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The aim of the present study was to assess physiological-biochemical reactions to incre-
mental exercise loads and the levels and development of endurance skills in young male
and female team game players.

The study sample comprised 370 soccer, handball, basketball and volleyball players (186
girls and 184 boys) from the Lower Silesian Regional Teams in Poland, aged 14.20 *1.37
years (boys) and 13.90 *1.15 years (girls). The exercise test consisted ofthe shuttle run
Beep Test for estimation of aerobic fitness. The assessment of endurance skills was based
on the length of the covered distance in the Beep Test as well as on measurements of the
heart rate (physiological) and blood lactate concentration (metabolic).

Among the four studied groups of players a statistically significant improvement in endu-
rance skills was noted in male volleyball players (p = 0.05).

Significantly higher levels of endurance skills in young male handball, basketball and vol-
leyball players and in female volleyball players who remained on the regional teams for
two consecutive years may be an indication of the players’ proper selection and training.
Significant changes in blood lactate concentration in young players, revealed in both cross-
-sectional and continuous studies, were only noted in male volleyball players. Significant
decreases in the heart rate in the cross-sectional study was found only in male handball
and basketball players and in female basketball players, whereas in the continuous study
only in male handball players. An assessment of young players’ physiological-biochemical
reactions on the basis of exercise test results can effectively enhance the optimization of
training loads.
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INTRODUCTION

One of the major issues in modern sport has been lack of talent identifica-
tion. There is a pressing need to lay down strict selection criteria that will
enable children with sport predispositions to attain top results in particular
sport disciplines [1]. It seems to be fully justified that sports talents should
be sought also on the basis of results of general fitness tests [2].

Identification of motor abilities in young people during the period of their
most intensive biological development is crucial. This period is decisive for
the prospective sports careers of young people, whether amateur or pro-
fessional. The process of selection for particular sports is a complex one.
It involves undertaking a number of actions aimed at elimination of those
individuals who guarantee no prospective success in particular sports. In
their decision-making sport coaches consider candidates’ somatic build,
fitness, personality traits, technical and tactical skills and - regarded as
the most important - motor skills [3-5]. This has been confirmed by Reilly
et al. [2] and Malina et al. [6].

The training of talented young members of Polish Regional Teams in various
team games places a particular emphasis on the control of physical loads,
as successful sport performance is determined by multiple factors [7]. From
the practical point of view regular control of athletes allows coaches to find
answers to a number of key questions: Do trainees attain better results in
successive tests? Is the training process correct? Is there an improvement
in trainees’ sport-specific motor skills? Have there been any overloads or
underloads of trainees’ bodies?

Studies in morphology, physiology, neurophysiology, psychophysiology, and
exercise biochemistry clearly indicate considerable differences between
individuals in terms of muscle cells, motor units, stimulation rates, meta-
bolic processes, and enzymatic activity [8]. Thus, individualization of tra-
ining loads is necessary for the development of motor skills. It can only be
achieved if objective data about anathlete’s body is available. To obtain such
data different exercise tests should be used on a regular basis. It has been
proven that appropriate training methodology, forms, and means used du-
ring periods in which a given motor skill develops faster (so-called sensitive
periods) are much more effective [1]. The effect of stimulation is greater,
if exercise loads correspond with young athletes’ biological abilities. On
the other hand, coaches’ ignorance of the sensitive periods in the training
process leads to slower development of a given motor skill [9]. Researchers
also point to the need of regular monitoring of training loads in team games,
which guarantees the optimal development of players’ motor skills [7, 10].

In sports team games the variability, acyclical character, performance inten-
sity and dynamics depend on players’ positions on the pitch, game tactics
and - first of all - on players’ levels of motor skills [11]. Moreover, each team
sport is based on individual actions of players who must master numerous
motor habits, i.e. intended and thoroughly planned reactions to the oppon-
ent’s actions [12]. Soccer, handball and basketball share many similarities in
relation to the structure of human movement, and are classified as directly
competitive sports. Players during matches perform a great number of com-
plex activities with and without the ball, such as jogging, low-, medium- and
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high-intensity running, changing paces, sprinting and jumping. All these ac-
tivities, which have been acquired earlier, should be controlled and refined.
Many sport coaches also stress the role of players’ volitional traits, and con-
sider players’ mental predispositions as decisive in modern sport [13, 14].

