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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 (VO2max.) 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 VO2 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 VO2max 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 VO2max 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 VO2max are ca-
pable of more efficient resynthesis of this compound [7]. In addition to the maximum oxygen consumption (VO2max), 
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 anaerobic 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 Nałęczów Health Resort and the laboratory of the Center for Physical Culture of the Maria 
Curie-Skłodowska 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. 

Notes:
BMI - body mass index;  FAT% – body fat % ; TBW% - total body water %. 

N=14 Age
[years] Body weight [kg] Body height

[cm]
BMI

[kg/m2]
FAT
[%]

TBW 
[%]

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

Table 1. Characteristics of the study group
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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 VO2max will be evidenced by the fol-
lowing criteria: reaching a plateau in VO2 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 (VO2), ventilation value (VE), and heart rate (HR) [23]. Based on the recorded values we determined 
maximal oxygen consumption (VO2max), maximal oxygen consumption at anaerobic threshold (VO2max at AT), 
percent oxygen consumption at anaerobic threshold relative to VO2max (% VO2 at AT), maximal running speed at 
anaerobic threshold (MRS at AT), maximum running speed at VO2max (MRS at VO2max), percentage of maximum 
running speed at anaerobic transition threshold relative to maximum speed at VO2max (% MRS VO2max at AT), and 
the value of maximum heart rate level of VO2max (HR VO2max).

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].
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Results

Table 2 shows the values of selected parameters of the aerobic capacity of the participants. The average value of 
maximum oxygen consumption VO2max of the handball players was 65.5 ml/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 VO2max, it reached an aver-
age of 15.5 km/h. The percentage of MRS at AT relative to MRS at VO2max was 85.3%. The heart rate (HR) value at 
VO2max was 180.6 beats per minute.

 N=14 VO 2max
[ml/kg/min]

VO2 at AT
[ml/kg/min]

%VO2max 
at AT
[%]

MRS at AT
[km/h]

MRS at 
VO2max
[km/h]

%  MRS VO-
2max at AT

[%]

HR VO2max
[bpm]

x 65.5 53.1 82.1 13.2 15.5 85.3 180.6

SD 9.8 5.8 9.9  1.7 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

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

Notes:

VO2max – maximal oxygen consumption; VO2m ax at AT – maximal oxygen consumption at anaerobic threshold; % VO2 at AT – percent 
oxygen consumption at anaerobic threshold relative to VO2max; MRS at AT – maximal running speed at anaerobic threshold; MRS at 
VO2max. – the maximum running speed at VO2max; % MRS VO2max at AT – the percentage of maximum running speed at anaerobic 
transition threshold relative to the maximum speed at VO2max; HR VO2max – the value of maximum heart rate level of VO2max.

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

VO2max – maximal oxygen consumption; % VO2 at AT – percent oxygen consumption at anaerobic threshold relative to VO2max; MRS 
at AT – maximal running speed at anaerobic threshold; MRS at VO2max – maximum running speed at VO2max; HR VO2max – the value 
of maximum heart rate at VO2max.

 Position 
in the game 

Body weight 
[kg]

Body height 
[cm]

VO2max
[ml/kg/min]

%VO2max at 
AT [%]

MRS
at AT

[km/h]

MRS at 
VO2max
[km/h]

HR VO2max
[bpm]

x Goalkeepers 96.5 198.5 64.0 83.5 13.4 15.5 173.5

SD N=2 0.71 2.12 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 7.8 5.4 1.7 11.6 7.9

x Wingers 91 187.5 67.3 81.3 14.3 16.1 182.8

SD N=4 7.8 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 3.7

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 VO2ma. 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 VO2max 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 VO2max. The highest value of maximum heart rate in the HR max test was obtained by the 
wingmen (182.8 bpm). 
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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 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.

