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Abstract The purpose of this study was to determine differences in force steadiness during submaximal plantar flexion (PF) 
and dorsiflexion (DF) of the dominant leg between individuals experienced and not experienced in resistance training. Forty 
males aged 18–32 were divided in two groups based on their experience in resistance training (experienced – not experienced). 
Evaluation of maximal voluntary isometric force was carried out on a Humac-Norm isokinetic dynamometer. The measurement 
of the maximal voluntary contraction (MVC) was measured in 3 isometric attempts. Then, the stability measurement of 10, 30, 50 
and 70% of the MVC was assessed. The duration of the isometric contraction was 10 seconds but only 6 seconds were analyzed. 
T-test for independent samples and ANOVA was applied for the statistical analysis. The results showed that the individuals with 
more experience in resistance training presented a significantly higher MVC and force steadiness of the plantar and dorsiflexors 
muscles, compared with the individuals with less experience (p < 0.05). In conclusion, the years of practice with resistance 
training appear to have a beneficial effect on force steadiness.

Key words stability, isometric torque, plantar flexor, dorsi flexor, ankle joint

Introduction
Steady voluntary muscle contractions affect the individual’s quality of life, especially during aging, and also 

performance in sport at a younger age. The ankle muscles are very important for maintaining balance, especially 
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while standing and walking, and a decrease in their strength due to age-induced sarcopenia is the most important 
factor responsible for falls in the elderly (Marzetti et al., 2017). Thus, maintaining strength in the ankle muscles in 
advanced age is critical for minimising falls. People with chronic ankle instability may need specific therapy to cope 
with recurrent sprains (Fuerst, Gollhofer, Lohrer, Gehring, 2018). In sport also, a reduction in ankle joint perturbation 
is important for a variety of athletic motions such as vertical and horizontal jumps, racing, sprinting, running with 
a change of direction, making these skills more accurate and effective (Bezodis, Kerwin, Salo, 2008). 

Resistance training is an effective and beneficial mode of exercise to increase and maintain muscle strength, 
and also for rehabilitation and muscle health from childhood (Herzog, Longino, Clark, 2003). Beyond those strength 
gains, resistance exercise also could be associated with a reduced isometric force variability as a result of improved 
inter-muscular coordination and increased motor unit activation (Enoka, Amiridis, Duchateau, 2020; Salonikidis, 
Amiridis, Oxyzoglou, Giagazoglou, Akrivopoulou, 2011; Yao, Fuglevand, Enoka, 2000). The relationship between 
the levels of force and their variability remains unclear. Previous studies have reported that variability increases 
linearly as the level of force increases, up to 65% of maximum voluntary contraction (MVC), and then variability 
decreases with forces greater than 65% of MVC (Sherwood, Schmidt, 1980). 

Variability in steady isometric force production has been assessed under different conditions in both upper 
and lower extremities. Salonikidis et al. (2011) evaluated the stability of the wrist muscle flexors in submaximal 
voluntary isometric contractions at different joint angles, in both young adult athletes and non-athletes. Although 
there were no significant differences in the maximum isometric strength between the trained and the untrained 
individuals, the former showed significantly less variation in force at all levels of submaximal voluntary contraction 
at all angles. The angle did not affect the power output variability. The authors concluded that workouts over a long-
term can be linked to reduced variability in isometric force production, regardless of muscle length.

Bazzucchi, Felici, Macaluso, and De Vito (2004) examined whether there were differences between young 
and elderly women in MVC, in strength variability and in various EMG parameters at isometric elbow flexion and 
knee extension. They revealed that older women compared to the younger ones showed greater fluctuations in 
strength without significant differences in EMG parameters. There were also no differences between upper and 
lower extremities.

Brown, Edwards, and Jakobi (2010) examined the gender influence on the stability of elbow flexors in three 
positions of the forearm and at different submaximal isometric contractions of MVC. The results showed that men 
produced higher levels of strength and were more stable at all levels and at all positions of the joint, indicating that 
that power in absolute terms plays an important role in the stability of power generation between the two sexes.

Shinohara, Yoshitake, Kouzaki, and Fukunaga (2006) examined the lower limb plantar flexion variability at 
3 low percentages of MVC at 2 different knee angles. They found 32% higher MVC in extended knee, and the 
variation in force production was lower than in the bent position. The stability also increased when gastrocnemius 
muscle activity also increased. In contrast, Oshita and Yano (2010) evaluated the asymmetry of force variation 
during isometric plantar flexion of the ankle joint at low intensities, and observed no significant differences in force 
variation between the right and left legs.

Christou, Grossman, and Carlton (2002) measured the stability of the knee extensors in two groups with 
different MVC performance. They did not find any significant difference in stability in force generation, while the 
relationship between strength and stability was not linear. According to Newell and Carlton (1988), force variability 
increases as the level of contraction intensity increases (cf. Sherwood, Smith, 1980).
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The influence of visual feedback on stability was examined by Baweja, Patel, Martinkewiz, Vu, and Christou 
(2009), who compared the variability in isometric force output in the abduction of the index finger at different strength 
levels, with and without visual feedback. They found that visual feedback could significantly reduce the force 
variability during isometric contraction. Tracy, Dinenno, Jorgensen, and Welsh (2007) though, after investigating 
the elbow flexors and knee extensors in young and elderly patients, indicated that stability was worse with optical 
feedback, and this was attributed to the reduced ability to process visual information.

To sum up, fluctuations in muscle force production seem to depend on visual feedback, on the muscle group 
used, on the type of muscle contraction, the contraction intensity and on the general level of physical activity of the 
participant. However, there is a lack of clarity about the relationship between the level of the produced force and 
its variability. 

The purpose of the present study was to determine whether there is a difference in the stability of submaximal 
isometric force production during plantar and dorsal flexion of the ankle joint of the dominant lower limb in individuals 
experienced in resistance training vs novices. We hypothesized that engaging in resistance training would positively 
affect stability. In particular, resistance training over a long term would increase stability at a) 10%, b) 30%, c) 50%, 
and d) 70% of MVC of the plantar and dorsal flexors of the dominant lower limb.

Material and Methods
Participants
Forty males aged 23.6 ±3.74 years old (body mass: 87.2 ±18.47 kg, height: 177.53 ±13.20 cm) with a dominant 

right lower limb were divided into two groups based on their experience in resistance training. Individuals who had 
been training for more than 3 years made up the advanced group (n = 20), and the rest made up the novice group. 
Participation in the survey was voluntary. None of the participants had experience with this type of measurement 
in the past. Individuals who had any neurological or musculoskeletal damage or disease were excluded from 
participating in the research. Participants signed a consent form for their participation in the survey after the 
experimental process was explained to them. Approval for the experiment was obtained from the institutional ethics 
committee on human research in accordance with the declaration of Helsinki.

Measures
The recording and evaluation of MVC and the stability of the dominant lower limb were performed on an 

isokinetic dynamometer (USA, Humac Norm CS MI.MA). The body weight and the size of the participants were 
measured by a Seca scale, while for measuring the angle of the ankle, a Lafayette goniometer was used.

Design and Procedures
The subject was in a supine position, the knee was fully extended at 180°, and the ankle was flexed at 110°. 

Finding the dominant lower limb had been done earlier using the “Waterloo footedness” questionnaire (Bini, Jacques, 
Sperb, Lanferdini, Vaz, 2016). Participants were asked to refrain from any physical activity for 48 hours before the 
measurements. All measurements were carried out over the same time period (13:00–16:00). All dynamometer 
adjustments were made according to the manufacturer’s manual. For the stability assessment, participants were 
asked to stably maintain the appropriate levels of power for 10 seconds. Optical feedback of the generated force 



8 Central European Journal of Sport Sciences and Medicine

Konstantinos Salonikidis, Konstantinos Papageorgiou, Anastasios Meliadis, Fotini Arabatzi

during isometric contraction was provided both as a number and as a curve on a second screen, which was placed 
in front of them at eye level.

Measurement of MVC was performed after a 5-minute warm-up (“ballistic stretching”). For familiarization 
purposes, the individuals participated in 2 trial-attempts with a 20-second break. The supine position helped to 
achieve the best possible isolation of the muscles to be tested (Escamilla, Lewis, Pecson, Imamura, Andrews, 
2016). Three main attempts were then performed with a 1-minute interval to minimize the effect of fatigue. The break 
between the trials and the measurements was 2 minutes. The break before changing the measurement direction 
was also 2 minutes. The duration of each trial was 5 seconds. The duration of each main effort was 10 seconds. 
Subjects could begin their maximum effort whenever they wanted, with the duration of each effort usually 2–3s.

After a minimum of 48 hours from the MVC measurements, the stability measurement was performed at 10, 
30, 50 and 70% of the MVC in three attempts for each strength percentage (12 attempts × 2 movement directions 
= 24 in total). For their familiarization the participants performed two 10% attempts with a break of 15 seconds, 
which preceded the main efforts. The duration of each trial was 5 seconds. The duration of each main effort was 
10 seconds. The break between the trial and main efforts was 30 seconds. In addition, the intermediate break for 
the 10% MVC was 15 seconds, for the 30 and 50% it was 30 seconds, while for the 70% the break was 1 minute. 
The break between the percentage changes was 1 minute. The same procedure and the same breaks were kept 
for both plantar and dorsal flexion.

Data acquisition
The maximum values recorded during the MVC measurement in the PF and DF were noted and used to 

determine the sub-maximal levels of force to measure stability. In the second part of the measurements for each 
subject, the first and last two seconds of each test were excluded from the analysis to avoid the transition phases 
in development of the required force in the stability phase. From the 2nd to 8th second, power fluctuations were 
quantified by calculating the coefficient of variation (CV = [SD / mean] × 100).

Statistical Analysis
For all statistical analyzes, SPSS 24 software was used. To compare the averages of demographic data (age, 

height, body mass), of the MVC and CV at the targeted percentages, during PF and DF, T-tests for independent 
samples were used. ANOVA was used to determine the effect of resistance training on the subjects. The factors 
“direction” (PF, DF), “level” (beginners, advanced) and “percentages” (10, 30, 50, and 70%) were examined. 
The significance level was set at p < 0.05.

Results
According to the answers given to the Waterloo Footedness questionnaire, all participants (n = 40) were 

dominant in the right lower limb. Analysis of the demographic data showed no statistically significant difference 
between the mean values   of the two groups in height (beginners: 178.2 ±17.81 cm, advanced: 176.85 ±6.29 cm, 
t(38) = 0. 32, p > 0.05), body mass (beginners: 89.3 ±24.49 kg, advanced: 85.1 ±9.56 kg, t(38) = 0.71, p > 0.05) and 
age (beginners: 23.6 ±3.53 years, advanced: 23.59 ±4.03 years, t(38) = 0.01, p > 0.05).
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In contrast, statistically significant differences were found in the means of peak force during both the PF 
(beginners: 75.35 ±9.85 Nm, advanced: 95.95 ±11.96 Nm, t(38) = –5.94, p < 0.01) and DF (beginners: 37.6 ±3.89 Nm, 
advanced: 44.25 ±5.08 Nm, t(38) = –4.65, p < 0.01).

Concerning the examination of the stability results during the PF, the beginners presented an average of CV 
at 10% of the MVC of 1.80 ±0.91 versus 1.03 ±0.53 of the advanced (t(38) = 3.27, p < 0.01). At 30% of the MVC, the 
CV for beginners was 1.48 ±0.55 and for the advanced 0.80 ±0.38 (t(38) = 4.55, p < 0.01). At 50% of the MVC, the CV 
for beginners was 1.48 ±0.42, while for advanced 0.71 ±0.17 (t(38) = 7.63, p < 0.001). In 70% of the MVC, the CV for 
beginners was 1.35 ±0.36, while for advanced 0.89 ±0.21 (t(38) = 4.94, p < 0.001).

Table 1. Coefficient of Variation in Stability Measurement during Production of Submaximal Voluntary Isometric Contraction  
in Plantar flexion (PF)

Beginners Advanced
mean SD mean SD

PF 10% 1.80* 0.91 1.03 0.53
PF 30% 1.48* 0.55 0.80 0.38
PF 50% 1.48* 0.42 0.71 0.17
PF 70% 1.35* 0.36 0.89 0.21

Note: N = 40, p < 0.05. * = Average differs statistically significantly between the groups.

In DF at 10% of the MVC, the CV for beginners was 4.37 ±1.67, while for advanced 2.25 ±1.17 (t(38) = 4.66, 
p < 0.001). At 30% of the MVC, the CV for beginners was 2.50 ±0.73 while for advanced 1.54 ±0.80 (t(38) = 3.97, 
p < 0.001). At 50% of the MVC, the CV for novices was 2.68 ±0.58, while for advanced 1.67 ±0.87 (t (38) = 4.31, 
p < 0.001). In 70% of the MVC, the CV for beginners was 2.37 ±0.76 and for advanced 1.70 ±0.92 (t(38) = 2.52, 
p < 0.05). 

Table 2. Coefficient of Variation in Stability Measurement during Production of Submaximal Voluntary Isometric Contraction  
in Dorsi flexion (DF)

Beginners Advanced
mean SD mean SD

PF 10% 4.37* 1.67 2.25 1.17
PF 30% 2.50* 0.73 1.54 0.80
PF 50% 2.68* 0.58 1.67 0.87
PF 70% 2.37* 0.76 1.70 0.92

Note: N = 40, p < 0.05. * = Average differs statistically significantly between the groups.

The results of the analysis of stability revealed that there was a statistically significant interaction of “direction” 
(PF and DF) and “percentages” in stability with the performance of the subgroups during PF and DF at the four 
intensity levels (10, 30, 50 and 70%) of the MVC (F3, 114 = 14.42, p < 0.001). In addition, the main effect of the factor 
“direction” was statistically significant (F1, 38 = 164.04, p < 0.001), while the main effect of the factor “percentages” 
was also statistically significant (F3, 114 = 24.82, p < 0.001).
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In the same way we found a statistically significant interaction of “direction” (PF and DF) and “level” (beginner-
advanced) with the subgroups during PF and DF (F1, 38 = 7.71, p < 0.01). Also, the main effect of the “level” factor 
was statistically significant (F1, 38 = 37.92, p < 0.001). Moreover, statistically significant interaction of “percentages” 
and “level” with the subgroups was found at all examined stability percentages of MVC (F3, 114 = 5.76, p < 0.01).

Finally, the results showed that there was a statistically significant interaction of “direction”, “percentages” and 
“level” in PF and DF at the four levels of MVC with the two groups of participants (F3, 114 = 4.91, p < 0.01). According 
to these results, the initial research hypothesis is confirmed.

Discussion
The research presented here focused on the possible effects of resistance training to stability on young 

trainees. The main findings showed that experience with resistance training had a positive effect on the stability 
of force production of the ankle joint, during PF and DF at 10, 30, 50, 70% of MVC. The greatest difference between 
the groups was observed at 110° ankle angle, with the knee fully stretched and the individual in supine position. 
DF was less stable compared to PF at all strength-levels with the experienced subjects being more stable in 
producing submaximal voluntary isometric contraction in relation to the beginners. The beginner group had an 
average experience of 1.75 years and the advanced group 6.71 average years of experience, which means that the 
5-year difference in experience seems to be a very important factor influencing stability.

Among the number of factors affecting stability, a very important variable is the profile of physical activity 
of the individuals (Enoka et al., 2003). According to Arendt-Nielsen, Mills, and Forster (1989), in extended isometric 
contractions, the recruitment of new motor units occurs as the contraction time increases beyond the performance-
duration the individual is used to. Therefore, the beginner participants in this research compared to the advanced 
ones had a higher CV, probably because the isometric contractions in their workouts are shorter. This results in the 
recruitment of new kinetic units and most likely, because the movement is novel for them, they exhibit a higher CV 
compared to the motor units which are conditioned to a particular motor pattern.

Already since 1985, Basmajian and De Luca have found that the failure of a muscle to maintain prolonged 
isometric contraction against an external resistance causes normal tremors and fatigue, resulting in the failure to 
maintain a certain level of strength. This is called the “muscle strength limit” and is apparently influenced by years 
of experience in a particular motor pattern. Muscle strength limit has been found to contribute to postural stability, at 
least in more aged individuals (Melzer, Benjuya, Kaplanski, Alexander, 2009). Therefore, the advanced individuals 
will have a lead over the beginner ones at the “muscle strength limit” in isometric contraction.

According to de Vries, Daffertshofer, Stegeman, and Boonstra (2016), muscle functional synchronization is 
important in motor coordination. Thus, when a simultaneous and coordinated activation of two muscles occurs, 
more force can be generated. Conversely, when the peak in the activation phase is not fully synchronized, then the 
maximum force output is reduced. This is another factor that is positively influenced by repeated training; therefore, 
advanced participants seem to have an edge compared to beginners. 

In the present study, the order in which participants performed the stability measurement protocols at the 
different strength levels in both directions was predetermined (from 10 to 70% of the MVC, PF-DF). There was 
always a certain order, beginning with the PF and moving to the DF, from the lowest level of strength to the highest. 
In other studies (Kobayashi, Koyama, Enoka, Suzuki, 2014; Mugge, Abbink, Schouten, Dewald, Van Der Helm, 
2010) the sequence of protocols is random to avoid a possible positive effect on the first test (in this case, the PF) 
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due to a lack of fatigue. This way of ordering was chosen here because during the pilot measurements, both PF 
and DF during the execution, either randomly or in a predetermined order, did not show significant fluctuations in 
stability performance due to fatigue.

We also found that stability improves as the intensity of muscle contraction increases, and this happens 
regardless of the level of experience. More specifically, at 10% of the MVC, the stability is quite low, but at 30% it 
increases, remaining unaltered up to 70%. The present study did not consider stability in tensions above 70% of the 
MVC. Löscher and Gallasch (1993) reported that stability increased from 20 to 60% of the MVC but significantly 
decreased from 80% and on. Therefore, it seems that stability is maximized at 20–70% of the MVC. Lower or higher 
tensions than those reduce stability. In the present study, the highest CV was observed at 10% of the MVC, while 
from 30–70% CV was observed to decrease. These results are in line with the conclusions of Löscher and Gallasch 
(1993).

The maximum voluntary isometric force of the PF and DF of the ankle of the advanced participants was higher 
than that of the beginner group. Brown et al. (2010) reported that power in absolute terms increases stability, so they 
are in agreement with the findings of this research. In contrast, Christou et al. (2002) found that MVC did not affect 
stability during isometric contractions of the knee extensors.

Stability is influenced by the motor units studied in the test, the muscles, myo-typology and the profile of the 
physical activity of the individual (Huesler, Hepp-Reymond, Dietz, 1998; Sturm, Schmied, Vedel, Pagni, 1997). 
In the present study, the beginner group had a lower MVC compared to the advanced group, but it was not shown 
whether this was due to the smaller cross-section of the muscle or to other factors (e.g. nervous system).

The direction of movement plays an important role in stability. The results showed that PF is more stable in 
all participants compared to DF. According to Shinohara et al. (2006), the plantar flexors exhibit greater stability 
when the knee is at full extent at 180°, rather than when it is bent at 90°, although in the bending of the knee the 
involvement of the soleus is greater than that of gastrocnemius. Myo-typology plays an important role in stability, 
where type I muscle fibers are more stable than muscle fibers of type IIa and IIb in gastrocnemius (Enoka et al., 
2003). Therefore, PF with extended knee should provide less stability than when the knee is bent, while in reality, 
the opposite is the case. Plantar flexors have more power than dorsal flexors, so according to Brown et al. (2010) it 
makes sense for the former to have even greater stability.

Regarding the profile of physical activity, Hortobágyi, Tunnel, Moody, Beam, and Devita (2001) reported that 
10 weeks of strength training of the knee extensor muscles led to increased MVC and stability. Also, Tracy et al. 
(2007) found that resistance training increased the MVC and the stability of the knee extensors. However, Bellew 
(2002) observed that strength training increased the maximum force of the knee extensors, but the same was 
not observed with the stability at 30–90% of MVC. In general, it can safely be said that physical activity reduces 
variations in force generation. In the present study the beginner team had 5 years less experience (lower physical 
activity profile) compared to the advanced group. Therefore, this difference may be the reason for which the group 
of advanced subjects presents lower CV.

Conclusions
In conclusion, the factors that influenced the results of this research are the MVC, the direction of movement 

(PF-DF), experience in resistance training and the intensity of muscle contraction. The majority of researchers agree 
with the positive influence of these factors on force stability. Regarding physical education and sports training, the 
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practical applications stemming from this research are that resistance training can benefit individuals in the long 
run by improving the balance of walking and posture control. It protects the muscular system and so new trainees, 
since they are involved in resistance training for life, may have better functionality in elderly life compared to age-
peers who did not have similar exercise stimuli. Finally, the constraints of the present study are that the sample 
consisted of only men, the EMG was not recorded in the muscles that were activated and the joint angle was the 
same (110º) in both cases of the PF-DF. Also, there was neither a comparison between providing and not providing 
visual feedback, nor a comparison between completely new and advanced participants. Further research is needed 
in the future to clarify these research gaps.

What can be deduced from the above findings, especially in regard to future directions, is that long-term 
resistance training can increase stability in the plantar and dorsal flexors of the ankle joint in young healthy 
people. In day-to-day life, this improvement is for individuals who must constantly and consistently perform certain 
movements involving the legs and for which a certain amount of precision is required (e.g., driving, carrying a bucket 
of water, etc.). In recreational sports it can help trainees to perform movements that require stability, more effectively 
than trainees who do not train through resistance exercises. Finally, in competitive sports, the maximum strength 
of the plantar and dorsal flexors, which increases dramatically through resistance training, can increase stability 
in various athletic activities, and this, in turn, will hopefully lead to an improvement in the overall performance 
of athletes. Experimental designs for sports such as tennis would help us better understand how specific resistance 
training programs may affect coping with injury, injury prevention and competitive performance.
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Abstract Background. Paragliding is an extreme sport performed by gliding from a mountain at high altitude into the air. 
The authors aimed to determine the differences between the levels of adrenaline, cortisol, and insulin before and after the flight 
of tandem pilots and passengers flying for the first time, and to determine the relationship between these hormones and death 
anxiety and risk-taking levels.
Materials and methods. The study included 12 experienced male pilots and 15 male passengers flying for the first time. Heart 
rate and blood pressure were measured after the participants had filled in Personal Information Form, DOSPERT Risk-Taking 
Scale and Death Anxiety Scale before the flight. Blood samples were taken before and after the flight to determine adrenaline, 
cortisol, and insulin levels.
Results. Adrenaline and cortisol levels, as well as heart rate, increased significantly after the flight, while insulin levels decreased 
significantly in the passenger group (p < 0.05). There were no statistically significant differences in the pilot group. 
Conclusions. The experience factor plays an important role in the positive effect of paragliding flight on cortisol, adrenaline, 
insulin, and various physiological parameters, as well as mediates the adaptation of the organism to unusual situations. 
The human organism adapts physiologically and hormonally to the flying action. One of the striking results of the study was that 
cortisol levels were at the upper limit of normal values in the passenger group after the flight.

Key words paragliding, hormones, risk, anxiety

Introduction
Paragliding is a non-motorized air vehicle and also a sport performed with this vehicle, which is executed 

by gliding from a hill or mountain at high altitude into the air (Goksal, 2019; TAA, 1996). It is an air-based, fun, 
adventure-style, recreational and competitive sport, which can be performed single or in tandem (Mekinc, Music, 
2016; Canbek, İmerci, Akgün, Yeşil, Aydin, Balci2015; Laver, Mei-Dan, 2013). Extreme sports have gained 
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importance not only for adventurous elite athletes but also as a form of recreation for individuals. There is an 
increasing appeal to a wider audience, with the growing popularity of adventure sports and high-risk activities in the 
natural environment worldwide (Tordjman, Constantini, Hackney, 2013; Paixăo, Tucher, 2012). In recent years, since 
high altitude situations and sports have attracted wider attention, participation in paragliding, which is an extreme, 
adventure-style air sports branch, has become increasingly popular worldwide. Consequently, understanding the 
psychological and physiological effects of paragliding activities has gained importance for healthcare and sports 
science researchers (Yalcin, Kardesoglu, Isilak, 2011; Paixăo, Tucher, 2012).