Endurance in team sports is manifested by the readiness to perform repe-
ated short-lasting efforts by soccer, handball, and basketball players, and
explosive exercises by volleyball players. Physiologically, two types of en-
durance can be distinguished: aerobic and anaerobic [15, 16]. A high level
of aerobic endurance enables players to develop and maintain high-inten-
sity activities in match-play. It is also conducive to faster recovery during
and after the game and constitutes abasis for good and stable sport fitness
[17]. Anaerobic endurance is manifested by the ability to build up the oxy-
gen debt and high tolerance to homeostasis imbalance. It allows players to
develop maximal power in the shortest possible time over short distances
at a high rate. The knowing and understanding of processes taking place
in the human body enable coaches to prepare athletes much better before
particular competitions and the entire competitive season. It was also noted
that puberty is the most favorable period for developing endurance [18].

Gronek et al. [19, 20] stressed the need for genetic research in team sports,
which can greatly facilitate the individualization of the training process. It
should be emphasized that athletes’ endurance, speed, and strength skills
are genetically determined. Also the maximal oxygen uptake (VO,max), as
a basic index of physical fitness, is associated with the athlete’s genetic pro-
file. Studies show that athletes with a higher VO,max demonstrate higher
performance [21]. Nikolaidis [22] observes that intensity in sports training,
especially in team games, can also be assessed by the heart rate measured by
exercise tests. In match-play the exercise intensity amounts to 80-90% HRmax
[23], and blood lactate concentration ranges between 2 and 10 mmol/I [24].
Le Meur et al. [25] recommend the monitoring of lactate concentration
during training for estimation of possible underloads and overloads.
It is, in fact, the most often applied biochemical index in sport practice.

Considering the dynamic development of motor skills in young athletes,
aregular use of exercise tests is recommended. The aim of the present study
was to assess physiological-biochemical reactions to incremental exercise
loads and the dynamics of development of endurance skills in young male
and female team game players.

MATERIAL AND METHODS

The study sample consisted of 370 young soccer, handball, basketball, and
volleyball players (186 girls and 184 boys) from the Lower Silesia Regional
Teams. Fifty-five of the selected participants took part in the exercise tests
in 2013 and repeated them in 2014. The boys’ mean body height was 175.20
+14.76 cm, and girls’ body height was 167.60 =8.83 cm. The boys’ body mass
was 62.70 £15.51 kg and girls’ body mass was 57.80 =10.11 kg. The boys’
mean age was 14.20 +1.37 years, and the girls’ 13.90 =1.15 years.

The multistage shuttle run test (Beep Test) was used in the study to measure
aerobic fitness of sport training groups of children and youth [26, 27]. The
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assessment of endurance skills was carried out on the basis of the covered
distance in the Beep Test. The exercise test took place in a gym, between 9.00
and 12.00, always in the same conditions. The shuttle run was performed over
a 20 m distance, with increases in speed every minute signaled by recorded
beeps. A run was completed when a participant was not able to continue run-
ning at a given speed. A standard Beep Test CD with recorded beeps was used
to signal the incremental exercise intensities.

The monitoring of participants’ endurance skills was on two levels: physiolo-
gical - by recording the heart rate (HR), and metabolic - by measuring blood
lactate concentration (LA). The heart rate was measured with the Polar Team
2 System. The HRmax attained by the end of the Beep Test was used for ana-
lysis. The blood lactate level was measured with a Lactate Scout apparatus
(SensLab) with the measuring range of 0.5-25 mmol/], using the enzymatic-am-
perometric method of measurement of capillary blood lactate [28, 29]. The me-
asurements were carried out immediately after completion of the exercise test.

The analysis of the results was twofold. Firstly, cross-sectional studies of the
players from Lower Silesia Regional Teams were carried outin 2013 and 2014.
The levels of endurance skills in soccer, handball, basketball and volleyball
were compared among the participants who were selected for the teams in
2013, who remained on the teams in 2014, who were not selected in 2014,
and who were selected for the first time in 2014. Secondly, repeated tests
were performed by participants who remained on the regional teams for two
consecutive years, i.e. 2013 and 2014.

The study was part of research project no. RSA2 019 52 “Estimation of young
people’s predispositions to train sport team games” carried out in the years
2013-14, which has the approval of the Bioethics Committee.

The statistical analysis was carried out with the use of Statistica ver. 10.0 so-
ftware package. Arithmetic means and standard deviations were calculated.
To compare the mean values of examined variables, an ANOVA was performed.
The differences between pairs of means were checked with Fisher’s least si-
gnificant difference (LSD) test. The levels of statistical significance were set
atp = 0.05, p = 0.01 and p = 0.001.

