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GERASIMOS GRIVAS

REVIEW ARTICLE

Introduction

Many physiological variables are associated with 
aerobic function and are used to determine running 

performance [9]. These are: maximal oxygen uptake 

Abstract 
The main purpose of this article was to review and discuss the 
current literature on the following physiological parameters: 
maximal oxygen uptake (VO2max), running economy (RE), 
running velocity at vVO2max (vVO2max), time limit at vVO2max 
(tlimit), running velocity at lactate threshold (vLT) and maximal 
speed (Vmax) on running performance. Many coaches and 
trainers believed that athletes with higher VO2max have better 
performance, but a lot of studies have shown that VO2max is 
a poor predictor of endurance performance. Alternatively, RE, 
vVO2max, tlimit, vLT and Vmax were shown to be superior 
predictors of distance running performance. Therefore, if 
researchers and coaches can improve the values of all five 
parameters, the calculations suggested that the runner would 
be able to complete a marathon in 1:57:58. In conclusion, this 
review provides some practical suggestions as how to improve 
the performance in distance runners.

KEYWORDS: physiological parameters, performance, distance 
runners.

(VO2max), running economy (RE), running velocity at 
VO2max (vVO2max), time limit at vVO2max (tlimit), 
running velocity at lactate threshold (vLT), and maximal 
speed (Vmax). The resulting question is which of these 
is the better predictor for performance in distance 
runners. It is very difficult to answer because studies use 
runners with different backgrounds and ability levels. 
It seems, however, that the most beneficial might be 
using the combination of several physiological factors 
to predict endurance performance in runners. 
VO2max is relatively homogeneous in elite runners, and 
within elite populations, race times were shown to have 
only a low to moderate correlation with VO2max. For 
example, elite endurance athletes may have VO2max 
values ranging between 70 and 85 ml·kg-1·min-1 [47]. 
Alternatively, physiological parameters like RE, 
vVO2max, tlimit, vLT, and Vmax were shown to be 
superior predictors of distance running performance 
[1, 12, 20, 38]. The purpose of the current article is to 
discuss the role of VO2max, RE, vVO2max, tlimit, vLT, 
and Vmax and the significance of their implementation 
into distance runners’ training. If the coaches or athletes 
consider the relevance of other physiological factors 
they will be able to maximize the running performance.

Maximal oxygen uptake (VO2max)
VO2max was first described by Hill and Lupton [28]. 
Over the following decades, VO2max was accepted as  
a measure of the functional capacity of the cardiovascular 
system [27, 31, 46], and is taken as a measure of 
cardiorespiratory fitness. Average values in elite men 
long-distance runners range from 75 to 85 ml·kg-1·min-1

, 
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and from 60 to 75 ml·kg-1·min-1 in elite women long-
distance runners [51, 54].
Paradoxically, there is a little relationship between VO2max 
and race times among competitive long-distance runners 
[2]. Α paradox is that a runner who improves VO2max 
from 60 to 66 ml·kg-1·min-1 can usually be assured of 
an approximate 10% improvement in performance, 
but a runner with a VO2max of 66 ml·kg-1·min-1 has no 
assurance that that is 10% better than a competitor with 
a VO2max of 60 [2]. Studies have reported that VO2max 
is a poor predictor of endurance performance when 
athletes of widely varying abilities are compared [34, 39, 
41]. Legaz Arrese et al. [34] examined the relationship of 
VO2max on performance in trained endurance runners. 
The results showed no relationship between changes in 
VO2max and race performance. The study of Ramsbottom 
et al. [45] found that improvements in a 5 km trial were 
correlated with RE but not with VO2max, while in the 
study by Paavolainen et al. [43] 5 km performance actually 
declined with improvements in VO2max.

Training effects on VO2  max
Two of the most common endurance training strategies 
are interval training and continuous training methods [23]. 
The study of Pollock [44] has shown that improvement 
in VO2max is directly related to intensity, duration, and 
frequency of training. The study by Helgerud et al. [27] 
revealed that the 15/15 (15-s intervals at 90-95% HRmax 
with 15 s of active resting periods) and the 4×4 min training 
(4×4-min interval training at 90-95% HRmax with 3 min 
of active resting periods at 70% HRmax between each 
interval) significantly increased the level of VO2max in 
healthy students. However, long slow distance running 
(continuous run at 70% HRmax for 45 min) and lactate 
threshold running (continuous run at lactate threshold at 
85% HRmax for 24.25 min) did not change their VO2max. 
Another study [3] performed in young individuals with 
average cardiorespiratory fitness, shown that 20 sessions of 
periodized high volume interval training led to significant 
increases in VO2max. Similarly, Gorostiaga et al. [24] 
when compared the effects of interval and continuous 
training programs on VO2max showed that VO2max was 
increased by 5% in the continuous training program, and 
10% in the interval training program. The research clearly 
shows that continuous base training is an inefficient way 
to build an aerobic base and that the interval training 
improves VO2max more effectively.

Running economy (RE)
Among the factors that may predict middle- and long-
distance running performance, running economy (RE), 

commonly defined as the steady-state VO2 required 
at a given submaximal speed, has gathered the most 
attention over the last decade, although it is often still 
referred to as “being relatively ignored in the scientific 
literature” [4]. In the last decades, the researchers have 
focused on measuring RE in distance runners and many 
studies have found a strong association between RE and 
race performance. Some studies indicate that RE is an 
even better predictor of race performance among elite 
runners than VO2max [16, 39, 47, 48]. 
Runners with good RE use less oxygen to run at a specific 
velocity compared to runners with less optimal economy 
[2]. When comparing two runners with similar VO2max 
values the runner with better RE will achieve better 
performance time. Kenyan and Ethiopian runners have 
dominated middle- and long-distance running events 
compared to European runners. The runners from Africa 
do not have a higher VO2max compared to European 
runners, but they have better performance [58]. The 
explanation is that African runners are typically smaller 
even compared to other elite runners, and studies have 
shown that smaller runners and runners with thinner and 
shorter lower limbs have better RE [14]. 
RE is a strong predictor for performance [32] because 
a runner with a greater economy will tend to work at 
lower percentages of VO2max for various speeds than 
a runner who requires more oxygen and therefore has 
a poor economy [2]. For example, if two runners in 
a race have the same pace but one runner’s oxygen-
consumption rate is 80% of VO2max while the second 
runner’s oxygen-consumption rate is 90% of VO2max, 
the first runner will continue the race for a greater 
distance than the second one. More specifically the first 
runner has greater RE than the second.
Numerous studies have examined the effects of RE 
in distance runners’ performance and found a strong 
association between RE and race performance. More 
specifically, Di Prampero et al. [18] reported that a 5% 
increase of RE induced a 3.8% increase in distance 
running performance. Weston et al. [57] investigated the 
RE and 10 km performance in African and Caucasian 
distance runners. African and Caucasian runners had 
similar race times in 10 km, but the African runners had  
a 13% lower VO2max, but 5% better RE than Caucasians. 
This study indicates a greater RE and higher fractional 
utilization of VO2peak in African distance runners. 
The study of Conley and Krahenbuhl [15] determined 
the relationship between RE and distance running 
performance in highly trained and experienced distance 
runners. All runners had similar VO2max and within 
this elite cluster of finishers, 65.4% of the variation 



TRENDS IN SPORT SCIENCESVol. 27(3) 119

PHYSIOLOGICAL PREDICTORS OF DISTANCE RUNNERS’ PERFORMANCE: A NARRATIVE REVIEW

observed in race performance time on the 10 km run 
could be explained by variation in RE.
On the other hand, only a few studies suggested that 
RE was not associated with running performance 
in competitive distance runners. Mooses et al. [39] 
suggested that in the homogenous group of Kenyan 
distance runners, RE can be compensated for by other 
factors (such as VO2max) to maintain high-performance 
levels. Similar results are found in the study of Grant et 
al. [25] who reported that neither VO2max nor RE was 
strongly correlated with the performance of 3 km. They 
also reported that vLT plays an important role in a 3 km 
running performance. 
A variety of training strategies have been adopted 
in an attempt to improve RE. The most common 
training factors for improving RE are strength training 
(plyometric), tapering, hill, and pace-specific training 
(Figure 1).

Figure 1. Training factors for improving running economy

Strength training 
RE improvements, as a consequence of strength training 
interventions, have been attributed to improved lower 
limb coordination and muscle coactivation, which 
would ultimately increase muscle stiffness and decrease 
ground contact times [35]. A meta-analysis published 
by Balsalobre-Fernández et al. [4] examined the effects 
of strength training on RE in highly trained distance 
runners. Authors reported that a strength training 
program including low to high-intensity resistance 
exercises and plyometric exercises performed 2-3 times 
per week for 8-12 weeks was an appropriate strategy 
to improve RE in the highly trained middle- and long-
distance runners. The study by Li et al. [35], demonstrated 
improvement in RE and performance of 5 km running 
after complex training, which included a back squat +  
a drop jump from a 40 cm box; a Bulgarian split squat +  
a single leg hop; and a Romanian deadlift + a double 
leg 50 cm hurdle hop. Similarly, the study by Støren 
et al. [55] reported that maximal strength training for  
8 weeks improved RE by 5.0% among well trained, long-
distance runners, without a change in maximal oxygen 
uptake or body weight. Sedano et al [50] indicated that 
12 weeks of combined and plyometric training lead 

to improve RE. Paavolainen et al. [43] showed that  
9 weeks of explosive-strength training improved RE 
(8%) and 5 km performance (3%) in moderately trained 
runners. The study by Saunders et al. [49] reported that 
in a group of highly-trained distance runners, 9 weeks of 
plyometric training improved RE by 4.1%, with likely 
mechanisms residing in the muscle, or alternatively by 
improving running mechanics. In a study of Blagrove 
et al. [13], ten weeks of strength training (2 days/
week) added to the program of a postpubertal distance 
runner was highly likely to improve maximal speed and 
enhance RE by 3.2-3.7%. The study of Beattie et al. 
[7] demonstrated that 40 weeks of strength training can 
significantly improve maximal and reactive strength 
qualities, and RE by 5.0% in distance runners.

Tapering
Tapering is the reduction in training load before the 
competition or the final period before a major competition 
and it is very important for the athlete’s performance. 
The aim of tapering is to maximize physiological 
adaptation with the reduction of accumulated fatigue 
[26]. Only 3 studies examined the effects of tapering 
on RE. The study of Houmard et al. [30] indicates that 
7 days of tapered running improved distance running 
performance and RE by 6% in a group of well-trained 
endurance runners. In another study [52] RE at 60% 
vVO2max was improved after 16 days of tapering. It 
is in agreement with the study of Houmard et al. [29] 
who investigated the effects of tapering on RE at 85% 
VO2max speed after 2 and 3 weeks of taper and at 65% 
VO2max after 3 weeks of taper. 

Hill training
Hill training is another strategy that enhances RE. Only 
one study examined the effects of six-week hill training 
on RE in distance runners and showed its improvement 
by 2.4% ± 1.4% [5].

Pace-specific training
Tempo runs are believed to enhance RE at the chosen 
training speed. Indeed, the study of Paavolainen et al. 
[43] suggested that muscle power may influence RE 
both at submaximal velocities and most probably at 
race pace. However, the study of Beneke and Hütler [8] 
indicated that training tends to improve economy the 
most at specific speeds used during training. This has 
important implications for the overall construction of 
a training plan. Moreover, 5 km runners should include 
a significant amount of training at the goal 5 km pace in 
order to optimize the economy at their desired intensity, 
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and marathoners should insert segments paced at their 
marathon goal speeds into their long runs and tempo 
runs [12].

Running velocity at VO2max (vVO2max)
vVO2max it is the minimum running velocity that 
elicits a runner’s maximal rate of oxygen consumption or 
VO2max [2]. Some studies suggest that vVO2max is the 
best predictor of running performance [17]. vVO2max 
combines VO2max and RE into a single factor and explains 
differences in performance that VO2max or RE alone 
cannot [25]. The study of McLaughlin et al. [38] showed 
that among well-trained subjects − heterogeneous in 
VO2max and running performance − vVO2max is the best 
predictor of running performance because it integrates 
both maximal aerobic power and the RE. Morgan et al. 
[40] reported that there is a strong relationship between 
vVO2max and 10 km run time. Data from this study 
also suggest that vVO2max may be potentially useful as 
an index of training status and a sensitive, noninvasive 
predictor of distance running performance. McCormack 
et al. [37] reported that vVO2max was the best predictor 
of 3 km race performance in a group of collegiate 
distance runners with heterogeneous VO2max values. 
A study by Slattery et al. [53] showed similar results 
and explain that close relationship between vVO2max 
and 3 km race time may be due to the fact that middle 
distance races are completed at a velocity similar to that 
of VO2max, whereas velocities of longer distance races 
are closer to lactate threshold, and therefore vVO2max 
may become a better predictor of performance in the 
middle-distance events.
On the other hand, Grant et al. [25] found that vVO2max 
was the third-best predictor of 3 km run performance 
behind vLT and velocity at 4 mmol of blood lactate. 
According to Emerick et al. [19], this study failed to 
support the use of vVO2max as the best predictor of 
marathon performance in a group of recreational female 
runners. The study reinforced the notion that VO2max 
combined with weekly training distance elicits the best 
prediction of marathon performance. These findings 
suggest that recreational female runners should focus 
on increasing their VO2max and increasing their total 
training distance to improve their marathon performance.
Endurance runners, coaches, and exercise physiologists 
gained the notion of why vVO2max is a much more useful 
performance predictor in distance running than VO2max. 
The latter contains no information about an athlete’s RE. 
In case of a runner with high VO2max and low levels 
of RE, his performance could be disappointingly slow 
despite the high aerobic capacity [2].

Time limit at vVO2max
The time limit at vVO2max (tlimit) is also important 
for distance running performance and is a sister 
measurement of vVO2max. To determine the time limit 
at vVO2max the athlete runs at 100% of vVO2max 
until exhaustion, without slowing the pace or stopping. 
Direct measurement of tlimit indicates that it ranges 
from 150 s to 10 min and cannot last longer than  
20-25 min [11, 33]. Billat [10] showed that the time 
limit at vVO2max was on average 6 min. Tlimit has 
a practical application in endurance athletes, for example, 
if two runners have similar values of vVO2max, the 
runner with higher tlimit will win the race.

Running velocity at lactate threshold (vLT)
Determining lactate threshold (LT), defined as the 
point at which blood lactate concentration increases 
exponentially with increasing exercise intensity, has 
been used to ascertain endurance capability, measure 
adaptations to training, and to predict performance 
potential [22]. Furthermore, LT is considered a valid 
performance indicator as there are strong linear 
correlations with endurance performance [21]. 
Running velocity at lactate threshold (vLT) is simply 
the velocity above which lactate begins to accumulate 
in the blood. Like RE and vVO2max, vLT is a strong 
physiological predictor of endurance performance [6]. 
Many coaches and researchers try to move the vLT to 
progressively faster speeds. Having a high vLT means 
that a runner can process pyruvate at greater rates and 
thus has the energy needed to run fast and long during 
endurance competitions [2]. 
In athletes with several years of training experience, 
VO2max may not improve any more, but vLT might 
increase by 3-10% depending on the chosen training 
program. It has been observed that individuals with 
similar VO2max have variability in endurance capacity 
and that highly trained athletes usually perform at  
a high percentage of their VO2max with minimum 
lactate accumulation [56, 59]. Furthermore, trained 
athletes accumulate less lactate than untrained athletes 
at a given submaximal workload.

Maximal speed (Vmax)
The study by Noakes et al. [42] was the first to report 
that maximal speed was a strong determinant of 
endurance performance. This study showed that peak 
treadmill velocity was the best laboratory predictor 
of running performance at 10, 21.1, 42.2, and 90 km 
distances in ultra-marathon runners, and it was also 
the best predictor of running performance for 10 and 
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21.1 km distances in marathon runners. The results of 
the Slattery et al. [53] study, showed that Vmax was 
the single best predictor of 3-km running performance 
in experienced male triathletes and that both aerobic 
and anaerobic abilities are related to improved 3 km 
time trial performance. Since the assessment of Vmax 
is relatively simple to implement, we suggest that 
determining Vmax could be a practical method for 
monitoring performance changes in short-term endurance 
running events. The study of Paavolainen et al. [43] 
provides strong evidence that explosive training improves 
maximal running velocity and that the increases in 
maximal speed are closely coupled with improvements in 
endurance performance. This study examined 18 athletes 
who ran an all-out 20-meter sprint and a 5 km race (as 
fast as possible) on an indoor track. After 9 weeks the 
explosive-trained runners noted a 3% improvement 
and were 30 seconds faster in the 5 km event. Manoel 
et al. [36] compared the effects of 4 weeks of Vmax or 
vVO2max training in endurance runners. The results 
showed a significant effect of training on Vmax and  
10 km performance. It was concluded that Vmax 
training promoted similar improvements as the training 
that included vVO2max.

Conclusion
Many coaches and trainers believed that athletes with 
higher VO2max have better performance. Many recent 
studies have shown that VO2max alone is rather a poor 
predictor of endurance performance. It seems that 
actually, besides VO2max, the physiological factors that 
are associated with aerobic capacity are RE, vVO2max, 
tlimit, vLT, and Vmax.
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Introduction

The physical effort of different intensities performed 
by people of all ages undoubtedly contributes 

to improving the level of physical fitness and fatigue 

Abstract
Physical effort contributes to improving the level of physical 
fitness and fatigue tolerance, however, may cause overtraining 
and/or chronic fatigue. Recovery is a regenerative process 
that takes place in every individual and is related to circadian 
rhythms. The aim of this review was to consider the factors and 
methods that determine and support the recovery from exercise-
induced muscle fatigue especially in older people above 60 years 
of age. We have searched three online databases: Web of Science, 
PubMed, and Google Scholar. Based on our narrative review, 
there are few non-conventional methods (like mindfulness and 
meditations) that play an important role among numerous non-
pharmacological therapies used to enhance or maintain the 
cognitive function of the body and mind. However, there is still  
a gap concerning the inclusion of mindfulness meditation as 
a part of recovery from exercise-induced muscle fatigue.

KEYWORDS: overtraining, recovery, meditations.

tolerance, but above all, it is a manifestation of care for 
maintaining good health and functional fitness of older 
people. Based on statistics showing that the proportion 
of people over 65 years of age by 2035 will increase 
by around 10%, this aspect of an active lifestyle is 
a factor in mitigating the effects of aging. Thus, the 
maintenance of good health and functional capacity 
of the elderly reduces the social costs of treatment 
and rehabilitation of chronically ill patients [11, 62]. 
The effectiveness and the organism’s response to the 
applied exercise load depend on certain factors. On the 
one hand, they are directly related to the health status 
or level of physical fitness, but also to the atmospheric 
conditions in which exercises are performed or eating 
habits and behaviors. The disturbances of the internal 
organism’s homeostasis resulting from the exercise 
stimulus are the cause of the formation of numerous 
morphofunctional adaptations and an increase in one’s 
exercise capacity. The body’s natural reaction to the 
physical effort is the appearance of fatigue, which protect 
the body from excessive overload and exhaustion. The 
strength generated by working muscles is reduced, 
thus decreasing the effectiveness of work. Despite the 
development of fatigue, it is possible to continue the 
effort but to maintain the generated strength additional 
muscles are engaged, which significantly increases the 
energy cost of the effort. Physiological mechanisms 
underlying fatigue concern functional changes within 
the skeletal muscle itself, structures supplying it with 
oxygen, metabolic energy sources, but also in the 
nervous system structures performing coordinating 
functions and generating electrical impulses. The impact  
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on each of these elements depends on the type of effort, 
intensity, age, and gender of the exercising person. 
Peripheral muscle changes occurring during the exercise 
of different duration are usually accompanied by central 
changes located in the nervous system. Peripheral fatigue is 
caused by the impairment of cell stimulation mechanisms 
and/or nerve-muscle synapse. It also leads to impairment 
of electromechanical coupling mechanisms, a decrease in 
the concentration of energy substrates, decomposition of 
the contractile apparatus, and damage to the connective 
tissue of ligaments and tendons. Increased concentrations 
of adenosinodiphosphate (ADP), inorganic phosphate (P), 
and hydrogen ions (H+) are caused by the restriction 
of oxygen access to working muscles and increased 
glycolytic metabolism. Additionally, the cardiovascular 
and respiratory systems are overloaded. The formation 
of lymphatic edema in working limbs and a decrease 
in adrenal catecholamine secretion can be observed 
[60]. During short-term work of high intensity, the 
occurrence of fatigue changes is additionally caused 
by slowing down the transmission of the pulse in the 
nervous system and an increase in the concentration of 
ammonia from the purine transformations in the cell. 
This compound increases the activity of glycolytic 
enzymes, and in the nervous system, it additionally 
impairs the transmission of stimuli. Studies have shown 
that elderly people are more resistant to fatigue changes. 
This is probably due to the disappearance of FT II fibers 
with age and a higher proportion of oxidative FT I 
fibers [16, 21]. Tarnopolsky et al. [57] demonstrated 
that lower muscle glycolytic capacity and more effective 
lipid metabolism are the factors determining their higher 
resistance to fatigue in women of all ages. In the study on 
the rate of muscle regeneration after exercise in people of 
different ages and genders, Grounds [14] described an age-
dependent decrease in the possibility of rapid post-exercise 
regeneration. He also found, that in the elderly, the long-
lasting occurrence of fatigue symptoms led to balance 
impairments, which increased the risk of their falls. 
To cause adaptive changes effective training must 
be associated with overload and at the same time 
disproportions between training and regeneration time 
should be avoided. Lack of sufficient period of recovery 
in the training process leads to the accumulation of 
fatigue changes and the development of overtraining. 
Factors such as cardiopulmonary efficiency, the 
composition of muscle fibers, hypoxia of working 
muscles, dehydration, and electrolyte disturbances affect 
the time of appearance, and persistence of overload 
changes [29]. The most susceptible to physiological and 
anatomical overload changes are endurance athletes, 

young people, and those over 40 years of age. Moreover, 
women overtrain faster than men [16]. Thus, the coaches 
should be expected to have an appropriate level of 
empathy towards over-trained individuals [16, 21]. 
The consequences of overtraining are common and 
include numerous physiological pathways, including 
neuroendocrine, immune, cardiovascular, and 
musculoskeletal paths. Negative nitrogen balance and 
amino acid imbalances lead to an increase in blood 
levels of free tryptophan. It reaches the brain and become  
a precursor of serotonin neurotransmitter. Increased 
serotonin concentration is manifested by mood swings, 
changes in behavior and inhibits motoneuron excitation. 
This affects the nervous and hormonal regulation in 
overload conditions [28, 37, 42]. 
Clinical features of overtraining in different individuals 
are varied and non-specific. They depend on the specifics 
of the exercise. The features such as a decrease in the 
level of physical fitness, fast fatigue during training 
sessions, anxiety, and decreased body immunity are 
common to both types of overtraining [30]. In young 
athletes especially training endurance and speed/power 
sports, the observed changes are caused by excessive 
stimulation of the sympathetic nervous system. Sleep 
disorders, and weight loss, are accompanied by cardiac 
changes like increased level of resting heart rate (HR) 
and blood pressure (BP) with simultaneous disruption 
of orthostatic reactions. In endurance sports, especially 
in those with a high level of cardiopulmonary and 
respiratory efficiency and long training experience, the 
disorders stimulated by the parasympathetic nervous 
system dominate in the overtraining process. They do not 
lose weight, their sleep is calm, their resting HR and BP 
are decreased. Hypoglycemia is a frequent post-workout 
metabolic disorder. This type of overtraining is difficult 
to diagnose and treatment lasts even several months. No 
single test is diagnostic in the assessment of the type 
and severity of occurring overtraining. The best way of 
treatment and prevention is prophylaxis, i.e. optimization 
of the training process and regeneration of the body. From 
a health-related point of view observation and diagnosis 
of mood changes, sleep disorders, monitoring the level 
of physical fitness, stress reduction, and dietary guidance 
will ensure that the beneficial effects of physical activity 
are obtained [15, 58]. 