In stress situations, the sympathetic nervous system and adrenal medulla act together. Factors that stimulate 
the sympathetic nervous system and adrenal medulla include emotional and physical stimuli, such as physical 
activity, cold, hypoglycemia, fear, anxiety, and excitement. These stimuli are also involved in paragliding. In such 
cases, catecholamines play an important role in the formation of reactions that allow the body to adapt to abnormal 
conditions (Onat, Kaya, Sozmen, 2002). Each flight causes stress, and hormones such as adrenaline, cortisol, and 
insulin are released by acute stress. These hormonal responses stimulate glycogenolysis and fatty acid oxidation to 
provide the required amounts of energy for cellular activity under stress (Onat et al., 2002; Hackney, 2006). Insulin 
acts on most tissues, leading to a decrease in blood glucose levels by different mechanisms (Bakan, Tek, 2018). 

There are numerous studies in the literature, as extreme sports contain high-risk situations and there is an 
interest in risk-taking behaviors and reasons for them. C. Castanier, C.L. Scanff and T. Woodman (2010) conducted 
typological research on those taking risks in high-risk sports including paragliding, and a study by A. Agilonu, 
G. Bastug, T.O. Mutlu and A. Pala (2017) was conducted to examine the fields of sensation seeking and risk-taking 
behavior in extreme sports. Participation in extreme nature sports is believed to be motivated by the desire to take 
risks, the need for excitement and pleasure, and paragliding in nature has been shown to create positive effects on 
individuals and positive psychological effects between individuals and nature (Ozciris, 2017; Şimşek, 2010; Brymer, 
Oades, 2009). Paragliding is an extreme and risk-bearing sport, but the risks are – to an extent – dependant on the 
pilot (Schulze, Richter, Schulze, Esenwein, Büttner-Janz, 2002). Paragliding exposes its participants to different life-
risks due to its adventurous and extreme nature. The limit between the calculated or predicted risk and the actual 
risk is a thin boundary that depends on the pilot’s perception. When considering the risk in paragliding sports, the 
most extreme challenge faced by practitioners is to be aware of the definition and effects of the risk (Paixăo, Tucher, 
2012). Risk-taking behavior is defined as including possible negative consequences (losses) but is perceived with 
some positive results (acquisitions) (Moore, Gullone, 1996). High-risk sports may result in a fault, an accident or 
death risk (Brymer, Oades, 2009). Death anxiety is defined as thoughts, fear and emotions about the last event 
or moment of life in the individual’s mind (Belsky, 1999; Sarıkaya, 2013). Even if participants acknowledge that 
a possible outcome of a failure or an accident results in death, accepting this potential result does not imply that they 
are seeking risks (Brymer, 2010). Risk-taking and death anxiety in its participants are two significant issues within 
the integrated structure of paragliding.

Research studies examining hormonal responses to extreme sports and the relationship of these responses 
to psychological conditions are very few and limited. The aim of this study was to investigate the relationship 
between death anxiety and risk-taking levels, adrenaline, cortisol, insulin, heart rate, and blood pressure parameters 
of paragliding tandem pilots and individuals flying for the first time and the effect of experience on these parameters.
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Materials and Methods
Study design 
The study included 12 male professional paragliding tandem pilots and 15 male passengers flying for 

the first time in Ölüdeniz, Turkey. The tandem pilots were matched with passengers according to weight limits. 
The age, weight, and flight time experience data were recorded for each participant on a Personal Information 
Form. To determine the risk-taking level, the DOSPERT Risk-Taking Scale and Death Anxiety Scale (DAS) were 
completed by the participants. The DOSPERT Risk-Taking Scale is a 7-point Likert scale, which measures risk-
taking behaviors in individuals and evaluates the individuals in terms of moral, social, health, entertainment, and 
financial fields (Blais, Weber, 2006). The Turkish Death Anxiety Scale was prepared with responses to items in 
a 5-point Likert form. The total points range from 0 to 80, with higher points indicating a higher level of death anxiety. 
The scale measures the death anxiety from the point of the uncertainty of death, exposing, and suffering factors 
(Sarıkaya, Baloglu, 2016). The language of the scales is presented in Turkish.

All the pilots took off from the designated airstrip at 1,700 meters’ altitude and completed a 30-minute flight. 
When the pilots were over the sea, they performed, on average, 4–5 times Wingover and 5–6 times spiral. All the 
flights were performed in groups at 10:30, 12:00, 14:00 and 15:30 on the same day and similar weather conditions. 
The wind limit was 5–10 mph.

The Clinical Research Ethical Board of Muğla Sıtkı Koçman University reviewed and approved this study 
(9.08.2018–13.08.2018). This study was performed in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki and its later amendments. Informed consent was obtained from all individual participants 
before their inclusion in the study.

Measurements
To measure the physiological parameters, the systolic-diastolic blood pressure values, and heart rate per 

minute of the pilots and passengers were measured using a digital sphygmomanometer with the subject in the 
sitting position, two hours before the flight, and at post-flight at the time of the release of the parachute harness on 
landing. After overnight fasting, venous blood samples were collected from the antecubital vein into gel-separated 
blood tubes by venipuncture before and after the flight. The gel-separated blood tubes were left at room temperature 
for 10–20 min for separation of serum followed by centrifugation at 2,000 × g for 10 min. Serums were aliquoted 
and stored at –80 degrees Celsius until analysis. The blood samples were collected before the flights between 8:30 
and 9:00 am to avoid the diurnal variability of cortisol levels. The post-flight blood samples were collected within 
10 minutes after the landing. 

Serum adrenaline levels were measured using the Human Epinephrine/Adrenaline (EPI) enzyme-linked 
immunosorbent assay (ELISA) kit (YLbiont, YL Biotech Co., Ltd, Shanghai, China; Cat. No: YLA 0837HU). 
Measurements were performed at Bio-Tek Synergy HT (Biotek Instruments Inc. Winooski, VT, USA) ELISA 
plate reader at 450 nm. Intra and inter-assay repeatability (CV) values of the ELISA kit are <8% and <10%, the 
measurement range is 5–1,000 ng/L and the sensitivity level is 2.49 ng/L.

Cortisol and Insulin levels were measured by Electrochemiluminescence Immunoassay (ECLIA) method by 
using the commercial kits of Access Ultrasensitive Insulin (Cat. No. 33410) and Access Cortisol (Cat. No. 33600) 
(Beckman Coulter, Brea, CA, USA) on the UniCel DXI 800 Access Immunoassay analyzer.
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Statistical analysis
Statistical calculations were made in SPSS (version 18.0) program. The Shapiro-Wilk test was used to 

evaluate the distribution of variances. Variables with normal distribution were presented as mean ±SD and non-
normally distributed variables were presented as median and quartiles (25–75th percentiles). The paired t-test and 
Wilcoxon Signed Rank test were used to compare the pre-test results with the post-test results of the passenger and 
pilot groups. Independent sample t-test and Mann Whitney U test were used in the comparison of pre-tests of the 
passenger and pilot groups. The relationship between the variables was analyzed with the Spearman correlation 
test. Cohen d values were taken into account in determining the effect size on the hormone values (adrenaline, 
cortisol, and insulin) and physiological variables (heart rate, blood pressure) of the flight program applied to the 
passenger group. The significance level was accepted as p < 0.05.

Results
The 12 subjects in the pilot group were a mean age of 33.1 ±7.9 years, bodyweight of 73.6 ±8.1 kg, paragliding 

experience of 12.0 ±6.9 years, and tandem experience of 7.2 ±4.9 years. The 12 subjects in the passenger group 
were a mean age of 30.7 ±5.0 years and bodyweight of 80.0 ±10.1 kg. No statistically significant difference was 
found between the pilot and passenger groups with respect to demographic data (Table 1).

Table 1. Descriptive statistics of passengers and pilots

Passengers Pilots p

Subjects (n) 15 12
Age in years 31 ±5 33 ±8 0.305
Experience in years – 10 (7, 13) –
Weight in kg 80 ±1 74 ±8 0.076
DOSPERT score 115 ±15 112 ±35 0.781
DAS score 14 (11, 33) 12 (4, 20) 0.442

Data are presented as mean ±SD for normally distributed variables and as median and quartiles (25th, 75th percentiles)  
for non-normally distributed variables. DAS: death anxiety scale.

In the passenger group post-flight, adrenaline (Z = –2.955, p = 0.003), cortisol (t(14) = –4.182, p < 0.001) and 
insulin concentrations (t(14) = 2.280, p = 0.039) and heart rate (t(14) = –4.802, p < 0.001) values were statistically 
different from the pre-test values (Table 2; Figure 1). Adrenaline and cortisol concentrations and heart rate increased 
significantly, while insulin concentrations decreased significantly after the flight. The effect of the flight on the 
adrenaline and insulin concentrations of the passenger group was moderate, and the effect of the flight on cortisol 
and heart rate was strong. No significant difference was found in other variables.

There were no differences in the pilot group between pre- and post-flight adrenaline, cortisol and insulin 
concentrations, and the heart rate and blood pressure (systolic and diastolic) levels (Table 2, Figure 1). 

When the sub-dimensions and total scores of the death anxiety and risk-taking scales of the passenger and 
pilot groups were compared, no statistically significant differences were determined (Table 1). 
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Figure 1. Error bar graphs at the 95% confidence interval (95% CI) of adrenalin, insulin, cortisol, and heart rate

Table 2. Results at pre-flight and post-flight between passengers and pilots

Passengers Pilots
Pre-flight Post-flight Cohen d Pre-flight Post-flight

Subjects (n) 15 15 12 12

Adrenaline (ng/L)
a 29.87 

(28.08, 36.67)

a 33.59 
(31.54, 36.54)

0.76
28.46 

(28.08, 33.46)
27.82 

(24.75, 35.26)
Cortisol (ug/dL) b 13.32 ±3.58 b 19.59 ±4.83 1.07 15.13 ±5.08 11.57 ±4.54

Insulin (uIU/mL)
a 8.73 

(6.07, 12.13)

a 5.71 
(4.61, 8.69)

0.58
8.75 

(4.86, 15.77)
9.51

 (7.10, 19.92)
Heart rate (pulse/min) b 75.33 ±12.01 b 92.33 ±18.73 1.23 84.91 ±18.32 95.50 ±18.41
SBP (mmHg) 129.66 ±8.59 121.00 ±21.72 123.83 ±19.9 133.33 ±14.89
DBP (mmHg) 81.60 ±7.54 86.33 ±20.08 83.00 ±9.04 82.91 ±11.57

Data are presented as mean ±SD for normally distributed variables and as median and quartiles (25th, 75th percentiles) for non-normally distributed variables. SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure.
a Indicating statistically significant differences between groups with Wilcoxon Signed Rank test.
b Indicating statistically significant differences between groups with Paired t-test.
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No statistically significant correlation was found between the variables (Table 3).

Table 3. Correlation of adrenaline, cortisol, insulin, heart rate, and scale scores of the passenger group after the flight

1 2 3 4 5 6

Adrenaline 
(1)

r 0.206 –0.250 0.357 0.292 0.211
p 0.462 0.368 0.192 0.291 0.450
n 15 15 15 15 15

Cortisol 
(2)

r 0.206 –0.154 –0.081 –0.102 0.250
p 0.462 0.585 0.775 0.717 0.368
n 15 15 15 15 15

Insulin 
(3)

r –0.250 –0.154 0.286 –0.199 –0.332
p 0.368 0.585 0.301 0.477 0.226
n 15 15 15 15 15

Heart rate 
(4)

r 0.357 –0.081 0.286 0.367 –0.433
p 0.192 0.775 0.301 0.179 0.107
n 15 15 15 15 15

Death anxiety total score
(5)

r 0.292 –0.102 –0.199 0.367 –0.162
p 0.291 0.717 0.477 0.179 0.565
n 15 15 15 15 15

Risk taking total score
(6)

r –0.211 0.250 –0.332 –0.433 –0.162
p 0.450 0.368 0.226 0.107 0.565
n 15 15 15 15 15

Discussion
A major finding of our study was that passengers without any experience in paragliding had more hormonal 

changes than tandem pilots. 
In a previous study, the change of saliva cortisol, a stress-related hormone, was analyzed according to gender 

in paragliding, and it was reported that the level of saliva cortisol in paragliding tends to increase gradually before 
take-off, during flight, and during landing, and experienced people and females have fewer stress factors related to 
paragliding (Choi, Kim, 2013). In another study investigating the post-stress variations of elite paragliders, the Telic 
Dominance Scale and CSAI-2 scales were used, and stress and cortisol responses in pre- and post-paragliding 
competition of 10 paragliding competitors were examined. The cognitive anxiety and cortisol responses of the 
participants were reported to be significantly high (Filaire, Rouveix, Alix, Le Scanff, 2007). In our study, the pre-flight 
cortisol level of experienced paragliding tandem pilots was lower than that of individuals who were taking tandem 
flights for the first time. Consistent with this literature, the findings of our study showed that the post-flight cortisol 
level was higher than the pre-flight level and this difference was statistically significant in the passenger group 
(p < 0.05). 

Another study examined state anxiety and cortisol release in 11 novices and 13 experienced skydivers on 
completion of a skydive. Although higher levels of state anxiety have been reported in novice paratroopers before 
jumping, no difference was found in the pre-jump levels of cortisol examined in the saliva samples. Significantly 
higher levels of saliva cortisol were observed in both groups in the samples taken in immediately after the jump 
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compared to the pre-jump values. However, it was stated that the two groups were indistinguishable in terms 
of cortisol reactivity to the skydive. These findings indicate that skydiving led to acute cortisol activation. It has 
also been stated that cortisol reactivity is not habitual in experienced jumpers. These findings support the results 
of previous studies showing that skydiving revealed acute cortisol activation (Hare, Wetherell, Smith, 2013). 
In contrast, the results of our study showed differences in cortisol hormone levels and rate between experienced 
pilots and those flying for the first time. However, in the analysis within each group of the pre and post-flight values, 
there was no considerable difference among the experienced pilots. Thus, it can be said that cortisol responses to 
a 30-minute paragliding flight among experienced pilots cause hormonal adaptation. In the paragliding flight with 
the same criteria, the response level of the pilot’s cortisol hormone is different.

According to the results of this study, no statistically significant difference was determined between the pilot 
and passenger groups in respect of the pre-flight adrenaline, cortisol and insulin hormone, and the heart rate and 
blood pressure (systolic and diastolic) values. This indicated that both groups were in the same conditions pre-flight. 
The effect size of the flight on the adrenaline and insulin hormone levels of the passenger group was observed to 
be moderate, and the effect size on cortisol hormone and heart rate was strong. Data collection for the research 
was carried out during the active paragliding flight season. During the day, adrenaline, cortisol, and insulin hormone 
values   of tandem pilots were within normal limits with heart rates and blood pressure values. This demonstrated 
that the bodies of the pilots had adapted to the stress and less hormone was released against the workload that the 
flight places on the body.

It has been stated that there is a decrease in the hormonal stress response given to exercise as a result 
of adaptation to the continuity of exercise in the neuroendocrine system and in some cases, a decrease in basal 
hormone levels in adults (Hackney, 2006). Trained individuals have been shown to have lower responses than 
sedentary individuals exercising with an equal workload (Koz, Ersoz, Babul, 1997). Based on these results, it can 
be said that pilots use these hormones more economically against stress and exercise than those who were flying 
for the first time.

When the sub-dimensions and total scores of the death anxiety scale of the passenger and pilot groups were 
compared, no statistically significant difference was found. The average death anxiety level of both the passenger 
and pilot groups was low. The average total score was 20 in the passenger group, and 15.7 in the pilot group, and 
both of these scores indicate low death anxiety. In the passenger group, no correlation was determined between 
the adrenaline, cortisol, and insulin levels after the flight and the heart rate, fear of death, and risk-taking levels.

No significant correlation was found between the death anxiety and risk-taking scale results of the paragliding 
pilots and passenger groups with adrenaline, cortisol, insulin hormones, heart rate, and pulse pressure values. 
When the correlation between death anxiety and risk-taking scale results applied to the pilot and passenger groups 
before the paragliding flight was not taken into consideration, no significant difference was observed between 
the two groups. The reason for the lack of significant difference between passenger and pilot group scores in 
the death anxiety and risk-taking scale results may be due to the suppression of the anxiety of the passenger 
group. Passengers’ anxiety may be low due to professional flight conditions, because, significant differences were 
observed in the stress hormones and physiological measurements of the passenger group compared to the pilots. 
What is more, significant differences were observed in these parameters before and after the flight. A similar 
situation was examined in a research conducted by Z.S. Çakır (2010) on free paratroopers; only one measurement 
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correlation was found in the correlation of the state anxiety scale results of the paratroopers and the heart rate 
values taken during the flight phases.

Conclusions
The results showed that the passengers flying for the first time had significantly different hormonal responses 

to flying than professionals. Moreover, passenger post-flight insulin and adrenaline levels were within the normal 
reference value ranges, whereas the cortisol levels reached upper reference values, which was a surprising result 
of the study. Adrenaline, cortisol, and insulin levels of the pilot group did not change after the flight. Limitations of the 
study were the relatively low number of participants and that the heart rate of the participants was not measured 
during the flight.

In the study, it was thought that adrenaline and other parameters could peak at the time of takeoff and wingover 
and spiral maneuvers. However, the blood sample was not taken at this point as it may pose a health hazard at the 
time of exit. Landing planning was made immediately after the wingover and spiral maneuver to approach the peak 
values of the parameters in flight. And the data was received immediately.

It can be inferred that experience in paragliding plays an important role in the positive effect of cortisol, 
adrenaline, insulin hormone, and physiological parameters, and the human organism provides physiological and 
hormonal adaptation to the flight. Before and immediately after the flight, when stress hormones and physiological 
parameters were examined, tandem paragliding flight had no negative effect on health for individuals with no 
health problems. Continuous paragliding flight can ensure that the reactions occurring in the active hormones and 
physiological parameters that occur before, during, and after the flight adapt to fly.
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Abstract The available literature analysed the recommendations and optimal conditions for conducting aqua fitness classes. 
It was decided to check whether these guidelines are related to the practical use of facilities for conducting this type of recreational 
activities. The research problem was undertaken to assess the use of local swimming pools for recreational aqua fitness classes 
and changes in their use in 2012 and 2019.
Methods. The study covered all functioning swimming pools within the city of Szczecin, in 2012 (n = 17) and 2019 (n = 16). 
In order to collect the necessary data, the document analysis technique (load lists of individual facilities and lists of places 
where aqua fitness classes were conducted by individual entities) and the interview technique (with persons working in the 
aforementioned facilities, possessing the necessary information, and with the managers of individual businesses that offered 
aqua fitness classes in Szczecin‘s swimming pools) were used.
Results. Both in 2012 and 2019, the use of Szczecin‘s swimming pools for recreational aqua fitness was considered satisfactory. 
Changes in the use of Szczecin‘s swimming pools for the purposes of recreational aqua fitness took place over the course 
of several years with two swimming pools being discontinued (due to facility characteristics and conditions – temperature and 
water depth) and one new, private facility being opened. The number of businesses offering recreational aqua fitness services 
has not changed. Recreational aqua fitness classes were conducted both at typically recreational, intimate facilities located at 
hotels, as well as at medium and large facilities, typically sports ones. 
Conclusions. The conditions, modernity of the facility and location were conducive to increased participation and utilisation 
of the Szczecin swimming pool base for the purposes of aqua fitness classes.

Key words physical recreation, aqua fitness, sports facilities
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Introduction
Already in ancient Rome, the water environment was used for hygiene, healing and relaxation. In the 4th 

century BC Hippocrates emphasised the health effects of water. For the first time, the term hydrotherapy was used 
in the 19th century to name therapeutic treatments using water (Zysiak-Christ, Figurska, Stasikowska, 2010).

K. Pietrusik and K. Pietrusik and B. Mroczek (2003) emphasised the merits of Dr Kenneth Cooper, who in 
the 1960s took up the subject of health training for people of various ages, based on aerobic energy sources. Over 
time, new types of aerobics were developed and became very popular with Americans. One of the variations was 
the transfer of aerobics from gyms to swimming pools.

The first thoughts about conducting classical aerobics classes in an aquatic environment appeared in the 
United States in the late 1980s. According to B. Zysiak-Christ et al. (2010), the pioneer of aqua aerobics in the world 
was Dr Mary Sanders, who created the foundations of „Wave Aerobics“ based on traditional gymnastics in water 
with the use of music. Around 1992, the broader term ‚aqua fitness‘ began to be used in the USA.

The pioneers of this field in Poland were Figurska and Stasikowska, who in 1999 adapted the main principles 
of the new form of classes to Polish reality. Using their own experience, in 2001, the authors created a training 
programme for OM Aqua instructors and opened the Open Mind Health & Fitness Idea School (Zysiak-Christ et al., 
2010). K. Pietrusik (2005, 2007, 2008) emphasised that aqua fitness appeared in Poland in the early 1990s, and its 
growing popularity was influenced by the socio-political and economic transformations of that period.

Attempts were made to place the new discipline in the „fitness world“, listing aqua aerobics as one of the most 
well-known and popular forms of aerobic classes (Grodzka-Kubiak, 2002; Sornowska, 2006), situating it among 
mixed forms (due to the type of impact) and among pro-health forms (Zysiak-Christ et al., 2010).

O. Kuzminska (1998) accepted aqua aerobics as one of the dynamically developing directions of gymnastic 
dance („gym-dance“). J. Klukowski (2009) mentioned aqua fitness as a very effective element of health training.

In aqua aerobics classes, various equipment and devices are used in order to improve the participant‘s body 
buoyancy, additional mobilisation, make the classes more attractive and increase their effectiveness and intensity 
by increasing the water resistance (Davies, 1997; Pietrusik, 2005; Radomski, 2003; Stasikowska, 2001; Zysiak- 
-Christ et al., 2010). Some of these have been developed specifically for the new discipline. Also, existing equipment 
is used, which has been modified and adapted to the conditions of aquatic environment. The most popular are: 
buoyancy belts, pool noodles, balls, discs (aqua discs), dumbbells, resistance shoes (aqua twin), gloves, bicycles 
(sharkbike, hydro bike) (Davies, 1997; Pietrusik, 2005; Pietrusik, 2007; Pietrusik, 2008; Pietrusik, Mroczek, 2003; 
Sornowska, 2006; Stasikowska, 2001; Zysiak-Christ et al., 2010).

Due to the diversity of aqua fitness participants, their different needs and expectations or the equipment 
used, different types of classes are distinguished. The most popular include: aqua aerobics (aquarobic), aqua 
aerobics for pregnant women (aqua KWC), aqua aerobics senior (aqua senior), aqua combo (combo), aqua cycling 
or noodle workout (Mosakowska, 2007; Pietrusik, 2005; Pietrusik, 2007; Pietrusik, 2008; Poliszczuk, 2009; Zysiak- 
-Christ et al., 2010).

