of such things that has been expanding in recent
years is the application of various technologies for monitoring running performance during
trainings and matches. The aim of this study was to evaluate match running performance of
professional football/soccer players during official matches by using global positioning sys-
tem (GPS) technology, and to compare it among playing positions.

One hundred and one match performance of “Hajduk” team in 14 matches of Croatian
Football League season 2018/2019 were used for this study. The activities of the players
were monitored using GPS technology (Catapult S5 and X4 devices, Melbourne, Australia)
with a sampling frequency of 10 Hz. Total distance covered, distance in different speed cat-
egories, total and high intensity accelerations and decelerations were analyzed for players
in five different playing positions: central defenders (n=26), full-backs (n=24), midfielders
(n=33), wingers (n=10), and forwards (n=8). Additionally, running performances were cor-
related with InStat index, regular performance indicator which is calculated on the basis of
unique set of key parameters for each position (12 to 14 factors).

Average total distance covered during match was 10.3 km, with midfielders covering larg-
est (11.1 km) and central backs covering smallest average distance (9.3 km). Playing po-
sitions differed significantly in high intensity running (F-test = 21.97 and 18.84, p < 0.01
for 20-25 km/h and > 25 km/h, respectively). The side positions (wingers and full-backs)
covered highest-, while central defenders covered lowest-average distance (914, 775, and
376 m, respectively). The wingers had highest number of high intensity accelerations and
decelerations (> 3 m/s?; F-test = 16.56 and 17.98, p < 0.01, respectively). Central defend-
ers had largest number of average accelerations and decelerations (> 0.5 m/s?; F-test
= 6.57, and 15.26, p < 0.01, respectively). InStat index was not correlated with data ob-
tained by GPS measurement.

Results from this study indicate that running demands differ depending on playing positions
so these findings should be applied in creating training plan and program. Future studies
should evaluate data from multiple teams for getting more applicable findings.

Keywords: running performance; soccer; accelerations; decelerations

Introduction

Football (soccer) is a highly complex team sport of changing dynamics and multistructural movements
played by two teams, each consisting of 10 outfield players on various positions and a goalkeeper
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(Kubayi & Toriola, 2018). While the final team achievement directly depends on performance of all 11
players there is a clear necessity for reliable and accurate evaluation of players’ performance achieve-
ment. Not surprisingly, the performance analysis takes crucial place in overall evaluation of players’
performance (Christopher Carling, Williams, & Reilly, 2007). Global popularity of football has led to
implementation of scientific and technological knowledge in its everyday use, and this is particularly
evident within the field of performance analysis.

The global positioning software systems (GPS) is one of the measurement tools which has been
found as highly applicable in football and consequently used by many teams around the globe
(Ehrmann, Duncan, Sindhusake, Franzsen, & Greene, 2016). In brief, GPS allows collecting data
about players’ running performance such as total distance covered, distance covered at different
intensities, number of accelerations and decelerations etc. Studies done so far provided evidences
about significant differences among playing positions in running at different intensities with midfield-
ers covering the largest distance of all playing positions and wingers performing most high-intensive
sprints (Mallo, Mena, Nevado, & Paredes, 2015). Further, match running performance in Brazilian
professional football players determined that winning teams, home playing teams and teams that
plays against “weaker” opponents had higher total distance covered (Aquino et al., 2020).

The game performance indicators are another important set of variables which allow evaluation of
overall performance in football. Game performance indicators are defined as the selection and com-
bination of variables that define some aspect of performance and which help achieve athletic suc-
cess (Lago-Pefias & Lago-Ballesteros, 2011). Nowadays, numerous video based platforms which
track the performance indicators of football players are available (i.e. InStat, Optasport, Wyscout).
Generally, the platforms quickly and accurately provide a large range of data about game perfor-
mance indicators, allowing the simultaneous analysis of physical efforts, movement patterns, and
technical actions of players, with and without the ball (Chris Carling, Bloomfield, NELSON, & Reilly,
2012; Dellal et al., 2011).

The aim of this study was to: (i) evaluate running performances, and game performance indicators,
and (ii) to evidence possible associations which may exist between these two sets variables in pro-
fessional football players. Additionally, we compared running performances and standard football
performance variables.

Methods

Twenty professional adult soccer players volunteered to participate in this study. Ninety-six match
performance were used, all data were collected during 14 matches of Croatian Football League
season 2018/2019. Players (mean £ SD, age: 23.85 + 2.88 years; body height: 183.05 + 8.88 cm;
body mass: 78.69 + 7.17 kg) were classified in five different playing positions regarding their role in
the playing formation of the team: central defenders (n=25), full-backs (n=23), midfielders (n=32),
wingers (n=9), and forwards (n=7).

Variables in this study were two sets of football performance variables (running performance, and
game performance indicators), and final game outcome (lost, draw, win). Running performances of the
players were collected by GPS technology (Catapult S5 and X4 devices, Melbourne, Australia) with
a sampling frequency of 10 Hz. Variables included: total distance covered (m), distance in different
speed categories — (I) walking (< 7.1 km/h), () jogging (7.2—14.3 km/h), (Ill) running (14.4-19,7 km/h),
(IV) high speed running (19.8-25.1 km/h) and (V) maximum sprint (> 25.2 km/h), total accelerations
(>0,5 m/s?), high intensity accelerations (> 3 m/s?), total deceleration (< [-] 0,5 m/s?) and high intensity
decelerations (< [-] 3 m/s?).

Game performance indicators of each player were collected by InStat index (Instat, Moscow, Russia).
The InStat index is generally calculated on the basis of unique set of key parameters for each position
(12 to 14 performance parameters, depending on the position in game), with the higher numerical
value indicating better performance.
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The normality of the distributions was checked by Kolmogorov-Smirnov test, and data are presented
as the means + standard deviations. Differences between playing positions in running performances
and InStat index were tested with one-way analysis of variance (ANOVA). When a significant differ-
ence occurred, Scheffe post-hoc tests were used. The associations between running performances
and InStat index were evaluated by Pearson’s correlation.

For all analyses, Statistica 13.0 (TIBCO Software Inc, USA) was used, and a p-level of 95% was
applied.

Results

Total distance covered during a match averaged 10307.6 + 935.4 m with CD having shortest (sig-
nificant post-hoc differences when compared to FB, CM, WM) and CM having greatest covered dis-
tance (significantly different from CD, FB, WM, FW) (Table 1). Distance covered at different speed
differed significantly in relation to playing positions, except the distance covered with the lowest
intensity (< 7.1 km/h). CM covered greatest distance while jogging (7.2—-14.3 km/h; significantly
different from CD, FB, WM, FW). CD had shortest distance covered in running (14.4—19.7 km/h;
significantly different from FB, CM, WM ), submaximal sprint (19.8-25.1 km/h; significantly different
from FB, CM, WM, FW) and sprint (> 25.1 km/h; significantly different from FB, WM). CM and WM
covered greatest distance by running (significantly different from CD, FB, and FW; and CD and FW
respectively). Players on side positions, WM and FB, had greatest distance in two fastest zones
— high speed running (significantly different from CD, CM, FW and CD respectively) and sprint (sig-
nificantly different from CD, CM, FW). (Table 1)

The players had on average 717.2 + 74.2 accelerations and 675.1 + 70.3 deccelerations. FW car-
ried out least number of accelerations (significantly different from CD, FB, CM) and decelerations
(significantly different from CD, FB, CM, WM) while CD carried out the most accelerations and
decelerations (significantly different from FW). The average number of high intensity accelerations
and decelerations by player during the game was 3.2 + 2.7 and 11.4 + 6.3 respectively. WM carried
out most hight intensity accelerations (significantly different from CD, FB, CM) and decelerations
(significantly different from CD, FB, CM, FW) per game (Table 2).