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

 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 7.6 7.2 7.1

SD 0.7 0.9 0.5 0.5 0.6 0.5

Ta P peak [s]

x 5.0 4.0 3.9 4.1 3.8 3.9

SD 0.9 0.7 0.6 1.0 0.7 0.1

Tm P [s]

x 1.9 1.5 1.0 1.0 0.9 0.7

SD 0.7 0.6 0.4 0.6 0.5 0.6

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.

P peak – peak power

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 7.8

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 11.1 10.6 9.7 8.8 8.2 8.2

SD 0.7 0.6 0.5 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

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.
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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 VO2max 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 VO2max 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 VO2max, 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 VO2 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 VO2max. The percentage of MRS AT at 
the anaerobic threshold (AT) relative to MRS at VO2max 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 VO2max. 54 
ml/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 (+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 
VO2max, 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 VO2max, 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 VO2max. 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 VO2max 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 VO2 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 (CI: 0.993-0.999) and 0.989 for WS 
(CI: 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) = 

where:
   – 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:

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).

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

ƩA
NW

ƩA



Technical and Tactical Performance of Judo...i

11Journal of Kinesiology and Exercise Sciences

The analysis of variance was based on 
the F-test or Kruskal-Wallis H-test, depend-
ing on the distribution and homogeneity of 
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 
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 
objects (taxonomy). The method allows the 
creation of k clusters that differ from each 
other as much as possible. For calculation, 
this method can be approached as the in-
verse of the analysis of variance [15]. In the 
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/OIL/2015 of 15 April 2015).

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.

The symbols denote:
T – backward; TL – backward left; L – left; PL – forward left; PRZ – forward; 
PP – forward right; P – right; TP – forward right 

Figure 1. Possible throwing directions in judo

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 2.5 0.8 3.47 1.84 0.21 2.92 2.08 1.4 3 F=4.2 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=2.3 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 7 4.53 3 7 4.73 4 6 H=1.0 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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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 2. Significance levels of the Tukey RIR test calculated between the teams studied; variable: WA2 

  (1) (2) (3)

JPN      (1)  0.167591 0.017529

FRA      (2) 0.167591  0.568236

GEO      (3) 0.017529 0.568236  

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

All indicators 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 11

2 8 8 7 23

3 2 6 3 11

Total 15 15 15 45

WA1 – activity during the first part of the bout
WA2 – activity during the second part of the bout
WA1 – 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

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 par t of the bout, but the largest increase was found for the Japanese team members. Statistically 
significant differences were recorded only in the second par t 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 Kraków (Poland) between 2019 and 2022. Our 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 Kraków between 2019 
and 2022. The group was dominated by women with higher (57%) and secondary education (37%), living in Kraków 
(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 1 to 3, 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. Q25 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 3.3 3.0 1.0 6.0 2.0 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

Oils, 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 2.5 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 3.4 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 3.3 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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Assessment of the analysed health indices showed that the women had an average BMI of 27.4 kg/m2, 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).

*products listed according to Kom-PAN questionnaire

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

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

 Variables (somatic, 
functional fitness and 

self-assessment)

N Mean Median Min. Max. Q25 Q75 SD

BMI 
(kg/m2)

180 27.4 26.9 18.7 40.2 24.2 30.1 4.3

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 32.1 25.5 49.3 30.0 35.3 3.8

Arm skinfold (mm) 181 26.9 27.0 7.2 85.0 21.2 31.4 8.5

skinfold under shoulder 
blade (mm)

181 25.8 24.8 7.8 57.0 18.8 32.8 10.2

Abdominal skinfold (mm) 181 36.4 36.0 7.4 62.0 31.4 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 
(repetitions)

180 15.1 15.0 8.0 23.0 13.0 17.0 2.8

30-Second Loaded Arm 
Curl (repetitions)

181 17.1 17.0 7.0 28.0 15.0 19.0 3.3

Seated Forward Bow (cm) 181 6.4 7.0 -24.0 31.0 -3.0 17.0 13.4

Back Scratch / ‘Safety 
Pin’ (cm)