Conventional recovery
The subject of recovery has been a topic of discussion 
for years since it accompanies each individual every 
day. Recovery is a regenerative process, that is related 
to circadian rhythms. Biological renewal, both daily and 
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during physical activity, can be supported by a number 
of conventional and non-conventional measures to 
optimize physiological rest processes, protect health and 
maintain or increase the psychophysical capacity of an 
individual engaged in physical activity, both amateurs, 
and professionals.
Recovery is defined as the process of restoring the 
ability to exercise efficiently or the process of restoring 
homeostasis through the normalization of physiological 
functions. An important aspect of the analysis of rest 
after the physical and mental activity is paying attention 
to the role of the autonomic system. The activity of the 
sympathetic nervous system prevails during exercise, 
while the parasympathetic system is at rest [52]. After 
the physical or mental activity, the nervous system 
should rest and regenerate. The exhausted sympathetic 
nervous system manifests by the reduced ability to 
undertake or maintain effort [3]. Rest aims to balance 
homeostasis after exercise or taking actions supporting 
the regenerative process, also by undertaking other 
efforts called active rest. Post-exercise restitution may 
take minutes, hours, or days, depending on the intensity 
and volume of the bout. We should also remember 
that each individual has its resistance to fatigue and 
regenerative predisposition. The effectiveness of post-
exercise restitution will therefore also depend on the 
lifestyle of the person undertaking the exercise [52].
Bearing in mind the healthy lifestyle, which correlates 
with post-exercise restitution, attention should be paid 
to the following factors:
1. Constant hours of sleep and waking up. Both too 

short and excessively prolonged sleep may result 
in the occurrence of many health disorders related 
to metabolic, depressive, or vascular causes. An 
appropriate time of sleep (7-8 hours) allows the 
body to rest and is appropriate to maintain the energy 
necessary to conduct regular physical activity [11, 
26, 27].

2. Healthy nutrition. For the psychophysical well-being, 
and in particular, with an active lifestyle, a properly 
composed diet seems an important factor that can 
provide energy and nutrients based on the guidelines 
of the newest pyramid of healthy nutrition and 
physical activity adjusted to age. Fixed eating times 
are important, therefore, 5 meals a day eaten every 
2-3 hours are preferred [18]. Vitamin and mineral 
supplementation should be considered in some people, 
while in the elderly, vitamin D3 supplementation is 
necessary [13, 35, 62]. The researches confirm that 
planned nutrition can have a significant impact on 
sports performance [64].

3. Adequate hydration of the body. Within 24 hours 
the body should be supplemented with about 40 g of 
water per 1 kg of body weight [9, 17, 23, 46]. The 
amount of drunk fluid should depend on the weather 
conditions, the mode, intensity, and duration of 
performed exercise. Modern recommendations for 
drinking water during physical activity are based 
on starting activity while hydrated, preventing 
dehydration during ongoing training, and replacing 
lost fluids after training [2, 36, 44].

4. The ability to cope with the stress of everyday life. 
Learning the ability to introduce one’s body into 
a state of relaxation, i.e. a pleasant short-term rest, 
which is experienced as internal relaxation, peace, 
and carefree [32, 62]. Preferred relaxation techniques 
are autogenic training, Jacobson’s relaxation, or 
exercises for controlled diaphragmatic breathing [49].

5. Regular physical activity. WHO recommends 
moderate physical activity for min. 150 minutes 
(2 hours 30 minutes) a week, at best divided into 
30-minute single bouts, performed minimum five 
times a week. The importance of 30-45 minutes 
of physical effort is increasingly emphasized. The 
physical efforts should affect coordination, balance, 
strength, and include aerobic exercises with an 
intensity of 60-80% of the predicted maximum 
heart rate and stretching elements [51].

All the mentioned components of a healthy lifestyle 
will allow the body to recover faster after exercise. 
In addition, after physical exercise of a sports nature, 
it is recommended to perform short light stretching 
and relaxing exercises and the use of thermotherapy 
treatments and massage, which accelerate the removal 
of waste products from the body [52].
One of the modern forms of self-massage, Foam Rolling 
(using a massage roller), is one of the most effective 
and simple methods of relaxing the excessively tensed 
muscular apparatus after training. Used after training, 
it regenerates, relaxes, and relieves pain from tired 
muscles [4, 40, 47, 48].
The recommended thermotherapy treatments concern 
hot or cold treatments. Hydrotherapeutic treatments can 
be divided into groups concerning induced pressure: 
hydrostatic (baths), hydrodynamic (showers), or without 
water pressure (saunas). During recovery the most 
commonly used water is cold (18-24°C) or cool (25- 
-32°C), which promotes narrowing the blood vessels, 
increasing the blood pressure, slowing down the heart 
rate, stimulating the nervous system, reducing sweat 
secretion, and increasing muscle tension [45, 54]. 
Neutral (33-36°C) temperatures reduce muscle tension, 
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enhances relaxation, and sleep quality [45]. The warm 
(37-38°C) and very warm (39-40°C) treatments are 
known of increasing blood supply to the skin, lowering 
blood pressure, accelerating heart activity, stimulating 
the autonomic nervous system, increasing sweat 
secretion, relaxing skeletal and smooth muscles, and are 
also characterized by analgesic, anti-inflammatory and 
relaxing properties [20, 25, 43, 54, 65].
Individuals that engage in systematic physical exercise 
are recommended to relax the myofascial tension and 
improve circulation. One of the possibilities is to take 
post-exercise contrast showers. The procedure begins 
with warm water for a few minutes (3-5 minutes) later 
alternated with several seconds (10-15 seconds) of cold 
water, ending always in cold water [6].
Another form of effective thermotherapy is a traditional 
sauna used either as a warm-up or as a regenerating 
treatment. A sauna bath supports the immunity of the 
body and accelerates regeneration [41]. However, it 
should be remembered that as a very stimulus procedure, 
it can be highly stressful to the body. Some studies 
even show that the heart effort during sauna treatments 
can be compared with a single bout of low-intensity 
exercise [31]. It should be emphasized that “sauna is  
a specific combination of overheating the body using 
hot, dry air with periodic, short exposure to high 
humidity and high electric field intensity, followed by 
cooling the body with an air bath and cold hydrotherapy 
treatments (e.g. cold a shower or a cold immersion bath 
for several seconds)” [53].
Another type of thermotherapy treatment that can 
complement the recovery process is the infrared sauna. It 
is much gentler in operation than a traditional sauna, as it 
has a temperature of 40-50°C and no steam component. 
This sauna is a great replacement for a traditional sauna 
and can be used by people with vascular and circulatory 
sensitivity. It can be used both before a single bout as 
a form of warm-up and/or after exercise, excluding 
excessive stress on the cardiac system [41].
Very natural recovery treatment is climatotherapy 
together with the air and sunbathing treatment included 
in its scope. Air baths build immunity and seem an 
appropriate environment for regular physical activity. 
Heliotherapy (treatment with the sunlight) with a relaxing 
effect on the body improves mood, but associated with 
such treatment UVB radiation is involved in the natural 
synthesis of vitamin D3 in the skin of a person exposed 
to this wavelength of the ultraviolet spectrum [24, 60].
Local cryotherapy or warm compresses are other types 
of treatments with a specific anti-traumatic effect, 
used successfully by individuals practicing sports. 

They include gel packs (hot/cold packs). Local muscle 
cooling before or after exercise can cool down the body 
structure under heat stress and contribute to increased 
activation and regeneration of muscle strength. Warm 
gel packs allow relaxing tensed muscles. It should be 
remembered that we only use warm compresses on the 
area free from inflammation. In places, with overload, 
swelling, heat, redness, and pain we use only cold 
treatments [19].
Summarizing, it should be remembered that the body 
recovery process is self-limiting and largely dependent 
on lifestyle. By introducing biological recovery 
measures in the form of selected physical treatments 
e.g. thermotherapy, hydrotherapy, phototherapy, and 
massage, we act for anti-trauma prevention, supporting 
the natural process of recovery.

Non-conventional methods
Recovery is associated with better post-workout 
regeneration of fatigued muscles, tendons, and bones 
but also with the improvement of processes such as 
sleep. Sleep quality and post-sleep state is a high 
priority in quality of life. Insomnia is a relatively 
frequent sleep disturbance, being more prevalent among 
women since 40-55% of middle-aged women may 
show sleep disturbance [7, 38]. It might be caused by 
excessive stress, overwork, overstrain, or delayed onset 
muscle soreness (DOMS) felt in muscles several hours 
strenuous exercise. The phenotypic effect of insomnia 
might be seen among others in disadvantageous 
brainwave entrainment. Thus, it seems interesting to 
focus and recommend such procedures that enhance, 
among others, the process of falling asleep and sleep 
it-self. This aspect especially concerns people above 
60 years of age. It is now considered whether meditation 
(a form of disconnection of active consciousness), 
usually used to and enhance muscle relaxation, can 
improve sleep quality [12]. 
Analysis of subjective ratings of sleep and awakening 
quality derived from the questionnaire of sleep and 
awakening quality [50], shows that quality of sleep can 
be significantly improved. Electroencephalographic 
studies on meditation have shown an overall 
electroencephalogram slowing (i.e., increased theta and 
alpha activity) [5]. Thus, meditation may be helpful 
for individuals who suffer difficulties with switching 
off the mind when attempting to sleep [39]. However, 
the large variety of used techniques and the variety of 
meditator’s skills are potential biases [8]. It is assumed 
that better sleep quality and better muscle relaxation 
during and after meditation are associated with better 
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recovery from exercise-induced muscle fatigue, which 
is slower in older people [55, 34]. There are some 
drugs − as resveratrol − used to enhance muscle fatigue 
resistance [1], yet, in this article, we have focused on 
non-pharmacological treatments.
Non-conventional methods that might support the 
recovery of exercise-induced muscle fatigue include 
mind-body interventions affecting bodily functions 
and symptoms including biofeedback, yoga, Taijiquan, 
hypnosis, guided imagery, praying, relaxation, and 
meditation [33]. In classical paper concerning the 
neuroscience of mindfulness meditation by Tang, Hölzel, 
and Posner in Nature Reviews Neuroscience meditation 
is defined as a “form of mental training that aims to 
improve an individual’s core psychological capacities, 
such as attentional and emotional self-regulation” [56]. 
Authors emphasize that meditation encompasses a family 
of complex practices that include mindfulness meditation, 
mantra meditation, yoga, Taijiquan, and qigong. Given 
the body kinesthetic criteria, meditation practice (MP) 
can drop to one of three main subclasses. In the sitting 
position (zen, yoga, Buddhism), in the lying position 
(yoga, vipassana, Ma Yuan), or when the movement 
is involved (circle dances, Taijiquan, whirling dances, 
yoga, qigong, sustained exercise).
Research on meditation is still at the starting point 
and searching the Pubmed database using the phrase 
‘meditation’ shows for the last 10 years merely 7,721 
records and no more than 2,800 records for the last  
5 years. However, the number of results of searching 
‘meditation’ in the Google Scholar database increased 
from 38,000 in the years 1980-1990 to 213,000 records 
in the period 2010-2020. This data indicates that the 
interest in researching meditation is relatively average, 
but shows an upward trend. 
Most meditation techniques are described in detail in 
numerous scientific articles. However, among the group 

of visualization techniques, Ma Yuan meditation is quite 
an unknown complex visual imagery technique. Ma 
Yuan (1160-1225) was a Chinese painter of the Song 
dynasty specializing in paintings of sea and lake waves 
(Figures 1, 2). 
Ma Yuan meditation technique is a dynamic visualization 
of wave movements on the water surface in various 
weather conditions from smooth and calm to aggressive 
and sharp. These pictures are “only” the starting point 
to achieve a dynamic form of waving water surface and 
flowing across. Although this form of painting was very 
popular in China, only Ma Yuan paintings became an 
inspiration for meditators. However, it is unknown who 
was the real author of this meditation technique, yet, it 
might be assumed that it was the indigenous collective 
author of Chinese origin. 
This meditation is based on anchoring/focusing the 
attention on the kinesthetic active picture of moving 
waves and thus switching off/disconnecting the active 
consciousness. Diving in this space of consciousness 
helps to distance from competitions and thus calming 
the emotions. Therefore, it seems important to search 
for optimal methods that would help to find a balance 
between appropriate stimulation and silencing. However, 
according to our best knowledge, there is no evidence 
concerning the influence of the Ma Yuan meditation 
technique for recovery and human wellbeing thus 
making it much more mystery than other well-known 
meditation practices.
In summary, there is no unequivocal evidence than 
non-pharmacological treatments enhance recovery 
from exercise-induced muscle fatigue, yet it is highly 
possible and therefore should awake our interest and 
evoke future complex research.

Conflicts of interest 
The authors declare no conflict of interest.

Figure 1. Ma Yuan painting of calm water surface, Wikimedia 
Commons

Figure 2. Ma Yuan painting of restless water surface, Wikimedia 
Commons



TRENDS IN SPORT SCIENCES130 September 2020

RĄGLEWSKA, DOMASZEWSKA

References
1. Alway SE, McCrory JL, Kearcher K, Vickers A, Frear B,  

Gilleland DL, et al. Resveratrol enhances exercise-
induced cellular and functional adaptations of skeletal 
muscle in older men and women. J Gerontol A Biol Sci 
Med Sci. 2017;72(12):1595-1606. doi:10.1093/gerona/
glx089.

2. Beval L, Hosokawa Y, Casa D, Adams WM, Armstrong L,  
Baker L, et al. Practical hydration solutions for sports. 
Nutrients. 2019;11:2-15.

3. Brukner P, Khan K. Kliniczna medycyna sportowa 
(Clinical Sport Medicine). Warszawa: DB Publishing; 
2012 (in Polish).

4. Cheatham SW, Kolber MJ, Cain M, Lee M. The effects 
of self-myofascial release using a foam roll or roller 
massager on joint range of motion, muscle recovery, and 
performance: a systematic review. Int J Sports Physical 
Ther. 2015(10):827-838. 

5. Chiesa A. Zen meditation: an integration of current evidence. 
J Altern Complement Med. 2009;15(5):585-592. 

6. Cichoń D, Demczyszak I, Spyrka J. Wybrane zagadnienia 
z termoterapii (Selected issues of thermotherapy). 
Karkonoskie College in Jelenia Góra; 2010 (in Polish).

7. Cunnington D, Junge MF, Fernando AT. Insomnia: 
prevalence, consequences and effective treatment.  
Med J Aust. 2013;199(8):S36-40.

8. Debarnot U, Sperduti M, Di Rienzo F, Guillot A. Experts 
bodies, experts minds: how physical and mental training 
shape the brain. Front Hum Neurosci. 2014;8:280.

9. Drywień ME, Nadolna A. Ocena spożycia wód 
butelkowanych jako źródła wybranych składników 
mineralnych wśród młodzieży akademickiej (Assessment 
of mineral bottled water as a source of selected minerals 
among students). Annals of the National Institute of 
Hygiene. 2012;63(3):347-352 (in Polish).

10. Dunbar SB, Khavjou OA, Bakas T, Hunt G, Kirch RA, 
Leib AR, et al. Projected costs of informal caregiving for 
cardiovascular disease: 2015 to 2035: a policy statement 
from the American Heart Association. Circulation. 
2018;137(19):e558-e577.

11. Frydrych-Szymanik A, Augustyn G, Szyguła Z. Znaczenie 
snu i sposoby poprawy jego jakości u sportowców (Impact 
of sleep and methods to improve its quality in the context 
of sporting activities). J Educ Health Sport. 2016;5:157- 
-176 (in Polish). 

12. Gok Metin Z, Karadas C, Izgu N, Ozdemir L, Demirci U. 
Effects of progressive muscle relaxation and mindfulness 
meditation on fatigue, coping styles, and quality of life in 
early breast cancer patients: an assessor blinded, three-
arm, randomized controlled trial. Eur J Oncol Nurs. 
2019;42:116-125.

13. Graja K, Suchanecka M. Ocena sposobu żywienia i po- 
ziomu aktywności fizycznej osób ćwiczących we 
wrocławskich fitness clubach (Assessment of the diet and 
level of physical activity in people exercising in fitness 
clubs in Wrocław). Scientific Treatises of University 
School of Physical Education in Wrocław. 2018;61:61- 
-76 (in Polish).

14. Grounds MD. Age-associated changes in the response of 
skeletal muscle cells to exercise and regeneration. Ann 
N Y Acad Sci. 1998;854:78-91.

15. Hawley CJ, Schoene RB. Overtraining syndrome: a guide 
to diagnosis, treatment, and prevention. Phys Sportsmed. 
2003;31(6):25-31.

16. Hicks AL, Kent-Braun J, Ditor DS. Sex differences in 
human skeletal muscle fatigue. Exerc Sport Sci Rev. 
2001;29(3):109-112.

17. Januszko O, Madej D, Postaleniec E, Brzozowska A, 
Pietruszka B, Kałuża J. Spożycie składników mineralnych 
z wodą pitną przez młode kobiety (Minerals intake from 
drinking water by young women). Annals of the National 
Institute of Hygiene. 2012;63(1):43-50 (in Polish).

18. Jarosz M. Normy żywienia dla populacji Polski (Nutrition 
standards for the Polish population). Warszawa: Instytut 
Żywności i Żywienia; 2017.

19. Jonak A, Skrzek A. Krioterapia w odnowie biologicznej 
sportowców – przegląd badań (Cryotherapy in athletes’ 
biological regeneration – review). Acta Biooptica Inf Med. 
2009;4:319-321 (in Polish).

20. Kamińska K. Haloterapia (Halotherapy). Sulejówek: 
Salsano Haloterapia Polska; 2014 (in Polish).

21. Kent-Braun JA. Skeletal muscle fatigue in old age: 
whose advantage? Exerc Sport Sci Rev. 2009;37(1):3-9. 

22. Kluger N. Sauna: cardiac and vascular benefits and risks. 
Presse Medicale. 2011;40(10):895-899. 

23. Kłos L. Spożycie wody butelkowanej w Polsce i jej 
wpływ na środowisko przyrodnicze (Consumption of 
bottled water in Poland and its impact on the natural 
environment). Wyższa Szkoła Zarządzania i Administracji 
w Zamościu. Barometr Regionalny. 2016;14(1):111-117 
(in Polish).

24. Kłtyka-Dadasiewicz A, Gorzel M. Elementy talasoterapii 
i możliwości ich rozwoju w kosmetologii (Elements of 
thalassotherapy and possibilities of its developing in 
cosmetology). Aesthetic Cosmetology. 2015;1(4):46. 

25. Kochański J, Kochański M. Hydroterapia (Hydrotherapy). 
In: Ponikowska I, Kochański W. Wielka księga 
balneologii, medycyny fizykalnej i uzdrowiskowej (The 
great book of balneology, physical medicine and spa). 
Konstancin-Jeziorna: Aluna; 2017 (in Polish).

26. Kowalska A. Sen a mózg (Sleep and the brain). Ann 
Acad Med Stetin. 2013;59:80-83 (in Polish).



TRENDS IN SPORT SCIENCESVol. 27(3) 131

CAN NON-CONVENTIONAL METHODS SUPPORT RECOVERY FROM EXERCISE-INDUCED MUSCLE...

27. Krajewska O, Skrypnik K, Kręgielska-Narożna M, 
Suliburska J, Bogdański P. Wpływ długości i jakości snu 
na parametry antropometryczne, metaboliczne i ogólny 
stan zdrowia fizycznego i psychicznego (Effect of length 
and quality of sleep on anthropometric and metabolic 
parameters, general physical and mental health). 
Metabolic Disorders Forum. 2017;8(2):47-55 (in Polish).

28. Kreher JB. Diagnosis and prevention of overtraining 
syndrome: an opinion on education strategies. Open 
Access J Sports Med. 2016;7:115-122. 

29. Kreher JB, Schwartz JB. Overtraining syndrome: a practical 
guide. Sports Health. 2012;4(2):128-138. 

30. Kuipers H, Keizer HA. Overtraining in elite athletes. 
Review and directions for the future. Sports Med. 
1988;6(2):79-92.

31. Kukkonen-Harjula K, Kauppinen K. Health effects 
and risk of sauna bathing. Int J Circumpolar Health. 
2006;65(3):195-205.

32. Kupis I. Relaksacja w środowisku szkolnym (Relaxation 
in school environment). Young Humanities. 2017;2(9): 
1-9 (in Polish).

33. Lindquist R, Tracy MF, Snyder M. Complementary & 
Alternative Therapies in Nursing. Springer Publishing 
Company; 2018.

34. Magne H, Savary-Auzeloux I, Vazeille E, Claustre A, 
Attaix D, Anne L, et al. Lack of muscle recovery after 
immobilization in old rats does not result from a defect 
in normalization of the ubiquitinproteasome and the 
caspase-dependent apoptotic pathways. J Physiol. 
2011;589(Pt 3):511-524.

35. Marcinowska-Suchowierska E, Płudowski P. Niedobory 
witaminy D u osób dorosłych (Vitamin D deficiency in 
adults). Medycyna po Dyplomie. 2018;10 (in Polish).

36. McDermott BP, Anderson SA, Armstrong LE, Casa DJ, 
Cheuvront SN, Coper L, et al. National athletic trainers 
association position statement: fluid replacement for the 
physically active. J Athl Train. 2017;52:877-895.

37. Meeusen R, Watson P, Hasegawa H, Roelands B, 
Piacentini MF. Brain neurotransmitters in fatigue and 
overtraining. Appl Physiol Nutr Metab. 2007;32(5):857- 
-864.

38. Ohayon MM. Epidemiology of insomnia: what we 
know and what we still need to learn. Sleep Med Rev. 
2002;6:97-111.

39. Ong JC, Manber R, Segal Z, Xia Y, Shapiro S, Wyatt JK. 
A randomized controlled trial of mindfulness meditation 
for chronic insomnia. Sleep. 2014;37(9):1553-1563.

40. Pablos A, Ceca D, Jorda A, Rivera P, Colmena C, 
Elvira L, et al. Protective effects of foam rolling against 
inflammation and notexin induced muscle damage in 
rats. Int J Med Sci. 2020;(17):71-81.

41. Pawłowski J, Pawłowska K, Bochyński R. Sauna i jej 
znaczenie w treningu zdrowotnym człowieka (Meaning 
of sauna bath in human body health training). General 
Medicine and Health Sciences. 2015;21:282-288 (in 
Polish).

42. Petibois C, Cazorla G, Poortmans JR, Deleris G. 
Biochemical aspects of overtraining in endurance sports: 
a review. Sports Med. 2002;32(13):867-878.

43. Ponikowska I, Ferson D. Nowoczesna medycyna 
uzdrowiskowa (Modern spa medicine). Warszawa: Medi 
Press; 2009.

44. Racinais S, Alonso JM, Coutts AJ, Flouris AD, Girard O, 
Gonzalez-Alonso J, et al. Consensus recommendations 
on training and competing in the heat. Br J Sports Med. 
2015;49:1164-1173.

