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Abstract:

Background: A review of the literature related to handball indicates that, in the modern game at the highest level, it is essential
for the player to develop aerobic and anaerobic capacity. Given the above data and the paucity of scientific reports describing the
level of aerobic and anaerobic capacity in handball players with a high level of sports skills, it was considered expedient to study
these problems of capacity in the men’s Super League team.

Methods: The purpose of the study was to analyze selected indices of aerobic and anaerobic capacity, and somatic compo-
nents of the body, of handball players of Super League playing at different positions. Study subjects: 14 men from the Polish Super
League handball team. The mean age of the participants was 25.8+3.4 years, the mean body height was 191.9+12.8 cm, and the
mean body weight was 98.0+7.2 kg. Body composition was assessed using a Tanita SC 330 analyzer. The evaluation of selected
indices of aerobic capacity was performed based on the direct method, the progressive ergospirometric test (cardio-pulmonary
exercise test). To assess anaerobic potential, an exercise test was applied in the form of 6 repetitions of efforts lasting 10 seconds
each, separated by intervals of 30 seconds on a Monark 824E cycle ergometer.

Results: The mean value of maximum oxygen uptake (VO,max.) of the participants was 65.5=9.8 ml/kg/min, the running
speed at the threshold of anaerobic metabolism (MRS at AT) was 13.2+1.7 km/h, HRmax was 180.6+7.6 bpm, and the percent-
age of VO, at the threshold of anaerobic metabolism was evaluated. The maximum power Pmax was 10.4=0.8 W/kg, the time to
attain peak power was 5.0+0.9 s, and the time of maintaining power was 1.9 =0.7 s.

Conclusion: The mean values of the body tissue components of the participants were similar to the results of national team
players from other countries. The VO,max in the athletes was at a high level but the running speed was at the threshold of anaerobic
metabolism (MRS at AT) and the acquisition of VO,max had a low value. The mean maximum power Pmax was at a low level in
each of the 6 series of exercises performed.

Introduction

Handball belongs to the group of endurance and speed sports, in which the ability to perform repetitive short-duration
runs of maximum intensity is of critical importance [1-3]. During the game, the exercise load is characterized by
repetitive short efforts of high intensity, such as running, jumping, and throwing, separated by efforts of low inten-
sity [3,4]. Of particular importance in the training process of a handball player is the development of aerobic and
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anaerobic fitness [3]. Both of these mechanisms of energy production serve to systematically reproduce adenosine
triphosphate (ATP), the substrate necessary for muscle work, and their activity depends on the duration and intensity
of exercise [5]. Skeletal muscle work during intense exercise relies on anaerobic processes, which are the predomi-
nant source of energy [4,5]. Scientific studies have shown that the ability to perform repetitive high-intensity efforts
depends on the phosphocreatine stores in muscles and the rate of their resynthesis [6]. The rate of phosphocreatine
resynthesis depends on aerobic metabolism, which suggests that athletes characterized by higher VO,max are ca-
pable of more efficient resynthesis of this compound [7]. In addition to the maximum oxygen consumption (VO,max),
in the course of changes in physiological indicators induced by the exercise of gradually increasing intensity, two
characteristic points (so-called thresholds) concerning both lactate concentration and respiratory volume of the lungs
are observed. These thresholds are the aerobic threshold and the anaerobic threshold [8]. The farther the anaerobic
threshold (AT) is shifted with increasing exercise intensity, the higher levels of the ability to perform intense efforts
in the athlete’s aerobic capacity zone. Physiological parameters of exercise observed at the anaeraobic threshold (AT)
provide important information in a diagnostic and predictive sense regarding the programming of training loads [9].
The ability of muscles to perform subsequent intense efforts depends, at least in part, on the rate of phosphocreatine
resynthesis and the rate of hydrogen ion elimination. PCr stores are replenished quickly (30-60 s), while H+ elimina-
tion takes much longer (5-10 min) [10]. In modern handball, an important component of the match load structure
is anaerobic capacity [11]. Studies of the structure of the match load by Czerwinski [12,13] and Norkowski [14,15]
have shown that in the case of handball, 30-45% of the game time occurs in the zone of anaerobic efforts. Therefore,
the proportion of efforts that characterize anaerobic metabolism, and their structure and proportions encourage the
implementation of training contents consistent with the physiological characteristics of the game of handball. In the
available domestic and foreign literature, there is little data on aerobic and anaerobic capacity in handball players at
a high level of sports skills [15,16]. Body composition measurements are important in assessing nutritional status,
and assessing the risk of developing diseases associated with abnormal body fat [17]. Physically active individuals,
such as athletes, enjoy the important health benefits of normalizing body weight and maintaining a proper ratio of
lean body mass to body fat [18,19]. Information on body fat and water content can provide some guidance when
designing a diet, training program, and fluid intake [20]. The purpose of the present study was to evaluate the levels
of selected indices of aerobic and anaerobic capacity and body tissue components in handball players at a high level
of sports skills playing in different positions. An additional aim of the study was to compare the results with players
of elite handball teams. Based on the available literature, it can be concluded that these players are characterized by
a high level of aerobic and anaerobic capacity.

Materials and methods

The study included players who practice handball at the level of the Polish Super League. The team was the leading
team in the above-mentioned league, where it held third place. The team participated in Cup competitions at the Euro-
pean level. It consisted of players from national teams from different countries. The average professional experience
was 12.4 years. The study was conducted in December 2019 in the laboratory of the Verandki Center for Diagnostics
and Physiotherapy of the Natgeczow Health Resort and the laboratory of the Center for Physical Culture of the Maria
Curie-Sktodowska University in Lublin. According to the study schedule, the aerobic capacity test was performed first
on day 1 and followed by an anaerobic capacity test four days later. The tests were carried out in the second part of
the competitive period of the 2019/2020 season on 2 and 5 December 2019.
The characteristics of the participants are presented in Table 1.

Table 1. Characteristics of the study group

N=14 [y/:gfs] Body weight [kg] B°d[yc :ﬁight [kz/l\:lr:z] TD;AJ T[%V

X 25.84 97.99 191.89 25.85 12.92 60.94

SD 3.36 7.18 12.82 1.91 3.27 1.99

Min. 19 82.90 177 23.9 7.78 58.10

Max. 34 119.40 203 29.97 18.42 62.90
Notes:

BMI - body mass index; FAT% — body fat % ; TBW?% - total body water %.
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The study was conducted based on the following methods of assessing selected physiological parameters:

1. Body Composition Assessment

Body composition was assessed by the bioelectrical impedance method, using a body composition analyzer
from Tanita SC 330, (Japan). Fat-free mass (FFM%) and body fat content (FAT%) were determined and BMI was
calculated [21].

2. Assessment of aerobic capacity

Assessment of VO2max was performed based on the direct method - ergospirometric test CPET (Cardio-Pulmonary
Exercise Test). A Cortex Metamax-3B ergospirometer was used as the test tool. The test was performed until
exhaustion on a Woodway-Slat Flex System treadmill [22]. To assess the aerobic capacity of handball players,
a laboratory exercise test with progressively increasing load was used, in which the participant performed a running
effort on a moving treadmill, with the initial speed of 8 km/h increased by 2 km/h every 3 minutes. The participant’s
task was to maintain the preset running intensity at each exercise level until he or she refused to continue. The
participants participated in a familiarization session, and, before starting the test, they participated in a 5-minute
warm-up with a fixed, individually selected load. It was assumed that reaching VO,max will be evidenced by the fol-
lowing criteria: reaching a plateau in VO, despite the increasing load, respiratory quotient RER > 1.1, post-exercise
maximum blood lactate concentration [La-] max > 8§ mmol L-1, and reaching HRmax (for reaching HRmax, the
criterion of HR = 5 bpm from the estimated HRmax for a specific age group was adopted). The anaerobic threshold
(AT) was determined in a non-invasive way, based on the analysis of changes in respiratory exchange rates in rela-
tion to exercise load. During the trial, the following were recorded: maximal running speed (MRS), current oxygen
consumption (VO,), ventilation value (VE), and heart rate (HR) [23]. Based on the recorded values we determined
maximal oxygen consumption (VO,max), maximal oxygen consumption at anaerobic threshold (VO,max at AT),
percent oxygen consumption at anaerobic threshold relative to VO,max (% VO, at AT), maximal running speed at
anaerobic threshold (MRS at AT), maximum running speed at VO,max (MRS at VO,max), percentage of maximum
running speed at anaerobic transition threshold relative to maximum speed at VO,max (% MRS VO,max at AT), and
the value of maximum heart rate level of VO,max (HR VO,max).

3. Anaerobic capacity assessment

For a comprehensive assessment of anaerobic potential, one of the exercise tests was used in the form of six repeat-
ed bouts of exercise lasting 10 (s) each, separated by passive intervals of 30 (s) [24]. The test was performed after
a 5-minute warm-up on a cycle ergometer followed by a 5-minute rest. A Monark 824 E cycle ergometer (Sweden),
connected to an IBM PC Pentium computer, with the computer program MCE_v_5.1 [25] was used for the test. RPM
sensors were attached to the flywheel. During one rotation of the pedals, the flywheel made 3.70 rotations, which
corresponded to a distance of 6m. The exercisers performed the test in the sitting position, starting the test from
a stationary position. The test used an individual load of 0.075 of the tested body’s mass. Using the MCE v _5.1.
program, the following measurements and calculations were made: peak power (W/kg), average power (W/kg), time
to attain peak power (s), and time of maintaining power (s) [25,26].

4. Statistical analysis of the results

The results were processed statistically using descriptive statistics, and arithmetic means (x), standard deviations
(SD), and minimum (min) and maximum (max) values and percentages were calculated. All calculations were per-
formed using SPSS v. 22 software [27,28].

Journal of Kinesiology and Exercise Sciences 3
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Results

Table 2. Mean values, standard deviations, and maximum and minimum values of aerobic capacity parameters of the tested athletes.

~ VO max Vo atAT  PVOmax e i AT MRSat % MRSVO- oo max
N=14 [kaz /min] [mI/i( /min] at AT km/h] VO,max ,max at AT [bpan]
g g (%] [km/h] [%]
X 65.5 53.1 82.1 13.2 15.5 85.3 180.6
sD 9.8 5.8 9.9 17 1.6 4.7 7.6
Max. 84 60 100 16,3 17,9 92 197
Min. 48 42 69 10,7 13,4 77 171
Notes:

VO,max — maximal oxygen consumption; VO,max at AT — maximal oxygen consumption at anaerobic threshold; % VO, at AT — percent
oxygen consumption at anaerobic threshold relative to VO,max; MRS at AT — maximal running speed at anaerobic threshold; MRS at
VO,max. — the maximum running speed at VO,max; % MRS VO,max at AT — the percentage of maximum running speed at anaerobic
transition threshold relative to the maximum speed at VO,max; HR VO,max — the value of maximum heart rate level of VO,max.

Table 2 shows the values of selected parameters of the aerobic capacity of the participants. The average value of
maximum oxygen consumption VO,max of the handball players was 65.5 mi/kg/min. Oxygen consumption at the
threshold of anaerobic metabolism (AT) was at 53.1 ml/kg/min, which was 82.1% relative to maximal oxygen uptake.
The maximum running speed at the AT threshold (MRS on AT) was 13.2 km/h, while at VO,max, it reached an aver-
age of 15.5 km/h. The percentage of MRS at AT relative to MRS at VO,max was 85.3%. The heart rate (HR) value at
VO,max was 180.6 beats per minute.

Table 3. Mean values and standard deviations of aerobic capacity parameters of the players playing in different positions

Position Body weight  Body height VO, max %V0,max at MRS MRS at HR VO,max
in the game [kg] (cm] (mikg/min] AT [%] at AT VO,max [bpm]
[km/h] [km/h]

x  Goalkeepers 96.5 198.5 64.0 83.5 13.4 15.5 173.5
SD N=2 0.71 212 1.41 14.85 1.34 1.20 3.54
X Playmakers 100 195 68.5 79.5 13.3 15.6 182
SD N=6 11.9 5.2 1.8 5.4 1.7 11.6 79
X Wingers 91 187.5 67.3 81.3 14.3 16.1 182.8
SD N=4 1.8 5.8 14.5 13.5 1.7 1.9 9.6
X Pivot 119 198 54.5 90.5 11.00 13.8 179.5
SD N=2 1.4 2.8 9.2 13.4 0.3 0.1 3.1

VO,max — maximal oxygen consumption; % VO, at AT — percent oxygen consumption at anaerobic threshold relative to VO,max; MRS
at AT — maximal running speed at anaerobic threshold; MRS at VO,max — maximum running speed at Y0,max; HR VO,max — the value
of maximum heart rate at VO,max.

Table 3 shows the mean values and standard deviations of selected parameters of aerobic capacity of players play-
ing in different positions. The highest value of the index of VO,ma. was obtained by playmakers (68.5 ml/kg/min),
while the lowest value was obtained by pivot players (54.5 ml/kg/min). The highest percentage of VO,max at the
threshold of anaerobic metabolism was obtained by players in the position of a pivot (90.5%), while the lowest - by
playmakers (79.5%). The highest work expressed as the maximum running speed at the threshold of anaerobic
metabolism (MRS at AT), was found in players in the wingman position (14.3 km/h), while the lowest value was
obtained by pivot players (11.0 km/h). Similar proportions of the value of work performed were observed in these
players when achieving VO,max. The highest value of maximum heart rate in the HR max test was obtained by the
wingmen (182.8 bpm).
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Table 4. Mean values and standard deviations of selected indices of anaerobic capacity of the athletes obtained in the 6x10 s test
with an interval of 30 s on a cycle ergometer.

N=14 Effort 1 Effort 2 Effort 3 Effort 4 Effort 5 Effort 6
P peak [W/kg]

X 10.4 10.1 9.4 8.8 8.5 8.6
SD 0.8 0.7 0.5 0.7 0.8 0.7
P avg [W/kg]

X 9.1 8.5 8.0 1.6 1.2 11
SD 0.7 0.9 05 0.5 0.6 0.5
Ta P peak [s]

X 5.0 4.0 39 41 3.8 39
SD 0.9 0.7 0.6 1.0 0.7 0.1
TmP [s]

X 1.9 1.5 1.0 1.0 0.9 0.7
SD 0.7 0.6 04 0.6 05 0.6

P peak — peak power; P avg — average power; Ta P peak — time to attain power peak; Tm P — time of maintaining power.

To analyse the mean values of the anaerobic capacity parameters, it is necessary to relate them to the norms devel-
oped by Norkowski [24]. The value of maximum and average power is at the very weak level in each of the six series.
The time to attain power peak in the range of 3.7-4.0 s is a good result. In contrast, the time of maintaining power in
each series is poor.

Table 5. Mean values and standard deviations of the maximum power of the tested players playing in different positions, obtained in
the 6x10 s test; with an interval of 30 s on the cycle ergometer.

N=14 Effort 1 Effort 2 Effort 3 Effort 4 Effort 5 Effort 6
P. peak [W/kg] Goalkeepers N=2
X 9.7 9.6 8.9 8.3 8.0 1.8
SD 0.7 0.6 0.3 0.1 0.1 0.2
P. peak [W/kg] Playmakers N=6
X 10.4 10.1 9.4 9.1 8.7 8.5
SD 0.7 0.6 0.4 0.6 0.6 0.6
P. peak [W/kg] Wingmans N=4
X 111 10.6 9.7 8.8 8.2 8.2
SD 0.7 0.6 05 0.9 1.1 0.8
P. peak [W/kg] Pivot players N=2
X 10.0 9.6 9.1 8.5 8.2 8.1
SD 0.3 0.01 0.1 0.1 0.1 0.1

P peak — peak power

Table 5 illustrates the average values of maximum power obtained by the tested players playing in different positions.
The data show that the highest value of anaerobic power was achieved by players in the positions of winger in the
range of 11.1 - 8.2 W/kg and playmakers in the range of 10.4 - 8.5W/kg. The lowest values of maximum power were
achieved by: goalkeepers and pivots. When considering the ranges of power loss between the first and sixth efforts,
it was found that with low values of this indicator in all participants, the greatest differences occurred in wingers
26.5 %. In players playing in other positions, the decrease in peak power ranged from 21 to 24%. A large difference
between the power in the first and sixth series indicates a low ability for repeated anaerobic efforts.

Journal of Kinesiology and Exercise Sciences 5
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Discussion

Based on the assumption that any attempt at a comprehensive physiological characterization of handball players will
not be reliable without a detailed analysis of aerobic and anaerobic capacity indices, it was deemed necessary to
compare the results of the present study with studies by other authors dealing with this issue.

Relating the mean VO,max level in the group studied (65.5 ml/kg/min) to the data quoted in the available literature
[29-32], it was found to be higher than that of the representatives of France (58.7 ml/kg/min), Tunisia (52.8 ml/kg/
min), Croatia (53.2 ml/kg/min), and U-21 players from Serbia (40.0 ml/kg/min). However, the results documented by
the above authors, except for those obtained for the Croatian representatives, did not include information about the
speeds reached by each group at the threshold of anaerobic metabolism, which reduces the cognitive and diagnostic
value of the study presented.

The comparison of VO,max values in the context of the nominal playing positions of the participants and Croatian
players playing in analogous positions showed significant differences in favour of the players studied in this study,
i.e. 64.0 vs. 53.4 ml/kg/min (difference of +16.6%) for goalkeepers, 68.5 vs. 53.7 (+21.6%) for playmakers, 67.3
vs. 56.0 (+16.7%) for wingers, and 54.5 vs. 50.8 (+6.8%) for pivots.

In the analysis of an important aspect of aerobic capacity, i.e. running speed at successive metabolic thresholds,
it was found that the participants were characterized by a high level of VO,max, 65.5 ml/kg/min but their maximum
running speeds were 13.2 km/h (3.7 m/s) at the threshold of anaerobic metabolism (MRS at AT) and 15.5 km/h
(4.3 m/s) at the level of obtaining VO, max, which should be regarded as low values when compared with the data
reported by Ronikier [33]. The above values indicate that the participants have a low level of running performance
both at the threshold of anaerobic metabolism (MRS at AT) and at the level of VO,max. The percentage of MRS AT at
the anaerobic threshold (AT) relative to MRS at VO,max showed a mean value of 85.3%. which means that the par-
ticipant reached the anaerobic threshold (AT) at a relatively low level of workload. Based on the above analyses, it can
be concluded that the participants did not meet the criteria for high levels of athletic performance in terms of aerobic
and anaerobic capacity. The thesis of the low level of performance in the study group is consistent with the results
presented in a study by other authors [29], who found that Croatian representatives obtained an average running
speed at the threshold of anaerobic metabolism MRS at AT of 16.6 km/h (4.6 m/s) with a lower value of VO,max. 54
mi/kg/min. A comparison of the average values of running speed at the anaerobic transition threshold (MRS at AT) of
both groups showed clear differences in favour of the elite Croatian players, i.e. 15.6 km/h vs. 13.4 km/h, (difference
of +14.4%) for goalkeepers, 17.5 vs. 13.3 (4+24.17%) for playmakers, 16.7 vs. 14.3 (+14.5%) for wingers, and
16.5 vs. 11.0 (+33.3%) for pivot players. The above data, when juxtaposed with the average values of heart rate at
VO,max, with Croatian athletes reaching an average of 191.2 bpm and those studied in the present paper (180.6 bpm)
indicate that the elite Croatian athletes in this sport are characterized by a high level of athletic performance, which is
reflected in significantly higher aerobic power.

Evaluation of the anaerobic capacity of the handball players in the context of the energy requirements of the game
[13,15,34] and against the background of the norms developed by Norkowski [24] reveals that the level of this trait is
insufficient, as evidenced by the fact that the average values of maximum power developed in the anaerobic capacity
test on a cycle ergometer were at a poor and very poor level. The low level of anaerobic capacity in handball players
was also confirmed by the results of Rannou, Prioux, and Zouhal [32] on athletes in particular playing positions, who
found that maximum power values were lower than those in sprinters and higher than in endurance athletes. When
considering the results obtained in relation to the nominal playing positions, it should be noted that the power values
were higher in field players than in goalkeepers [29,35], which was confirmed by the present study. In conclusion, it
should be stated that the handball players in this study, with a high level of VO,max, were not adapted to performing
anaerobic efforts. They were characterized by a lack of tolerance to performance under conditions of increasing oxy-
gen debt, which was manifested by rapidly increasing fatigue during short, 10-second repeated efforts of maximum
intensity performed with incomplete rest breaks, which are characteristic of match loads. In light of the knowledge
of exercise physiology, there is no doubt that a high tolerance to match effort characterized by a predominance of
anaerobic loads is always better in athletes with a high VO,max. and a high running speed at the anaerobic thresh-
old. Therefore, constant monitoring of aerobic and anaerobic fitness levels is recommended. The available studies
show that a reduction of these indices below a value of 54 ml/kg/min for aerobic capacity and below 10.8 W/kg for
anaerobic capacity creates significant limitations for specialised training and effective participation of the handball
player [36,23]. Researchers dealing with handball also indicate that a reliable assessment of players’ morphological
and fitness predispositions in terms of playing in particular positions can be of great importance in recruitment and
selection for the sport [30]. An additional aspect of the study presented in this paper is the mean values of body com-
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position components indicating that FAT%, TBW%, and BMI were similar in the respondents and the listed national
teams [31]. While looking for the causes of the low level of aerobic and anaerobic capacity in the analysed group of
handball players in the light of available studies on methods, training effects, and different aspects of physical endur-
ance [11,22,37,38], it is possible to formulate a thesis that the exercise stimuli used in the training of the analysed
group were characterised by too low intensity, which made them inadequate for energy requirements of the competi-
tive effort and did not stimulate improvement in the athletic performance of the participants. The tested players were
characterized by a lower level of performance parameters compared to the players of elite handball teams.

Conclusions

1. The capacity for maximal oxygen uptake as determined by the VO,max value of the tested athletes was at a high
level.

2. The tested athletes were characterized by low running speed both at the threshold of anaerobic metabolism and
at the level of VO, max.

3. The anaerobic capacity indices of the tested athletes against the norms for handball players were at a low level.

4. The body tissue components resulting from the compositional analysis were within the reference range of results
and similar to those obtained by players from the national teams of other countries.

5. There are differences in the physical and physiological characteristics of players who play in different positions.
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Abstract:

Background: The analysis of technical and tactical training is of particular importance in sports where it is crucial to the
development of the athletes’ level of performance. Particularly valuable seem to be the observations aimed at determining the way
the world’s best athletes fight. The purpose of this study is to present a comparative analysis of the technical and tactical training
of elite fighters of Japan, Georgia, and France and to determine whether the use of taxonomy methods (cluster analysis) confirms
the presence of profiles of technical and tactical performance characteristic of the top national teams.

Methods: The research material was an audio and video recording of IJF World Tour tournaments covering a two-year cycle
(2017-2018) of senior competitions. In the first stage, we identified 15 athletes from each national team who fought the most
during the analyzed period. Their competitive activity was then analyzed. It included 369 fights by fighters from Japan, 257 from
France, and 467 from Georgia. The evaluation of the technical and tactical performance of individual athletes took into account
their activity (the sum of effective attacks, ineffective attacks, and provoked penalties/number of bouts), the effectiveness of their
actions (the arithmetic mean of the effective and ineffective attacks), the number of different techniques, the number of different
effective techniques, the number of directions of attacks, and the number of directions of effective attacks.

Results: Statistically significant differences were found in the index of activity in the second part of the fight (the highest
activity occurred in Japanese athletes) and the number of different effective techniques (the highest number was found in fighters
from Georgia). The cluster analysis did not confirm the technical and tactical performance specific to the national teams studied.

Conclusion: The analysis of the indices evaluated in the present study failed to confirm specific technical and tactical perfor-
mance characteristics of national teams. The range of variation in the indices analyzed in the study should be a starting point in
planning the long-term training of young athletes.

Introduction

The difference between martial arts and combat sports lies primarily in the value systems related to these manifestations
of physical activity. The overriding value associated with martial arts is the participation in improving the body and mind
(this can continue into old age). In modern professional training systems, the main task of training is to ensure a high
level of sports performance. Its culmination is expected to be participation and winning in the Olympic Games.
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Judo training focuses mainly on the physical preparation and technical and tactical skills of athletes. The starting
point in its planning should be the identification of the model values expected at different stages and training periods.

Therefore, studies aim to evaluate aerobic and anaerobic fitness levels [1-3] and muscle strength [4,5] in judo
players of different ages and sports skill levels.

Analyses of technical and tactical performance mainly concern the techniques used [6-9] and player activity and
performance [10-12].

In the training of international-level players, it is essential to obtain information on how their potential opponents fight.

Individual characteristics should be used in the strategy of preparation for bouts. Group characteristics, taking
sports skill level into account, are used to plan long-term training.

The purpose of this study is to present a comparative analysis of the technical and tactical performance of elite
athletes from Japan, Georgia, and France, and to determine whether the use of taxonomy methods (cluster analysis)
confirms the presence of profiles of this performance characteristic of the top national teams.

Materials and methods

The research material was an audio and video recording of IJF World Tour tournaments covering a cycle of senior
competitions. Recordings of the bouts can be found in a collection of multimedia files at www.judobase.ijf.org and
www.dartfish.tv.

The bout records analyzed in the present study were obtained from 28 tournaments held at the 2017 and 2018
World Championships and Grand Slam and Grand Prix events organized by the IJF in 2017-2018. In the first stage,
we identified 15 athletes from each national team who participated in most of the bouts in the period of competition
studied.

Their competitive activity was then analyzed based on 1093 videos, with 730 technical actions recorded (456 of
which were successful).

The following indices were calculated for each player:
activity in the first part of the bout (WA1), activity in the second part of the bout and the extra time (WA2), effective-
ness in the first part of the bout (WS1), and effectiveness in the second part of the bout and extra time (WS2). Fur-
thermore, the number of different techniques, the number of different effective techniques, the number of directions
of attacks, and the number of directions of effective attacks performed by the athlete were taken into account.

During the analysis of the individual tournament bouts we recorded the techniques used by the athletes using
Microsoft Excel. The database was copied into STATISTICA PL, where most of the analyses were performed.

The first stage involved verification of the reliability of the observations. The intraobserver correlation coefficient
(high-level judo coaches) was 0.997; 95% for WA (CI: 0.991-0.999) and 0.9579 for WS (CI: 0.852-0.9884). The
intraclass ICC correlation coefficient for the same observer was 0.998 for WA (Cl: 0.993-0.999) and 0.989 for WS
(Cl: 0.961-0.997). The standard error of measurement (SEM) for the same observer for WA and WS was 1.5% and
1.9%, respectively. The above results indicate a high reliability of observations.

The activity index was used in the activity assessment, calculated from the following formula:

Activity index (WA) = N

where:

>4 - the sum of activity: effective attacks, ineffective attacks, and provoked penalties for the opponent. An attack
was classified as ineffective if there was an apparent loss of balance and a fall and the judges did not award points
for this action.

NW — the number of bouts fought by each athlete.

The effectiveness index is the arithmetic mean (x) of the referee assessment of the technical actions recorded. It is
expressed by the following formula:

sum of points obtained
number of technical actions performed (effective and ineffective)

Effectiveness index (WS) =

The opportunity of using throws in eight directions was taken into account: backward, backward-left, left, for-
ward-left, forward-right, right, and backward-right (Figure 1).
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The analysis of variance was based on
the F-test or Kruskal-Wallis H-test, depend- T
ing on the distribution and homogeneity of TP
variance. The Tukey’s RIR test and Mann-
Whitney U-test were used to test differences
between group means. The Mann-Whitney
U-test included the Bonferroni correction,
which involves dividing the significance level
of p=0.05 by the number of comparisons
[13]. The Shapiro-Wilk W-test was employed P
to examine the normality of distributions. The
homogeneity of variance was verified using
the Levene’s test [14].

The k-means method was used to identify
athletes with a similar profile of technical and
tactical performance indices. It belongs to
the methods of ordering and classification of PP A4 FL
objects (taxonomy). The method allows the PRZ
creation of k clusters that differ from each
other as much as possible. For calculation, e symbols denote:
this method can be approached as the in- .o varg; TL - backward left; L left; PL —forward left; PRZ— forward:
verse of the analysis of variance [15]. In the  pp _ forward right; P — right; TP — forward right
present study, statistical analysis was carried
out for k=3.