Table 1 Distance covered (m) at different speeds, with differences among playing positions (data
are presented as Means £ Std.Dev if not indicated otherwise)

Position w J R HSR S D
3856 * 88.1 %
CcDh 4056.4 + 371.5 387 7 1000.3 £+ 201.6 288.8 £ 65.1 61.2 9292.2 +601.6
4004.2 = 538.6 + 237
FB 4312.3 + 338.6 3590 7 1335.2 £230.3 135.1 99.3 10431.2 +541.8
4598.7 488.1 £ 122.5
CM 4262.6 + 345.4 478.9 1673.3 £229.5 139.5 70.3 11150.9 £ 644.9
WM 4087.9 £ 201.4 3571 1529.8 £+ 1241 644 £+ 111.3 2704 £ 10283 £ 285.5
3421 65.1
FW 4538.6 +445.4 34‘712;56 * 1136.7 £ 170.9 440.4 £ 85.7 135%'21 9705.6 + 707.2
4099.3 + 4594 + 156.1
Average 4224.5+9354 545 6 1354.4 £ 341.4 160.8 98.9 10307.6 + 935.4
ANOVA F =3,68* F=17.65* F = 39.06* F=21.97* 1£|3:53=4* F =36.9*

LEGEND: W — walking, J — jogging, R — running, HSR — high speed running, S — sprint, TD — total distance
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Table 2 Accelerations and decelerations with differences among playing positions (data are presented

as Means + Std.Dev if not indicated otherwise)

Position ACC DEC HIA HID

CcDh 7429 +57.3 715+ 52.4 2419 6.2+2.9
FB 711 £67.5 671.4 +57.1 3.3+1.6 13.3+4.9
CM 733.6 +73.6 681.8 £ 56.7 19+£23 11.6+59
WM 687.9 + 36.3 662.2 + 38.9 74+24 214+54
FW 607.9 £ 90.2 531725 6.1+3.1 10.7 £ 3.2
Average 717.2+74.2 675.1+70.3 3.2+27 11.4+6.3
ANOVA F=6.57* F =15.26* F =16.56* F=17.98*

LEGEND: ACC — accelerations, DEC — decelerations, HIA — High intensity accelerations, HID — high intensity
decelerations

Data obtained by InStat index were not correlated with running performances (Pearson’s correlation:
Total distance 0.06; Walking —0.03; Jogging 0.02; Running 0.16; High speed running 0.03; Sprinting
0.01; Accelerations —0.03; Decelerations —0.1; High intensity accelerations 0.18; High intensity de-
celerations 0.04; all p > 0.05).

Discussion

We have found significant differences in running performance among playing positions, and our
results are generally in agreement with previous studies which investigated these issues in English
Premier League, Spanish first division, Italian Seria A, French League 1, Brazilian first division
(Barros et al., 2007; Bradley et al., 2009; Dellal et al., 2011; Di Salvo et al., 2007; Vigne, Gaudino,
Rogowski, Alloatti, & Hautier, 2010). Considering the different tactical roles for different playing po-
sitions in football game, recent researches confirm that distance covered during the match appears
to be related to playing position (Aquino et al., 2020; Dellal et al., 2011; Di Salvo et al., 2007; Vigne
et al., 2010). Specifically, our results support previous findings obtained in Brazilian first division,
where authors noted that total distance covered by FB, CM and WM were greater than those of CD
and FW (Barros et al., 2007). Supportively, the lowest total distance in our study is evident for CD
(9292m in average). At the same time, CM covered significantly more distance than players in all
other positions (11150 m, in average), which is known to be related to specific playing duties (i.e.
CM is responsible for connection between defense and attack and such tactical roles enable them
to make greater distance) (Di Salvo et al., 2007; Vigne et al., 2010).

In general, total distance covered is not the factor which distinguishes Croatian players from those
playing in elite European divisions. In short, previous studies done in Spanish and English top divi-
sions indicated 10.7 km as an average value of total distance covered, while our results indicated
less than 4% lower total distance covered in Croatian highest division (Bradley et al., 2009; Mallo et
al., 2015). On the other hand, there is an evident difference in intensities of running. More precisely,
while studies noted that elite football players cover 10% of total distance in high intensity (Andrze-
jewski, Chmura, Pluta, & Konarski, 2015), our results indicated that Croatian players perform 6.4%
in high intensity running.

High intensity activities are usually known as all activities with running speed of 19.8km/h and above.
The distance covered at high intensities has been traditionally identified as a key performance in-
dicator of physical match performance (Mohr, Krustrup, & Bangsbo, 2003) and one of the crucial
elements of success in football (Di Salvo, Gregson, Atkinson, Tordoff, & Drust, 2009). Our results
showed that highest amount of high intensity running (high speed running + sprint running) is cov-
ered by WM, while the CD have lowest values for these indicators. This is consistent to previous
investigations where authors evidenced such results for English Premier League and Spanish first
division (Bradley et al., 2009; Dellal et al., 2011; Di Salvo et al., 2007; Mallo et al., 2015).
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It is known that external players (e.g. WM and FB) perform significantly more sprints then central
playing positions (Di Salvo et al., 2007). Supportively, our results showed that greatest sprint dis-
tance was covered by WM and FB. However, despite similar differences among playing positions
between our and previous studies, values on high intensity running in Croatian players are evidently
lower than those from best European national competitions (Bradley et al., 2009; Mallo et al., 2015).
More specifically, mean high intensity distance covered among all playing positions in English Pre-
mier League is 936m, in Spanish first division authors reported average of 821m and, while in here
studied Croatian first division average value of high intensity running was 615m. Collectively, this is
another indicator that Croatian first division players actually perform at lower game pace than their
colleagues from best European divisions.

Highest number of accelerations and decelerations in our study was evidenced for CD, and lowest
for FW, which is consistent with some similar researches on friendly matches in Spanish first division
(Mallo et al., 2015). Specifically, one of most the important tactical roles of FW is to keep the ball
possession in central position, so it is typical that FWs don’t cover the large distance. On the other
hand, CD must be constantly prepared for defensive reaction and while trying to find appropriate
positioning, they frequently change running directions, but also even the types of running (i.e. frontal
running in order to make defensive line to catch opposing players offside, lateral shuffles to take bet-
ter position versus FW). This certainly result even in high number of accelerations and decelerations
for these players. However, considering to the kind of units accelerometer and the way that data
are mathematically treated, it could have a significant effect on the calculation of accelerations and
decelerations, which actually limits the comparability between different studies (Mallo et al., 2015).
Specifically, while the capacity to accelerate and decelerate plays a critical role in elite football as
it represents high energy demanding activities, the determination of accelerations might still have
unresolved methodological issues (Mallo et al., 2015).

Correlation between running parameters and InStat Index was not found. As InStat index is affect-
ed by game performance indicators that are specific (i.e. different) for each playing position, these
findings are not surprising. In further researches these implications should be analyzed specifically
for each playing position.