181 -0.8 1.0 -50.0 13.0 -4.5 4.0 7.9

Timed Up and Go - 2,44 
m (sec)

181 4.9 4.9 3.3 9.9 4.4 5.3 0.8

2-Minute Step in Place 
(number of steps)

180 109.3 110.5 29.0 158.0 101.0 118.5 15.1

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

Oils, 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 -2.71 0.007

Fish 181 -0.00 -0.05 0.960

Eggs 180 -0.09 -1.25 0.213

Legumes 181 0.13 1.71 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 
fitness / Self-assessment 

N Spearman’s R t(N-2) p–value

BMI (kg/m2) 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.
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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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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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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.

Table 1. Age, training experience and somatic built of study participants in the group of children (aged 11 to 12 years)

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

 Variable

Judo competitors Non-athlete peers   

N Mean Min. Max. SD N Mean Min. Max. SD Test value P

Age 23 11.43 11.00 12.00 0.51 52 11.60 11.00 12.00 0.50 U=-1.10 0.270

Body height 23 149.57 141.00 164.00 5.73 52 151.38 141.00 163.00 5.56 t=-1.29 0.202

Body mass 23 40.28 30.30 47.80 5.31 52 40.72 28.90 49.90 6.14 U=-0.37 0.709

Lean body mass 23 35.44 26.66 42.06 4.67 52 35.84 25.43 43.91 5.40 U=-0.37 0.709

% FAT 23 17.13 9.50 27.30 5.10 52 17.15 6.80 34.60 6.81 U=0.4 0.692

Training experience 23 4.43 1.00 7.00 1.73

 Level of achievement 23 3.96 0.00 9.00 2.95

 Variable

Judo competitors Non-athlete peers   

N Mean Min. Max. SD N Mean Min. Max. SD Test value p

Age 19 13.42 13.00 14.00 0.51 38 13.18 13.00 14.00 0.39 U=1.44 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 54.82 43.10 74.70 8.08 38 56.31 33.60 80.20 11.36 t=-0.51 0.612

Lean body mass 19 48.24 37.93 65.74 7.11 38 49.55 29.57 70.58 10.00 t=-0.51 0.612

% FAT 19 16.35 6.60 26.30 4.71 38 18.44 9.70 33.00 6.09 t=-1.31 0.195

Training experience 19 6.05 4.00 10.00 1.61

Level of achievement 19 2.66 0.00 9.00 3.13
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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.

Table 3. Handgrip strength in children (11-12 years old) practising judo and their non-athlete peers

Table 4. Handgrip strength in youth judokas (aged 13 to 14 years) and their non-athlete peers

 Isometric handgrip 
strength / unit

Judo competitors Non-athlete peers Test 
value p

Mean Min. Max. SD Mean Min. Max. SD

Dominant upper 
limb (kgf) 21.34 14.20 30.70 4.10 18.99 10.60 30.80 4.38 U=2.01 0.044

Non-dominant upper 
limb (kgf) 19.81 14.40 28.40 3.57 17.73 9.00 27.70 4.01 U=1.83 0.068

Total (kgf) 41.15 32.30 59.10 7.28 36.72 19.60 58.50 7.94 U=1.92 0.055

Dominant upper 
limb (kgf/kg) 0.53 0.37 0.71 0.09 0.47 0.23 0.75 0.11 t=2.26 0.027

Non-dominant upper 
limb (kgf/kg) 0.50 0.32 0.61 0.08 0.44 0.19 0.64 0.10 t=2.37 0.021

Total (kgf/kg) 1.03 0.71 1.26 0.16 0.91 0.42 1.32 0.20 t=2.46 0.016

Dominant upper 
limb (kgf/kg LBM) 0.61 0.42 0.81 0.10 0.54 0.26 0.85 0.13 t=2.27 0.027

Non-dominant upper 
limb (kgf/kg LBM) 0.56 0.36 0.70 0.09 0.50 0.22 0.73 0.11 t=2.37 0.021