45. Rąglewska P. Rodzaje zabiegów hydroterapii w ośrod- 
kach Spa (Types of hydrotherapy treatments in Spa 
centers). Spa Inspirations. 2011;1:70-73 (in Polish).

46. Rąglewska P, Grzesiak J. Wody mineralne – fakty 
(Mineral waters: facts) Naturotherapy in Practice. 2017;3 
(in Polish).

47. Rey E, Padrón-Cabo A, Costa PB, Barcala-Furelos R. The 
effects of foam rolling as a recovery tool in professional 
soccer players. J Strength Cond Res. 2019;33:2194-2201.

48. Romero-Moraleda B, Gonzalez-Garcia J, Cuellar-Rayo A,  
Balsalobre-Fernandez C, Munoz-Garcia D, Morenos E. 
Effects of vibration and non-vibration foam rolling on 
recovery after exercise with induced muscle damage.  
J Sport Sci Med. 2019;18:172-180. 

49. Rygiel K. Wybrane techniki relaksacyjne oraz możliwości 
ich zastosowania w kontekście zaburzeń i chorób psy- 
chofizycznych związanych ze stresem (Selected 
relaxation techniques and possibilities of their use in 
the context of stress-related psychophysical disorders 
and diseases). Neuropsychiatr and Neuropsychol. 2017; 
12(3):126-133 (in Polish). 

50. Saletu B, Wessely P, Grünberger J, Schultes M. 
Erste klinische Erfahrungen mit einem neuen 
schlafanstoßenden Benzodiazepin, Cinolazepam, 
mittels eines Selbstbeurteilungsbogens für Schlafund 
Aufwachqualität (SSA) (Initial clinical experience with 
a new sleep-inducing benzodiazepine, cinolazepam, 
using a self-assessment sheet for sleep and awakening 
quality). Neuropsychiatr. 1987;1(4):169-176.

51. Stawiecka J, Ustymowicz-Farbiszewska J, Olejnik BJ, 
Fiłon J. Aktywizacja osób w podeszłym wieku – wa- 
dy i zalety (Activatin the elderly – advantages and 
disadvantages). Uniwersytet Medyczny w Białymstoku; 
2016 (in Polish). 

52. Straburzyńska-Lupa A, Straburzyńska-Migaj E, Strabu- 
rzyński G. Fizjologiczne podstawy odnowy biologicz- 



TRENDS IN SPORT SCIENCES132 September 2020

RĄGLEWSKA, DOMASZEWSKA

nej i „wellness” w życiu codziennym, pracy i sporcie 
(Physiological foundations of biological regeneration 
and „wellness” in everyday life, work and sport). Kalisz: 
PWSZ; 2016 (in Polish). 

53. Straburzyńska-Lupa A, Straburzyński G. Fizjoterapia 
(Physiotherapy). Warszawa: PZWL; 2007:227 (in Polish).

54. Straburzyńska-Lupa A, Straburzyński G. Fizjoterapia 
z elementami klinicznymi, (Physiotherapy with clinical 
elements). Vol. 1. Warszawa: PZWL; 2008 (in Polish).

55. Suetta C, Hvid LG, Justesen L, Christensen U, Neergaard K, 
Simonsen L, et al. Effects of aging on human skeletal 
muscle after immobilization and retraining. J Appl 
Physiol. 2009;107(4):1172-1180. 

56. Tang YY, Hölzel BK, Posner MI. The neuroscience of 
mindfulness meditation. Nat Rev Neurosci. 2015;16: 
213-225. 

57. Tarnopolsky LJ, MacDougall JD, Atkinson SA, 
Trnopolsky MA, Sutton JR. Gender differences in 
substrate for endurance exercise. J Appl Physiol (1985). 
1990;68(1):302-308.

58. Urhausen A, Kindermann W. Diagnosis of overtraining: 
what tools do we have? Sports Med. 2002;32(2):95-102. 

59. Urhausen A, Kindermann W. The endocrine system in 
overtraining. In: Warren MP, Constantin NW, editors. 
Sports Endocrinology. Totowa, NJ: Humana Press; 2000. 
pp. 347-370. 

60. Węgłowska J, Milewska A. Pozytywne i negatywne 
skutki promieniowania słonecznego (Positive and negative 

effects of solar radiation). Advancement of cosmetology. 
2011;2(2):93-97 (in Polish). 

61. Wise J. Number of older people with four or more 
diseases will double by 2035, study warns. Br Med J 
(online). 2018;360.

62. Wrzosek M, Michota-Katulska E, Zegan M. Sposób 
żywienia i suplementacji osób trenujących sporty 
sylwetkowe (Dietary and supplementation habits of 
people practising body-building sports). Bromatol Chem 
Toksykol. 2016;2:114-120 (in Polish).

63. Zieliński P. Relaksacja w teorii i praktyce pedagogicznej 
(Relaxatin in pedagogicaltheory and practice). Często- 
chowa: Wydawnictwo im. Stanisława Podobińskiego 
Akademii im. Jana Długosza w Częstochowie; 2011 (in 
Polish). 

64. Zinn C, Wood M, Williden M, Chatterton S, Maunder E. 
Ketogenic diet benefits body composition and well-being 
but not performance in a pilot case study of New Zealand 
endurance athletes. J Int Soc Sport Nutr. 2017;1:14-22.

65. Żyżniewska-Banaszak E, Mosiejczuk H, Cichocki P. 
Fizjoterapia i odnowa biologiczna – czy dla wszystkich? 
(Physiotherapy and biological regeneration: for everyone?). 
Annales Academiae Medicae Stetinensis Roczniki Po- 
morskiej Akademii Medycznej w Szczecinie. 2010;56 
(3):113-120 (in Polish).



ORIGINAL ARTICLE

TRENDS IN SPORT SCIENCESVol. 27(3) 133

Received: 28 January 2020
Accepted: 4 July 2020

Corresponding author: ioannimd@phed.auth.gr

1 Aristotle University of Thessaloniki, Department of Physical 
Education and Sports Sciences, Laboratory of Evaluation of 
Human Biological Performance, Thessaloniki, Greece
2 Aristotle University of Thessaloniki, Department of Physical 
Education and Sports Sciences, Laboratory of Sports Medicine, 
Thessaloniki, Greece
3 Charles University, Faculty of Physical Education and Sport, 
Prague, Czech Republic

MIMIKOS DIMITRIOS ZACHARIADIS1, NIKOLAOS KOUTLIANOS2, YIANNIS MICHAILIDIS1, 
ATHANASIOS MANDROUKAS3, LAZAROS VARDAKIS1, GEORGE MAVROMMATIS1, 

KOSMAS CHRISTOULAS1, THOMAS METAXAS1

Are the field tests related to the match running distance  
and the technical performance in young soccer players?

TRENDS in
Sport Sciences
2020; 27(3): 133-140

ISSN 2299-9590
DOI: 10.23829/TSS.2020.27.3-3

Introduction

Soccer is an intermittent-type of sport that incorporates 
actions with low and high intensity and duration. 

Mohr, Krustrup, and Bangsbo [18] mentioned that in 
a soccer match, elite players cover a total distance of 
9-12 km. Moreover, a player can perform more than 
1350 intense activities during a match [18]. Aerobic and 
anaerobic capacities are therefore crucial for the actions 
of a soccer player, who wants to be successful. 

Abstract 
Introduction. A lot of studies have demonstrated the relationships 
between filed tests and match running performance in soccer 
players, but the impact of anthropometric characteristics and 
physical performance on technical abilities remains unclear. 
Aim of Study. The aim of this study was to examine the influence 
of physical performance on the technical abilities and match 
running performance of 20 young soccer players (U15) during 
soccer games. Material and Methods. Anthropometric profile, 
sexual-maturity assessment and physical performance tests 
(sprint tests, countermovement jump, squat jump, standing-
long jump, multiple 5-bound test, sit & reach test, change of 
direction, and Yo-Yo intermittent endurance test level 1 – IE1) 
were conducted 3 weeks before the first of 10 soccer matches. 
Technical performance was determined by the frequency of 
actions during the 10 soccer games. Distance covered during 
matches was recorded using GPS devices. Results. The distance 
covered at speeds of 15.8-19.7 km/h correlated with performance 
in the long jump and Yo-Yo test (r = 0.49, P = 0.034, and r = 0.59, 
P = 0.008, respectively). The distance covered at higher speeds 
(19.8-24 km/h) correlated with performance in squat jump 
test and Yo-Yo test (r = 0.49, P = 0.032, and r = 0.50, P = 0.030, 
respectively). Factor analysis identified three technical actions 
of the highest importance: total activity, possession game, and 
attempts for goal. Multivariate canonical correlation analysis, 
used to verify the prediction of a multiple dependent variable 
set from field tests, showed that our model was not well adjusted. 
Conclusions. The current data suggest that the selected set 
of independent variables might not be useful in predicting 
technical performance in young soccer players. When we 
have the opportunity to select a young soccer player we have 
to use many fitness, technique, tactical and psychomotor tests 
to evaluate him. However, the Yo-Yo IE1 test was correlated to 

match running performance so it can be used by the trainers to 
predict match running performance of their young players.

KEYWORDS: soccer, running performance, anthropometry, 
technical actions.
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Soccer performance depends on technical and tactical 
skills, though it is frequently used as a criterion for 
talent identification [16]. Many researchers have 
mentioned that players who managed to play at the elite 
level were more technically competent [8] and teams 
who longer maintained possession of the ball were more 
likely to be successful [15]. Some of these technical 
and tactical skills are the following: first touch, one-
versus-one ability, striking the ball, and technique under 
pressure [16]. Soccer performance, besides mentioned 
physiological, technical, and tactical qualities, is in 
all age categories associated with psychological and 
sociological influences [9].
Valid information about a player’s capacity can be 
obtained by applying objective and qualified tests. Many 
teams prefer field tests (like Yo-Yo) because they are 
easy to perform, they do not need expensive equipment 
and specialized staff to execute and are considered as 
a sustainable alternative for laboratory tests [13, 21]. The 
evolution of technology allows trainers to measure the 
distances covered by the players at different intensities 
during a match [1].
Numerous studies have demonstrated the relationships 
between filed tests and match running performance 
in soccer players [3, 4, 23]. In particular, Bradley and 
Noakes [3] mentioned positive correlations between the 
performance in the Yo-Yo intermittent endurance test 2 
(IE2) test and the match running performance. These 
studies observed that the Yo-Yo IE2 test is not only 
related to match performances but can also differentiate 
between dissimilar intensities [3]. Similar correlations 
between distances covered at high intensity running 
and the Yo-Yo intermittent recovery test level 1 were 
reported by several researchers [4, 23]. Other factors 
that are correlated with the match running performance 
are the change of direction (Zig-Zag test), the peak 
running speed in a field test, and the mean sprint time in 
repeated anaerobic sprint test (RAST) [21, 23].
The researchers tried to find correlations between 
physical fitness tests (like Yo-Yo) and match running 
performance because that may help the trainers estimate 
their players’ match running performance in an easy 
and fast way. Additionally, when repeated, this test 
could be used to assess the changes induced by training 
programs. Furthermore, finding field test correlating 
to match running performance would be of interest for 
soccer coaches as a tool for monitoring the players’ 
progress and possible talent identification. 
A few studies have mentioned the correlation of fitness 
filed tests with technical performance in specific 
technical tests [2, 11]. In a recent study, the influence 

of physical factors (hormonal status, sexual maturity, 
anthropometric profile, and physical performance) 
on the technical performance of young soccer players 
during small-sided games was examined [20]. The 
researchers found that the testosterone level was the 
most affecting factor for technical performance. 
Because there is a particular need to find the universal 
fitness filed test correlating with match running and 
technical performance the aim of this study was to 
examine how the physical performance features (obtained 
with field tests) relate to match running performance 
and the technical abilities (obtained during 10 soccer 
games) in 20 young soccer players. Furthermore, we 
investigated whether the performance in field tests can 
explain the running and the technical performance during 
actual matches. It was hypothesized that a higher level of 
physical performance would be related to a better match 
running and technical performance. 

Material and Methods

Subjects
Twenty young soccer players (U15) from a local soccer 
academy participated in this study. These players were 
field players who were in the starting squad and who 
were playing a full match. The inclusion criteria to 
participate in the study were as follows: 1) not to have 
musculoskeletal injuries for ≥6 months prior to the study, 
2) not to be early and late pubertals, 3) having participated 
in ≥95% of training sessions of the year, and 4) not to be 
taking any medication. All participants and their parents 
were informed about the potential risks and benefits of 
the study and a consent form was signed by their parents. 
The local Institutional Review Board approved the study, 
in the spirit of the Helsinki Declaration. Participants’ 
characteristics are shown in Table 1.

Table 1. Participants’ characteristics (mean ± SD) 

Participants (n = 20) Mean ± SD

Age (y) 14.7 ± 0.5

Height (cm) 172.2 ± 7.3

Weight (kg) 62.4 ± 7.5

BMI 21.0 ± 1.9

%BF 16.2 ± 2.4

Note: %BF – percentage of body fat, BMI – body mass index

Body mass was measured to the nearest 0.1 kg using 
an electronic digital scale with the participants in 
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their underclothes and barefoot. Standing height was 
measured to the nearest 0.1 cm (Seca 220e, Hamburg, 
Germany). Body fat percentage was estimated based 
on the sum of four skinfolds (biceps, triceps, suprailiac, 
subscapular). Skinfold thickness was measured with 
a specific caliper (Lafayette, Ins. Co., Indiana) on the 
right side of the body as previously described [29]. The 
estimation of body density was calculated according to 
the Durning and Rahaman [6] equation for males under 
the age of 16 and estimated by the equation of Siri [28]. 
The chronological age at peak height velocity (PHV) of 
the players was estimated using the equation proposed by 
Moore et al. [19]. Early, average and the late matures were 
defined as those players with an estimated chronological 
age at PHV of less than 13 years of age, 13-15 years of 
age, and over the age of 15, respectively [26].

Methods
Fitness assessment (countermovement jump [CMJ], 
squat jump [SJ], long jump [LJ], multiple 5-bound 
test [M5B], speed [10 m & 30 m runs], change of 
direction [T-test], Yo-Yo intermittent endurance test 
level 1 [YY IET1]) were the independent variables of 
the study. The match running distance and the technical 
performance features were the dependent variables. 
The study was conducted during the beginning of the 
in-season period for 13 weeks. Particularly, the first  
3 weeks were at the end of the pre-season period. The 
first week was the participant’s familiarization with the 
field tests to minimize the learning effect error. During 
the second and third weeks, the appropriate field tests 
were performed. Later in the following 10 weeks, the 
players participated in 10 actual matches (in season). 
The tests were conducted 48 hours after any last training 
session. At the beginning of each testing session, soccer 
players performed a 15-minute warm-up and at the end 
a 10-minute cool-down period. During the 10 weeks of 
the matches, all the participants competed in 10 matches 
and participated in 4 training sessions per week. The 
training session included soccer technical skills, tactics, 
speed and sprint workloads, and small-sided games. The 
total sessions’ duration was approximately 90 minutes. 
All training sessions and matches were performed 
on a synthetic grass soccer field. The participants 
consumed water ad libitum to ensure proper hydration 
during training and testing and they did not intake any 
nutritional supplements or the ergogenic aids.

Speed testing 
A 30-m sprint test with 10-m splits (0-10 m was measured 
as well) was used to measure speed performance. Sprint 

testing was performed with the participants wearing soccer 
shoes on a synthetic grass soccer field. After a 5-second 
countdown, the participants ran in front of 3 infrared 
photoelectric gates (Microgate, Bolzano, Italy) that 
recorded their time at each gate. The participants sprinted 
from a standing starting position with the toe of the front 
foot approximately 0.3 m behind the first gate. Photocells 
were placed 0.6 m above the ground (approximately at the 
hip level) to capture the movement of the trunk rather than 
a false signal because of limb motion. The coefficient of 
variation for test-retest trials was 3.4% [17].

Standing long jump test
The participants began the test with a starting standing 
position with their feet at shoulder width (behind  
a line marked on the ground) and their hands free. 
The participants executed a countermovement of their 
legs and hands and then jumped horizontally as far 
as possible [14]. The horizontal distance between the 
starting line and the heel of the rear foot was recorded 
with a tape measure. The coefficient of variation fortest-
retest trials was 2.5%.

Multiple 5-bound test
The participants, from a standing position, attempted to 
cover the longest possible distance with 5 forward jumps 
and alternating left and right leg contacts [17]. This test 
is considered to be a soccer-specific test, and it has been 
recommended for the measurement of lower limb muscle 
power and coordination instead of the vertical jump (VJ) 
test [5]. The maximal distance covered was recorded to 
the nearest 0.5 cm with a tape measure. The coefficient of 
variation for test-retest trials was 3.1%.

Vertical jump test
The participants performed two jump tests: (a) squat 
jump: participants, from a stationary semi-squatted 
position (90° angle at the knees) performed a maximal 
VJ, and (b) countermovement jump: participants, 
from an upright standing position, performed a fast 
preliminary motion downwards by flexing their knees 
and hips followed by an explosive upward motion by 
extending their knees and hips. All tests were performed 
with the arms akimbo. The VJ height was measured 
with Myotest equipment (Myotest, Switzerland). The 
coefficients of variation for test-retest trials were 2.8% 
and 3.8% in SJ and CMJ, respectively.

Change of direction test 
The participants performed the T-test: subjects began 
with both feet behind the starting point A. At their 
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discretion, each subject sprinted forward 9.14 m to  
point B and touched the base of a cone with the right 
hand. Then, they shuffled 4.57 m to the left and touched 
the base of a cone (C) with their left hand. Subjects 
then shuffled 9.14 m to the right and touched the base 
of a cone (D) with their right hand. Afterward, they 
shuffled 4.57 m to the left back to point B and touched 
the base of the cone with their left hand. Finally, 
subjects ran backward, passing the finish line at point A.  
An infrared photoelectric gate (Microgate, Bolzano, 
Italy) was placed at point A and recorded the time of 
each attempt [25].

Yo-Yo intermittend endurance test level 1
The Yo-Yo intermittend endurance test level 1 consists 
of repeated 20-m runs back and forth between the 
starting, turning, and finish lines at a progressively 
increased speed, which is controlled by audio beeps from  
a CD-player. When the subject failed twice to reach the 
finish line in time, the athlete stopped the test and the 
distance covered was recorded as the test result.

Video analysis
Video recordings of the soccer match were collected 
using a fixed camera (Sony, Brazil, 60 Hz frequency 
acquisition). The camera was located 10 m above and to 
one side long axis of the pitch. The Sport scout software 
was used for video analysis. The study was based on 
the two researcher’s observations according to Singer 
and Willimczik [27]. Every match has been analyzed by 
two experienced observers who were specially trained 
for accurate and reliable data recording [27]. The kappa 
values for the analyzed variables ranged from 0.92 to 
0.98 (intra-observer) and 0.85 to 0.95 (inter-observer). 
The applied technical actions have been described in  
a previous study [20].

Global Positioning System (GPS) analysis 
To measure match performance, players wore 15-Hz 
GPS units (LAGALACOLLI Sport, Roma, Italy) 
positioned on the upper torso through a vest garment 
to reduce movement artifacts [10]. Units were activated 
according to the manufacturer’s guidelines immediately 
before the pre-match warm-up. Players wore the same 
GPS device for each match to avoid any existing interunit 
variation. Afterward, the match data were analyzed 
and 6 speed indices for each half and the total match 
were used (0.1-5.99 km/h – walking, 6-11.9 km/h –  
jogging, 12-15.7 km/h – running, 15.8-19.6 km/h – high 
intensity running, 19.7-23.7 km/h – fast running, 23.8+ 
km/h – sprint).

Statistical analysis
All the statistical analyses were conducted using SPSS 
(version 24.0; SPSS Inc., Chicago, IL, USA) and the 
results are reported as mean ± SD. Shapiro–Wilks test was 
used to ascertain the normal distribution of the sample. 
Initially, factor analysis was used to identify the structure 
of relationships among the technical performance 
measurements to examine whether it would be possible 
to reduce the number of variables without compromising 
information. The most representative variables could be 
used in the subsequent canonical analysis. This analysis 
was used to examine the prediction of multiple dependent 
variables (the most representative technical performance 
measurements extracted from the factor analysis) from 
multiple independent variables (physical performance). 
Finally, Pearson’s correlation method was used to 
examine the relationship between physical and technical 
performance tests with the match running performance. 
The level of significance was set at P < 0.05.

Results
Descriptive statistics (mean ± SD) of the field tests and 
the match running performance are presented in Table 2. 

Table 2. Descriptive statistics of the field tests and the match 
running performance in young soccer players

Variables Mean ± SD

Sprint 10 m (s) 1.95 ± 0.12

Sprint 30 m (s) 4.67 ± 0.27

CMJ (cm) 27.8 ± 4.3

SJ (cm) 27.1 ± 5.3

LJ (cm) 209.3 ± 19.2

M5B (m) 10.70 ± 0.97

Sit & reach test (cm) 28.1 ± 8.2

Yo-Yo IE1 test (m) 1031 ± 418

Match running performance

Match TD (m) 7219 ± 682

Distance (0-5.99 km/h) (m) 2907 ± 297

Distance (6-11.8 km/h) (m) 2311 ± 602

Distance (11.9-15.7 km/h) (m) 1476 ± 322

Distance (15.8-19.7 km/h) (m) 547 ± 140

Distance (19.8-24 km/h) (m) 235 ± 86

Distance (>24 km/h) (m) 58 ± 58

Note: CMJ – countermovement jump, SJ – squat jump, LJ – stan-
ding long jump, M5B – multiple 5-bound test, Yo-Yo IE1 test –  
Yo-Yo intermittent endurance test level 1, TD – total distance



TRENDS IN SPORT SCIENCESVol. 27(3) 137

ARE THE FIELD TESTS RELATED TO THE MATCH RUNNING DISTANCE AND THE TECHNICAL PERFORMANCE...

The results of the Yo-Yo IET1 and long jump were 
correlated with the distance covered at a speed of 15.8- 
-19.7 km/h (r = 0.49, P = 0.034, and 0.59, P = 0.008, 
respectively). The distance covered in higher velocity 
(19.8-24 km/h) was correlated with the Yo-Yo IET1 
(r = 0.50, P = 0.03) and SJ (r = 0.49, P = 0.032). No 
significant correlations were found between the other 
field tests and other variables of the match running 
performance. 
As shown in Table 3, the factor analysis showed that 
three factors explain 92% of the total variance: 1st total 
activity 45%, 2nd ball possession (keeping the ball in 
teams’ possession using passes) 30%, and 3rd attempts 
for goal 17%. 

Table 3. Results of factor analysis with factor loadings
Factor 1 Factor 2 Factor 3

Variable total 
activity

ball 
possession

attempts 
for goal

Successful passes –0.262 0.851 0.444

Headers 0.775 0.228 0.366

Complete tackles 0.910 0.249 –0.240

Goal attempts –0.172 –0.552 0.784

Touches with the ball 0.902 0.206 0.199

Total distance 0.594 –0.778 0.012

The relation of the above three factors with the field tests 
was examined with the use of multivariate canonical 
correlation analysis. The variables with higher loading 
of each factor were retained for analysis. However, the 
adjustment of our data to the statistical model was not 
evidently good.