Conclusion

The results of this study confirmed previous finding on this theme and showed that physical de-
mands of football game vary between playing positions and should be taken into consideration by
coaches and practitioners in creating specific training plans. We previously stated that high intensity
activities are crucial elements of success in football, but regarding to these findings, it seems that
efforts in running zone are crucial among CD position. Furthermore, number of accelerations and
decelerations have proven to be very important for CD, while high intensity accelerations and decel-
erations are performed most by WM. As mentioned before, correlations between game performance
indicators and running parameters should be studied for each position separately.
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ABSTRACT

Purpose: Finding the balance between the training, the competition, and recovery is a crucial
component for maximal sports performance. A huge range of sport recovery methods is pre-
sented as an important part of training programs. In recent years, there has been an increas-
ing interest in using the contrast water immersion and massage and its effect on subsequent
muscle function. Recent studies have shown that the contrast water immersion affects the
maximal force, which can be useful for subsequent repeated performance. This study aims
to investigate the differences between using immediate mechanotherapy and contrast water
immersion on cycling performance.

Methods: Eight physically active male participants (age 27.1 £ 2.32 years; body mass
77.38 £ 5.43 kg; body height 1.78 £ 0.05 m; body fat 10.12 + 2.23 %; maximum heart rate
182 £ 4 beats'min™'; VOzmax 47.92 £ 7.16 mL.kg'.min") volunteered and gave written in-
formed consent to participate in this study. Participants completed three trials, each sepa-
rated by one week. Each trial consisted of two “all-out” exercise bouts (30-20-10 s) against
the load resistance of 0.07 kg/body weight. Three minutes recovery phase was between
the “all-out” exercise bouts (1 W/kg; a pedal rate of 70—75 rpm). Following this, the selected
recovery strategy was applied for 24 minutes (PAS-passive recovery, MT-massage therapy,
CWI-contrast water immersion). The effect of recovery was assessed through changes in
performance parameters, blood lactate concentration, and blood gases analyses.

Results: The results obtained from the analysis showed positive statistical significance differ-
ence between using PAS vs. MT (p = 0.0313) and PAS vs. CWI (p = 0.0441) for peak power.
Interestingly, there were similar differences in fatigue index when we had compared PAS vs.
MT and PAS vs. CWI. A decrease in lactate levels overtime was the highest for CWI.
Conclusion: The results of this study indicated that CWI and MT could be considered as
a useful method in sports recovery. The results of this research support the idea that passive
recovery is not the right way of recovery, especially when the athletes expect subsequent
performance. Future trials should assess the impact of water temperature and different mas-
sage techniques on performance and also for subjective feelings of athletes.

Keywords: anaerobic performance; blood lactate; sports recovery; massage therapy

Introduction

In the last few years, there has been a growing interest in sports recovery not only for performance
enhancement but also for injury prevention. A large and growing body of literature has investigated
numerous passive and active recovery methods, such as massage therapy, cold water immersion,
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cryotherapy, contrast water immersion, compression therapy, deep water running, stretching, elec-
tromyostimulation, hyperbaric oxygen therapy or carbohydrate replenishment (Barnett, 2006; Leed-
er, Gissane, van Someren, Gregson, & Howatson, 2012; Nelson, 2013; Struhar & Kumstat, 2017;
Struhar, Kumstat, & Kralova, 2018; Versey, Halson, & Dawson, 2013; Kumstat, Rybafova, Thomas,
& Novotny, 2016). However, a significant problem with the recovery type is using in a real sports prac-
tice because of the economic burden or availability recovery techniques. Sports training and competi-
tion may usually decrease the next performance. This physiological consequence of intensive physical
activity can last hours even days which create a situation when the athlete is not able to train at the re-
quired intensity. The imbalance between the proper recovery and training stress can lead to functional
or non-functional overreaching or overtraining syndrome. Not only anecdotal evidence also proved to
decrease physical performance, but also dysfunction of pathways and response in inflammatory and
metabolic systems (Meeusen et al., 2013).

Some methods, like cryotherapy or electro-myostimulation are challenging to perform in the immedi-
ate phase of recovery. For this reason, it is essential to find alternatives which are not so expensive
and time- consuming and also not required the unique proprieties. In recent years, there has been
an increasing interest in contrast water immersion (CWI) which means alternating immersion in hot
and cold water. The protocols of CWI usually consists of 0.5-3 min in one temperature followed by
the same time in contrast temperature (Coffey, Leveritt, & Gill, 2004; D. Higgins & Kaminski, 1998;
Vaile, Halson, Gill, & Dawson, 2008). The temperatures vary from 10 to 16°C for cold water and
40 to 46°C for hot water. The exact mechanism of CWI remains uncertain. Firstly, alternating warm
and cold water is one of the key factors. Immersion of body part into the hot water evokes superficial
vasodilation while cold water immersion is often associated with vasoconstriction. CWI reduces the
inflammatory process and also alleviates acute pain after intense physical activity.

Another standard recovery method is massage because of its simplicity of use. However, the main
effects are still unclear and often under investigation of sports scientists (Best & Crawford, 2017;
Joseph, Hancharoenkul, Sitilertpisan, Pirunsan, & Paungmali, 2018; Resnick, 2016). Massage is
often used to decrease pain and to alleviate delayed of muscle soreness. It is essential to mention
that classical or sports massage do not statistically increase the blood flow, which is often described
as the main effect of massage therapy (Hinds et al., 2004). However, the findings from the study
of Crane (Crane et al., 2012) proved that massage attenuated the production of the inflammatory
cytokines and interleukin-6 (IL-6). Subsequently, that is the real evidence that the massage can be
considered beneficial by reducing inflammation for athletes.

The main aim of this investigation is to assess the effect of immediate mechanotherapy and CWI on
cycling performance.

Methods
Participants

Healthy physically active male participants (age 27.1 £ 2.32 years; body mass 77.38 + 5.43 kg;
body height 1.78 + 0.05 m; body fat 10.12 + 2.23 %; maximum heart rate 182 + 4 beats-min”;
VO2max 47.92 £ 7.16 mL-kg™'-min-") volunteered and gave written informed consent to participate
in this study. Participants had the right to withdraw from the study at any time. Prior to undertaking
the investigation, ethical clearance was obtained from the Research Ethics Committee of Masaryk
University. Exclusion criteria included athletes with (a) potential medical health problems (b) ortho-
pedic history of back, knee and ankle in the six months preceding the study (c) taking drugs related
to performance enhancement

Participants were asked to refrain from alcohol and caffeine products and strenuous exercise for
the 24 h prior testing day. However, we advised continuing their normal levels of physical activity.
Participants were all recreationally active (running, cycling, and tennis) and were familiar with the
experimental testing methods used in the study.
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Study design and ethical aspects

The study evaluated the effectiveness of three frequently used selected recovery strategies on
subsequent cycling performance. Participants performed the three experimental trials carried out
at the same time of day separated by seven days. One week before the study, age, body height,
and weight were recorded, and participants performed a familiarization trial on a cycle ergometer
(Lode Excalibur Sport). They also performed a shortened example of recovery strategies (passive
recovery, massage therapy, and contrast water immersion). All experimental measurements were
conducted in the Human Performance Laboratory of Faculty of Sports Studies.