Total (kgf/kg LBM) 1.17 0.80 1.43 0.18 1.04 0.48 1.51 0.22 t=2.46 0.016

Isometric handgrip 
strength / unit

Judo competitors Non-athlete peers Test 
value p

Mean Min. Max. SD Mean Min. Max. SD

Dominant upper limb 
(kgf) 30.66 21.40 39.10 5.22 28.33 16.20 42.70 6.59 t=1.34 0.185

Non-dominant upper 
limb (kgf) 29.19 23.00 38.30 5.00 26.53 15.00 41.70 6.27 t=1.61 0.114

Total (kgf) 59.84 45.90 75.60 9.93 54.86 33.70 84.30 12.62 t=1.0 0.139

Dominant upper 
limb (kgf/kg) 0.56 0.42 0.76 0.08 0.51 0.32 0.69 0.09 t=2.1 0.041

Non-dominant upper 
limb (kgf/kg) 0.54 0.37 0.78 0.09 0.48 0.31 0.68 0.09 t=2.52 0.015

Total (kgf/kg) 1.10 0.83 1.53 0.17 0.98 0.65 1.38 0.17 t=2.39 0.020

Dominant upper 
limb (kgf/kg LBM) 0.64 0.48 0.86 0.09 0.58 0.36 0.79 0.11 t=2.1 0.041

Non-dominant upper 
limb (kgf/kg LBM) 0.61 0.42 0.88 0.11 0.54 0.36 0.77 0.10 t=2.52 0.015

Total (kgf/kg LBM) 1.25 0.94 1.74 0.20 1.12 0.73 1.56 0.20 t=2.39 0.020
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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 61±11 ( +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. 

Table 5. Handgrip strength in children and youth judokas

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

 Isometric handgrip 
strength / unit

Children Youth athletes Test 
value p

Mean Min. Max. SD Mean Min. Max. SD

Dominant upper 
limb (kgf) 21.34 14.20 30.70 4.10 30.66 21.40 39.10 5.22 U=-4.69 0.000

Non-dominant upper 
limb (kgf) 19.81 14.40 28.40 3.57 29.19 23.00 38.30 5.00 U=-4.88 0.000

Total (kgf) 41.15 32.30 59.10 7.28 59.84 45.90 75.60 9.93 U=-4.88 0.000

Dominant upper limb 
(kgf/kg) 0.53 0.37 0.71 0.09 0.56 0.42 0.76 0.08 t=-1.07 0.292

Non-dominant upper 
limb (kgf/kg) 0.50 0.32 0.61 0.08 0.54 0.37 0.78 0.09 t=-1.67 0.111

Total (kgf/kg) 1.03 0.71 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

 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
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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 (Ośrodki Szkolenia w Piłce Ręcznej – 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 (VO2max) 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 VO2max 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, 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 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

Notes:

RSU – targeted fitness test/report,

  Consul-
tation, 
girls

Age 
[years]

Training 
experience

 [years]

Body 
height [cm]

Body mass 
[kg]

30m run 
[s]

Counter-
movement 
jump [cm]

Envelope 
run with 
ball drib-
bling [s]

Push-ups 
[n]

Beep Test 
[m] 

Spring 
2018,

N=301
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

Autumn 
2018

N=244
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

Spring 
2019

N=306
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

Autumn 
2019

N=302
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

Spring 
2020

N=197
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

Autumn 
2020

N=309
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

Spring 
2021

N=284
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

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 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 VO2max 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.