Discussion
This is the first study that simultaneously tests the 
correlation between field tests and technical and running 
performance during actual matches. The findings show 
that the Yo-Yo test and vertical jumps (SJ and CMJ) 
were correlated with the distance covered by young 
players at speeds between 15.8-24 km/h. However, no 
other correlations were observed between field tests and 
technical performance.
Soccer is an intermittent sport with low, medium, and high 
intensity demanding workouts, including accelerations, 
decelerations, jumps, and change of direction. 
However, the duration of a game and its requirements 
also demand a high level of aerobic capacity. The Yo-Yo 
tests are used extensively to estimate aerobic capacity 

in the field. A potentially strong relationship between 
performance measured in a field test and the match 
running performance would help coaches to assess the 
level of readiness of their players to compete. Many 
studies have looked into the correlations between 
match running performance and aerobic performance 
during specific tests [3, 4, 11]. The aerobic field tests 
commonly used were the Yo-Yo tests. In particular, 
Bradley and Noakes, in their study [3] mentioned 
positive correlations between the Yo-Yo IE2 test and the 
match running performance. The observed correlation 
was between the field test performance and the total 
and high-intensity running distance covered in a match. 
Similar results were mentioned from another group 
of researchers [23] who found significant relations of 
Yo-Yo IR1 test performance with the total and high-
intensity running in soccer players. In another study 
by Castagna et al. [4] correlations between the Yo-Yo 
IR1 test and the multistage fitness test with several 
match physical activities (high-intensity running and 
sprinting) were showed whereas the performance in  
the Hoff test correlated only with sprint distance. This 
and most of the above studies reported correlations 
between performances in various field tests with match 
running performance. It should be noted that minor 
differences between investigations are due to the use 
of different field tests, the GPS systems, or the video 
analysis system. Besides, the age of young soccer players 
and the level of biological maturation can also affect the 
above relationships. Therefore, before generalizing 
the findings, it would be of interest to perform a more 
complex study in differentage groups with a similar 
methodology.
To our knowledge, only three studies have looked into 
the relationships between anaerobic field tests and match 
running performance. Rampinini et al. [21] mentioned 
significant correlations between the ability of the repeated 
sprint test and the match running performance (very high 
intensity running and sprinting) whereas no correlations 
were found with the vertical jump performance. Similar 
results have been presented by another laboratory [1] 
which found that the performance in the running-based 
anaerobic sprint test was significantly correlated with 
the distance covered at medium intensity running. In 
contrast to a recent study, the researchers mentioned 
no correlations between the repeated sprint test and 
the match running performance [24]. One possible 
explanation for this dispute could be the fact that the 
study of Redkva et al. [24] was performed during 
friendly soccer matches and not official ones. In our 
study, we found correlations between two kinds of 



TRENDS IN SPORT SCIENCES138 September 2020

ZACHARIADIS, KOUTLIANOS, MICHAILIDIS, MANDROUKAS, VARDAKIS, MAVROMMATIS,  
CHRISTOULAS, METAXAS

jumps with high intensity running. As above, the use 
of different tests and differences in the sample (level, 
age, type of matches – friendly or official) can affect the 
results of the studies. The repeated sprint test activates 
a different energy supply mechanism than jumps 
(glycolysis vs phosphagen system). The jumps are 
used by the coaches to assess the jumping ability and 
the power of the players. Therefore, the good jumping 
ability also implies a high ability to run at a very high 
speed. Additionally, the phosphagen system supplies 
energy actions that are as intensive as jumps. High-
intensity running is an action where a significant part 
of the energy is supplied by the same energy system. 
Therefore, a well-trained phosphagen energy system 
could increase the ability of a soccer player to cover 
a longer distance at high intensity. 
It is known that sample homogeneity could affect 
the results in correlation studies [12]. We have to be 
careful when we want to generalize the findings of 
the study. However, similar results for the Yo-Yo IR1 
and Yo-Yo IE2 tests were also mentioned by previous 
researchers [23] in soccer players of a similar age and 
at a competitive level. This indicates that the Yo-Yo IE1 
test is probably an appropriate test to estimate aerobic 
capacity in young soccer players. 
In any sport that requires object handling, the technique 
is a determining performance factor. Thus, in soccer, 
the technical skill of handling the ball is particularly 
important and has been the object of research in several 
studies. Over the past two decades, researchers have 
focused on the possible relationship between technical 
abilities and performance obtained in fitness tests. 
Previous studies [21, 22] showed that players of better 
teams performed more passes than players of the worst 
teams during official matches. Also, the numbers of 
passes were decreased in the second half and this could 
be a sign of the influence of physical performance on 
technical actions [7]. Rampinini et al. [22] showed that 
the deterioration in the Loughborough soccer passing 
test (LSPT) score was correlated with performance in 
the Yo-Yo IR1 test. This finding suggested that players 
with a higher fitness level performed technical actions 
more correctly than the players with a lower fitness level 
[2]. Helgerud et al. [11] studied the effect of a training 
program on the passing ability of soccer players. They 
found that the improvement of physical fitness led to 
an increased number of involvements with the ball. In 
a more recent study [2], researchers mentioned that the 
total performance at LSPT was positively correlated with 
many fitness tests (sprint 5 m, 20 m, 30 m, agility – 15 m, 
ball – 15 m, Illinois agility test). Negative correlations 

were found between LSPT and SJ and CMJ. All the 
above studies used field tests for the evaluation of 
technical performance changes. In our study, we looked 
into the correlations between performance in field fitness 
tests and the technical performance during actual soccer 
matches of young players. Our results are in line with 
the results of a recent study [20] where researchers used 
small-sided games and found no correlations between 
field tests and technical performance. The performance 
in a specific technical test cannot be compared to the 
technical performance in an actual soccer match, where 
the tactical role, individual playing position, the quality 
of the opponent, and the degree of motivation can affect 
this factor. 
This study indicates that the performance in the Yo-Yo 
IE1 test and LJ test are good predictors of the intensive 
match running (15.8-19.7 km/h). Additionally, the  
Yo-Yo IE1 test and SJ could be used by the coaches to 
estimate match running performance in higher velocity 
19.8-24 km/h.

Conclusions
The results have shown that the majority of field tests 
were not related to the match running performance in 
young soccer players. Contrary to the study hypothesis, 
no anthropometric index was associated with better 
performance in the soccer game. Also, no fitness 
indicator was fully correlated with the match running 
distance and with the technical performance during the 
game. However, the Yo-Yo IE1 test, LJ, and SJ were 
the tests that correlated with the distance covered thigh 
intensity. Additionally, these tests could be used by 
trainers in an attempt to estimate the readiness of young 
soccer players to compete. 
These findings indicate that the technical performance of 
young players in actual soccer matches is not correlated 
with their performance in field fitness tests. According 
to the UEFA development plan of the young soccer 
players, players of this age have not perfected yet their 
technical skills. Additionally, the tactics, the opponent, 
the adopted style of play could influence the match 
technical performance. Therefore, in our opinion, more 
specific technical tests are needed for the evaluation of 
this kind of performance. 
In the last minutes of the games, fatigue can negatively 
affect the qualitative performance of the technical 
actions (passes, crosses). For that reason, an analysis 
where technical actions would be studied every 15 
minutes of the game could provide more information 
on the possible relationship of fitness and execution of 
technical actions.
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Introduction

Volleyball is probably one of the most popular sports 
in the world [20]. Therefore, numerous studies 

have investigated the players’ performance to determine 
the factors that result in improving the effectiveness 
of training and, consequently, competition. Among 
those factors, setting is considered to determine the 
next action’s efficacy and, up to a certain level, the 
final result of the game [6, 18, 21]. Indeed, setting 
is an essential action in volleyball, not only from 
the technical point of view but also from the tactical 
one, as it affects the attack, with the setter being the 
specialist player who is responsible for organizing the 
game [6, 21]. The setter is the player that makes the 
majority of tactical decisions as he or she is responsible 
for deciding where the ball is to be passed. The setter 
has to evaluate the limitations encountered concerning 
the context of the game seeking his or her action to 
impair the attack-defense of the opposite team [2]. 
According to Bergeles, Barzouka, & Nikolaidou [5], 
the higher performance of the setter leads to the higher 
performance of the attackers. More specifically, the 
percentages of excellent attack actions carried out by 

Abstract
Introduction. In volleyball, setting is a critical skill from  
a technical and tactical point of view, as it affects attack directly: 
the better the quality of the setter’s performance, the more 
excellent attack actions are carried out by men and women 
attackers. Aim of Study. This study aimed to assess the spatial 
and temporal characteristics of the setting choices made by 
junior male volleyball setters and their performance concerning 
the game complex per match rotation. Material and Methods. 
A three-member group of experienced coaches assessed the 
setting zones choices, the setting tempo, and the performance of 
junior male setters from 20 volleyball games of teams competing 
in the final phase of the 2016 Greek Junior Championship.  
A five-level ordinal scale was used to evaluate the setting. 
The test of independence for the categorical variables was 
carried out using the chi-square test (χ2). Following the overall 
independence test, the difference in proportions among all levels 
of variables was tested. Results. Results showed that zone 4 was 
the junior setters’ first choice irrespective of the game complex. 
More detailed, in Complex II, the most preferable setting 
zones were 4 and 6, while zone 3 was the primary selection in 
Complex I. The setting in the first tempo was the most favorite 
option in Complex I, although second slow tempo was the 
most frequently used setting option in Complex II. As for the 
quality of the setting, the dominant value for both complexes 
was quality level 2. Conclusions. In conclusion, the junior male 
setters directed the ball mainly to position 4 by using the slow 
2nd tempo settings irrespective of the game rotation. Moreover, 
they showed a higher proportion of excellent setting actions and 
used fast settings (first tempo) more frequently in Complex I 
than in Complex II.

KEYWORDS: volleyball, juniors, high level, setter’s distribution, 
rotation, tempo of setting, performance analysis. 
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men and women attackers got higher as the quality of 
the setters’ performance got higher.
One of the characteristics of volleyball that distinguishes 
it from the rest of the team sports is that all players 
have to pass through all positions of the court and, as  
a consequence, to adapt in the execution of their skills 
concerning each position [17]. According to Silva et al. 
[22], each team has six “teams” that correspond to the 
six-game rotations since in each rotation the positions, 
functions, and relations between players are different. 
The above mentioned cyclic and sequential nature of 
volleyball [26] results in two major game complexes: 
the side out complex (CI) and the defense complex (CII) 
[5]. CI entails organizing the attack [2] and is comprised 
of the receiving, setting, and attacking actions as well as 
the attack coverage [21]. The main objective of CI is to 
neutralize the rival’s serve and to employ an offensive 
organization [19] to gain possession of the serve [16]. 
CII is known as the defense complex defined as the 
situation where the opposing team will perform the 
actions of serve, block, floor defense, set, and counter-
attack in sequential order. In CII, the ball does not reach 
the setter in the best conditions [7, 11]. Consequently, 
the setting tempo is slow (i.e. 2nd and 3rd tempo) and 
setting is mostly carried out at the edges of the net 
[11]. Regardless of the previous action efficacy, high-
level setters can achieve optimum sets under difficult 
circumstances [19, 27]. This results in the setters being 
able to diversify the attack of their teams, producing  
a high variability of their setting actions [12] concerning 
their spatial or/and their temporal characteristics. 
Besides, the attack tempo is considered to be a crucial 
variable when analyzing the relationship between attack 
and defense [14]. Recent studies revealed that in CI the 
elite male setters used mainly quick setting actions [8]. 
Although zone 4 was their first choice, their distribution 
strategy included all setting zones [4, 24]. This variability 
caused the teams to be less predictable in the attack, 
destabilizing the opposing block in this way [14]. 
What is worth mentioning about the relavant literature 
is that the majority of the related studies have analyzed 
the players’and team’s performance in several adult 
high-level volleyball tournaments while there is limited 
research in younger age groups. Taking into account 
that physical characteristics and skill level of junior 
male players may not be as well developed as in the 
adults, the lack of specific information about setting 
may produce misleading effects on the training and 
competition evaluation in junior men’s volleyball 
teams. That is the reason why it could be of interest to 
analyze the skill of setting in junior teams.

Aim of Study
The present study aimed to assess the spatial and 
temporal characteristics of the setting choices made 
by junior male volleyball setters and their performance 
concerning the game complex per match rotation.

Material and Methods
A three-member group of experienced coaches 
assessed the setting zones’ choices as well as the setting 
tempo and the performance of junior male setters from 
20 volleyball games of teams competing in the final 
phase of the 2016 Greek Junior Championship. Firstly, 
the coaches were asked to observe and categorize 
the setting quality according to the 5-level tactical 
rating scale proposed by Eom and Schutz [9], which 
quantifies the effectiveness of skill performance within 
a range of points from 0 to 4. Secondly, the coaches 
were asked to observe and categorize the setting 
choices according to the consequent attacking area, 
i.e. to zones 1, 2, 3, 4, 5, 6, and the setting tempo. The 
tempo of setting is defined as the combination of two 
variables: the moment when the setter contacts the ball 
and the start of the attacker approach. The categories 
are: tempo 1 (the attacker jumps simultaneously or 
before the setter touches the ball), tempo 2 fast (the 
attacker starts the approach when the ball leaves the 
setter’s hands), tempo 2 slow (the attacker starts the 
approach when the ball reaches the first half of its 
upward trajectory after leaving the setter’s hands), 
tempo 3 (the attacker starts the approach when the ball 
reaches the highest point of its trajectory after leaving 
the setter’s hands). 
The sample for this analysis consists of 2827 setting 
actions (Complex I = 1930, Complex II = 897). Intra-
rater and inter-rater reliability coefficients were found to 
be r = 0.983 and r = 0.984 respectively, indicating very 
high consistency in the assessment procedure. 
The test of independence for the categorical variables 
“game complex” and “setting zone” was carried out using 
the χ2 test for each one of the six levels of the variable 
game rotation (implemented with the statistical package 
SPSS v. 17). Following the overall independence test, 
we tested the difference in proportions between the two-
game complexes for each level of the “setting zone” 
variable in each one of the six levels of the variable 
“game rotation” (test of proportion differences based 
on the normal distribution) using the statistical package 
Statgraphics Plus v. 5.1. The same procedure was 
followed for the variables “game complex” and “setting 
tempo” as well as for the variables “game complex” and 
“setting performance”.
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Results

Setting zone choices of junior setters in relation to game 
complex per game rotation
The statistical analysis showed that there was a statistically 
significant relationship (χ2 test, p-value < 0.05) between 

the game complex and setting zone in 4 of 6 game 
rotations (Table 1). Moreover, after testing the 
difference in proportions of the setting zone between 
game complexes within each level of the “game 
rotation” variable, it was found that 1) in rotation 1, 
junior setters in CI carried out a significantly higher 

Table 1. Setting zone choices per game complex and rotation

R C

Setting zones χ2

1 2 3 4 5 6 Value

% (Ν) % (Ν) % (Ν) % (Ν) % (Ν) % (Ν) Sig.

1

CI 7.5 (25) 27.2 (91) 22.1 (74) 39.4 (132) 0.0 (0) 3.9 (13) 21.423

CII 9.6 (16) 16.2 (27) 12 (20) 54.5 (91) 0.0 (0) 7.8 (13) 0.001

Z –0.81 2.74 2.73 –3.21 –1.85

P ns 0.006 0.006 0.001 0.06

2

CI 7.3 (21) 20.4 (59) 19 (55) 50.9 (147) 0.0 (0) 2.4 (7) 8.655

CII 4.5 (6) 18.8 (25) 17.3 (23) 51.1 (68) 0.0 (0) 8.3 (11) 0.07

Z 1.09 0.38 0.42 –0.04 –2.79

P ns ns ns ns 0.005

3

CI 8.1 (22) 19.6 (53) 20 (54) 48.5 (131) 0.0 (0) 3.7 (10) 7.967

CII 3.7 (4) 21.1 (23) 11 (12) 59.6 (65) 0.0 (0) 4.6 (5) 0.093

Z 1.54 –0.33 2.09 –1.96 –0.41

P ns ns 0.04 0.05 ns

4

CI 9.7 (31) 17.9 (57) 22 (70) 47.2 (150) 0.0 (0) 3.1 (10) 15.081

CII 9.4 (12) 17.3 (22) 8.7 (11) 56.7 (72) 0.0 (0) 7.9 (10) 0.005

Z 0.09 0.15 3.28 –1.81 –2.21

P≤ ns ns 0.001 ns 0.03

5

CI 9.2 (32) 18.4 (64) 20.4 (71) 48.3 (168) 0.0 (0) 3.7 (13) 15.844

CII 8.2 (14) 17.1 (29) 8.8 (15) 57.6 (98) 0.0 (0) 8.2 (14) 0.003

Ζ 0.37 0.36 3.33 –1.99 –2.17

P≤ ns ns 0.001 0.05 0.03

6

CI 7 (26) 24.3 (90) 20 (74) 45.7 (169) 0.0 (0) 3 (11) 26.901

CII 6.8 (13) 17.8 (34) 9.4 (18) 55.5 (106) 0.5 (1) 9.9 (19) 0.001

Z 0.09 1.76 3.21 –2.2 –3.44

P≤ ns 0.08 0.001 0.03 0.001

Sum

CI 8.1 (157) 21.5 (414) 20.6 (398) 46.5 (897) 0.0 (0) 3.3 (64)

CII 7.2 (65) 17.8 (160) 11 (99) 55.7 (500) 0.1 (1) 8 (72)

Z 0.83 2.27 6.24 –4.55 –5.45

P≤ ns 0.02 0.001 0.001 0.001

Note: C – game complex, R – game rotation
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proportion of setting (p-value < 0.05) to zones 2 and 3 
(27.2% and 22.1%) in comparison to CII (16.2% and 
12%), while they carried out a significantly higher 
proportion of setting (p-value = 0.001) to zone 4 during 
CII than during CI (54.5% vs 39.4%), 2) in rotation 2, 
junior setters in CII carried out a significantly higher 
proportion of setting (p-value = 0.005) to zone 6 (8.3%) 
compared to CI (2.4%), 3) in rotation 3, junior setters 
performed a significantly higher proportion of setting 
to zone 3 in CI (20%) compared to 11% in CII (p-value 
< 0.05) and a lower proportion of setting to zone 4 
(48.5%) compared to 59.6% in CII (p-value = 0.05), 
4) in rotation 4, junior setters performed a significantly 
higher proportion of setting to zone 3 in CI (22%) 
compared to 8.7% in CII (p-value = 0.001) and a lower 
proportion of setting to zone 6 (3.1%) compared to 7.9% 
in CII (p-value < 0.05), 5) in rotation 5, junior setters 
performed a significantly higher proportion of setting 
to zone 3 in CI (20.4%) instead of 8.8% in CII (p-value 
< 0.05), while they performed a lower proportion setting 
to zone 4 (48.3%) and zone 6 (3.7%) compared to 57.6% 
and 8.2%, respectively, in CII (p-value ≤ 0.05), and  
6) in rotation 6, junior setters performed a statistically 
significantly higher proportion of setting to zone 3 in CI 
(20%) instead of 9.4% in CII (p-value = 0.001), while 
they performed a lower proportion setting to zone 4 
(45.7%) and zone 6 (3.0%) compared to 55.5% and 
9.9%, respectively, in CII (p-value ≤ 0.05).
In total, irrespective of the “game rotation”, junior 
setters in CI carried out a statistically significantly higher 
proportion (p-value < 0.05) of setting to zones 2 and 3 
compared to CII (21.5% vs 17.8% and 20.6% vs 11%), 
while in CII they carried out a statistically significantly 
higher proportion (p-value = 0.001) of setting to zones 4 
and 6 compared to CI (55.7% vs 46.5% and 8% vs 3.3%).

Tempo of setting of juniors setters in relation to the game 
complex per game rotation
The statistical analysis showed that there is a statistically 
significant relationship (χ2 test, p-value < 0.05) between 
game complex and setting tempo in 5 of the 6 game 
rotations (Table 2). Furthermore, after testing the 
difference in proportions of the setting tempo between 
game complexes, within each level of the “game rotation” 
variable it was found that: (a) in rotation 2, statistical 
analysis did not show a significant relation between 
game complexes and setting tempo, (b) in rotations 1, 3, 
4, 5 and 6, junior setters in CI carried out a significantly 
higher proportion of setting 1st tempo (21.5%, 20%, 
21.7%, 19,5%, and 19,5%) compared to 12%, 11%, 8.7%, 
8.8%, and 9.4%, respectively, in CII (p-value < 0.05) and  

(c) in rotations 1, 3, 4, 5 and 6, junior setters in CII 
carried out a statistically significantly higher proportion 
of setting 2nd slow tempo (84.4%, 86.2%, 85.8%, 85.3%, 
and 83.2%) compared to 71.9%, 72.6%, 71.7%, 74.7%, 
and 72.7%, respectively in CI (p-value < 0.05). 

Table 2. Setting tempo per game complex and rotation

R C

Setting tempo χ2

1st 2nd fast 2nd slow 3rd Value

% (N) % (N) % (N) % (N) Sig.

1

CI 21.5 (72) 0.3 (1) 71.9 (241) 6.3 (21) 10.352

CII 12 (20) 0.6 (1) 84.4 (141) 3 (5) 0.016

Z 2.59 –0.5 –3.09 1.57

P 0.009 ns 0.002 ns

2

CI 18.3 (53) 0.7 (2) 73 (211) 8 (23) 2.879

CII 17.3 (23) 0.0 (0) 78.2 (104) 4.5 (6) 0.411

Z 0.25 – –1.14 1.32

P ns ns ns ns

3

CI 20 (54) 0.7 (2) 72.6 (196) 6.7 (18) 8.449

CII 11 (12) 0.0 (0) 86.2 (94) 2.8 (3) 0.038

Z 2.09 – –2.83 1.5

P 0.04 ns 0.005 ns

4

CI 21.7 (69) 0.6 (2) 71.7 (228) 6 (19) 11.258

CII 8.7 (11) 0.8 (1) 85.8 (109) 4.7 (6) 0.010

Z 3.22 –0.23 –3.13 0.54

P 0.001 ns 0.002 ns

5

CI 19.5 (68) 0.9 (3) 74.7 (260) 4.9 (17) 9.971

CII 8.8 (15) 0.6 (1) 85.3 (145) 5.3 (9) 0.019

Z 3.12 0.36 –2.74 –0.2

P 0.002 ns 0.006 ns

6

CI 19.5 (72) 1.1 (4) 72.7 (269) 6.8 (25) 9.788

CII 9.4 (18) 1 (2) 83.2 (159) 6.3 (12) 0.020

Z 3.08 0.11 –2.77 0.23

P 0.002 ns 0.006 ns

Sum

CI 20.1 (388) 0.7 (14) 72.8 (1405) 6.4 (123)

CII 11 (99) 0.6 (5) 83.8 (752) 4.6 (41)

Z 5.96 0.304 –6.4 0.23

P≤ 0.001 ns 0.001 ns

Note: C – game complex, R – game rotation 
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In total, irrespective of the “game rotation”, junior 
setters in CI carried out a statistically significantly 
higher proportion (p-value = 0.001) of setting 1st tempo 
compared to CII (20.1% vs 11%), while in CII they 
carried out a statistically significantly higher proportion 
(p-value = 0.001) of setting 2nd slow tempo compared 
to CI (83.8% vs 72.8%).

Setting performance of junior setters in relation to game 
complex per game rotation
The statistical analysis showed that there is a statistically 
significant relationship (χ2 test, p-value < 0.05) between 
game complex and setting performance in 2 of 6 game 
rotations (Table 3). Besides, after testing the difference 
in proportions of the setting performance between 

Table 3. Setting performance per complex and rotation

R C

Setting performance χ2

0 1 2 3 4 Value

% (Ν) % (Ν) % (Ν) % (Ν) % (Ν) Sig.