On the day of testing, the participant randomly chose one type of recovery strategy without know-
ing the type. The testing protocol (Test I., Test Il.) started with lactate (LA) and blood gases (BG)
measurements. After initial testing biochemical parameters, the ergometer seat height was adjust-
ed, so the participant’s legs had approximately 2—-5° bend in the knee at leg extension. The test
started with the warm-up phase (1 W/kg; a pedal rate of 70-80 rpm). Following this, the participant
was instructed to pedal three times “all-out” exercise bouts (30-20-10 s) against the load resist-
ance of 0.07 kg/body weight. Three minutes recovery phase was between the “all-out” exercise
bouts (1 W/kg; a pedal rate of 70-75 rpm). Finally, LA activity and BG analyses were measured
after the last “all-out” exercise bout. In the follow-up phase of the study, the selected recovery
strategy was applied for 24 minutes. After the recovery strategy, the same testing protocol was
repeated (without the recovery strategy). Participants were advised to take a carbohydrate-rich
meal 2 hours before testing. During the testing, only drinking water was allowed ad libitum.

Figure 1 Experimental design

Characteristics of the treatments protocols
All selected strategies were used after Test I.
» Passive recovery (PAS)

The passive strategy was done in a precisely controlled supine position on a massage table. Head,
knees, and feet were approximately at the same level. This strategy was completed in an air-condi-
tioned laboratory at a temperature of 22°C. Participants stayed in this position for 24 min.
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» Massage therapy (MT)

A licensed massage therapist with eight years of experience completed a 24 min leg massage
(12 min for each side). The therapy was done in the supine position by using a conventional mas-
sage emulsion (EMSPOMA white). For this study, Western massages strokes were used (effleur-
age, petrissage, friction, tapotement, and the final effleurage).

The massage therapy protocol started with 1 min of superficial effleurage and 1 min of deep effleur-
age. Subsequently, the therapist performed compressive effleurage (1 min), friction with both palms
(1.5 min) and petrissage (1.5 min) on calf muscles (performed with the bent knee). Then, compres-
sive effleurage with four fingers and friction with both palms were administrated on iliotibial band
(2 min). Afterward, the therapist performed petrissage on the thigh (2 min). Finally, the tissues of the
thigh were agitated with tapotement (2 min; tapping, pinching, and hacking).

» Contrast water immersion (CWI)

The CWI protocol consisted of alternating 6 min immersions in tanks of cold (10-11 °C) and warm
water (40—41 °C), repeated two times (10 s transfer time). CWI was done in standing position at
height of fossa poplitea. The temperature of the water was constantly monitored. In case of higher
or lower temperature, the researches adjusted the temperature according to the actual state.

Measures
Preliminary VO2max test

All participants completed a maximal effort incremental cycling performance test on an electromag-
netically braked cycle ergometer (Lode Excalibur Sport, Groningen, The Netherlands). The incre-
mental step test was completed two weeks before the study.

Verbal encouragement was provided at the end of the test to ensure that a maximal effort was
reached. Especially, participant kept the cadence between 70-75 rpm during the whole test.

The test started with a warm-up phase without pedal load (2 min, 0 W) and then 4 min the self-selected
pace for 4 min. The self-selected phase was completely according to the subjective decision of each
participant (70-130 W). After the warm-up phase, power output was increased by 25 W.min until
the participant was unable to maintain the expected work output (the pedal rate fell by > 10 rpm). The
maintenance of expected pedal frequency was the first criterion of test validity. In addition of this, at
least two criterions had to be filled for acceptance of the VO2max measurement (1) The presence of
a “plateau” in VO2 (AVOz2 < 150 mL/min) (2) respiratory exchange ratio (RER) > 1.15 at the end of the
test (3) heart rate (HR) is within 10 b.min"! of the age-predicted maximum

Analysis of Blood Lactate (LA)

LA concentration was measured through a portable lactate analyzer Lactate Plus device (manufac-
tured by Nova Biomedical) which analyzed a capillary blood sample obtained from finger-prick with
a lancet. Blood lactate was measured four times before and after the test (Test I, I1.).

Capillary blood gas analysis

Blood gas analysis was conducted by an electrochemical apparatus Gastat Navi (Techno MedicaCo.,
Ltd.). Whole blood samples were collected by finger prick using a sterile single-use lancing device.
Blood sample of ~60 ul was collected into plain heparinized capillary tubes analyzed for pH.

Cycling performance

Each participant was instructed to finish bouts of maximum cycling performance on a cycle ergom-
eter (Lode Excalibur Sport). The maximum cycling performance (CP) test consisted of three bouts
of maximal effort (“all-out”) exercise (1) 30 s (2) 20 s (3) 10 s. The load resistance of the flywheel
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was set up on 0.075 kg of a subject’s body weight. For this verbal study, encouragement was given
during the bouts of exercise to ensure that the participant performed their maximal cycling capacity.
The inconsistency of verbal encouragement can influence the cycling performance of the partici-
pant. Because of this, the Rocky movie motivational music for training and working played during
each bout of the maximum cycling performance.

For the study, peak power, relative peak power, fatigue index, and maximum cadence were record-
ed during the three bouts maximum cycling performance test.

Statistical analysis

Data analyses were performed using Statistica 12.0 program. Descriptive statistics (mean + SD)
for the different variables were calculated. Normality assumptions for all data (pre and post) were
checked respectively with Shapiro-Wilk test. The level of significance was set at p < 0.05.

Results

The overall performance measurement results are summarized in Table 1. The results obtained
from the analysis showed positive statistical significance difference between using PAS vs. MT
(p = 0.0313) and PAS vs. CWI (p = 0.0441) for peak power (20 s performance). Further statistical
tests also revealed statistical significance between TEST | vs. TEST Il (CWI, 10 s, p = 0.0455; MT,
20 s, p = 0.0395).

Table 1 Descriptive data from repeated high-intensity cycling performance (HICP)

PAS 30s 20s 10 s
TesT1] Testn | P [testi[tEsTn| P TEST! | TEsTn| P
Peak Power 751'21 78275+ | NS |79823| 80232 | . | 80104% |81433%|
(W) * 69.18 +11.50 | +59.80 27.21 36.00
23.40
. 61.05
Fatigue Index J° | 6052+ | NS | 5150 |5371%| o | 2047% |3145% |
(%) * 12.86 +940 | 11.87 5.66 751
13.43
CWI 30s 20s 10 s
TesT1] Testn | P [Testi[tEsTn| P TEST! | Testn| P
Peak Power | °901| 76914+ | ng | 801.05 | 805.93 78914+ |824.34 .
(W) * 29.18 * * NS 6322 | s54.12 | 0049
20.02 : 94.14 | 156.01 : :
Fatigue Index 52.65 | 53.95+ | NS | 59.04 | 60.08 + NS 31.98 + 32.27 + NS
(%) +571| 7.8 +712 | 5.09 5.70 6.08
30s 20s P 10s
MT p p
TEST1] TEST Il TEST 1] TEST Il TEST!1 | TESTII
Peak Power | /7321 | 78614+ | NS | 79072 79880 00505+ | 80233%| 81545 |
(W) osso | 8924 sh o | £45.94 78.12 64.19
Fatigue Index | 49.58 | 48.18+ | NS | 4560 [49.18+ | o | 3953 | 41142 |
(%) +720| 6.15 +7.38 | 5.61 10.30 9.54

*p < 0.05; NS: not statistically significant
PAS — Passive recovery; MT — Massage therapy; CWI — contrast water immersion

In our paper, the focus of attention was also for assessing the lactate clearance. One of the more
significant findings to emerge from this study is that the rate of decrease LA concentration was higher
(TEST lpre-TEST lpost) for CWI 1.53 £ 0.35 mmol/L, compared with PAS 0.5 £ 0.24 mmol/L (p = 0.0348).
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It is equally important to mention that the similar results were found for MT 1.37 £ 0.19 mmol/L, com-
pared with PAS 0.5 + 0.24 mmol/L (p = 0.0414).