Notes:

RSU – targeted fitness test/report,

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 VO2 max and BMI of the study participants

 Consulta-
tion, 
girls

Age 
[years]

Training 
experience

[years]

VO2 max
[ml/
kg/

min]

BMI [kg/
m2]

30m run 
[s] 

Coun-
termo-
vement 

jump [cm]

Envelope 
run with 
ball drib-
bling [s]

Push-ups 
[n]

Beep Test 
[m]

% % % % %

Spring 
2018, 

N=301
15 6 41.8±8.2 20.8±1.7 2 22 6 34 17

Autumn 
2018

N=244
14 5 40.5±9.2 20.2±1.9 8 31 11 27 19

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-
tation, 
boys

Age 
[years]

Training 
experience

[years]

Body 
height [cm]

Body 
mass [kg]

30m run 
[s]

Counter-
movement 
jump [cm]

Envelope 
run with 
ball drib-
bling [s]

Push-ups 
[n]

Beep Test 
[m]

Spring 
2018, 

N=304
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

Autumn 
2018

N=273
14 5 179.49±7.08 69.78±10.28 5.29±2.17 48.56±14.62 25.92±2.05 20.21±9.84 1585.95±613.03

Spring 
2019

N=329
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

Autumn 
2019

N=315
14 5 172.49±8.94 61.04±11.70 4.65±0.34 44.82±8.42 26.87±2.31 13.57±9.53 1542.52±438.88

Spring 
2020

N=225
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

Autumn 
2020

N=297
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

Spring 
2021

N=332
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
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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 VO2max 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 VO2 max and BMI of the study participants

 Consulta-
tion, 
girls

Age 
[years]

 Training 
experience

[years]

VO2max.
[ml/
kg/

min]

BMI [kg/
m2]

30m run 
[s] 

Coun-
termo-
vement 

jump [cm]

Envelope 
run with 
ball drib-
bling [s]

Push-ups 
[n]

Beep Test 
[m]

% % % % %

Spring 
2018, 

N=304
15 6 48.6±9.1 21.6±2.0 9 57 3 42 23

Autumn 
2018

N=273
14 5 45.5±18.2 21.7±1.9 8 52 5 38 21

Spring 
2019

N=329
14 5 45.8±10.9 21.3±1.8 11 51 0 31 10

Autumn 
2019

N=315
14 5 44.9±12.5 22.5±2.1 14 44 2 22 23

Spring 
2020

N=225
14 5 40.2±12.1 20.4±1.7 7 29 3 23 14

Autumn 
2020

N=297
14 5 45.2±10.2 20.6±1.9 16 34 5 31 20

Spring 
2021

N=332
14 5 41.5±12.2 20.4±1.8 10 33 2 23 16

Spring 
2019

N=306
14 5 37.7±9.9 20.0 ±1.8 8 42 10 33 18

Autumn 
2019

N=302
14 5 38.8±9.7 19.5±1.7 13 42 7 29 24

Spring 
2020

N=197
14 5 38.4±9.2 19.9±1.8 4 37 5 35 13

Autumn 
2020

N=309
14 5 40.2±8.6 20.5±1.7 9 33 10 25 25

Spring 
2021

N=284
14 5 36.2±9.9 19.91.9 8 38 10 22 12
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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 VO2max [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/m², 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/m² for BMI [17].  In girls, lower results were observed than those obtained by previous 
authors [17]. The mean VO2max and BMI in girls were 40.1 ml/kg/min and 20.1 kg/m², 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 Oblacińska [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. Is 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 CE0197) 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 mm2 [22]. The following indices were used: right and left foot surface (cm2), right and left forefoot 
and hindfoot surface (cm2), 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 (cm2), load distribution on the sole side (cm2), 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 III 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–1, with three 5-second 
maximal accelerations at the 2nd, 4th, and 5th 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 α = 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

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

 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–2) 18.80 2.70 22.60 2.80

LBM (kg) 44.60 4.27 62.75 6.28

 BFM (kg) 16.72 4.72 17.09 6.22

BFP (%) 26.97 5.27 20.89 5.44

Table 2. Descriptive statistics for maximal anaerobic capacity

Figure 1. Graphical representation of maximal anaerobic capacity results

 Variable
Women Men

M SD M SD

Maximal anaerobic capacity (W · kg–1) 8.77 0.79 11.00 1.46

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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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 a trend (0.1 > P > 0.05) imply-
ing a positive weak relationship between left foot surface and maximal capacity (r = 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 3. Results of Pearson’s r correlation test of relationships between maximal anaerobic capacity and selected somatic traits