Extensive literature (Eider, Eider, 2006; Felix, 1995; Gedl-Pieprzyca, 1999; Grodzka-Kubiak, 2002; Kalczyński, 
Łubkowska, Zalewski, 1999; Lee, 1995; Mosakowska, 2007; Pietrusik, 2005; Pietrusik, 2006; Pietrusik, 2007; 
Pietrusik, 2008; Piotrowska-Całka, Karbownik-Kopacz, 2007; Poliszczuk, Mosakowska, 2009; Salita, 2000; Zysiak-
Christ et al., 2010) has highlighted the special qualities of the aquatic environment. They mentioned high safety 
by reducing the risk of falls or injuries, working with full relief of joints and obtaining a sense of lightness, mental 
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relaxation and counteracting stress. A number of authors (Eider, 2003; Gedl-Pieprzyca, 1999; Gedl-Pieprzyca, 
2000; Grodzka-Kubiak, 2002; Kalczyński, Łubkowska, Zalewski, 1999; Lee, 1995; Mosakowska, 2007; Pietrusik, 
2006; Pietrusik, 2007; Pietrusik, 2008; Poliszczuk, Mosakowska, 2009) drew attention to the resistance and viscosity 
of water, which made it possible to strengthen skeletal and respiratory muscles without feeling excessive fatigue, 
resulting in increased strength, endurance and flexibility, weight loss and obtaining a slim figure, improving overall 
fitness. Being in the water environment gave a massage effect to the whole body (Eider, 2003; Asher, Rivara, Felix, 
Vance L., Dunne,1995), increased the metabolic rate and toughened the body (Eider, 2003; Felix, 1995; Pietrusik, 
2005; Piotrowska-Całka, Karbownik-Kopacz, 2007). Consequently, all these factors had an impact on preventing 
diseases and delaying the effects of ageing (Pietrusik, 2005). Additionally, the sense of intimacy and privacy during 
immersion (Salita, 2000; Stasikowska, 2001), extensive corrective and compensatory functions (Pietrusik, 2005), 
participation in lowering blood pressure by 10–15% and increasing kidney dialysis (Sornowska, 2006), accelerated 
elimination of toxins (Pietrusik, 2003), reduction of cellulite (Pietrusik, Mroczek, 2003), no sweating during training 
(Mosakowska, 2007) and increased interpersonal contacts (Salita, 2000) have been emphasised.

Many authors (Klukowski, 2009; Mosakowska, 2007; Pietrusik, 2005; Pietrusik, 2007; Pietrusik, 2008; 
Pietrusik, Mroczek, 2003; Salita, 2000; Zysiak-Christ et al., 2010) enumerated the advantages of aqua aerobics 
classes and emphasised the egalitarianism of the training and low requirements, its application both for healthy and 
disabled persons, practising sports professionally and recreationally. The lack of requirements concerning the level 
of swimming skills was described as an additional advantage (Kuźminska, 1998; Pietrusik, 2007; Pietrusik, 2008).

Numerous physical benefits of participating in aqua fitness classes were mentioned – adaptation effects 
of the body in the following areas: cardiovascular work, maximum oxygen uptake, heart frequency, metabolism and 
energy expenditure, muscular strength, flexibility, endurance, bone content and body composition. Real effects 
on improved motor performance, low risk of injury, achieved feeling of relief, elimination of discomfort, improved 
general fitness and postural correction, reduced labour pain and risk of complications and accelerated return 
to previous form have been described (Barbosa, Marinho, Reis, Silva, Bragada, 2009; Eider, 2003a, b; Eider, 
2004b; Gedl-Pieprzyca, 1998; Gedl-Pieprzyca, 1999; Gedl-Pieprzyca, 2000; Pietrusik, 2003, 2005, 2007, 2008; 
Piotrowska-Całka, Karbownik-Kopacz, 2007; Stasikowska, 2001).

The psychological benefits of participating in recreational aqua fitness activities were considered to be 
equally important: feelings of relaxation and relief, reduced anxiety, dominance of positive emotions, reduced levels 
of negative emotions, and general improvement in mental health (Gedl-Pieprzyca, 1998; Gedl-Pieprzyca, 1999; 
Guszkowska, 2006; Pietrusik, 2003, 2005, 2007, 2008; Piotrowska-Całka, Guszkowska, 2007; Piotrowska-Całka, 
Karbownik-Kopacz, 2007; Stasikowska, 2001).

The main motives for participating in aqua fitness classes were health and aesthetic motives (Poliszczuk, 
Mosakowska, 2007). Some authors (Kołomyjska, 2006; Pietrusik, 2005) drew attention to the future of such fields 
as tourism, recreation and biological regeneration, taking into account the demographic trends of the Polish 
society. The problem of physiological changes associated with the problem of physiological changes associated 
with advanced age was raised, and measures to counteract these changes were proposed (Gedl-Pieprzyca, 
1998; Mosakowska, 2007; Pietrusik, 2005, 2006). In cases of osteoporosis, arthritis, obesity and in postoperative 
rehabilitation, aqua fitness was recommended to seniors as an attractive and safe form of fighting involutionary 
changes (Gedl-Pieprzyca, 1998; Pietrusik, 2005, 2006; Salita, 2000; Stasikowska, 2001).
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The literature (Davies, 1997; Felix, 1995; Lee, 1995; Pietrusik, 2005; Sornowska, 2006; Zysiak-Christ et al., 
2010) describes standard gymnastic exercises: static and dynamic performed in water and proposes basic aqua 
aerobic steps. Some authors provided guidelines and the course of classes with such specific participants as 
seniors, overweight people or pregnant women (Gedl-Pieprzyca, 1998; Kołomyjska, 2006; Mosakowska, 2007; 
Pietrusik, 2005, 2006, 2008). Aqua fitness is also recommended for people with by-passes or scoliosis II-  
and III-degree scoliosis (Sornowska, 2006).

The problem of significant limitation or complete lack of physical activity of school age children was also raised. 
T. Poliszczuk and M. Mosakowska (Poliszczuk, Mosakowska, 2009) proposed to introduce aqua fitness classes to 
school physical education. L. Kalczyński et al. (1999) postulated extending the programme of physical education 
studies with aqua aerobics to encourage teachers and students to realise this type of classes during their future 
work at school.

Few authors (Poliszczuk, Mosakowska, 2009; Zysiak-Christ et al., 2010) wrote about the contraindications 
to training in water. T. Poliszczuk and M. Mosakowska (2009) listed factors, which determine the occurrence 
of contraindications, leaving the final decision to the doctor.

Numerous researchers (Eider, 2003a; Eider, 2004a; Eider, Eider, 2006; Gedl-Pieprzyca, 1998; Kalczyński 
et al.,1999; Olex-Mierzejewska, 2002; Pietrusik, 2003, 2005, 2006; Sornowska, 2006; Zysiak-Christ, Figurska, 
Stasikowska, 2010) have extensively presented detailed characteristics of water aerobics and theoretical 
backgrounds of aqua fitness training. Issues concerning the construction and organisation of classes, the choice 
of exercises, the conduct of lessons, the selection and use of music and practical tips for instructors and participants 
were addressed. Modern trends and various types of classes were mentioned aqua fitness classes were mentioned 
(Mosakowska, 2007; Olex-Mierzejewska, 2002; Pietrusik, 2005, 2007, 2008; Poliszczuk, Mosakowska, 2009; Zysiak- 
-Christ, Figurska, Stasikowska, 2010). Many authors (Eider, 2004a; Gedl-Pieprzyca, 1998; Mosakowska, 2007; 
Olex-Mierzejewska, 2002; Pietrusik, 2003; Pietrusik, Mroczek, 2003; Poliszczuk, 2009; Salita, 2000; Sornowska, 
2006; Stasikowska, 2001; Zysiak-Christ et al., 2010) gave specific recommendations regarding the duration of the 
lesson, the tempo of the music and intensity of exercise, but also the characteristics of the place where aqua fitness 
classes can be conducted, in particular: temperature and water depth.

An indispensable element of aqua fitness classes is an appropriate venue to carry out this form of recreation. 
The type of swimming pool, size of the pool and bottom depth have a great impact on the type of classes. Aqua 
fitness classes can also be conducted in natural environment, in open waters. However, most classes are held in 
public indoor swimming pools. Thanks to this, participation in this type of classes is independent of the season or 
weather (Eider, 2004a; Eider, Eider, 2006; Gedl-Pieprzyca, 1998; Pietrusik, 2005).

In the available literature (Eider, 2006a; Gedl-Pieprzyca, 1998; Mosakowska, 2007; Olex-Mierzejewska, 2002; 
Pietrusik, 2003, 2005; Poliszczuk, Mosakowska, 2009; Salita, 2000; Sornowska, 2006; Stasikowska, 2001; Zysiak-
Christ et al., 2010), the authors provided recommendations and optimal conditions for conducting aqua fitness 
classes. It was decided to check whether these guidelines are related to the practical use of facilities for conducting 
this type of recreational activities. Due to a noticeable lack of availability of literature in this field, it was decided 
to undertake a research problem of evaluating the use of local swimming pools for the purposes of conducting 
recreational aqua fitness classes and changes in their use in a specific time interval.
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Materials and Methods 
The study covered all functioning swimming pools within the city of Szczecin in 2012 and 2019. During 

the collection of information, deliberately, open municipal swimming pools and private backyard facilities where 
recreational aqua fitness classes are not conducted for a fee were not included. Swimming pools of the Szczecin 
House of Sport facilities complex were assumed to be 3 separate facilities.

In 2012, there were 17 active swimming pools in Szczecin. The largest group were public school facilities 
under the Department of Education (n = 7), followed by hotel swimming pools (n = 4), then those managed by 
the Municipal Sports, Recreation and Rehabilitation Centre (n = 3) and private facilities (n = 2). The smallest part 
consisted of one facility belonging to a higher education institution – the Maritime Academy Swimming Pool.

In 2019, there were 16 swimming pools in Szczecin. The largest part, again, were public school swimming 
pools (n = 5), followed by hotel facilities (n = 4), then swimming pools managed by the Municipal Sports, Recreation 
and Rehabilitation Centre (n = 3) and private facilities (n = 3). Again, the Maritime Academy swimming pool was the 
only university facility. A census of the swimming pools is provided in Table 1.

Table 1. The Szczecin‘s Swimming Pools in 2012 and 2019

Name of facility Address Management
 Activities

2012 2019
Aquarium Jemiołowa 4A Private property not yes
Sports Education Centre Rydla Street 49 Department of Education yes yes
Fitness Club 24 Monte Cassino Street Private property yes yes
Fitness World pl. Rodla 10 Hotel yes yes
Upper Secondary School No. 1 al. Piastów 12 Department of Education yes not
Secondary School No.16 1 Dunikowskiego Street Department of Education yes yes
Non-public Primary School „Primus“ 27 Monte Cassino Street Private property yes yes
Novotel 31 3-go Maja Street Hotel yes yes
Park Hotel 1 Planty Street Hotel yes yes
Maritime Academy Swimming Pool 9a Starzynskiego Street College yes yes
Sliver Hotel Herman Haken Roundabout Hotel yes yes
Primary School No. 10 63 Kazimierza Krolewicza Street Department of Education yes not
Primary School No. 51 21 Jodłowa Street Department of Education yes yes
Primary School No. 56 22 Malczewskiego Street Department of Education yes yes
Zespol Szkol Ogolnoksztalcących nr 3 1 Orawska Street Department of Education yes yes
ZO SDS (10 m swimming pool) 16 Wąska Street MOSRiR yes yes
ZO SDS (25 m swimming pool) 16 Wąska Street MOSRiR  yes yes
ZO SDS (50 m Swimming Pool „The Floating Arena“) 16 Wąska Street MOSRiR yes yes

Legend: ZO SDS – the Szczecin Sports House Complex; MOSRiR – the Municipal Centre for Sport, Recreation and Rehabilitation.

In order to collect the necessary data, the observation method was used: the document analysis technique and 
the interview technique. The document analysis concerned load lists of individual facilities and lists of places where 
aqua fitness classes are conducted by individual operators. Interviews were conducted with persons working in the 
above-mentioned facilities, possessing the necessary information, and with the managers of the individual entities 
that offered aqua fitness classes in Szczecin‘s swimming pools: Interview with Ms Katarzyna Górna-Zawadzka – 
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owner of Aqua Kineza company, Szczecin (2.04.2019); Interview with Mr. Grzegorz Janowski – Chief Specialist in 
Education Department of the Szczecin City Hall Wydzial Oświaty Urzędu Miasta Szczecin (2.04.2019); Interview 
with Ms Magdalena Lachowicz – The Aqua Styl, Szczecin (8.04.2019); Interview with Ms Monika Łuszczek –
The Aqua Styl, Szczecin (9.04.2019); Interview with Ms Ewa Stadejek – owner of the Foczka Company, Szczecin 
(1.04.2019). The interviews was uncategorized, unclassified and individual. The above data were collected in April 
2012 and April 2019. A comparative analysis was made by confronting the results from both periods.

In 2011 in Szczecin, at the „The Floating Arena“ several sports events connected with water sports of national, 
European and world rank took place. Among others, between 8–11 December, the 19th European Swimming 
Championships were held (Florkiewicz, Zwierko, Krzepota, Łubkowska, Troszczyński, 2011). The year 2012 was 
the first year of operation of the swimming pool after such intensive use for sports competition. The facility then 
became increasingly available for recreational purposes.

The year 2019 was a year of important decisions on the expansion of the Szczecin swimming pool base through 
the construction of a modern and multifunctional water park „Water Factory“, fulfilling both sports, recreational 
and educational functions. Since the announcement of the tender (16.10.2018), numerous enquiries from potential 
bidders have been answered, significant modifications to the terms and conditions of the contract have been made, 
offers submitted to the tender committee have been analysed, and procedures for applying for a loan to finance the 
investment have been launched (as of 19.04.2019). „According to the terms of the tender, the investment should be 
implemented within 30 months from the date of signing the contract“.

The statistical tool of STATISTICA 13.1 was used to statistically verify the significance of the changes that 
occurred in the first and second surveys. A test for two structure indicators was used.

Results 
In 2012, aqua fitness classes were held in 13 Szczecin swimming pools out of 17 in operation (which accounted 

for 76.5% utilisation of available facilities). Recreational aqua fitness classes were then conducted by 12 businesses. 
The names of the companies (in alphabetical order) along with the location of the classes are presented in Table 2.

In 2019, recreational aqua fitness classes were conducted at 11 Szczecin swimming pools, out of 16 available 
(representing a utilisation of 68.75% of available facilities). This change was not statistically significant (p = 0.3087). 
Changes in the number of facilities were due to the end of operation of the swimming pool at High School No. 1, the 
ongoing modernisation of the swimming pool at Primary School No. 10 and the commencement of operation of one 
new private facility – Aquarium. Aqua fitness classes were also run by 12 companies, however, these were not the 
same (5 companies ceased their aqua fitness activities while 5 new companies commenced them). The names 
of the companies (in alphabetical order) along with The names of companies (in alphabetical order) along with the 
location of classes are presented in Table 3.

Despite the differences in the type, size and purpose of the facility, aqua fitness classes were conducted in 
various swimming pools. Purposefully, only selected facilities, characteristic in the author‘s opinion, were presented 
and described in detail in this paper.

An example of a typical facility suitable for recreational activities was The Fitness World Swimming Pool 
(Figure 1). Among facilities located in hotels, it was worth mentioning, as part of a very exclusive recreation and 
sports complex, intended primarily for guests of the Radisson Blu hotel in Szczecin. Guests from outside the hotel 
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could also use this swimming pool. The dimensions of the pool are 9.5 m long, 5.5 m wide. There were no lanes, 
the depth ranged from 1.25 m to 2 m.

Table 2. Szczecin institutions running aqua fitness classes in 2012

No. Company name Teaching venue

1 Aqua Kineza General Secondary School Complex No. 3, 1 Orawska Street
2 Aqua Mama Park Hotel, 1 Plantowa Street
3 Aqua Relax STEN-RO Maritime Academy Swimming Pool, 9a Starzynskiego Street

4 Aqua Style
Middle School No. 9, 1 Dunikowskiego Street;
ZO SDS (50 m Swimming Pool „Floating Arena“), 16 Wąska Street;
ZO SDS (25 m Swimming Pool), 16 Waska Street

5 Aqua-Fitness
Sports Education Centre, 49 Rydla Street;
ZO SDS (25 m Swimming Pool), 16 Waska Street

6 Aquarius Primary School No. 51, 21 Jodłowa Street
7 Aquatica Gimnazjum nr 3, 22 Malczewskiego Street
8 Fitness Club Fitness Club, 24 Monte Cassino Street
9 Fitness World Fitness World, pl. Rodła 10

10 Foczka
Sports Education Centre, 49 Rydla Street;
Maritime Academy Swimming Pool, 9a Starzyńskiego Street

11 Silver Hotel Silver Hotel, Herman Haken Roundabout
12 Stemrad Sport Klub Primary School No. 10, 63 Kazimierza Królewicza Street

Legend: ZO SDS – Szczecin House of Sports facilities complex.

Table 3. Szczecin institutions running aqua fitness classes in 2019

No. Name of the entity Teaching venue

1 ACTIVE-GO! Sports Education Centre, 49 Rydla Street
2 Aqua Kineza General Secondary School Complex No. 3, 1 Orawska Street
3 Aqua Mama Park Hotel, 1 Plantowa Street

4 Aqua Style
General Secondary School No. 16, 1 Dunikowskiego Street;
ZO SDS (25 m Swimming Pool), 16 Waska Street

5 Aquarium Aquarium, 4a Jemiołowa St.

6 Swimming Centre
Primary School No. 51, 21 Jodłowa Street;
Primary School No. 56, 22 Malczewskiego Street

7 Fitness Club Fitness Club, 24 Monte Cassino Street
8 Fitness World Fitness World, pl. Rodła 10
9 Kids and Active Primary School No. 51, 21 Jodłowa Street

10 Silver Hotel Silver Hotel, Herman Haken Roundabout
11 Stemrad Sport Klub ZO SDS (25 m Swimming Pool), 16 Wąska Street
12 Fitness Zone „AQUA GO!“ Sports Education Centre, 49 Rydla Street

Legend: ZO SDS – Szczecin House of Sports facilities complex.
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Figure 1. Fitness World Facility, pl. Rodla 10

Figure 2. SDS Facilities Complex – 50 m Swimming Pool, Floating Arena

The Szczecin House of Sport complex, managed by the Municipal Centre for Sport, Recreation and 
Rehabilitation, had a sports hall, a boxing hall, a rowing pool and three facilities for sports and recreational 
swimming. The largest was the ‚Floating Arena‘ – one of the most modern facilities of its kind in Europe and in the 
world (Figure 2). Despite the fact that it was a typical sports facility and not suitable for recreational activities, aqua 
fitness classes were also conducted here (in 2012). Dimensions: length – 51.3 m, width – 25 m, depth – 2.24 m. 
There are 10 lanes, each 2.5 m wide. An additional option was to move the platform that divided the pool into two 
separate 25-metre basins, which made it possible to use 20 lanes simultaneously.
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The swimming pool belonging to the Sports Education Centre stood out among the general school facilities 
and was one of the most modern swimming facilities in Szczecin (Figure 3). It combined the features of a sports and 
recreational swimming pool. The pool was 25 m long and 13.5 m wide. It had 6 lanes, each 2 m wide, and a 1 m 
wide centre pier separating 3 lanes. The depth of the trough was 2.2 m. An interesting feature was the movable 
bottom with depth adjustment from 0 m to 2.2 m on 3 tracks. This allowed the implementation of various forms 
of recreational activities, including aqua fitness.

Figure 3. Swimming pool of the Sports Education Centre, 49 Rydla Street

Figure 4. SDS Facilities Complex – 25 m swimming pool
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The second largest swimming pool in the Szczecin House of Sport complex was a basin measuring 25 m 
in length and 12.5 m in width (Figure 4). The depth was variable: from 1.25 m to 3.5 m. There were 6 lanes, each 
2 m wide. Both sports and recreational activities were conducted there. The characteristic shape of the bottom 
(approximately in the middle of the basin there was a steep part of the bottom, dividing the shallow and the deep 
side of the pool) allowed the needs of both beginners and advanced participants in aqua fitness classes to be met.

Summary 
Changes in the number of Szczecin‘s swimming pools from 2012 to 2019 were related to the closure of one 

swimming pool, the ongoing refurbishment of one facility and the start of one new private swimming pool.
The facility at High School No. 1 was the smallest among the analysed Szczecin swimming pools (the 

dimensions of the pool were: length – 12.5 m, width – 4.5 m, depth – from 0.7 m to 1.5 m; there were 2 lanes, 2.25 m 
each). Although the facility provided additional opportunities for student activities (Poliszczuk, Mosakowska, 2009), 
a decision was made to close the swimming pool. For the purposes of aqua fitness classes conducted for adults, 
this swimming pool was not only too small, but also too shallow. J. Eider (2004a) reported that aqua fitness classes 
can also be conducted in a swimming pool with shallow water (50–80 cm). However, many authors (Gedl-Pieprzyca, 
1998; Mosakowska, 2007; Olex-Mierzejewska, 2002; Pietrusik, 2005; Poliszczuk, Mosakowska, 2009) indicated 
that in order to take advantage of the specific effects of the water environment on the body, the water depth should 
reach the level of the neck („deep water“, for people who can swim, very intensive training) or half of the chest or 
waist („shallow water“, for people who cannot swim, less intensive training).

The swimming pool, located in Gymnasium No. 3 at that time, was of an old type. The pool was 12.5 m 
long, 9 m wide and 0.9 to 1.1 m deep. There were 4 lanes with a width of 2.25 m each. The facility was in need 
of renovation. Aqua fitness classes were held there, but the pool did not meet the requirements necessary for sports 
swimming training. A decision was made to start rebuilding the swimming pool.

The creation of a new building in the Warszewo district of Szczecin was most likely due to the lack of such 
a facility in this part of the city to date. Development companies have made many investments in the Warszewo 
area, and in recent years many people living in the city centre have decided to move to the outskirts of Szczecin. 
Therefore there is a need for this type of facility and recreational services (including aqua fitness) in this part of the 
city.

Changes in the use of Szczecin‘s swimming pools for recreational aqua fitness activities in 2012 and 2019, 
involved the abandonment of the use of two swimming pools and the start of the use of one new facility.

K. Pietrusik (2005) reported that the water temperature for aqua fitness classes should be between 24–
30 degrees Celsius. I. Gedl-Pieprzyca (1998) gave optimal values in the range of 23–28 degrees Celsius. According 
to D. Olex-Mierzejewska (Olex-Mierzejewska, 2002), it should be 28–30 degrees Celsius. From the information 
available on the website of the Naval Academy Swimming Pool, the facility met these requirements and the 
water temperature was 27–28 degrees Celsius. Many authors (Gedl-Pieprzyca, 1998; Mosakowska, 2007; Olex- 
-Mierzejewska, 2002; Poliszczuk, Mosakowska, 2009; Zysiak-Christ et al., 2010) have emphasised that aqua fitness 
classes can be conducted in cool water (21–27 degrees Celsius), but it should be remembered that lower exercise 
intensity and longer exposure of the body to such temperature may cause hypothermia. Discontinuation of the use 
of the Maritime Academy Swimming Pool for the purpose of conducting aqua fitness classes by the operators was 
probably related to too low water temperature and customers‘ reporting inconveniences related to it.



35Vol. 34, No. 2/2021

Use of Szczecin‘s Swimming Pools for the Aqua Fitness Activity in 2012 and 2019

Termination of aqua fitness classes at the 50-metre Floating Arena, a facility of the Szczecin House of Sport, 
was dictated by certain inconveniences related to the facility‘s characteristics. The „Floating Arena“ was a typical 
sports swimming pool, created and used for training and competitions in sports swimming.

The use of the facility was due to certain inconveniences caused by the characteristics of the facility. The use 
of a modern facility was a great incentive for participants in aqua fitness classes, but conducting such specialised 
classes on a single 50 m lane was a challenge for instructors. The depth of the water in this facility (2.24 cm) 
discouraged the participation of people in whom the lack of contact with the bottom caused uncertainty and malaise. 
J. Eider (2004a) recommended using swimming pools with a depth of up to 140 cm. As pointed out by other authors 
(Mosakowska, 2007; Olex-Mierzejewska, 2002; Pietrusik, 2005; Poliszczuk, Mosakowska, 2009) the depth of water 
up to the neck level, without contact with the bottom allowed to realize only very intensive trainings, for people able 
to swim, in „deep water“ conditions. In addition, the use of a sound system in such a large facility was problematic. 
Unfortunately, the pool proved unsuitable for recreational aqua fitness classes.