Discussion

This study assessed the effects of contrasts water immersion, massage therapy and passive recovery
on performance and biochemical indicators of exercise-induced muscle fatigue. Firstly, we decided
to use CWI. The protocol consisted of alternating 6 min immersions in tanks of cold (10-11 °C) and
warm water (40—41 °C), repeated two times (10 s transfer time). The decrease in temperature tissue
can stimulate cutaneous receptors. This can affect decreasing the swelling and also inflammation
process in the human body (Enwemeka et al., 2002). Cold also decreases nerve conduction velocity
in tissues affected by cold temperature which affect muscle pain. Subsequently, we can expect better
performance, especially if the athletes have to produce maximal power several times during the match
or competition. After the application of cold therapy, superficial heating by warm water was used. It is
believed that it causes decreasing sympathetic nerve drive (Cochrane, 2004). This process increases
circulation by vasodilation of blood vessels. It has been found higher 10 s peak performance (Pre-test:
789.14 + 63.22 vs. Post-test: 824.34 + 54.12; p = 0.0455) after the application of CWI. Similar results
were found in the rate of decrease LA concentration (TEST llpre-TEST lpost) for CWI 1.53 + 0.35 mol/L,
compared with PAS 0.5 + 0.24 mmol/L (p = 0.0348). These results are consistent in good agreement
with other studies which have shown that CWI (T. R. Higgins, Greene, & Baker, 2017; Hing, White,
Bouaaphone, & Lee, 2008; Versey et al., 2013).

The present study was also designed to determine the effect of MT on performance. MT is exten-
sively used in sports training because of its effect of lactate removal and decreasing edema and pain
(Weerapong, Hume, & Kolt, 2005). However, we can also expect the physiological effect through
R-endorphins Statistical analysis showed significant differences between 20 s peak performance
(Pre-test: 756.72 + 54.60 vs. Post-test: 798.89 + 45.94; p = 0.0455). This fact can be explained by
neurological mechanisms. A neural-gating mechanism in the spinal cord is activated during mas-
sage therapy. In the literature, several theories have been proposed to explain this mechanism.
Stimulus from massage stimulates large fast nerve fibers (Hall, 2016). This means that slower nerve
fibers can be blocked for detecting the pain (Weerapong, Hume, & Kolt, 2005). The findings of this
study support this idea. On the other hand, objective data for supporting this idea is still missing. MT
also influence the biochemical process in our body especially the higher production of serotonin.
Serotonin has a crucial role in pain modulation in both central and peripheral nervous systems. The
higher level of serotonin which is produced during the MT can have a positive effect on peak perfor-
mance during the tests.

The present study is one the first which analyze the effect of CWI and MT and PAS in one study
design. The findings support the idea of using recovery modalities(CWI, MT) in sports practice.

Conclusion

Contrast water immersion and massage therapy as the recovery modalities gained massive popu-
larity in recent years. However, most of the previous studies do not take into account the comparison
between recovery modalities. From the outcome of our investigation, it is possible to conclude that
MT and CWI as recovery modalities is beneficial for anaerobic type of physical activity.
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ABSTRACT

Purpose: Many high performance and especially top athletes are still at risk or suffer from
total fatigue. Therefore, sports science seeks to develop an objective, sensitive and reliable
method of early diagnosis of this fatigue (e.g. heart rate variability — HRV as a modern ob-
jective method). The aim of the study was to evaluate whether the HRV monitoring could be
a complementary diagnostic tool for overreaching / overtraining in young athletes. Already
introduced “classical” indicators of HRV, such as spectral performance and its density in the
established frequency ranges, are a part of athlete monitoring in the scope of overreaching
prevention We were monitoring the heart rate variability parameters at three different phases
of the year-long training cycle and to find out whether in one of these phases we could find
athletes showing symptoms of overreaching.

Methods: 48 young athletes (33 boys 14.8 £ 1.5 years, 15 girls 14.9 + 1.7 years) were involved
in the study, consisting of 38 boys and 10 girls. There were 15 swimmers (with training volume
9x 1.5-2 hours a week), 12 artistic gymnasts (with training volume 9x 2-2.5 hours a week)
and 21 badminton players (with training volume 4x weekly 1.5-2 hours a week). Monitoring
was carried out in athletes in three training periods: at the end of the transition period, at the
end of the prepared period, at the end of the competition period. Measurements were carried
out in the morning. The DIANS PF8 system was used to measure the heart rate variability, the
measurements were performed at five-minute intervals: lying-standing-lying. Time and spectral
parameters of HRV were monitored.

Results: Results of HRV in three periods (HR + rMSSD in lying). Boys: HR (61 + 8, 64 £ 7, 64
+ 8), rIMSSD (85 + 64; 80 + 54; 88 £ 59), TS (-0.56 + 1.53;-0.87 £ 1.4; -0.42 + 1.44). Girls: HR
(65+8;64 +7;65+8), rMSSD (74 + 37; 79 + 35; 83 £ 43), TS (-0.58 £ 1.57; -0.72 + 1.35);
-0.18 + 0.18). Statistically significant differences (at the significance level a = 0.05) among
sports were found in Kruskal-Walls ANOVA by Ranks: boys in LF-standing, HF standing, FV,
SVB and TS; girls in HF-lying, HF-standing, rMSSD, TP-lying, TP-standing, FV, VA and TS.
Conclusion: Monitoring of heart rate variability seems to be a practical tool for prevention of
overtraining even in young age. To monitor heart rate variability, we recommend monitoring
these parameters: RR, rMSSD, VA, SVB, TS.

Keywords: heart rate variability; fatigue; training stress; overreaching; overtraining

Introduction

Many factors lead to young athletes suffering from more frequent fatigue or overtraining these days.
This is caused by the times we live in and the lifestyle of young athletes. Apart from the training itself,
the state of the fatigue is influenced by other stress factors, especially school, activities on social
networks and playing telephone, tablet or PC games. One of the most effective natural regeneration
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means is sleep. Watching the screen until the late hours influences the quality of sleep. Insufficient
regeneration becomes evident in bigger and more frequent fatigue during sports training. In order to
achieve good quality and effective training it is recommended to monitor the athletes and detect the
first effects of overtraining in time, within the frame of the overtraining prevention.

Authors focusing on the overtraining syndrome diagnostics and prevention deal mostly with the
adult population. In their article “Overtraining Syndrome” Kreher & Schwartz (2012) provide com-
prehensive information on terminology, epidemiology, pathophysiology, diagnosis, treatment and
prevention. Kreher (2016) complements this with topical knowledge. A similar overview is published
by Meeusen, Duclos, Foster, Fry, Gleeson, Nieman...Urhausen, A. (2012) in the article “Prevention,
Diagnosis, and Treatment of the Overtraining Syndrome: Joint Consensus Statement of the Europe-
an College of Sport Science and the American College of Sports Medicine. The authors agree that
when diagnosing overreaching and overtraining there should always be a complex approach and
there are no clear boundaries between individual phases of overtraining (functional overreaching,
nonfunctional overreaching and overtraining syndrome).

Raglin, Sawamura, Aexion, Hassmen, & Kentta (2000) noted that 35 % of adolescent (13-18 years
old) swimmers had been “over trained” at least once. Mackinon & Hooper (2000) quote that 7-20%
of elite athletes may show signs of overtraining at any given time.