The study was conducted in accordance with the Declaration of Helsinki and was approved by the Bioethics Com-
mittee at the Regional Medical Chamber of Krakow (No. 42/KBL/0OIL/2015 of 15 April 2015).

N
v
=

Figure 1. Possible throwing directions in judo

Results

Differences between technical and tactical performance indices
Table 1 illustrates the characteristics of the analyzed indices of technical and tactical performance in the national
teams. Statistically significant differences were found for WA2 and NRTS.

Table 1. Mean values of indices of technical and tactical performance in the national teams

Japan Georgia France

Test value p
Variable  Mean Min Max Mean Min Max Mean Min Max

WA1 1.69 0.48 2.56 1.39 0.33 2.11 1.44 1.06 2.29 H=3.8  0.1457
WA2 25 0.8 3.47 1.84 0.21 2.92 2.08 1.4 3 F=42 0.0214
WS1 2.49 1.05 4.38 3.08 1.62 5.17 2.47 0.78 3.78 F=2.1 0.1425
WS2 2.84 1.63 5.07 3.57 1.41 4.95 3.06 1.13 4.5 F=23 0.1086

NRT 14.93 9 19 19.4 9 34 14.33 10 26 H=5.9  0.0528
NRTS 9.33 4 12 13 4 25 8.07 3 19 H=9.1 0.0107
NKA 4.93 4 1 4.53 3 1 4.73 4 6 H=10  0.6043
NKAS 3.6 2 5 3.6 2 4 3.73 2 5 H=0.3 0.8710

Based on multiple comparisons of mean WA2 values it was found that a homogeneous group was formed by the
values of the index in athletes from Japan and France, and from Georgia and France. A comparison of means revealed
the highest values in Japanese players, which differed significantly from the mean in athletes from Georgia, where it
was the lowest (Table 2).
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Table 2. Significance levels of the Tukey RIR test calculated between the teams studied; variable: WA2

(1) (2) (3)
PN (1) 0.167591  0.017529
FRA  (2) 0.167591 0.568236
GEO  (3) 0.017529  0.568236

Based on multiple comparisons of mean NRTS (Table 3), two homogeneous groups were formed by the values of
the variable in the groups of athletes from Japan and France, and from Japan and Georgia. Comparison of the means
revealed the highest values of the variable in athletes from Georgia, and they differed significantly from those recorded
in players from France.

Table 3. Mann-Whitney U-test values and significance levels calculated between the teams studied; variable: NRTS

Test value p
JPN-FRA 1.845774 0.064926
JPN-GEO -1.82503 0.067997
FRA-GEO -2.59238 0.009532

Cluster analysis

Allindicators except WS1 played a significant role in the process of grouping the athletes. Figure 2 illustrates the stan-
dardized means for each cluster. Based on this procedure, 11 athletes qualified for the first cluster, 23 for the second,
and 11 for the third (Table 4). The first cluster included 5 athletes from Japan, 1 from France, and 5 from Georgia. In
the second cluster, there were 8 athletes from Japan, 8 from France, and 7 from Georgia. The third cluster included 2
athletes from Japan, 6 from France, and 3 from Georgia.

Table 4. Number of athletes from the teams studied in each cluster

Cluster No JPN FRA GEO Total
1 5 1 5 1
2 8 8 7 23
3 2 6 3 1
Total 15 15 15 45

2,0

05

WAT — activity during the first part of the bout

WA2 — activity during the second part of the bout
WAT1 — effectiveness during the first part of the bout
WA2 — effectiveness during the second part of the bout
NRT — number of different techniques

NRTS — number of different effective techniques
NKA — number of directions of attacks

NKAS — number of directions of effective attacks

- W s UeE . e RS Figure 2. Standardised means of each cluster
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Discussion

A comparison of the activeness of the athletes showed an increase in its levels in each national team in the
second part of the bout, but the largest increase was found for the Japanese team members. Statistically
significant differences were recorded only in the second part of the bout, with the lowest values recorded for
athletes from Georgia.

No statistically significant differences were found for effectiveness. However, higher values of this index were
observed in the Georgian team members. Therefore, it can be expected that with significantly lower activeness, there
is a tendency for them to use scored attacks (which have a direct impact on the result of the bout) more often.

Interestingly, also in the case of this index, its higher values in the teams studied were recorded in the second
part of the bout.

From a tactical point of view, the more techniques a fighter has mastered, the greater number of different situ-
ations in a fight he or she can resolve to their advantage. This finding is supported by research in the field of this
sport [16]).

Elite athletes from the national Poland team performed between 19 and 26 different effective techniques [17]. In
characterizing their technical performance, the author found that these athletes used 3 basic techniques, five to six
auxiliary techniques, combined with the basic ones to support the activity, six to seven situational techniques, and five
to eleven techniques which were described as occasional or random techniques. A large number of techniques (20
and 22, respectively) were also successfully performed during bouts by top Polish female athletes [18,19].

The results of our research indicate that the athletes have mastered from 9 to 34 different techniques at a level
that allowed them to be used in the bout. A comparison of the mean revealed the highest values in the athletes from
Georgia [4,19] and lower in those from France and Japan (14.33 and 14.93, respectively). However, these differences
were not statistically significant.

In the case of the number of different effective techniques, the highest values of the variable were found in ath-
letes from Georgia [13] and they differed significantly from those recorded in players from France [3], which were
the lowest.

In the above mentioned study [16], the author showed that, in addition to the number of different techniques, the
number of directions of attack is also related to the place won at international championships. The winners of these
events can use attacks in more directions than competitors with lower levels of achievement. According to Sikorski [20],
when considering the tactics of a bout in terms of the technical performance of an athlete, he or she should be pre-
pared to attack the opponent in four basic directions, i.e. right forward right back, left forward, and left back. From
a theoretical point of view, an athlete with this range of techniques is able to win with any opponent. The technical and
tactical performance of a two-time Olympic champion from the national Poland team who executed effective attacks
in all main directions can be considered exemplary [21].

In this study, in addition to the basic directions [20], intermediate directions (front, back, right, and left) are also
included. It was noted that players made attacks in between four and seven different directions. The mean values of
this index in athletes from Japan, Georgia, and France were 4.9, 4.5, and 4.7, respectively, and were not statistically
significantly different.

For the number of directions of effective attacks, the minimum value was found to be 2 and the maximum value
was 4. The mean values of this index in athletes from Japan, Georgia, and France were 3.6, 3.6, and 3.7, respectively,
and were also not statistically significantly different.

The k-means method has already been used to search for characteristic fitness profiles of judo players of different
ages [22].

In the present study, the method was applied to see if there were technical and tactical performance profiles
specific to the teams studied. The distributions of players in the individual clusters do not support the conclusion
that there is no technical and tactical performance profile typical of a team. Cluster 3 was dominated by players from
France, but there was no specific technical and tactical performance profile for this national team since most of its
members (8 players) were assigned to Cluster 2.

A weakness of the k-means method is that it is based on quantitative indices only. The analysis therefore did
not take into account the type of techniques used by the athletes or the gripping methods used. Perhaps, with more
variables taken into account, its application would lead to forming groups with the dominance of athletes from each
national team. This may also be supported by the fact that a greater number of differences and correlations were
observed for the comparison of all the fights of the athletes of the national teams included in the study [23].
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Conclusion

The analysis of the indices evaluated in the present study failed to confirm specific technical and tactical performance
characteristics of national teams. The range of variation in the indices analyzed in the study should be a starting point
in planning the long-term training of young athletes.
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Abstract:

Introduction: A healthy lifestyle is one of the key factors determining holistically defined health. The aim of the study is to
assess the relationship between the declared level of PA and dietary choices, somatic characteristics, functional fitness, and self-
assessment of women'’s health.

Methods: The study was conducted in a group of 181 women aged 60 to 85 years using the CHAMPS, KomPAN, and EuroQoL
questionnaires as well as the Fullerton Functional Fitness Test and tools for assessing somatic features. The relationships between
the variables were assessed using Spearman’s R correlation.

Results: The highest percentage of women declared average (60.2%) levels of PA, less often low (24.3%) and high (15.5%)
levels. A significant positive correlation was noted between the declared level of PA and energy expenditure needed for PA
(p<0.01). Statistical analysis indicated that with the increase in the level of PA, the frequency of consuming certain product
groups decreased, including white and red meat (p<0.01). Furthermore, some somatic characteristics decreased along with the
increase in the level of PA, including BMI (p<0.05), body fat (p<0.01), thickness of subscapular skinfold (p<0.05), and that on
the arm (p<0.01), and waist circumference (p<0.01). It was also shown that with the increase in the level of PA, some areas of
functional fitness increased, including flexion of the loaded arm and forward bend in the seated position (p<0.05). Positive self-
assessment of health also increased (p=0.001).

Conclusion: Higher levels of physical activity, positively correlated with energy expenditure, are partly associated with healthy
food choices and selected positive indices of health in older women.
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Introduction

A healthy lifestyle is a basic factor in improving health, holistically defined as the integration and balance of all
dimensions constituting a human being, including those biological and psycho-social [1]. Physical activity with
the characteristics of health training and a varied and balanced diet, rich in products with high nutritional density,
and limiting products with high energy density (e.g. Mediterranean diet) are behaviours positively related to health.
They contribute to improving health potential, reducing the incidence of chronic diseases and delaying involution-
ary changes, and lead to, among others, the optimisation of body mass and composition while increasing func-
tional efficiency [2-7]. This is particularly important during older adulthood, because in this period of ontogeny,
inter alia, changes in body composition as well as decreased functional fitness are observed, and they limit the
safe and effective performance of activities of daily living while negatively affecting the quality of life and subjective
assessment of health [8-10].

Studies conducted to date in the senior population have shown the prevalence of nutritional mistakes and a de-
crease in physical activity with age [11-15]. One form of activating seniors was the Healthy Active Senior programme
implemented at the University of Physical Education in Krakow (Poland) between 2019 and 2022. QOur previous
research in this area found, among others, relationships between eating habits and women’s quality of life [16], rela-
tionships of BMI with eating behaviours and functional fitness [17], and life satisfaction vs. eating behaviours, body
composition, and functional fitness [18].

The authors of the study found it interesting to undertake research regarding the predictive role of declared physi-
cal activity on dietary choices and selected positive health indices. Therefore, research was carried out to analyse
the relationship between self-assessment of physical activity level and the frequency of consuming selected product
groups, somatic indices of nutritional status, functional fitness, and the subjective assessment of health among senior
women.

Materials and methods

Participants

The research was conducted in a group of 181 women aged 60 to 85 years (66.3+5.4) at the stage of recruitment for
the Healthy Active Senior programme, implemented at the University of Physical Education in Krakow between 2019
and 2022. The group was dominated by women with higher (57%) and secondary education (37%), living in Krakow
(89%). The characteristics of the programme have already been presented in previous research [16-18].

Instruments

The following research tools were used in the study:

1) Physical Activity Questionnaire for Older Adults CHAMPS [19] in the Polish adaptation, with confirmed reliability
(intraclass correlation coefficients of the one-week test-retest ranged from 0.79 to 0.85) [20] to evaluate energy
expended on physical activity per week during the month preceding examination

2) Kom-PAN Questionnaire of Eating Behaviour [21], with confirmed reliability [22], to evaluate the frequency of
consuming product groups on a scale from 1 to 6, i.e. ‘never’ (1), ‘occasionally’ (2), ‘once a week’ (3), ‘several
times a week’ (4), ‘once a day’ (5), ‘several times a day’ (6), and the declared level of physical activity on a scale
from 1103, i.e. low’ (1), ‘moderate’ (2) and ‘high’ (3)

3) tools for the measurement of somatic indices and body composition: the HOLTAIN anthropometer, TANITA SC-
330ST, used to measure body mass and composition, circumferences (waist, hips, and thighs), and skinfolds (on
the arm, under the lower angle of the scapula and on the abdomen above the iliac crest)

4) Fullerton Functional Fitness Test, used to evaluate individual components of functional fitness: 30-Second Arm
Curl, Seated Bow, the so-called ‘Safety Pin’, the 30-Second Chair Stand, 2.44-Metre Timed Up and Go, and the
2-Minute Step in Place [8]

5) EuroQoL Quality of Life Questionnaire (EQ-5D), the Visual Analogue Scale part, for subjective assessment of
health on a scale from 0 (‘worst possible health state’) to 100 (‘best possible health state’) [23].

Statistical analyses

Descriptive statistics were presented. Correlations between variables were assessed using Spearman’s R rank cor-
relation coefficients in the IBM SPSS 21 program, assuming a significance level of p<0.05.
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Results

The distribution of data on self-assessment regarding the level of physical activity shows that the largest percentage
of women declared average (60.2%) levels of physical activity, less often low (24.3%) and high (15.5%) levels. The
average energy expenditure on physical activity per week during the month preceding the study was 4,663.3+3,021.5
kcal (Me=3,961.4 kcal, Min-Max: 506.0-16,796.8 kcal/week). Statistical analysis confirmed a significant posi-
tive correlation between self-assessment of the level of physical activity and energy expended on physical activity
(R=0.21; p=0.004).

The assessment of the consumption of product groups showed that women most often, i.e. several times
a day (Me=6), drank water, and once a day (Me=5) they ate fruit, vegetables, and wholemeal bread. They
consumed several times a week (Me=4) butter, vegetable oils, milk, yogurts and kefirs, fromage fais, eggs, and
potatoes. On average, once a week (Me=3), their diet included regular pasta and white rice, groats, and oat flakes,
yellow cheese, cold cuts, white meat, fish, legumes, and sweets. Less frequently, i.e. occasionally (Me=2), they
consumed white bread, fried foods, red meat, canned vegetables, fruit, vegetable juices, and alcohol. They never
(Me=1) consumed products such as fast food, lard, instant soups, canned meat, sweetened beverages, or energy
drinks (Table 1).

Table 1. Frequency of consuming selected product groups in the studied group of women (descriptive statistics)

Products * N Mean Median Min. Max. 025 Q75 SD
White bread 176 2.7 2.0 1.0 6.0 1.0 4.0 1.6
Wholemeal bread 179 4.2 5.0 1.0 6.0 4.0 5.0 1.3
White rice, regular pasta 180 2.8 3.0 1.0 5.0 2.0 3.5 1.0
Groats, oat flakes 180 33 3.0 1.0 6.0 20 4.0 1.2
Fast food 179 1.1 1.0 1.0 3.0 1.0 1.0 0.4
Fried products 180 2.3 2.0 1.0 6.0 1.5 3.0 1.1
Butter 179 3.8 4.0 1.0 6.0 2.0 5.0 1.8
Lard 178 1.3 1.0 1.0 5.0 1.0 1.0 0.9
Qils, olive oil 180 4.0 4.0 1.0 6.0 4.0 5.0 1.1
Milk 180 3.2 4.0 1.0 6.0 1.0 5.0 1.7
Yoghurt, kefir 181 3.8 4.0 1.0 6.0 3.0 5.0 1.2
Fromage fais 181 3.6 4.0 1.0 6.0 3.0 4.0 1.1
Yellow cheeses 180 3.0 3.0 1.0 5.0 2.0 4.0 1.2
Cold-cuts, sausages 179 3.1 3.0 1.0 6.0 2.0 4.0 1.3
Red meat 181 25 2.0 1.0 5.0 2.0 3.0 1.0
White meat 181 3.2 3.0 1.0 5.0 3.0 4.0 0.9
Fish 181 2.7 3.0 1.0 5.0 2.0 3.0 0.8
Eggs 180 34 4.0 1.0 5.0 3.0 4.0 0.9
Legumes 181 2.7 3.0 1.0 5.0 2.0 3.0 0.9
Potatoes 181 33 4.0 1.0 6.0 3.0 4.0 1.1
Fruit 179 5.2 5.0 1.0 6.0 5.0 6.0 0.9
Vegetables 180 5.0 5.0 1.0 6.0 5.0 6.0 0.9
Sweets 181 3.2 3.0 1.0 6.0 2.0 4.0 1.3
Instant soups 179 1.2 1.0 1.0 5.0 1.0 1.0 0.6
Canned meats 179 1.1 1.0 1.0 3.0 1.0 1.0 0.3
Canned vegetables 180 2.3 2.0 1.0 6.0 1.0 3.0 1.2
Fruit juices 180 2.6 2.0 1.0 6.0 1.0 4.0 1.3
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Vegetable juices 180 2.7 2.0 1.0 6.0 2.0 4.0 1.4
Sweetened hot beverages 181 2.8 1.0 1.0 6.0 1.0 5.0 2.1
Sweetened carbonated beverages 180 1.2 1.0 1.0 5.0 1.0 1.0 0.6
Energy drinks 181 1.1 1.0 1.0 6.0 1.0 1.0 0.4
Water 181 5.5 6.0 1.0 6.0 5.0 6.0 1.1
Alcohol 181 1.9 2.0 1.0 6.0 2.0 2.0 0.8

*products listed according to Kom-PAN questionnaire

Assessment of the analysed health indices showed that the women had an average BMI of 27.4 kg/m?, with body
characterized by 25.5 kg of fat mass and 44.7 kg of fat-free mass. The average waist circumference was 82.9 cm,
and the skinfold over the iliac crest was the thickest (36.4 mm). In terms of functional fitness, women performed,
on average, 15.1 repetitions of the 30-Second Chair Stand test and 17.1 repetitions of the 30-Second Arm Curl test.
In the Seated Bow test, the participants obtained a score of 6.4 cm, and in the Back Scratch (‘Safety Pin’) test, the
result was -0.8 cm. Furthermore, for the 2.44-Metre Timed Up and Go test, they achieved a result of 4.9 seconds,
while for the 2-Minute Step in Place, the result was 109.3 steps. The subjective assessment of health on a 100-point
scale was 76.9 points (Table 2).

Table 2. Analysed indices of health: somatic characteristics, functional fitness, and self-assessment of health among females studied

(descriptive statistics)

Variables (somatic, N Mean Median Min. Max. Q25 Q75 SD
functional fitness and
self-assessment)
BMI 180 27.4 26.9 18.7 40.2 24.2 30.1 4.3
(kg/m?)
FAT (%) 180 35.5 36.1 9.7 50.4 31.7 40.0 6.5
FAT Mass (kg) 180 25.5 25.2 5.6 51.9 19.4 31.0 8.3
FFM (kg) 180 44.7 43.9 34.8 67.3 41.0 48.2 5.2
TBW (kg) 180 32.8 321 25.5 49.3 30.0 35.3 3.8
Arm skinfold (mm) 181 26.9 21.0 1.2 85.0 21.2 31.4 8.5
skinfold under shoulder 181 25.8 24.8 1.8 57.0 18.8 32.8 10.2
blade (mm)
Abdominal skinfold (mm) 181 36.4 36.0 1.4 62.0 314 41.0 9.6
Waist circumference (cm) 181 82.9 81.0 60.5 113.0 74.0 91.0 11.9
Hip circumference (cm) 181 97.1 96.5 14.0 124.0 91.0 103.0 10.3
Thigh circumference (cm) 181 53.7 53.5 23.0 69.5 50.0 57.0 5.8
30-Second Chair Stand 180 15.1 15.0 8.0 23.0 13.0 17.0 2.8
(repetitions)
30-Second Loaded Arm 181 17.1 17.0 1.0 28.0 15.0 19.0 3.3
Curl (repetitions)
Seated Forward Bow (cm) 181 6.4 7.0 -24.0 31.0 -3.0 17.0 13.4
Back Scratch / ‘Safety 181 -0.8 1.0 -50.0 13.0 -4.5 4.0 1.9
Pin’ (cm)
Timed Up and Go - 2,44 181 4.9 49 3.3 9.9 4.4 5.3 0.8
m (sec)
2-Minute Step in Place 180 109.3 110.5 29.0 158.0 101.0 118.5 15.1
(number of steps)
Self-assessment (pts) 181 76.9 80.0 30.0 100.0 70.0 90.0 14.3
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Statistical analysis showed that as the level of physical activity increased, the frequency of consuming certain
product groups decreased, including white bread (p=0.046), potatoes (p=0.042), white meat (p=0.007), and red
meat (p=0.002) (Table 3).

Table 3. Correlations between the level of physical activity and frequency of consuming food groups in the study group (Spearman'’s R)

Physical activity & Food products N Spearman’s R t(N-2) p-value
White bread 176 -0.15 -2.01 0.046
Wholemeal bread 179 0.05 0.67 0.502
White rice, regular pasta 180 -0.07 -0.92 0.356
Coarse groats, oat flakes 180 0.06 0.75 0.454
Fast food 179 0.02 0.23 0.815
Fried products 180 -0.09 -1.25 0.215
Butter 179 -0.11 -1.45 0.148
Lard 178 -0.03 -0.36 0.716
Qils, olive oil 180 0.02 0.27 0.790
Milk 180 0.01 0.10 0.920
Yoghurt, kefir 181 0.06 0.77 0.442
Fromage fais 181 -0.01 -0.09 0.926
Yellow cheeses 180 -0.04 -0.50 0.615
Cold-cuts, sausages 179 -0.12 -1.62 0.106
Red meat 181 -0.23 -3.20 0.002
White meat 181 -0.20 2.1 0.007
Fish 181 -0.00 -0.05 0.960
Eggs 180 -0.09 -1.25 0.213
Legumes 181 0.13 1.7 0.089
Potatoes 181 -0.15 -2.05 0.042
Fruit 179 0.07 0.92 0.357
Vegetables 180 -0.03 -0.37 0.710
Sweets 181 -0.02 -0.31 0.757
Instant soups 179 0.05 0.66 0.510
Canned meats 179 -0.05 -0.62 0.538
Canned vegetables 180 -0.02 -0.24 0.808
Fruit juices 180 -0.01 -0.15 0.882
Vegetable juices 180 0.03 0.40 0.690
Sweetened hot beverages 181 -0.03 -0.44 0.658
Sweetened carbonated beverages 180 -0.08 -1.01 0.313
Energy drinks 181 -0.10 -1.32 0.188
Water 181 -0.02 -0.25 0.800
Alcohol 181 -0.14 -1.92 0.056

It was also shown that the BMI (p=0.023) and some somatic features decreased with the increase in the
level of physical activity, including the amount of fat tissue expressed as a percentage of body mass (p=0.005)
and as weight in kg (p=0.008), thickness of skinfolds at the lower angle of the scapula (p=0.047) and on the
arm (p=0.007), and waist (p=0.009) and hip circumference (p=0.009). It was also noted that as the level of
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physical activity increased, certain domains of functional fitness also increased, including range of the Loaded
Arm Curl (p=0.019) and the Seated Bow (p=0.036) test. Positive self-assessment of health also increased
(p=0.001) (Table 4).

Table 4. Correlations between the level of physical activity and somatic characteristics, functional fitness, and subjective self-assessment
of health in the study group (Spearman’s R)

Physical activity & Somatic indices / Functional N Spearman’s R t(N-2) p-value
fitness / Self-assessment
BMI (kg/m?) 180 -0.17 -2.29 0.023
FAT (%) 180 -0.21 -2.87 0.005
FAT Mass (kg) 180 -0.20 -2.70 0.008
FFM (kg) 180 -0.03 -0.40 0.693
TBW (kg) 180 -0.03 -0.38 0.704
Skinfold on arm (mm) 181 -0.20 -2.72 0.007
Skinfold under lower angle of shoulder blade (mm) 181 -0.15 -2.00 0.047
Skinfold fat above iliac bone plate (mm) 181 -0.15 -1.96 0.051
Waist circumference (cm) 181 -0.19 -2.63 0.009
Hip circumference (cm) 181 -0.19 -2.62 0.009
Thigh circumference (cm) 181 -0.14 -1.95 0.052
30-Second Chair Stand (repetitions) 180 0.14 1.92 0.057
30-Second Loaded Arm Curl (repetitions) 181 0.17 2.37 0.019
Seated Bow (cm) 181 0.16 2.12 0.036
Back Scratch / ‘Safety Pin’ (cm) 181 0.03 0.41 0.681
2.44-Metre Timed Up and Go (sec) 181 -0.03 -0.37 0.715
2-Minute Step in Place (steps) 180 0.05 0.64 0.520
Well-being (pts) 181 0.24 3.33 0.001
Discussion

The present study showed that senior women who signed up for the Healthy Active Senior programme promoting an
active lifestyle mostly declared an average level of physical activity. We showed nutritional mistakes, increased values
of some somatic indices (including BMI), and an average level of functional fitness. In relation to the aim of the study,
it was found that the level of physical activity declared by women was positively correlated with energy expenditure
on physical activity, significantly correlated with some dietary choices and some indices of holistically defined health,
including anthropometric indices of nutritional status, functional fitness, and subjective self-assessment of health.

The statistically significant positive relationship demonstrated between the subjective assessment of physical
activity (based on Kom-PAN) and energy expenditure (based on CHAMPS) indicates that the declared physical activity
can be perceived as an element of assessing physical activity levels in senior women. Other studies on the relation-
ship between self-assessment and measured physical fitness in older women also demonstrated a positive correla-
tion between both of these variables (i.e. declared and actual level of physical fitness) [24], which corresponds to the
results of the authors’ research in a similar area.

The study also indicated significant relationships between the level of physical activity and some positive dietary
choices, because as physical activity increased, the frequency of consuming products with a high glycaemic index
(white bread and potatoes) and meat (including red meat) decreased. Excess meat, especially red and processed meats,
is not recommended due to the content of saturated fatty acids and cholesterol, as well as unfavourable substances
added to food (preservatives) and those generated during thermal processing such as frying and smoking, including
lipid peroxides and protein pyrolysis products [25-27]. Excessive consumption of high-glycaemic, low-fibre products
and processed meat may increase health risks, including the development of cardio-metabolic and cancer diseases
[28,29]. In this context, it can be assumed that higher physical activity was associated with more rational dietary choices
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among women (although such a situation only concerned several groups of food products). The trends demonstrated in
this respect correspond to the research results of other authors. A review of the literature shows that people with more
rational diets are also more involved in physical activity [30]. American studies conducted as part of the National Health
and Nutrition Examination Survey programme in 2007-2014 also demonstrated associations between healthier diets
and a greater frequency of physical activity among people aged 60+ [11]. A systematic review of the literature also
confirmed the importance of high-quality diets for physical fitness among seniors, including physical performance [31].

The present study showed that with an increase in the level of physical activity, the values of some anthropometric
indices related to nutritional status decreased, including body mass index (BMI), the amount of adipose tissue in the
body composition, the thickness of skinfolds (under the shoulder blade and on the arm) and circumference (waist
and hips), which further indicates a positive correlation between physical activity and the normalisation of somatic
features as well as a lower degree of body fat. This is important for the prevention of obesity and its complications,
especially since the results obtained indicate above-normal BMI values and an increased amount of adipose tissue in
the body composition of senior women. Therefore, the results confirm the positive impact of physical activity in terms
of optimising body mass and composition, which may reduce the risk of developing chronic diseases, including
cardio-metabolic diseases, which was also pointed out by other authors [32,33]. The demonstrated trends towards
more beneficial health values of several somatic features (anthropometric indices of nutritional status) in women with
higher physical activity are consistent with the results of other authors. In this respect, research conducted by authors
from the Czech Republic also confirms the positive impact of physical activity on body mass and composition indi-
ces, thus contributing to reducing the risk of obesity in older women [34]. Research from Canada, in turn, confirmed
the importance of various training forms (high-intensity interval training and moderate-intensity continuous training)
for optimising body composition, cardiometabolic profile, and physical capacity of older women [35]. Subsequent
studies have confirmed the effect of vigorous physical activity on reducing body circumference (waist, hips, calves)
in elderly people from Brazil [36]. A lower risk of excess body mass and increased BMI was also established in physi-
cally active women from various countries compared to sedentary women, which indicates the validity of promoting
an active lifestyle in order to prevent obesity and maintain the health of older women from various European countries
[37]. Also, among middle-aged people (40-69 years) from the UK, it was found that physical activity was inversely
correlated with BMI and body fat content [38].