1

CI 2.7 (9) 6.3 (21) 41.8 (140) 17.3 (58) 31.9 (107) 4.199

CII 1.8 (3) 3.6 (6) 43.7 (73) 22.8 (38) 28.1 (47) 0.380

Z 0.62 1.26 –0.41 –1.48 0.87

P ns ns ns ns ns

2

CI 3.5 (10) 8 (23) 42.9 (124) 19.7 (57) 26 (75) 3.777

CII 3.8 (5) 5.3 (7) 36.8 (49) 20.3 (27) 33.8 (45) 0.437

Z –0.15 1.00 1.18 –0.14 –1.65

P ns ns ns ns ns

3

CI 1.5 (4) 7.4 (20) 46.3 (125) 19.3 (52) 25.6 (69) 11.007

CII 5.5 (6) 2.8 (3) 44 (48) 27.5 (30) 20.2 (22) 0.026

Z –2.19 1.7 0.41 –1.75 1.11

P 0.03 ns ns 0.08 ns

4

CI 2.8 (9) 5.7 (18) 44.7 (142) 17.9 (57) 28.9 (92) 1.692

CII 2.4 (3) 7.1 (9) 46.5 (59) 20.5 (26) 23.6 (30) 0.792

Z 0.23 –0.34 –0.34 –0.64 1.13

P ns ns ns ns ns

5

CI 1.1 (4) 6.6 (23) 43.7 (152) 23.3 (81) 25.3 (88) 1.544

CII 0.6 (1) 5.9 (10) 48.2 (82) 20 (34) 25.3 (43) 0.819

Ζ 0.55 0.31 –0.97 0.85 0.0

P ns ns ns ns ns

6

CI 1.4 (5) 9.7 (36) 44.3 (164) 19.7 (73) 24.9 (95) 9.914

CII 2.1 (4) 6.8 (13) 39.3 (75) 30.9 (59) 20.9 (40) 0.042

Z –0.62 1.15 1.13 –2.96 1.06

P ns ns ns 0.003 ns

Sum

CI 2.1 (41) 7.3 (141) 43.9 (847) 19.6 (378) 27.1 (523)

CII 2.5 (22) 5.4 (48) 43 (386) 23.9 (214) 25.3 (227)

Z –0.67 1.88 0.45 –2.61 1.01

P ns ns ns 0.009 ns

Note: C – game complex, R – game rotation 
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game complexes within each game rotation, it was 
found that in rotation 3 junior setters in CII carried out 
a statistically significantly higher proportion of setting 
errors evaluated by 0 (5.5%) compared to 1.5% in CI 
(p-value=0.03), while in rotation 3, they performed 
in CII a statistically significantly higher proportion of 
setting with quality grade 3 (27.5%) instead of 19.3% in 
CI (p-value = 0.003). In total, irrespective of the “game 
rotation”, junior setters in CII carried out a statistically 
significantly higher proportion (p-value<0.05) of setting 
with quality grade 3 compared to CI (23.9% vs 19.6%).

Discussion
The purpose of this study was to assess the spatial and 
temporal characteristics of the setting choices made by 
junior male volleyball setters and their performance 
concerning the game complex per match rotation. Our 
results revealed that irrespective of the game rotation and 
complex, junior setters’ distribution strategy included 
most of the setting zones with zone 4 being their first 
choice. This corroborates the results of previous studies 
[4, 25] which have found that elite male setters directed 
their settings mainly to zone 4. The choice of the junior 
setters could be partially explained by the ability of 
the left side wing spikers to attack effectively [8, 15] 
or by the fact that under difficult situations setters very 
often sent the ball to position 4 [10] in a slower tempo, 
especially when they have to move outside the ideal 
setting area [2]. According to Costa et al. [7] in elite 
youth male volleyball, the serve-reception percentage 
that resulted in organized attacks was 74.2% of the 
total. On the contrary, the offensive actions’ percentage 
that resulted in the continuity of the game was found 
to be 34.9% of the total while almost half of it (47.1%) 
did not allow organized counter-attacks. This may 
explain why the setters of the current study chose the 
setting to zone 4 more frequently in CII compared to CI. 
Besides, even adult male setters in difficult situations 
very often send the ball to position 4 attackers [10], who 
are characterized as security players because of their 
ability to attack effectively [15] even when they have 
to confront a compact double or triple block [3]. This 
happens especially when the opponent setter is in the 
attack zone making the block less efficently. 
Another interesting finding of the current study was that 
irrespective of the game phase (i.e. when the setter was 
in the attack or the defense zone) the setting distribution 
to zone 1 was not differentiated between the side out 
and the transition complex. However, when the setters 
were in rotations 1 and 6, they sent the ball to zone 2 
more frequently in CI compared to CII. An almost 

similar differentiation between the two complexes was 
also seen in the setting distribution to zone 3 in most of 
the team rotations. This may be because in CI the setters 
had enough time to concentrate on the carrying out of 
a more complete tactical plan than in CII. Besides, it is 
known that in CI the initial conditions are rather stable 
and predictable since the ball is received from an action 
that has less contextual interference (i.e. the serve) and 
is executed far from the net, thus creating favorable 
conditions to the offensive organization [27]. On the 
contrary, in CII the attack organization becomes more 
difficult because the ball comes from the attack, which 
is executed near the net and with a steeper trajectory 
[13]. Taking into consideration the aforementioned 
complex differences regarding the initial conditions that 
interfere with the attack organization, it would be logical 
to hypothesize that the highest setting distribution 
frequency found in the current study towards zone 6 did 
not rely upon a predetermined offensive tactical plan 
but on the restrictions imposed by the previous action. 
This seems to be quite different in the case of elite men 
setters who were found to send a remarkable percentage 
of their settings to positions 3 and 6 only in the case of 
an excellent previous defensive action [23]. However, 
this discrepancy may be explained by the physical 
characteristics and the skill level of the junior players 
which may not have been as well developed as in the 
case of the elite adult players. 
Concerning the attack tempo, this study showed that 
irrespective of the game complex and team rotation, 
the setters used mainly the slow 2nd tempo settings 
but rarely the fast second (0.7%) and the third tempo 
(5.8%). The latter contradicts partially the results of 
Costa et al. [7] who found that 34.4% of the attacks 
which were carried out during the 2007 World Youth 
Male Championship were 3rd tempo attacks. The 
above-mentioned discrepancy denoted the tendency 
of the game to become faster even in the transition 
phase which is characterized by unpredictable and 
unstable initial conditions [13]. According to Costa et 
al. [7] playing fast in the transition phase is decisive in 
creating favorable conditions for delaying the blocking 
action of the opponent and thus for increasing the 
chances of making the point. On the other hand, the 
same authors stated that in the side-out phase the attack 
effect is not dependent on its speed since playing fast in 
this complex is common. However, this study showed 
that in CI the proportion of the fast settings (1st tempo) 
carried out by the junior setters was higher compared to 
CII probably because CI offers more stable conditions 
for the offensive organization [13].
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Concerning the setting performance, most of the setting 
actions of the junior setters were evaluated as “good” 
probably because the lack of synchronization between 
the setter and the attackers allowed the opponent team to 
form a compact double or even triple block. It is worth 
mentioning that in CI the proportion of the excellent 
setting actions in most of the game rotations was higher 
compared to CII. On the contrary, the proportion of the 
setting actions which were evaluated as very good were 
found to be higher in CII than in CI in almost all the game 
rotations. Additionally, when the setter was in the attack 
zone and specifically in rotation 3, the proportion of the 
setting errors was found to be higher in CII than in CI. 
These differences between complex I and II are associated 
with worse conditions to perform an organized attack in 
CII probably due to the first touch difficulties [7, 13]. 
Besides, the current study showed that the attack tempo, 
which seemed to be a strong indicator of the offensive 
organization [1], was faster in CI than in CII.

Conclusions
In conclusion, the junior male setters directed the ball 
mainly to position 4 by using–irrespective of the game 
rotation–the slow 2nd tempo settings. Moreover, they 
showed a higher proportion of excellent setting actions 
and used fast settings (1st tempo) more frequently in CI 
than in CII.
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Diversification of the physical and sport education syllabi 
and its effects on the musculoskeletal system 

in young female students

Introduction

Even ancient books and documents highlight the unity 
of body and soul in terms of human irreplaceableness 

and uniqueness. Nowadays, it takes a lot of effort to 
comprehend the philosophy and essence of health due 
to opportunities and snares lurking in the 21st century 
consumer society [5]. 
Physical activity is closely related to health, quality of 
life, and lifestyle. It is a multidimensional and complex 
behavior to measure; its various domains are often 
misunderstood. It has a fundamental role in the prevention 
and treatment of chronic diseases. What is more, physical 
activity is a key commodity for maintaining the proper 
physical and mental functioning of the human body [4]. Its 
deficiency significantly affects people’s physical fitness, 
work performance, and health condition [24]. Statistics of 
health insurance companies in the USA, Canada as well 
the European Union member states, including Slovakia 
[9], attest to this fact and point to serious economic and 
social consequences. 
Over the past two decades, the current lifestyle of 
the school-age population in Slovakia has become 

Abstract
Introduction. The prevalence of musculoskeletal disorders 
in the school-age population might lead to the occurrence of 
vertebrogenic diseases in adulthood, which stresses the importance 
of timely primary prevention in the form of health-oriented 
compensatory exercise programs. Aim of Study. This pilot study 
presents targeted diversification of physical and sport education 
syllabi focused on the improvement of the musculoskeletal 
system’s functions in young female students, including body 
posture, dynamic capacity of the spine, and the muscle system. 
Material and Methods. The study group comprised of 24 high 
school female students, divided into experimental (EG; 16.32 ±  
± 0.32 years) and control (CG; 16.56 ± 0.56 years) groups. The 
data were acquired using standardized methods focused on the 
functional capacity of the musculoskeletal system. Results. In 
contrast to the control (V1-2) stage, the experimental (V3-4) stage 
involved diversification of physical and sport education syllabi for 
the EG subjects, which led to significant changes in their overall 
body posture (p < 0.01). The most significant changes occurred 
in the abdominal segment and pelvic inclination (p < 0.01). The 
dynamic capacity of the spine (p < 0.01), in all five tests, also 
changed in the EG participants. Bad movement habits affected 
the quality of the muscle system in the members of both groups. 
We noted the most significant changes (p < 0.01) in m. trapezius 
pars superior and m. levator scapulae, the muscles responsible for 
neck pain. The hip flexors contributed significantly (p < 0.05) to 
lower back pain. We found significant differences between the EG 
and the CG. The EG participants demonstrated improvements 
in all monitored segments. Conclusions. The results obtained 
by the EG significantly prove how important it is to diversify 
physical and sport education syllabi to improve health and the 
functional capacity of the musculoskeletal system in the school-
aged population. 

KEYWORDS: musculoskeletal system, physical and sports 
education, student.
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hypokinetic [3], which has led to an increase in the 
prevalence of lifestyle chronic diseases [6], including 
the musculoskeletal disorders [17]. Insufficient primary 
prevention of musculoskeletal disorders in childhood 
leads to vertebrogenic diseases in adulthood, the 
prevalence of which ranges from 60% to 80%. The most 
common and primary symptom of musculoskeletal 
changes and diseases is pain. As many as three-
quarters of patients complain about back pain [21], 
the prevalence of which is 22% in Europe, including 
children. 46% to 53% of children feel the pain at least 
once in their lives while 15% of them suffer from 
persistent pain. The situation in Slovakia, where the 
occurrence of pain tripled between the years 1996 
and 2008, is getting worse as well. The incidence of 
idiopathic pain syndromes among children in Slovakia 
ranges from 4.2% to 15.5%. According to Lewit [16], the 
primary symptom of cervical spine disorders in children 
is a headache, which is not given enough attention. 
Moreover, it has been proven that muscle imbalance in 
childhood can result in later pain. The most common 
symptoms of functional disorders of the spine in healthy 
children are sacroiliac shift and functional disorders in 
the region of the upper cervical spine connected with 
different types of headaches. Musculoskeletal pain is 
more commonly secondary and has an additive effect. 
It can be at the forefront of the whole pain syndrome. 
Continuous overloading results in coordination disorders 
and inadequate muscle innervation, which leads to 
deterioration of degenerative processes. In addition 
to excitation of nociceptors, segmental disorders also 
cause reflex muscle tension and further excitation of 
nociceptors. Consequently, muscles shorten and become 
weaker, bones are demineralized and tendon entheses 
become shorter [16]. 
The aforementioned facts prove how necessary it is to 
teach school-aged children to be responsible for their 
health and to search for new preventive measures in 
their lifestyle. Besides the family [13], physical and 
sports education at schools can also play an important 
role [8, 25]. Health, quality of life, lifestyle, and physical 
activity of the school-age population are becoming 
widely discussed topics also concerning contemporary 
physical and sports education at elementary and 
secondary schools both in Slovakia and abroad [1, 20]. 
These issues are examined also because the number 
of school-aged children in Slovakia, who are excused 
from compulsory physical and sports education owing 
to different diseases and disorders, is increasing (8% to 
15%). Similarly, the number of pupils who do not exercise 
rises. The percentage of boys who do not exercise ranges 

from 27.7% to 39.6%, and the percentage of girls who 
do not exercise ranges between 38.2% and 48.1% [3, 
4]. According to the findings reported by the Ministry 
of Education, Science, Research and Sports of the 
Slovak Republic, approximately 30% of the school-age 
population regularly excuse themselves from physical 
and sport education classes even though there was 
the major reform of the education system in Slovakia, 
including physical and sports education in 2008. The 
aim and the focus of physical and sports education 
shifted markedly from performance-based classes to 
the development of pupils’ and students’ competences 
and values and attitudes towards their health. The goals 
of physical and sports education are associated with 
health care and the development of a healthy lifestyle. 
Individual teaching methods in physical and sports 
education focus on the acquisition of habits, attitudes, 
and knowledge related to physical activity, health, 
and a healthy lifestyle in the school-age population 
[3]. In terms of primary prevention of diseases of 
the musculoskeletal system [15], which is one of the 
determinants of health, physical and sports education 
requires interventions [7] in the form of health-oriented 
exercise programs. These programs help to improve 
body posture (postural stability), functions of the spine 
and the muscle system in school-aged children [14, 19, 
28], support their adequate development and improve 
the quality of their health at present and in the future.

Aim of Study
The study aimed to purposefully diversify the physical 
and sports education syllabi regarding the improvement 
of the functional capacity of the musculoskeletal system 
in young female students. This diversification was 
focused on body posture, the dynamic capacity of the 
spine, and the muscle system.

Material and Methods

Sample and procedure
The entire study group consisted of 24 female students 
in the second grade of a high school. The experimental 
group (EG) comprised 12 students with an average 
age 16.32 ± 0.48 years (body height 168.36 ± 7.21 cm, 
body weight 57.62 ± 6.51 kg) and the control group 
(CG) also consisted of 12 students whose average 
age was 16.56 ± 0.56 years (body height 167.87 ± 
± 6.83 cm, body weight 56.36 ± 4.61 kg). The members 
of both groups were not interested in physical and sports 
education and did a physical activity in their free time 
only occasionally and with low intensity. Furthermore, 
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all the girls complained about pain in the cervical 
and lumbar regions of the spine, which is regarded as 
functional disorders of the spine. 

Measurements
The pedagogical experiment was conducted in three 
stages during the school year 2018/2019. The first 
stage of the study (09/2018) was focused on initial 
examination (V1) of the EG and CG participants’ 
musculoskeletal system (body posture, the dynamic 
capacity of the spine, the muscular system) performed by 
a physiotherapist. The results of the preventive medical 
examination confirmed that none of the girls suffered 
from any serious organic or neurological diseases. Pain 
intensity was measured using the visual analog scale 
(VAS). The experiment then continued with physical 
and sport education classes taught according to the 
School Education Programme. The second assessment 
(V2) of the EG and CG members’ musculoskeletal 
system took place in December. The first stage also 
included analysis of the classes focused on the syllabi 
and the use of individual exercises within each physical 
and sports education lesson. The second stage (01/2019) 
of the experiment included evaluation of the EG and 
CG members’ musculoskeletal system again (V3). 
During this stage, the subjects in the EG had different 
physical and sport education lessons. They carried out 
45-minute health-oriented exercise programs (based 
on the Acral Coactivation Therapy – ACT) led by their 
PE teacher twice a week (Tuesday and Thursday) over 
three months. These programs were also based on the 
functional capacity of the EG subjects’ musculoskeletal 
system (V1-2). 
The ACT exercise programs, introduced by Palaščáková 
Špringrová [23], are based on children’s motor 
development and its patterns. The basic principle lies 
in pressing against palm and heel roots or toes, which 
results in the straightening of the spine. It is essential 
that the exercises are focused mainly on the closed 
kinetic muscle chains. The exercise programs based 
on the ACT method involve movement patterns that 
are most frequently used in everyday activities of the 
so-called ADL (Active Daily Life). The subjects wore 
the FHAS (functional hand arch support) gloves, which 
supported arches of their hands. This maintained muscle 
coactivation throughout the entire period of exercise in 
basic and more dynamic transitions.
The CG members continued having physical education 
lessons in line with the syllabi determined by the 
School Education Program. The third stage of the 
study (04/2019) involved final assessments (V4) of the 

monitored factors of the musculoskeletal system in the 
EG and CG members, which were further analyzed.
We acquired data on the functional capacity of the 
musculoskeletal system (body posture, the dynamic 
capacity of the spine and the muscle system) in both 
groups during the initial (V1, V3) as well as the final 
assessments (V2, V4). 
Static body posture was evaluated using the method 
invented by Thomas and Klein and modified by Mayer 
[11]. This method assesses five segments of body 
posture: a) head and neck posture, b) shape of the 
chest, c) the abdominal segment and pelvic inclination,  
d) curvature of the spine, e) shoulder height and position 
of the shoulder blades. Each segment was assessed by 
points 1, 2, 3, 4 (from the best to the worst), where  
a total of these points classifies the overall body posture 
of the subjects: 
I. Ideal body posture .................................. 5 points
II. Good (almost ideal) body posture ......... 6-10 points
III. Poor body posture ................................ 11-15 points
IV. Bad body posture .................................. 16-20 points
Assessment of the muscle system, which was focused 
on hyperactive postural muscles that tend to shorten  
(m. trapezius pars superior, m. levator scapulae, m. pectoralis 
major, m. quadratus lumborum, m. erector spinae, 
m. adductores coxae, m. iliopsoas, m. rectus femoris, 
m. tensor fasciae late, m. knee flexors, m. triceps surae) 
and hypoactive antagonists with the predominance of 
phase activity that tend to weaken (deep neck flexors, 
lower fixators of the scapula, m. abdominis, abductors 
of the hip joint, extensions of the hip joint), was based 
on functional diagnostics of the musculoskeletal system 
Vojtaššák [29]. 
Aspect-palpation assessment of the dynamic capacity of 
the spine consisted of six tests [29]: Schober’s test (the 
lumbar spine, normative value: 4-6 cm), Stibor’s test 
(the lumbar and thoracic spine, normative value: 7.5- 
-10 cm), Otto’s test (the thoracic spine, normative value: 
6 cm), Thomayer’s test (overall flexibility of the spine, 
normative value: 0-2 cm), right and left lateral flexion 
(flexibility of the lumbar spine to the sides, normative 
value: 20-22 cm). The intensity of pain was measured 
using the visual scale (VAS), which is a Likert 11-point 
scale: 0 = without pain, 10 = the worst possible pain [29].

Statistical analyses
We processed the acquired quantitative and qualitative 
data using mathematical and statistical procedures: 
arithmetic mean, standard deviation, and Wilcoxon 
t-test (p < 0.01%, p < 0.05%). Practical and objective 
significance was assessed through effect size (r). We used 
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the Mann–Whitney U test (MWU-test p < 0.01, p < 0.05) to 
verify the degree of conformity between two independent 
groups. The relationship between the selected factors 
of the musculoskeletal system was assessed using 
Spearman’s correlation coefficient (rs). We also used 
the logic analysis and synthesis methods as well as 
inductive and deductive procedures and comparisons. 
The data were processed with the R-Project statistical 
program. 

Results 
Concerning the aim of the study, we present the results 
that should be viewed from a wider social and economic 
perspective as informational and explanatory regarding 
the current health status of the school-age population. 
The initial assessment (V1) revealed that in both EG and 
CG the poor body posture was the most prevalent. Eight 
subjects from the EG had poor posture and 4 subjects 
had good body posture (the 2nd category). Similarly, 
9 subjects from the CG had poor body posture (the 3rd 
category) and 3 subjects had good body posture. None 
of the subjects from the EG or the CG had ideal body 
posture (1st category). The first three months (V1-2) of 
physical and sports education lessons led by the PE 
teacher according to the School Educational Program 
did not lead to any significant changes (p > 0.05) in body 
posture, in either group. However, the health-oriented 
intervention exercise program that the subjects from the 
EG performed during three months (V3-4) resulted in 
positive changes in their body posture. All the subjects 
in the EG (n = 12) underwent positive changes with 
an average of 2.86 points. The final assessment (V4) 
revealed that 10 girls belonged to the second category 
(good posture) and two girls fell into the first category 
(ideal body posture). These changes were significant 
(p < 0.01) with the large effect size value (r = 0.62). 
However, we did not find any significant changes in 
overall body posture in any subjects from the CG 
during the (V3-4) period. Evaluation of significant 
differences between the EG and the CG proved the 
positive effect of the applied exercise program with 
significant improvement in the EG (MWU-test = 9.267, 
p < 0.01).
As far as other segments of body posture are concerned, 
the worst values during the first stage (V1-2) in both EG 
and CG regarded head and neck posture, the shape of 
the chest and pelvic inclination. Physical and sports 
education lessons taught according to the School 
Education Programme during the second stage (V1-2) 
did not lead to any significant changes (p > 0.05) in 
individual segments of body posture in either group. 

During the third stage (V3-4), however, we noted 
positive changes in all five segments of body posture  
in the EG subjects. The segments I (r = 0.57) and III.  
(r = 0.57) were at the one percent significance level, and 
the segments II, IV and V at the five percent significance 
level (Table 1). There were no significant changes in any 
body posture segments in the CG (p > 0.05) during the 
V3-4 stage. Analysis of significant differences between 
the EG and the CG proved the positive effect of the 
applied exercise program with significant improvement 
in the experimental group (MWU-test = 9.291, p < 0.01).