The new facility in Szczecin‘s Warszewo district was built exactly with recreational activities in mind: swimming 
lessons and aqua fitness classes. And that is exactly what was done there.

The changes that took place among the entities running recreational aqua fitness classes in Szczecin did 
not concern the number of companies. They were linked to the discontinuation of smaller, sole proprietorships 
or the abandonment of aqua fitness classes in favour of swimming lessons and the simultaneous appearance on 
the Szczecin market of the same number of businesses that were not yet operating in 2012 but were conducting 
their activities in 2019. These were companies focused solely on running recreational aqua fitness classes or also 
offering swimming lessons. Larger companies that have been active on the Szczecin market for longer or have 
„their own“ facilities (private swimming pools, hotels) were active in both 2012 and 2019. It can be assumed that the 
market for these services in Szczecin has been saturated.

The most popular facilities in Szczecin, in terms of the number of companies using the swimming pool for the 
purpose of conducting aqua fitness classes, are the swimming pool of the Sports Education Centre and the SDS 
Facilities Complex – 25 m swimming pool. It is likely that the location and modernity of the facility was most decisive 
for the large number of classes conducted and the number of participants. Both facilities were easily accessible to 
residents of the right- and left-bank parts of Szczecin. Both pools were modern sports and recreational complexes.

Mention should also be made of the forthcoming „The Water Factory“ project – construction of a very modern 
and multifunctional water park, fulfilling sport, recreation and educational functions. This will allow to expand the 
Szczecin‘s swimming pool base. It may be possible to hold recreational classes at this facility, including aqua fitness 
classes. Certainly, the implementation of this investment will increase the interest of residents in participating in 
recreational activities conducted in an aquatic environment.

Conclusions
1. The number of swimming pools operating in Szczecin in 2012 and in 2019, in comparison to the needs 

of the population was adequate.
2. The change in the number of available pools in the period under review was related to the closure of one 

facility, the ongoing renovation of one swimming pool and the start of operation of one new private facility.
3. The use of Szczecin‘s swimming pools for recreational aqua fitness activities was found to be satisfactory 

in both 2012 and 2019.
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4. Changes in the use of swimming pools for recreational aqua fitness over a number of years involved the 
abandonment of the use of two swimming pools (due to the characteristics of the facilities and their conditions – 
temperature and water depth) and the commencement of the use of one new, private facility (its establishment was 
made possible by increased demand for the given recreational services in a particular part of the city), but these 
were not statistically significant.

5. The number of businesses offering recreational aqua fitness activities has not changed. The termination 
of smaller companies was associated with the simultaneous appearance on the Szczecin market of the same 
number of businesses that were not yet operating in 2012. Some entities were operating in both 2012 and 2019.

6. Recreational aqua fitness classes were conducted both in typically recreational, intimate facilities located 
at hotels, and in medium and large facilities, typically sports ones.
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Abstract Aim of the current study was to examine the reliability and validity of a new tool, developed for the assessment of young 
swimmers’ technique in all swimming strokes. The sample of the study was 119 swimmers (63 boys and 56 girls), aged 8 to 12 
years old. To evaluate swimmers’ technique, each of them performed 15m for each one of the swimming strokes in individual 
medley order. Α digital camera, placed 5m above the pool’s surface, recorded the swimming bouts. Three experienced swimming 
coaches evaluated the recorded videos with the new technique’s evaluation tool named Tec Pa. Tec Pa assess six important key 
points of swimming technique in each stroke. According to the results no statistical significant differences were showed between 
the scores of the swimmers’ evaluation by the three coaches (p > 0.05). Moreover, the association between the scores was 
statistically significant high (τ = 0.863; p < 0.05). The findings of the current study reveal that Tec Pa is valid and reliable for the 
young swimmers’ technique evaluation, with high strength of association. Also, Tec Pa can be used by the coaches to enhance 
the free observation method, which is mainly used, in young swimmers.

Key words Butterfly, backstroke, breaststroke, freestyle

Introduction
Technique is one of the most important parameters in sports (Lätt et al., 2010). In sports such as gymnastics 

and artistic swimming evaluates the technique for the ranking of the athletes and the determination of the winners. 
Although competitive swimming does not belong to this kind of sports, the swimming technique determines 
performance to a great extent and consequently the competition winners, especially in young swimmers. Thus, the 
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assessment of the swimming technique could be a useful tool to improve the swimming training programs and the 
overall swimming performance.

Technique’s evaluation occurs in three observation stages. The first is the free observation which is not 
structured and which can be applied instantly in the swimming pools. This is subjective, economical, and fast. 
The second is the direct observation which is structured and which can be applied in the field too. It has a higher 
degree of objectivity than free observation, and is still economical and fast. The third method is the scientific 
observation which is a structured analysis used in experimental situations, and even though it is objective, it is time-
consuming and costly (Pion, Devos, Dafour, 1988). 

Technique’s evaluation is a very difficult task (Costill, Lee, D’Acquisto, 1987). Less (2002) reviewed that there 
are three evaluation technique approaches: a qualitative, a quantitative, and a predictive approach. The qualitative 
method is used mostly in free observation and less in the direct method. It is characterized by observation and 
subjective judgments which are based on biomechanical principles. However, due to their subjective nature, this 
approach is characterized by a low impact. 

Mooney et al. (2015) showed that the qualitative swimming technique characteristics are difficult to observe 
and need more study and analysis. Qualitative analysis has been described as the method which includes movement 
analysis, clinical diagnosis, skill analysis, error detection, observation, eyeballing, observational assessment, and 
systematic observation. Qualitative method is not unorganized, vague, or arbitrary in nature (Knudson, Morrison, 
1997).

In swimming, the qualitative assessment method is the most frequent way to evaluate swimmers’ technique. 
Often, in this method of analyzation, the coaches place a video camera underwater or outside the pool, in 
a spot where swimmers can be easily observed. Then, the coaches assess the swimmers’ technique through the 
combination of qualitative and quantitative data that are known from their experience and the scientific studies 
(Arellano, Lopez-Contreras, Sanchez-Molina, 2002; Marouco, Sacadura, Amaro, Matos, 2010; Madureira, Bastos, 
Corrêa, Rogel, Freudenheim, 2012).

On the other hand, quantitative method is used mostly in scientific observation and less in direct. It involves the 
data collection of selected technical parameters (Less, 2002). These parameters can be defined through camera 
observation. In quantitative analysis the values of some variables at important instants in the swimming may also 
be identified. Often, these values called performance variables and contribute to a valid assessment of the sports 
movements (Bartlett, 2007).

In quantitative method, efficiency parameters such as swimmers’ velocity, stroke rate, stroke length, etc 
are assessed. The parameters’ evaluation occurs through devices that provide detailed information about the 
strengths and weaknesses of the swimmers’ technique (Staniak, Buśko, Górski, Pastuszak, 2016). Currently, more 
sophisticated approaches have been used such as the Particle Image Velocimetry (P.I.V.) method, which is a flow 
visualization technique and the Computational Fluid Dynamics (C.F.D.) method, which is a numerical analysis that 
related to the flow of the fluids around the swimmer’s body (Andersen, Sanders, 2011).

All the mentioned observation methods especially the scientific and less the direct, use the quantitate 
evaluation, which requires equipment that is not easy to implement by the coaches in a daily training practice. On the 
other hand, free observation method, which is used in qualitative evaluation shows a great amount of subjectivity 
(Less, 2002). However, there are some principles which are derived from the science of the Biomechanics that 
could give a semi-objective character to the technique assessment.
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In several studies, the swimming technique in all swimming strokes is evaluated using a video camera, 
calculations of the kinematic characteristics and lists which include technique mistakes according to the swimmers’ 
level (Costill et al., 1987; Silva et al., 2007; Ceseracciu et al., 2011; Marouco et al.,2010; Madureira et al., 2012; Suito 
et al., 2017). Moreover, these studies correlate the qualitative evaluation with measurements of anthropometric and 
performance parameters, such as arms’ and legs’ length, the strength, and the level of swimmers’ flexibility (Silva 
et al., 2007; Marouco et al., 2010; Madureira et al., 2012; Strzala et al., 2012, 2013).

Thus, the purpose of the current study was to test the validity and reliability of a new and scientific tool, which 
was developed for the assessment of the swimmers’ technique in all four swimming strokes (butterfly, backstroke, 
breaststroke, and front crawl), and does not require any expensive equipment or quantitative parameters. 

It has been hypothesized that this tool will be characterized by high strength of association, strengthening 
the free observation method that swimming coaches use in practices (Pion et al., 1988). Also, another target is 
to enhance the quantitative evaluation, reliability, validity and objectivity, decreasing the subjectivity that the free 
observation method shows (Table1).

Table 1. The types of observation that coaches use in practices and the impact of variables that identify the quality of them

Methods Free observation Direct observation Scientific observation
Impact Low Moderate High Low Moderate High Low Moderate High

Va
ria

ble
s

Qualitative Qualitative Qualitative
Quantitative Quantitative Quantitative
Reliability Reliability Reliability
Validity Validity Validity

Subjectivity Subjectivity Subjectivity
Objectivity Objectivity Objectivity

Methods
Sample Characteristics 
The sample of the study were 119 Greek swimmers (63 boys and 56 girls) from several swimming clubs 

in Thessaloniki, aged 8 to 12 years old, with training experience of about 5.4 ±1.7 years. They participate in 
6–10 swimming races per year and they train 4–6 times per week. The experimental protocol was approved by the 
Institutional Review Board and because the participants were underage a signed parental permission was obtained 
after they were informed about the possible risks and benefits of the current research.

Tec Pa cards
The swimmers’ technique was evaluated with Tec Pa (Technique Papadimitriou) cards, which assess six 

important key points of swimming technique in each stroke. These key points were determined according to 
surveys, which highlight them as the most important points for correct and fast swimming (Maglischo, 2003; Silva 
et al., 2007). In general, there are many key points for evaluating the correct technique for each swimming stroke. 
However, to make this tool easy to use for the assessment of the young swimmers’ technique only a small number 
of key points was selected. Two key points were concerned with each of the following items: the position of the head, 
the position of the body, the elbows, the knees, the ankles, and the full body coordination.
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Procedure
Swimmers performed 15m for each one of the swimming strokes (butterfly, backstroke, breaststroke, and front 

crawl), with the instruction to swim at low intensity and with proper technique. The swimming bouts were recorded 
by a digital camera (Marouco et al., 2010) placed 5m above the pool’s surface. The measurements were conducted 
in Thessaloniki’s national swimming pool during summer period. 

The recorded videos were given to and evaluated by three experienced swimming coaches (Madureira et al., 
2012), using Tec Pa tool (Tables 2, 3, 4, 5). Each one of the coaches had at least 8 years of experience as trainer 
with swimmers of these ages (8–12 years). The coaches had a 3-months period to complete the 119 swimmers’ 
evaluation and had to decide with a YES or NO if the swimmers’ technique in the six key points of the four swimming 
strokes was similar to the ideal image and description that Tec Pa shows. This evaluation method, using YES or NO, 
is in accordance with Ludmina and Janine (2009). 

The final score for each swimmer was computed from the sum of the four swimming styles together because 
it is necessary for the young swimmers to improve all the styles without any specialization in one or two of them. 
Thus, with this method, if a swimmer had a high score in breaststroke and low in the other styles the sum score will 
identify a low to moderate general technique level.

Table 2. Tec Pa card for the butterfly 

Butterfly Correct images Answer

He
ad

 po
sit

ion

Low breath Yes No

Head’s dawning in water entrance Yes No

Bo
dy

 po
sit

ion

Body elevation during pulling Yes No

Body sinking during hands extend Yes No
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El
bo

w

High elbows catch Yes No

Elbows’ stretch at the begin of the recovery Yes No

Kn
ee

s

Slight knees’ flexion during kicking Yes No

Knees’ stretching at the end of kicking Yes No

An
kle

 jo
int

Plantar flexion at the start of kicking Yes No

Heels just break the surface of the water Yes No

Co
or

din
ati

on

Symmetric hands’ movement Yes No

Head’s before hands’ entrance Yes No

Continuation of Table 2
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Table 3. Tec Pa card for the backstroke

Backstroke Correct images Answer

He
ad

 po
sit

ion

Still head Yes No

Relaxed head position Yes No

Bo
dy

 po
sit

ion

Chest on water’s surface Yes No

Body rotation Yes No

El
bo

w

Stretch elbow during recovery Yes No

Elbows’ direction at the bottom during catch 
and push Yes No

Kn
ee

s

Slight knee flexion during kicking start Yes No

Knee stretching at the end of kicking Yes No
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An
kle

 jo
int

Plantar flexion during kicking Yes No

Toes just break the surface of the water Yes No

Co
or

din
ati

on

Hands’ opposite position Yes No

Leg kick at each arm cycle Yes No

Table 4. Tec Pa card for the breastroke

Breaststroke Correct images Answer

He
ad

 po
sit

ion

Low head position during breathing Yes No

Head between hands during recovery Yes No

Bo
dy

 po
sit

ion

Body sinking during recovery Yes No

Body elevation during pulling Yes No

Continuation of Table 3
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El

bo
w

High elbows catch Yes No

Elbows squeeze near the body at the end 
of pulling

Yes No

Kn
ee

s

Knees at shoulders’ width Yes No

Obtuse angle between body and legs Yes No

An
kle

 jo
int

Heels swiping near the booty Yes No

Knees external rotation at the kicking start Yes No

Co
or

din
ati

on

Head downing during hands’ recovery Yes No

Hand’s stretching at the end of kicking Yes No

Continuation of Table 4
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Table 5. Tec Pa card for the freestyle

Freestyle Correct images Answer

He
ad

 po
sit

ion

Low breathing Yes No

Low head position Yes No

Bo
dy

 po
sit

ion

Horizontal body position Yes No

Body rotation Yes No

El
bo

w

High elbow Yes No

Elbow stretch at the end of pulling Yes No

Kn
ee

s

Lower knee’s than hip’s position Yes No

Slight knees’ flexion during kicking Yes No

An
kle

 jo
int

Plantar flexion during kicking Yes No

Heels just break the surface of the water Yes No
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Co
or

din
ati

on

Alternately and opposite hand’s and leg’s 
movement

Yes No

Head’s steady side position during breathing Yes No

Reliability and Validity
The technique’s evaluation tool (Tec Pa) was examined for its reliability and validity. The reliability was 

examined via the use of the tool by three experienced coaches (Arellano et al., 2002; Madureira et al., 2012). 
Furthermore, for the validity’s confirmation were used the face and content validity methods. In face validity two 
national-level swimming coaches participated and examined if the tool’s sentences can cover the most important 
technical factors and points in young swimmers. Then, for the content validity, the same national-level swimming 
coaches plus an academic Professor in swimming examined the precision of the sentences which utilized in Tec Pa 
tool (Ouzouni, Nakakis, 2011).

Statistical analysis
The score values from the Tec Pa tool are showed as median with standard deviation (±). Descriptive statistic 

and test of normality (Kolmogorov-Smirnov) for the swimmers’ scores were used (p > 0.05). Furthermore, for the 
possible differences, and the strength of association between the three swim coaches’ evaluation, one-way ANOVA 
with repeated measures, Bonferoni test and Kendall’s τ correlation coefficient were used respectively. The analysis 
was performed using the SPSS Version 25.0 for Windows (SPSS Inc., Chicago, IL, USA). The level of statistical 
significance was set at α = 0.05.

Results
The scores showed normality (p > 0.05), so parametric analysis was utilized. We did not observe any 

statistically significant difference (p > 0.05) between the swimming technique scores that swimmers were evaluated 
by coaches (Figure 1). 

Continuation of Table 5
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30 30 30

Coach 1 Coach 2 Coach 3

Figure 1. The coaches’ evaluation in the four swimming strokes using the Tec Pa application

Coaches (1–2): 29.9 ±6 – 29.7 ±7 (p = 0.90). Coaches (2–3): 29.7 ±7 – 30.4 ±6 (p = 0.19) and Coaches (1–3): 
29.9 ±6 – 30.4 ±6 ( p = 0.46).

The results revealed a significant positive association between the evaluations of the three coaches. The value 
of Kendall’s τ correlation coefficient was statistically significantly high (τ = 0.863; p < 0.05).

Discussion 
According to the findings of the current study showed that the tool for the evaluation of swimmers’ technique 

(Tec Pa) is a user friendly, reliable, and valid, with high association strength for the free observation method (Pion 
et al., 1988). Swimmers’ technique can be directly, easily, reliably, and validly assessed when they swim. In the 
literature, the free observation method seems to show a low impact in quantitative evaluation, reliability, validity, 
and objectivity while it shows a moderate impact on the qualitative evaluation, and high subjectivity. However, it is 
a method that is used by all swimming coaches, especially for young swimmers because in these ages the free 
observation method is the most direct, economical, and fast (Pion et al., 1988). 

According to the study results, the impact of that method was enhanced. Firstly, the impact of reliability through 
the association of the evaluation scores by the three swimming coaches was increased. Also, the suggestions of the 
two national-level swimming coaches plus the academic Professor in swimming confirmed the tool’s face and 
content validity (Ouzouni, Nakakis, 2011). 

Moreover, the strength of association between the scores from the three swimming coaches, decreased 
the subjectivity and increased the objectivity. Also, the tool’s specific qualitative technique key points that were 
highlighted through the images contributed to the enhancement of the free observation method. Thus, the statement 
of Mooney et al. (2015) about the difficulty of use of the qualitative observation method seems to be confuted by 
this tool.

Similar swimming technique assessment methods were also shown by Silva et al. (2007), Marouco et al. 
(2010), Madureira et al. (2012) and unpublished data. According to Silva’s et al. (2007) study the tool’s usage 
enhances more the direct observation method. However, they did not use any images to demonstrate the technique’s 
key points, they only highlighted the technical mistakes and not technique’s correct execution and they used fewer 
technique spots for assessment. 

On the contrary, the study’s current tool enhances the free observation method. Images were used to 
demonstrate technique’s each key point, helping the coaches to understand better what they had to assess in 
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the technique of each swimmer. Also, in tool more body key points (head, body, elbows, knees, ankles, and body 
coordination) were used for the better swimmers’ evaluation by the coaches. Thus, the way that the tool was 
constructed contributed to the high association between the coaches’ evaluation. Moreover, these cards can be 
used by the swimmers as a game, helping them to learn the correct swimming technique, and having fun at the 
same time.

Marouco et al. (2010) and Madureira et al. (2012) used the qualitative evaluation through the free observation 
method. In these studies, the swimmers’ evaluation occurred by listing the technique faults that swimmers made. 
Specifically, in Marouco et al. (2010) study, the older the swimmer was, the more detailed the technique’s assessment 
was. While, in Madureira et al. (2012) study the fault list contained a value between zero (no technique mistakes) and 
152 points for detailed and precise evaluation. However, in these studies, the qualitative parameters were related to 
quantitative parameters such as stroke rate, stroke length, etc. to enhance their evaluation method effectiveness. 

In unpublished data there is a tool that can assess swimmer’s technique through technique evaluation cards. 
However, the questions do not meet any scientific principles of validity and reliability that Tec Pa cards show. Also, 
as described previously, the pictures of correct swimming highlight the most important technique’s spots. Thus, 
coaches can easily evaluate swimmers’ technique. 

In the study, the evaluation was performed using only qualitative criteria because the point was to enhance 
qualitative technique analysis without the contribution of quantitative parameters. On the other hand, the more 
detailed analysis that Marouco and Madureira performed enhance the precision of technique’s analysis. 
Nevertheless, the specific Tec Pa’s use in young swimmers highlights the most important technique elements that 
are productively for that ages. However, a future tool’s improvement could increase the body’s technique key points 
for a more detailed technique analysis 

In young swimmers, generally, it is important to find the mistakes and then classify them according to their 
importance. Technique’s classification according to its importance and the more detailed analysis that Silva’s et al. 
(2007) Marouco et al. (2010) and Madureira et al. (2012) used respectively are the parts that will improve Tec Pa. 
Thus, this would be a future perspective for a possible Tec Pa’s to be upgraded for a more detailed technical 
evaluation in older swimmers with longer training experience and a higher level of technique. 

Conclusion 
The study showed that the technique evaluation tool (Tec Pa) is something fresh and upgraded in swimming 

coaching and could be used by the swimming coaches to enhance the free observation method that is always used 
in children. Also, the tool can evaluate reliably and validly young swimmers’ technique in a general way, which is the 
most important issue on several performance occasions.
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Abstract In athletic sprint disciplines, the segments of start and start acceleration occupy an important place that significantly 
generates the final outcome of the race. The question is to what extent the start time of the reaction (latent time) has a contribution 
to achieving the results of sprint disciplines. The aim of the current research was to determine the influence and connection 
between the reaction time and the result performance of running in the disciplines of 100 m, 200 m, 400 m finalists of ten world 
championships. The results of a total of 456 finalists (231 men) and 225 (women) competitors who competed in the final races 
of the championships (from Edmonton, 2001 to Doha, 2019) were analyzed. The evaluation of the start reaction time and sprint 
results was based on reports officially published by the International Association of Athletics Federation (IAAF). Central and 
dispersion parameters were calculated for all variables. The relationship between reaction time and sprint results was calculated 
using the Pearson correlation coefficient, and simple regression analysis determined the direct influence of reaction time on the 
result success and calculated the relevant coefficients for the level of statistical significance p < 0.05. Based on the obtained 
results, a positive but low correlation was recorded between the mean values of the 100 m sprint results and the reaction 
time in men (r = 0.230p<0.044), which was also confirmed by regression analysis. In other correlations and values of regression 
coefficients, no significant numerical values of the influence of reaction time on the result success were recorded in both 
categories of finalists.

Key words elite athletics, IAAF, sprint disciplines, performance, reaction time

Introduction
Athletic sprint disciplines are one of the segments within the athletic competitions that attract a lot of attention, 

both from the spectators and from the athletes themselves and their coaches. The results achieved in these disciplines 
are exact and manifest the maximum individual capabilities of individuals in terms of technical, tactical and motor-
physiological potentials. The technique and tactics of the sprinter are manifested in all segments of running on the 
track and they depend on the length of the track, i.e. whether it is 60 m, 100 m, 200 m or 400 m. Also, the motor-
physiological potentials occupy a significant place, manifesting themselves during the start, starting acceleration, 

#0#
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running on the track and finish. They are also highly correlated with path length. One of these motor-physiological 
parameters is the motor reaction time (so-called latent time), which is very important in sprint disciplines.

Motor reaction time is defined as the time between the detection of sensory-motor stimulation and the behavior 
of the athlete’s body afterwards (Spierer, Petersen, Duffy, Corcoran, Rawls-Martin, 2010). Collet (1999) defines 
reaction time as the time from the gun signal (firing) to the moment when the athlete produces force on the starting 
blocks (imprinting), which includes the travel time of sound between the sound source and the athlete, the athlete’s 
reaction to sound and mechanical activation of false start equipment integrated into the starting block (Tønnessen, 
Haugen, Shalfawi, 2013). According to the competition rules of the International Association of Athletics Federations 
(IAAF), a reaction time of less than 100 ms is considered a false start. It is a very important determinant of the 
success of sprint runs, where hundredths of a second often decided about for medals, so a bad start (long reaction 
time) is often one of the factors that can be a disruptive factor in the overall ranking. The fastest starting reaction 
time (RT) in the sprint was recorded by Tim Montgomery (0.104 s) back in 2002. The time from the sound signal 
of the starting pistol to the beginning of the muscle contraction, although limited by athletic rules, remains in the 
domain of the researcher, due to the fact that each sprinter tries to achieve the shortest start reaction time, thus 
a better result at the end of the race (Juhas, Matić, Janković, 2015).