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)

 Variable
Women
(n = 45)

Men
(n = 46)

MAP MAP

BH
r –0.040 0.194

P 0.793 0.195

BM
r 0.019 –0.176

P 0.901 0.242

BMI
r 0.038 –0.204

P 0.803 0.173

LBM
r 0.023 0.143

P 0.883 0.342

BFM
r –0.065 –0.531*

P 0.671 0.000

BFP
r –0.086 –0.613*

P 0.576 0.000

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

MAP – maximal anaerobic capacity

* Correlation significant at 0.05 (two-sided)

 Variable
Women
(n = 45)

Men
(n = 46)

MAP MAP

Left foot surface
r 0.273 –0.156

P 0.070 0.301

Right foot surface
r 0.312* –0.120

P 0.037 0.426

Left foot percentage load
r –0.142 –0.119

P 0.353 0.431

Right foot percentage load
r 0.142 0.119

P 0.353 0.431

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 (rs = –0.376; P = 0.077) and pelvic torsion to the right (rs = 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 (r = 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

MAP – maximal anaerobic capacity
a Spearman’s rho correlations calculated for participants with pelvic tilt/torsion

* Correlation significant at the level of 0.05 (two-sided)

 Variable
Women
(n = 45)

Men
(n = 46)

MAP MAP

Pelvic tilt to the righta
rs –0.168 –0.114

P 0.601 0.699

Pelvic tilt to the lefta
rs –0.171 –0.376

P 0.394 0.077

Pelvic torsion to the righta
rs –0.192 0.352

P 0.337 0.066

Pelvic torsion to the lefta
rs –0.238 –0.150

P 0.358 0.579

Kyphosis angle
r 0.037 0.044

P 0.811 0.773

Lordosis angle
r –0.224 0.062

P 0.138 0.682

Back surface rotation
r 0.323* –0.095

P 0.030 0.528

Lateral deviation VPDM
r 0.129 –0.143

P 0.399 0.342

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 (r = 0.375; P = 0.011), suggesting that 
women with a greater range of mobility are likely to have higher maximal anaerobic capacity (Table 6).

 Variable
Women
(n = 45)

Men
(n = 46)

MAP MAP

Pelvic tilt to the righta
rs –0.168 –0.114

P 0.601 0.699

Pelvic tilt to the lefta
rs –0.171 –0.376

P 0.394 0.077

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
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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;

MAP – maximal anaerobic capacity
a Spearman’s rho correlations calculated for participants with pelvic tilt/torsion

* Correlation significant at the level of 0.05 (two-sided)

Pelvic torsion to the righta
rs –0.192 0.352

P 0.337 0.066

Pelvic torsion to the lefta
rs –0.238 –0.150

P 0.358 0.579

Kyphosis angle
r 0.037 0.044

P 0.811 0.773

Lordosis angle
r –0.224 0.062

P 0.138 0.682

Back surface rotation
r 0.323* –0.095

P 0.030 0.528

Lateral deviation VPDM
r 0.129 –0.143

P 0.399 0.342

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 β t p

1

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: R2 = 0.069
Equation significance: F = 4.262; P = 0.045

2

Constant 11.061 1.602 6.905 0.000

Right foot Clarke’s angle –0.054 0.029 –0.262 –1.854 0.071

Back surface rotation 0.157 0.077 0.289 2.040 0.048

Multiple correlation coefficient: R = 0.415
Multiple determination coefficient: R2 = 0.133
Equation significance: F = 4.368; P = 0.019