Table 1. Changes in individual body posture segments during 
the experimental period (V3- 4) in experimental group (n = 12)

Body posture segment p-value Effect 
size (r)

I. Head and neck posture 0.0053 0.57

II. Shape of the chest 0.0420 0.41

III. The abdominal segment and pelvic 
inclination 0.00512 0.57

IV. Curvature of the spine 0.0423 0.41

V. Shoulder height and position of the 
shoulder blades 0.0168 0.48

In the first (V1) and second (V1-2) study stage, we 
assessed the dynamic capacity of the spine in both 
EG and CG and we found that most of the subjects 
demonstrated deviations and did not have normative 
values in all the tests, which meant that all the subjects 
demonstrated the lower dynamic capacity of the spine. 
The final assessment in the second stage (V2) revealed 
only minimum changes, which were not significant  
(p > 0.05). The experimental period resulted in positive 
significant changes (V3-4) (r = 0.62, p < 0.01) in the EG 
members, in all five segments of the spine dynamic 
capacity. The subjects in the CG did not demonstrate 
any significant changes in the monitored factors of the 
spine dynamic capacity (p > 0.05) in the V1-2 and V3-4 
stages. Evaluation of significant differences between the 
EG and the CG proved the positive effect of the applied 
exercise program with significant improvement in the 
EG (MWU-test = 9.331, p < 0.01).
The initial assessments in the (V1) and (V1-2) stages 
revealed that all the members of the EG and the CG 
had shortened and weakened muscle groups without 
significant changes (p > 0.05) or differences (p > 0.05) 
between the groups. In the V3-4 stage, the subjects from 
the EG demonstrated positive changes in the muscle 
groups that tend to shorten: m. trapezius pars superior 
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(r = 0.63, p < 0.01), m. levator scapulae (r = 0.61,  
p < 0.01), m. pectoralis major (r = 0.41, p < 0.05),  
m. erector spinae (r = 0.60, p < 0.01), m. iliopsoas 
(r = 0.42, p < 0.05), the knee flexors (r = 0.44, p < 0.05) 
and m. triceps surae (r = 0.45, p < 0.05). 
Similarly, we noted the changes in the muscle groups 
that have a tendency to weaken: deep neck flexors  
(r = 0.41, p < 0.05), lower fixators of scapula (r = 0.43,  
p < 0.05), abductors of the hip joint (r = 0.45, p < 0.05), 
m. abdominis (r = 0.54, p < 0.01) and extensions of the 
hip joint (r = 0.51, p < 0.01). In the (V3-4) stage, we did 
not find and significant changes in the muscle system 
in the members of the CG. The significant changes 
between the EG and the CG proved the positive effect of 
the applied exercise programme on the muscle system 
with significant improvement in the experimental group: 
MWW-test = 8.693, p < 0.01 and MWU-test = 5.013, p < 0.05.
Having assessed both EG and CG, we found out that 
forward head posture contributes significantly to the 
development of functional disorders of m. trapezius pars 
descendens (rs = 0.661, p < 0.05) and m. levator scapulae 
(rs = 0.661, p < 0.05). Furthermore, a shortening of 
m. trapezius pars descendens and m. levator scapulae 
has a significant effect (rs = 0.661) on the cervical spine, 
resulting in pain. Moreover, the protruding abdomen 
in both EG and CG significantly affected (rs = 0.709, 
p < 0.05) functional capacity of m. erector spinae. 
The hip flexors contributed significantly (rs = 0.638,  
p < 0.05) to occurrence of pain in the lumbar spine. In 
the V3-4 period, the subjects in the EG did not experience 
any pain in the cervical and lumbar spine, unlike the 
members of the CG. 
The positive finding of our study is that the EG 
participants demonstrated significant changes (p < 0.05)  
(Table 2) in the (V3-4) stage, which resulted in 
improvement and stabilization of low back pain in 
contrast to the CG subjects (p > 0.05) throughout the 
whole (V1-4) period. As a result, we found significant 
differences between the EG and the CG (r = 0.92, 
p < 0.05).

Discussion
In our opinion, diversification of the physical and 
sports education syllabi had a positive impact as 
the participants of the EG demonstrated overall 
improvement in all monitored segments of the 
musculoskeletal system and their back pain stabilized. 
It is important to mention that the physical and sports 
education syllabus applied in the V3-4 stage was based 
on the assessment of the musculoskeletal system 
in the participants of the EG while the subjects in 
the CG had physical and sports education classes 
taught according to the School Education Program. 
As far as the healthy development of the school-age 
population is concerned, even the smallest changes 
in their lives can have a tremendous impact on their 
health. In practice, it means that more respect and 
attention should be paid to the health-oriented fitness 
of the school-age population, which involves also the 
musculoskeletal system. The truth is that this system is 
not given enough consideration in the Slovak physical 
and sport education syllabi, which need intervention 
in terms of postural exercise programs focused on 
pain prevention and lessons teaching good movement 
habits in everyday life [10]. 
Several authors [2, 12, 18, 22, 27, 30] have proved in 
their studies that appropriately selected and targeted 
exercise programs and health-oriented compensation 
exercises can have a positive effect on individual 
segments of the musculoskeletal system as well as on 
pain [26]. It is important to start and focus on prevention 
already in childhood before the primary symptoms of 
the back pain appear. 
Even though the school reform in Slovakia continues 
at different levels and has different forms, it will be 
necessary to modify the compulsory physical and sports 
education syllabi at elementary and secondary schools 
to incorporate the latest scientific findings. The goal 
is to make teachers’ work more effective and broaden 
school-aged children’s knowledge in terms of their 
health. The aforementioned findings suggest that school 

Table 2. Changes in pain assessment during the experimental stage (V3-4) in experimental group (n = 12)

n = 12 1 2 3 4 5 6 7 8 9 10 11 12

V1 input 1 1.5 1 2 1 2 1.5 1 1 1 1.5 2

V2 output 0 0 0 0 0 0 0 0 0 0 0 0.5

V1-2 difference 1 1.5 1 2 1 2 1.5 1 1 1 1.5 1.5

Wilcoxon test p = 0.002

Effect size r = 0.64
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can considerably influence the health of the school-age 
population from both qualitative and quantitative points 
of view. 

Conclusions
This empirical study helps to extend the knowledge of 
how to use health-oriented exercise programs, which are 
focused on the musculoskeletal system segments such as 
the functional capacity of the spine, the muscle system, 
and body posture, in physical and sports education lessons. 
According to our findings, we recommend diversification 
of the physical and sports education syllabi, which should 
include lessons focused on the prevention and elimination 
of musculoskeletal disorders and consider the individual 
needs of school-aged children. Our study also proves that 
the diagnosis of changes in this age has a positive effect 
in terms of prognosis. 
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The influence of high-intensity functional training versus 
resistance training on the main physical fitness indicators 

in women aged 25-35 years

Introduction 

An urgent problem of our time is the low motor 
activity of people, which provokes the occurrence 

of disorders in the musculoskeletal, cardiovascular, 
digestive, and respiratory systems, the appearance of 
excess body weight [2, 13]. A sufficient amount of 
physical activity for health − recommended for adults − 
implies a weekly dose of exercise of 150 to 300 min 
of medium intensity or 75 to 150 min of high intensity 
[13]. Starting training, women hope to quickly adjust 
body composition, improve functional abilities and 
physical fitness, and expand social contacts [10, 12, 13]. 
The lack of time, insufficient variety, complexity, and 
monotony of the proposed programs, or fear of injuries 
can reduce the commitment to systematic training or 
become the reasons for the termination of training in the 
first months [12, 15, 16]. Thus, developing an effective 
fitness program, suitable for physically inactive women, 
becomes more and more important. 

Abstract 
Introduction. Improving the physical fitness and performance of 
young women depends on the differentiated selection of methods 
and the amount of the load, the optimal selection of training 
methods. The aim of the study was to evaluate the influence of  
24-week high-intensity functional training (HIFT) program 
compared to the resistance training (RT) program on health-
related physical fitness indicators of women aged 25-35. Material 
and Methods. Thirty-six women (age 30.23 ± 3.5 years) were divided 
into two groups: experimental (EG; n = 18) – HIFT program, and 
control group, practicing RT (CG; n = 18). Both programs included 
exercises with massage rollers, exercises to overcome the weight of 
their own body, with fitness accessories, three times a week for 
24 weeks. Classes in the EG were distinguished by performing 
2-3 sets of exercises 15-20 times each (at 85-95% HRmax), 
separated by 10-30 s to 1 min periods. CG participants trained with 
an intensity of 60-70% HRmax. Differences in the effectiveness 
of HIFT and RT were determined by changes from the baseline 
to the final level in health-related indicators and physical 
fitness, evaluated by the ALFA-fitness program. Results. 
All scores in the EG and CG, except for the “one-leg stand”  
(p = 0.056) in CG, improved (p < 0.01 pre- vs post-training 
increases for each group). Post-training, waist circumference 
(69.28 ± 5.00 vs 74.19 ± 6.30 cm, p = 0.014), BMI (22.09 ± 1.54  
vs 23.27 ± 1.51 kg/m2, p = 0.027), “figure-of-eight run” (7.96 ± 0.61 
vs 9.03 ± 1.24 s, p = 0.002), “jump-and-reach” (32.33 ± 4.79 
vs 26.00 ± 5.25 cm, p = 0.001), “2-km walk test” (15.38 ± 0.93 
vs 16.86 ± 1.16 m, s, p = 0.0001) were better in EG than in CG, 
respectively. Conclusions. RT and HIFT are effective in terms 
of health and fitness. Compared to RT, HIFT training is more 
effective in reducing waist circumference, BMI, increasing agility 
and lower muscle strength, and improving cardiorespiratory 
fitness.

KEYWORDS: multifunctional exercises, circular training, working 
capacity, balance, muscle strength.
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In 2020 fitness trends in Europe the leading is high 
intensity interval training (HIIT), with body weight 
training (BWT), functional fitness training (FFT), 
occupying second, third and fourth places, respectively 
[5]. Resistance training (RT) is traditionally popular; it 
helps to maintain or to increase the level of physical and 
functional capabilities, increase endurance, speed and 
agility, and is an essential element of recommendations 
for physical activity [13, 20, 22, 24]. Long-term and 
systematic RTs contribute to an increase in skeletal 
muscle strength and mass, walking speed, and improved 
dynamic balance among women of different ages [1, 17]. 
However, along with this, comparatively quick adaptation 
to the nature of the same type of repetitive exercises in 
the traditional pattern is noted, which can slow down 
progress in achieving goals, cause boredom, and reduce 
motivation to continue training [15, 16]. Determining 
a way to increase functional and physical fitness that 
would not have the disadvantages of traditional training 
protocols and at the same time provide the desired health 
benefits in less time is relevant.
Recent studies confirm that high intensity functional 
training (HIFT), combining aerobic and power loads, has 
a positive effect on health, increases interest in physical 
activity, due to the high emotionality and attractiveness 
of both the exercises themselves and new types of 
equipment, it has a similar or superior comparison with 
RT efficiency [3, 7, 8, 15]. Several variations of HIFT 
programs, based on bodyweight training, functional 
fitness training, high-intensity circular training, high-
intensity power training, CrossFit®, Tabata, SuperSlow 
and others, are universal and integrative, characterized 
by compliance with the principles of HIIT and FFT, 
include exercises for various joints and muscle groups 
using bodyweight and various fitness accessories [8, 
11, 16, 20, 25]. In a recent in-depth review, Feito et 
al. [12] show the compelling benefits of using HIFT 
programs for different groups of people, describe the 
main differences in HIFT and HIIT methodologies 
that provide important differences in physiological 
responses and adaptations.
Having the advantages of traditional RT and HIIT, HIFT 
programs make it possible to individualize the load 
as much as possible and focus on improving general 
physical fitness, including cardiorespiratory fitness, 
endurance, strength, flexibility, speed, coordination, 
agility, balance and is perceived by participants as 
time-efficient and exciting training [16, 19, 20, 21, 25, 
28]. HIFT helps to improve performance in everyday 
functions, provides body composition correction, and 
has a potential osteogenic effect, in less time than 

RT [8, 12]. HIFT mode is widely used in the training 
process of athletes, contributing to the improvement 
of neuromuscular status, anaerobic power, heart rate 
restoration, and improves the structure and function 
of peripheral vessels [28, 29]. Recent, relatively short-
term (8-16 weeks) studies show the effectiveness of 
various HIFT program options, such as multimodal 
high-intensity interval training, high-intensity power 
training, CrossFit, CrossFit Teens™ to improve health 
and fitness levels of different groups of people, increase 
the popularity of these programs [7, 11, 25]. For example, 
after 8 weeks of HIFT training, previously physically 
inactive adults showed improvements in VO2max, 
body composition, muscle strength and endurance of 
the upper and lower body, and flexibility [6]. In longer 
research (6 months), an assessment of changes in key 
physical fitness indicators of young women practicing 
HIFT also showed significant and positive changes in 
flexibility, muscle strength, and muscle endurance [10].
However, only a few studies attempted to compare RT 
and HIFT [24, 26, 28]. The advantage of short-term 
(4-8 weeks) HIFT programs over traditional RTs have 
been identified in terms of strength, muscle endurance, 
flexibility, and aerobic abilities for male and female 
college students [19, 24]. Sobrero et al. [26], comparing 
the effectiveness of 6-week HIFT and traditional 
circular training, found that the HIFT program provided 
better results in terms of body composition and similar 
improvements in muscle strength and performance of 
recreationally active women. However, we note that 
most of these studies were conducted in the early stages 
of adaptation to training loads and focused on assessing 
individual indicators of physical fitness, for example, 
strength or cardiorespiratory fitness [6, 25]. There is 
very little evidence of optimal ways to implement HIFT 
to improve the indicators related to health and physical 
fitness in the long term, so we compared the effectiveness 
of HIFT and traditional RT programs. We hypothesized 
that (a) after the introduction of HIFT, there will be an 
improvement in body composition, cardiorespiratory 
fitness, muscle strength of the upper and lower parts of 
the body, muscle endurance of the upper body, balance, 
agility, and (b) that this training will demonstrate higher 
efficiency in comparison to the RT group. Thus, the aim of 
the study was to evaluate the impact of the 24-week HIFT 
program compared to the RT program on physical fitness 
indicators related to health among women aged 25-35.

Material and Methods
Participants. The randomized controlled trial was 
performed in 36 young, non-obese (BMI <30 kg/m2), 



TRENDS IN SPORT SCIENCESVol. 27(3) 159

THE INFLUENCE OF HIGH-INTENSITY FUNCTIONAL TRAINING VERSUS RESISTANCE TRAINING...

healthy women (without chronic diseases), willing to do 
fitness (Table 1). The participants were on average 29.72 ±  
± 3.23 years old, their height was 169.06 ± 3.54 cm, and 
their mean body weight was 70.5 ± 5.9 kg. Participants 
were randomly assigned either to the experimental (EG; 
n = 18) or control (CG; n = 18) group. There were no 
significant differences between the studied groups. 
All participating women were informed about the 
procedures and the main purpose of this study and gave 
their written informed consent.

Table 1. Baseline characteristics of young women 
participating in the research assigned to in experimental (EG; 
n = 18) and control (CG; n = 18) groups

Group Age (years) Body weight 
(kg)

Body height 
(cm)

x–  SD x– SD x– SD

EG 29.97 3.53 70.38 6.31 169.67 4.39

CG 29.46 2.97 70.63 5.64 168.44 2.41

Note: x–  – arithmetic mean, SD – standard deviation

Organization of research. During the 24-week research, 
workouts were conducted three times per week 
(Monday, Wednesday, and Friday) in both groups 
(72 workouts). Each training session, in both groups, 
consisted of the preparatory, main and final part, and 
lasted 50 min. Our experimental program was developed 
by one of the authors of the study who conducted the 
training sessions. In both training programs, exercises of 
various intensity with bodyweight or different weights 
were used to develop endurance, strength, balance, and 
flexibility. The research program included three stages: 
1) preparatory stage (1-4 weeks), the task of which was to 
prepare the participating women for the loads during the 
main stage, master the basic elements and comprehensive 
development of physical qualities, and develop a steady 
interest in physical exercises; 2) main stage (5-12 weeks) 
aimed at an in-depth study and improvement of the 
technique of performed physical exercises and achieving 
a higher level of physical fitness; 3) supporting stage 
(12-24 weeks) aimed to maintain and further improve 
physical fitness and health-related indicators. 
Each participant used a Polar® heart rate monitor to 
measure heart rate during exercise and recovery. The 
calculation of the intensity was carried out according to 
the Karvonen formula (Target Heart Rate = [(max HR –  
resting HR) × % Intensity] + resting HR) [18]. The 
intensity of the exercises, according to the individually 
calculated training heart rate, was adjusted at the end of 

each stage of training, which made it possible to control 
the intensity levels within the desired ranges, ensuring 
that women of both groups performed exercises with 
a given intensity. 
In the main part of the training (up to 30 min), the EG 
performed exercises aimed at developing the strength 
of the muscles of the arms and chest, back, legs, and 
abdominals. The exercises were performed 8-12 times 
(85-95% HRmax), with 10-60 s (50% HRmax) rest 
between each exercise. In the first 4 weeks, we used 
exercises with body weight and intensity of 75-85% 
HRmax. It was allowed to replace exercises by lighter 
ones (pull-ups on a low crossbar, knee-bending arms, 
etc.). At 1, 4, 7, 10 training sessions, exercises were 
carried to strengthen triceps, back muscles, deltas, and 
abs. Exercises for strengthening the arm, chest, and 
abdominal muscles were performed during 2, 5, 8, 
11 sessions. In the 3rd, 6th, and 9th training sessions, 
exercises were performed to strengthen the muscles of 
the legs, chest, back and abdominals, using a circular 
training method. The exercise complex of the circular 
training consisted of seven exercises (the number of 
reps 15 times, the rest time 10 s), which were performed 
one after another. For example, 1st station: pull-ups on  
a low crossbar; 2nd station: reverse hyperextension on the 
bench; 3rd station: kettlebell swing, one weight, 6 kg; 
4th station: handstand push-up; 5th station: dumbbell 
lateral raise; 6th station: box jump; 7th station: reverse 
crunch. When seven exercises were completed, a period 
of rest (1-2 min) began. After this, two following circles 
were performed. At the 12th lesson, a set of stretching 
exercises was carried out (runner’s lunge with quad 
stretch, pigeon stretch, backstretch bridge, backstretch, 
quad stretch walk, reverse hip skip, carioca quickstep, 
and foam roll), each exercise took 45-60 s, and the 
rest time was 10-15 s. Over the next 5-24 weeks, EG 
women performed complexes containing multimodal, 
plyometric exercises, and exercises with external 
resistance (dumbbells, shock absorbers, body bars). With 
an increase in the level of physical fitness, the intensity 
of the exercise and the complexity of the exercises 
was increased by integrating various elements into one 
exercise, using fitballs, medicine balls, and TRX loops.
CG women trained according to the RT program (60- 
-70% HRmax, individually determined according to 
Karvonen’s formula), which was based on a linear 
progression of loads: women performed 6-8 exercises 
(basic, classical power and isolated), with absolute 
precision and maximum amplitude, trying not to 
deviate from a given trajectory of movement, working 
out muscle groups: arm and chest muscles (barbell 
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biceps curl, hammer curl, decline triceps extensions, 
standing calf (heel) raise, inclined dumbbell bench 
press, flat dumbbell fly, wrist extension), backs (bent-
over row, one-arm dumbbell row, seated pulley row, 
upright row), legs (leg press, lunges, standing leg curls, 
leg extensions), press (bent-knee sit-up, abdominal 
crunch, physioball back extension). In the final phase of 
the movement, muscle contraction was held for 2-3 s. 
When returning to the starting position in an eccentric 
mode, the movement was performed smoothly, without 
jerking. The exercises were carried out in the order 
recommended by ACSM, namely, for optimal warming 
up and increasing the efficiency of subsequent exercises, 
large muscle groups were worked out first, then smaller 
muscle groups [13]. CG women performed 2-4 sets of 
8-12 repetitions, with 60-90 s rest between multiple sets. 
Progression was carried out in two ways: method I – 
by repetitions, when the weight of the weights and the 
number of repetitions remained the same, and method 
II – progression by repetitions, when the weights and 
approaches remained the same, and the number of 
repetitions increased [13]. Weekly exercise options, as 
they adapt, every one to two months, changed. Option I: 
training of the large or small muscle antagonists. On 
Monday, exercises were performed for the large muscles 
of the agonists: the chest and back, as well as for the 
rectus abdominis. On Wednesday, exercises for small 
muscle groups: deltoid, biceps, and triceps muscles of 
the shoulder (antagonists), as well as lower legs and 
rectus abdominis. Large muscle groups were worked out 
on Friday: exercises for the quadriceps and biceps of the 
thighs (antagonists), gluteus and adductors, as well as 
the rectus abdominis muscle. Option II: training of the 
flexors or extensors. Monday: flexor muscles (biceps 
of the shoulder, biceps of the thighs, rectus abdominis, 
etc.). Wednesday: extensor muscles (quadriceps femoris, 
triceps brachii, extensors, etc.). Friday: training was 
carried out according to the program of Monday. 
Option III: training the muscles of the upper or lower 
torso. Monday: muscles of the thorax, back, biceps and 
triceps muscles of the shoulder, deltoid muscles and 
rectus abdominis muscle. On Wednesday, the muscles 
of the legs, buttocks, legs, and rectus abdominis muscle. 
On Friday, the workout was carried according to 
Monday’s program.
The final part, among women of both groups, lasted 
8-10 min (40-50% of HRmax) and contained exercises 
for the development of flexibility and relaxation of 
muscles such as: hanging on the crossbar, longitudinal and 
transverse splits, and their auxiliary exercises, a bridge, 
exercises on a massage roller.

Testing procedures. To measure and evaluate the health-
related components of fitness, at the beginning and the 
end of the study, all participants of the experiment were 
tested using the ALPHA-FIT (Assessment of Physical 
Activity and Physical Fitness) test pack for adults aged 
18-69. Testing was carried out in strict accordance 
with the recommendations described in detail in the 
manual. Before testing, warm-up or stretching exercises 
were not performed for participants [27]. Following 
indicators were registered: body composition (waist 
circumference, BMI); motor fitness (one-leg stand, 
figure-of-eight run); musculoskeletal fitness (shoulder-
neck mobility, hand grip, jump-and-reach, modified 
push-up, dynamic sit-up); cardiorespiratory fitness 
(“2-km walk test”) [27]. Bodyweight (kg) and height (m) 
were measured to calculate BMI (kg/m2), bodyweight 
was measured to the nearest 0.01 kg using electronic 
scales Seca 703 (Seca North America, Chino, CA, 
USA), and height was measured to the nearest 0.5 cm 
using a stadiometer Seca 264 (Seca North America, 
Chino, CA, USA). 

Statistical analysis
All statistical analyzes were carried out with SPSS 
version 22.00 software (IBM SPSS, Armonk, NY, USA). 
All data are presented as mean ± standard deviation 
of the mean (SD). The data were checked for normal 
distribution using the Kolmogorov–Smirnov test, the 
achieved significance level was more than 0.05. One-
way analysis of variance (ANOVA) was used to compare 
the average values between the results in independent 
groups, namely, preliminary testing in the EG and CG, 
and the results of post-testing in the EG and CG. To 
compare the average values in dependent samples, i.e. 
between the results in the EG (pre- and post-training) 
and comparison of the average values between the 
results in the CG (pre- and post-training), we used one-
way analysis of variance for repeated measurements 
(Repeated Measures ANOVA). Measures of the effect 
size (ES) for differences were calculated by dividing 
the mean difference by the standard deviation (SD) of 
the pre-training measurement. The magnitude of the 
ES was classified according to the following criteria: 
0.2 < d < 0.5 was considered “small”, 0.5 < d < 0.8 
represented “medium”, and d > 0.8 constituted “large” [9]. 
Differences were considered to be reliable at a significance 
level of p < 0.05.

Results
Prior to the experiment, no significant differences 
were found between the groups (p ≥ 0.05) in body 
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composition, cardiorespiratory fitness, muscle strength 
and endurance of the upper and lower body parts, 
the level of agility, and development of the stability 
functions. This signifies the homogeneity of the groups 
before the research.