Previous research shows that start and start acceleration have a significant share in achieving maximum 
results in sprint disciplines. According to the available information (Čoh, 2001), the length of the initial acceleration 
depends on the morpho-motor potentials, the anaerobic-lactate system and the intensity of the sprinter CNS 
excitation. In the first ten meters, sprinters develop up to 55% of their maximum speed, up to twenty meters 
(70–80%), and up to thirty meters (85–95%). Between 50m and 80m sprinters reach the maximum speed (more 
than 11.5m/s), and after 80-90m the achieved speed decreases. The drop in speed at the finish of the race is 
a consequence of lower speed endurance, i.e. weaker anaerobic capacity of sprinters. However, there is an 
exception here for some high-class sprinters. For example, Usain Bolt achieved a World Record of 9.58 seconds in 
the final of the World Championships in Berlin in 2009, and reached a maximum speed of 12.35 m/s at 70 meters. 
At the London Olympics in 2012, he achieved 9.63 sec, and reached a maximum speed of 12.42 m/s at 80 meters 
(Pavlović, 2014), which is a kind of confirmation that high-class sprinters have excellent and fast endurance. These 
are mostly top sprinters with exceptional results, who base their path to success on the good realization of this 
factor. With a good realization, they try to gain a certain advantage in the first meters after the shot, which they 
try to keep until the end of the race (Tønnessen et al., 2013). Often in large competitions (Olympic Games, World 
and European Championships, Diamond Leagues), certain differences are observed in terms of the time of the 
initial reaction between disciplines (Pavlović, Raković, Idrizović, Mihajlović, 2013; Pavlović, 2015) and depending 
on gender (Juhas, Matić, Janković, 2015; Pavlović, Idizović, Vrcić, Mosurović, 2014). However, these differences 
are sometimes not large, so it often happens that 100 m sprinters achieve a reaction time almost identical to the 
reaction time at 400 m or that there are no significant differences between the reaction time (100 m, 200 m or 
400 m), although there are some differences in track length (Pavlović, 2015; Pavlović, Bonacin, Bonacin, 2014). 
These findings contradict the fact that the importance of starting acceleration and reaction time is more important 
in shorter (Téllez, Doolittle, 1984; Moravec, Ruzicka, Susanka, Dostal, Kodejs, Nozek, 1987; Gürses, Kamiş, 2018) 
than in longer sprint disciplines. This leads us to the conclusion that these are top athletes who engage their 
psychophysical capacities to the maximum, regardless of the length of the track. Precisely because of these facts, 
it is no coincidence that many authors enter into a biomechanical analysis of these two phases to explain the 
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phenomenon of sprinting speed and starting acceleration, which are based on the start reaction time (Guissard, 
Duchateau, Hainaut, 1992; McClements, Sanders, Gander, 1996; Harland, Steele, 1997; Čoh, Peharec, Bačić, 
2007; Bračić, Peharec, Bačić, Čoh, 2010; Pilianidis, Mantzouranis, Kasabalis, 2012). The coach of the famous 
sprinter Carl Lewis, Tom Tellez (1986), in his study came to the conclusion that the result of 100 m is influenced 
by the reaction time (1%), the speed of leaving the starting blocks (5%), starting acceleration (64%), the ability to 
maintain maximum speed (18%), 12% and less speed drop at the finish (Pavlović, 2014). Research conducted by 
some authors (Babić, Čoh, 2010; Harland, Steele, 1997; Wang, 2006; Pain, Hibbs, 2007; Babić, 2008) agrees that 
the result in the sprint depends on the position in the starting block, i.e. positions of the center of gravity of the body, 
the time of the initial reaction and the initial acceleration. 

Initial acceleration is a complex cyclic movement defined by the progression of the frequency and length of the 
steps, the duration of the contact and flight phases, the position of the center of gravity at the moment of contact 
with the ground, propulsion in the flight phase and the forces overcome in the first step (Hunter, Marshall, McNair, 
2005). All these parameters are conditioned by the functioning of the CNS, motor abilities, energy processes, 
morphological characteristics and muscle structure (Locatelli, Arsac, 1995; Young, McLean, Ardagna, 1995; Muller, 
Hommel, 1997; Čoh, Tomažin, Štuhec, 2006; Mero, Kuitunen, Harland, Kyrolainen, Komi, 2006) and have been 
widely examined in the literature in different populations and different contexts (Spierer, Petersen, Duffy, Corcoran, 
Rawls-Martin, 2010; Salonikidis, Zafeiridis, 2008; Wang, 2009), Babić, Delalija, 2009; Spierer, Petersen, Duffy, 
2011).

Certain research (Moravec, Ruzicka, Susanka, Dostal, Kodejs, Nozek, 1988) proves that certain characteristics 
of sprinters and reaction time are extremely good predictors of results in sprints. Also Martin and Buonchristiani 
(1995), believe that for the final result in the sprint (100 m and 200 m) the length of acceleration, the achieved 
maximum speed and speed endurance are more important (Pavlović, 2014; Moravec et al. 1988). Smajlović and 
Kozić (2006) believe that the effects of changes in athletic rules also contributed to changes in the start reaction 
time. They determined the effects of changing athletic rules on the start reaction time in sprint disciplines. A sample 
of top athletes from the World Championships in Edmonton 2001 and Paris 2003 obtained results that confirmed the 
differences in the starting time of the reaction between these two World Championships in the disciplines, 100 m, 
200 m, 110 m and 100 m hurdles for men and women, while the differences by gender have not been determined. 
Research by some authors (Tønnessen et al., 2013; Pavlović, Raković, Idrizović, Mihajlović, 2013; Gürses, Kamiş, 
2018; Haugen, Shalfawi, Tønnessen, 2012; Pilianidis, Kasabalis, Mantzouranis, Mavvidis, 2012) is based on the 
study of these parameters from the aspect of sprint disciplines where they try to analyze the start reaction time and 
running results in major competitions, such as World, European Championships and the Olympic Games.

Precisely because of the numerous advantages and relevance of starting acceleration in the prediction 
of athletic sprint disciplines, which is based on the start reaction time, this research was conceived. The main goal 
of the research is to determine the influence and possible connection between the reaction time (latent time) with 
the results in sprint disciplines at the World Championships from 2001 to 2019.

Material and methods
Participants
The research originally included 487 competitors (244 male and 243 female sprinters) participants in the 

finals at the World Championships from 2001 (WCh Edmonton) to 2019 (WCh Doha) in the disciplines 100 m, 
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200 m, 400 m. Out of the total number of finalists, 31 competitors (13 male and 18 female) were not included in the 
study and analysis of the results (based on DQ, DNF, DNS). The study included 456 competitors (231 male and 
225 female) who competed in the World Cup finals. Their achieved results and reaction time in sprint disciplines 
were analyzed. The results are taken from the official IAAF website (www.worldathletics.org/competitions/
world-athletics-chaptemps/history).

Design and statistical analysis
For the purposes of this research, the start time of the reaction was defined as an independent variable 

(predictors), while the results of running 100 m, 200 m, 400 m were defined as dependent variables (criteria). First, 
the central and dispersion parameters (Mean, SD, Min., Max, Range, CV%) were calculated for all variables, while 
the Pearson correlation coefficient was used to determine the relationship between reaction time (RT) and the results 
of sprint disciplines. The level of acceptance of statistical significance was set to p < 0.05. The obtained correlations 
are presented in tables and graphs. In order to more accurately confirm the results defined by the research goal 
and to determine the influence of reaction time on the result performance, a univariate model of regression analysis 
was applied, and the relevant coefficients were calculated. The statistical package STATISTICA, version 10.0 
(STA999k347150-W) was used for data processing.

Results 
Table 1 contains the numerical central and dispatch parameters of the male and female finalists of the World 

Cup participants. Correlations between predictors and criteria for both subsamples in the analyzed disciplines were 
calculated. As might be expected, male finalists achieved a better average result in all sprint disciplines of the world 
championships: 100 m (10.05 ±0.16 sec.), 200 m (20.24 ±0.75 sec.), 400 m (44.75 ±0.58 sec.) In relation to the 
female finalists 100m (10.99 ±0.16 sec.), 200 m (22.55 ±0.37 sec.), 400 m (50.25 ±1.07 sec.). Identical conclusions 
also apply to the average results of the achieved start reaction times in all sprint disciplines, as follows, 100 m 
(150.95 ±18.91 ms male and 160.64 ±30.34 ms female), 200 m (155.37 ±16, 49 ms male and 171.83 ±22.62 ms 
female), 400 m (177.91 ±38.07 ms male and 196.30 ±49.53 ms female). However, in the case of minimum and 
maximum results of the initial reaction, there are significant oscillations, both by discipline and by gender, which also 
show the numerical values of these results. In terms of homogeneity of results (CV%), men recorded the highest 
homogeneity in running 400 m (CV = 1.29%) and the lowest in 200 m (CV = 3.71%). Compared to the male finalists, 
women were the most homogeneous in the 200 m discipline (CV = 1.64%) and blurred in the 400 m discipline 
(CV = 2.12%). In terms of start reaction time, both finalist subsamples had the highest homogeneity in the 200 m 
discipline, while the average heterogeneity was most pronounced in the 100 m and 400 m disciplines.
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Table 1. Descriptive statistics World Championship (Edmonton, 2001; Doha, 2019)

Sprint disciplines
Mean±SD
(min.-max.)

Range CV%
Symple regression analysis

R R² F p < 0.05

100 m (♂)
n = 76

Rt (ms)
150.95 ±18.91

(112–224)
112 12.53

0.230 0.053 4.195 0.044*
Results (sec) 

10.05 ±0.16
(9.58–10.95)

1.37 1.65

200 m (♂) 
n = 79

Rt (ms)
155.37 ±16.49

(117–198)
81 10.48

0.047 0.002 0.173 0.678
Result (sec)

20.24 ±0.75
(19.19–26.27)

7.08 3.71

400 m (♂) 
n = 76

Rt (ms)
177.91 ±38.07

(127–350)
223 21.40

–0.010 0.000 0.007 0.930
Result (sec)

44.75 ±0.58
(43.45–46.23)

2.78 1.29

100 m (♀)
n = 75

Rt (ms)
160.64 ±30.34

(113–290)
177 18.88

0.045 0.002 0.146 0.704
Results (sec)

10.99 ±0.16
(10.09–11.33)

1.24 1.79

200 m (♀)
n = 75

Rt (ms)
171. 83 ±22.62

(136–239)
103 13.16

0.097 0.009 0.699 0.406
Result (sec)

22.55 ±0.37
(21.63–23.17)

1.54 1.64

400 m (♀)
n = 75

Rt (ms)
196.30 ±49.53

(107–352)
245 25.23

–0.102 0.010 0.761 0.386
Result (sec)

50.25 ±1.07
(44.18–52.89)

8.71 2.12

Note: ♂ male; ♀female, * p < 0.05.

The correlation between the defined criteria (sprint disciplines) and the predictor (reaction time) was calculated 
using the Pearson correlation for the significance level (p < 0.05). The correlations presented in the table and 
graphically recorded almost insignificant numerical values between the start reaction time and the achieved result 
of sprint disciplines (100 m and 200 m) in both subsamples, while in the 400 m discipline this correlation also 
recorded negative numerical values. Out of a total of 6 corresponding pairs (disciplines) that were tested, a significant 
correlation was achieved between the start reaction time and the results in the 100 m male finalists for the level 
(0.230p=0.044) (Table 1, Figure 1). There was no significant association in the other disciplines (Figure 2–6). Also, the 
applied regression analysis in sprint disciplines (Table 1) indicates a statistically significant effect of reaction time on 
the result performance of 100 m in men, where the coefficient is low but acceptable (R = 0.230) with the coefficient 
of determination (R² = 0.053), where F = 4.195 for significance level p = 0.044. In the remaining five disciplines 
(100 m women, 200 m and 400 m men and women) the reaction time did not prove to be a significant predictor in 
the result placement.
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Result 100 vs. Rt 100 m – Male
Rt 100 = –98.15 + 24.683 ×  res 100

Correlation: r = 0.230
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Figure 1. Correlations of male finalists (run 100 m)

Result  vs. Rt 100 m – Female
RT 100 = 71.884 + 8.0161 × result

Correlation: r = 0.045
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Figure 2. Correlations of female finalists (run 100 m)
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Result 200 vs. Rt  200 m – Male
Rt 200 = 136.22 + 1.0417 × res 200

Correlation: r = 0.047
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Figure 3. Correlations of male finalists (run 200 m)

Result   vs. Rt 200 m – Female
RT 200 = 37.514 + 5.9566 × result

Correlation: r = 0.097
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Figure 4. Correlations of female finalists (run 200 m)
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Result 400 vs. Rt  400 m – Male
Rt 400 = 175.26 + 0.05817 × res 400

Correlation: r = 0.010
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Figure 5. Correlations of male finalists (run 400 m)

Result  vs. Rt 400 m – Female
RT 400 = –40.47 + 4.7120 × result

Correlation: r = 0.102
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Figure 6. Correlations of female finalists ( run 400 m)

Discussion
The top performance of sprinters is the result of the integration of several factors (genetic potential, training, 

health condition of the athlete, etc.). In athletics, the time of the (starting) reaction is becoming more and more 
important in the result performance of sprint disciplines
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From an anthropological point of view, rection time is the body’s ability to respond quickly to environmental 
stimuli (a shot from a starting pistol). Higher reaction speed also gives shorter reaction time, which is only one 
of several factors that influence the result success in modern athletics (Pain, Hibbs, 2007).

The current study was conducted on a sample of 456 elite male and female finalists of ten world championships 
in sprint disciplines with the aim of determining the impact and correlation of reaction time with the achieved results. 
By applying adequate statistical procedures, the obtained results confirmed a statistically significant influence and 
correlation between the reaction time and the achieved result in running 100 m, in male athletes with a result 
of low numerical value (Table 1, Figure 1). In the remaining analyzed disciplines, no adequate connection between 
predictors and criteria was recorded.

This is a very interesting issue and its analysis should be approached with special attention. Most coaches 
and athletes know that better reaction time also means better sprint performance. In this regard, Doherty (1985) 
indicates that a short reaction time has a positive effect on sprint speed, which was confirmed in this study, but 
in male finalists in the discipline of 100 m. However, some authors (Baumann, 1980; Helmick, 2003) suggest that 
a good reaction start time affects sprinter performance by only 1–2%. According to the authors’ findings (Martin, 
Buonchristiani, 1995), a reaction time of 200 ms contains only 2% of a 100 m sprint lasting 10sec, or 0.4% of a 400 m 
sprint lasting about 45 sec. 

The authors (Čoh, Tomažin, 2008; Babić, Čoh, 2010) believe that the starting acceleration is one of the 
most complex segments of sprint running, in which sprint capacities are rationalized and manifested in the running 
segment with a maximum speed of over 12 m/s. Any lost time due to poor starting reaction, poorly performed 
start, starting progression and late reaching speed, is difficult or impossible to make up for in the rest of the race 
(Smajlović, Kozić, 2006).

In recent times, it is evident that a poorly performed start, with a slower starting reaction, does not necessarily 
mean failure during the race, or weaker placement. This statement is supported by the fastest man on the planet, 
Usain Bolt, who achieved the fifth time of the starting reaction (160 ms) in the 100 m and the sixth time in the 200 m 
(180 ms) in the final of the Olympic Games in London, and still took the first places. These allegations confirm 
previous research (Martin, Buonchristiani, 1995) which claims that for the final result in the sprint (100 m and 
200 m) the length of acceleration, the achieved maximum speed and speed endurance are more important. Similar 
conclusions can be drawn for our sample of finalists, where the first place was not taken by those finalists with the 
best starting reaction time, but by those who had the best starting acceleration, running on the track and speed 
endurance. According to Pavlović (2015), the optimal coherence between the start of the sprint and the starting 
acceleration are specific motor problems that the athlete must integrate in terms of temporal and spatial parameters 
into a unipolar movement of a cyclic character.

The time of the starting reaction and the realization of the starting acceleration in the sprint are correlated 
with the manifestation of the force of isometric and isotonic muscle contraction on the starting blocks, positions and 
angles in the knee joint, horizontal and vertical impulse (Hunter, Marshall, McNair, 2005). Čoh, Tomažin, Štuhec, 
(2006) analyze and identify the main kinematic parameters in the phase of sprint and starting acceleration that 
affect the overall result. They proved that the optimal distance of the blocks, the speed of leaving the starting blocks, 
the length of the first step, the height of the center of gravity in the first three meters of acceleration, the optimal ratio 
between the length and frequency of steps are key success factors in two phases of sprint running. According to 
Lehman and Voss (1997) contact phase after the start and during the race are one of the most important generators 
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of success in the realization of sprint speed and even the final result. This phase must be as short as possible with 
the optimal ratio of the reflection phase and the flight phase, while the step frequency depends on the functioning 
of the CNS and is genetically determined, higher step frequency, shorter step and vice versa (Mero, Komi, Gregor, 
2003), which is again an individual tactic of each sprinter.

Earlier results of world-class sprinters achieved at the Olympic Games (Babić, and Delalija, 2009; Baumann, 
1980) show that with the extension of the section (track), the start reaction time increases linearly, with the reaction 
time of male sprinters being shorter than that of female sprinters. These allegations were confirmed in the current 
study, where the male finalists were on average more successful (faster) in the starting reaction than the female 
sprinters in all three disciplines. Gürses and Kamiş (2018) show that the above statements about the importance 
of the reaction time in short distances are correct. In a large analyzed sample of elite athletes, the obtained results 
showed a moderate correlation between the mean values of the 60m sprint results and the reaction time in all 
categories (r = 0.436, p < 0.01). In this way, they confirmed that reaction time is of great importance for running 
performance. Pilianidis, Mantzouranis, Kasabalis (2012) investigate the relationship between reaction time and 
sprint in the 60 m, 200 m and 60 m hurdles of athletes who participated in the 1997 and 2009 World Championships. 
They found a significant correlation between reaction time and running at 60 m (r = 0.323, p < 0.05). Also, 
Tonnessen et al. (2013) found a significant correlation between reaction time and performance at 100m in male 
athletes (r = 0.292) and females (r = 0.328) for the level of significance (p < 0.01). This shows that shorter reaction 
times also mean better sprint performance. Identical results were confirmed in this study but only for the male 100 m 
run sample (0.230; p < 0.05), but not in the 200 m and 400 m disciplines. Theoretically, a shorter reaction time has 
a positive effect on acceleration and speed continuity, especially on the performance of 60 m, partly on 100 m, 
which has been confirmed by previous research (Gürses, Kamiş, 2016).

Pilianidis, Kasabalis, Mantzouranis, Mavvidis (2012) also investigate the relationship between the reaction 
time of sprint and hurdle finalists at the Olympic Games (Sydney, Athens and Beijing). Their study suggests that 
the mean reaction time increases with increasing distance traveled, which is consistent with the results of our 
study, where reaction time increased from 150.95ms (by 100 m) to 177.91 ms (by 400 m) which is 26.96 ms at male 
finalists and from 160.64 ms (for 100 m) to 196.30 ms (for 400 m) for female finalists, which is 35.66 ms (Table 1). 
Also in terms of gender differences of finalists, the obtained results of this research confirmed a shorter reaction 
time of male than female finalists, which is in line with some earlier research results (Pavlović, Raković, Idrizović, 
Mihajlović, 2013; Moravec et al. 1988; Babić, Delalija, 2009). They agree that a longer distance (path length) also 
means a longer reaction time, i.e. that the reaction time is not of great importance for the result success. Studies 
(Smajlović, Kozić, 2006) have confirmed that the start time of the reaction in the sprint is not in direct correlation with 
the final result in either male or female sprinters, which is contrary to the results (Pilanidis, Shalfawi, Tonnessen, 
2012). Also, the conclusion that the reaction time increases linearly with the extension of the section (Babić, 2008; 
Babić, Delalija, 2009; Baumann, 1980) cannot be fully accepted. As an argument against this statement, there are 
lower mean values of reaction time achieved in the 400m final in London for men compared to 100 m and 200 m 
(Pavlović, Idizović, Vrcić, Mosurović, 2014).
What is evident is the fact that the prediction of reaction time in sprint disciplines cannot predict the final time at 
200 m, 400 m compared to 60 m, 100 m, due to longer running on the finish line (Collet, 2000; Komi, Ishikawa, Jukka, 
2009). However, research (Stevenson, 1997; Michael, Jarver, 2002; Henson, Cooper, Perry, 2002) has shown that 
athletes with better reaction times at the beginning of the sprint had a significant psychological advantage over 
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their opponents, which in many races can be important at the finish level. In other words, the reaction time is not 
a criterion for long distance races such as 400 m (Collet, 1999), which was also confirmed by the results of this 
research on a large elite sample of World Championship finalist sprinters.

Conclusion 
Based on all previous arguments the presented in the text, the current study showed that the reaction time 

cannot be a reliable and quality predictor of the result success in sprint running (200 m, 400 m), while in shorter 
runs (100 m) it has a partial impact, which is confirmed by this research, but only for the male sample (r = 0.230, p 

< 0.044), which is also supported by some previous similar research on a sample of top athletes. Although they are 
different results in terms of reaction time and impact on result performance, they can still serve as a kind of guide 
in understanding and defining a successful model in sprint running. Also, coaches and athletes can implement 
certain training aimed at improving the reaction time for competitive races in order to improve the overall athletic 
performance, but together with all other segments of the race.
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Abstract The study was to assess the knowledge and awareness of COVID-19 pandemic, and the impact of lockdown restrictions 
on training, fitness and personal parameters of Nigerian athletes. This cross-sectional study recruited 578 elite athletes 
through an online survey using WhatsApp platform. An adapted questionnaire was used to obtain information on awareness, 
knowledge and impact of COVID-19 on athletes’ characteristics. Descriptive and inferential statistics were used to analyze data. 
Alpha level was set at p ≤ 0.05. There was high level of awareness (100%) of COVID-19 pandemic among the respondents. 
The main source of awareness of COVID-19 was social media (68.4%). Some of the respondents (55.9%) had correct knowledge 
of COVID-19 causative organism. Age was significantly associated with knowledge about cause (X2 = 85.361; p = 0.002) and 
spread (X2 = 27.715; p = 0.023) of COVID-19 while gender was significantly associated with knowledge about the spread of the 
virus (X2 = 4.083; p = 0.043). There were significant differences in physical fitness parameters (p < 0.05), eating pattern and 
body weight measures (p < 0.05), and general well-being (p = 0.001). Lockdown had negative impacts on hours of daily training, 
sleeping and eating patterns, physical fitness elements and the general well-being of the respondents.

Key words Nigerian athletes, coronavirus disease, knowledge, awareness, lockdown

Introduction
The Coronavirus Disease (COVID-19) pandemic is an unprecedented and ravaging global health 

crisis with consequent negative effects on societies and economies (Dawa, Narain, Bhatia, 2020; Sumner, 
Hoy, Ortiz-Juarez, 2020). Severe acute respiratory syndrome coronavirus 2 (SARSCov-2), which causes 
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COVID-19, was declared a ‘Public Health Emergency of International Concern’ on 30 January 2020 by the 
World Health Organization (WHO) (WHO, 2020). The initial symptoms of the disease include fever, cough, 
dyspnea, myalgia, fatigue, sputum production, headache, hemoptysis and diarrhoea. There is associated bilateral 
lung ground-glass opacity on computed tomography imaging in almost all infected patients (Huang et al., 2020). 
Majority of patients with COVID-19 present relatively mild clinical features, however, the disease is associated with 
significant morbidity and mortality, particularly in older patients and those with chronic medical conditions such as 
hypertension, diabetes mellitus, asthma, or chronic obstructive pulmonary disease (Emami, Javanmardi, Pirbonyeh, 
Akbari, 2020).