One of the still developing methods which is relatively commonly used with top adult athletes is
measuring heart rate variability. The development of the method in the sports environment in the
Czech Republic can be attributed above all to Stejskal, Slachta, Elfmark, Salinger, & Gaul-Alacova
(2002). Stejskal (2008) summarised his findings on using heart rate variability (HRV) in sports med-
icine in Javorka (2008).

Botek, KrejCi & McKune (2017) can see better HRV usage in the frame of individual sports training
preparation (running, cycling, swimming, triathlon, etc.). At the same time, they describe using
HRV to detect the beginning fatigue or functional overreaching at team sports. The same authors,
based on their findings and studies of literature sources, consider log-transformed root mean
square of successive R-R intervals (Ln rMSSD) time domain parameter to be a perspective and
reliable indicator of the response of the body to the training load, as it, similarly to the high fre-
quency band (HF) spectral indicator, reflects the level of adaptability. Currently it is accepted that
power in the high-frequency band (HF, 0.15-0.40 Hz) corresponds to vagal activity, with power
in the low-frequency band (LF, 0.04—-0.15 Hz) representing some mix of vagal and sympathetic
activity.

The purpose of our study was to evaluate whether the HRV monitoring could be a complementary
diagnostic tool for young athletes. Another objective was to compare heart rate variability parame-
ters at three different phases of the year-long training cycle and to find out whether the HRV mon-
itoring could be a suitable tool for timely overreaching / overtraining diagnostics at young athletes.

Methods

48 young athletes (15 + 1.5 years old) from three different sports disciplines (swimming, artistic
gymnastics and badminton) took part in the study. There were 15 swimmers (5 boys and 10 girls),
12 artistic gymnasts (only boys) and 21 badminton players (16 boys and 5 girls). Detailed character-
istics of the group are listed in Tab. 1.
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Table 1 Group characteristics

n age weight height % body fat
ALL boys 33 14.8+1.5 57.2+12.0 170.5+10.3 145142
ALL girls 15 14917 56.0 + 8.0 166+ 7.8 247+20
Swimming boys 5 15.2+13 61.7+4.8 178.0 £+ 5.6 15.5+4.7
Swimming girls 10 154+13 576 +6.0 167.8+7.5 255+2.1
Gymnastics boys 12 15115 53.1+94 163.3+8.9 13.1+£15
Badminton boys 16 145+14 57.7+13.6 171.7 £ 9.7 16.2+ 3.6
Badminton girls 5 13.9+1.7 52.0+9.1 162.4 +6.9 23515

Heart rate variability monitoring was carried out in these phases of the year-long training cycle: at
the end of the transition period, at the end of the preparatory period, at the end of the competition
period. HRV was recorded three times a week in each period (there are nine records per athlete).
Measurements were carried out in the morning under the supervision of the testing person and in
quiet training premises. The DIANS PF8 system was used to measure the heart rate variability, the
system records beat after beat with high accuracy.

The measurements themselves were carried out in two positions as follows:

LYING 5 min — STANDING 5 min — LYING5 min

We monitored these time-domain and SA HRV parameters: HR, very low frequency band (VLF), LF,
HF, total power (TP), LF/HF, VLF/HF, VLF/LF, RR or NN (normal to normal), square root of the mean
of the squares of the successive differences between adjacent NN intervals (rMSSD). We used for
evaluating these complex indexes spectral analysis heart rate variability (SA HRV): functional age
(FA), sympathovagal balance (SVB), vagal activity (VA), total score (TS).

We set up borders for assumed overreaching: lower TS: less than -1.5 and. higher value of FA: over
5 years than calendar age.

Results

The two tables below present the basic results of the measured data for the individual parameters
in the three phases of the year-long training of boys and girls. Tab. 2 lists the basic HRV parameters
and Tab. 3 shows the complex indexes SA HRV.

Table 2 Basic HRV parameters (median + SD)

Training |HR | RR RR rMSSD | rMSSD | LF LH HF HF

period lying standing |lying | standing | lying standing | lying standing
BOYS || 61+8[098+0.12|0.61+£0.08 |85+64 |16+ 15 856 £ 1127 | 478 +456 | 2171 +4361 | 181 £ 287
(n=33) | Il 64+£7[094+£0.11 |0.61£0.07 |80x54 ({1920 754 £735 |562+631 | 1679 3507 | 196 £ 187

] 64+8(094+0.12|1064+£0.08 |88+59|28+15 737 £884 |602+630 |1984 + 3089 | 258 + 284
GIRLS | | 65+8(094+£0.12|10.58+£0.11 |74 +37 |14 £ 27 708 £337 | 442 +1570 | 1578 + 2411 | 114 £ 997
(n=15) | Il 64+£7[094+£0.10 |060£0.07 |79+£35(14+£12 640 £ 1203 | 453 + 1058 | 2037 £ 2032 | 172 £ 319

] 65+8(092+0.13|10.62+£0.09 |83+43|21+26 642 £ 623 | 687 £845 | 1994 + 2235 | 222 + 1257
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Table 3 Complex indexes SA HRV (median + SD)

sport T;i'r?(')'ag FV SVB VA TS
BOYS | 171+57 205+205 | 002+160 | -056%153
(n=33) T 18.9+5.3 212+148 | 039+141 | -0.87+140
m 17.0+58 139+151 | 0208+159 | -042%1.44
GIRLS | 191+57 092+167 | -026+171 | -058+157
(n=15) T 187+ 4.9 135117 | 030£146 | -0.72+135
m 16.9+4.6 123+114 | 028+131 | -018%1.18

The statistical differences (Kruskal-Wallis test) between individual sports are listed in Tab. 4, sepa-
rately for boys and girls. For boys we found statistical differences for these parameters: LF-stand-
ing, HF-standing, FA, SVB, TS. In Fig. 1-2 we can see the differences for parameters SVB and TS.
For girls we noted statistically significant differences for the following parameters: MSSD-standing,
HF-standing, HF-lying, TP-standing, TP-laying, FA, VA, TS. Fig. 3—4 show these differences using

box plots for VAand TS.

Table 4 Statistically significant differences between individual sports: boys: badminton, gymnastics,
swimming and girls (badminton and swimming), at the significance level a = 0.05. Presented results

are averages from all3 monitored training periods

HRV parameter Boys (N=99) Girls (N=45)
RR-lying p =0.3870 p =0.1626
RR-standing p=0.1418 p=0.1120
VLF - lying p =0.2293 p = 0.5002
VLF - standing P =0.2040 p =0.2019
LF-lying p=0.1510 p = 1.000
LF-standing p =0.0375 p = 0.4554
HF-lying p =0.4741 p=0.0123
HF-standing p = 0.0362 p = 0.0009
MSSD-lying p=0.7348 p =0.1699
MSSD-standing p = 0.0740 p = 0.0208
TP-lying p = 0.8583 p =0.0183
TP-standing p =0.1144 p =0.0572
FV p =0.0238 p =0.0013
VA p =0.0793 p = 0.0021
SVB p = 0.0005 p = 0.3602
TS p =0.0211 p = 0.0048
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Out of a total of 48 young athletes, 4 individuals (2 swimmers, 1 gymnast, 1 badminton player) were
found to have a higher overreaching (lower TS: less than -1.5). Higher value of functional age (over
5 years than calendar age) were detected in 7 individuals (5 swimmers, 1 gymnast, 1 badminton
player) repetitively.

Discussion

Heart rate variability monitoring at the target group did not encounter any problems. Young athletes
quickly understood how the measurements would be carried out and had no problems staying inac-
tive during the resting measurements. Checks during the measurements reassured us that the data
could not be distorted at his phase.