The present research also showed that as the level of physical activity of the women increased, certain compo-
nents of their functional fitness also increased, including the number of 30-Second Loaded Arm Curls and the depth
of Seated Bow tests. This indicates a positive relationship between physical activity and improved functional fitness,
especially in terms of muscle strength of the upper body (upper limb) and flexibility of the lower body. Improving
functional fitness leads to an increase in the efficiency of performing activities of daily living and thus, improving the
quality of life of seniors [8]. The demonstrated trends towards better functional fitness in women with higher physical
activity correspond to the results of studies by other authors, including new ones conducted in the German population
[39]. Research by authors from Spain and Portugal also presented an indirect effect of physical activity (of at least
moderate intensity) on components of physical fitness, in particular, on lower body strength, dynamic balance, and
aerobic endurance in older women [40]. Subsequent studies in Canada conducted among older females confirmed
the positive impact of physical activity on dynamic balance [41], limb muscle strength, flexibility, dynamic balance,
and cardiorespiratory endurance [42]. Furthermore, a meta-analysis showed a positive effect of yoga on components
of functional fitness, including strength, balance, and flexibility in older people [43].

The research also found that as the level of physical activity improved, the positive self-assessment of health in-
creased, which confirms the significance of physical activity for a modern definition of health. The holistic concept of
health assumes the subjectivity of health feelings, as indicated by theorists of health psychology [44]. The tendencies
towards higher self-assessment of health among women with higher physical activity demonstrated in this study are
consistent with the results of research obtained by other authors. For example, in other Polish studies, the importance
has been demonstrated of personalised physical activity for healthy aging among seniors, preferably in the form of
moderate-to-vigorous exercise, including improved physical health, overall well-being/self-assessment, and higher
satisfaction with life [45]. In Polish studies, lower self-assessment of health has been indicated in older women with
chronic diseases [46]. Korean studies also confirm the predictive significance concerning the frequency of vigorous
physical activity (and the use of medical services) for the subjective self-assessment of health among married post-
menopausal women [47]. The previously cited American studies conducted under the National Health and Nutrition
Examination Survey from 2007 to 2014 also exhibited associations between high physical activity and better self-
assessment of health in older people [11]. Similarly, a meta-analysis confirmed the positive impact of physical activity
(in the form of yoga) on the self-assessment of mental and physical health in older people [43].
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The presented work generally fits into the trend of research on behavioural determinants of health, taking the sub-
jectivity of health into account and pointing to the importance of individual responsibility for health and high-ranking
health behaviours undertaken for improving health potential during aging. Physical activity, in addition to rational
dietary choices, is an important element of a healthy lifestyle, which is a key determinant of health and quality of life
at every stage of ontogenesis. Some of the health indices are somatic features, such as anthropometric indices of
nutritional status and functional fitness, and subjective perception of health. With this approach, the results indicate
the positive impact of physical activity on other aspects of a healthy lifestyle and health status, thus referring to the
conclusions drawn from research conducted by other authors, who have indicated that physical activity is a signifi-
cant factor in improving the health of seniors [5,48,49].

The limitations of this study are mainly related to the self-report nature of some research tools, including those
concerning physical activity and nutrition. Moreover, the results can only be interpreted in relation to the group cov-
ered by the research and cannot be generalised because they concern women who reported joining the programme
that promoted health through physical activity. The failure to include men is another limitation of the work. Further
studies could include additional verification of the level of physical activity using objective measures of energy ex-
penditure and also take men and a broader spectrum of lifestyle elements into account, including coping with stress,
sleep hygiene, etc.

Conclusions

1. Higher levels of physical activity, positively correlated with energy expenditure, are partially associated with
healthier dietary choices, certain somatic indices of nutritional status, higher functional fitness, and better self-
assessment of health in older women.

2. The obtained results suggest partial predictive significance regarding the declared level of physical activity for
some positive indices of lifestyle and health status of senior women.

3. Promoting physical activity should help improve various aspects of lifestyle and the holistically defined health of
senior women.

Conflicts of Interest: The authors declare that they have no conflict of interest.

Funding: The research was financed as part of the “Healthy Active Senior” project implemented at the University of
Physical Education in Krakow (POWR.03.01.00-00-1225/18).

Institutional Review Board Statement: The research project was approved by the Bioethics Committee of the District
Medical Chamber 166/KBL/0IL/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are available on request from the corresponding author.

References:

[1] Grey M. Lifestyle determinants of health: Isn’t it all about genetics and environment? Nurs Outlook. 2017; 65(5): 501-505.
https://doi.org/10.1016/j.outlook.2017.04.011.

[2] Locke A, Schneiderhan J, Zick SM. Diets for Health: Goals and Guidelines. Am Fam Physician. 2018; 97(11): 721-728.

[3] Bangsbo J, Blackwell J, Boraxbekk C-J, Caserotti P, Dela F, Evans AB, et al. Copenhagen Consensus statement 2019: physi-
cal activity and ageing. Br J Sports Med. 2019; 53(14): 856-858. doi: 10.1136/bjsports-2018-100451.

[4] Sherrington C, Fairhall N, Kwok W, Wallbank G, Tiedemann A, Michaleff ZA, et al. Evidence on physical activity and falls
prevention for people aged 65+ years: systematic review to inform the WHO guidelines on physical activity and sedentary
behaviour. Int J Behav Nutr Phys Act. 2020; 17(1): 144. doi.10.1186/512966-020-01041-3.

[6] Lewis CB, Laflin M, Gray DL. Exercise as Medicine for Older Women. Clin Geriatr Med. 2021; 37(4): 639-650. doi: 10.1016/j.
cger.2021.05.009.

[6] Stojanovic MDM, Miki¢ MJ, MiloSevi¢ Z, Vukovi¢ J, Jezdimirovié T, Vuceti¢ V. Effects of Chair-Based, Low-Load Elastic Band
Resistance Training on Functional Fitness and Metabolic Biomarkers in Older Women. J Sports Sci Med. 2021; 20(1): 133-
141. doi: 10.52082/jssm.2021.133.

[7] Scoditti E, Tumolo MR, Garbarino S. Mediterranean Diet on Sleep: A Health Alliance. Nutrients. 2022; 14(14): 2998. doi:
10.3390/nu14142998.

Journal of Kinesiology and Exercise Sciences 23



(8]
(9]
(10]

(1]

(12]
(13]
(14]
(19]

(16]

(17]

(18]

(19]
(20]
(21]

(22]

(23]
(24]
(25]
(26]

(27]

(28]
(29]
(30]
(31]
(32]

(33]

24

M. Gacek, G. Kosiba, A. Wojtowicz, M. Majer, J. Gradek

Rikli RE, Jones CJ. Development and validation of criterion-referenced clinically relevant fitness standards for maintaining
physical independence in later years. Gerontologist. 2013; 53(2): 255-267. doi.10.1093/geront/gns071.

Li Z, Lai Q, Benedict RJ, Yang T, Zhang X. Age and residential differences in functional fitness of Chinese older women.
Australas J Ageing. 2022; 41(4): e379-e386. doi: 10.1111/ajag.13037.

Tian Y, Shi Z. Effects of Physical Activity on Daily Physical Function in Chinese Middle-Aged and Older Adults: A Longitudinal
Study from CHARLS. Clin Med. 2022; 11(21): 6514. doi: 10.3390/jcm11216514.

Xu F, Cohen SA, Lofgren IE, Greene GW, Delmonico MJ, Greaney ML. Relationship between Diet Quality, Physical Activity and
Health-Related Quality of Life in Older Adults: Findings from 2007-2014 National Health and Nutrition Examination Survey. J
Nutr Health Aging. 2018; 22(9): 1072-1079. doi: 10.1007/s12603-018-1050-4.

Sto$ K, Ottarzewski M, Rychlik E. Dietary patterns of Polish seniors in retirees” households. Rocz Panstw Zakl Hig. 2021;
72(4): 393-401. doi.10.32394/rpzh.2021.019.

Ishikawa-Takata K, Nakae S, Sasaki S, Katsukawa F, Tanaka S. Age-Related Decline in Physical Activity Level in the Healthy
Older Japanese Population. J Nutr Sci Vitaminol (Tokyo). 2021; 67(5): 330-338. doi: 10.3177/jnsv.67.330.

Visser M, Schaap LA, Wijnhoven HAH. Self-Reported Impact of the COVID-19 Pandemic on Nutrition and Physical Activity
Behaviour in Dutch Older Adults Living Independently. Nutrients. 2020; 12(12): 3708. doi.10.3390/nu12123708.

Ricardo AM, Damaris HG, Daniel LG, Marta LM. Nutritional Status, Dietary Habits, and Physical Activity in Older Adults from
Manta, Manabi. Foods 2022; 11: 3901. https://doi.org/10.3390/ foods11233901.

Gacek M, Kosiba G, Majer M, Gradek J, Kucia K, Koteja A, et al. Nutritional Habits, Self-Rated Health, and Quality of
Life of Women Participating in the Healthy Active Senior Programme. J Kinesiol Exerc Sci. 2023; 101(33): 1-9. DOI:
10.5604/01.3001.0016.2225.

Gacek M, Wojtowicz A, Kosiba G, Majer M, Gradek J. Body Mass Index, Functional Fitness and Nutritional Behavio-
urs of Senior Women from the Krakow Population. Rocz Panstw Zakl Hig. 2023; 74(1): 31-40. doi.org/10.32394/
rpzh.2023.0240.

Gacek M, Wojtowicz A, Kosiba G, Majer M, Gradek J, Koteja A, Czerwiniska-Ledwig O. Satisfaction with Life and Nutritional
Behaviour, Body Composition and Functional Fitness of Women from the Krakdw Population Participating in the “Healthy
Active Senior” Programme. Int J Environ Res Public Health. 2023; 20: 1877. https:// doi.org/10.3390/ijerph20031877.
Stewart A, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS Physical Activity Questionnaire for Older Adults:
Outcomes for Interventions. Med. Sci Sports Exerc. 2001; 33(7): 1126-1141.

Krol-Zielinska M, Ciekot-Sottysiak M, Szeklicki R, Zielinski J, Osinski W, Kantanista A. Validity and Reliability of the Polish
Adaptation of the CHAMPS Physical Activity Questionnaire. Biomed Res Int. 2019; 6187616. doi: 10.1155/2019/6187616.
Gawecki J (Ed.). Dietary Habits and Nutrition Beliefs Questionnaire and the Manual for Developing of Nutritional Data. Polish
Academy of Sciences, Olsztyn 2014, Poland.

Kowalkowska J, Wadotowska L, Czarnocifiska J, Cztapka-Matyasik M, Galinski G, Jezewska-Zychowicz M, et al. Reproduci-
bility of a Questionnaire for Dietary Habits, Lifestyle and Nutrition Knowledge Assessment (KomPAN) in Polish Adolescents
and Adults. Nutrients 2018; 10: 1845. doi: 10.3390/nu10121845.

Balestroni G, Bertolotti G. EuroQol-5D (EQ-5D): an instrument for measuring quality of life. Monaldi Arch Chest Dis. 2012;
78(3): 155-159. doi: 10.4081/monaldi.2012.121.

Kasovi¢ M, Stefan L, Zvonar M. Self-Reported vs Measured Physical Fitness in Older Women. Clin Interv Aging. 2020; 15:
425-430. doi: 10.2147/CIA.S240156.

Givens DI. Review: Dairy foods, red meat and processed meat in the diet: implications for health at key life stages. Animal.
2018; 12(8): 1709-1721. doi: 10.1017/S1751731118000642.

Wiseman MJ. Nutrition and cancer: prevention and survival. Br J Nutr. 2019; 122(5): 481-487. doi: 10.1017/
S0007114518002222.

Grosso G, La Vignera S, Condorelli RA, Godos J, Marventano S, Tieri M, et al. Total, red and processed meat consump-
tion and human health: an umbrella review of observational studies. Int J Food Sci Nutr. 2022; 73(6): 726-737. doi:
10.1080/09637486.2022.2050996.

Fuller S, Beck E, Salman H, Tapsell L. New Horizons for the Study of Dietary Fiber and Health: A Review. Plant Foods Hum
Nutr. 2016; 71(1): 1-12. doi: 10.1007/s11130-016-0529-6.

Stos K, Rychlik E, Wozniak A, Ottarzewski M. Red and Processed Meat Consumption in Poland. Foods. 2022; 11(20): 3283.
doi: 10.3390/foods11203283.

Ari Y, Gakir E. Correlation between participation in physical activity and healthy nutrition: An example of a sports science
faculty. Balt J Health Phys Activ. 2021; 13(3): 37-45. doi.10.29359/BJHPA.13.3.05.

Bloom I, Shand C, Cooper C, Robinson S, Baird J. Diet Quality and Sarcopenia in Older Adults: A Systematic Review. Nutri-
ents. 2018; 10(3): 308. doi.10.3390/nu10030308.

Gallardo-Alfaro L, Bibiloni MDM, Mateos D, Ugarriza L, Tur JA. Leisure-Time Physical Activity and Metabolic Syndrome in
Older Adults. Int J Environ Res Public Health. 2019; 16(18): 3358. doi: 10.3390/ijerph16183358.

Figueird TH, Arins GCB, Santos CESD, Cembranel F, Medeiros PA, d’Orsi E, Rech CR. Association of objectively meas-
ured sedentary behavior and physical activity with cardiometabolic risk markers in older adults. PLoS One. 2019; 14(1):
€0210861. doi: 10.1371/journal.pone.0210861.

Journal of Kinesiology and Exercise Sciences



Self-Assessment of Physical Activity...

(34]

(3]

(36]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

Sofkova T, Pridalova M. Assessment of changes in somatic characteristics based on the level of physical activity in women
who undertook weight reduction course. Cent Eur J Public Health. 2018; 26(3): 223-227. doi: 10.21101/cejph.a4678.
Boukabous |, Marcotte-Chénard A, Amamou T, Boulay P, Brochu M, Tessier D, et al. Low-Volume High-Intensity Interval
Training (HIIT) versus Moderate-Intensity Continuous Training on Body Composition, Cardiometabolic Profile and Physical
Capacity in Older Women. J Aging Phys Act. 2019; 27(4): 879-889. doi: 10.1123/japa.2018-0309.

de Oliveira DV, Branco BHM, Jesus MC, Sepulveda-Loyola V, Gonzéles-Caro H, Morais Freire GL, et al. Relationship between
vigorous physical activity and body composition in older adults. Nutr Hosp. 2021; 38(1): 60-66. doi: 10.20960/nh.03254.
Molina-Garcia P Medrano M, Pelclova J, Zajac-Gawlak I, Tlu¢akova L, Pfidalova M. Device-Measured Physical Activity,
Sedentary Behaviors, Built Environment, and Adiposity Gain in Older Women: A Seven-Year Prospective Study. Int J Environ
Res Public Health. 2021; 18(6): 3074. doi: 10.3390/ijerph18063074.

Bradbury KE, Guo W, Cairns BJ, Armstrong MEG, Key TJ. Association between physical activity and body fat percentage,
with adjustment for BMI: a large cross-sectional analysis of UK Biobank. BMJ Open. 2017; 7(3): e011843. doi: 10.1136/
bmjopen-2016-011843.

Albrecht BM, Stalling I, Recke C, Doerwald F, Bammann K. Associations between older adults’ physical fitness level and
their engagement in different types of physical activity: cross-sectional results from the OUTDOOR ACTIVE study. BMJ Open.
2023; 13(3): e068105. doi: 10.1136/bmjopen-2022-068105.

Zymbal V, Carrasco L, Safudo B, Luis D, Baptista F. Mediating effect of muscle power on the relationship of physical
activity with physical fitness and physical function in older women. Exp Gerontol. 2022; 158: 111660. doi: 10.1016/].
exger.2021.111660.

Buckinx F, Peyrusqué E, Granet J, Aubertin-Leheudre M. Impact of current or past physical activity level on functional capaci-
ties and body composition among elderly people: a cross-sectional analysis from the YMCA study. Arch Public Health. 2021;
79(1): 50. doi: 10.1186/s13690-021-00573-9.

Syue SH, Yang HF, Wang CW, Hung SY, Lee PH, Fan SY. The Associations between Physical Activity, Functional Fitness,
and Life Satisfaction among Community-Dwelling Older Adults. Int J Environ Res Public Health. 2022; 19(13): 8043. doi:
10.3390/ijerph19138043.

Sivaramakrishnan D, Fitzsimons C, Kelly P, Ludwig K, Mutrie N, Saunders DH, Baker G. The effects of yoga compared to
active and inactive controls on physical function and health related quality of life in older adults- systematic review and meta-
analysis of randomised controlled trials. Int J Behav Nutr Phys Act. 2019; 16(1): 33. doi: 10.1186/512966-019-0789-2.
Sek H, Heszen I. Psychologia zdrowia [Health psychology]. Wyd. PZWL, Warszawa 2012. (Polish)

Zurek G, Lepsy E, Zurek A, Radajewska A, Ptaszkowski K, Golachowska M. The relationship between the level of physical
activity, independence in daily activities, and life quality and satisfaction in women over 80 living in rural areas - a pilot study.
Rocz Panstw Zakl Hig. 2020; 71(2): 171-180. doi: 10.32394/rpzh.2020.0112.

Knapik A, Brzek A, Famuta-Waz A, Gallert-Kopyto W, Szydtak D, Marcisz C, Plinta R. The relationship between physical fitness
and health self-assessment in elderly. Medicine (Baltimore). 2019; 98(25): €15984. doi: 10.1097/MD.0000000000015984.
Kim EJ, Nho J-H. Trajectories of subjective health status among married postmenopausal women based on the ecological
system theory: a longitudinal analysis using a latent growth model. Korean J Women Health Nurs. 2022; 28(2): 123-133.
doi: 10.4069/kjwhn.2022.05.24.

Bethancourt HJ, Rosenberg DE, Beatty T, Arterburn DE. Barriers to and facilitators of physical activity program use among
older adults. Clin Med Res. 2014; 12(1-2): 10-20. doi: 10.3121/cmr.2013.1171.

Lim H-S, Yoo J-J. Association between Health Indicators and Health-Related Quality of Life according to Physical Activity of
Older Women. Healthcare (Basel). 2020; 8(4): 507. doi: 10.3390/healthcare8040507.

Citation:

Gacek M, Kosiba G, Wojtowicz A, Majer M, Gradek J: Self-Assessment Of Physical Activity And Selected Aspects
Of Nutritional Behaviour And Health Status Among Senior Women From The Krakow Population. Journal of Kine-
siology and Exercise Sciences, 2024; 34; Special Issue: 16-25.

Journal of Kinesiology and Exercise Sciences 25



Jad i J l( E s E-ISSN: 2956-4581
K ;Q_’K Journal of Kinesiology and Exercise Sciences

Journal of Kinesiology and Exercise Sciences

SPECIAL ISSUE (34): 26-32, 2024 CONFERENCE MATERIAL

(1.4)

EFFECT OF TRAINING AND SELECTION
ON ISOMETRIC HANDGRIP STRENGTH
AND ITS CORRELATIONS WITH SPORTS
SKILL LEVEL IN JUDOKAS AGED 11
TO 14 YEARS

Authors” contribution: Katarzyna Szczepanik™**, Grzegorz Lech' ",

A A Janusz Jaworski2****, Ewelina Kofodziej*®

C. Data analysis/statistics

D. Data interpretation

E. Preparation of manuscript ' University of Applied Sciences in Tarnow, Poland

F. Literature analysis/search 2 University of Physical Education, Cracow, Poland

G. Funds collection ® Scarcity
Keywords: isometric handgrip strength, combat sports, level of achievement,
selection of sports, judo
* Author for correspondence: Katarzynaannaszczepanik@gmail.com

Abstract:

Background: Handgrip strength development is a very important component of training in combat sports, especially wherever
throws and grips are used to limit the movements of the opponent. The main aim of this study was to compare isometric handgrip
strength (IHS) values between athletes of different ages to determine the effect of training and selection on its level, and to analyse
the relationship between IHS and the level of achievement.

Methods: The study group consisted of 23 judokas aged 11 to 13 years with 52 non-athlete peers and 19 judokas aged 13 to
14 years with 38 non-athlete peers. Examinations of judokas were conducted during regional championships. The level of achieve-
ment was determined based on the place taken in the tournament.

Results: Comparison of IHS values between judokas and their peers in both groups revealed statistically significant differences
in relative values. In the group of children, the absolute mean IHS value for the dominant limb was significantly higher in judo
practitioners. Comparison of the mean IHS values between judokas of different ages showed statistically significant differences
for absolute handgrip strength for the dominant limb, non-dominant limb, and their total. A very high correlation in the group of
children was found between the level of achievement and the handgrip strength of the dominant and non-dominant limbs. A high
correlation was observed for the level of achievement and the strength of the non-dominant hand.

Conclusions: Training and selection has a significant impact on higher (mainly relative) IHS values. As the person gets older,
the absolute IHS values increase, but their effect on the players’ level of achievement decreases.

Introduction

Handgrip strength determines the activities of daily living connected with lifting and carrying objects, and perform-
ing basic and instrumental activities [1]. In most sports where upper limbs are used during competition, handgrip
strength has an effect on the level of players’ achievement through its connection with technical training. Therefore,
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Effect of Training and Selection...

training optimization needs measurement of its level and broadly understood analysis. Research of this type has been
conducted, among others, in team sports games [2-4], gymnastics [5], or rock climbing [6]

Handgrip strength development is a very important component of training in combat sports, especially wherever
throws and grips are used to limit the movements of the opponent. High level of handgrip strength allows for utilization
of the strength of the muscles of the entire athlete’s body [7]. The importance of handgrip strength is demonstrated,
among others, by its significantly higher values compared to athletes practising sports where competition consists
in performing blows and kicks [8,9].

A special case of this kind of combat sport is judo. This uniqueness is related to the strict rules related to
clothing (Japanese name: judogi). A judogi consists of loose pants and a jacket with wide sleeves, tied with a belt.
When applying standing techniques (Japanese: tachi-waza), competitors can grip an opponent’s uniform from the
belt upwards (belt, sleeves, collar, back cloth), whereas during performance of prone techniques (Japanese name:
ne-waza), it is also allowed to grip pants. It is therefore possible to use a large number of different grips, whose
main objective is to maximise the use of the athlete’s own potential while limiting the potential of the opponent.
While recognising the importance of isometric handgrip strength (IHS) during the judo fight, the authors have often
focused on this problem in scientific publications. The topic of their studies was mostly to evaluate IHS in players
at different age. Only few studies have attempted to determine the effect of training and selection on its value [Dias
et al. 2012] and an analysis of the correlation with the sports skill level of judokas [11]. In addition, they apply to
older age groups. Therefore, the authors examined judo players and their non-athlete peers aged 11-12 years and
13-14 years.

The primary aim of this research is:

» to compare HGS values between players at different chronological age;

* to determine the effect of training and selection on its level;

* to analyse the relationship between the IHS and the level of achievement. Describe the general perspective of the
article, include a review of the relevant literature that motivates the research question and a full description of the
experimental aims and hypotheses.

Materials and Methods

The study group consisted of 23 judo athletes aged 11 to 13 years with 52 non-athlete peers, and 19 youth ju-
dokas aged 13 to 14 years with 38 non-athlete peers. Examinations of judokas were conducted during regional
championships. It was performed on the day of the competition after the official weigh-in. Participation in the
study was voluntary. The examinations were conducted according to the Declaration of Helsinki. All participants
were informed about the aim of the study and could withdraw from further examinations at any time without giving
any reason. The test had to be approved by the coach, who was the legal guardian of the participant during the
competition.

These included the measurement of handgrip strength of the right and left hand, the measurement of body height,
body weight, and body composition analysis.

The EH 101 handgrip tester with the option to adjust the grip to the size of the palm of the hand was used to
measure the handgrip strength. The measurements were taken in the standing position with the upper limb held along
the body. The result was recorded in kgf.

Body weight and composition were determined using a Tanita TBF-551 body composition analyser.

Body height (BH) was measured by means of a Martina anthropometer (USA) with accuracy of 0.1 cm.

The study also used a questionnaire, which included questions about age, training experience, and dominant
upper limb.

The level of achievement was determined based on the place taken in the tournament, using the following pattern:
1st place: 9 points; 2nd place: 7 points; 3rd place: 5 points: 3rd place: 3.5 points; 7th place: 1.5 points; 9th place:
0.5 points.

The comparison group consisted of students from schools in the Lesser Poland Voivodeship. Persons whose
height and body weight were approximately within the range of variability of these indices in groups of judokas were
included in the study.

Tables 1 and 2 show the characteristics of age, training experience and somatic built of study participants in two
age categories.
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Table 1. Age, training experience and somatic built of study participants in the group of children (aged 11 to 12 years)

Judo competitors Non-athlete peers
Variable N  Mean Min. Max. SD N  Mean Min. Max. SD  Testvalue P
Age 23 1143 1100 12.00 051 52 1160 11.00 12.00 050 U=-1.10 0.270
Body height 23 14957 141.00 16400 573 52 151.38 141.00 163.00 556 t=-1.29 0.202
Body mass 23 4028 3030 47.80 531 52 40.72 2890 4990 6.14 U=-0.37 0.709
Lean body mass 23 3544 26.66 4206 467 52 3584 2543 4391 540 U=-0.37 0.709
% FAT 23 1713 950 2730 510 52 17.15 6.80 3460 6.81 U=04 0.692

Training experience 23 443 1.00 7.00 1.73
Level of achievement 23 3.96 0.00 9.00 2.95

Table 2. Age, training experience and somatic built of study participants in the group of youth athletes (aged 13 to 14 years)

Judo competitors Non-athlete peers
Variable N  Mean  Min. Max. SD N  Mean  Min. Max. SD  Testvalue p
Age 19 1342 13.00 1400 051 38 1318 13.00 1400 039 U=144 0.150
Body height 19 163.55 149.00 176.50 6.71 38 163.54 144.00 181.00 7.76  t=0.01 0.995
Body mass 19 5482 4310 7470 8.08 38 56.31 33.60 80.20 11.36 t=-051 0.612
Lean body mass 19 4824 3793 6574 7.1 38 4955 2957 70.58 10.00 t=-051 0.612
% FAT 19 1635 660 2630 471 38 1844 970 33.00 6.09 t=-1.31 0.195

Training experience 19  6.05 400 10.00 1.61
Level of achievement 19 2.66 0.00 9.00 3.13

Cross-tabulation was used to characterize the research material. Depending on the distribution and homogeneity
of variance, means were compared using the Student's t-test for unrelated samples and the Mann-Whitney U test. The
homogeneity of variance was evaluated by means of the Levene's test. The assumption of normal distribution was
verified by means of the Shapiro-Wilk W-test.

In the case of comparison of children practising judo with their non-athlete peers, the sample size provided very
good power for a large effect size (94%), much smaller for a medium effect size (63%), and very small for a small
effect size (2%).

When comparing youth judokas and their non-athlete peers, the sample size ensured very good power for the
large effect (88%), smaller for a medium size effect (55%), and very small for a small size effect (1.7%).

In comparisons between judo practitioners (children and youth athletes), the sample size also ensured very good
power for the large effect size (81%), smaller for the medium effect size (48%), and very small for the small effect
size (1.6%).

Results

Table 3 presents the values of handgrip strength for children practising judo and their non-training peers. Comparison
of absolute values revealed significant differences only for the mean handgrip strength of the dominant limb. A higher
mean was found in judokas. It was 21.34 and 18.99 in the second group.

More significant differences were observed in the indices expressed in relative units per kilogram of body
weight and per kilogram of lean body mass. In the case of these indices, differences were found for the dominant
upper limb, non-dominant upper limb, and in their total values. In all cases, higher mean values were found in
judokas.