As at May 31st, 2020, over three million confirmed cases of COVID-19 and more than 260,000 deaths 
have been recorded worldwide within five months, with the number of sick or dying people increasing by 
minutes across the globe (WHO, 2020). In Nigeria, according to the Nigeria Centre for Disease Control 
(NCDC), there are more than 18,000 confirmed cases and over 470 coronavirus-related deaths in the country 
(as at June 19th 2020). These figures have put Nigeria third in Africa, next only to South Africa and Egypt 
in terms of COVID-19 prevalence (WHO, 2020). In response, governments at all levels have adopted the use 
of varying degrees of “lockdown” restrictions to curb the spread of the virus and help people stay healthy at home 
(George, 2020). Other measures adopted by government authorities were social (physical) distancing, travel 
restrictions, closure of schools, worship centres, event centres which include stadia and gymnasia. Accordingly, 
sport activities have been put on hold owing to the COVID-19 pandemic in many parts of the world. The toll of the 
COVID-19 lockdown restrictions on sports is multifaceted. 

Sports contributes to health, education and social inclusion objectives and empowerment (UN Reports, 2020). 
Sportsmen and women (athletes) undergo regular training and conditioning programmes which in turn enhance 
performance in their sports, boost confidence, prevent injuries, as well as help attain optimum physical fitness 
(Wilson, Loenneke, Jo, Wilson, Zourdos, Kim, 2012). Although, training and conditioning programmes can be 
performed individually, characteristically, for elite athletes, group is the ideal. Since the imposition of lockdown 
restrictions by national and state governments in order to curtail the spread of COVID-19, active group training or 
competition have been put on hold in many countries, including Nigeria. This interruption in the professional activity 
of athletes could have deleterious effects on their physical fitness, and psychosocial health, as well as have socio-
economic implications (Batey, Parry, 2020). In order to help inform policy on sports during and after the COVID-19 
regime, there is a need to explore the impact of the coronavirus athletes’ personal and sports characteristics. 
Therefore, this study assessed knowledge and awareness of COVID-19 pandemic, and the impact of lockdown 
restrictions on training, fitness and personal parameters of Nigerian athletes. 

Material and methods
Participants, instrument and procedures
A nationwide online cross-sectional survey was carried out using WhatsApp platform. The choice of online 

survey was as a result of restrictions in movement and physical contacts that was imposed by the Nigerian 
government because of COVID-19. Study was conducted between 25th of April and 1st of May 2020. The online 
questionnaire was deactivated just as the total restrictions was about to be eased in many parts of Nigeria. Eligible 
respondents were active elite athletes across the country. The study recruited contact persons who were sport 
coaches in different sports. The contact persons helped in the recruitment of respondents for the study. An electronic 
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questionnaire that sought information on socio-demographics, sports type, knowledge and awareness of COVID-19, 
sports participation/ training programme, training frequencies, training environment, eating and sleeping habits, 
general well-being and physical fitness elements before and during COVID-19 lockdown restrictions was used 
in this study. The tool was developed from the subjective well-being (SWB) questionnaire (adapted from WHO 
healthy policy paper) (Lindert, Bain, Kubzansky, Stein, 2015), and was tested for its content validity among 
experts in physiotherapy and sports science. Using google form, the questionnaire was hyperlinked to WhatsApp. 
The WhatsApp links containing the questionnaire was shared with the contact persons who in turn broadcasted 
it to their athlete contacts. Filled questionnaires were submitted via online links. Multiple responses from same 
individual/contact were programmed to be denied. The purpose of the study was clearly expressed and informed 
consent was sought from the respondents. Filling the survey indicates consent. Anonymity of the respondents was 
assured. In all, a total of 578 athletes duly completed the questionnaire. 

Statistical analysis
Descriptive statistics of frequency and percentages were used to summarize data. Paired t-test was used 

to test for differences of the measured variables in order to assess the impacts of lockdown on the participants’ 
characteristics before and during the lockdown. Chi-square analysis was used to test association between the 
participants’ fitness parameters and demographic variables. Alpha level was set at p ≤ 0.05. IBM Statistical Package 
for Social Sciences (SPSS) version 20.0 was used for the analysis. 

Results
Respondents’ socio-demographics and sports characteristics 
Majority of the respondents were males (77.2%), single (77.2%) and in the 20-39 years age group. 41.9% 

of the respondents were involved in combat sports athletes, 30.9% in soccer and 11.0% compete in athletic events 
(Table 1).

Respondents’ awareness and knowledge about COVID-19
There was a high level of awareness (100%) of COVID-19 pandemic among the respondents. The main 

source of awareness of COVID-19 was through the social media (68.4%) (Table 2). Assessment on knowledge 
about COVID-19 shows that some of the respondents had correct knowledge of the causative organism for 
COVID-19 (55.9%), its spread through contact with infected persons (33.8%) and contaminated surfaces (14.0%), 
14 days incubation period before emergence of symptoms (96.3%) and the spread of infection to others by an 
infected asymptomatic person (96.3%). While having cure for COVID-19 is controvertible, 42.6% of the respondents 
indicated that COVID-19 cannot be cured, while 57.4% opined that it can be cured with chloroquine, traditional 
herbs, etc. Some of the respondents rightly assert that COVID-19 leads to higher fatality among the elderly (47.8%) 
and that fever (70.6%), cough (74.3%) and pneumonia / breathing difficulty (83.1%) are clinical signs of COVID-19 
(Table 3). 
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Impact of the lockdown on respondents
Paired t-test analysis results show there were significant differences in physical fitness parameters (p < 0.05), 

eating pattern and body weight measures (p < 0.05), and general well-being (t = 11.201; p = 0.001). Only duration 
of training per day was significantly different (p < 0.05) of the training variables. There was a significant difference on 
respondents’ daily training frequency, weekly training frequency, training environment, eating and sleeping patterns, 
general well-being and all physical fitness elements (cardiovascular endurance, muscular strength, joint flexibility, 
speed, agility and coordination level) (Table 4). The study also showed significant difference in the general well-
being of the athletes as a result of COVID-19 lockdown measures (t = 11.201; p = 0.001). Also, age was significantly 
associated with knowledge about cause (X2 = 85.361†; p = 0.002) and spread (X2 = 27.715; p = 0.023) of COVID-19 
while gender was significantly associated with knowledge about the spread of the virus (X2 = 4.083; p = 0.043) 
(Table 5). 

Table 1. Sociodemographic Profiles of the Respondents (N = 578)

Frequency Percentage

Gender
Male 446 77.2
Female 132 22.8

Marital Status
Single 446 77.2
Married 128 22.1
Divorced 4 0.7

Age
20–24 242 41.9
25–29 153 26.5
30–34 60 10.3
35–39 123 21.3

Type of Sport
Combat 242 41.9
Soccer 179 30.9
Athletics (Tracks and field events) 64 11.0
Cricket 13 2.2
Hockey 13 2.2
Weight-lifting 13 2.2
Swimming  4 0.7
Tennis  21 3.6
Volleyball and basketball  17 2.9
Basketball 12 2.1

Geopolitical zone
South west 259 44.8
South east 30 5.2
South south 166 28.7
North central 63 10.9
North east 26 4.5
North west 34 5.9
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Table 2. Awareness of COVID-19 among Respondents (N = 578)

Frequency Percentage

Where did you first learn of COVID-19
Friend/Relative/Social Media 64 11.0
Radio 9 1.5
Television 51 8.8
Social media 395 68.4
Other 60 10.3

Table 3. Knowledge of Respondents on Clinical Signs of COVID-19 

No. Item Frequency
Percentage of respondents 
who gave correct answers

1. What is the cause of COVID-19? 323 55.9
2. How is the causative agent spread? 276 47.8
3. What is the reservoir of agent of COVID-19? 217 37.5
4. How many days does it take for symptoms to manifest? 557 96.3
5. Can an infected person without symptoms infect others with whom they come in contact 557 96.3
6. COVID-19 can be treated or cured with chloroquine 106 18.4
7. COVID-19 can be treated or cured with traditional remedies, available vaccines, tea,  

garlic & ginger
 

149
 

25.7
8. COVID-19 does not have a cure 246 42.6
9. Age group of people at high risk of COVID-19 infection (the elderly and those  

with underlying health conditions)
 

429
 

74.3

Table 4. Paired t-test Analysis of the Impact of Lockdown on Respondents’ Training and Physical Fitness Elements 

Mean ± Std. Deviation
t-test P-value

Before During lockdown
Training parameters

Frequency of training per day 1.66 ±0.75 1.53 ±0.97 1.261 0.208
Frequency of training per week 5.43 ±1.59 5.09 ±1.89 1.600 0.111
Hours of daily training 2.80 ±1.23 2.32 ±1.75 2.643 0.009*
Training environment 2.66 ±1.28 2.18 ±1.42 2.503 0.038*

Physical Fitness elements
Cardiovascular endurance 3.09 ±0.93 2.60 ±0.93 4.367 0.001*
Muscular strength 3.21 ±0.86 2.57 ±0.87 6.196 0.001*
Joint flexibility 2.99 ±0.88 2.49 ±0.82 4.865 0.001*
Speed 2.99 ±0.88 2.40 ±0.84 5.640 0.001*
Agility 3.18 ±0.85 2.46 ±0.88 6.866 0.001*
Coordination 3.14 ±0.85 2.53 ±0.87 5.873 0.001*

Personal characteristics
Body weight 2.88 ±0.91 2.39 ±0.88 4.537 0.001*
Eating pattern 2.76 ±0.58 1.88 ±0.72 2.052 0.041*
Sleeping pattern 7.28 ±1.52 8.08 ±2.75 -2.945 0.004*

*Statistically Significant.
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Table 5. Chi square test of Association of Knowledge of COVID-19 and Sociodemographic Variables

X2  p-value

Age vs Knowledge about the spread of COVID-19 85.361†† 0.002*
Age vs Knowledge about the cause of COVID-19 27.715†† 0.023*
Gender vs Knowledge about the spread of COVID-19 infection 4.083†† 0.043*

†† Chi-square; * Statistically Significant.

Discussion
The objective of this study was to assess knowledge and awareness of COVID-19 pandemic, and the impact 

of lockdown restrictions on training, fitness and personal parameters of Nigerian athletes. The findings from this 
study showed a high level of awareness of the COVID-19 pandemic among the respondents. This could be as 
a result of the wide publicity about the outbreak since its emergence in Wuhan, China. An Iranian study has indicated 
that high exposure to the information provided by various governments through numerous media platforms about 
the virus since its outbreak has resulted in high level of awareness about COVID-19 among populace (Erfani, 
Shahriarirad, Ranjbar, Mirahmadizadeh, Moghadami, 2020). The high level of awareness recorded in this study is 
similar to types recorded in other studies conducted in China, Egypt and Nigeria about awareness of the general 
populace about the dreaded coronavirus disease (Roy, Tripathy, Kar, Sharma, Verma, Kaushal, 2020; Abdelhafiz 
et al., 2020 ; Olapegba et al., 2020). Reports have also indicated that people’s level of awareness about an infectious 
disease is pertinent to one’s behavior about preventing it (Choi, Yang, 2010; Hussain, Hussain, Hussain, 2012). 
Social media was the greatest source of awareness in the present study as it served as source of information for 
68.4% of the respondents. This observation is in tandem with the reports of studies from other countries like UAE 
(Bhagavathula, Aldhaleei, Rahmani, Mahabadi, Bandari , 2020), Egypt (Abdelhafiz et al., 2020), and China (Roy, 
Tripathy, Kar, Sharma, Verma, Kaushal, 2020). 

With regards to the respondents’ knowledge about the cause of COVID-19, less than 50% of the respondents 
attributed the cause of COVID-19 to different sources other than SARSCov-2. A similar finding has been reported 
in Egypt where respondents attributed other factors like 5G telecommunication technology as the causes 
of COVID-19 pandemic (Abdelhafiz et al., 2020). Also, more than half of the respondents indicated that 
COVID-19 can be cured with chloroquine, traditional herbs, etc. The belief that COVID-19 can be cured may be 
predicated on information made available on different media on possible curative effects of hydroxychloroquine and 
other traditional herbs (Gautret et al., 2020; Balachandar et al., 2020). This is contrary to the fact that COVID-19 
currently has no cure (WHO, 2020). Furthermore, there was a wrong notion by some of the respondents that that 
people belonging to other age groups other than the elderly people were most vulnerable to COVID-19. This position 
contradicts officials reports by the WHO that elderly people are most vulnerable to this disease (WHO, 2020). 

The finding from the present study showed that age was associated with knowledge about the cause and 
spread of COVID-19. This finding is in agreement with the reports of other studies on knowledge about COVID-19 
causation and spread among people of different age groups of United Arab Emirates who are health care workers 
(Bhagavathula et al., 2020) and members of general public in Malaysia (Azlan, Hamzah, Sern, Ayub, Mohamad, 2020). 
Furthermore, this study revealed that gender was associated with knowledge of cause and spread of COVID-19. 
There exists in literature significant association between gender and proper hand hygiene (Azlan, Hamzah, Sern, 
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Ayub, Mohammad, 2020; Bhagavathula et al., 2020), but the authors did not find any report of association of gender 
with knowledge as found in the present study.

The outcome of this study also showed that COVID-19 lockdown measure had a significant negative impact on 
athletes’’ training environment, eating and sleeping habits, general well-being and physical fitness elements. This 
observation may be partly due to the fact that the lockdown period has made access to outdoor training environment 
such as pitches and gymnasia becomes difficult. Therefore, these athletes resulted to training more at home at 
lesser frequencies daily and weekly, sleeping for more hours and consuming more food than before the lockdown 
experience. Studies have reported that adequacy of training facilities and equipment (Can, 2010) and presence 
of teammates, availability of coaches and social supports are indispensable contributing factors to successful and 
good athletic performance (Kubiak, 2012). Nevertheless, the study showed that there is a significant difference 
in the number of hours training per day the athletes experienced before and during the lockdown. This imply that 
though the athletes possibly managed to train at home, they could not accumulate the desired or required training 
duration. However, there was no significant difference in daily and weekly training frequencies of the athletes before 
and during the lockdown or movement restrictions. The implications of this finding are that Nigerian athletes may 
have been finding means to engage in training in their respective homes on daily basis despite lack of access to the 
right environment or pitches for their training. Furthermore, the outcome of the study revealed that physical fitness 
parameters of the athletes were significantly reduced following COVID-19 lockdown restriction. It is adducible that 
COVID-19 restrictions have significant deleterious effect on physical fitness elements of elite athletes, even if it 
is short term. This may in turn negatively affect sports performance of Nigerian athletes in post COVID-19 era. 
Literature has suggested that isolation from sport has disadvantages of decreasing physical and mental health 
and quality of life even among elite athletes (Dehkodia, 2011). To the best of the authors’ knowledge, this is the first 
study to report the knowledge and awareness of COVID-19 pandemic and its impacts on athletes characteristics 
in Nigeria.

Limitation
Measurement of physical fitness parameters were based on self-report. Therefore, it is difficult to eliminate 

over or under-reporting of the variables. 

Conclusion
There was high level of awareness and moderate level of knowledge about causes and spread of COVID-19 

among Nigerian athletes. COVID-19 lockdown restrictions led to significant reduction in athletes’ physical fitness 
parameters, general well-being and hours of training per day but increase in body weight and eating pattern.
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Abstract The purpose of this study was to analyze in FIFA World Cup Tournament 2018 focusing on the technical and tactical 
offensive actions of the male goalkeepers when being under pressure and to evaluate if their actions correlated with the outcome 
of the match. The sample consisted of the goalkeepers (n = 41). A descriptive analysis and a hierarchical clusters analysis 
were performed to identify the goalkeepers’ classes. Furthermore, a factor analysis was conducted to locate the goalkeepers’ 
style of play and the statistical significance was set at p < 0.05. The results showed that the total percentage of correct passes 
under pressure was 46.5% and that the goalkeepers preferred using the air and long distance passes with one or two touches. 
In addition, out of the 4 groups that were formed with cluster analysis, the goalkeepers of group 2 and 3 stood out concerning the 
quality of their actions. The incorrect actions were correlated with defeat and the correct actions were correlated with a win (p < 
0.001, r = 0.663). In conclusion, a male goalkeeper, nowadays, needs to have all the technical actions of his feet at a good level 
so he can contribute to his team’s build-up, especially those of distributing the ball with his feet.

Key words soccer, goalkeepers, offense, build-up, passes
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Introduction
In soccer, as in all sports, it is all about winning the match. In international tournaments, teams are judged 

on their ability to win matches (Luhtanen, Belinskij, Hayrinen, Vanttinen, 2001). One such tournament is the FIFA 
(Federation Internationale de Football Association) World Cup Tournament. Video analysis is a medium that 
involves recording performance via digital camera or specific software and that video is used along with notational 
analysis or software algorithms to analyze the video (Spalding, 2017). In the past few years, video performance 
analysis has started being used by teams to improve their winning results. Therefore, more and more teams are 
taking on a video performance analysis coach. As soccer players have always sought to improve their performance, 
the analysis is usually done based on the professional experience to observe the objective and subjective questions 
of a soccer player.

All match analysis can be conducted for a team, sub-team or even for an individual level. Each soccer player 
plays a role in a soccer team, and a goalkeeper’s role is vital. A goalkeeper is special because he is the team’s 
last line of defense and the first line of offense (Hadjar, Koutchouk, Mime, Zerf, Zereg, 2016). When looking at the 
overall picture, only the goalkeeper stands out from his teammates because of his different attire. Something which 
differentiates a goalkeeper from other footballers is that when his team is defending and when he is in his box, he 
can come in contact with the ball using his hands. This alone makes the analysis of a goalkeeper’s performance 
very specific. While goalkeepers are not fully nor directly involved in collective actions on offense for the team, they 
are the final critical barrier to the opponent scoring goals, and thus winning or losing a match (Hazlewood, 1998).

A goalkeeper’s performance analysis is performed on all four phases of the match, which are the ball possession 
(offense) phase, defensive transition phase, defense phase and the attacking transition phase. As a result, due to the 
particularity of the goalkeeper’s position, most analysis and research have been conducted regarding the goalkeeper’s 
defense phase. In recent years, however, due to the match play and offense development of most teams, trying to keep 
the ball possession for a longer period of time, makes it imperative to analyze the goalkeeper’s performance during 
the attacking transition and attack phase and ultimately, his contribution to his team build-up. Moreover, goalkeeper 
training sessions must also aim at improving the ability to control and manipulate the ball (Hadjar et al., 2016).

A goalkeeper’s contribution to the team’s defense is of most importance since, as mentioned above; he is 
the only one who can touch the ball with his hands. Recently, in order for the match to become more direct, it has 
been forbidden for the goalkeeper to come in contact with the ball with his hands after the transfer of his partner 
(except for a few exceptions) (Ito, Ito, Wakasugi, Takemiya, Asami, 2004). This led to the need for the goalkeepers 
to improve their foot techniques, making their play look more similar to that of the rest of the players (Ito et al., 2004).

In recent years, the trend in soccer (the way in which teams are earning titles) is to push the ball high up, to 
regain the ball to the attacking third and to have a quick goal with an average of 4 passes before a goal is scored 
(UEFA 2016/2017 Technical report). This has prompted teams which start their build-up from the back, to look for 
ways to deal with the pressure of the opponents in their defensive third of the field. “The goalkeepers at this World 
Cup were really versatile” Pascal Zuberbuhler (FIFA 2018) “Goalkeepers often used quick, short throws or passes to 
launch attacks” Pascal Zuberbuhler. It is obvious that certain teams have a clear plan to quickly transition when their 
goalkeeper has the ball, with the outfield players providing various options. The goalkeeper, nevertheless, played 
a key role and had to display quick thinking and decision making when playing the ball out (FIFA 2018).

The originality of the current study is to present the goalkeeper’s choices when having the ball in possession 
and when the opponent pressures the goalkeeper’s team into their defensive third. It also clarifies whether these 
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choices play a vital role in the team’s build-up and the outcome of the match. The purpose of this study is to look 
into four key factors in FIFA World Cup Tournament 2018 and those being: 1) The participation of the goalkeeper in 
the build-up of the team. 2) Finding the type of pass that the goalkeepers mostly use when being under pressure. 
3) The success rate of the goalkeeper’s passes when being under pressure and when not under pressure. 4) If there 
is a correlation between the percentage of successful passes by the goalkeepers and the outcome of the match.

Material and methods
Subjects 
The sample was taken from the male goalkeepers who participated with their national teams in the 2018 World 

Cup. There was a total of 64 matches and a total of 41 goalkeepers (age: 30.6 ±4.4 years; height: 1.89 ±0.05 cm; 
Weight: 83.3 ±7.0 kg) who took part in it. A video analysis of all parts of the World Cup matches involving the 
goalkeepers was used. Furthermore, out of the 64 matches 128 videos were created and analyzed which included 
all the actions of each goalkeeper per game. Additionally, the 128 videos were cropped and analyzed in 4,015 
footages for each individual action of each goalkeeper.

Procedure 
All parts of the World Cup matches involving the goalkeepers were recorded after viewing the entire match 

of television broadcasts. The video analysis program which was used was the Sport Scout. The matches were 
analyzed through systematic observation according to Lames (1991, 1994) and Singer and Willimczik (2002). 
For the recording, a match observation leveled board was used which was based on past studies (Loy, 1992; Loy, 
1995; Theis, 1992a; Theis, 1992b). Every part of the World Cup matches involving the goalkeepers was analyzed 
by two experienced observers who were specially trained for the accurate and reliable data recording. The inter-
rater reliability of the two separate observers was calculated to guarantee the quality of the observation system and 
a reliability index of 0.96 was observed (k index). The research team maintained the anonymity of players and teams 
following European Data Protection Law. In addition, the study was approved by the Ethics Committee of Aristotle 
University of Thessaloniki. 

Analysis Variables
The variables analyzed in this study mostly concentrated on the actions of the goalkeepers when having the 

ball at their feet and being under pressure (pass or dribble an opponent). Secondly, there are variables of the actions 
of the same goalkeepers when having the ball at their feet without being under the opponents’ pressure. Finally, 
there were also variables which were analyzed and refer to the goalkeepers’ defensive actions. These actions 
are: save, smothering, blocking, tipping, catching, punching, or parrying a shot which prevents the opponent from 
scoring (caught or blocked with the body) and also throwing – when the goalkeeper passed the ball to a teammate or 
started an attack by throwing the ball either underhand or overhand (Spalding, 2017). A goalkeeper’s passes under 
pressure had been characterized as the ones where the opponent is less than ten meters away from the goalkeeper 
in his last contact with the ball and the opponent moves actively towards it. Moreover, it was investigated whether 
the goalkeeper’s actions were correlated with the result of the match.
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Classification of Passes 
The passes recorded were divided into two categories: a) Passes under the pressure of the opponent 

(analyzed variables) and b) Passes without the opponent’s pressure. 
Furthermore, the passes under the pressure of the opponent were divided into the following categories:

 – According to the distance of the pass to short distance pass (<23 m) and long distance pass (>23 m) (Liu, 
Gomez, Lago-Penas, 2015).

 – As far as, the height of the ball when passing is concerned, the passes were divided into on the ground 
passes and in the air ones.

 – As for the contacts made by the goalkeeper, they were divided in one-touch pass, a two-touch pass, three 
or more touch passes and dribbling an opponent before passing the ball.

All the passes were separated into correct passes and incorrect ones. The correct passes have been 
characterized as all the passes which final recipient was a goalkeeper’s teammate in order for the possession of the 
ball to be continued by the goalkeeper’s team. On the other hand, incorrect passes were considered as the ones which 
the final recipient of the ball was a goalkeeper’s opponent, and which resulted in the possession of the ball being lost 
by the goalkeeper’s team. When the ball was claimed by players from both teams, then the pass was deemed correct 
when the ball ended up in the possession of the goalkeeper’s team. However, the pass was deemed to be incorrect 
when the ball went to the opponent’s possession. The classification of the passes is presented in Figure 1.

Figure 1. Classification of goalkeepers’ actions
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Statistical analysis
All of the data was analyzed using the statistical package for PC SPSS 25.0. Firstly, a descriptive analysis 

of the data was conducted (frequency, average, standard, deviation). Hierarchical Clusters Analysis was conducted 
at standardized prices to identify goalkeeper classes and then, through fluctuation analysis, the nature of the classes 
was specified. The standardization of the data was done by dividing the absolute values with the appearances. 
Furthermore, Factor Analysis was conducted to locate the goalkeeper’s style of play and the statistical significance 
was set at p < 0.05.