When comparing the three phases of the year-long training we didn’t find the statistically significant
differences in boys and girls (tab. 2 and 3). But the results show that parameters are lower at the end
of the transition period than at the end of the preparatory and competition period. Very interesting is
evaluation intraindividual differences, we found change for the better or the worse. We recommend
more case history and qualitative studies for future.

When comparing the three sports (Kruskal-Wallis test) we found the statistically significant differ-
ences for the summative indexes TS for both genders, SVB for boys and VA for girls. As it is clear
from the findings listed above, the highest values we found at the badminton players, followed by
artistic gymnastics and the lowest values of the parameters were measured at the swimmers. This
corresponds to the fact that badminton players have the lowest training loads and on the contrary
the highest loads are there for artistic gymnasts and swimmers.

The Tab. 5 compares our measurements with the norm for 12-17-year-old athletes for 10 min lying
as published by Sharma, Subramanian, Arunachalam, & Rajendran (2015).

Table 5 Comparison of our results with the Sharma, Subramanian, Arunachalam, & Rajendran
(2015) and Novotny & Novotna (2008) results

Parameters Athletes Athletes (12-17 years) Nonathletes (13-15 years)
5 min lying 10 min lying 5 min lying
(our results) (Sharma et al. 2015) (Novotny & Novotna 2008)
girls boys girls boys girls boys
HR 80.67 72.27 76.4 79.6
SDNN (ms) 113.00 94.20 70.0 70.0
rMSSD (ms) 86.9 108.6 94.9 100.3
VLF (ms?) 3659 2365
LF (ms?) 640 1274 1465 1211 686 793
HF (ms?) 1578 2171 2409 2219 1033 1553
Total Power 3717 5797 5202 5273 6639 6274
(ms?)
LF/HF ratio 0.40 0.59 0.63 0.59

Fortes, da Costa, Paes, do Nascimento Junior, Fiorese, & Ferreira (2017) monitored HRV parameters
at 15-16 year-old swimmers INRMSSD (ms) 3.6 £ 0.5) mean (SD) — 10 min sitting. HRV measure-
ments at adolescent swimmers (15.5 £ 0.9 years) were also carried out by Vacher, Nicolas & Mourot
(2016) — 8 min lying, 8 min standing. rIMSSD 76 * 43 in supine posture and rMSSD 47 + 33 in standing
posture.
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For further similar studies we recommend the following: When monitoring the HRV the load intensity
should also be recorded (monitoring SF or Borg) and the obtained values should be compared with
other diagnostic methods for fatigue monitoring (POMS questionnaire, sleep, immunology markers
from saliva / blood, etc.). Only a complex monitoring and analysis have a greater potential to detect
athletes who are at risk of overreaching/overtraining.

Conclusion

Based on the obtained data we can claim that HRV monitoring seems to be a suitable tool for over-
training prevention even for young athletes. We believe that measurement can detect the beginning
phase of overtraining. Based on the obtained data the following parameters for HRV monitoring are
suitable: VA, SVB, TS. For training practice, we also recommend using parameters which are sim-
pler to interpret, such as FUNCTIONAL AGE, as these are more understandable both for trainers
and for the young athletes themselves. In order to use this tool as of then as possible by athletes,
there is a tendency to shorten the measuring times due to time reasons.
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ABSTRACT

Purpose: The main aim of our research was to determine the internal load of goalkeepers in
the soccer training process. The internal load of goalkeepers during the training process is
examined according to the achieved values of heart rate. Our goal was to expand the knowl-
edge of the impact of different methodical forms on the goalkeepers’ internal load in soccer,
thereby support the possibilities of improving their training process. The assumption was that
the goalkeepers would achieve significantly different heart rate values in different methodical
forms.

Methods: The research group was formed by six elite youth soccer goalkeepers (n=6) from
U16, U17 and U19 categories. In order to evaluate the heart rate was used the POLAR PRO
heart rate monitor and the loading zones of goalkeepers were determined by using a pro-
gram called POLAR Team?. Subsequently, the obtained data were evaluated by using the
Wilcoxon Signed-Rank Test and Cohen’s ,r “(effect size).

Results: The average difference in HRavg during preparatory exercise and small-sided game
was 25 + 9 beats.min', and the average difference in HRmax was 35 + 12 beats.min'. During
preparatory exercise achieved the goalkeepers’ value of HRay 134 + 8 beats.min' and in
small-sided game was HRavg 159 + 8 beats.min"". In individual methodical forms were found
significantly different average heart rate values (z = -2.201, p < 0.05, r = 0.9), which statisti-
cally and logically confirmed our assumption.

Conclusion: Monitoring of soccer goalkeepers” internal load in the process of training and
improvement of game activities can greatly help the coaches in further planning, optimiza-
tion and tracking of the training process. Based on our research’s results is recommended
to monitor and evaluate the internal load intensity of goalkeepers using sporttesters during
entire training process.

Keywords: soccer; goalkeeper; internal load; heart rate

Introduction

The internal load is considered to be some kind of physiological and psychological stress that af-
fects the player’s organism (goalkeeper’s). It is a certain stimulus for adaptation to training’s stimuli
with regard to their individual characteristics (Jaspers et al. 2017; Malone et al. 2018). Monitoring
of load in training process is the basis for its correct evaluation and subsequent optimization and
individualization (Brink et al. 2010; Sannicandro & Cofano 2017; Jaspers et al. 2017; Malone et al.
2018). Players on the field are achieving a higher degree of aerobic persistence than goalkeepers,
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which means that they have a different structure of training process (Rebelo-Gongalves et al. 2016;
Semijon et al. 2016). This is also confirmed by the research of Gil et al. (2007), who monitored during
the particular testing of goalkeepers the highest heart rate values, the lowest VOzmax values and thus
also the lowest aerobic capacity when comparing to other positions of players. The role of goalkeep-
er is different from other player’s positions and therefore also the requirements for the level of his
individual condition abilities are different.

Aim of our research was to evaluate and compare the internal load of goalkeepers in individual
methodical forms. The assumption is that goalkeepers will achieve a significantly higher heart rate
values in small-sided game than in preparatory exercise

Material and Methods
Subjects

The research group was composed of elite youth soccer goalkeepers (n=6) with an average age of
16.5 + 0.6. These goalkeepers are members of soccer academy teams, whose teams play in the
highest youth soccer competitions. Goalkeepers in a training microcycle participate during the main
period in 5 or 6 trainings.

Table 1 Basic data and training load zones of the observed goalkeepers

GK GK, GK, GK, GK, GK, GK,
Age 17.3 17.1 16.8 16.4 16.0 15.6
Body height [m] 187.0 187.6 191.7 186.8 189.6 175.0
Body weight [kg] 83.0 80.1 84.0 91.4 77.6 63.0
HR__ [beats.min"] 197 201 198 198 205 200
100-90 % 197-177 | 201-181 | 198-178 | 198-178 | 205-185 | 200-180
89-80 % 176-157 | 180-161 | 177-158 | 177-158 | 184-164 | 179-160
79-70 % 156-137 | 160-141 | 157-138 | 157-138 | 163-144 | 159-140
69-60 % 136-117 | 140-121 | 137-118 | 137-118 | 143-123 | 139-120
59-50 % 116-97 | 120-101 | 117-98 | 117-98 | 122-103 | 119-100

Methods of measurement

In order to evaluate the heart rate was used the POLAR PRO heart rate monitor and the load-
ing zones of goalkeepers were determined by using a program called POLAR Team?. Based
on the ascertained maximum heart rates values, POLAR Team PRO calculated the train-
ing zones for every goalkeeper. These zones and their division significantly affect
the management, individualization, and effectiveness of a training process.