The tools and equipment for the study came from the certified Ball Games Lab

(PN -EN ISO 9001:2009) of the Chair of Sports Team Games of the University
School of Physical Education in Wroclaw.

RESULTS

CROSS-SECTIONAL STUDY

Endurance skills

Among the players from the Lower Silesian Regional Teams in 2013, the hand-
ball players who remained on the team in 2014 covered a significantly longer
distance in the exercise test (p = 0.05) than the players who were not selec-
ted for the 2014 season (Tab. 1).
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In 2014 a higher level of endurance skills was noted in players who repeated
the exercise tests in 2014 than in players who did not remain on their teams
for the next year: male basketball players (p = 0.05), male volleyball players
(p = 0.05), and female volleyball players (p = 0.01).

Table 1. The covered distance [m] in cross-sectional and continuous studies of players who
did not repeat (N-R) and who repeated (R) the shuttle run exercise test
|

Soccer Handball Basketball Volleyball

Sex  Year N-R R N-R R N-R R N-R R

x = SD

2013 1678.46  1700.00 1791.82%  2084.44* 1832.50  1632.50 1584.76 1570.00#
+400.95 *603.99 +435.55 +292.54 +453.86 +290.41 +308.22 +457.95

M
2014 1977.93  2193.33 1806.32 1931.11  1530.00* 1932.50*  1668.00*  1995.00*#
+356.26  +533.04 +348.91 +423.69 +507.02 +305.18  +473.09 +400.82
2013 1317.14  1348.00 1173.33 1240.00 1284.44  1540.00 1069.09 1234.55
W +347.26  *£243.97 +231.89 +213.54 £332.73  +300.89  +285.85 +261.09

2014 1451.72 1572.00 1216.19 1295.00  1490.59 1697.14  1009.23**  1330.91**
+320.43 £130.84 +338.09 +268.02 +301.34 £315.69 +260.28 +242.71

Statistically significant difference in the cross-sectional study:
*(p = 0.05); **(p = 0.01); ***(p < 0.001)

Statistically significant difference in the continuous study:

# (p = 0.05); ## (p = 0.01); ### (p < 0.001)

Lactate blood concentration

In 2013 the test results revealed that male volleyball players attained a sta-
tistically higher lactate level after the Beep Test (p = 0.05). In players who
did not repeat the exercise tests the lactate concentration was 11.84 +3.21
mmol/l, while in the selected players it amounted to 15.08 =4.35 mmol/l (Tab.
2). In 2014 no statistically significant differences were found.

Table 2. Blood lactate concentration [mmol/I] in cross-sectional and continuous studies of

players who did not repeat (N-R) and who repeated (R) the shuttle run exercise test
|

Soccer Handball Basketball Volleyball
Sex  Year
N-R R N-R R N-R R N-R R
X = SD

2013 8.72 1033 + 12.13 12.77 10.07 9.99 11.84* 15.08*#

" +2.68 4.96 +5.49 +2.95 +2.87 +3.20 +3.21 +4.35
2014 11.09 10.13 + 14.24 12.76 11.56 11.44 12.55 11.76#
+3.96 4,51 +2.83 +2.61 +4.06 +4.17 +3.82 +2.81

2013 10.93 13.76 11.54 15.32 12.54 14.21 12.77 12.00

W +3.28 +4.45 +4.04 +5.86 +4.24 +2.84 +4.52 +2.94

2014 10.60 12.20 10.92 12.52 12.58 14.19 11.99 12.92
+3.67 +2.71 +3.32 +4.18 +3.18 +3.36 +3.60 +2.89

Statistically significant difference in the cross-sectional study:
*(p < 0.05); **(p =< 0.01); ***(p < 0.001)

Statistically significant difference in the continuous study:
# (p = 0.05); ## (p < 0.01); ### (p < 0.001)

Heart rate

No statistically significant differences in the heart rate between the exami-
ned groups of players were noted in 2013. In the tests carried out in 2014, a
significantly lower heart rate was observed in the groups of male basketball
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players, female basketball players, and male handball players (p = 0.05) who
remained on their teams in the following years than in the remaining players
(Tab. 3). The biggest difference in heart rate, i.e. above 8 bpm, was noted in
male handball players.