Results
Descriptive Statistics 
The total passes of all the players were 49,651 (FIFA, 2018), 3,005 passes were played by the goalkeepers 

making up 6% of the total passes. The total percentage of correct passes under pressure was 46.5%. In comparison 
to the total percentage of incorrect passes under pressure which was 53.5%. On the other hand, the total percentage 
of correct passes without pressure was 65.72% whereas, the total percentage of incorrect passes without pressure 
was 34.28%.

A. Type of pass in relation to length. B. Type of in relation to height. C. Type of pass in relation to touches.

* Denotes a significant difference (p < 0.05). 

Figure 2. Type of pass under pressure 
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When the goalkeepers were under pressure, the air passes were mostly used at an overwhelming 79.53% 
while the on the ground ones were a mere 20.47%. In addition, when the goalkeepers were under pressure, they 
mostly distributed long distance passes, which was an overwhelming 80.36% of the times in comparison to short 
distance passes which only made up 19.64% of them. Regarding the contacts used by the goalkeepers when they 
were under pressure, the following was noted: Two-touch passes 46.42%, one-touch passes 44.59%, three or more 
touch ones and dribbling 8.99%. The absolute values for each kind of passes are presented in Figure 2.

Total passes without the opponent’s pressure were a total of 2,404, which 65.7% (1,580) of them correct 
passes and 34.3% (824) of them as incorrect passes.

All goalkeepers’ passes come to 3,005 while the goalkeepers’ clearly defensive actions come to 1,010. 
As a result, the goalkeepers’ match was 74.8% with their feet during the attacking transition phase or the attacking 
phase of their team and 25.2% with the goalkeepers’ exclusive actions during the defensive transition phase or the 
defense phase of their team.

Factor analysis, and hierarchical cluster analysis results 
The factor analysis which was used to locate the goalkeepers’ style of play showed the following three 

goalkeeper styles (factors: factor 1 – All actions, factor 2 – Correct and Incorrect passes, factor 3 – Incorrect 
actions). The three factors explain 65.9% of the total variance (1st factor 33.3%, 2nd factor 24.8% and 3rd factor 7.8%). 
The results of the analysis and factor loadings are presented in Table 1.

Table 1. Results of Factor analysis with factor loadings higher than 0.4

Variable Factor 1 Factor 2 Factor 3

1 2 3 4

All incorrect passes 0.883
Participations 0.865
Goals for 0.858
All passes 0.839 0.504
All incorrect passes without pressure 0.831
Wins 0.818
Goalkeepers’ all actions 0.818
All correct passes without pressure 0.710 0.594
All correct passes 0.693 0.643
Incorrect in the air passes 0.685 0.591
Incorrect long distance passes 0.683 0.601
All incorrect passes under pressure 0.683 0.592
All incorrect one-touch passes 0.643
Correct long distance passes 0.635 0.596
Correct in the air passes 0.625 0.574
Goals against 0.439
Correct on the ground passes 0.810
Correct short distance passes 0.807
All correct passes under pressure 0.527 0.801
Correct three-touch or more passes 0.794
Correct two-touch passes 0.560 0.700
Incorrect two-touch passes 0.573 0.648
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1 2 3 4

Correct one-touch passes 0.454 0.561
Dribble an opponent & incorrect pass 0.472
Incorrect on the ground passes 0.858
Incorrect short distance passes 0.767
Incorrect dribbling 0.642
Incorrect three-touch or more passes 0.514

The relationships between the factors produced by factor analysis and the results of the matches are 
presented in Table 2. 

Table 2. Correlations between passes variables and result of the match

Action Wins Defeat Draw

All passes
r = 0.712
p < 0.001

r = 0.296
p > 0.05

r = 0.341
p < 0.05

All correct passes
r = 0.663
p<0.001

r = 0.266
p>0.05

r=0.321
p<0.05

All incorrect passes
r=0.312
p>0.05

r=0.290
p>0.05

r=0.295
p>0.05

A hierarchical cluster analysis was performed, and the phase of the classes was checked through the 
fluctuation analysis and the statistical analysis with absolute values. Standardized data was derived by dividing 
absolute values with the number of matches that each goalkeeper participated in. From the cluster analysis the 
goalkeepers were separated into 4 groups with the following characteristics (Table 3). 

Table 3. Cluster analysis results and goalkeepers’ classification

1st Class 2nd Class 3rd Class 4th Class

Smaller number of passes 
in comparison with the 2nd and 3rd 

axis. Larger number of correct passes 
in comparison with the 4th axis.

Big number of passes which are 
mostly correct.

Less amounts of incorrect passes 
in comparison with the rest 

goalkeepers.

Smaller number of passes 
in comparison with the 2nd and 3rd axis. 

Larger number of incorrect passes 
in comparison with the 1staxis.

Discussion 
Nowadays, goalkeepers play an offensive role which is very important to the implementation of the team’s 

match model (Sainz de Baranda, Adán, García-Angulo, Gómez-López, Nikolic, Ortega-Toro, 2019). In a previous 
study by Sainz de Baranda, Ortega, Garganta (2005), the characteristics of goalkeepers’ offensive interventions 
in the matches of the 2002 World Cup of Korea and Japan was examined and they also observed a total of almost 
30 actions per goalkeeper in a match. Furthermore, they observed that the goalkeepers use the long actions (~ 62%) 
more often and the central axis for their action (~42%). In the same study, it was mentioned that a total of 63% 



84 Central European Journal of Sport Sciences and Medicine

Dimitrios Mikikis, Yiannis Michailidis, Athanasios Mandroukas, George Mavrommatis, Thomas Metaxas

of the attacks were started by the goalkeeper. Additionally, Shamardin, Khorkavyy (2015) in organizational structure 
of technical and tactical training of skilled goalkeepers in football observed that distribution of the goalkeepers is 
considered to be the start of an attack and happens 69.4% of game time, without thought separating their passes 
using their feet from those using their hands. Moreover, Spalding (2017), the technical and physical match demands 
of a NCAA soccer goalkeeper were examined, and it was observed that the most common technical action by the 
goalkeepers across all matches was the goal kick, and in 2014 the most common technical action was foot control. 

The results of several studies have indicated that goalkeepers’ interventions in their teams’ build-up have 
increased. More specifically, Yague and Martin (1995) in the 1994 World Cup in the United States mentioned an 
average of ~25 actions, Sainz de Baranda and Serrato (2000) in the 1998 World Cup in France registered of ~26 and 
Sainz de Baranda (2002) in the 2000 European Championship observed an average of ~28 actions. More recently, 
Sainz de Baranda, Ortega and Palao (2008) in the 2002 World Cup mentioned an average of ~30 actions and in the 
women’s 2011 World Cup Sainz de Baranda et al. (2019) observed an average of ~30 actions. 

In the present study, which concerned only male goalkeepers, the goalkeepers applied more offensive actions. 
More specifically, in the World Cup of 2018 in Russia an average of ~36.64 actions per goalkeeper per match was 
noticed. Additionally, the literature on the technical and tactical role of the goalkeepers in tournaments in the past 
10 years are limited (Garcia-Angulo, Ortega, 2015; Sainz de Baranda et al., 2019). However, it should be mentioned 
that soccer is a dynamic match and many changes have taken place in the style of match over the past decade. As it 
can be observed from the most recent UEFA technical reports of the European Champions League tournaments 
(2016/2017 & 2017–2018) the teams put pressure on their opponent’s defensive third of the field. For the teams 
to be able to beat the opponent’s high pressure they have started using their goalkeepers more actively so they 
can outnumber their opponents and create a greater depth in the pitch in order to keep the ball in possession and 
continue their build-up. 

In the present study, Group 2 shows a higher number of passes in all categories compared to the rest of the 
groups. The goalkeepers in this group are good at distributing the ball using their feet with the biggest differences 
when compared to the other groups being: correct passes on the ground, correct short distance passes, correct 
long distance passes, incorrect long distance passes, correct two-touch passes, correct three or more touch 
passes. Group 3 has the fewest incorrect passes in all categories in comparison to the other goalkeeper groups. 
The goalkeepers in Group 1 and Group 4 play less with their feet during their matches than the goalkeepers in 
Groups 2 and 3. Group 1 goalkeepers have a higher number of correct passes than the goalkeepers in Group 4. 
In addition, in group 4, teammates do not play enough with their goalkeepers giving the impression that these teams 
have not evolved their match style because they do not play with their goalkeepers when their teams are under 
pressure. It seems that the goalkeepers with the highest market value of the world (Transfermarkt) were placed in 
group 3.

To sum up, two groups stand out from the rest. Group 2 which has a large number of passes and who 
successfully respond most of the times and group 3, which is characterized by less activity (fewer number of passes) 
but having the highest percentage of correct passes (limited errors). The remaining goalkeepers are separated into 
two categories, which have significantly less activity than the ones, in Group 1 and Group 4. Out of these two teams, 
Group 1 is characterized by a larger number of correct passes than Group 4 and the choice of the action and the 
execution of the action are in accordance with the goalkeeper’s quality. Similar findings have been mentioned by 
previous researchers (Sainz de Baranda et al., 2019; Seaton, Campos, 2011; Szwarc, Lipinska, Chamera, 2010). 
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The factor analysis showed that 69.9% of the total information corresponds to the first 3 axes. The first axis, 
corresponding to about 33.3%, is the axis of the “All actions”, that is, this axis is associated with all the variables 
corresponding to the actions of the goalkeepers. It could be supported that it is the table of all the activities of the 
goalkeepers. The second axis, (“Correct and Incorrect passes”) which corresponds to 24.8% of the information, 
is distinguishable, on the one hand, by the incorrect actions (passes) of the goalkeepers and on the other, by the 
correct ones. In the third axis (“Incorrect actions”), which corresponds to 7.8% of the total variation, the following 
was noticed concerning the variable defeats, the variables corresponding to the actions that have to do with the 
goalkeeper playing in his box, such as an incorrect three-touch pass, incorrect short distance pass, correct three-
touch pass, dribble an opponent and an incorrect pass, goalkeeper defensive actions, whether the long distance 
passes are correct or not. On the other hand, around the variable “wins” rely variables mainly corresponding to 
a play of correct passes in a short distance and particularly correct one-touch passes, correct short distance passes 
and correct passes on the ground.

Therefore, from the second and third axes, the correlation between the variables “wins” and “draw” with the 
actions of the goalkeepers can be seen, and more specifically the variable “all passes” and “all correct passes” 
of the goalkeeper correlated with the variables “wins” and “draw”. 

Conclusion
In conclusion, in the 2018 World Cup it appeared that the teams, in order to overcome the pressure of their 

opponents, used their goalkeepers more in their build-up so they could outnumber their opponent and create 
a greater depth in the pitch.

The goalkeepers who had a good technique in distributing the ball with their feet, combined with being aware 
of their team’s tactics, could provide additional solutions to their team’s build-up when the opposing team puts 
pressure on their defensive third of the field.

Following the separation of goalkeepers into 4 Groups through the statistical analysis, it seems that the 
goalkeepers in Group 3, who had the highest percentage of correct passes, are placed among the world’s most 
valuable goalkeepers (Transfermarkt). 

Goalkeepers nowadays should not only train and improve their defensive goalkeeping techniques, but also 
train and improve their technical and tactical actions, especially those of distributing the ball with their feet, which 
will contribute to their team’s build-up.
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Abstract Obesity has generated a pandemic in relation to public health; however, depending on the type of exercise, intensity, 
frequency, and time spent exercising, it provides different effects on the human body. The present investigation has the objective 
of comparing the effect of two modalities of exercise, aquatic and grounded, on the body composition of overweight and obese 
adults. The present was an experimental study with 26 overweight and obese adults distributed in two exercise groups: aquatic 
and grounded. Both groups received 12 weeks of moderate intensity aerobic training assessed with a heart rate monitor and 
determined through the maximum heart rate on each individual grounded and aquatic training. The study variables were Body 
Mass Index (BMI), fat percentage, and lean mass. After carrying out the exercise program significant differences were observed 
in the reduction of BMI as well as in the percentage of fat in both sexes (<0.01). No differences were observed in relation to BMI 
reduction, nor the percentage of fat evaluated before and after by different exercise modalities; likewise, there was no difference 
in either sex. In conclusion, exercise provides favorable changes in body composition variables; however, in this study, it does 
not rely on the exercise modality.

Key words aerobic exercise, health, physical activity, swimming, training

Introduction
Obesity is a growing problem in Mexico and all around the world (Vio, 2018), being this of a multifactorial 

nature (Sánchez-Oliva et al., 2019). Authors suggest that obesity is the product of alterations in the processing and 
storage of fatty acids and triglycerides (Silva, Inada, Marcelino, Lopes, Aiko, 2017). However, the main attribution 
is due to an energy imbalance between food and physical activity (Belasco, Pérez, 2018). The type of diet and 
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a sedentary lifestyle are related to obesity, but not necessarily to the fat distribution pattern or to the general body 
composition of the person.

Despite the abundance of information on this subject, it has not yet been possible to efficiently influence the 
statistics of obesity, so this type of study generates practical values when implementing physical exercise training 
programs. Between 1975 and 2016, the global prevalence of obesity has almost tripled: in 2016, more than 1.9 billion 
adults over the age of 18 were overweight, of whom more than 650 million were classified as obese (WHO, 2019). 
In 2018 The National Health and Nutrition Survey (ENSANUT) reported a 75.2% prevalence of overweight and 
obese adults in the domestic population over age 20 (Shamah-Levy et al., 2017).

Obesity is defined as an abnormal or excessive accumulation of fat that can be detrimental to one’s health 
(Estrada, González, Torres, 2018; Cedeño et al., 2015; Engin, 2017), being the source of serious metabolic problems, 
cardiovascular diseases, and even cancer (WHO, 2019). 

A simple way to establish a parameter to determine overweight and obesity is the body mass index (BMI). 
A BMI above 25 indicates a person is overweight and 30 denotes obesity; however, the percentage of body fat must 
also be evaluated, with above 25% inadequate in men and above 32% in women (Suverza, y Haua, 2010; Cardozo, 
Cuervo, Murcia, 2016).

With the intention of reducing this problem, it has been established that a regular practice of physical exercise 
improves important aspects in matters of a person’s health; however, depending on the type of exercise, its intensity, 
frequency, and duration, it has different effects on the human body (Fernández, Quiñones, Robles, Padilla, 2018).

Regarding the environment where the physical activity program takes place, there are some variables that 
must be considered depending on the population and the objectives of each individual. (Aguilar, 2009; Bernal- 
-Reyes, Peralta-Mendívil, Gavotto-Nogales, Placencia-Camacho, 2014). Aquatic exercise is recommended for 
people with obesity due to the reduced impact on the individual’s joints; while maintaining a level of physical demand 
that provides benefits to and adaptations to the metabolic level.

Studies show that when physical activity is performed in an aquatic environment, the effects are similar to those 
achieved on the ground; aspects such as caloric expenditure reaching 1–2 Kcal / min ratings prove this correlation 
(Rodríguez, Avella, 2015). The global and multi-joint movements used in aquatic environments require a greater 
number of muscle groups, so aerobic capacity is favored by a higher oxygen expenditure which, consequently, will 
not only influence muscle cells and capacity of aerobic and anaerobic resistance, but the heart, lungs and vascular 
system (Rodríguez, Avella, 2015).

Since several studies address the effectiveness of physical exercise in reducing total body weight, there are 
few investigations that have evaluated different exercise modalities, as they regularly focus on the intensity and type 
of exercise (aerobic and anaerobic).

In the end, this work’s objective does not lie in deepening the role of physical exercise in this multifactorial 
problem, but in emphasizing the focus on where it is taking place; therefore, due to the above, this research aims 
to compare the effect of two modalities of supervised physical exercise: aquatic and grounded, as well as the BMI 
and fat percentage behavior in overweight and obese adults, these being classified by sex, since the intervention 
of physical exercise programs must focus on a program that safely impacts organs, structures, and systems.



89Vol. 34, No. 2/2021

Body Composition Analysis According to the Exercise Modality in Adults with Obesity: Pilot Study

Material and Methods
Participants 
Project registered and approved under folio 13022018-118 by UIP-SIP “Universidad Autónoma de Chihuahua”. 

41 subjects (21 women and 20 men) with an average age of 29.3 between the age of 18 to 54 years old, were invited 
through a call issued by the Faculty of Physical Culture Sciences from the Autonomous University of Chihuahua, 
and prior to enrolling in this physical exercise program had to meet the inclusion criteria, which consisted 
of undergoing initial and final body composition assessments to determine overweight and/or obesity, living in the 
state of Chihuahua, Mexico, as well as not having any pathological diseases; while the exclusion criteria included 12 
that could not perform physical activity due to an osteoarticular injury or by medical order, elders, pregnant women 
and being morbidly obese

Measures
To determine each subjects’ height, they were asked to stand with their back to a SECA height rod with 

a sensitivity of 0.1cm, the result was recorded, at that time, in centimeters plus one decimal.
Body mass measurement was performed in duplicate to obtain the average through the Inner Scan Body 

Composition monitor BC-568 digital equipment, which has a sensitivity of 0.1 g.
BMI was calculated by dividing the subject’s weight in kilograms (kg) by his height in square meters (m2). 

Subjects with a BMI ≥ 25 kg/m2 were classified as overweight, while those with a BMI ≥ 30 kg/m2 were classified 
as obese (WHO, 2018).

Fat percentage and total body weight were determined by the Inner Scan Body Composition monitor BC-568 
for which the subjects were asked to remove their socks and stand on the foot position indicator, when it was 
specified by the monitor, they took the manual devices with their hands and held them for 10 seconds, during which 
time the team performed the electrical bioimpedance; subsequently, the result appeared on a screen expressed as 
a percentage.

Monitoring was performed with heart rate monitors duly validated with a SR300X polar equipment, through the 
perceived effort rate and using the modified Borg Scale (0–10). Each session included a 10-minute neuromuscular 
conditioning, mobilizing the main muscle groups, raising body temperature as well as lubricating the joints, in water 
or on ground depending on the case of the exercise modality, as well as a 10-minute cool down period with passive 
stretching exercises to ensure a progressive return of heart rate.

The pulsations were assessed individually according to the stipulated Karvonen formula: “(Heart rate 
maximum – heart rate reserve) × (% intensity) + (resting heart rate); however, it was stipulated that a moderate 
intensity (40–59%) should be maintained during the core phase.

Design and procedures
Quasi-experimental with non-probability sampling study performed from August to November 2019 with pre 

and post measurements, this study was managed as a pilot study with the intention that it constitutes a prelude to new 
research on exercise modalities, their differences, and possible benefits. Once these criteria were applied, a total 
sample of 26 subjects signed an informed consent for voluntary participation in accordance with the Declaration 
of Helsinki’s guidelines (World Medical Association, 2017) and in accordance with the regulations of the General 
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Law of Health in Matters of Health Research of the United States of Mexico (Secretaría de Salud, 2014), registered 
and approved under folio 13022018-118, as well as the PAR-Q questionnaire

The evaluations used in the protocol were taken before and after the 12-week intervention period for all 
participants, with the final evaluation scheduled for the week following the intervention. Dieting data is not included 
due to the fact that the objective of the study is to observe the effect of different forms of physical exercise on body 
composition in obese adults without any other variable affecting the data. The variables evaluated were percentage 
of fat, BMI, and total body weight.

The design of this exercise program was executed by specific personnel from the Physical Culture Sciences 
(human motor skills) area and supervised by personnel from the University’s research area, with a duration 
of 12 weeks. Participants performed their physical activity practice in the aquatic or grounded environment, 
according to their preference, consequently there were 6 men in the water and 9 on a grounded environment, as 
well as 5 women in the water and 6 on ground, where they had to go 3 non-consecutive days a week. All sessions 
of both exercises began with the pulsations per minute monitoring at rest, including a minimum of 10 minutes at rest. 

The core part in both modalities consisted mainly of aerobic type exercises in the adaptation phase, developing 
the volume (from 30 to 40 minutes) during the first two weeks. The beats per minute were recorded and perception 
of effort was assessed with the Borg scale Strategies implemented to maximize adherence including playful aspects 
within the session, materials for water activities such as elastic worms, boards, gaiters, and pull buoys; while on 
ground environments consisted mainly of treadmills, outdoor walks, bicycles, rubber bands and free weights.

Each training sessions of 50 to 60 minutes consisted of four main parts: 1) 5–10 minutes of general warm-
up, including slow walking and stretching in the modality of their preference; 2) the main part was composed of an 
approximately 30–40-minute-long session with exercises like walking on or around the water, and treadmills or 
bicycles for grounded environments. Exercises like front and back crawl kick, leg kick on bike, side push with arms 
and side abdominal in horizontal position, all these exercises were implemented differently in water (30–40 min). 
The training intensity was maintained at 12–14 in the Borg´s RPE. 3) 1–3 sets of resistance exercises with rubber 
bands and free weights (the resting periods between sets were 40–60 seconds). The exercises involved the major 
muscle groups including, but not limited to knee flexors/extensors, shoulder abductors/adductors, elbow flexor/
extensor, pectoral, abdominal, etc. To allow a proper adaptation with the exercises and the correct execution and 
breathing techniques, the training intensity was lower at the beginning of the month. In the preliminary stage, 
participants performed 8 repetitions for a single set and gradually progressed to 3 sets of 12–15 repetitions. 4) at the 
end of each session, there was a cool down period of about 5 min involving breathing exercises and stretches on 
the modality of their preference.

Statistical Analysis
The statistical analysis was determined in Windows’ software SPSS V.15, in which an exploratory analysis 

was performed, and the data quality was verified by the Kolmogorov-Smirnov method. Distributions and frequencies 
were explored. Differences between groups (P < 0.05) were established by Student’s t-test for the analyzed 
variables compared by sex.
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Results 
The anthropometric variables of the sample divided by sex at the beginning and at the end of the intervention. 
We can see that in men and women, the variables of weight, BMI, and body fat decreased significantly and an 

increase in lean mass was observed, after the application of this physical activity program.

Table 1. Anthropometric variables of the sample by sex at the beginning and at the end of the intervention

 
 

Pre Post  
Mean SD Mean SD p

Females
Weight (kg) 81.30 12.25 77.01 12.76 <0.001
BMI (kg/m2) 29.84 3.71 28.31 4.07 <0.001
Fat mass (%) 33.14 6.44 30.14 7.46 <0.001
Lean mass (%) 66.85 6.44 69.85 7.44 <0.001

Male
Weigth (kg) 90.23 16.09 83.13 15.76 0.011
BMI (kg/m2) 29.71 3.56 27.36 3.57 0.012
Fat mass (%) 28.77 2.04 25.40 1.91 <0.001
Lean mass (%) 71.22 2.04 74.59 1.91 <0.001

SD – Standard desviatión. 

The comparisons of the physical activity programs in females, in which it is shown that there is no difference 
between variables for the type of physical activity they underwent (Figure 1). 
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Figure 1. Comparison of exercise programs on anthropometric variables in women

Figure 2 shows the comparisons of the physical activity programs in males, in which it is shown that there is 
no difference between variables for the type of physical activity they underwent.
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Figure 2. Comparison of exercise programs in anthropometric variables in men

Discussion 
As it is already known, physical activity programs (in different modalities and intensities) are widely recognized 

as treatment for obesity regardless of sex (Cuadri, Tornero, Sierra, Sáenz, 2018).
No differences were found by sex in the general variables, except for the height since for this program the 

participants had to be classified as overweight or obese according to the BMI classification; however, fat mass did 
not generate differences by sex, possibly due to the correlation established with people associated with sedentary 
behaviors (Leiva et al., 2017).