The first hypothesis was fully confirmed, all assessments 
in the EG showed an improvement from pre-testing to 
post-testing (p < 0.0001). Most significantly, in this 
group, improved short-term endurance capacity of the 
upper extremity extensor muscles and the ability to 

Table 2. Health-related fitness test scores before (pre-test) and after 24 weeks of training (post-test) in experimental (EG; n = 18) 
and control (CG; n = 18) groups 

Measurable indicators Groups Pre-test
x–   (±SD)

Post-test
x–   (±SD) P ES ∆%

Waist circumference 
(cm)

EG 74.46(6.6) 69.28(5.00)*† 0.0001 0.88 –6.95

CG 78.23(7.12) 74.19(6.30)* 0.0001 0.60 –5.11

p 0.110 0.014

BMI (kg/m2)

EG 24.82(2.12) 22.09(1.54)*† 0.0001 1.47 –10.99

CG 24.78(2.13) 23.27(1.51)* 0.0001 0.81 –6.09

p 0.947 0.027

One-leg stand (s)

EG 50.33(21.92) 57.61(22.60)* 0.0001 0.33 14.46

CG 45.94(24.90) 46.91(25.11) 0.0560 0.04 2.11

p 0.578 0.188

Figure-of-eight run (s)

EG 8.83(1.02) 7.96(0.61)*† 0.0001 1.04 –9.85

CG 9.27(1.33) 9.03(1.24)* 0.0050 0.18 –2.59

p 0.263 0.002

Shoulder-neck mobility 
(points)

EG 7.67(1.61) 8.56(1.34)* 0.0010 0.60 11.60

CG 6.94(2.41) 8.55(1.38)* 0.0001 0.82 23.19

p 0.298 0.715

Hand grip (kg)

EG 39.12(4.57) 42.92(5.23)* 0.0001 0.77 9.71

CG 38.70(5.72) 40.36(5.76)* 0.0001 0.29 4.28

p 0.808 0.173

Jump-and-reach (cm)

EG 27.17(5.47) 32.33(4.79)*† 0.0001 1.00 18.99

CG 25.22(5.43) 26.00(5.25)* 0.0001 0.15 3.09

p 0.292 0.001

Modified push-up 
(total number)

EG 8.39(2.00) 12.00(2.40)* 0.0001 1.63 43.02

CG 11.33(2.22) 8.89(2.42)* 0.0001 1.05 21.54

p 0.940 0.393

Dynamic sit-up 
(total number)

EG 12.67(3.50) 16.78(3.70)* 0.0001 1.14 32.43

CG 13.38(3.64) 16.67(3.71)* 0.0001 0.89 24.58

p 0.548 0.894

2-km walk test (m, s)

EG 16.90(1.13) 15.38(0.93)*† 0.0001 1.47 –8.99

CG 17.08(1.10) 16.86(1.16) 0.0001 0.18 –1.23

p 0.630 0.0001

Note: CG – control group, EG – experimental group, ES = Cohen’s d effect size, x–   (±SD) = mean ± standard deviation, * p ≤ 0.05 (between 
study terms), † p < 0.05 (between study groups) 
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stabilize the body. So in the test “modified push-up” 
the number of repetitions increased by 3.61 ± 0.40  
(F = 270.48, df = 1.17, p = 0.0001), and in the test 
“dynamic sit-up” the number of repetitions increased by 
4.11 ± 0.20 (F = 173.68, df = 1.17, p = 0.0001). Agility 
and muscular power of lower extremities, according 
to the results in “figure-of-eight run”, also improved 
(F = 30.86, df = 1.17, p = 0.0001). Waist circumference 
and BMI (p < 0.0001) decreased significantly. All test 
results in CG, except for “one-leg stand” (F = 4.22, 
df = 1.17, p = 0.056), also showed an improvement 
from pre-testing to post-testing (p < 0.05). The most 
functional mobility of the shoulder and neck region was 
significantly improved according to the results of the 
“shoulder-neck mobility” test (F = 23.172, df = 1.17, 
p = 0.0001). Table 2 shows a comparison of physical 
fitness indicators (ALPHA-FIT test) obtained before 
and after the experiment.
Regarding the second hypothesis, a comparison of the 
results of the final testing in EG and CG revealed that the 
HIFT training showed higher efficiency compared to RT in 
five indicators. Thus, statistically significant differences 
were found in the indicators of waist circumference  
(F = 6.71, df = 1.35, p = 0.014), BMI (F = 5.38, df = 
= 1.35, p = 0.027), the level of agility (“figure-of-eight 
run”, F = 10.75, df = 1.35, p = 0.002), the strength of the 
lower body muscles (“jump-and-reach”, F = 14.31, df = 
= 1.35, p = 0.001), and the cardiorespiratory efficiency 
(“2-km walk test”, F = 17.665, df = 1.35, p < 0.001). 
Both training programs caused similar changes in 
mobility of the shoulders and neck, handgrip strength, 
the number of push-ups, and the values of the dynamic 
squat test.

Discussion 
The main finding of this study was that both, HIFT and RT 
contribute to positive changes in the studied parameters 
(body composition, motor, and musculoskeletal fitness, 
cardiorespiratory fitness), which indicates the effectiveness 
of both programs in general. However, when comparing 
the two training programs, HIFT caused a greater effect 
on waist circumference, BMI, agility development, the 
lower body muscles’ strength, and cardiorespiratory 
fitness. The ability to maintain body balance in difficult 
postural conditions increased only in the HIFT group.
Body composition. A change in body composition 
is widely used as an indicator of the effectiveness of 
the selected training regime. The study found that 
both training programs are effective in reducing waist 
circumference (WC) and lowering BMI among healthy, 
young women. However, HIFT was significantly more 

effective in reducing these parameters, which corresponds 
with comparable reductions in subcutaneous adipose 
tissue reported after 8 weeks of HIFT [11, 12, 26]. 
Significant efficacy of CrossFit Teens™ training (60 min 
twice a week) was found in adolescents; among others 
WC decreased by 3.1 cm (p < 0.001), BMI decreased by 
1.38 kg/m2 (p < 0.001) [11]. Smith et al. [25] reported 
that 10-week high-intensity power training programs 
using “day training” (WOD) contributed to a decrease 
in BMI by 0.7 ± 0.1 kg/m2 (p = 0.01). However, our data 
are not consistent with the data of Heinrich et al. [15], 
Tomljanović et al. [28], who did not find significant 
changes in WC and BMI in men and women (22-30 years 
old) after identical, but shorter (5-8 weeks) training 
programs. These discrepancies can be in great part 
explained by the shorter duration of interventions, the 
intensity, and type of exercise, the studied categories 
of participants (men and women), their number (9-15 
people), or the presence or absence of obesity.
Motor fitness. In this study, the ability to maintain body 
balance in difficult postural conditions, according to the 
results of the “one-leg stand” test, significantly changed 
only in EG. Despite that Cosgrove et al. [10] did not find 
balance improvements after HIFT for young women, 
there are reports of improved balance after RT among 
older women [17]. The significant changes in the results 
of the “figure-of-eight run” test (specifying the level 
of agility development) indicate a greater influence of 
HIFT on the efficiency of neuromuscular coordination. 
Our data are consistent with the results of Barranco-Ruiz 
and Villa-González [4], which reported that 16 weeks of 
Zumba Fitness® training, supplemented with bodyweight 
strengthening exercises, significantly improved the 
results of “figure-of-eight run”. Also, Rogers et al. [22] 
reported a 9.8% agility improvement after RT. 
Musculoskeletal fitness. We assessed the posture and 
functional mobility of the shoulder and neck region, 
since among adults sometimes pain and restrictions in 
the sagittal mobility of the lower cervical and upper 
thoracic spine may be observed [14, 23]. Both types 
of training increased the range of motion of the lower 
cervical and upper thoracic spine. Moreover, in CG 
women, the improvement in this indicator was more 
significant. Probably, performing a variety of exercises 
in which the short rotator muscles were involved, and 
exercises with a wide range of motion in the shoulder 
joints, cervical and lumbar spine significantly improved 
this ability. Although at the time of publication, we have 
found no other studies examining the effect of HIFT on 
posture and functional mobility of the shoulder and 
neck region based on the results of the “shoulder-neck 
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mobility”, our results are comparable with the data of 
Barranco-Ruiz and Villa-González [4], which revealed 
an increase in the mobility of the neck and shoulders by 
2.123 ± 0.47 points (p = 0.0001; Cohen’s d = 0.60). Our 
results indirectly correlate also with a 10-20% increase 
in isometric neck strength and an improvement in the 
neck range of motion among adults with chronic neck 
pain after RT [14]. We believe that a scrupulous study 
of the effect of HIFT on the functional mobility of the 
shoulder and neck region is required.
In the present study, an improvement in hand muscle 
strength, which is necessary for many daily functions, 
was noted in both the EG and CG, yet the greater 
difference was caused by HIFT. The greater effect in 
improving hands muscle strength among women from 
EG can be explained by the 25% higher intensity of that 
strength training. However, that considerable difference 
between groups in the intensity of the training was not 
large enough to cause a significant difference in muscle 
strength’ increases between groups. The increments in 
hands muscle strength are similar in the present study 
to those found in young women practicing the modified 
Zumba Fitness program (p < 0.05) [4] and in older women 
after the strength training (16.31%; p < 0.01) [21].
The muscle strength of the lower body improved only 
after HIFT training. The most probably the performance 
of plyometric exercises that effectively influenced the 
“jump-and-reach” test result in EG. Buckley et al. [7] 
reported an increase in muscle strength (squat, deadlift, 
and overhead press strength) after high-intensity 
multimodal exercise (p <0.01). Sobrero et al. [26] noted 
an improvement in the “vertical jump” test after 10 
weeks of HIFT (p = 0.029). However, Ahtiainen et al. [1] 
also reported that after 6 months of RT training, women 
under the age of 45 years, had a maximal bilateral 
concentric strength of the hip and knee extensors, and 
plantar flexors increased by 26.7 ± 13.9%.
Both indicators of muscular endurance of the body (the 
number of repetitions performed during the “modified 
push-up” and “dynamic sit-up” tests) show a significant 
improvement among women in the EG and CG groups. 
Probably, the combination of gymnastic and weightlifting 
exercises in the HIFT program contributed to a greater 
increase in the efficiency of movements. Our results 
are similar to improved muscle endurance (p < 0.0001) 
and upper body strength (p = 0.007) after HIFT and 
traditional circular training [26], and 18.6% increase in 
bench press and 22.7% increase in leg press after HIFT 
showed by Brisebois et al. [6]. Improvements in both 
of these assessments are expected since each group 
performed the exercises using both their body weight 

and fitness accessories [3, 12, 13]. Sartor [24] found 
that after 8 weeks of both HIFT and traditional strength 
training, participants significantly improved muscle 
endurance, without significant differences between 
groups. In this case, it can be argued that both of these 
methods are important and effective in increasing the 
muscular endurance of the trunk.
Cardiorespiratory fitness. A significant decrease of 
8.99% in the time of the “2-km walk test” was noted 
among women from the EG group, compared to 
1.23% in women from CG. Possibly, aerobic exercise 
included in the high-intensity functional training led to 
a greater adaptation of the oxygen delivery system and 
improved its use by active muscles. Furthermore, the 
active rest between exercises also helped to improve 
muscle metabolism. In our opinion, aerobic exercises 
aimed at developing general endurance were not 
sufficiently included in the exercise complexes used in 
the control group. Our findings can only be compared 
to other studies indirectly, and with caution, since 
most of the changes in cardiorespiratory fitness were 
judged by changes in VO2max level measured using 
laboratory tests, while in our study we used a field test. 
We assume that the improvement in cardiorespiratory 
fitness is comparable to previous studies, which reported 
significant improvements in VO2max from 7% to 11.8% 
after 4-10 weeks of training [6, 7, 25]. For example, 
after a 6-week multimodal HIIT, a 7% increase in 
VO2max was found [7], and participation in a 4-week 
Tabata training resulted in a 7-8% increase in VO2max  
(p < 0.05) in young women [20]. After 10 weeks of 
Crossfit-based high-intensity power training, the relative 
VO2max improved by 11.8% [25]. Brisebois et al. [6] 
reported that among previously inactive men and 
women, after 8 weeks of HIFT, the absolute VO2max 
increased by 6.3% (p = 0.003; Cohen’s d = 0.23), 
and relative VO2max by 5.5% (p = 0.003; Cohen’s d = 
= 0.21). Cosgrove et al. [10] found that the time to 
cover a distance of 1.5 miles was significantly shorter 
in the less experienced group (0-6 months) compared 
to the more experienced group (7+ months). In contrast, 
Sobrero et al. [26] showed that 6 weeks of HIFT training 
did not significantly affect the cardiorespiratory fitness 
of women. Also, Kim et al. [19] received no evidence of 
a positive effect of 4 weeks of either RT or SuperSlow 
resistance training on aerobic abilities of young women.
A limitation of this study is that one of the researchers 
was involved in the design and implementation of the 
HIFT program. Besides, this study was limited by 
sample size. Since there are many different HIFT and RT 
training programs, the comparison of results obtained 
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by us does not guarantee that the HIFT applied in this 
study is superior to other training programs.

Conclusions 
As far as we know, this was the first study that 
compared the effectiveness of 24 weeks of HIFT and 
RT concerning the health and physical fitness of young 
women. Our results could be significant for public 
health as they show that both programs contribute to 
positive changes in the studied indicators. However, 
we identified differences in effectiveness that depend 
on the type of program. The obtained results allow us 
to consider HIFT as a more effective and alternative 
choice to RT to improve body posture, working capacity, 
health indicators, and promote a long-term commitment 
to physical activity. These results may also be of interest 
to researchers and fitness trainers and can be used to 
develop training programs for women who begin to do 
fitness to improve their well-being and overall health.
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Introduction

Soccer is an intermittent-type of sport that incorporates 
actions with low and high intensity and duration. 

 The development and use of technology help trainers and 
scientists to study extensively the physical demands of 
soccer [25]. In elite youth soccer, distances around 9 km 
are covered by players, and approximately 10% of this 
distance is covered in high velocity [2, 9]. Additionally, 
soccer players perform many other activities in a match, 
such as accelerations, decelerations, jumps, changes of  
direction, and others [9]. All of the above actions 
activate aerobic and anaerobic metabolism which are 
crucial for soccer players’ performance [20].

Abstract
Introduction. Researchers have proposed some equations for 
the estimation of VO2max in adults with the use of the total 
distance or the maximum velocity of the Yo-Yo test. However, 
the use of these equations for estimating the VO2max in children 
may include mistakes. Their physiological adaptations to 
incremental exercise are different than in adults. Aim of Study. 
The purpose of this study was to investigate the relationship 
between a) the predicted VO2max (by a published equation) 
with the VO2max measured in the laboratory and b) the velocity 
at the last stage of Yo-Yo IR1 (YYIR1) with the vVO2max 
measured in the laboratory in elite youth soccer players (U17). 
Material and Methods. Twenty-seven soccer players completed 
a laboratory treadmill test (LTT) and the YYIR1 which were 
conducted in random order. Their VO2max was measured 
during LTT and had been predicted by the results of the YYIR1 
test from a published equation. Results. The values of VO2max 
in LTT and YYIR1 were different (t = –7.652, p < 0.001) (58.9 ± 
± 5.3 and 50.8 ± 2.7 ml/kg/min, respectively). There were no 
differences between the measured values of vVO2max in LTT and 
YYIR1 (t = 1.652, p = 0.11). Also, no differences were observed 
in HRmax values in the two tests (t = –0.185, p = 0.854). The 
equation derived from the results of the present study did not 
have prediction power (r = 0.11, r2 = 0.012). Conclusions. The 
VO2max which was predicted by the published equation from 
the performance of YYIR1 was different from VO2max was 
measured in the laboratory in elite youth male soccer players 
(U17). However, YYIR1 could be used for measuring HRmax 
and VO2max velocity. 

KEYWORDS: aerobic capacity, football, prediction, maximal 
oxygen consumption.
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The aerobic capacity may be assessed with the measure 
of maximum oxygen uptake (VO2max), which refers to 
the maximal ability of the body to use oxygen during 
maximal effort. The gold standard for assessing VO2max 
consists of maximal laboratory tests using a treadmill 
[12]. Some other indices which were measured during 
laboratory testing are velocity at which VO2max 
occurred (vVO2max) and the velocity at which RER 1 
occurred (vRER1). All of the above indexes can be 
used for the design and evaluation of aerobic training. 
Previous researchers have mentioned that vVO2max 
is a better indicator of performance than VO2max 
because it combines both VO2max and running economy 
[14]. As a performance indicator vVO2max can explain 
inter-individual differences in performance [17] and 
can be used to determine optimal training intensity [7]. 
More specifically if an athlete increases his vVO2max 
through training he will also improve his running 
performance [17].
Thus, laboratory measurement which is the most accurate 
method requires the use of expensive equipment, well-
trained personnel, and a lot of time for measuring large 
groups of athletes like that of a soccer team. All the 
reasons mentioned above lead to developing different 
field tests for VO2max, vVO2max, and other indexes 
estimation [4, 23]. Those tests are less accurate but the 
trainer can measure a lot of players in less time, using 
much less equipment.
One of the field tests that is commonly used in soccer is 
the Yo-Yo intermittent recovery test which was devised 
and developed based on another test, the maximal 
multistage 20 m shuttle run test (20-MST) [4] which 
was described for the first time by Léger and Lambert 
(1982) [23]. Many researchers have studied the 
correlation between the performance in the Yo-Yo test 
and VO2max and some of them have mentioned weak 
correlations [3, 11] while others moderate to strong 
correlations [19]. Additionally, previous studies showed 
that the total distances covered in a match by players 
and the distances in different velocities are correlated to 
the players’ performance in the Yo-Yo test [10].
Researchers have proposed a couple of equations for 
the estimation of VO2max in adults [4] with the use of 
the total distance or the maximum velocity of the Yo-Yo 
test. However, the use of these equations for estimating 
the VO2max in children may include mistakes. Their 
physiological adaptations to incremental exercise are 
different than in adults [27]. Also, youths experience 
a faster recovery after maximal intermittent bouts of 
exercise which can affect the performance in this kind of 
exercise [24]. For the reasons above it is hypothesized 

that age could be a crucial factor inVO2max estimation 
via Yo-Yo test performance.

Aim of Study
The purpose of this study was to investigate a) the 
relationship between the predicted VO2max from the 
results of Yo-Yo IR1 (by the equation proposed by 
Bangsbo et al., 2008) [4] with the VO2max measured 
in the laboratory, and b) the relationship between the 
velocity at the last stage of Yo-Yo IR1 (YYIR1) and 
vVO2max measured in the laboratory. Additionally, 
the third aim of this study was to produce regression 
equations enabling the use of YYIR1 distance to predict 
VO2max, in elite youth soccer players, aged 15-17 years.

Material and Methods

Subjects
Twenty-seven elite youth soccer players (16.5 ± 1.2 y; 
1.73 ± 0.04 m; 68.1 ± 3.4 kg; mean ± SD) participated in 
the study. Furthermore, all participants and their parents 
were informed about the potential risks and benefits of 
the study, and a written consent form was signed by the 
parents. The local Institutional Review Board approved 
the study, in the spirit of the Helsinki Declaration.

Procedure
All players completed two tests (an incremental 
laboratory treadmill test (LTT) and the YYIR1 test) 
in random order during a 10-day period. The study 
was conducted before the in-season period. Players’ 
VO2max was measured during LTT and was estimated 
from the results of YYIR1. Furthermore, testing was 
performed under the same conditions and the players 
were instructed to avoid intense exercise during the 24 
hours before the tests. 
During their first visit to the laboratory, all players were 
familiarized with the procedures for the treadmill test 
and the YYIR1 test. Also, they had their body mass, 
height, and percentage of body fat measured. During the 
next two visits (almost 7 days apart), the participants 
performed the aerobic tests. In the beginning, the soccer 
players performed a 10-minute warm-up, and at the 
end a 10-minute cool-down. During the 10 days of the 
study, the players participated in five training sessions. 
Additionally, all participants consumed water ad libitum 
to ensure proper hydration during training and testing.

Anthropometric and assessment of maturity status
Body mass was measured to the nearest 0.1 kg using 
an electronic digital scale with the participants in their 
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underclothes and barefoot. Standing height was measured 
to the nearest 0.1 cm (Seca 220e, Hamburg, Germany). 
Body fat percentage was estimated based on the sum of 
four (biceps, triceps, suprailiac, subscapular) skinfold 
thicknesses using a specific caliper (Lafayette, Ins. Co., 
Indiana) on the right side of the body. The body fat was 
estimated using the equation of Siri (1956) [28].

Laboratory VO2max and vVO2max assessment
VO2max of soccer players was assessed in the morning. 
The room temperature was around 22°C and the relative 
humidity was approximately 50%. The cardiorespiratory 
VO2max test was performed on a motorized treadmill 
(Pulsar, h/p/Cosmos, Nussdorf-Traunstein, Germany). 
The first stages of the protocol had similar velocities 
with YYIR1. More specifically the initial grade was 
0% and the first stage had a speed of 10 km·h–1 for 
30 seconds. For the next three stages, the speed was 
increased every 30 seconds by 1 km·h–1. The fifth 
stages’ velocity was 14 km·h–1 for 1 minute and was 
gradually increased in the next stages every 2 minutes 
until exhaustion. After the final stage, a cool-down 
session took place for 5 min, at 4 km·h–1, and 0% 
grade. VO2max values and cardiorespiratory indices 
were measured via a breath-by-breath automated 
pulmonary-metabolic gas exchange system (Oxycon 
Pro, Jaeger, Wurzburg, Germany). Furthermore, prior 
to all tests, O2 and CO2 analyzers were calibrated using 
certified gas concentrations and the mass flow sensor 
was automatically calibrated against a 2.0 L calibration 
syringe. The highest VO2 value recorded at the maximal 
exercise intensity, after achieving the stabilization 
of VO2 for at least 5 measurements (steady-state), was 
considered VO2max. During the testing, also other 
cardiorespiratory parameters were recorded: heart-rate 
(HR), maximal HR, and respiratory exchange ratio (RER). 
The heart rate (HR) was recorded every 5 s throughout 
the exercise tests using short-range telemetry (Polar H2, 
Polar Electro Oy, Kempele, Finland).
VO2max was assumed when at least one out of the 
four following criteria, was met: a) HR during the 
last minute exceeded 95% of the expected maximal 
HR predicted using formula 220-age; b) leveling off 
(plateau) of VO2max despite the increase in treadmill 
grade; c) a respiratory gas exchange ratio (VCO2/VO2) 
equal to or higher than 1.1 was reached; d) the subject 
was no longer able to continue running despite verbal 
encouragement.
The lowest running speed that elicits a VO2 equivalent 
to VO2max during the treadmill test was defined as 
vVO2max [6]. If the final exercise workload was not 

completed for 120 s but VO2 continued to increase then 
vVO2max was determined from the following equation 
[21] (Equation 1):

vVO2max = last workload completed in 120 s =  
= [(time of the uncompleted work load/120) × 1]

Yo-Yo intermitted recovery test level 1
The YYIR1 consisted of 2 × 20 m intervals of running 
interspersed by regular short rest periods (10 s). 
Furthermore, signals were given by a CD-ROM to 
control the speed. The player run 20 m forward and he 
adjusted his speed, so to reach the 20 m marker exactly 
at the time of the signal. Additionally, a turn was made 
at the 20 m marker and the player run back to the starting 
marker, which was to be reached at the time of the next 
signal. Then the player had a 10 s break for running 
slowly around the third marker which was placed 5 m 
behind him. He had to wait at the marker until the next 
signal. The course was repeated until the player failed 
to complete the shuttle run two times in a row. The  
first time, when the start marker was not reached  
a warning was given (‘yellow card’), the second one 
the test was terminated (‘red card’). The last running 
interval that a player had completed before being 
excluded from the test was noted, and the test result was 
expressed as the total running distance covered in the 
test [11]. The YYIR1 also started at a speed of 10 km/h. 
Furthermore, in the next 2 speed levels, the speed was 
increased by 2 and 1 km/h, respectively. Thereafter, 
the speed was increased by 0.5 km/h at every speed 
level. The vYo-Yo IR1 was sustained during the last 
completed 40 m. 