In the age group of youth athletes, statistically significant differences concerned the maximum handgrip strength
of the dominant and non-dominant limbs, and their sum expressed in relative units (per kilogram of body weight and
kilogram of lean body mass). Significantly higher means were found in all cases in the group of judokas.
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Table 3. Handgrip strength in children (11-12 years old) practising judo and their non-athlete peers

Isometric handgrip Judo competitors Non-athlete peers Test
strength / unit Mean Min. Max. SD Mean Min. Max. SD value P
Dominant upper 2134 1420 3070 410 1899 1060 30.80 438 U=2.01 0.044
limb (kgf)
Non-dominantupper  yqa; 1440 2840 357 1773 900 2770 401 U=183 0.068
limb (kgf)
Total (kgf) 4115 3230 5910  7.28 3672 1960 5850  7.94 U=192 0.055
Dominant upper 0.53 0.37 0.71 009 047 023 075 011 t=2.26 0.027
limb (kgf/kg)
Non-dominantupper 55 37 g5 008 044 019 064 010 t=237 0.021
limb (kgf/kg)
Total (kgf/kg) 103 071 126 016  0.91 0.42 132 020 t=2.46 0.016
Dominant upper _
fimb (kgf/kg LBM) 0.61 042 081 010 054 026 085 013 t=2.27 0.027
Non-dominant upper _
fimb (kgt/kg LBM) 056 036 070 009 050 022 073 011 t=237 0.021
Total (kgf/kg LBM) 117 080 143 018 104 048 1.51 022 t=2.46 0.016
Table 4. Handgrip strength in youth judokas (aged 13 to 14 years) and their non-athlete peers
Isometric handgrip Judo competitors Non-athlete peers Test
strength / unit Mean Min. Max. SD Mean Min. Max. SD value P
ﬁ(‘;?;'”a"t upperlimb  ahe6 2140 3910 522 2833 1620 4270 659  t=134  0.185
Non-dominantupper 5919 9300 3830 500 2653 1500 4170 627 t=161 0.114
limb (kgf)
Total (kgf) 59.84 4590 7560  9.93  54.86 3370 8430 1262 t=1.0  0.139
Dominant upper —
limb (ka/kg) 056 042 076 008 051 032 069 009 t=21  0.041
Non-dominantupper oy 037 073 009 048  0.31 068 009 t=252 0015
limb (kgf/kg)
Total (kgf/kg) 110 083 153 017 098  0.65 138 017 t=239 0.020
Dominant upper _
limb (kgf/kg LEM) 064 048 08 009 05 036 079 011 t=21 0.041
Non-dominant upper —
limb (kg/kg LBM) 0.61 042 088 0.1 054 036 077 010 t=252 0.015
Total (kgf/kg LBM) 125  0.94 174 0.20 112 073 156 020 t=239 0.020

The table presents the values of handgrip strength for children and youth judokas. Comparison of the mean IHS
values revealed statistically significant differences in absolute handgrip strength for the dominant limb, non-dominant
limb, and their total. A higher mean was found in all cases in the group of young judo athletes.

No statistically significant differences were recorded in the case of indices expressed in relative units.

When analysing the relationship between handgrip strength and the level of achievement in competitions, signifi-
cant correlations were observed only in the group of children (Table 6). All the correlations concerned absolute values
of specific indices. A very high correlation was found between the level of achievement and the handgrip strength of
the dominant and non-dominant limbs. Furthermore, a high correlation was observed in the level of achievement and

the strength of the non-dominant hand.
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Table 5. Handgrip strength in children and youth judokas

Isometric handgrip Children Youth athletes Test

strength / unit Mean Min. Max. SD Mean Min. Max. SD value
Dominant upper 2134 1420 3070 410 3066 2140 39.10 522 U=-469 0.000
limb (kgf)
Non-dominantupper 1941 4540 2840 357 2019 23.00 3830 500 U=-4.88 0.000
limb (kgf)
Total (kgf) 4115 3230 5910 7.28 59.84 4590 7560 9.93 U=-4.88 0.000
Dominant upper limb —, £ 0.37 0.71 0.09 0.56 0.42 0.76 008 t=-1.07 0.292
(kgf/kg)

Non-dominantupper 50 039 g1 008 054 037 078 009 =167 0111
limb (kgf/kg)

Total (kgf/kg) 1.03 0.7 1.26 0.16 1.10 0.83 1.53 0.17 t=-1.41  0.165

Dominant upper limb _
(kgf/kg LBM) 0.61 0.42 0.81 0.10 0.64 0.48 0.86 0.09 t=-1.07 0.292

Non-dominant upper _
limb (kgf/kg LBM) 0.56 0.36 0.70 0.09 0.61 0.42 0.88 0.11 t=-1.63 0.111

Total (kgf/kg LBM) 1.17 0.80 1.43 0.18 1.25 0.94 1.74 0.20 t=-1.41 0.165

Table 6. Statistically significant correlations between handgrip strength and the level of achievement in the group of children

Pairs of variables N R p
Level of achievement & dominant upper limb (kgf) 23 0.720126 0.000
Level of achievement & non-dominant upper limb (kgf) 23 0.666382 0.001
Level of achievement & total (kgf) 23 0.754760 0.000

Discussion

As mentioned in the Introduction section, the maximum handgrip strength is an important aspect of strength and
conditioning. Franchini [13] examined a large group of adult athletes from Brazil and demonstrated that the abso-
lute value of the maximum handgrip strength depends on the weight category and adopts mean values for the right
upper limb ranging from 43+7 (60 kg category) to 6111 ( +100 kg); for the left limb, this range was from 42+8
to 60+11. There was an inverse correlation in relative values (kgf/kg), with the highest results obtained by com-
petitors from the lightest weight category. For the right upper limb, the mean values ranged between 0.49+0.09
(+100 kg category) and 0.73=0.12 (60 kg category). For the left limb, the values ranged from 0.49+0.09 to
0.70+0.13, respectively.

In the group of juniors, the maximum handgrip strength was 52.0+8.3 for the right hand and 50.6+8.5 for the
left. In cadets, this was 39.8+12.7 and 39.4+10.0 kgf [14], respectively.

In the present study, the maximum handgrip strength in the group of youth athletes was 30.66+5.2 for the domi-
nant limb and 29.2 +5 kgf for the non-dominant limb, and differed significantly from the mean recorded for children. In
the group of children, the mean for the right and left hands was 21.34+4.1 and 19.81=+3.6, respectively. Significant
differences with the same pattern of means were also noted for the total of the handgrip strength for the right and left
hands. Therefore, it can be seen that the absolute values of the handgrip strength increase with the transition of the
athletes to the next age groups.

Dias [11] compared HGS indices between Brazilian judo athletes (age=22.54; SD=3.86) and their non-athlete
peers and found no significant differences in maximum force and time to achieve this force. The differences in favour
of judo players concerned only strength endurance.

In our study, in the group of children practising judo, higher values were observed compared to the control group
in the case of absolute handgrip strength of the dominant hand. Higher relative values, both kgf/kg and kgf/kg LBM,
were found in the groups of judokas for the right and left limbs, and the total of their values.
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Higher values of the analysed variables expressed only in relative values were also documented in the group of
youth athletes.

Relative measures of static strength represent more objective indices of the actual strength potential of an indi-
vidual than absolute strength. Their importance has been emphasized in many sports, especially those with weight
categories, such as judo. The dynamometric measurement of handgrip strength can especially depend on the size of
the body. The actual level of strength potential can be evaluated based on presentation in relative values [15]. There-
fore, body weight and LBM belong to the most important strength abilities. The results obtained in our study support
these findings. They clearly indicate that training and selection in this sport has an effect on higher values of handgrip
strength in these age groups.

While attempting to determine the effect of handgrip strength on the athletes’ sports skill level, we examined its
differentiation in groups of individuals with different sports skill level. Bonith-Gongora [16] failed to demonstrate dif-
ferences in the maximum handgrip strength between male elite athletes (medallists of the Portuguese, Swedish, and
Danish championships aged up to 17 years) and non-elite athletes (participants who did not win any medal during the
Spanish U17 championships). On the other hand, the non-elite group needed more time to reach the maximum force
of the isometric handgrip. Gutiérrez-Sanchez et al. [12] examined athletes age of 15 to 19 years and also did not find
any differences in the HGS level between those ranked at different places of the podium. Interestingly, a differentiation
was observed in the group of women.

In this study, using correlation analysis, a correlation was found in the youngest age group between the level of
achievement and the absolute values of the handgrip strength of the dominant and non-dominant upper limbs, and the
total of their values. No such dependencies were documented in the older group of athletes.

These results seem to confirm previous findings which showed that with the transition to higher age groups, the
correlations of motor skills and the course of fights and the sports skill level of the athletes disappear [17].

Despite the observed differences (compared to non-athlete peers and in the group of judokas), it is obvious that
intentional development of the IHS should be scheduled for later periods of the development of sports skills. In ra-
tional training, the development of strength abilities must be preceded by the development of coordination skills and
technique. Planning of training in younger age groups should primarily take into account the biological developmental
patterns.

Conclusions

1. In young judo practitioners, the absolute values of handgrip strength of the dominant limb, non-dominant limb,
and the total of their values were significantly higher than in the group of children.

2. Compared to the non-athlete peers, children and young judo athletes were characterized by significantly higher
handgrip strength expressed in relative units. Furthermore, in the group of children, the absolute mean IHS for the
dominant limb was significantly higher in judokas.

3. A very high correlation in the group of children was found between the level of achievement and the handgrip
strength of the dominant and non-dominant limbs. Furthermore, a high correlation was observed for the level of
achievement and the strength of the non-dominant hand.

4. Intentional IHS training should be implemented later in the development of the sports skill level (junior and senior
athletes).
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Abstract:

Introduction: handball is a team game in which the level of physical fitness plays a very important role with regard to the abil-
ity to perform training tasks and the course and final outcome of a competition. The aim of the study was to evaluate the targeted
fitness parameters of young handball players as part of the Handball Training Centres project and to quantify the young people who
achieve the best results in the targeted fitness parameters.

Methods: the participants of the study were 1,943 girls and 2,075 boys practising handball in 16 voivodeship handball training
centres between 2018 and 2021. Mean values for weight, height, age, and competitive experience are given in the body of this study.

Results: the mean values of the 30m run ranged from 4.92 to 5.29s in girls and from 4.50 to 5.29s in boys. The mean values
for envelope runs with ball dribbling were 27.24-29.86s in girls and 25.41-27.30s in boys. The mean value of the distance run in the
Beep Test was 1022.4-1359.44m in girls and 1261.18-1877.94m in boys. Other results are presented in detail further in the text.

Conclusion: based on the result of the Beep Test, it is possible to select the individuals who perform best in other tests of
targeted fitness. About 19.7% of girls and 21.0% of boys achieved the best results in the targeted fitness parameters. The worst
results were obtained for the 30m run and the envelope run with ball dribbling, while the best results were found in the vertical
jump test and the push-up test.

Introduction

Handball is a game based on natural human movements such as running, jumping, and throwing, and is an excellent
tool for the all-round development of children and young people’s motor skills. In assessing the nature of the game at
a professional level, it should be considered as an extremely varied, highly emotional game under constantly changing
conditions that requires a variety of actions from the player during the sports competition. The demands of the game
require players to be prepared in a multifaceted way. They refer to the ongoing development of strength and condition-
ing as well as technical and tactical potential, on which the sports performance largely depends.

In modern training, it is essential to manage the process efficiently to achieve the set objectives [1]. Therefore, for
proper management of the training process, a constant supply of information about the effects of the activity and the
adaptive changes of the athlete’s body as a response to the applied loads is necessary. These objectives are met by
a control system integrated into the training process, from the programming stage throughout the planning stages [2].
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The principle of control of training effects assumes a systematic, ongoing, and periodic control of the outcomes of
the applied training loads. The principle of the efficiency of the impact is based on providing immediate and reliable
information about the quality of the tasks performed and the state of the athlete’s body [1]. The control of general and
special fitness includes current control — providing immediate information on the training or game effects, operational
control — providing information on the effects of work over a longer period (1-3 months), and periodic control - taking
into account several important components of biological, motor, mental, and technical development [1].

Assessment by means of tests plays a very important role in terms of its control, diagnostic, prognostic, infor-
mational, motivational, didactic, and social functions. During the training process, student-athletes are subjected to
ongoing and staged control. The task of the former is to determine the direct effect of the training process on selected
psychophysical parameters. The task of stage control is to determine the dynamics of the progression of the somatic,
physiological, motor, pedagogical, and psychological parameters [3]. Whether training on the court, in the pool, or
the gym, an athlete must eventually specialise in his or her sport. Sport-specific training should result in physiological
adaptations appropriate to the specific movement pattern, metabolic requirements, mode of strength development,
type of muscle contraction, and pattern of muscle recruitment [4].

Special preparation of an athlete determines his or her ability to play a particular sport. Studies of athletes us-
ing measurable forms of motor and technical performance assessment (tests) are helpful in accurately determining
training measures. These tests also play a controlling role, which is why the use of tests assessing the level of motor
fitness and technique has become a necessity in the modern training of athletes, from the level of children to that of
professional sports [5]

The aim of the study was to evaluate the targeted fitness parameters of young handball players as part of the
Handball Training Centres (Osrodki Szkolenia w Pitce Recznej — OSPR) project, and to quantify (in percentage terms)
the participants who achieve the best results in the targeted fitness parameters.

For the purposes of this study, the following questions were formulated:

1. What values did the participants obtain in the targeted fitness tests?

2. What percentage of participants achieved reference values?

3. In which trials of the targeted fitness test is there the highest number of scores rated as high?

Materials and methods

The participants of the study were girls and boys who practised handball, in 16 voivodeship handball training centres

in 2018-2021 according to the training program guidelines of the Polish Handball Association [6]. Training classes

were held three times a week for 90 minutes each for a year. The examinations were carried out during voivodeship
consultations, which took place twice a year, in spring and autumn.
The methods used in the study included measurements based on the targeted fitness test (RSU) developed for the

implementation of the OSPR Programme [6]:

1. 30m run. Starting from a standing position at the signal. Measurement of the running time with a stopwatch with
an accuracy of 0.01s. The test was performed twice and the better result was recorded.

2. Countermovement jump. Measurement of the difference between the highest point marked by the fingers of one
hand on the measurement plate and the reach of the fingers of that hand in a standing position. Measurement with
an accuracy of 0.5cm. The test was performed twice and the better result was recorded.

3. Envelope run (3m x 5m envelope) with ball dribbling. Time measurement by stopwatch with an accuracy of 0.01s.
The test was performed twice and the better result was recorded.

4. Push-ups (at tempo). For boys, feet and hands resting on 2 benches, and for girls, hands resting on the bench
and feet resting on the ground. Measurement of the number of full arm flexion (push-ups) performed correctly
(with head, torso, buttocks, and lower limbs in line). Tempo: one push-up repetition per second. The test was
performed once.

5. Aerobic capacity (Beep Test) Estimation of maximal oxygen consumption (VO,max) was performed using an
indirect method based on Beep Test (Norwegian version) The test consisted of a maximum number of shuttle
runs performed over a distance of 20 metres in a sports hall. The rhythm and running pace were provided by
the acoustic signal test programme (Beep Test, Norwegian version) from the CD. The participant completed
the test by ‘refusal’ or failing to run to the 20m line twice at the signal. The last section allowed the determina-
tion (from the table) of the distance in (m) and the estimated VO,max level (in ml/kg/min) [7,8]. The test was
performed once.
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Statistical analysis was conducted using the SPSS v. 21 software. For the purpose of the study, descriptive
statistics was used to calculate arithmetic means, maximum and minimum values, standard deviations, and per-
centages [9].

Results

Table 1 shows the mean values of the results of the test trials performed during the 2018-2021 OSPR voivodeship
consultations by girls. It should be noted that the first consultation in 2018 involved young people one year older, S0
their results in the individual test trials are better than the others. A comparison of the results from the other consulta-
tions reveals that the best results in the 30m run and the envelope run with ball dribbling were achieved by the young
people in autumn 2020. Furthermore, the participants achieved their best results in the push-up test and the Beep
Test in autumn 2018.

Table 1. Mean values and standard deviations of the scores obtained by girls in the RSU test trials performed during voivodeship
consultations in 2018-2021

Consul- Age Training Body Body mass 30mrun  Counter- Envelope Push-ups Beep Test
tation, [years] experience height [cm] [kg] [s] movement run with [n] [m]
girls [years] jump [cm] ball drib-
bling [s]

Spring

2018, 15 6 166.53+6.03 57.48+8.71 4.92+0.32 38.44+675 27.24+2.07 13.65+8.72 1359.44+310.15
N=301

Autumn

2018 14 5 164.557.14+ 54.789.06+ 5.110.35+ 37.436.80+ 28.41+2.82 9.23+7.43 1274.88+349.36
N=244

Spring

2019 14 5 163.48+7.11 53.52+9.08 5.15+0.41 37.25+6.47 28.76=2.74 8.95+7.38 1117.35+389.43
N=306

Autumn

2019 14 5 161.79+7.88 51.16+10.11 5.12+0.33 34.74*+6.10 29.86+2.75 7.19+6.61 1174.29+372.46
N=302

Spring

2020 14 5 163.13+6.58 52.94+9.51 5.1+0.30 36.5+6.37 29.1+3.35 9.3+7.31 1150.79+311.25
N=197

Autumn

2020 14 5 164.26+9.40 55.29+10.95 5.05+0.35 37.03+6.02 28.06+2.48 8.61+6.71 1264.58+294.38
N=309

Spring

2021 14 5 164.09+6.98 53.94+9.83 5.29+2.17 36.41+6.60 28.95+3.29 6.83+6.16 1022.49+326.48
N=284

Notes:

RSU — targeted fitness test/report,

Table 2 shows the mean values of the results of the test trials performed during the 2018-2021 OSPR voivodeship
consultations by boys. It should be noted that the first consultation in 2018 involved young people one year older, so
their results in the individual test trials are better than the others. A comparison of the results from the other consulta-
tions reveals that the best results in the 30m run and the Beep Test were achieved at the 2019 consultation in the
spring. Furthermore, the best scores in the envelope run with ball dribbling and push-up tests were achieved during
the 2018 autumn consultation.
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Table 2. Mean values and standard deviations of the scores obtained by boys in the RSU test trials performed during voivodeship

consultations in 2018-2021

Consul- Age  Training Body Body 30mrun  Counter- Envelope Push-ups  Beep Test
tation, [years] experience height [cm] mass [kg] [s] movement  run with [n] [m]
boys [years] jump [ecm]  ball drib-
bling [s]

Spring

2018, 15 6 181.10 £7.72 70.69+10.35 4.50%+0.32 49.57+8.26 25.41+1.91 23.04+9.86 1877.94+334.98
N=304

Autumn

2018 14 5 179.49+7.08 69.78+10.28 5.29+2.17 4856+14.62 25.92+2.05 20.21+9.84 1585.95+613.03
N=273

Spring

2019 14 5 176.25+7.99 66.05=11.09 4.59+0.32 48.11+8.09 26.31+1.82 17.42+9.71 1635.29+365.99
N=329

Autumn

2019 14 5 172.49+8.94 61.04+x11.70 4.65+0.34 44.82+8.42 26.87+2.31 13.57+9.53 1542.52+438.88
N=315

Spring

2020 14 5 168.58+9.29 57.78+11.47 4.93+0.40 41.04+8.49 27.30+3.01 13.57+10.15 1261.18+381.64
N=225

Autumn

2020 14 5 172.72+8.64 61.38=11.62 4.68+0.38 43.50+7.38 26.46+2.35 16.28+9.26 1572.27+378.36
N=297

Spring

2021 14 5 168.20+8.78 57.55+12.12 4.92+0.45 41.81+7.69 27.24+2.05 12.17+8.57 1334.24+406.66
N=332
Notes:

RSU - targeted fitness test/report,

Table 3 shows the percentages of the number of girls with scores in the ‘high’ category in each consultation. The
largest number of participants scored ‘high’ during the autumn consultation in 2019. In contrast, the lowest number
of participants scored ‘high’ during the spring consultations in 2018, 2020, and 2021. The lowest percentages of
results obtained in the “high” category were found for the 30m run and the envelope run with ball dribbling. Further-
more, the highest scores were obtained in the countermovement jump and push-up test. The number of girls who
scored in the “high” category in the Beep Test is at an average of 18.3%. While referring to the VO,max values of the
participants, it should be noted that the highest values were observed during the 2018 consultation and the autumn
consultation in 2020. The BMI of the participants was at a similar level, between 19.5 and 20.8.

Table 3. The percentages of the number of girls who scored in the ‘high’ category in the RSU test trials at each consultation, and the
mean VO, max and BMI of the study participants

Consulta- Age Training V0, max BMi[kg/  30m run Coun- Envelope Push-ups Beep Test
tion, [years] experience [ml/ m?] [s] termo- run with [n] [m]
girls [years] kg/ vement  ball drib-

min] jump [cm]  bling [s]

% % % % %
Spring

2018, 15 6 418+8.2 20.8+1.7 2 22 6 34 17
N=301
Autumn

2018 14 5 405+9.2 20.2+1.9 8 31 1 27 19
N=244
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Spring
2019
N=306

14

37.7+£9.9

20.0 1.8

42

10

33

18

Autumn
2019
N=302

38.8+9.7

19517

13

42

29

24

Spring
2020
N=197

38.4+9.2

19.9+1.8

37

35

13

Autumn
2020
N=309

40.2+8.6

20.5+1.7

33

10

25

25

Spring
2021
N=284

36.2+9.9

19.91.9

38

10

22

12

Table 4 shows the percentages of the number of boys with scores in the ‘high’ category in each consultation. The
largest number of participants scored ‘high’ during the autumn consultation in 2019 and 2020. In contrast, the lowest
number of participants scored ‘high’ during the spring consultations in 2019, 2020, and 2021. The lowest percent-
ages of results obtained in the “high” category were found for the 30m run and the envelope run with ball dribbling.
Furthermore, the highest scores were obtained in the countermovement jump and push-up test. The number of boys
who scored in the “high” category in the Beep Test is at an average of 18.1%. While referring to the VO,max values of
the participants, it should be noted that the highest values were observed during the 2018 consultation and in spring

2019 and autumn 2020. The BMI of the participants ranged from 20.4 to 22.5.

Table 4. The percentages of the number of boys who scored in the ‘high’ category in the RSU test trials at each consultation, and the
mean VO, max and BMI of the study participants

Consulta-  Age VO0,max. BMI [kg/  30m run Coun- Envelope Push-ups Beep Test
tion, [years] [ml/ m’] [s] termo- run with [n] [m]
girls kg/ vement  ball drib-

min] jump [em]  bling [s]
% % % % %
Spring
2018, 15 48.6+9.1 21.6+2.0 9 57 3 42 23
N=304
Autumn
2018 14 455+18.2 21.7x1.9 8 52 5 38 21
N=273
Spring
2019 14 45.8+10.9 21.3+1.8 1 51 0 31 10
N=329
Autumn
2019 14 449+125 225+2.1 14 44 2 22 23
N=315
Spring
2020 14 40.2+12.1 20417 7 29 3 23 14
N=225
Autumn
2020 14 45.2+10.2 20.6+1.9 16 34 5 31 20
N=297
Spring
2021 14 415+12.2 20.4+1.8 10 33 2 23 16
N=332
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Discussion

The final result in handball is influenced by many factors, with their level significantly affecting the results of the game.
These include the level of morphological characteristics, general physical fitness, technical and tactical skills used
in the game, strength and conditioning, and psychological and pedagogical factors related to the sports competition
[3,5,10,11]. The training process needs to be monitored on a regular basis to continuously adjust the load to the
current exercise capacity. The lack of constant optimisation of loads and ongoing control of effects usually leads to
exceeding functional adaptive capacity, which in turn can negatively affect biological development and inhibit the
development of desired skills [12-14].

Based on the results obtained from the tests it is possible to identify the athletes scoring in the “high” category.
The criterion for this division is to reach the best performance in the tests. In boys, 21.0% of the players scored in the
‘high’ classification. The fewest, with only 12% of ‘high’ scores, were obtained in the 30m run and the envelope run
with ball dribbling. This is not a good predictor as the speed of movement and the technique of handling the ball with
a change of direction are very important elements of individual technique from the point of view of effectiveness. Sim-
ilar tendencies were found in the results of girls. In this group, the lowest number of ‘high’ scores was also found in
these two tests. The participants performed best on two tests: the countermovement jump and the push-up test. The
results of the Beep Test, which evaluates aerobic capacity, were at a high level by 18.1% of girls and 18.3% of boys.
Similar results in the 30m run and Beep Test were obtained by boys in studies in Greece and Germany, with average
sprint scores ranging from 4.79 to 5.05s and 20m shuttle run (Beep Test) scores of 44.55 to 49.93 VO,max [15,16].
The mean value of BMI was at a similar level in boys (21.2 kg/m2) and adolescents from Greece and Germany (22.85
kg/m2 and 22.32 kg/m?, respectively). [15]. In a 2019 study by Saavedra J et al, the mean scores in boys were 4.37s
for the 30m run and 22.48 kg/m? for BMI [17]. In girls, lower results were observed than those obtained by previous
authors [17]. The mean VO,max and BMI in girls were 40.1 ml/kg/min and 20.1 kg/m?, respectively, and in girls from
Greece, they were 47.34mL/kg/min and 21.10 kg/m2, respectively. In the 30m run test, mean values of 5.1s were
observed in the girls and 5.19s in the Greek girls [16].

The results of the research presented in this study and the results of other authors confirm that stage-based
control or selection control using tools such as motor tests makes it possible to assess the performance of
adolescents in a diagnostic and prognostic sense [15-20]. The results presented can to some extent add to the
knowledge base in this field of research. They can also serve as reference points in the process of handball training
at the youth training stage.

Conclusions

The analysis of the results obtained in the study leads to the following conclusions:

1. More attention needs to be paid to the effectiveness of developing speed in training programs for both girls and
boys.

2. Training programmes should be modified by implementation of more training measures to develop individual ball
handling technique.

3. The best results were achieved by the participants for the countermovement jump, push-up test, and Beep Test.

4. The score obtained in the Beep Test is an excellent tool in the assessment of comprehensive targeted fitness of
youth handball players.

5. For the purpose of achieving specific training goals, the training process should be monitored and adjustments
should be made to training programs.
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Abstract:

Background: To improve the health of society and a specific professional group such as physiotherapists, one should take into
consideration, for complementary diagnosis, the assessment of the level of anaerobic capacity to select training loads for regular
physical activity and a diagnosis of a body posture. The aim of the present study was to identify selected components of body
posture in relation to the level of anaerobic power in men and women.

Methods: The tested group included 91 students, 45 women and 46 men aged 20 to 21 years. In accordance with the objec-
tives of the present study, selected somatic features, body posture, and anaeorobic power were performed using the WinGate test.

Results: In the study group, in the significant proportion, hollow feet, abnormal depths physiological curvatures of spine and
the scoliotic posture, and to a lesser extent, laterally flat feet and pelvis sprain. The level of physical capacity shows a statistically
significant corrlation with the body weight in women and men. A statistically significant correlation between anaerobic power and
fat-free body mass in women and body mass and the body fat percentage in men were found. Significant correlation was noted
between maximum aerobic power and lateral deviation of the spine, the maximum power with the total scope of mobility in the
sagittal plane and the motility from the extension to the flexion (women), and in men between an angle kyphosis as well as between
the the position of the spine in sagittal plane. In terms of tested relations, sexual dimorphism is not exposed with the exception of
the level of longitudinal arch and the surface of loaded feet, lateral deviation of the spine as well as the mobility range of the spine
in the sagittal and frontal planes. The level of anaerobic power the influence on the rotation of the dorsal surface and the scope of
spine mobility in a bow in women and a density of adipose tissue in men have been shown.

Conclusion: Chosen elements of a body posture indicate an association with the level anaerobic power of men and women.
Obtained results should find practical application, promoting a comprehensive approach in the diagnosis of the body posture and
assessment of physical efficiency as determinants in the pursuit of health.
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Introduction

Body posture changes are closely related to human motor behaviour. Assuming that the human body is a ‘bioma-
chine,’ the dysfunction of one component affects the others, mainly the neighbouring ones. Therefore, all structural
problems are reflected in the functioning of the body and there is a need for an accurate assessment of the capacity
in conjunction with body posture. Body posture diagnosis is of interest to many researchers worldwide [1-4], and its
important elements are accuracy and precision. While analysing the results presented in the literature, one can point
out that although there are many methods and tools for assessing body posture, it is difficult to find a perfect method
for the whole body.