3

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 2.011 0.050

Forward bend range of mobility 0.011 0.005 0.296 2.045 0.047

Multiple correlation coefficient: R = 0.499
Multiple determination coefficient: R2 = 0.194
Equation significance: F = 4.527; P = 0.008



Anaerobic Capacity in Men and Women in Relation...i

47Journal of Kinesiology and Exercise Sciences

• 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 (β = 0.275; P = 0.050) and forward bend range of mobility (β = 0.296; P = 
0.047). The β 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: R2 = 0.064), followed by bend range of 
mobility (model 3 – 2 difference: R2 = 0.061). Clarke’s angle in models 2 and 3 did not reach a significance level be-
low α = 0.05. Right foot surface was excluded from the above regression equation (t = 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 (β = –0.613; P < 0.001). The β 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 β t p

1

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: R2 = 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–1 in women and 11.00 W kg–1 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 
a trend (0.10 > P > 0.05) suggesting a correlation between maximal anaerobic capacity and pelvic tilt to the left (rs 
= –0.376; P = 0.077) and pelvic torsion to the right (rs = 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 (β = 0.275; P = 0.050) and bend range 
of mobility in the sagittal plane (β = 0.296; P = 0.047) in females and by body fat percentage (β = –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. Th e 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 
[unit of measurement]

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

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 [mm2], 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 p0.05. 
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 Kraków, Poland (approval No. 159/KBL/OIL/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 Xmin Xmax V [%]

Area [mm2] 824.83 394.33 233.99 1678.79 74.80

Convex Hull Area [mm2] 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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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 

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] 4.73 2.12 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 Xmin Xmax V [%]

Area [mm2] 447.77 194.18 103.15 673.75 43.36

Convex Hull Area [mm2] 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

Statistically significant differences at p0.05 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

T able 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 [mm2] 377.06 2.89 0.01 0.96 1.21

Convex Hull Area [mm2] 296.35 59.00U 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] 2.21 105.00U 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
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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. Si gnificantly 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. Yüksel [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 no n-
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. 
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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 I and II series of tests. VO2peak during the I series was 4.15 L·min-1, and during the II series, it was 3.41 L·min-1. 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 I test series and 166.20 L/min in the II 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-
ducted between January and May 2021. The research 
procedures were carried out in the Laboratory of Physi-
ological Basis of Adaptation at the Bronisław Czech 
Academy of Physical Education (Krakow, Poland) PN-EN 
ISO 9001:2015. The study was approved by the Bioeth-
ics Committee at the Medical University of Warsaw un-
der the number KB/50/2021. The participant in the study 
was an athlete specializing in long-distance running. The 
participant underwent dual somatic measurements and 
exercise tests before and after COVID-19 infection.

Participant’s health status, based on declared infor-
mation, was assessed by a sports medicine special-
ist before the exercise tests. The athlete was examined 
according to the guidelines of the Helsinki Declaration. 
They were informed about the possibility of withdraw-
ing from the research project at any time, and confir-
mation of participation was given by providing written 
consent. The participant had to provide written consent 
to participate in the study, publish the obtained results in 
scientific literature, and be informed about the research 
methodology, potential risks, and inconveniences asso-
ciated with the procedures.

Personal data were anonymized and did not allow 
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 (Italy). 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 
(FiO2 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-1 with a treadmill incline of 1°. Subsequently, 
every 2 minutes, the running speed was increased by 1 km·h-1 until the participant reached a speed of 16 km·h-1, 
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 (%FECO2), 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 illness 
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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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).

Indicator

Study date
28.01.2021 28.05.2021 d

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

 Indicator
Indicator 
level

HR [sk/min] VO2 [L·min-1] VO2/kg [mL·min-1·kg-1] VE [L/min]

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

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

VT2 – second ventilatory threshold level, max – maximal exercise level, HR – heart rate, VE – minute ventilation, VO2 – minute oxygen uptake

Table 1. Characteristics of the Participant

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

Table 3. Analysis of the athlete’s training loads
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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, Śliż 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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