VO2max prediction
Players’ VO2max was predicted from their distance 
covered in the YYIR1 using the equation recommended 
by Bangsbo et al. [4] (Equation 2):

VO2max prediction (ml/kg/min) = 
= Yo-Yo IR1 distance (m) × 0.0084 + 36.4

Statistical analysis
Data are presented as means ± SD. Additionally, data 
normality was verified with the 1-sample Kolmogorov- 
-Smirnov test; therefore, a nonparametric test was 
not necessary. The scores from the treadmill test and 
the YYIR1 were compared using a paired T-test. 
Pearson coefficient was used to verify the correlation 
between factors of the treadmill test and YYIR1. The 
relationship between YYIR1 performance and VO2max 
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Note: HRmax – maximal heart rate, YYIR1 – Yo-Yo intermittent 
recovery test level 1, LTT – maximal laboratory treadmill test, 
vVO2max – velocity at VO2max, vYYIR1 – velocity at the last  
complete level of Yo-Yo intermittent recovery test level 1 

Figure 1. Correlation and confidence intervals (95%) between 
the results of YYIR1 and LTT in A: maximal heart rate and  
B: maximal running velocity

The equation for the prediction of VO2max (Equation 3)  
was based on the linear regression analysis (r = 0.11,  
r2 = 0.012) (Figure 2): 

VO2max = 55.847 + 0.002 × Yo-Yo IR1 (distance m)

Note: The grey lines indicate the variation of the distance covered 
in YYIR1 (920-1,960 m) for a given VO2max of ~61.5 ml/kg/min; 
LTT – laboratory treadmill test, YYIR1 – Yo-Yo intermittent reco-
very test level 1

Figure 2. Correlation between the VO2max obtained during 
LTT and the distance covered in the YYIR1

Discussion
One of the primary aims of this study was to investigate 
the validity of predicting VO2max of elite youth male 
soccer players based on the performance of the YYIR1 
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was tested using linear regression analysis. The level of 
significance was set at p < 0.05. SPSS version18.0 was 
used for all analyses (SPSS Inc., Chicago, IL, USA).

Results
The analysis of the data revealed differences between 
VO2max was measured in the laboratory and VO2max 
predicted with the use of Equation 1 (t = –7.652,  
p < 0.001) (58.9 ± 5.3 ml/kg/min and 50.8 ±  
± 2.7 ml/kg/min, respectively). Also, differences were 
observed in the total duration of the tests (488 ± 89 s for 
LTT and 852 ± 152 s for YYIR1; t = 13.075, p < 0.001). 
There were no differences between the measured values 
of vVO2max during LTT and during YYIR1 (4.61 ± 
± 0.29 m/s and 4.51 ± 0.14 m/s respectively; t = 1.652, 
p = 0.11). Also, no differences were observed in HRmax 
measured during both tests (193 ± 7.6 beats/min and 
193 ± 7.7 beats/min for LTT and YYIR1, respectively;  
t = –0.185, p = 0.854) (Table 1).

The correlation coefficient between the two tests (LTT and 
YYIR1) for HR and velocity were r = 0.68 (p < 0.001) 
and r = 0.13 (p = 0.503), respectively (Figure 1).

Table 1. Comparison of test results between YYIR1 and LTT 
(mean ± SD)

Test Duration 
(sec)

Maximal 
velocity 
(km/h)

HRmax 
(beats/min) Vo2max (ml/kg/min)

Estimated Measured

YYIR1 852 ± 152 4.5 ± 0.1 193.7 ± 7.6 50.8 ± 2.7 --------

LTT 488 ± 89 4.6 ± 0.3 193.7 ± 7.7 --------- 58.9 ± 5.3

Note: YYIR1 – Yo-Yo intermittent recovery test level 1, LTT –  
maximal laboratory treadmill test, HRmax – maximal heart rate

.
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test. The results indicated that there were differences 
between the direct measure of VO2max and the indirect 
estimation of VO2max with the use of Equation 2. The 
results above confirmed that, in elite male youth soccer 
players, we can not compare the VO2max predicted with 
the use of Equation 2 with the VO2max measured in the 
laboratory. Also, the VO2max measured by the YYIR1 
compared to the LTT was underestimated by 15.9%.
Additionally, the results of the present study indicate  
a non-significant relationship between YYIR1 performance 
(distance) and LTT VO2max (r = 0.112, p = 0.572). To 
our knowledge, only one study has investigated the 
relationship between YYIR1 and VO2max in elite 
youth male soccer players [18] and showed moderate 
relationships between a VO2max measurement and 
distance covered in the YYIR1. However, many studies 
were performed in adult soccer players [19] and they 
mentioned from weak to strong correlations between 
YYIR1 distance and VO2max (measured during LTT).
The YYIR1 is a field test which for every 40 m has  
a 10 s active recovery. This is its main difference from 
LTT which is a continuous test. Another difference 
is the energy cost and the ability for maintaining the 
economy in constant changes of direction in the YYIR1. 
This diverse running economy could be a reason for 
the above differences or the lack of relationships [11]. 
Figure 2 shows that players with similar VO2max (61.4- 
-61.6 ml/kg/min) may run different distances in YYIR1 
(920-1,960 m).
Additionally, one possible explanation for this difference 
could be different, than in adults, physiological 
adaptations of children to incremental exercise [27]. 
More specifically, youths in comparison to adults  
1) in all intensities have a greater oxygen consumption 
per body weight, 2) have higher levels of ventilation 
per kilogram at submaximal and maximal speeds,  
3) have inferior breathing efficiency, and also 4) they 
have higher heart rates at all exercise levels [27]. In 
comparison to adults, youths have limited glycolytic 
ability during high-intensity exercise, while their 
aerobic metabolism is higher [22]. Furthermore, the 
levels of muscle oxidative enzymes are increased in 
youngsters, and this promotes lipid oxidation in energy 
production. However, aerobic metabolism cannot 
supply enough energy for high-intensity movements 
[1, 16, 26]. Finally, youths have faster recovery after 
maximal intermittent bouts of exercise [16] which can 
affect the performance in this kind of exercise [24]. 
Also, recovery time can influence the contribution of 
metabolic systems to energy production during the next 
bout [5]. Based on the faster VO2 kinetics, the greater 

muscle oxidative enzyme activity, and the increased 
recovery potential of youths when compared to adults, 
it is justified to claim that age could be a crucial factor 
for VO2max estimation via Equation 2 and the use of 
YYIR1 performance.
Previous studies have mentioned that for an accurate 
VO2max determination the treadmill protocol duration 
has to last at least 8 minutes [15]. In our study, the 
average time of our protocol was ~8 min (Table 1) 
which covers the above condition. Also, the protocols’ 
speed and duration at each level were similar to the 
characteristics of the YYIR1 test. 
The proposed equation 3 has been derived from the 
data of our study sample. As it hasn’t got a prediction 
power (r = 0.11, r2 = 0.012) it is very needed to find 
a proper equation for elite youth male soccer players. 
Therefore, further research with more participants is 
required in this study area. Previous studies that used 
continued exercise protocols (20 m shuttle run test,  
Yo-Yo endurance test) have mentioned better prediction 
indexes of VO2max than YYIR1 [11, 23].
The vVO2max could be used in training and it would 
be very useful if it could be measured during a field 
test evaluating many athletes simultaneously. Previous 
researchers showed that vVO2max is the lowest exercise 
intensity that could be used for improving aerobic 
capacity [13]. Also, the increase of vVO2max through 
training improves the running speed which corresponds 
to a given percentage of VO2max [17].The results of the 
present study showed that the vVO2max obtained on the 
treadmill and vYYIR1 were similar. More specifically, 
the mean value of vVO2max was higher by 2.2%  
(0.1 m/s) than vYYIR1. Furthermore, previous studies 
have mentioned that overcoming air resistance during field 
running implies additional energy expenditure reaching 
to at least 4% of the total expenditure, as compared 
to treadmill running [8]. Additionally, the changes in 
direction in YYIR1 increase the energy cost of running. 
These factors probably can explain the small difference 
between the two measured velocities. Moreover, the 
comparable HRmax, attained by the players in both LTT 
and the YYIR1, shows that they gave their maximal 
effort during both tests before reaching voluntary fatigue 
and that the YYIR1 is suitable to determine HRmax in 
these subjects.
This study presents some limitations that should be 
mentioned. Firstly, the number of participants was 
limited and the generalization of our findings should 
be made with caution. Secondly, probably the use 
of a mobile ergospirometer would be more proper to 
measure the VO2max during the YYIR1 test. 
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Conclusions
In conclusion, the level of VO2max predicted with the use 
of the equation proposed by Bangsbo et al. from the results 
of YYIR1 was significantly underestimated compaerd 
to VO2max measured in the laboratory in elite youth 
male soccer players (U17). Additionally, the different 
physiological adaptations of youths to incremental 
exercise, compared to adults, could be a crucial factor 
of VO2max estimation via YYIR1 performance. Finally, 
because the equation proposed in the current study did 
not have a prediction power, there is still a need for future 
studies to form an equation appropriate for youth athletes. 

Conflicts of Interest
The authors declare no conflict of interest.

References
1. Armstrong N, Barker AR. Oxygen uptake kinetics in 

children and adolescents: a review. Ped Exerc Sci. 2009; 
21(2):130-147. 

2. Aslan A, Acikada C, Güvenç A, Gören H, Hazir T, 
Ozkara A. Metabolic demands of match performance 
in young soccer players. J Sports Sci Med. 2012;11(1): 
170-179. 

3. Aziz AR, Tan FHY, Kong CT. A pilot study comparing 
two field tests with the treadmill run test in soccer players. 
J Sports Sci Med. 2005;4(2):105-112.

4. Bangsbo J, Iaia FM, Krustrup P. The Yo-Yo intermittent 
recovery test: a useful tool for evaluation of physical 
performance in intermittent sports. Sports Med. 2008; 
38(1):37-51. 

5. Billat LV. Interval training for performance: a scientific 
and empirical practice. Sports Med. 2001;31(1):13-31. 

6. Billat LV, Koralsztein JP. Significance of the velocity at 
Vo2max and time to exhaustion at this velocity. Sports 
Med. 1996;22(2):90-108.

7. Billat VL, Slawinski J, Bocquet V, Demarle A, Lafitte L, 
Csaing P, Koralsztein JP. Intermittent runs at the velocity 
associated with maximal oxygen uptake enables subjects 
to remain at maximal oxygen uptake for a longer time 
than intense but submaximal runs. Eur J Appl Physiol. 
2000;81(3):188-196.

8. Buchfuhrer MJ, Hansen JE, Robinson TE, Sue DY, 
Wasserman K, Whipp BJ. Optimizing the exercise protocol 
for cardiopulmonary assessment. J Appl Physiol. 1983; 
55(5):1558-1564. 

9. Buchheit M, Mendez-Villanueva A, Simpson BM, 
Bourdon PC. Match running performance and fitness in 
youth soccer. Int J Sports Med. 2010;31(11):818-825. 

10. Castagna C, Anzi V, Mpellizzeri F, Eston M, Lvarez JC. 
Relationship between endurance field tests and match 

performance in young soccer players. J Strength Cond 
Res. 2010;24(12):3227-3233. 

11. Castagna C, Impellizzeri FM, Chamari K, Carlomagno D, 
Rampinini E. Aerobic fitness and Yo-Yo continuous 
and intermittent tests performances in soccer players:  
a correlation study. J Strength Cond Res. 2006;20(2): 
320-325. 

12. Costill DL. The relationship between selected physiological 
variables and distance running performance. J Sports 
Med Phys Fitness. 1967;7(2):61-66.

13. Davies CTM. Effects of wind assistance and resistance 
on the forward motion of a runner. J Appl Physiol. 
1980;48:702-709.

14. Di Prampero PE, Atchou G, Bruckner JC, Moia C. The 
energetics of endurance running. Eur J Appl Physiol. 
1986;55(3):259-266.

15. Fawkner SG, Armstrong N. Oxygen uptake kinetic response 
to exercise in children. Sports Med. 2003;33(9):651-669.

16. Glaister M. Multiple sprint work: physiological responses, 
mechanisms of fatigue and the influence of aerobic fitness. 
Sports Med. 2005;35(9):757-777. 

17. Jones AM, Carter H. The effect of endurance training 
on parameters of aerobic fitness. Sports Med. 2000; 
29(6):373-386.

18. Karakoc B, Akalan C, Alemdaroglu U, Arslan E. 
The relationship between the Yo-Yo tests, anaerobic 
performance and aerobic performance in young soccer 
players. J Hum Kin. 2012;35:81-88.

19. Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen J, 
Steensberg A, Pedersen PK, Bangsbo J. The Yo-Yo 
intermittent recovery test: physiological response, 
reliability, and validity. Med Sci Sports Exerc. 2003; 
35(4):697-705. 

20. Krustrup P, Mohr M, Steensberg A, Bencke J, Klær M, 
Bangsbo J. Muscle and blood metabolites during a soccer 
game: implications for sprint performance. Med Sci 
Sports Exerc. 2006;38(6):1165-1174.

21. Kuipers H, Verstappen F, Keizer H, Geurten P, Van 
Kranenburg G. Variability of aerobic performance in 
the laboratory and its physiologic correlates. Int J Sports 
Med. 1985;6(04):197-201.

22. Kuno S, Takahashi H, Fujimoto K, Akima H, Miyamaru M, 
Nemoto I, Itai Y, Katsuta S. Muscle metabolism during 
exercise using phosphorus-31 nuclear magnetic resonance 
spectroscopy in adolescents. Eur J Appl Physiol Occup 
Physiol. 1995;70(4):301-304. 

23. Léger LA, Lambert J. A maximal multistage 20-m shuttle 
run test to predict VO2 max. Eur J Appl Physiol Occup 
Physiol. 1982;49(1):1-12. 

24. Midgley AW, Mcnaughton LR, Wilkinson M. Is there 
an optimal training intensity for enhancing the maximal 

.



TRENDS IN SPORT SCIENCESVol. 27(3) 173

THE USE OF YO-YO INTERMITTENT RECOVERY TEST LEVEL 1 FOR THE ESTIMATION OF MAXIMAL OXYGEN...

oxygen uptake of distance runners ? Sports Med. 
2006;36(2):117-132. 

25. Mohr M, Krustrup P, Bangsbo J. Match performance  
of high-standard soccer players with special reference 
to development of fatigue. J Sports Sci. 2003;21(7): 
519-528. 

26. Ratel S, Duche P, Williams CA. Muscle fatigue during 
high-intensity exercise in children. Sports Med. 
2006;36(12):1031-1065. 

27. Rowland TW, Auchinachie JA, Keenan TJ, Green GM. 
Physiologic responses to treadmill running in adult and 
prepubertal males. Int J Sports Med. 1987;8(4):292-297. 

28. Siri WE. The gross composition of the body. Adv Biol 
Med Phys. 1956;4:239-280.





TRENDS IN SPORT SCIENCES 175Vol. 27(3)

Authors are encouraged to submit high quality, original 
manuscripts (that have not appeared, nor are under 
consideration in other journals) electronically via Editorial 
System at https://www.editorialsystem.com/tss/

ORGANIZATION OF THE MANUSCRIPT
The instructions for authors are based on the ICMJE 
Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical 
Journals (up-dated December 2016) published by the 
International Committee of Medical Journals Editors, 
available at http://www.icmje.org.
All submitted manuscripts should adhere to TSS Editorial 
Policy available at http://tss.awf.poznan.pl/

Article content
The size of original and review articles should not 
exceed 20 pages, including references, tables, figures, 
and abstract (standard page – 1800 characters). No 
more than 30 references (in review articles 45) should 
be provided.
Short reports and short reviews should be up to 10 pages 
long. Maximum 3 tables, 3 figures, and 3 photographs 
can be enclosed. No more than 15 references (in review 
articles 30) should be provided.

General information
• Only full papers are reviewed; abstracts are not 

considered for review.
• Papers are published only in English.
• Manuscripts should be sent to TSS in a Word file.
• 1.5 line spacing and Times New Roman 12 points 

should be used throughout.
• All margins should be 2.5 cm and the text should be 

justified.
• Pages should be numbered.
• Automatic word hyphenation should be turned off.
• Type only one space following the end of a sentence.
• Manuscripts should follow a standard division into 

paragraphs.
• Highlighted parts of the text should be in bold print.
• Do not use italics in the titles of section and 

subsections.

Text structure
The text of the manuscript should be divided into the 
following sections (a different arrangement and style of 
papers may be applied only to invited review articles):

Introduction: should be comprehensible to the reader, 
give a clear statement of the article and provide relevant 
context to support the basis for the paper and the 
significance of the work; please do not exhaustively 
review the literature. All abbreviations used in the text 
should be explained at their first use.

Aim of Study: clear, as short as possible.

Material and Methods: is to explain in detail all the 
applied investigation methods mentioned in Results. 
The names of statistical methods and computer software 
used in the study should be given.

Results: the results of biochemical assays and other 
measurements should be given in SI units. Length, 
height, weight, and volume measurements should be 
reported in metric units (meter, kilogram, liter) or their 
decimal multiples. Temperatures should be expressed 
in degrees Celsius. Enclose a maximum of 3 tables, 
3 figures, and 3 photographs to illustrate your data. All 
tables, figures, and photographs must be referred to in 
the text of the manuscript.

Discussion: please emphasize the new and important 
aspects of the research and conclusions derived from 
the study.

Conclusions: clear and only on the discussed research.

References: should be listed in alphabetical order. 
The number of cited references should not exceed 30  
(in review articles 45). References should be provided 
in Vancouver style – it uses numbers within the text, 
placed in square brackets [e.g. 17] that refer to 
numbered entries in the reference list. Only published 
papers should be included. The reference format should 
be consistent with ICMJE recommendations (https://
www.nlm.nih.gov/bsd/uniform_requirements.html).
Provide the Digital Object Identifier (DOI) if one has 
been assigned.
Abbreviation of the journal name should be used 
according to the list of journals indexed in Index 
Medicus.

Journal citation
A citation of a journal article should include authors’ 
names and initials without periods, the title of the paper, 

INSTRUCTIONS FOR AUTHORS



TRENDS IN SPORT SCIENCES176 September 2020

INSTRUCTIONS FOR AUTHORS

abbreviation of the journal name, year of publication, 
volume number, and page numbers (first and last page 
of the article).
1. Up to six authors: Halpern SD, Ubel PA, Caplan AL. 

Solid-organ transplantation in HIV-infected patients. 
N Engl J Med. 2002 Jul 25;347(4):284-287.

2. More than six authors – list the first six authors 
followed by et al.: Rose ME, Huerbin MB, Melick J, 
Marion DW, Palmer AM, Schiding JK, et al. 
Regulation of interstitial excitatory amino acid 
concentrations after cortical contusion injury. Brain 
Res. 2002;935(1-2):40-46.

3. Article published electronically ahead of the print 
version: Yu WM, Hawley TS, Hawley RG, Qu CK. 
Immortalization of yolk sac-derived precursor cells. 
Blood. 2002 Nov 15;100(10):3828-3831. Epub 
2002 Jul 5.

Book citation
References to books should include surname(s) of 
the author(s) with first name initials (list the first six 
authors followed by et al.), title, number of an edition 
(not required for the first edition), city and name of the 
Publishing House and year of publication.
1. Gardiner PF. Advanced neuromuscular exercise 

physiology. Champaign: Human Kinetics; 2011.

Book chapter
References to book chapters should include surname(s) 
of the author(s) of the chapter with first name initials 
without periods (list the first six authors followed by et al.),  
chapter title, and after indicating In: surname(s) of the 
author(s)/editor(s) with first name initials, the title of 
the book, number of edition (not required for the first 
edition), city and name of the Publishing House and 
year of publication followed by page numbers of the 
chapter, e.g.
1. Renson R. Sport Historiography in Belgium. Status 

and Perspectives. In: Renson R, Lämmer M, Riordan J,  
editors. Practising Sport History. Sankt Augustin: 
Akademia Verlag Richarz; 1987. pp. 1-18.

All titles and institutional names in languages other than 
English (including Greek, Polish, German, French, etc.) 
should be provided with their English equivalents, e.g.:
1. Drees L. Der Ursprung der Olympischen Spiele 

(Origins of the Olympic Games). Schorndorf: Karl 
Hofmann; 1974.

Punctuation used in references must strictly follow the 
above examples.
References to Internet publications are allowed (with 
complete web page addresses), only if no corresponding 
data is available in print literature.

Citations
When cited in the text, only the respective number of 
references should be used. No other system of references 
will be accepted.

Tables
Each table should be on a separate A4 sheet, with a brief 
descriptive title at the top using the full word Table. All 
abbreviations should be explained in a footnote to the 
table where they appear. The tables should be numbered 
using Arabic numerals (1, 2, 3, 4, etc.).

Figures
Figures should be sent on separate A4 sheets as well 
as on separate files. Legends for the figures should be 
explained in full and appear on a separate page. All 
abbreviations should be explained in footnotes.
All photographs, graphs, diagrams should be referred to 
as figures and should be numbered consecutively in the 
text using Arabic numerals (1, 2, 3, etc.).
Figures should be accompanied by data from which they 
were made. The Editor has the right to create figures 
based on the enclosed data.
Figures and legends to figures should be provided in  
a single text file.

Abbreviations and symbols
Use only standard abbreviations and symbols. The 
expansion of an abbreviation should precede its first use 

Table 1. Descriptive statistics and comparative analysis of maximal oxygen  uptake (VO2max in ml/kg·min-1) between genotypes 
of the I/D UCP2 gene polymorphism 

UCP2 DD ID II

Sex N x– SD Min Max N x– SD Min Max N x– SD Min Max

F 42 45.65 6.14 32.30 59.00 36 45.66 7.18 30.60 59.80 7 45.07 7.60 35.00 54.80

M 72 54.01a 6.20 40.30 79.00 70 55.60 7.32 42.30 76.80 12 59.07a 9.04 49.70 74.90



TRENDS IN SPORT SCIENCESVol. 27(3) 177

INSTRUCTIONS FOR AUTHORS

in the text and be repeated in the legend under a figure 
or a table in which the abbreviation is used.
Papers that do not adhere to these guidelines will be 
returned to the author for corrections and improvements.

SUBMISSION
Manuscripts must be submitted in English to TRENDS 
in Sport Sciences Editorial Office via Editorial System 
at: https://www.editorialsystem.com/tss/

All files should be labeled with the Author’s name, the 
first three words of the manuscript title and file name. 
The text, tables, figures, and photographs should be 
placed in separate files. For the text, we recommend 
using Word for Windows. Figures, graphs, and diagrams 
may be drawn using widely available software. The 
recommended formats include *.PNG, *.GIF, *.TIF, 
*.JPG, *.XLS. Titles and contents of tables and figures 
should be given in English. 