Considering the multifaceted nature of body posture, one should also consider the high probability of the occurrence
of faulty postures and postural defects correlated with lifestyle in different social groups, as confirmed in the analysis
performed by Woynarowska and QOblacinska [5]. The authors show that in 1999-2009, there was a deterioration in
physical fitness and an increase in body adiposity in the age group of 9-19 years. A large regression in muscle strength,
endurance, and flexibility was also observed, which may be related to segmental spine mobility. The condition of the
musculoskeletal system, closely related to the body build, influences the body posture, which depends, among others,
on an efficient and correctly formed musculoskeletal system, mobility, and stability within particular spine segments, an
efficient osteoligamental system, and a compatible nervous system [6]. Body posture determines health and physical
and mental well-being. These are also to a large extent determined by an individual’s immunity, defence and compensa-
tory mechanisms, and adaptive capabilities. A significant percentage of disorders are due to lack of physical activity and
eating disorders, associated not only with food quality or quantity but also with numerous food intolerances.

The notion of physical capacity is identified with the ability to undertake long-lasting efforts of moderate intensity
[7-12]. Not without significance is the physiological response of the body to a given effort, which depends, among
others, on the increase in energy demand, the level of training, or the temperature of the environment. The adaptive
capacity of organs, mainly the cardiovascular system, blood oxygen capacity, and the efficiency of cellular biochemi-
cal mechanisms related to energy acquisition are responsible for the efficiency of the abovementioned processes.
According to the U.S. Department of Health and Human Services [13], there is a direct relationship between physi-
cal activity and life expectancy, and researchers indicate that populations engaging in physical activity live longer. In
diagnosing the physical capacity of active people, it is necessary to consider the indices of the aerobic and anaerobic
components of physical capacity. The anaerobic capacity of the body, i.e. the ability to undertake short-term physical
efforts of very high intensity, is assessed most frequently based on work volume or average power [14-16]. Both
indices highly correlate with maximal anaerobic capacity, regarded as the main measure of anaerobic capacity [15].

The study was to assess the relationship between anaerobic capacity and selected body posture indices. The
following research questions were posed:

1. Does maximal anaerobic capacity exhibit a relationship with selected body build and posture indices?

2. s there any dimorphism in the above relationships?

3. Is the occurrence of the analysed body posture defects the same in participants with high and low maximal an-
aerobic capacity?

Materials and methods

Study group

The study involved 91 participants: 45 females and 46 males aged 20-21 years and was conducted at the Podhale
State College of Applied Sciences in Nowy Targ, Poland. The participants were informed about the study condi-
tions and provided their written consent to participate, with the possibility to withdraw at any stage without giving
any reason. The research was supervised by a paramedic. The inclusion criteria involved declared good health, no
contraindications, and blood pressure not exceeding 140/90 mm Hg. The individuals entered the tests in sportswear,
in the afternoon, at least 2 hours after a light meal. The purpose and procedure of the research were explained. The
participants were instructed on the execution of the particular test immediately before their commencement.

Methods

Selected somatic traits, body posture, and anaerobic capacity indices were determined. The first stage of the study
comprised the measurement of arterial blood pressure and basic body build indices: body height, determined with
a Martin anthropometer (USA) with 0.5-cm accuracy, body weight, measured with Sartorius F150S-DZA scales (Ger-
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many), and body mass index. Body composition was estimated with the 8-electrode bioelectrical impedance method,
in accordance with the methodology specified by the device manufacturer (Jawon Medical, certificate CEQ197) and
the criteria by Hattori et al. [17]. The investigated indicators were body fat percentage, body fat mass, and lean body
mass [18,19]. Following the guidelines presented by Dehghan and Merchant [18], the participants came from one
ethnic group, did not suffer from any diseases affecting water-electrolyte balance, did not undertake physical effort
2-3 hours before the bioelectrical impedance analysis, and had their fluid and food intake times controlled. For the
assessment of body height, body mass, body mass index, and the results in the feet area, comparisons were made
between our results and those obtained by Lizis [20]. Body mass index analysis was based on the World Health
Organization classification [21].

The assessment of foot arches and load distribution was performed with a FreeMed Posture set, consisting of
a computer podoscope (2D scanner) and a tensometric mat. Plantocontourogram area values were calculated with
an accuracy of 1.0 mm? [22]. The following indices were used: right and left foot surface (cm?), right and left forefoot
and hindfoot surface (cm?), right and left foot load (%), right and left forefoot and hindfoot load (%). From the indices
of foot structure, the following values were calculated using a computer program: right and left foot length and width
(mm), the surface of the soles of the feet (cm?), load distribution on the sole side (cm?), longitudinal arches of the
right and left foot — with Clarke’s angle (°), and transverse arches of the right and left foot — determined by Wejsflog
W index. The spine and body posture analysis employed the DIERS Formetric Ill 4D and the MediMouse systems.
The former allowed to evaluate the pelvic tilt (mm), pelvic torsion (°), thoracic kyphosis angle (°), lumbar lordosis
angle (°), lateral deviation VPDM (mm) (rms, root mean square), back surface rotation (mm) (rms). The latter served
to determine spine deviation from the anatomical axis in the frontal plane (°), range of spinal mobility in the frontal
plane (°), and range of spinal mobility in the sagittal plane in the tested positions: relaxed position — forward bend (°),
relaxed position — backward bend (°), forward bend — backward bend (°).

In the anaerobic capacity assessment, with maximal anaerobic capacity as the main measure, the Bar-Or test was
applied [15]. The proper effort was preceded by a 5-minute warm-up on a cycle ergometer at an individually selected
intensity of 50.0% of maximal oxygen uptake and a pedalling frequency of 60 revolutions - min™', with three 5-second
maximal accelerations at the 2™, 4" and 5" minute. Two minutes after completing the warm-up, the participants
performed a 10-second maximal physical effort with a load of 7.5% of body mass for men and 7.0% of body mass
for women [14,15]. During this effort, among others, we recorded maximal anaerobic capacity and time to reach
maximal anaerobic capacity. The anaerobic test was performed on a Monark 875E cycle ergometer (Sweden).

Statistical analysis

The results were processed with the Statistica software, ver. 13. The Shapiro-Wilk test determined whether the
variables in each group approximated a normal distribution. Correlation between variables was investigated with
Pearson’s r correlation and Spearman’s rho correlation tests. The test choice depended on whether the examined
variables had a near-normal distribution and whether they were ordinal or ratio variables. When the distribution was
close to normal and the variable was a ratio, Pearson’s r correlation test was used; otherwise, Spearman’s rho cor-
relation test was applied. A stepwise multiple regression analysis determined the set of investigated characteristics
that influenced capacity in men and women. In all analyses, effects for which the probability value P was less than
the adopted significance level of a = 0.05 were assumed significant (P < 0.05).

Results

First, descriptive statistics for the participants’ basic somatic traits and maximal anaerobic capacity were presented.
Then, we provided the results of correlation analyses aiming to determine the relationships between maximal anaero-
bic capacity and body posture. The final stage was to present the results of the stepwise multiple regression analysis,
which established the relationships between selected body posture components and maximal anaerobic capacity.

Mean body height was 166.6 + 5.70 cm in women and 179.0 + 5.50 cm in men. As for body mass, the mean
values equalled 61.6 + 8.60 kg in women and 80.5 = 10.90 kg in men (Table 1).

With regard to the maximal anaerobic capacity measurement (Table 2), a weak index was recorded in 22.22% of
women and 13.04% of men. Sufficient maximal capacity was found in 13.33% of women and 28.26% of men. Over-
all, 22.22% of women and 34.78% of men were classified below the average, whereas average values of the index
were reached by 40.00% of women and only 15.22% of men. Only 2.22% of women and 6.52% of men were above
the average. A very good level of maximal capacity was not achieved by any of the participants, with only 1 person
(male) with the value of the index at the elite level (Figure 1).
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Table 1. Descriptive statistics for basic somatic characteristics and body composition

Variable Women Men
M SD M SD
BH (cm) 166.60 5.70 179.0 5.50
BM (kg) 61.60 8.60 80.50 10.90
BMI (kg - m?) 18.80 2.70 22.60 2.80
LBM (kg) 44.60 4.27 62.75 6.28
BFM (kg) 16.72 472 17.09 6.22
BFP (%) 26.97 5.27 20.89 5.44

BH — body height, BM — body mass, BMI — body mass index, LBM — lean body mass, BFM — body fat mass, BFP — body fat percentage

Table 2. Descriptive statistics for maximal anaerobic capacity

Women Men
M SD M SD
Maximal anaerobic capacity (W - kg™") 8.77 0.79 11.00 1.46

Variable

*
15.00
12,50 T
10.00
[ ]
7.50+
_._
*
5.00
red colour — female, blue colour — male

Figure 1. Graphical representation of maximal anaerobic capacity results

In the male group, a statistically significantly high correlation was observed between maximal oxygen uptake and
body fat mass (r = —0.531; P > 0.001) and body fat percentage (r = —0.613; P > 0.001). Men with higher body
fat percentage exhibited higher anaerobic capacity. In the female group, no significant correlations were found (P >
0.05) (Table 3).
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Table 3. Results of Pearson'’s r correlation test of relationships between maximal anaerobic capacity and selected somatic traits

Women Men
Variable (n = 45) (n = 46)
MAP MAP
r —-0.040 0.194
BH
P 0.793 0.195
r 0.019 -0.176
BM
P 0.901 0.242
r 0.038 -0.204
BMI
P 0.803 0.173
r 0.023 0.143
LBM
P 0.883 0.342
r -0.065 -0.531"
BFM
P 0.671 0.000
r —-0.086 —0.613°
BFP
P 0.576 0.000

MAP — maximal anaerobic capacity, BH — body height, BM — body mass, BMI — body mass index, LBM — lean body mass, BFM — body
fat mass, BFP — body fat percentage

* correlation significant at the level of 0.01 (two-sided)

In the female group, the analysis indicated a statistically significant positive average correlation between maximal an-
aerobic capacity and right foot surface (r = 0.312; P = 0.037). This means that higher values of maximal capacity were
recorded among women with a larger load-bearing area of the right foot. There was also atrend (0.1 > P > 0.05) imply-
ing a positive weak relationship between left foot surface and maximal capacity (- = 0.273; P = 0.070). This means that
women with higher left foot load-bearing area were likely to have higher maximal anaerobic capacity (Table 4).

Table 4. Results of Pearson’s r correlation test examining relationships between maximal anaerobic capacity and foot load indices

Women Men
Variable (n = 45) (n = 46)
MAP MAP
r 0.273 -0.156
Left foot surface
P 0.070 0.301
r 0.312° -0.120
Right foot surface
P 0.037 0.426
r -0.142 -0.119
Left foot percentage load
P 0.353 0.431
0.142 0.119
Right foot percentage load
0.353 0.431

MAP — maximal anaerobic capacity
* Correlation significant at 0.05 (two-sided)

For the analyses of the correlation of pelvic tilt and pelvic torsion with anaerobic capacity, the non-parametric
Spearman’s rho correlation test was used due to the smaller numbers of participants (resulting from the deviations to
the left or right side). The results did not indicate statistically significant relationships between these variables (P >
0.05). In the male group, there was a trend suggesting a correlation between maximal capacity and pelvic tilt to the
left (. = —0.376; P = 0.077) and pelvic torsion to the right (r, = 0.352; P = 0.066).
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In the female group, Pearson’s r correlation test revealed a significant relationship between maximal anaerobic
capacity and back surface rotation (- = 0.323; P = 0.030). There were no significant correlations for the other vari-
ables in the female group (Table 5).

Table 5. Relationships between maximal anaerobic capacity and pelvic position, angle of spinal kyphosis and lordosis, and body
posture indices

Women Men
Variable (n = 45) (n = 46)
MAP MAP
r, -0.168 -0.114
Pelvic tilt to the right®
P 0.601 0.699
r, -0.17 -0.376
Pelvic tilt to the left
P 0.394 0.077
) ) ) r, -0.192 0.352
Pelvic torsion to the right®
P 0.337 0.066
r, -0.238 -0.150
Pelvic torsion to the left®
P 0.358 0.579
Kvohosi | r 0.037 0.044
osis angle
P g P 0.811 0.773
r -0.224 0.062
Lordosis angle
P 0.138 0.682
r 0.323" -0.095
Back surface rotation
P 0.030 0.528
r 0.129 -0.143
Lateral deviation VPDM
P 0.399 0.342

MAP — maximal anaerobic capacity
2Spearman’s rho correlations calculated for participants with pelvic tilt/torsion
* Correlation significant at the level of 0.05 (two-sided)

In the female group, a statistically significant positive weak correlation was found between maximal anaerobic ca-
pacity and forward bend (r = 0.378; P = 0.010), which means that individuals with a greater range of forward bend
were characterized by higher maximal anaerobic capacity. There was also a statistically significant positive correlation
of maximal anaerobic capacity with the range of mobility in the sagittal plane, i.e. from extension to bend (r = 0.342;
P = 0.022), implying that participants with a greater range of mobility presented higher maximal anaerobic capacity.

The results obtained in the female group also showed a statistically significant positive weak correlation of maxi-
mal anaerobic capacity with the total range of mobility in the sagittal plane (- = 0.375; P = 0.011), suggesting that
women with a greater range of mobility are likely to have higher maximal anaerobic capacity (Table 6).

Table 6. Results of Pearson’s r correlation test of relationships between maximal anaerobic capacity and the spinal range of mobility
in the sagittal and frontal planes

Women Men
Variable (n = 45) (n = 46)
MAP MAP
o ) r, -0.168 -0.114
Pelvic tilt to the right®
P 0.601 0.699
r, -0.171 —-0.376
Pelvic tilt to the left
P 0.394 0.077
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] ) ) r, -0.192 0.352
Pelvic torsion to the right®
P 0.337 0.066
r, -0.238 -0.150
Pelvic torsion to the left®
P 0.358 0.579
Kvohosi | r 0.037 0.044
osis angle
P ¢ P 0.811 0.773
r -0.224 0.062
Lordosis angle
P 0.138 0.682
r 0.323" -0.095
Back surface rotation
P 0.030 0.528
r 0.129 -0.143
Lateral deviation VPDM
P 0.399 0.342

MAP — maximal anaerobic capacity
 Spearman'’s rho correlations calculated for participants with pelvic tilt/torsion
* Correlation significant at the level of 0.05 (two-sided)

Due to the small sizes of the investigated groups, the set of independent variables (somatic determinants of
maximal anaerobic capacity) included the following variables correlated with maximal anaerobic capacity: right foot
Clarke’s angle, right foot surface, back surface rotation, forward bend range of mobility in the female group; and body
fat percentage in the male group.

The following variables were not included in the regression model despite their correlation with maximal anaerobic
capacity:

* body fat mass (male group) — because of a strong correlation with body fat percentage;
* range of spinal mobility in forward bend (female group) — because of a very strong correlation with the range of
mobility in forward bend from relaxed position;

Table 7. Stepwise multiple regression of maximal anaerobic capacity in relation to right foot Clarke’s angle, right foot surface, back
surface rotation, and forward bend range of mobility in the female group

Model Variable B Standard error B t p
Constant 12.033 1.585 7.594 0.000
Right foot Clarke’s angle -0.061 0.030 -0.300 —-2.064 0.045

Multiple correlation coefficient: R = 0.300
Multiple determination coefficient: R? = 0.069
Equation significance: F = 4.262; P = 0.045

Constant 11.061 1.602 6.905 0.000
Right foot Clarke’s angle -0.054 0.029 -0.262 -1.854 0.071
2 Back surface rotation 0.157 0.077 0.289 2.040 0.048

Multiple correlation coefficient: R = 0.415
Multiple determination coefficient: R* = 0.133
Equation significance: F = 4.368; P = 0.019

Constant 8.895 1.873 4.750 0.000

Right foot Clarke’s angle -0.033 0.030 -0.160 -1.100 0.278

Back surface rotation 0.149 0.074 0.275 2.01 0.050

3 Forward bend range of mobility 0.011 0.005 0.296 2.045 0.047

Multiple correlation coefficient: R = 0.499
Multiple determination coefficient: R? = 0.194
Equation significance: F = 4.527; P = 0.008
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* range of spinal mobility in backward bend (female group) — because of a very strong correlation with the range of
mobility in backward bend from relaxed position.

Variables that were included in the regression equation but the distributions of their results were not close to
normal were logarithmically transformed to satisfy the condition of distribution normality. The first analysis focused
on the results for women (Table 7).

Two variables were significant in the regression equation. In the female group, maximal anaerobic capacity was
influenced by back surface rotation (B = 0.275; P = 0.050) and forward bend range of mobility (3 = 0.296; P =
0.047). The B coefficient was positive for these two variables, which, with the assumption of a linear dependence,
would indicate a directly proportional relationship. The multiple determination coefficient was 0.194 (model 3), which
implies that ca. 19% of the variation in maximal anaerobic capacity can be explained based on these variables. This
variation is best described by back surface rotation (model 2 — 1 difference: R = 0.064), followed by bend range of
mobility (model 3 — 2 difference: R* = 0.061). Clarke’s angle in models 2 and 3 did not reach a significance level be-
low o = 0.05. Right foot surface was excluded from the above regression equation ({ = 1.904; P = 0.064) (Table 7).

One variable is significant in the regression equation. In the male group, maximal anaerobic capacity was influ-
enced by body fat percentage (3 = —0.613; P < 0.001). The B coefficient was negative, which, with the assumption
of a linear dependence, would indicate an inversely proportional relationship. The multiple determination coefficient
was 0.362, which implies that ca. 36% of the variation in maximal anaerobic capacity can be explained based on
body fat percentage (Table 8).

Table 8. Stepwise multiple regression of maximal anaerobic capacity in relation to body fat percentage in the male group

Model Variable B Standard error B t p
Constant 14.441 0.690 20.943 0.000
Body fat percentage -0.165 0.032 -0.613 -5.148 0.000

Multiple correlation coefficient: R = 0.613
Multiple determination coefficient: R = 0.362
Equation significance: F = 26.502; P < 0.001

Discussion

Correct body posture requires a static and dynamic balance of muscle tone, and the relaxed posture can be corrected
by consciously tensing relevant muscle groups, which is a forced state and therefore temporary and often impos-
sible to achieve. The body tries to reduce the impact of faulty posture and postural defects through compensatory
mechanisms, which also affect the function of internal organs. Scoliosis, for example, adversely affects the function
of the circulatory and respiratory systems. Bioenergetic processes and neurohumoral activity are also impaired [23].
Children with postural defects are characterized by decreased aerobic glycolysis with an increased proportion of
anaerobic glycolysis. They also exhibit hypoxaemia, reduced maximal oxygen uptake indices, and decreased total
physical capacity measured in PWC170 and PWC150 tests. Moreover, the hyperventilation syndrome is observed,
consisting in an increased frequency of respiratory movements and raised respiratory minute ventilation, which are
treated as a compensatory reaction aimed at eliminating hypoxia (oxygen deficiency in the tissues) and hypoxaemia
(oxygen deficiency in the blood) [23]. One can therefore conclude that the more advanced the scoliotic process, the
greater the child’s disorders in this area.

Pujszo et al. [24] investigated the relationships between body posture control and anaerobic capacity in women
and concluded that anaerobic physical effort interfered with body posture control and that the physiological state of
the body interfered with body posture, i.e. balance. Furthermore, the authors observed that a disturbance of body
posture control by maximal anaerobic effort was highly correlated with a disturbance of body posture control by
a series of rolls (rotational movements), which might imply an identical mechanism of labyrinth interference.

In the present study, maximal anaerobic capacity, in accordance with the classification by Zupan et al. [25], was
8.77 W kg™ in women and 11.00 W kg~ in men. The indicator was weak in 22.22% of women and 13.04% of men,
and sufficient in 13.33% of women and 28.26% of men. Overall, 22.22% of women and 34.78% of men were classi-
fied below the average, whereas average values of the indicator were reached by 40.00% of women and only 15.22%
of men. Only 2.22% of women and 6.52% of men were above the average. A very good level of maximal capacity
was not achieved by any participant, with only 1 person (male) showing the index at the elite level. In the study group,
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a high correlation was revealed between maximal capacity and body fat mass (r = -0.531; P > 0.001) and body fat
percentage (r = —0.613; P > 0.001). These correlations show that men with lower body mass and body fat percent-
age exhibit higher anaerobic capacity.

In analysing the relationships between somatic characteristics of the feet and anaerobic capacity in the examined
women, one should point at a statistically significant negative average correlation between maximal anaerobic capac-
ity and right foot Clarke’s angle (r = —0.300; P = 0.045). Females with a greater Clarke’s angle, reflecting right foot
longitudinal arches, presented lower maximal anaerobic capacity values.

The analysis of the relationships between the foot load and anaerobic capacity in women revealed a statistically
significant positive average correlation between maximal anaerobic capacity and right foot surface (r = 0.312; P =
0.037). Women with a larger loaded area of the right foot presented higher values of maximal capacity. Regarding the
other variables, only a trend (0.1 > P > 0.05) was found, indicating a positive weak relationship between left foot
surface and maximal capacity (r = 0.273; P = 0.070). Women with a larger loaded area of the left foot were likely
to exhibit higher levels of maximal capacity.

In the male group, with regard to spine position and pelvic alignment, there was a statistically significant positive
correlation between maximal anaerobic capacity and back surface rotation (r = 0.323; P = 0.030). There was also
atrend (0.10 > P > 0.05) suggesting a correlation between maximal anaerobic capacity and pelvic tilt to the left (r,
= -0.376; P = 0.077) and pelvic torsion to the right (-, = 0.352; P = 0.066).

For the range of spinal mobility in the female group, a statistically significant positive weak correlation was found
between maximal anaerobic capacity and the range of mobility in the sagittal plane, i.e. from extension to bend (r =
0.342; P = 0.022), and total range of mobility in the sagittal plane (r = 0.375; P = 0.011). Women with a greater
range of forward bending and total mobility in the sagittal plane exhibited higher maximal anaerobic capacity.

Maximal anaerobic capacity was influenced by back surface rotation (B = 0.275; P = 0.050) and bend range
of mobility in the sagittal plane (B = 0.296; P = 0.047) in females and by body fat percentage (B = -0.613; P <
0.001) in males.

Low levels of maximal anaerobic capacity and significant abnormalities in the body posture of the study partici-
pants suggest the need to increase their activity levels, which are likely to correct their body posture and improve
physical capacity. Lifestyle changes can also impact work comfort and the quality of services provided, implying the
maintenance of health and well-being.

Conclusions

1. The level of maximal anaerobic capacity shows a statistically significant relationship with body mass in both sex-
es. In men, a statistically significant correlation was observed between anaerobic capacity and lean body mass
and body fat percentage. In women, a statistically significant correlation was demonstrated between maximal
anaerobic capacity and the loaded area of the right foot, spine position, and range of motion in the sagittal plane.

2. There was no dimorphism between the selected body posture components and maximal anaerobic capacity,
except for the level of longitudinal arches of the feet and feet loading surface, lateral deviation of the spine, and
the range of its mobility in the sagittal and frontal planes.

3. Maximal anaerobic capacity influenced back surface rotation and spinal range of motion in the forward bend in
women and body fat percentage in men.
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Abstract:

Background: Badminton is numbered among the fastest racket sports. Movements during a match are characterized by spatial
and temporal limitations resulting from the game regulations and opponents’ actions. The aim of this research was to determine the
levels of selected indices of postural stability of elite badminton players compared to a non-athlete comparison group.

Methods: The study material consisted of results collected in a group of 10 members of the Poland national badminton team
(age: 22.7 = 24.64) and 29 non-athlete students (age: 21.67 = 0.88). The scope of the study included eleven selected indices
of postural stability. The examinations were conducted using a Microgate GYKO triaxial accelerometer. The Student’s t-test or
Mann-Whitney U test (depending on the variance and distribution) were used to evaluate the significance of differences in postural
stability between the two groups. The magnitude, extent, and direction of intergroup variation in the indices of postural stability
were determined by the magnitude of the normalized differences.

Results: Statistically significant differences between non-athletes and badminton players were obtained for 7 indices of pos-
tural stability. The magnitudes of the normalized differences ranged from 0.31 SD (Mean Velocity) to 2.10 SD (Length AP).

Conclusions: Badminton players showed higher levels of all analyzed indices of postural stability. These results were likely to
have been caused by the nature of the sport the participants were involved in. In the training of young badminton players, special
attention should be paid to exercises that improve postural stability.

Introduction

The history of badminton dates back to ancient times and has a long tradition with different versions of the game
using a racket and a cork with feathers. This is evidenced by drawings and descriptions of religious rituals and playing
using an item similar to a modern shuttlecock. Over time, the game has evolved, becoming a professional sport and
gaining international recognition. Badminton likely originated in India in the late 19th century during British colonial
rule. It became an entertainment for military officers who played the game in their leisure time. Initially, the game
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was known by various names, such as “poona,” “pune” and “battledore and shuttlecock.” Finally, in 1875, the name
“badminton” first appeared, derived from the name of the Duke of Beaufort’s residence [1-2]. As the sport developed,
the rules of the game evolved, and, in the 1940s and 1950s, badminton began to gain popularity also outside the UK
and Asia. Although the sport is dominated by Asians, in recent years more and more athletes from various European
and American countries have perceived its attractiveness and are developing their skills. It is estimated that more than
300 million people around the world participate in this sport at both recreational and professional levels [3]. It has
become one of the most popular and dynamic sports in the world. Played by both amateur and professional athletes,
badminton attracts crowds of fans who not only admire the technical and tactical skills of the players but also like
the excitement of the matches played on the court. Especially in Asian countries, its popularity is even higher than of
football [4]. This resulted in badminton being included in the Barcelona Olympic Games program for the first time in
1992 [2,5]. The Badminton World Federation (BWF) was founded in London on July 5, 1934, with Poland joining in
1972. BWF currently has 199 member nations [6], including Poland, which joined in 1972.

Badminton is a challenging game, requiring players to have physical fitness, a high level of strength and condition-
ing, and coordination, technical, and tactical skills [5,7]. Given the specific nature of the game, badminton players
constantly have to adapt to dynamically changing situations on the court. Thus, the sport can be included in the
categories that have the highest level of variability of movement structures [8]. The game is dominated by stimuli of
external origin and open motor structures. Therefore, the badminton player has to process different types of informa-
tion simultaneously. On the other hand, considering the badminton match in terms of types of loads, it was found that
efforts during the match are of a speed and endurance nature. The speed effort is observed in single actions, which
usually last from 6 to 12 seconds, with the shuttlecock being hit about 5 to 12 times. The endurance effort, based
on aerobic exercise, is related to the total duration of the match, which usually ranges from 28 to 78 minutes [9-14].
In conclusion, during the competitions, around 60 to 70% of energy is supplied from aerobic sources, whereas the
remaining 30% is generated by anaerobic sources [5]. The review of the above literature shows that the physiologi-
cal determinants of badminton matches are best understood. There is also a rich literature on the level of somatic
development of badminton players [5,15].

Far fewer papers have addressed the problems of the development and level of coordination motor skills in bad-
minton players. Postural stability is also included in this group of issues. The present paper will contribute to this field
of research.

The main aim of this study is to determine the level of selected indices of postural stability of badminton champi-
ons against a non-athlete control group. The following research questions were asked in the study:

— Are there statistically significant differences in the levels of selected indices of postural stability between elite
badminton players and non-athlete students?
— What is the magnitude, extent, and direction of intergroup variation in the postural stability indices studied?

Materials and Methods

Characterization of the study participants

The study analysed the results collected among 10 players of the Polish badminton national team (with an aver-
age training experience of 12.80 + 2.74 years) and 29 non-players from the University of Physical Education
in Krakow, Poland. The examinations of badminton players were conducted in the final phase of the competitive
period. Table 1 shows the characteristics of chronological age and basic parameters of the somatic constitution
of study participants.

Table 1. Characteristics of the basic somatic features of the groups studied

Variable Badminton players (n=10) Non-athlete students (n=29)

[unit of measurement] X Min. Max. SD X Min. Max. SD
Chronological age [years] 22.72 19.23 28.20 4.64 21.67 20.22 24.33 0.88
Body height [cm] 180.80 169.00 191.00 6.06 179.82 167.00 196.00 6.87
Body mass [kg] 74.40 67.00 83.00 5.12 75.55 63.00 92.00 7.62
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Research Protocol

Postural stability tests were performed from 9:00 am to 1:00 pm using a GYKO triaxial accelerometer in a separate
room providing silence and quiet. During the bipedal standing, the athletes had their feet placed straight, with no rota-
tion in the talocrural joint. Feet were placed to the width of the hips, whereas upper limbs were freely positioned along
the torso. During the test, the participant looked at a black spot marked on the wall 2 meters away. The duration of
the test was 30 seconds. According to the manufacturer's recommendations, the accelerometer was placed at the T1
thoracic vertebrae level [16]. The site was determined by palpation based on the spinous processes. The data were
transmitted wirelessly from GYKO to a laptop (Lenovo Yoga 500-15 i5-6200/8GB/1000/Win10).