After the application of this program, the variables of weight, BMI, and fat decreased in men and women. 
These elements are a simple way of approaching the distribution of different body components, while lean mass 
increased in both sexes without generating a significant difference between them, thus coinciding with Pérez-
López, et al. (2016) in that after 10 weeks of applying a moderate intensity physical exercise program there was 
a difference in the fat mass of those evaluated. It should be noted that in relation to kilograms, we obtained greater 
losses in our study (4 kg vs. 1 kg), possibly due to the frequency, which was higher (3 vs. 2 times per week), and 
the duration of the program.

Although obesity has been related to a deterioration of the muscle that prevents protein catabolism (Bollinger, 
Powell, Houmard, Witczak, Brault, 2015), after the application of this program, muscle mass was improved, which is 
expected to have decreased the previously mentioned set of circumstances, such effect was observed in the study 
by Roberts, Croymans, Aziz, Butch, Lee (2013) in which they obtained significant decrease in fat mass and increase 
in muscle mass after 12 weeks of exercise with moderate loads of gym training.

Workouts in the aquatic environment have been positioned as favorites due to cardiovascular and metabolic 
benefits, as well as body composition, with results shown during the study by Pino-Reynals, Espinoza-Navarro, 
De Arruda, Urizar-Araya (2015), where after 18 weeks of aquatic-aerobic exercise 70% of the FCM was assessed 
and they finally managed to increase muscle mass and decrease the sum of folds.

In the Reyes Mancipe study (2018) a 13 kg decrease in body weight was observed, a higher proportion than in 
our study; however, the difference lies in the total of sessions, since the Reyes Mancipe study had a total duration 
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of 6 months for a physical exercise program on ground, in which the exercises were performed at a high intensity, 
while in the present study it was 36 weeks at a moderate intensity.

A study by Calero, Maldonado, Fernández, Rodríguez, Enríquez, Rafael (2016) assessed the BMI of obese 
women modulating the intensity with oscillations of 60 to 85% in the intervention phase, finding positive results 
after decreasing a degree of obesity. Another research by Monteiro, Bartolomeu, Forte, Carvalho (2019) found 
improvements in the BMI of adult women regardless of the type of exercise performed, the types were strength and 
power training, resistance training and combined. All of them maintain the interval of moderate intensity and in the 
case of the force repetitions of the 60–80% 1RM Although the intensities and the components vary, the effects were 
similar in comparison to the present study.

Similar studies such as that of Sánchez Ortega, Sánchez and García (2014) found a decrease in BMI after 
16 sessions of exercise of moderate intensity on ground, achieving a decrease in fat mass (5.17 ±4.03 kg) and 
a 1.77% increase of muscle mass, while at the same time Salas-Romero, Sánchez-Muñoz, Franco-Sánchez, del 
Villar-Morales, Pegueros-Pérez (2014) found similar results with continuous aerobic training sessions on moderate 
intensity cycling.

It is known that performing 30 minutes a day of moderate physical exercise allows a person to stay healthy, 
thereby counteracting a sedentary lifestyle; likewise, it has been manifested more recently that where the difference 
lies is in intensity rather than time. 

In a recent study, it was observed that women who perform vigorous physical activity have higher values in 
power and strength in their legs and a smaller waist circumference due to the physical activity carried out (Enriquez, 
Cervantes, Candia, Flores, 2021). However, it has shown that greater intensities increase the cardio-metabolic risk. 
The present research contributes evidence that supports the benefits of moderate physical activity, with a lower risk.

Prieto, Del Valle, Nistal, Mendez, Abelairas-Gomez, Barcala-Furelos (2015) also assessed the body 
composition of adult women in three different exercise modalities under moderate intensity, in which their emphasis 
was not based on the training medium, because all 3 were on ground and each of them achieved a decrease in values 
associated with fat. There was a significant difference between those that were guided by qualified personnel from 
those who were not. Our study consisted of individualized programs that supervised each participant’s performance. 

Conclusions
Supervised physical exercise generates improvements in people’s body composition regardless of the type 

of environment in which it is performed, although the fact that training in the aquatic environment has a wide 
potential for preventing health risks, it does not generate significant differences related to the decrease in parameters 
associated with obesity.

To conclude, this pilot study allows us to affirm that despite not modifying eating habits, it is possible to 
positively modify body composition in overweight-obese patients regardless of the environment in which the exercise 
is performed as long as an adequate volume of weekly exercise is carried out with supervision by a professional. 
As a training method, we could suggest moderate intensity in the aquatic environment to minimize the risk of joint 
overload injuries and maximize aerobic resistance, which is a physical capacity that has a close relationship 
with health. The constant monitoring of the patient should be considered during the intervention program for the 
treatment of overweight and obesity.
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It is suggested to continue with this type of study regarding the benefits offered by different exercise modalities 
in overweight-obese patients, including a greater number of patients and increasing physiological variables that 
provide us with a greater picture of the effect that exercise can have.

It is necessary to include a healthy diet and nutrition in these programs allowing for a change in life habits that 
will have a greater effect on the treatment of overweight and obesity.
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Abstract The purpose of the study was to find out the effect of the proposed training program on some physiological and body 
composition variables of 24 volunteered youth male football players who under 20 years old (U20, age: 16–19 years, mean 
age: 17.3 ±1.0 years, playing for last 4–6 years). Those 24 players were divided into 2 groups, 12 players (experimental group), 
12 players (control group). The training program consisted of aerobic training, anaerobic training, recreational game and practice 
football game. Data was collected at zero level (pre-test), in the mid of the program (mid-test) and at the end of program (post-
test). For analysing data, repeated measures were used. In the experimental group a significant increase (P < 0.05) in number 
of shuttles, skeletal muscle, and resting metabolism and a significant decrease (P < 0.05) in body fat have been noted in (mid-
test) and (post-test) when compared to (pre-test). However, a decrease was noted in body mass index, blood lactate, maximal 
heart rate, and visceral fat, but not to a significantly different level. In the control group negative significant increase (P < 0.05) in 
body fat and negative significant decrease (P < 0.05) in skeletal muscle and resting metabolism have been noted, no significant 
difference was observed in number of shuttle, body mass index, blood lactate, maximum heart rate and visceral fat. This study 
would provide useful information for training and exercise physiology and it may have a beneficial impact on health.

Key words aerobic training, anaerobic training, blood lactate, body composition, football player

Introduction
Football is unarguably the world’s most popular sport game. A common aspect of this sport is the necessity 

of teamwork to complement individual skills. In order to adapt to technical evolution within the game, players have 
to meet the physical demands required. To achieve the best possible performance, training has to be formulated 
according to the principles of periodization (Bompa, Carrera, 2005). The training induced changes have been 
observed in various physiological, biochemical and body composition parameters and can be attributed to 
appropriate load dynamics (Hoff, 2005; Reilly, 2005). As the players have to cover a big area in the ground during 

#0#
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attack and defense, the game demands high aerobic fitness (Reilly, 2005; Gacesa, Barak, Grujic, 2009; Miller et al., 
2007).

A high number of accelerations and decelerations, associated with a large number of changes in the direction 
of play create an additional load to muscles of football players, which indicates a high need for both the aerobic and 
anaerobic energy delivery pathways (Miller et al., 2007).

Practicing sports, especially aerobic training, has been proposed to be an effective mechanism for 
cardiovascular protection, however its effectiveness depends on many factors, including age, sex, body composition 
and nutrition, as well as training duration and intensity (Ounis et al., 2008; Kim, Kim, 2012; Du Preez, 2013).

During aerobic exercise, the demand for oxygen increases at the working muscle, so an optimum level 
of hemoglobin is required to perform at the highest level with high intensity. As football performance depends very 
much on the aerobic component of an athlete, the players need to maintain a normal hemoglobin level to optimize 
performance (Urhausen, Kindermann, 2002).

Recent studies have identified the anaerobic threshold during resistance exercise, allowing determination 
of the critical metabolic and cardiovascular changes during this type of exercise generally, the anaerobic threshold 
in resistance exercise occurs at the low-moderate intensity with high number of repetitions (Simoes et al., 2010).

This study focused on the football players as the game is the most popular and widely played all over the 
world. The physiological and body composition variables have important roles in the evaluation of training and for 
assessment of the players’ health as well as their metabolic and cardiovascular status. There are insufficient studies 
in Kurdistan region-Iraq, in this aspect particularly among football players under 20 years of age. In view of the 
above, the present study has been done.

Material and methods
Method of the Study
Experimental method was used for this study. Both groups performed the tests, that is, pre-test, mid-test and 

post-test, however only the experimental group participated in the training. This is presented below

Group  pre-test training mid-test training post-test

Experimental  O X O X O

Control  O  O  O

Subjects 
All the male football players in Harir Youth and Sports Centre of Erbil city between the age 16 to 19 years 

were the population for the study. The total population is 69 players of Harir Youth and sports Centre. 24 male 
football players in the age group of under 20 years of age were intentionally chosen to participate in this study. 
The participants were divided into two groups, 12 players (experimental group) (XG), and 12 players (control group) 
(CG). 
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Training
Administration of training program
To begin the program, the researcher calculated maximum heart rate of each player using the formula:  

(220 – age = HRmax), then adjusted for each player their heart rates to 60 and 80% intensity for running pace for 
aerobic training and anaerobic training respectively. Aerobic training consisted of 3 minutes of running with 60% 
intensity heart rate beat and one minute rest repeated 5 times. Anaerobic training consisted of sprint 30 meter dash 
and sprint 50 meter dash. Each player sprint with intensity 80% heart rate beat, sprint 30 meter dash and coming 
back to the start point and repeated this training for 5 times. Another anaerobic training sprint 50 meter dash and 
coming back to the start point and repeated this training for 5 times. The training was given in the evening time for 
one hour for the first two weeks and then 10 minutes, which were increased after every two weeks and in the last 
two weeks the training duration was 110 minutes in a day. The training program was conducted to all the players 
of the experimental group on every Monday, Wednesday and Friday alternately for 3 months.

Table 1. General schedule of 12 weeks of training program 

Macro plan
Month October November December

Period & meso
Preparatory phase 

I
Preparatory phase 

II
Pre-competition phase  

III
Micro/weeks 1 2 3 4 5 6 7 8 9 10 11 12
Days 3 3 3 3 3 3 3 3 3 3 3 3
Hours 3 3 3.5 3.5 4 4 4.5 4.5 5 5 5.5 5.5

Physical fitness 
10 hours 12 minutes

Aerobic and anaerobic training
10 hours 12 minutes

Aerobic and anaerobic training
10 hours 12 minutes

Aerobic and anaerobic training
Recreational game & Practice game 2 hours 48 minutes 6 hours 48 minutes 10 hours 48 minutes

Measurement of physiological variables
The maximum heart rate was measured after 3 minutes long 20 meter shuttle run by using (polar RS 400 

heart rate monitor USA model), and lactate blood level was measured after 3 minutes long 20 meter shuttle run by 
using lactate pro 2 test meter and lactate pro 2 strips, (Arkary model, Japan). Cardio-respiratory endurance was 
indirectly measured during 3 minutes long 20 meter shuttle run by counting the number of shuttles, cone, stop watch 
and clapper were used for this test. The shuttle run test was administered outdoor on the artificial football surface.

Measurement of body composition variables
In the morning as soon as the selected subjects awoke, body mass index, body fat percentage, skeletal 

muscle percentage, resting metabolism and visceral fat level, were measured using the bioelectrical impedance 
method by using a full body sensor and a body composition monitor and scale (Omron machine model HBF-514, 
USA).
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Statistical procedure employed
For testing the statistical significance difference between the pre-test, mid-test, and post-test repeated 

measures were performed and independent sample t-test was used to find out the significant difference between 
pre-test, mid-test and post-test of both groups at each level of the tests. The level of significance was kept P = 0.05 
in order to test the null hypothesis and alternative hypothesis. SPSS (Version 23.) was used for analyzing data. 

Results 

Table 2. Effect of Training on Physiological variables of U-20 years old male football Players

Variables Unit Groups  Pre-test  Mid-test  Post-test P F

Number of shuttles shuttles
XG 27.8 ±1.4 29.5 ±1.6 31.1 ±1.5 0.01* 15.94
CG 27.5 ±1.3 28.3 ±1.5 28.7 ±1.0 0.07 11.46

Blood lactate Ml
XG 12.2 ±5.9 9.8 ±3.7 9.1 ±4.5 0.44 4.07
CG 11.8 ±5.6 11.6 ±2.3 10.6 ±3.9 0.32 0.27

 HRmax BPM
XG 182.0 ±5.5 176.8 ±7.8 176.6 ±6.6 0.74 14.37
CG 183.4 ±6.7 183.7 ±9.9 182.0 ±7.4 0.37 0.32

Repeated measures (Post Hoc) test was performed. Each value represents mean ± SD. N = 24, each group = 12. Computed using alpha = 0.05. * Significance difference when 
compared to post-test. XG – Experimental group. CG – Control group.

As stated in 1 there is a significant difference between pre-test and post-test on the number of shuttles 
of experimental (XG) group because P value is (0.01), and there is no significant difference between pre-test and 
post-test on the number of shuttles of control (CG) group because P value is (0.07). Also there is no significant 
difference between pre-test and post-test on the blood lactate level of experimental (XG) group because P value 
is (0.44), also there is no significant difference between pre-test and post-test on the blood lactate level of control 
(CG) group because P value is (0.32). Also 3 there is no significant difference between pre-test and post-test on 
maximum heart rate of experimental (XG) group because P value is (0.74), also there is no significant difference 
between pre-test and post-test on maximum heart rate of control (CG) group because P value is (0.37). 

Table 3. Effect of Training on body composition variables of U-20 years old male football Players

Variables Units Groups  Pre-test Mid-test  Post-test P F

BMI kg/m2
XG 19.9 ±1.9 19.5 ±1.8 19.2 ±1.6 0.20 16.40
CG 19.8 ±2.3 20.2 ±2.8 20.6 ±2.9 0.16 13.00

Body fat mm
XG 11.9 ±4.6 10.9 ±4.4 10.6 ±4.5 0.01* 200.12
CG 11.8 ±5.7 12.7 ±5.6 13.4 ±5.9 0.03* 35.94

Skeletal muscle kg
XG 45.1 ±2.4 45.8 ±2.2 46.2 ±2.2 0.05* 91.33
CG 45.7 ±3.6 44.3 ±3.4 43.6 ±3.4 0.06* 28.94

Resting metabolism k.calori
XG 1475 ±87.7 1483 ±87.6 1505 ±91.1 0.01* 26.78
CG 1481 ±105.4 1469 ±84.3 1466 ±84.3 0.01* 0.54

Visceral fat cm3
XG 2.5 ±1.6 2.0 ±1.3 1.6 ±1.3 0.18 8.87
CG 2.5 ±2.1 3.0 ±2.2 3.3 ±2.4 0.19 8.55

Repeted measures (Post Hoc) test was performed. Each value represents mean ± SD. N = 24, each group = 12. Computed using alpha = 0.05. 
* significance differenace when compared to post-test. XG –Experimental group. CG – Control group.
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As revealed in Table 3, there was not significant difference between pre-test and post-test on body mass index 
of experimental (XG) group because P value is (0.20), and there is no significant difference between pre-test and 
post-test on body mass index of control (CG) group because P value is (0.16). Also there was a significant difference 
between pre-test and post-test on Body fat of experimental (XG) group because P value is (0.01), and there is 
negative significant difference between pre-test and post-test on the Body fat of control (CG) group because P value 
is (0.03). Also there is a significant difference between pre-test and post-test on skeletal muscle of experimental 
(XG) group because P value is (0.05), also there is negative significant difference between pre-test and post-test 
on skeletal muscle of control (CG) group because P value is (0.006). Also there is a significant difference between 
pre-test and post-test on resting metabolism of experimental (XG) group because P value is (0.01), also there 
is a significant difference between pre-test and post-test on Resting metabolism of control (CG) group because 
P value is (0.01). Also there is no significant difference between pre-test and post-test on visceral fat of experimental 
(XG) group because P value is (0.18), there is no significant difference between pre-test and post-test on visceral fat 
of control (CG) group because P value is (0.19). 

Discussion 
In the present study, it was observed that subjects under 20 years of age were more interested in the 

recreational games and practice football matches more than the aerobic and anaerobic training. After analyzing 
and interpretation of the data, the study revealed a significant increase (P = 0.01) in number of shuttles of the 
experimental group (XG). The increase in the number of shuttles during 3 minutes after training reflects improved 
cardio-respiratory endurance capacity and aerobic capacity. Cardio-respiratory endurance and aerobic capacity 
certainly play an important role in football game and has a major influence on technical performance and tactical 
choices (Reilly, 2005; Mc Ardle, Katch, Katch, 2006; Wilmore, Costill, 2005). The aerobic endurance training 
enhances the activity of the cardiovascular system as well as the developed oxidative capacity of the skeletal 
muscles, and thus oxygen delivery to the working muscle is increased. This was accepted as the main reason for 
the elevation of aerobic capacity after a training program (McArdle et al., 2006; Wilmore, Costill, 2005). A similar 
observation was noted by other researchers (Hoff, 2005; Reilly, 2005; Miller et al., 2007). On the other hand, no 
significant difference (P = 0.07) in number of shuttles of control group (CG), 

During the exercise of increasing intensity there is a rise in blood lactate concentration resulting from increased 
glycogenolysis. This increase in blood lactate concentration has been interpreted as a reflection of the onset 
of hypoxia in skeletal muscles and the exercise intensity at which anaerobic metabolism generates ATP is known 
as the anaerobic threshold (McArdle et al., 2006; Wilmore, Costill, 2005). Increased activity of the muscle form 
of lactate dehydrogenase and sensitivity to increasing metabolic acidosis. A major effect of endurance training is 
thought to enhance lactate clearance (Ali et al., 2012). The experimental group (XG) of this study showed a decrease 
of blood lactate level, but no statistical significant difference (P = 0. 44) observed Another research which was done 
by (Manna, Khanna, 2013) in the study “effect of training on selected biochemical variables of elite male swimmers”, 
they are reported significant decreased (P < 0.05) in peak blood lactate levels of the swimmers. It may be due to 
the difference in the type of sports and games has on the effect of blood lactate level, and controlling blood lactate 
level not easy for researchers in the day of testing. It should also be noted that activity of daily living has an effect 
on the blood lactate level. Also the control group (CG) showed that no significant difference was observed because 
P value is (0.44). 
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Heart rate increases with an increase in work intensity and shows a linear relationship with work rate (Astrand, 
Rodhal, 1986). The highest rate at which the heart can beat is the maximal heart rate (McArdle et al., 2006; Wilmore, 
Costill, 2005). The experimental group of this study showed a decrease of blood lactate level, but no statistical 
significant difference (P = 0.74) observed, Another research finding showed similar results which was done by 
(Manna et al., 2012) in the study “Effect of training on anthropometric, physiological and biochemical variables 
of U-19 volleyball players”. It has been seen that short term exercise has no significant effect on maximum heart rate 
(Mc Ardle et al., 2010; Wilmore, Costill, 2005). Also in control group (CG) no significant difference between pre-test 
and post-test in maximum heart rate was observed because value is (P = 0.37). 

Body mass index has significant impact on football teams (Hoff, 2005; Johnson, Doherty, Freemont, 2009) 
Body mass is a considerable factor in football since body contact is essential in this game (Hoff, 2005; Johnson 
et al., 2009). The experimental group of this study showed that there was no significant difference (P = 0.20) 
observed in body mass index of the football players after the post-test. It may be due to the shorter duration of the 
training. It has been reported that short term exercise training has no significant effect on body mass of the sports 
persons (McArdle et al., 2006; Wilmore, Costill, 2005). Another research finding showed similar results which was 
done by (Manna, Khanna, Dhara, 2009) in the study “Training induced changes on physiological and biochemical 
variables of young Indian field hockey players”. Also In other side with a control group of the present study observed 
no significant difference (P = 0.16) has been observed in body mass index of the football players after the post-test. 

The percentage of body fat plays an important role in the assessment of physical fitness of the soccer players 
(Hoff, 2005; Ostojic, 2003). A low-body fat may improve athletic performance by improving the strength to weight 
ratio (Reilly, 2005; McArdle et al., 2006; Wilmore, Costill, 2005). Excess body fat adds to the load without contributing 
to the body’s force-producing capacity (Reilly, 2005; McArdle et al., 2006; Wilmore, Costill, 2005). The experimental 
group of this study showed that significant reduction (P = 0.01) in percent body fat has been noted among the 
players after the training program. The possible reason of reduction of body fat is exercise training which increases 
greater utilization of fat for energetic (McArdle et al., 2006; Wilmore, Costill, 2005). Similar findings were also noted 
by other research groups who studied on soccer players and reported that percent body fat decreased significantly 
during preparatory and competitive phase of training when compared to baseline data (Reilly, 2005). On the other 
hand, in a control group of the present study observed negative significant increase difference (P = 0. 03) observed.

A recent research finding which was done by (Kirkendall, Garret, 1998) in the study “The Effects of Aging 
and Training on Skeletal Muscle” reported that Endurance training can improve the aerobic capacity of muscle, 
and resistance training can improve central nervous system recruitment of muscle and increase muscle mass. 
Therefore, physical activity throughout life is encouraged to prevent much of the age-related impact on skeletal 
muscle. The experimental group of this study showed a positive significant increase (P = 0.05) in skeletal muscle. 
Whilst the control group of the respective study observed a negative significant decrease (P = 0.006) in skeletal 
muscle. Also (Kirkendall, Garret, 1998) in the studied “The Effects of Aging and Training on Skeletal Muscle” 
reported Aging results in a gradual loss of muscle function, the typical adult will lose muscle mass with age; the loss 
varies according to gender.

Another recent research which was done by (Lemmer et al., 2001) in the study “Effect of strength training on 
resting metabolic rate and physical activity: age and gender comparisons” reported absolute significant increase 
(P < 0.01) in resting metabolic rate after training in young age. In the experimental group of this study showed that 
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a significant increase (P = 0.01) in resting metabolism. Where as the control group of the present study observed 
a significant decrease (P = 0.01) in resting metabolism.

The experimental group of this study showed a decrease in visceral fat, but statistically no significant difference 
(P = 0.18) was observed. Another research which was done by (Giannaki, Aphamis, Sakkis, Hadjicharalambous, 
2015) in the study “Eight weeks of a combination of high intensity interval training and conventional training reduce 
visceral adiposity and improve physical fitness: a group-based intervention” reported both exercise programs were 
effective in reducing total body fat and visceral adiposity (p < 0.05), It may be due to the different type intensity in 
training has an effect on visceral fat. Also in a control group of the present study showed that increase visceral fat, 
but statistically no significant difference (P = 0.19) observed.

Conclusion 
Cardio-respiratory endurance is an important part of overall physical fitness. An increase in the number 

of shuttles during 3 minutes after training reflects improved cardio-respiratory endurance capacity and aerobic 
capacity, it will help the physical educator and coaches to apply technical and tactical plan faster during the match 
and competition, especially this finding is important for midfield football players to do more about running in 
tactical plans in the middle of the ground. Regular measurement of blood lactate level and maximum heart rate are 
important to determine optimum intensity in the training and in the different phases of training. Because of training 
program Reduce of blood lactate in this research. As we can see the results of current research reduction occurs 
of body fat, visceral fat. It is important for player’s performance as well as it helps in minimizing the risk factor 
for cardiovascular disease among the players, especially for older adults. The results of skeletal muscle of this 
research increase, building and increasing skeletal muscle are much important to prevent injuries. Measurement 
of resting metabolic rate is important for determining the optimum number of calories for players to burn it at rest, 
during training, and vital function of the human body. As the studies on football players are limited in this aspect 
in Kurdistan region-Iraq, the data of the present study can be a handy tool and can act as a frame of reference for 
monitoring of training of football players particularly of under 20 years old group. This would enable the coaches to 
assess the current status of an athlete and the degree of training, adaptability and provide an opportunity to modify 
the training schedule accordingly to achieve the desired performance.
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