The maximal heart rate of goalkeepers was measured with the test created by Hipp (2007).
It is repeating of certain running distances until the runner switches from the basic slow trotting to
the running at highest speed and then to the running at individual maximal intensity.
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This test consists of:
The field width run

« run at a low intensity (a short run to warm up) — 6 times;
« run at a moderate intensity — 6 times;
« run at a submaximal intensity — 6 times;

« run at a maximal (subjective) intensity — once.

Statistical analysis

The Wilcoxon Signed-Rank Test was used to evaluate the statistical significance. Afterwards we
found out the value of Cohen’s “r” (effect size). The selected level of statistical significance was

p < 0.05.

Results

In research, we decided to monitor the organism’s functional response to two selected methodical
forms.

Table 2. Heart rate values of goalkeepers during a preparatory exercise and individual training
load zones

The interval of HR during preparatory exercise was 84 beats.min’ to 163 beats.min™.
During the preparatory exercise reached the goalkeepers the value of HRavg 134 £ 8 beats.min' and
the average value of HRmax 156 * 7 beats.min"".
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Table 3. Heart rate values of goalkeepers in a small-sided game and individual training load zones

The interval of HR during small-sided game was 100 beats.min™ to 203 beats.min"'. During the
small-sided game reached the goalkeepers the value of HRavg 159 + 8 beats.min™' and the average
value of HRmax 190 * 9 beats.min™.

[z=-2.201,p<0.05,r=09
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Figure 1 Comparison of goalkeeper’s internal load in individual methodical forms

The average difference in HRay during preparatory exercise and small-sided game
was 25 * 9 beats.min' and average difference in HRmax was 35 + 12 beats.min'. During the prepa-
ratory exercise reached the goalkeepers the value of HRag 134 £ 8 beats.min and in small-sided
game was HRayg 159 £ 8 beats.min'. There were some significantly different average heart rate
values found in individual methodical forms (z = -2.201, p < 0.05, r = 0.9), which statistically and
logically confirmed our assumption.
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Discussion

Babic, Holienka & Mikuli¢ (2018) found out in their research, that goalkeepers during the small-sided
games reached HRavg 159 + 5 beats.min-1, or more precisely 149 + 4 beats.min-'. Babic & Holienka
(2018) also found similar results and significant differences (p < 0.05). Goalkeepers reached HRavg
130 + 5 beats.min"' during preparatory exercise and HRag 156 * 9 beats.min™' during small-sided
game. We can only agree with PeracCek & Hrnciarik (2012), that when are creating the conditions for
a regular individual training at this stage of the youth sports preparatory in soccer, it is necessary
to devoted to the development of physical abilities and game skills. Goalkeepers in the youth cate-
gories should improve their technical aspects of defensive and offensive play activities; they should
focus on improving conditions under time and space pressure (match conditions) and under fatigue.

Conclusion

Monitoring of soccer goalkeepers” internal load in the process of training and improvement of game
activities can greatly help the coaches in further planning, optimization and tracking of the training
process. According to the results of our research, it is recommended to monitor and evaluate the
goalkeeper’s internal load intensity by sporttesters during entire training process.
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ABSTRACT

Lateral elbow tendinopathy (LT) is the most common chronic painful condition affecting the
elbow in general population. Research has shown that an eccentric exercise program can
be effective modality for treating tendinopathies. The purpose of this review was to deter-
mine the effects of eccentric contractions (EC) in comparison to other types of contractions
and other therapeutic approaches. Searches were performed using the electronic databases
Medline, Scopus and Web of Science. The basic selection criterion was a research meth-
odology in which at least one group of subjects used eccentric contractions in comparison
to other methods of contractions or therapy. In conclusion, eccentric contractions are useful
method of treating LT in 12 weak period. However, it cannot be stated with certainty whether
EC exercises are more or less effective than other forms of therapeutic exercises or specific
physiotherapeutic techniques.

Keywords: lateral epicondylitis; lateral epicondyalgia; tennis elbow; elbow tendinopathy;
eccentric contractions; physical therapy; exercise

Introduction

Lateral elbow tendinopathy (LT) known as “tennis elbow”, is one of the most often occurring syn-
dromes that affect the soft tissue of the hand (Labelle et al., 1992; Noteboom et al., 1994). The
incidence is 1-3% in the general population aged 35 to 54, with no gender prevalence, and is as-
sociated with overuse of the fist, forearm and elbow in activities such as manual labor and tennis
(Gruchow et al., 1979; Shiri et al., 2006). Clinically, LT is defined as the pain occurring around the
lateral epicondyle during the contraction of fist and finger extensor muscles (Harrington et al., 1998;
Dimitros, 2016). The pain can be reproduced during physical examination by palpation of the com-
mon tendon of the extensor and contraction with resistance of the extensor of the fist and / or middle
finger as well as by clenching of the fist (Coombes et al., 2015; Dimitros, 2016). However, defining
LT exclusively as mechanical stress-induced tendinopathy is not suitable for explaining the broad
clinical image of LT, so more extensive models are being developed lately that include psychosocial
factors with new insights into neurophysiology of the pain (Bordachar, 2019).

Numerous studies have confirmed the success of conservative treatment of LT (Nirschl, 1992; Pien-
imaki et al., 1996; Martinez — Silvestrini, 2005; Croisier et al., 2007; Marcolino et al., 2016; Stasino-
poulos and Stasinopoulos, 2017), while the systematic review papers substantiate it as well (Trudel
et al., 2004; Cullinane et al., 2014; Menta et al., 2015). Conservative treatment is often multidimen-
sional, while the exercise program is its most often included component (Gruchow et al., 1979;
Noteboom et al., 1994; Dimitros, 2016). Exercise programs involving eccentric contractions (ECs)
have proven successful due to the potential beneficial effects of stretching, elongation and increase
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in tendon strength (Murtaugh and Ihm, 2013). Such work modalities are becoming increasingly pop-
ular in the rehabilitation of tendinopathies as they are thought to achieve more successful treatment
than other exercise modalities (Woodley et al., 2007; Raman et al., 2012). The use of EC in the
treatment of LT is not fully understood at present, standardized protocols are not defined, while the
results are often contradictory. Nevertheless, the articles reviewed so far indicate promising results
in favor of EC as the choice of treatment for LT (Marillas et al., 2008; Cullinane et al., 2014).

The aim of this review paper / report is to analyze the most recent findings on the efficiency of EC
as a therapeutic intervention in the treatment of LT compared to other methods, by reviewing the
literature to date.

Methods

The Medline, Scopus and Web of Science databases were researched. Existing review papers
and major publications were used to select search keywords (lateral epicondylitis, lateral epicon-
dyle, lateral epicondyalgia, tennis elbow, elbow tendinopathy, intervention, management, treatment,
rehabilitation, physiotherapy, physical therapy, exercise, strengthening, eccentric and resistance).
Research was conducted in February 2019. Out of the total number or papers found, the basic
selection criterion was a research methodology in which at least one group of subjects used EC in
comparison to other methods of exercise or therapy, patients were diagnosed with LT, there was at
least one criterion of functionality of incapacity. The exclusion criterion was the use of steroid injec-
tions before or during the study. Out of the total number of papers found, 13 p