Scope of the study

The study evaluated basic somatic parameters such as body height (b-v, measured with an anthropometer) and
body weight (measured with a TANITA TBF-551 body composition analyzer). The scope of the study also included
indices of postural stability: Area [mm?], Convex Hull Area [mm2], Length [mm], Length AP [mm], Length ML [mm],
Mean Distance [mm], Mean Distance AP [mm], Mean Distance ML [mm], Mean Velocity [mm/s], Mean Velocity AP
[mm/s], Mean Velocity ML [mm/s]. A detailed description of the variables studied was presented in [16].

Statistical analysis

The following statistical methods were used in the study:

1. The Shapiro-Wilk W test was used to examine the normality of distributions. The homogeneity of variance was
verified by means of Levene’s test.

2. Basic descriptive statistics of selected indices of postural stability in the groups of students and badminton play-
ers were calculated.

3. The Student’s t-test or Mann-Whitney U test (depending on the variance and distribution) was used to verify the
differences between means from individual groups. Furthermore, the effect size [17] was computed and inter-
preted as follows: ES > 0.2 = small, > 0.5 = medium, > 0.8 = large.

4. The profiles of postural stability indices were then calculated. Standardization of the results was performed using
means and standard deviations for the non-athlete participants.

The calculations were performed using the STATISTICA 13.1 PL package, and a significance level was set at p<0.05.

The effect size was calculated using the freeware program GPower 3.1, which is often used for this type of analysis [18].

Ethics

The research was conducted in accordance with the principles of the Declaration of Helsinki. Each participant pro-
vided informed consent to participate in the study and was informed of the purpose and the possibility of withdrawal
from the study at any stage. The research was approved by the Bioethics Committee at the Regional Medical Chamber
in Krakow, Poland (approval No. 159/KBL/0IL/2017).

Results

Tables 2 and 3 present the basic statistical characteristics of the variables analyzed in the group of badminton players
and non-athlete students. As can be seen, significantly higher values of coefficients of variation were obtained in the
group of non-athletes. They generally ranged from about 17.94% to as high as 74.80%. In the badminton group, the
figures ranged from 22.28% to 44.36%. In both groups, the highest values of coefficients of variation were obtained
for the variables Area and Convex Hull Area. In the badminton players, they were 43.36% and 44.30%, respectively.
In the group of non-athlete students, these coefficients were 74.80% and 57.62%, respectively.

Table 2. Basic statistical characteristics of selected indices of postural stability in a group of non-athlete students

Variable [unit of measurement] Non-athlete students
X SD X.. X... V [%]
Area [mm?] 824.83 394.33 233.99 1678.79 74.80
Convex Hull Area [mm?] 611.92 352.61 100.66 1836.82 57.62
Length [mm] 374.82 68.29 260.87 565.65 18.21
Length (AP) [mm] 276.78 49.62 187.53 418.76 17.92
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Length (ML) [mm] 196.60 42.51 116.71 298.45 21.62
Mean Distance [mm] 10.85 3.70 4.88 18.89 34.10
Mean Distance AP [mm] 8.83 3.77 3.91 16.16 42.69
Mean Distance ML [mm] 473 212 1.20 9.35 44.82
Mean Velocity [mm/s] 12.38 2.26 8.62 18.70 18.25
Mean Velocity (AP) [mm/s] 9.14 1.64 6.20 13.84 17.94
Mean Velocity (ML) [mm/s] 6.49 1.40 3.86 9.86 21.57

Table 3. Basic statistical characteristics of selected postural stability indices in the group of badminton players

Variable [unit of measurement] Badminton players

X SD X.. X... V [%]
Area [mm?] 447.77 194.18 103.15 673.75 43.36
Convex Hull Area [mm?] 315.57 139.81 78.24 481.98 44.30
Length [mm] 232.47 51.74 167.49 337.07 22.25
Length (AP) [mm] 172.33 41.43 119.97 267.90 24.04
Length (ML) [mm] 120.85 31.19 73.45 176.78 25.80
Mean Distance [mm] 7.68 2.00 3.16 10.35 26.04
Mean Distance AP [mm] 6.62 2.15 2.36 9.60 32.47
Mean Distance ML [mm] 2.90 0.74 1.64 3.69 25.51
Mean Velocity [mm/s] 11.62 2.59 8.37 16.85 22.28
Mean Velocity (AP) [mm/s] 8.62 2.07 6.00 13.40 24.01
Mean Velocity (ML) [mm/s] 6.04 1.56 3.67 8.84 25.82

Next, the focus of the analysis was on the evaluation of the significance of differences in the analyzed variables
characterizing postural stability between badminton players and the non-athlete control group. The significance of
differences between the means of the two groups was evaluated using Student’s t-test for uncorrelated variables, or

Table 4. Evaluation of the significance of differences between groups with normalized values and effect size

Variable [unit of measurement] d t/U p z ES
Area [mm?] 377.06 2.89 0.01 0.96 1.21
Convex Hull Area [mm?] 296.35 59.00V 0.00 0.84 1.10
Length [mm] 142.35 6.00 0.00 2.08 2.34
Length (AP) [mm] 104.45 5.96 0.00 2.10 2.28
Length (ML) [mm] 75.75 5.16 0.00 1.78 2.03
Mean Distance [mm] 3.17 2.57 0.01 0.85 1.27
Mean Distance AP [mm] 2.21 105.00" 0.21 0.58 1.02
Mean Distance ML [mm] 1.83 2.66 0.01 0.86 1.15
Mean Velocity [mm/s] 0.76 0.88 0.38 0.33 0.31
Mean Velocity (AP) [mm/s] 0.52 0.82 0.42 0.31 0.27
Mean Velocity (ML) [mm/s] 0.45 0.85 0.40 0.32 0.30

Statistically significant differences at p<0.05 are presented in bold.

d - absolute differences between the means of the two groups; t - Student'’s t-test value; U - Mann-Whitney U test value (with continuity
correction); z - normalized intergroup differences,

ES — effect size, > 0.2 = small, > 0.5 = medium, > 0.8 = large
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the Mann-Whitney U test (depending on the homogeneity of variance and normality of distribution). The respective
data are presented in Table 4. Statistically significant differences between non-athletes and badminton players were
obtained for 7 indices of postural stability (of 11 analyzed variables).

Regardless of the evaluation of the significance of differences in arithmetic means, absolute and normalized
intergroup differences were also calculated (Table 4). This methodological approach allowed for the analysis of the
differentiation within all the variables studied (expressed in different measurement units). The data in Tables 2 and
3 were used to calculate absolute and normalized intergroup differences. Analysis of the system of normalized dif-
ferences revealed higher results of badminton players for all variables. Standardized intergroup differences between
the two groups ranged from 0.31 SD to 2.10 SD. Significantly larger normalized differences were obtained for the
length of the statokinesiogram based on the COP movement. The normalized values ranged from 1.78 to 2.10 SD.
Then, normalized values of 0.96 SD and 0.84 SD were found for the area covered by the COP on the ground and the
Convex Hull Area. Furthermore, the smallest values of normalized differences were obtained for Mean Velocity, Mean
Velocity AP and Mean Velocity ML. The normalized values ranged from 0.31 to 0.33 SD. From the practical point of
view, in addition to the significance of intergroup differences, the effect size is also important. In our study, based on
the adopted classification, a large effect size was observed for 8 variables. For the remaining 3 variables, the medium
effect size was found.

Discussion

The aim of this study was to examine the level of selected indices of postural stability of badminton champions
compared to a non-athlete control group. Results on postural stability indices were obtained from the GYKO triaxial
accelerometer.

Comprehensive and multifaceted analysis is becoming increasingly important in the training of badminton play-
ers at both amateur and professional levels. In this training, special emphasis should be on coordination motor skills
[19]. It is the high level of this group of skills that is one of the most important factors for achieving the champion
level in many sports [20,21]. The highly complex nature of the game of badminton requires the processing of a lot of
neurophysiological information in order to adapt to the constantly changing situations on the court [7,22-24]. Many
authors have stressed the importance of coordinative motor skills in teaching playing technique [25-27].

Of the many coordination skills, balance plays a key role in badminton players due to its important effect on
maintaining an upright posture, and is also essential when performing complex movements. Maintaining balance is
possible with specialized neuromuscular coordination and depends on internal regulation, external factors, and the
interaction between each other. This requires the cooperation of the visual organ and vestibular and somatosensory
systems, controlled by the central and peripheral nervous systems. The information obtained is processed by the
central nervous system and then transferred to the effector organs [28-30]. Balance disorders can result from exter-
nal and internal stimuli, or pathologies in the complex balance system. Postural stability, on the other hand, is defined
as the body’s ability to regain a particular position once the destabilizing stimulus has ceased [31]. Balance training
is an essential component of badminton training protocol, aimed at least to prevent injuries and improve performance
[32]. Similar conclusions were drawn by previous authors in a review paper [33]. The authors emphasized the need
for including balance exercises in training programs for athletes of various sports. They also stressed that there is no
general model suitable for all sports as the specific nature and requirements of each sport must be taken into account.
A review of studies published by Bellows and Wong [34] also raises similar issues. Other studies have shown that
the lower limb is the area most vulnerable to badminton-related injuries [35,36]. They can account for as much as
40% to 67% of injuries in badminton players [37,38]. Therefore, in addition to improving sports performance, balance
training in badminton also improves the safety of playing and reduces the risk of future ankle sprains.

Postural stability is critical in badminton as it is the ability to maintain a stable body position during a variety of
movements on the court. Badminton players have to deal with sudden changes of direction, accelerations, jumps,
and dynamic hitting of the shuttlecock, all of which require strong and confident posture [39]. The results of our study
showed that badminton players had a significantly higher level of most variables characterizing postural stability than
students from the non-athlete control group. Yiiksel [40], who compared the balance of 11-year-old children came to
similar conclusions. This researcher found that children who underwent badminton training had statistically signifi-
cantly higher levels of this ability than their untrained peers. Furthermore, Erol [41] observed that a basic badminton
training program applied to a training group of children aged 11 to 12 years had a statistically significant effect on
balance levels. Research was also conducted on the level of balance between amateur badminton players and non-
athletes [23]. The cited study involved 30 young adult badminton players and 33 individuals from the control group.
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Badminton players showed no statistically significant differences in balance levels compared to the control group.
In the context of this research, the results obtained are very interesting. As previously shown, the physical activity
of non-athlete students at the University of Physical Education in Krakow was high [42]. It is generally accepted that
regular physical activity has a positive effect on the level of both fitness and coordination skills (including balance).
Therefore, despite the high physical activity of the students, the statistically significant differences between the groups
take on additional significance.

Limitation of the study

The choice of the research sample was largely dictated by the ability to conduct balance tests in a group of athletes.
This, however, limited the sample size and thus the power of the study.

It is necessary to study the effects of basic postural stability training in badminton players of different training
experience and sports skill levels. Furthermore, it seems appropriate to study postural stability under various external
conditions (starting positions, eyes open or closed, stable or unstable ground). Alternative balance measurement
tools (stabilometric platforms, force plates) should also be considered.

Despite these limitations, we believe that our results will be used to prove the validity of the concept of the imple-
mentation of exercises aimed at improving the level of postural stability in the training process of badminton players.

Conclusion

For most of the analyzed variables of postural stability, higher values were obtained in the group of elite badminton
players.

By far the largest normalized differences between the players and the control group were obtained for the length
of the statokinesiogram of the COP.

These results are likely to have been caused by the nature of the sport the participants were involved in. In the
training of young badminton players, special attention should be paid to exercises that improve postural stability.

Conflicts of Interest: The authors declare that they have no conflict of interest.

Acknowledgements: The authors would like to thank all the athletes participating in the research. We would also like
to express our special thanks to the coaches and the authorities of the Polish Badminton Association for giving their
consent to the research.

Funding: This study is part of the research project ,Level of selected morphofunctional indices in badminton players
from the Polish national team and untrained men” that was supported by statutory funds from the Academy of Physi-
cal Education in Krakow.

Institutional Review Board Statement: The examinations were approved by the Bioethics Committee at the Regional
Medical Chamber in Krakow, Poland (approval No. 159/KBL/0IL/2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are available on request from the corresponding author.

References:

[1]1 Lim PH. The transition and transformation of badminton into a globalized game: A study of the trials and tribulations of
Malaysian badminton players competing for Thomas Cup and Olympic gold medals. Shah MH, Saliha H. (eds.). MSC8
proceedings: Selected full papers. Malaysian Social Science Association. Kajang, Selangor; 2012. p. 172-187.

[2] Lim PH, Aman MS. The History of modern organized badminton and the men’s team Thomas Cup Tournaments, 1948-
1979. International Journal of the History of Sport. 2017;34(7-8):676-696. doi:10.1080/09523367.2017.1389904.

[38] Green R, West AT, Willems MET. Notational analysis and physiological and metabolic responses of male junior badminton
match play. Sports. 2023;11(2). doi:10.3390/sports11020035.

[4] LiS, Zhang Z, Wan B, Wilde B, Shan G. The relevance of body positioning and its training effect on badminton smash. J
Sports Sci. 2017;35(4):310-316. doi:10.1080/02640414.2016.1164332.

[5] Phomsoupha M, Laffaye G. The science of badminton: game characteristics, anthropometry, physiology, visual fitness and
biomechanics. Sports Med. 2015; 45(4):473-95. doi: 10.1007/s40279-014-0287-2.

Journal of Kinesiology and Exercise Sciences 55



(6]
[7]

(8]
9]

(10]

(1]
(12]
(13]

(14]

(15]

[16]
(17]
(18]
(19]

(20]

(21]

(22]

23]

(24]
(2]
(26]
[27]
(28]
29]
(30]

[31]
(32]

(33]

(34]

56

Janusz Jaworski, Grzegorz Lech, Michat Zak

Badminton World Federation. Available online: https://corporate.bwfbadminton.com/about/ (accessed on 27 July 2023).
Jaworski J, Zak M. The structure of marpho-functional conditions determining the level of sports performance of young
badminton players. J Hum Kinet. 2015;47(1):215-223. doi: 10.1515/hukin-2015-0077.

Hirtz P, Starosta W. Kierunki badan koordynacji ruchowej w sporcie. Antropomotoryka. 1991;5:69-82.

Abidn-Vicén J, Castanedo A, Abian P, Sampedro J. Temporal and notational comparison of badminton matches between
men’s singles and women’s singles. Int J Perf Anal Spor. 2013;13(2):310-320. doi: 10.1080/24748668.2013.11868650.
Abian P Castanedo A, Feng XQ, Sampedro J, Abian-Vicén J. Notational comparison of men’s singles badmin-
ton matches between Olympic Games in Beijing and London. Int J Perf Anal Sport. 2014;14(1):42-53. doi:
10.1080/24748668.2014.11868701.

Laffaye G, Phomsoupha M, Dor F. Changes in the game characteristics of a badminton match: a longitudinal study through
the Olympic game finals analysis in men’s singles. J Sports Sci Med. 2015;14(3):584-590.

Savarirajan R. Result of heart rate, playing time and performance of Tamilnadu badminton senior ranking players. Int J Sports
Sci Fitness. 2016;6(1):43-56.

Valldecabres R, Benito A-M, Casal CA, Pablos C. 2015 Badminton World Championship: singles final men’s vs women’s
behaviours. J Hum Sport Exerc. 2017;12(Proc3.):775-788. doi:10.14198/JHSE.2017.12.PROC3.01.

Fu'Y, LiuY, Chen X, Li Y, Li B, Wang X, Shu Y and Shang L. Comparison of energy contributions and workloads in male
and female badminton players during games versus repetitive practices. Front. Physiol. 2021;12:640199. doi: 10.3389/
fphys.2021.640199.

Tomaszewski P, Keska A, Tkaczyk J, Nowicki D, Sienkiewicz-Dianzenza E. Somatic characteristics and motor fitness of elite
and sub-elite Polish male badminton players. J Sports Med Phys Fitness.2018;58(10);1456-1464. doi:10.23736/S0022-
4707.17.07279-6.

www.gyko.it/Repower/GykoRePower_UserManual_EN.pdf_(accessed on 27 July 2023).

Cohen J. Statistical power analysis for the behavioral sciences (2™ edition). Hillsdale, NJ: Erlbaum Associates. 1998.

Faul F, Erdfelder E, Lan AG and Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods. 2007;39(2):175-191. doi: 10.3758/bf03193146.

Jaworski J, Lech G, Zak M, Madejski E, Szczepanik K. The level of selected coordination abilities in badminton players at
various ages and sport skill levels as compared to non-athletes. Balt. J. Health Phys. Act. 2017;9(3):33-43.

Subramanyam V, Manilal KP. The interrelationship of simple visual reaction time, choice visual reaction time and atten-
tion control among the national level players of selected disciplines of sports authority of India. Int.J. Sports Sci. Fitness.
2014;4(2): 157-164.

Pion J, Segers V, Fransen J, Debuyck G, Deprez D, Haerens L, et.al. Generic anthropometric and performance characteristics
among elite adolescent boys in nine different sports. Eur. J. Sport Sci. 2015;15(5):357-366. doi:10.1080/17461391.2014.
944875.

Kosack MH, Staiano W, Folino R, Hansen MB, Lanbro S. The acute effect of mental fatigue on badminton performance in elite
players. Int J Sports Physiol Perform. 2020; 15(5):632-638. doi: 10.1123/ijspp.2019-0361.

Wong TKK, Ma AWW, Liu KPY, Chung LMY, Bae YH, Fong SSM, et.al. Balance control, agility, eye-hand coordination, and
sport performance of amateur badminton players: A cross-sectional study. Medicine (Baltimore). 2019;98(2):e14134. doi:
10.1097/MD.0000000000014134.

Cui X, Lam WK, Gao Q, Wang X, Zhao T. Biomechanical analysis on skilled badminton players during take-off phase in fore-
hand overhead strokes: A pilot study. Biology. 2022;11(10):1401. doi: 10.3390/biology11101401.

Mooney R, Mutrie N. The effects of goal specificity and goal difficulty on the performance of badminton skills in children.
Pediatr. Exerc. Sci. 2000;12(3):270-283. doi:10.1123/pes.12.3.270.

Sakurai S, Ohtsuki T. Muscle activity and accuracy of performance of the smash stroke in badminton with reference to skill
and practice. J. Sport Sci. 2000;8(11):901-914. doi: 10.1080/026404100750017832.

Wang S, Zhang J, Yin X. A research on performance of perceptual motor skill training for badminton. Journal of Beijing Sport
University. 2009;32(9):46.

Singh NB, Taylor, WR, Madigan, ML, Nussbaum, MA. The spectral content of postural sway during quiet stance: Influences
of age, vision and somatosensory inputs. J Electromyogr Kinesiol. 2012;22(1):131-136. doi:10.1016/j.jelekin.2011.10.007.
Iwasaki S, Yamasoba T. Dizziness and imbalance in the elderly: Age-related decline in the vestibular system. Aging Dis.
2015;6(1):38-47. doi:10.14336/AD.2014.0128.

Jaffri A, NewmanT, Smith B, Miller S. The dynamic leap and balance test (DLBT): a test-retest reliability study. Int J Sports
Phys Ther. 2017;12(4):512-519.

Btaszczyk JW. Sway ratio — a new measure for quantifying postural stability. Acta Neurobiol Exp (Wars). 2008;68(1):51-57.
Malwanage KT, Senadheera VV, Dassanayake TL. Effect of balance training on footwork performance in badminton: An
interventional study. PLoS One. 2022;17(11): €0277775. doi:10.1371/journal.pone.0277775.

Brachman A, Kamieniarz A, Michalska J, Pawtowski M, Stomka KJ, Juras G. Balance training programs in athletes —A sys-
tematic review. J Hum Kinet. 2017;58:45-64. doi: 10.1515/hukin-2017-0088.

Bellows R, Wong CK. The effect of bracing and balance training on ankle sprain incidence among athletes: A systematic
review with meta-analysis. Int J Sports Phys Ther. 2018;13(3):379-388.

Journal of Kinesiology and Exercise Sciences



Profile of Selected Indices of Postural Stability...

[35] Senadheera VV. Epidemiological review of badminton related injuries among competitive badminton players. Inter Jour
Sports Sci Phys Educ. 2019;4(3):41-44. https://doi.org/10.11648/j.ijsspe. 20190403.12.

[36] Pardiwala DN, Subbiah K, Rao N, Modi R. Badminton injuries in elite athletes: a review of epidemiology and biomechanics.
Indian J Orthop. 2020;54(3):237-245. doi: 10.1007/s43465-020-00054-1.

[37] Marchena-Rodriguez A, Gijon-Nogueron G, Cabello-Manrique D, Ortega-Avila AB. Incidence of injuries among amateur bad-
minton players: A cross-sectional study. Medicine (Baltimore). 2020;99(18):¢19785. doi:10.1097/MD.0000000000019785.

[38] Mohd Jamali MNZ, Selvanayagam VS, Hamid MSA, Yusof A. Prevalence, patterns and factors associated with injury:
comparison between elite Malaysian able-bodied and para-badminton players. Phys Sportsmed. 2022;50(4):316-322. doi:
10.1080/00913847.2021.1930241.

[39] DuY, Fan'Y. The effect of fatigue on postural control and biomechanical characteristic of lunge in badminton players. Bioen-
gineering. 2023;10(3):301. doi: 10.3390/bioengineering10030301.

[40] Yiiksel, MF. The effect of badminton training on children’s physical development in summer sports school. inénii University
Journal of Physical Education and Sport Sciences. 2017;4(3):68-82.

[41] Erol S. Investigation of the effects of badminton basic training program applied in 11-12 years old children on motor deve-
lopment. Spormetre The Journal of Physical Education and Sport Sciences. 2022;20 (3):182-192. doi:10.33689/sporme-
tre.1132471.

[42] Jaworski J, Lech G, Ambrozy T, Zak M. Profile of coordination motor abilities in elite judokas and badminton players compa-
red to non-athletes. Biomedical Human Kinetics. 2020;12(1):17-24. doi:10.2478/bhk-2020-0003.

Citation:

Jaworski J, Lech G, Zak M: Profile Of Selected Indices Of Postural Stability In Members Of The Poland National
Badminton Team Compared To Non-Athlete Students. Journal of Kinesiology and Exercise Sciences, 2024; 34;
Special Issue: 50-57.

Journal of Kinesiology and Exercise Sciences 57



Jad i J l( E s E-ISSN: 2956-4581
K ;Q_’K Journal of Kinesiology and Exercise Sciences

Journal of Kinesiology and Exercise Sciences

SPECIAL ISSUE (34): 58-64, 2024 CONFERENCE MATERIAL

(1.8)

THE IMPACT OF COVID-19 ON AEROBIC
CAPACITY IN A LONG-DISTANCE
RUNNER - A CASE STUDY

Authors” contribution: Izabela Kaczorowska ™ ****, tukasz Tota**,
A. Study design/planni i 3C 2DF i 4 ABEF
B, Data cOlbotoonsy Szczepan Wiecha®®, Tomasz Patka™, Katarzyna Mirek

C. Data analysis/statistics

D. Data interpretation

E. Preparation of manuscript
F. Literature analysis/search
G. Funds collection

' Doctoral School of Physical Culture Science, University of Physical Education, Krakdw, Po-
land;

2 Department of Physiology and Biochemistry, Faculty of Physical Education and Sport, Uni-
versity of Physical Education, Krakow, Poland;

® Department of Physical Education and Health in Biala Podlaska, Faculty in Biala Podlaska,
Jozef Pilsudski University of Physical Education, Warsaw, Poland;

“ Student Scientific Circle at the Department of Physiology and Biochemistry, Uni-
versity of Physical Education, Krakow, Poland

Keywords: COVID-19, SARS-CoV-2, aerobic capacity, long-distance running, case
study

* Author for Correspondence: izabela.kaczorowska@doctoral.awf.krakow.pl

Abstract:

Background: The COVID-19 pandemic caused by the SARS-CoV-2 virus has posed a significant threat to life worldwide.
Prolonged quarantine and isolation from society, necessary to prevent the spread of the virus, can lead to immobilization and
lack of physical activity, which in turn may affect the organs’ ability to fight viral infection and increase the risk of damage to the
immune, respiratory, cardiovascular, and musculoskeletal systems. The aim of the study was to assess the aerobic capacity of
a long-distance runner after contracting COVID-19.

Methods: The participant, specializing in long-distance running, underwent two series of exercise tests with a 4-month inter-
val. The first series was conducted before the diagnosis of SARS-CoV-2 infection, and the second series took place 3 months after
the period of home isolation due to infection symptoms and gradual convalescence. During the post-COVID activity, the athlete
performed training sessions, with loads recorded by a Polar V800 sport tester (Finland) using the Polar Flow program. Both test
series included somatic, physiological, and diagnostic measurements. Somatic measurements included height, body mass, lean
body mass, fat mass, cell mass, and body water level. Aerobic capacity was determined using a graded treadmill test, and two
antigen tests for SARS-CoV-2 were conducted as part of the COVID-19 diagnosis.

Results: A decrease (by 18.5%) in the maximum oxygen uptake (VO2peak), expressed relative to body mass, was observed
between the | and Il series of tests. VO2peak during the | series was 4.15 L-min”, and during the Il series, it was 3.41 L-min™". Heart
rate (HR) values at maximum and threshold levels were similar during both test series. Maximum pulmonary minute ventilation
(VE) values were 159.40 L/min in the | test series and 166.20 L/min in the Il series.

Conclusion: COVID-19-induced cardiorespiratory system disorders led to an 18.5% decrease in aerobic capacity. It is crucial
to develop guidelines that allow individuals to safely return to sports after recovering from COVID-19.
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Introduction

With the onset of the COVID-19 pandemic, global society has faced numerous challenges, both in terms of health
and socio-economic impacts. However, beyond the direct effects of infection, increasing attention is being paid to the
potential long-term consequences that the SARS-CoV-2 virus may have on various aspects of human health, includ-
ing physical fitness [1,2]. In this context, special interest is drawn to the impact of COVID-19 on aerobic capacity in
experienced athletes, especially those specializing in disciplines requiring prolonged exertion, such as long-distance
running [3]. Analyzing current scientific research, a significant increase in interest in this issue among scientists and
specialists in sports medicine is noticeable [4]. The study by Smith et al. [5] offers a new perspective on the impact of
COVID-19 on aerobic capacity, focusing on experienced long-distance runners. This study demonstrates a significant
decrease in maximal oxygen uptake (VO2peak) after COVID-19 in this group, which may have important implications
for training planning and healthcare. Jones et al. [6] focus on aspects related to pulmonary minute ventilation, which
is a significant element of gas exchange in the body during physical exertion. Other significant scientific reports, such
as the works of Lippi [7] or Rosa et al. [8], also shed light on the diverse effects of COVID-19 on physical fitness. Lippi
[7] analyze the virus’s impact on skeletal muscle function, highlighting the potential loss of muscle mass. Meanwhile,
Rosa et al. [8] focus on neurological aspects, suggesting that COVID-19 may affect the central nervous system,
which could have far-reaching consequences for motor coordination and muscle response. Attempts to understand
the impact of COVID-19 on athletes’ physical fitness are an area of ongoing research, and the results obtained so far
indicate the need for further, more detailed analysis. In this context, this work aims to delve into the subject, based
on available scientific data and drawing conclusions from studies conducted on an experienced athlete specializing
in long-distance running. By integrating the research findings of Smith et al. [5], Brown et al. [9], Jones et al. [6],
and other significant publications [7,10,11], a fuller picture of the impact of COVID-19 on aerobic capacity should be
provided, while also indicating potential directions for training and healthcare practice.

Materials and Methods

Study Design

The experiment utilized data from an exercise test con- iserlesof

ducted between January and May 2021. The research i

procedures were carried out in the Laboratory of Physi-

ological Basis of Adaptation at the Bronistaw Czech e b Antigen test
Academy of Physical Education (Krakow, Poland) PN-EN graded exercisetest | . ____ (RAT) Abbot Panbio
ISO 9001:2015. The study was approved by the Bioeth- SONID:19Ag
ics Committee at the Medical University of Warsaw un-

der the number KB/50/2021. The participant in the study POSITIVE RESULT
was an athlete specializing in long-distance running. The oyl

participant underwent dual somatic measurements and

exercise tests before and after COVID-19 infection.

Participant’s health status, based on declared infor- et it
mation, was assessed by a sports medicine specia- | L7 )TTTT COVID-19 Ag
ist before the exercise tests. The athlete was examined
according to the guidelines of the Helsinki Declaration. | NEGATIVE RESULT
They were informed about the possibility of withdraw- Post-COVID-19 ____{”5>
ing from the research project at any time, and confir- period o
mation of participation was given by providing written e e
consent. The participant had to provide written consent
to participate in the study, publish the obtained results in @ _______ “'»f;:;m
scientific literature, and be informed about the research
methodology, potential risks, and inconveniences asso- 28.05.2021
ciated with the procedures. il

Personal data were anonymized and did not allow Sxsfcise tesk
for the identification of the participant. The research

procedure is outlined in Figure 1. Figure 1. Research study organization diagram
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Case Study

The participant achieved a first-class sports category as a senior in middle-distance running, specifically in the 800m
and 1500m events. During his later athletic career, in 2009, he achieved a marathon time of 2:47:02, followed by
2:49:39 in 2011, and 2:48:40 in 2013. Training details before the infection were obtained from training load records.
The participant’s sports activity was recorded using the Polar Flow program with the Polar V800 sport tester (Fin-
land), allowing for data retrieval, heart rate zone verification, and recording every 30 seconds. Based on the progres-
sive test, three heart rate zones (training loads) were established: subthreshold up to 95%, threshold 95%-100%,
and above threshold >100%. The training load volume was calculated by summing the time spent in each load zone.

Somatic Measurements

Body height (BH) [cm] was determined using a Martin anthropometer (USA) with a measurement accuracy of 1 mm.
Body composition analysis was performed using the bioelectrical impedance analysis technique with the AKERN BIA
101 body composition analyzer (ltaly). Body composition measurements were taken in a horizontal position. Body
mass (BM) was determined using a Tanita BIA-547 scale (Japan). The scope of the measurements included: BM —
body mass [kg], BCM — cell mass [kg], FFM - fat-free mass [kg], FM — fat mass [kg], TBW - total body water [L],
EWC - extracellular water [L], F% — percentage of body fat.

Graded Exercise Test

To determine the threshold and maximal values of basic physiological indicators, the participant performed a graded
exercise test to exhaustion on a motorized treadmill. The exercise trials were conducted under normoxic conditions
(Fi02 20.93%) at room temperature of 21+0.5°C and relative humidity of 40+5%. The test began with a 4-minute
warm-up during which the participant ran at a constant speed of 9 km-h"* with a treadmill incline of 1°. Subsequently,
every 2 minutes, the running speed was increased by 1 km-h" until the participant reached a speed of 16 km-h",
and the treadmill incline was increased by 1°. The trial was continued until the participant refused to continue due to
extreme fatigue.

During the test, the following indicators were recorded every 30 seconds using the Cortex Metalyzer R3 ergospi-
rometer (Germany): minute ventilation (VE), percentage of carbon dioxide content in exhaled air (%FEC02), minute
oxygen uptake (VO2), minute carbon dioxide production (VCO2), respiratory exchange ratio (RER), and respiratory
equivalent for carbon dioxide (VE/VCO2).

The running exercise was performed on the h/p/Cosmos Saturn 250/100R motorized treadmill (Germany), with
adjustable belt speed and platform incline. Heart rate during the exercise trial was measured using a Polar S 610 heart
rate monitor (Finland).

COVID-19 Diagnosis

The participant underwent two rapid antigen tests. Abbott Panbio COVID-19 Ag rapid antigen tests (Germany)
were used, based on lateral flow immunotests for the rapid diagnosis of COVID-19, detecting the presence of SARS-
CoV-2 antigens in the saliva sample of the infected individual. When the target antigen is present in sufficient concen-
tration, it binds to specific antibodies covering the nitrocellulose membrane in the test cassette, producing a visually
detectable signal by coloring the strip in the test zone. Lack of coloring indicates a negative test result. The first test
yielded a positive result (February 1, 2021). All symptoms of COVID-19 infection were also observed. After the iliness
and a 20-day isolation period, a second test was conducted, which yielded a negative result (February 21, 2021).

Results

The anthropometric measurements revealed differences in the athlete’s body composition between the period before
and after contracting COVID-19. The results of the anthropometric measurements are presented in Table 1.

Aerobic capacity assessment through a graded treadmill test showed a decrease in the maximal oxygen uptake
(VO2peak) after infection, with this value decreasing by 18.5%. Detailed data are illustrated in Table 2.

During the analyzed period after recovering from COVID-19, the athlete completed 48 training sessions, covering
600.20 km, with a total training time of 66 hours and 8 minutes. The athlete trained on average 4 days a week in the
first heart rate zone for 62.5% of the post-COVID training time. Various training methods were used, including inter-
vals, repetitions, and tempo runs. Starting in the first week with 27.7 km, the athlete spent 80% of training time in the
first heart rate zone (03:54:05). In the second week, the athlete also completed 4 training sessions, covering a total of
28.1 km, spending 67% of the time in the first zone (00:54:03) and 20% in the third zone (02:05:32). Similarly, in the
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Table 1. Characteristics of the Participant

Indicator
28.01.2021 28.05.2021 d
Study date

BH [cm] 178,00 178,00 0,00
BM [kg] 69,00 69,30 0,30
BCM [kg] 32,00 32,20 0,20
FFM [kg] 56,00 56,80 0,80
FM [kg] 13,00 12,50 0,50

F [%] 18,80 18,00 0,80
TBW [L] 40,20 41,50 1,30
ECW [L] 17,10 17,90 0,80

BH [cm] — body height, BM [kg] — body mass, BCM [kg] — cell mass, FFM [kg] — fat—free mass, FM [kg] — fat mass, F [%] — percentage
of body fat, TBW [L] — total body water, ECW [L] — extracellular water, d — difference

Table 2. Exercise (threshold and maximal) levels of selected physiological indicators

Indicator
Indicator HR [sk/min] VO, [L:min-] V0,/kg [mL-min"-kg"] VE [L/min]
level
28.01.2021
VT2 135,00 3,37 48,80 98,60
max 156,00 4,15 60,07 159,40
28.05.2021
VT2 138,00 3,06 44,02 111,40
max 154,00 3,41 49,00 166,20

VT2 - second ventilatory threshold level, max — maximal exercise level, HR — heart rate, VE — minute ventilation, VO,— minute oxygen uptake

third week, the athlete completed 4 training sessions, covering a total distance of 41.2 km, with 57% of the training
time spent in the first heart rate zone (00:59:55) and 43% in the second zone (00:39:25). In the subsequent weeks,
the participant completed 5 training sessions and averaged 42 km per week, with an average of 46% of the time
spent in the first heart rate zone (0:54:03), 48% in the second zone (0:39:55), and 6% in the third zone (0:05:29). The
time spent on other activities such as downhill skiing, hiking, and swimming was 14 hours and 29 minutes (Table 3).

Table 3. Analysis of the athlete’s training loads

]

£ E

s 5 Around- Supra-

22 Number Total running  Total distance Sub-threshold o o cpold threshold Other
= . of training . _ intensity . . . . activities
c.E2 . time (h:min) (km) o intensity intensity, -
_:- 5 3 sessions (%) (%) (%) (h:min)
€20

c 9

=

o 48 66:08 600,20 62,5 45,5 13,0 14:29

Discussion

The research results demonstrate changes in aerobic capacity in the examined athlete after contracting COVID-19.
Analyzing the findings in the context of the literature and comparing them with other authors, it can be observed that
they are consistent with previous reports regarding the negative impact of SARS-CoV-2 infection on athletes’ physi-
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cal performance [12]. In a study conducted by Jones et al. [6], a decrease in pulmonary ventilation in athletes after
COVID-19 infection was found, which is consistent with our results. Similarly, Sliz et al. [3] showed a decrease in
aerobic capacity in endurance athletes after infection.

The analysis of changes in body composition after the illness mainly revealed an increase in body mass, cell
mass, and fat-free mass, along with a decrease in the percentage of body fat. These results may suggest that the
participant took actions to improve his physical condition after the illness, which is consistent with observations by
other authors [8,13,14]. However, the decrease in fat mass by 0.5 kg may indicate the need for further optimization
of training and diet to return to optimal performance.

Furthermore, the results of the aerobic capacity tests indicate a decrease in the maximum oxygen uptake (VO-
2peak) by 18.5% after COVID-19 infection. This observed reduction in aerobic capacity is consistent with reports by
other authors, such as Smith et al. [5], who also observed a decrease in performance in athletes after the disease.

It is worth noting that despite the decrease in VO2peak, the heart rate at the threshold level was similar before
and after infection. This may suggest a compensatory response of the body to maintain performance at a relatively
stable level, which is consistent with observations by other authors [15]. However, the decrease in minute oxygen
uptake at the threshold level may indicate a deterioration in metabolic efficiency after infection, which may be related
to mitochondrial dysfunction or other factors [9].

Moreover, changes in training intensity during the recovery period after COVID-19 may have influenced the level
of aerobic capacity. The participant mainly trained in the first heart rate zone during the convalescence period after
COVID-19, indicating a more regenerative nature of the training. However, despite spending much more time in the
first heart rate zone during post-COVID-19 training, he failed to achieve the previous level of aerobic capacity. This
may suggest the need for more diverse and intensive training to restore performance to the previous level.

Considering the obtained results, it is important to emphasize the 18.5% decrease in maximum oxygen uptake
(VO2peak) after COVID-19 infection. The reduction in aerobic capacity may suggest the virus’s impact on reduced
performance during intense physical exertion. Additionally, although the observed changes in maximum heart rate are
small, their maintenance at a relatively stable level despite the decrease in VO2peak is surprising and requires further
analysis. This may indicate some adaptability of the cardiovascular system in the face of infection, although further
research is needed to understand the underlying mechanisms of this phenomenon.

Changes in pulmonary ventilation (VE) are another important aspect that may affect breathing efficiency during
physical exertion, which may have consequences for maintaining gas balance in the body during intense exercise,
thereby affecting the comfort and performance of the athlete [6].

In the context of training practice in athletics, especially in long-distance running, the observed changes may re-
quire adjustment of training programs and careful monitoring of the recovery process after infection. It should also be
emphasized that the long-term consequences of the observed changes remain unclear and require further research.
Understanding whether the decrease in aerobic capacity is transient or long-lasting is crucial for developing effective
training and health strategies for athletes after COVID-19 infection [16-20].

In summary, the results of our study confirm the negative impact of COVID-19 on aerobic capacity in athletes,
which is consistent with reports from other authors. Considering the anthropometric results and training, there is
a need for further research into optimal rehabilitation and training strategies for athletes after contracting this disease.

Conclusions

The case study analyzing the impact of COVID-19 on the aerobic capacity of an experienced long-distance runner
provides valuable insights into the consequences of SARS-CoV-2 infection on the physical and functional aspects of
the body. Anthropometric analysis, exercise test results, as well as measurements of performance parameters shed
light on the diverse effects of this infection.

A decrease of approximately 10% in threshold oxygen uptake was observed. The greatest difference was found
in the maximum minute oxygen uptake relative to body mass, which decreased by over 18%, indicating a significant
regression.

Further research is warranted to gain a more comprehensive perspective and develop guidelines for returning to
intense training after infection.
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Abstract:

Introduction: The motor skills of football players are an important part of their ability to perform in competitive situations.
This study aimed to assess the dynamics and level of motor skills developed under different conditions of physical activity: people
involved in sports and recreational training.

Material and Methods: Sixty individuals from the Lesser Poland and Pomeranian Voivodeships participated in the research
(thirty football players and thirty high school students). The participants were 17 years old at the time of the research. Continuous
tests were carried out at six-month intervals in 2015-2022, with the first test performed in January and the second in April. Fitness
tests were also conducted (simple movements test — “envelope”, complex movements test — obstacle course).

Results and conclusions: The results indicated that footballers had better motor skills (performed better on the test). However,
although the recreational group was less fit, they improved their performance to a greater extent than the young football players in
the complex movements test. This fact allows for the conclusion that football training is a highly specialized process that results
in neglecting the players’ general motor skills.

Introduction

The evolution of the game of football is leading to the continuous development of the sport in all areas of the modern
footballer’s preparation.

0Of the various abilities to play, there was a significant progression in the motor skills of the players, which forms
the basis for research in this field. The reason for this is that modern football has become faster, and more dynamic,
and teams need to be able to play in a compact manner. This requirement makes it necessary for coaches to pay at-
tention to correct movement patterns in their players from an early stage of training so that their motor skills (general
and targeted) provide a solid foundation for special fitness. According to Hill-Hass et al. [1], only a high level of motor
fitness allows for the effective performance of technical and tactical tasks in sports competitive situations. The very
process of shaping a footballer’s targeted and special fitness is based on well-developed motor abilities [2,3].

However, in conventional training, premature specialization in the training of children and adolescents results in
comprehensive training based on general preparation being neglected [4,5]. This hinders the harmonious develop-
ment of the young athlete, which undoubtedly affects the development of his or her ability to act in the game. It should
also be noted that fitness preparation (especially for young players) not only has an impact on faster mastering of
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technical and tactical actions but also has a health-promoting effect through greater physical activity [6,5]. This
direction of training also means that adult footballers are not only fitter in the game but also less prone to injury in
competitive situations.

Aim of the Study:

Bearing in mind the importance of the development of motor skills and its impact on the efficiency of actions per-
formed in the game [7, 8], this parameter was evaluated in young talented football players compared to recreational
players.

Research questions:

1. Do individuals selected for sport (using football as an example) have high all-round motor skills?
2. How the motor fitness of individuals involved in organised sports is developed compared to those involved in
recreational physical activity?

Material and Methodology

Evaluation of the dynamics of the development of motor skills in young individuals (17-year-old boys) was conducted
as a continuous study between 2015 and 2022 in Krakéw and Gdansk in two groups (athlete group, with 90 football
players, and a recreational group: 90 secondary school students). Thirty individuals were randomly and evenly se-
lected to form each group:

The first group (recreational group, 15 people each from Krakow and Gdansk, with 30 people in total) consisted
of students who did not specialize in football training but practiced sports recreationally. These individuals (secondary
school students) participated in School Sports Club classes as part of their extracurricular activities, practicing varied
physical activities (team sports, field athletics, gymnastics).

The second group (sports group, 15 people each from Krakow and Gdansk, with 30 people in total) was made
up of talented players from football clubs in the Lesser Poland Football Association and the Pomeranian Football As-
sociation (1st voivodeship junior league), who practiced physical activity (football) in an organized manner, with the
means of physical activity specifically selected to match the sport practiced.

The study assessed motor skills during activities:
e simple movements: ability to adapt and rearrange motor activities - coordination abilities in running with low

movement complexity (zig-zag running, so-called envelope) - INKF test [9].

The participant performed the test twice. In the analysis of the results, the better score in the sample was taken

into account.

e complex movements (general fitness): an obstacle course with a run with a high complexity of movements [10, 11].
This test was characterized by an agility run over a distance of 40 meters, where the participant had to overcome
obstacles using his or her agility: forward and backward roll on 3 mattresses, jump over 2 hurdles, jump and run over
a gymnastic box, slalom run, and a straight line run. The run was repeated twice. The better time obtained by the
participant was taken into account for the analysis of the results.

Motor ability testing in varied motor activity (simple and complex) was performed twice:

o The first: in early January (in the macro-cycle of football training: the beginning of the preparatory period).

» The second: in mid-April (the start of the competitive period).

The following calculations and statistical methods were employed to answer the research questions formulated
and to verify the hypotheses adopted. Arithmetic means and standard deviations were calculated. Before performing
an analysis of the significance of differences using the Shapiro-Wilk test, it was verified whether the distributions of
the characteristics studied followed a normal distribution, which justifies the use of parametric statistical tests. To
compare changes between groups and for each group, the Student's t-test for two means (independent or dependent)
was used. Levene's test was also used to examine homogeneity of variance and, in its absence, Welch's test was
employed. A result was considered statistically significant if the p-value was less than 0.05 [12, 13].

The computer software Microsoft 365 Excel and Statistica 13 (StatSoft) [13] were used for data collection and
statistical calculations.
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Results

According to Talaga and Sledziewski [2] and Duda [5], a player's efficiency in movement aspects should be consid-
ered not only in terms of specialization (sports technique) but also in terms of general and directed abilities (general
and directed technique). According to Stula [10], Ljach, and Witkowski [14], and Weineck et al. [15], this parameter
determines not only locomotor skills (the player's ability to move during the game) but also the ease of learning and
performing technical and tactical actions. Taking this into account, the research in the study included the identifica-
tion of movement structure with varying degrees of complexity in young football players and their peers who did not
participate in sports activities in an organized manner. This direction of the research was purposive, as the research
assumption was to determine the progression of motor performance in trained and untrained individuals, thus allow-
ing a more objective definition of the research problem.

Analysis of the results showed that in motor activity of lesser complexity (zigzag running - coordinative running
abilities), more favorable values were obtained in the group of young football players than in the group of recre-
ational athletes, with significant differences in the increase in performance between the 1st and 2nd test (p<0.05)
found for the group of football players, see Tabs.1-2. This is also illustrated by the development rate index, where
football players in the five-month training period obtained higher values at the level of statistical variation p<0.05
(Tab. 3), while the recreational group did not achieve such an increase, with no variation at a statistical significance
level (Table 4).

Table 1. Level of variation in motor skills in the simple movement test (envelope): Test 1

Group Sports Group Recreational Group
Parameter
Arithmetic mean 24.07 24.50
Standard deviation 0.58 0.52
Coefficient of variation 2.43 2.12
Significance of differences 0.0019**
**n< 0.01

Table 2. Level of variation in motor skills in the simple movement test (envelope): Test 2

Group Sports Group Recreational Group
Parameter
Arithmetic mean 23.53 24.47
Standard deviation 0.60 0.51
Coefficient of variation 2.53 2.08
Significance of differences 0.001%***
***1<0.001

Table 3. Level of variation in motor skills in the simple movement test: sports group, envelope: progression index

Group Sports Group Sports Group
Parameter Examination 1 Examination 2
Arithmetic mean 24.07 23.53
Standard deviation 0.58 0.60
Coefficient of variation 2.43 2.53
Significance of differences 0.001%***

**%p < 0,001
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Table 4. Level of variation in motor skills in the simple movement test: recreational group, envelope: development index

Group Recreational Group Recreational Group
Parameter Examination 1 Examination 2
Arithmetic mean 24.50 24.47
Standard deviation 0.52 0.51
Coefficient of variation 2.12 2.08
Significance of differences 0.4124

The above results reinforce the idea that the specific movements in the simple movement test (low complexity in
motor activity), are largely accentuated in the training process of football players and to a lesser extent in the motor
activities undertaken by those in the recreational group. In football players, the choice of training measures is based
on the specificity of movement, where running activity is often associated with arrhythmic running (high level of lower
limb coordination in running) [15, 3].

In the recreational group, the lack of significant progression in the results obtained in tests 1 and 2 may prove that
during the physical activity undertaken by the recreational group, there is little training-based emphasis on developing
coordination skills used in lower limb movements, or this aspect is not the main content in the physical exercises
undertaken.

In the following part of the study, an attempt was made to evaluate the results obtained in a fitness test based on
the activity in complex movements. The illustrated data of the statistical analysis show a lack of variation between the
results of tests one and two in both the sports and recreational groups. Analysis of the data contained in Tabs. 5 and
6 revealed slightly greater progress in multi-movement skills in the recreational group over three months.

Table 5. Level of variation in motor skills in the complex movement test (obstacle course): Test 1.

Group Sports Group Recreational Group
Parameter
Arithmetic mean 17.90 18.18
Standard deviation 0.91 0.52
Coefficient of variation 5.06 2.88
Significance of differences 0.0723

Table 6. Level of variation in motor skills in the complex movement test (obstacle course): Test 2.

Group Sports Group Recreational Group
Parameter
Arithmetic mean 17.74 18.01
Standard deviation 0.91 0.47
Coefficient of variation 5.15 2.62
Significance of differences 0.717

To analyze the state of the research presented in the multi-motor activity included in Tabs. 5-6, an attempt was
made to demonstrate the increase between the first and second tests in the sports and recreational groups. Analysis
of the data contained in Tabs. 7 and 8 also show that the recreational group obtained a higher value of statistical
variation between the first and second tests than the sports group. This fact demonstrates that the athletes (young
football players) achieved worse progress in the growth of these skills.
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Table 7. Level of variation in motor skills in the complex movement test: sports group (obstacle course): progression index

Group Sports Group Sports Group
Parameter Examination 1 Examination 2
Arithmetic mean 17.90 17.74
Standard deviation 0.91 0.91
Coefficient of variation 5.06 5.15
Significance of differences 0.2393

Table 8. Level of variation in motor skills in the complex movement test: recreational group (obstacle course): development index

Group Recreational Group Recreational Group
Parameter Examination 1 Examination 2
Arithmetic mean 18.18 18.01
Standard deviation 0.52 0.47
Coefficient of variation 2.88 2.62
Significance of differences 0.0941

Research results contained in Tab. 7-8 may be indicative of the specialization of the sports group, which was
more focused on unidirectional activities in the content of training and made little use of exercises focused on general
development and fitness. This observation may confirm the low fitness status of the football players studied, who
were inferior in the fitness test to the recreational group that practiced physical activity in a non-organized manner. It
can be observed that the choice of measures in activity is more varied here (e.g. varied activity in different sports).

Discussion

With a more detailed analysis in this regard, it can be concluded that complex running fitness in both active recre-
ational individuals and players participating in organized football training is characterized by low and intermediate
levels of development (based on a comparison of the results in tables) [10].

In the case of the recreational group, this can be explained by the fact that individuals with this fitness level did not
practice physical activity in a planned and regular way. They treat physical activity as recreational and they exercise
for well-being, health, and satisfaction [16]. This kind of physical activity is autotelic in nature. According to Rzepa
[17], athletes exercise to meet the need for movement, and competition, and realize their abilities.

A different (opposite) view to the above can be that based on the research results obtained in a group of young
players, who were selected for the sport through a selection procedure and who treat the practice of football het-
erotelically. They developed their fitness to improve sports performance [18]. In order to achieve such a state, it is
necessary, first and foremost, for a group selected in terms of movements, to choose relevant and optimal measures
to improve motor skills [19].

In the sports group (based on the data analysis), the individuals had fairly long experience in practicing the sport
and hence could be expected to reach a considerable performance (compared to the recreational group). However,
the results achieved indicate a low level of skills in complex locomotor movements and little progress in this regard.
Confirmation of this view is provided by the status of quantifiable achievements in the progression of results (Tab. 8:
progression for complex movements).

Although the progression of the results does not unequivocally confirm the progression of the skills studied (high
results cannot be significantly improved), the mean value of the parameters [10, 11] shows unequivocally a low level
of skills related to complex motor skills.

As already mentioned in the recreational group, this can be satisfactorily explained, whereas in the group of
selected young players, the assessment is significantly unsatisfactory and indicates inadequacies in the training
process (lack of progress in the specificity of the player's movement). This leads to the question: is the game of
football (in terms of the player's motor activity) characterized by motor activities of complex motor skills? According
to Ljach and Witkowski [14], and Arslanea et al. [19], a player, to act effectively, has to move efficiently with a high
complexity of movements on the pitch (with and without the ball). According to Weineck et al. [15], this requirement
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is primarily dictated by the motor activity in changing game conditions (high motor activity of an interfering opponent,
changing external conditions, frequent falls). All of this requires exceptional motor skills, which must include ease of
complex movements [3, 19]. However, the analysis of the research data reveals average and low skills of the young
footballers (sports group) in terms of performing complex activities. One could also ask at this point what factors
determine this fact. It seems that such a state, in the assessment of the complex motor skills of young football players
(made in the study), is affected by the uniform, narrowly focused training method in Poland. In conventional training,
coordination exercises with a high degree of complexity are introduced to a small extent [5]. This fact is surprising
as the training contents do not reflect the specificity of movements used to ensure the player's effectiveness. The
general and targeted training, which is fundamental in the development of the player's motor skills, are neglected [2,
5]. This is evidenced by the average fitness level of talented young players in clubs in south-eastern Poland [18]. This
was also confirmed in our study (randomly selected remote football environments in Poland: Krakow and Gdansk),
where the young footballers had a low level of development in all-round skills. This fact is also evident in the motor
skills of players of Polish clubs, who, when confronted with players from other clubs, performed worse in this aspect.
Also, the way the Polish national team plays (e.g. the match between Poland and Argentina: in World Cup 2022, and
the Moldova-Poland match in EURO 2024 qualifiers [19]) indicates a low level of skills.

Furthermore, the analysis of personal interviews of authors dealing with this problem [21, 22] conducted with
coaches of young football players indicated that coaches were reluctant to devote time to general development exer-
cises of complex motor activity (greater focus on specialized exercises due to training requirements in training pro-
grams, limiting the content of training with an emphasis on motor skills non-specific to football training). At this point,
the question can be asked: why is the multi-movement improvement of the footballer neglected? Often (in the opinion
of coaches) the answer is clear: non-specific motor activities are minor in the game. Also, the lack of reflexivity of
coaches results in unidirectional (typically specialized) exercises in football training, whereas in effective training, it
is possible to deliberately combine technical and tactical exercises with improvement without disturbing the essence
of the preparation of the football player [5]. Another reason for the low progress in the formation of motor skills with
new complex motor activities is the lack of motivation of players in football training (difficult motor activities, lack of
conviction of usefulness for non-specific movements). Such situations (with the player's attitude) require the coach
to be reflexive and show a special methodological approach. In this case, the coach must look for motivational mea-
sures and interact with the emotional side of the player to stimulate movement activities [5].

These facts may indicate the reasons for the status of fitness of young football players who, unfortunately, in their
adult age, already perform clumsy movements in terms of targeted fitness, significantly affecting the dynamics of the
game and leading to a low level of efficiency (a probable cause of the average level of Polish football clubs).

Although motor skills develop at different times and have different labile characteristics [15], from the point of
view of developing a football player, it would not hurt if every training session (also at any age) was characterized
by effective measures to increase motor potential. This type of training is used not only to develop motor skills and
facilitate energy processes but also to create correlations between the two [19].

In sports training, there should be a purposeful, specific, and rational way of shaping and improving special
fitness based on the development of coordination and motor skills. According to Schreiner [23], such training is
characterized by a holistic approach, which not only meets the requirements of rational and effective training but also
has a health-promoting effect.

Based on the results of the present research, conducted to analyze the motor skills of individuals participating
primarily in organized training (the football players), it should be concluded that the lack of difference in the devel-
opment of complex motor skills between the sports and recreational group indicates significant irregularities in the
development of these motor skills in young football players. Therefore, one should aim to significantly improve the
results achieved and to achieve greater growth. Achieving such a state will be an indicator of correct training both in
terms of the selection of candidates (sport selection) and rationality in the process of controlling the athlete.

Conclusions:

1. Assessment of motor skills in recreational and professional forms of sports is at medium to low levels of measur-
able value.

2. The low level of motor skills in organized football training indicates a narrow specialization of training.

3. Rational football training should combine exercises of a technical and tactical nature with those concerning fit-
ness.

4. The physical development of football players has not only a training but also a health-promoting dimension.
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Abstract:

Introduction: Analysis and observation of the game is an important tool in the development of sports teams. Nowadays, it is
possible to gain information from the game using modern movement analysis technology. This data can be used in the training
process of football players to implement effective technical and tactical measures.

Aim: The aim of the research was to analyze and compare selected offensive actions of the Argentine national team and its
opponents during the Qatar 2022 World Cup.

Material and Methods: The study used analyses of seven matches played by the Argentine national team during the Quatar
2022 World Cup. The study used the OPTA Sportsdata match analysis platform and FIFA Football Language. Statistical analysis
was performed using the STATISTICA 13 software.

Results: The Argentina team was characterized by a high and balanced level of the indicators analyzed. For most measures,
more favorable values were found for the 2022 FIFA World Cup champion. Statistically significant intergroup differences were
mainly observed within the ball-passing indicators.

Conclusions: Analysis of the game revealed a rich repertoire of actions performed by the 2022 World Cup champion. Based
on the indicators analyzed, it appears that the Argentine team effectively adapted to their opponent’s style of play and responded to
the situations during the game in a smart manner. Particularly important in the Argentine team’s game were the variants of short
and medium ball passes and their high level of reliability.

Introduction

In sports games, the acquisition of data from the competition is an important factor in optimizing training and game
modeling (Rein, Memmert 2016, Soroka et al. 2023). From a practical point of view, the provision of detailed infor-
mation is important to improve future performance (McGarry 2009), clarify the effectiveness of proposed training
concepts, and determine their impact on the performance of the team and individual players (Vilar et al. 2012).
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Gaining information from football matches is possible, among other things, using the conventional method of
recorded observation (e.g. from video footage) (Duda et al. 2013), and through modern technologies designed to
analyze player and ball movement (Hoppe et al. 2015). For this purpose, sophisticated match recording systems
validated and verified for accuracy and reliability are used (Soroka et al. 2023). Such systems include AMICO® (Zu-
billaga et al. 2015), PROZONE Sports Ltd.® (Castellano et al. 2014), SportsCode® (0" Donoghue et al. 2014), and
OPTA Sportsdata® (Oberstone 2009).

Through movement analysis, players’ activities are assessed in relation to technique (Bradley et al. 2013), tactics
(Filetti et al. 2017), motor skills (Chmura et al. 2022), and for modeling and game matching (Soroka 2011, 2018). It
is the interaction of motor, technical, and physical actions and the degree of involvement of all competing players that
influence match performance (Bradley et al. 2011).

Team success is complex and multifactorial but it is accepted that it is mainly technical indicators that can predict
team success more accurately than physical indicators (Soroka, Stuta 2016). More specifically, it is, among other
things, ball possession, the number of shots, shots on target, or the number of passes that determine a team’s suc-
cess (Castellano et al. 2011). Hence, this study attempts to identify the essence of the selected offensive actions of
the winning Argentine national team at the 2022 FIFA World Cup.

1. Research aim and research questions

The aim of the research was to evaluate and analyze selected offensive actions of the Argentine national team in the
Qatar 2022 World Cup matches, identify praxeological indicators, and gain key information on the organization of the
attack that determined the team’s effectiveness.

The following research questions were asked in the study:

1. What were the statistical differences in action between the Argentina team and their opponents?
2. Did Argentina’s team demonstrate stability of action in all the matches of the tournament?
3. Which of the indicators analyzed had the greatest impact on Argentina’s success at the 2022 World Cup?

2. Material and Methodology

Seven matches played by the 2022 World Cup winners Argentina were analyzed (Tab. 1). The research was empiri-
cal in nature, with the method of (indirect) observation, which should be understood as the deliberate, planned, and
systematic perception, collection, and analysis of facts, events, and phenomena considered the most appropriate
(Ryguta, 2004, Soroka 2011). Furthermore, the paper uses a critical analysis of the source material, an inductive and
deductive method, and a review of the literature on the issues discussed (Stuta et al. 2016).

Tab. 1. Overview of matches played by the Argentine national team at the 2022 FIFA World Cup

Date Match Result Tournament phase

22 Nov 2022 Argentina - Saudi Arabia 1-2 Group stage

26 Nov 2022 Argentina - Mexico 2-0 Group stage

30 Nov 2022 Argentina - Poland 2-0 Group stage

3 Dec 2022 Argentina - Australia 2-1 Round of 16

9 Dec 2022 Argentina - Netherlands 2-2 (4-3 in penalty kicks) Quarter-finals
13 Dec 2022 Argentina - Croatia 3-0 Semi-finals

18 Dec 2022 Argentina - France 3-3 (4-2 in penalty kicks) Final

The study used the OPTA Sportsdata match analysis platform (www.statsperform.com/opta-event-definitions/).
The data extracted from these sources is a reliable and easy-to-use source for obtaining football information (Liu et
al. 2013, Soroka et al. 2023). The software used in these systems analyses every possible type of ball contact and
action in the match that are subject to definition and records them accordingly (Soroka 2018). To interpret the results,
a transcript of the Polish Television match broadcasts (www.sporttvp.pl) and the FIFA Football Language platform
(www.fifatrainingcentre.com) were used.
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For the analysis of the teams, 19 indicators of attacking play were considered (Duda 2008, Szwarc 2008, Stuta

et al. 2016, Soroka et al. 2023):

e Shooting activity — number of shots

Efficiency of shots on target — shots on goal

Passing activity — number of attempts to pass the ball

Passing reliability (%) — a ratio of successful passes of the ball to their activity
Progressive pass efficiency — effective passes gaining ground

Short pass efficiency — effective passes between 5 and 15 yd (4.57 - 13.72 m)

Short pass activity — number of ball pass attempts between 5 and 15 yd (4.57 - 13.72 m)
Short pass reliability (%) — a ratio of successful short passes to their activity

Medium pass efficiency — effective passes between 15 and 30 yd (13.72 - 27.43 m)
Medium pass activity — number of attempts made to pass the ball between 15 and 30 yd (13.7 - 27.43 m)
Medium pass reliability (%) — a ratio of successful medium passes to their activity

* Long pass efficiency — effective passes of over 30 yd (27.43 m)

* Long pass activity — number of passed ball attempts of over 30 yd (27.43m)

¢ Long pass reliability (%) — a ratio of successful long passes to their activity

In the analysis, the term activity is understood to mean the number (attempts) of all activities, performed cor-
rectly as well as incorrectly in the designated game context. Efficiency represents the number of activities effectively
completed, while reliability, expressed as a percentage, is the ratio of the efficiency of activities to their activity (Duda
2008, Szwarc 2008, Soroka 2011, Stufa et al. 2016).

The material collected was compiled using commonly used descriptive statistics methods (arithmetic mean,
standard deviation). Before performing an analysis of the significance of differences using the Shapiro-Wilk test, it
was verified whether the distributions of the characteristics studied followed a normal distribution. For data meeting
the conditions of normal distribution, the Student's t-test for two means (independent) was used to compare the op-
ponents' indicators during the game (match pairs). When testing for homogeneity of variance of the variable across
groups, Levene's test was applied and, if confirmed, it was followed by Welch's test. The Mann-Whitney U test
was used to assess differences between teams for variables that did not meet the criterion of a normal distribution.
A one-way analysis of variance (simple ANOVA) and a post-hoc Tukey’s test were used to test whether there was at
least one pair of Argentina's actions with statistically significant differences in the matches studied. If the distribution
was not normal, a non-parametric equivalent was used: the Kruskal-Wallis test and the median test. A result was
considered statistically significant if the p-value was less than 0.05 (Stanisz 2006).

L] L] L] L] L]

L] L] L] L] L]

Presentation and discussion of research results

The first analysis focused on the group-stage match between Argentina and Saudi Arabia. The average age of Argen-
tina's national team players was 28.3, while Saudi Arabia's players were 27.9. The match took place on 22 November
2022 at the Lusail Iconic Stadium in Lusail. The indicators analyzed are presented in Table 2.

Tab. 2. Comparison of play indicators in a group stage match of the 2022 FIFA World Cup Argentina — Saudi Arabia

Action ARGENTINA SAUDI ARABIA Test p-value
X SD n X sD n L

Shot activity 0.933 0.884 15 0.188 0.403 16 2.431 0.015

Shot effectiveness (on target) 0.333 0.617 15 0.125 0.342 16 0.692 0.489
Passing efficiency 36.400  23.102 15 12.188 9.558 16 3.768 0.001
Passing activity 43.933  25.675 15 18.375 13.296 16 3.446 0.003
Passing reliability (%) 78.333  19.449 15 56.850  24.680 16 3.498 0.001
Short pass efficiency 18.267 11.448 15 5.875 4.951 16 3.867 0.001
Short pass activity 20.400  13.081 15 6.750 5.310 16 1.364 0.173
Short pass reliability (%) 88.047  18.131 15 69.819  37.050 16 2.965 0.003
Medium pass efficiency 14.800 11.803 15 4.375 4.048 16 3.051 0.005
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Medium pass activity 16.800 12.611 15 6.250 5.532 16 2.905 0.004
Medium pass reliability (%) 81.087 25.463 15 51.663 34.740 16 2.688 0.007
600 3.355 15 3.750 4.740 16 3.123 0.002

Long pass activity 4.

(=)
(98]
(V]

Long pass efficiency 1.710 15 1.375 1.821 16 1.127 0.260

Based on the data, there was a clear advantage for the Argentine team, which obtained more favorable results for
all the indicators analyzed. Furthermore, statistically significant intergroup differences (p < 0.05) were revealed for
eleven of them (see Tab. 2.

Despite the clear advantage of the Argentina team's indicators, the match ultimately ended with a score of 1:2
(1:0) for Saudi Arabia.

From observation of the game, one can conclude (www.sporttvp.pl) that, after gaining an advantage and a favor-
able result (in the 10th minute of the game), the Argentine team lost focus, being convinced that scoring more goals
was only a matter of time. In the second half, the players from Saudi Arabia demonstrated aggressive defensive play
(pressing) using effective counter-attacks that contributed to their unexpected victory.

Another analysis concerned the Argentina-Mexico match. Considering the age of the players, the more ex-
perienced team was Mexico, with an average age of 28.7. The mean age of the Argentinians was 27.00 years.
The game took place on 26 November 2022 at the Lusail Iconic Stadium. Data from this match are contained in
Table 3.

Tab. 3. Comparison of play indicators in a group stage match of the 2022 FIFA World Cup: Argentina — Mexico

Action ARGENTINA MEXICO Test p-value
X SD n X SD n value
Shot activity 0.313 0.602 16 0.267 0.594 15 0.271 0.786
Shot effectiveness (on target) 0.125 0.342 16 0.067 0.258 15 0.501 0.616
Passing efficiency 29.438  22.214 16 20.267 15.416 15 1.327 0.195
Passing activity 35.500  24.951 16 27.267 17.219 15 1.062 0.297
Passing reliability (%) 81.006  12.697 16 66.893 15.578 15 2.773 0.010
Short pass efficiency 15.625  11.966 16 9.533 6.266 15 1.757 0.089
Short pass activity 17.313 12.536 16 11.200 6.910 15 1.665 0.107
Short pass reliability (%) 83.088  24.918 16 79.467 24.819 15 0.714 0.475
Medium pass efficiency 11.688 11.217 16 8.733 8.614 15 0.713 0.476
Medium pass activity 13.438 12.094 16 11.000 9.07 15 0.631 0.533
Medium pass reliability (%) 77.881  32.159 16 67.787 31.240 15 1.273 0.203
Long pass activity 3.063 3.108 16 3.733 3.918 15 -0.360 0.719
Long pass efficiency 1.375 1.455 16 1.733 1.944 15 -0.308 0.758
Long pass reliability (%) 40.363  38.872 16 33473  33.420 15 0.388 0.698

The analysis of the data in Table 3 reveals that for all indicators, higher values were recorded in Argentina's play-
ers. In this study, statistically significant differences were found for the passing reliability in favor of the tournament
winners (Tab. 3) - p < 0.05. In the analyzed game, the more favorable indicators of the Argentina team probably
translated into a 2:0 victory.

Argentina played the last match of the group stage of the World Cup against Poland In this game, a higher mean
age was found in the players from Poland (28.1 years). In Argentinians, the mean age of the players was 27.6
years. The match took place on 30 November 2022 at Stadium 974 in Doha. Data from this game are illustrated
in Table 4.

The indicators analyzed show that the Argentine team had a definite advantage in the game. Statistically significant
intergroup differences were found for nine parameters in favor of the Argentine team (Tab. 4) - p < 0.05. Observation
of the video footage showed that the Polish national team presented a very defensive style of play, rarely getting to
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Tab. 4. Comparison of play indicators in a group stage match of the 2022 FIFA World Cup: Argentina — Poland

Action ARGENTINA POLAND Test p-value
X sD N X sD n o vale

Shot activity 1.375 1.962 16 0.250 0.577 16 2.245 0.025

Shot effectiveness (on target) 0.625 1.088 16 0.000 0.000 16 2.356 0.019
Passing efficiency 51.688  35.674 16 16.500 11.978 16 3.300 0.001
Passing activity 56.938  38.442 16 21.313 14.150 16 3.054 0.002
Passing reliability (%) 90.825 6.645 16 75.394 16.822 16 2.906 0.004
Short pass efficiency 29.813  20.576 16 5.750 4.235 16 3.625 0.000
Short pass activity 31.375  21.605 16 6.563 4.396 16 3.553 0.000
Short pass reliability (%) 95.981 4.165 16 86.669 18.709 16 0.158 0.875
Medium pass efficiency 17.500 14.787 16 1.875 1.210 16 2.285 0.022
Medium pass activity 19.438  16.017 16 9.125 1.710 16 2.247 0.025
Medium pass reliability (%) 88.756  10.116 16 78.631 26.823 16 0.915 0.360
Long pass activity 3.813 4.215 16 4.063 6.137 16 0.096 0.924
Long pass efficiency 2.938 3.568 16 2.125 2.729 16 0.135 0.893
Long pass reliability (%) 59.863  42.037 16 48.588  36.170 16 0.843 0.399

the opponent's goal (www.sporttvp.pl). Such a competition resulted in the lack of accurate shots on target by Polish
players (Tab. 4). In the analyzed match, it is likely that the higher activity values translated into the final result of the
game and Argentina's victory (2:0).

Another analysis concerned the round-of-16 match of the 2022 FIFA World Cup. The Australian team was margin-
ally more experienced in the match, for which the average age was 27.3. Argentina's players were 27.1 years old on
average. The match took place on 3 December 2022 in Umm al-AfaT at the 'Ahmed bin Ali Stadium. Data from the
match are contained in Table 5.

Tab. 5. Comparison of play indicators in a round-of-16 match of the 2022 FIFA World Cup: Argentina — Australia

Action ARGENTINA AUSTRALIA Test p-value
X SD n X SD n o vale
Shot activity 0.875 1.708 16 0.313 0.479 16 0.565 0.572
Shot effectiveness (on target) 0.313 0.704 16 0.063 0.250 16 1.083 0.279
Passing efficiency 39.688  30.458 16 24.000  21.232 16 1.414 0.157
Passing activity 45563  33.417 16 29.813  22.889 16 1.358 0.175
Passing reliability (%) 83.413 8.530 16 69.025 24.290 16 2.235 0.038
Short pass efficiency 21.375 14.979 16 9.125 7.957 16 2.889 0.008
Short pass activity 23.125  15.995 16 10.188 8.027 16 2.892 0.008
Short pass reliability (%) 91.375 6.066 16 82.031 25.766 16 0.286 0.775
Medium pass efficiency 16.313 15.598 16 10.813 11.566 16 1.172 0.241
Medium pass activity 17.875  16.621 16 12.438  11.553 16 0.925 0.355
Medium pass reliability (%) 88.587  10.736 16 66.569  36.415 16 2.314 0.033
Long pass activity 3.063 3.316 16 5.813 6.493 16 -1.050 0.294
Long pass efficiency 1.750 1.844 16 3.625 4.759 16 -0.676 0.499
Long pass reliability (%) 62.100  32.099 16 53.708  29.721 16 -0.563 0.574
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The data presented (Tab. 6) indicate that the Argentina team showed dominance in the game. Twelve of the indicators
studied proved more favorable to the South American team. In the match, Argentina's play was based on positional at-
tack, ball possession, and combination play. This is confirmed by statistically significant differences in favor of Argentina
in the following areas: pass reliability, short pass efficiency, short pass activity, and medium pass reliability (p < 0.05).
The Australian team presented a defensive organization of the game with a focus on the counter-attack and fixed pas-
sages of play (www.sporttvp.pl). The higher ratings probably resulted in a 2:1 victory for Argentina.

In the semi-final match, Argentina faced the Croatian team. During this match, the mean age of the players was
26.7 among Argentina's players and 28.2 among Croatians. The match was played at the Lusail Iconic Stadium on
13 December 2022. The data are contained in Table 6.

Tab. 6. Comparison of play indicators in a semi-final match of the 2022 FIFA World Cup: Argentina — Croatia

Action ARGENTINA CROATIA Test p-value
X SD n X SD n celis
Shot activity 0.500 0.730 16 0.750 1.065 16 -1.140 0.254
Shot effectiveness (on target) 0.375 0.619 16 0.125 0.342 16 1.284 0.199
Passing efficiency 22.000 13.287 16 34.875 25.345 16 0.085 0.085
Passing activity 26.688  15.313 16 40.813  27.841 16 -1.778 0.088
Passing reliability (%) 82.850  11.925 16 82.469 9.293 16 0.101 0.920
Short pass efficiency 12.688 8.396 16 18.313  13.088 16 -1.447 0.160
Short pass activity 13.875 9.294 16 19.563  14.024 16 -1.352 0.186
Short pass reliability (%) 93.456 1.782 16 93.631 6.835 16 0.078 0.938
Medium pass efficiency 6.375 4.544 16 12.875 10.614 16 -2.252 0.036
Medium pass activity 1.313 4976 16 14.688 10.904 16 -2.461 0.023
Medium pass reliability (%) 84.506  25.367 16 83.263  19.937 16 0.078 0.938
Long pass activity 3.375 4.395 16 3.438 3.054 16 -0.478 0.632
Long pass efficiency 1.688 1.815 16 2.188 2.281 16 -0.525 0.600
Long pass reliability (%) 38.131 33.407 16 46.313 39.744 16 -0.716 0.474

Analysis of the results in Table 6 reveals that most of the indicators were in favor of the Croatian national team.
Only three indicators were at a higher level for Argentina's players. Statistically significant differences were noted in
favor of Croatia in terms of efficiency and medium pass activity (p<0.05), see Tab. 6.

In the match, the Argentinians presented a more defensive style of play, setting themselves up to use counter-
attacks. The Croatian team was in possession of the ball more often (www.fifatrainingcentre.com), while also achiev-
ing higher passing rates (Tab. 6). This was particularly evident after the Argentine players took the lead. With a more
favorable result, the Argentine players conceded space to the opponents, surprising them with counter-attacks, which
resulted in more goals being scored (Argentina's higher shooting efficiency) — www.sporttvp.pl. The match ended
with a score of 3:0 for Argentina.

In the final of the 2022 World Cup, Argentina competed against France. In this match, a lower mean age was re-
corded in the French national team players (25.9 years) than in Argentinians (27.8 years). The final match was played
on 18 December 2022 at the Lusail Iconic Stadium. Data from the game are contained in Table 7.

Tab. 7. Comparison of play indicators in the final match of the 2022 FIFA World Cup: Argentina — France

Action ARGENTINA FRANCE Test p-value
X SD N X SD n o vale
Shot activity 1.118 1.453 17 0.444 1.042 18 1.602 0.109
Shot effectiveness (on target) 0.529 0.800 17 0.167 0.383 18 1.615 0.106
Passing efficiency 32.588  24.125 17 24.222 19.963 18 1.041 0.298
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Passing activity 40.529  27.498 17 32.556 24.249 18 0.908 0.37
Passing reliability (%) 76.959  17.285 17 65.744 21.284 18 1.816 0.069
Short pass efficiency 18.588  14.701 17 9.500 8.191 18 3.222 0.022

Short pass activity 20.765  16.231 17 11.444 9.218 18 3.101 0.026
Short pass reliability (%) 80.494  31.349 17 71.683 29.933 18 1.775 0.076

Medium pass efficiency 11.059 8.906 17 10.722 10.851 18 0.529 0.596
Medium pass activity 12.882 9.759 17 12.833 11.823 18 0.380 0.704
Medium pass reliability (%) 76.171  30.413 17 65.022  35.773 18 0.812 0.417
Long pass activity 4.882 5.243 17 5.889 1.836 18 -0.066 0.947
Long pass efficiency 2.294 2.616 17 3.333 4.130 18 -0.507 0.612
Long pass reliability (%) 42.31 33.429 17 48.344  34.217 18 -0.522 0.605

In the final match, more favorable values were recorded for most indicators in the Argentine team (Tab. 9). Their
play was based on positional attack and combination actions. Hence, significant statistical differences were recorded
for the short-pass efficiency and activity indicators in favor of Argentina (p<0.05). The French team focused on
defensive play and concentrated on securing their goal and counter-attacks, mainly using the left side of the pitch
(www.fifatrainingcentre.com). In regular time, both teams scored two goals each. Extra time was also inconclusive,
ending with a score of 3:3. The winner was decided by a series of penalty kicks, in which the Argentine national team
proved better.

In another analysis (Tab. 8) an attempt was made to compare the mean value of Argentina's indicators and those
of its opponents from the seven World Cup 2022 matches.

Tab. 8. Comparison of the playing indicators of the Argentine national team and its opponents from all the matches studied

Action ARGENTINA OPPONENTS Test p-value
X SD n X SD n value

Team time of ball possession (%) 57.429 11.458 6 42.571 11.458 6 2.426 0.032
Shot activity 0.681 1.219 113 0.372 0.746 113 2.108 0.035

Shot effectiveness (on target) 0.292 0.650 113 0.097 0.326 13 2.534 0.011
Passing efficiency 33.973  26.694 113 24009 21120 113 2.983 0.003
Passing activity 40.540  29.150 113 30.628  23.577 113 2.588 0.010
Passing reliability (%) 79.385  16.262 113 70.170  20.118 113 4.177 0.000
Short pass efficiency 17372  14.154 113 10.487 9.536 113 3.872 0.000
Short pass activity 19.168  15.025 113 11.912  10.280 113 3.777 0.000
Short pass reliability (%) 86.474  18.815 113 81.562  23.716 113 1.459 0.144
Medium pass efficiency 13.230  12.608 113 10.168  10.467 113 2.004 0.045
Medium pass activity 14.991  13.421 113 12.018  10.904 113 1.544 0.123
Medium pass reliability (%) 79.666  27.399 113 70.245 31.817 13 2.416 0.016
Long pass activity 4.345 5.104 113 4.761 5.787 113 -0.244 0.807

Long pass efficiency 2.575 3.096 113 2.637 3.469 113 0.418 0.676
Long pass reliability (%) 49.977  37.285 113 42.448  35.068 113 1.519 0.129

Analysis of the mean values of the indicators of the Argentine national team and its opponents reveals an advan-
tage for the 2022 World Cup champions, with ten indicators in favor of Argentina (tab. 8). In this study, significant
statistical differences were found in ball possession, passing activity (overall and short passes), passing efficiency
(overall, short and medium passes), passing reliability (overall and medium passes), and shot-on-target activity and
efficiency (p<0.05), see Tab. 8.
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The final analysis involved a comparison of Argentina's indicators for all the matches played (Tab. 9).

Tab. 9. Differences in Argentina’s match indicators between the 2022 World Cup matches played by the team

Action p-value Differences in Argentina’s
indicators between matches (pairs)

Shot activity 0.207
Shot effectiveness (on target) 0.538
Passing efficiency 0.051

Passing activity 0.039 3*6

Passing reliability (%) 0.032 3*6
Short pass efficiency 0.094
Short pass activity 0.165
Short pass reliability (%) 0.089
Medium pass efficiency 0.230
Medium pass activity 0.223
Medium pass reliability (%) 0.789
Long pass efficiency 0.261
Long pass activity 0.727
Long pass reliability 0.156
Dribbling activity 0.643
Dribbling efficiency 0.553
Dribbling reliability (%) 0.831

Comparison of the Argentine national team's indicators from all the matches played at the 2022 World Cup shows
that only for passing activity and reliability were there significant differences between the matches against Poland (3)
and Croatia (6), see Tab. 9. The aforementioned indicators of the Argentine national team were significantly higher
in the match against Poland than against Croatia (p<0.05), which was probably related to the course of the game:
domination in the match against Poland and surrender of the field of play in the match against Croatia. For the other
indicators, no statistically significant differences were found. Therefore, it seems that, throughout the tournament, the
Argentina team presented an equal level of analyzed measures.

Discussion

Gone forever are the days when only the coach's intuition was used to analyze the game. Currently, there is a need
to observe and analyze a variety of information coming from the game environment (Soroka, Stuta 2016). Advances
in information-gathering technology, particularly the development of GPS-based game monitoring systems, semi-
automatic cameras, and purpose-built software, have ushered in an era of new ways to gather game information.
Such advances have created the possibility of measuring variables that previously could not be clearly defined (So-
roka 2011).

The first of the game indicators analyzed concerned shots on target. Football games, unlike other team sports,
are characterized by a relatively low level of scoring (number of goals scored). Therefore, according to Bergier and
Soroka (2010), one of the key research issues is the indicators of goals scored. These analyses seem interesting
because the ability to complete an action with a shot on target is considered a key element of a player's training.
Moreover, this action represents the finalization of the whole team's actions, and its effectiveness directly influences
the final outcome of the game (Cebi et al. 2016).

An analysis of the Argentine national team's actions showed a high level of indicators of activity and shot ef-
ficiency. The studies of Oberstone (2009), Stula et al. (2016), and Soroka (2018) revealed that in an analysis of
winning and defeated teams, higher indicators of activity and shot efficiency were recorded for the winners. Fur-
thermore, higher shooting rates were usually observed among Italian Serie A teams with higher league positions
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than among teams from lower places in the league ranking (Rampinini et al. 2009). Therefore, it can be assumed
that the shooting indicators studied were an important contributor to Argentina's victory in individual matches and
the World Cup.

Another analysis concerned the passing of the ball. It is accepted that in football, passing is among the key ele-
ments of the game, being the main form of ball movement and player interaction (Hughes, Franks, 2005, Jankovic et
al. 2011, Duda, Ambrozy 2011, Soroka 2018). They account for about half of all player actions with the ball (Dufour
1993, Wrzos 2000). Analyzing the offensive actions of the Argentina team, there were generally high rates of passing
the ball. Apart from the match against Croatia, Argentina's team dominated their opponents in terms of activity, pass-
ing efficiency and reliability, short passes, and medium passes. Slightly lower values were found, however, for the
long pass indicator. When confronted with Croatia and France, the opponents were characterized by the more favor-
able long passes. Soroka's (2018) analysis showed that approximately 90% of the activity of all passes in the game
concerned short and medium-distance passes. The remaining 10% is made up of long passes. This trend was also
confirmed in the present study. It would appear, therefore, that Argentina's high rates of short- and medium-range
ball passing were the basis for their success. The time of possession of the ball, which was found to be significantly
higher for Argentina compared to all opponents, also appears to be critical (Tab. 8). Similar results were revealed in
a study by Stula et al. (2016), who attributed the successes of FC Barcelona between 2008 and 2012 to the indica-
tors of short and medium passes and time of ball possession. However, longer ball possession is not in itself a cri-
terion indicating a successful team in direct competition (Soroka 2018). Teams tend to have lower ball possession
in goal-scoring situations or in situations where the game is in their favor. This phenomenon can be explained by the
change in tactics depending on the situation generated on the pitch (Lago-Penas, Dellal 2010). The same goes for the
Argentine team, which, depending on the circumstances on the pitch, adapted their style of playing to the opponent
and the current score.

In league games or tournaments such as the World Cup, it also seems important to stabilise the team's perfor-
mance throughout the tournament. This opinion is consistent with the study by Stufa et al. (2016), who demonstrated
that the stable level of performed activities played an important role in the success of the aforementioned Barcelona
team in the 2010/2011 and 2011/2012 seasons. Similar observations were also made in the present study, indicating
similar levels of the analyzed parameters in all of Argentina's matches.

Conclusion

 In the matches analyzed, the statistically significant variation in the indicators in favor of Argentina mostly con-
cerned total, short, and the medium ball passes (activity, efficiency, reliability) and the activity and efficiency of
shots on target.

» The Argentine team presented an even level of analyzed activities. The differences in indicators were only found
for activity and reliability of passing between the matches against Poland and Croatia.

e Based on the analysis, it appears that Argentina's success was mostly affected by their high indicators of passing
the ball and shots on target, and their even level throughout the tournament.

Postulates

e There is a need in the training of football players to develop a variety of variants of passing the ball which are an
essential tool for creating goal-scoring situations.

* The ability to take shots on target is an important part of a football player's training.
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