Table 3. Heart rate [bpm] in cross-sectional and continuous studies of players who did not
repeat (N-R) and who repeated (R) the shuttle run exercise test
|

Soccer Handball Basketball Volleyball

Sex  Year
N-R R N-R R N-R R N-R R

X * SD

2013 204.69 209.00 200.36 202.56## 199.05 201.13 201.29 205.50
" +9.45 +5.57 +7.88 +6.91 +6.89 +6.27 +7.05 +8.04
2014 204.10 207.67 199.68*  191.11*## 202.94* 196.13* 189.00 207.25
+8.71 +4.73 +9.67 +9.45 +8.00 +5.30 +8.83 +5.99
2013 199.29 210.20 201.57 203.50 202.83 199.57 204.55 205.64
W +13.47 +6.65 +11.53 +9.15 +12.37 +5.38 +8.28 +7.50
2014  203.97 211.60 202.19 202.00 205.65%  195,57* 205.62 204.45
+9.79 +9.79 +8.48 +6.06 +5.96 +10.88 +9.02 +5.96

Statistically significant difference in the cross-sectional study:
*(p = 0.05); **(p < 0.01); **(p < 0.001)

Statistically significant difference inthe continuous study:
# (p < 0.05); ## (p < 0.01); ### (p < 0.001)

REPEATED MEASUREMENTS

Endurance skills

Among the players of the examined four team games, a statistically signifi-
cant improvement in endurance skills was noted in male volleyball players (p
=< 0.05) (Tab. 1). In 2013 they covered a distance of 1,570 +£457.95 m, and in
2014 - 1995 +400.82 m. Only male handball players did not reveal an impro-
vement in their endurance skills.

Lactate blood concentration

The lactate blood level was shown to have decreased in the group of male
volleyball players (p = 0.05) (Tab. 2). It was 3.32 mmol/l lower after the exer-
cise test. No significant changes were noted in the other groups of players.
Heart rate

The heart rate measurements in 2013 and 2014 showed a statistically signifi-
cant decrease in HRmax (p = 0.05) only in the group of male handball players
(Tab. 3). In 2013 it was 202.56 £6.91 bpm, whereas in 2014 it amounted to
191.11 +£9.45 bpm.

DISCUSSION

The obtained study results indicate the usefulness of systematic exercise te-
sts among sport team game players. The tests provide objective data neces-
sary for selection of young athletes and for coaches’ effective control of the
training process. The measurements of endurance skills of team players in
2013 and 2014 with the Beep Test allowed the estimation of individual levels
of players’ endurance. Thanks to the possible application of the multistage
shuttle-run test in mass studies, without expensive laboratory equipment,
researchers can compare multiple results between individual players and te-
ams. The applied test is a very simple and objective method of estimation of
endurance as an important component of motor preparation [30], and is one
of many tests verifying the accuracy of selection in sport [2, 31].
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The analysis of results of cross-sectional studies showed that the process of
selection for Regional Teams in 2013 was correct. Out of eight studied teams,
slightly lower endurance predispositions were only found in the male basket-
ball and volleyball players who were selected for the teams again in 2014, in
comparison with those who were not. The boys and girls who were selected
for all the teams in 2014 for the first time demonstrated lower levels of endu-
rance skills than players who were on their teams for the second season. It
can be assumed that players selected for the regional teams display lower le-
vels of endurance predispositions, but while on the team, their coaches make
further selection of those players with higher endurance skills than others.

The girls who remained on the regional teams for two years had a higher blood
lactate concentration than the girls who were only selected for 2013. This can
be explained by a higher activity of anaerobic glycolysis enzymes and higher
tolerance of the body to incremental fatigue [17], which most likely results
from better training experience. This tendency wasnot, however, observed in
female volleyball players in 2013. Higher lactate levels after the Beep Test
were also noted in male soccer and handball players, and significantly higher
in male volleyball players (p = 0.05). In the other groups of players the lacta-
te concentration remained at a similar level, or was lower in players who re-
peated the tests in 2014. This can probably be explained by the use of incor-
rect training stimuli for the development of endurance skills.

The cross-sectional studies demonstrated no significant changes in HRmax
at the end of the incremental exercise test in the female teams. This means
that the training process of these female players involved too few sport-spe-
cific training loads, especially of short duration and high intensity. Among
the boys, a higher HRmax was noted in players who remained on the teams
for two years than in the others, with the exception of male handball and ba-
sketball players in 2014.

A number of authors stress the volitional dimension of the performance of
exercise tests, especially tests with incremental intensity [13, 32, 33]. Some
players do perform the tests to the best of their ability, while others utilize their
motor capabilities only partially. A coach should ensure that young athletes
fully commit to the performance of exercise tests. Additionally, estimations of
athletes’ lactate concentration and the heart rate can help coaches eliminate
those individuals who do not make full use of their exercise potential.

The continuous studies of players who performed the tests in 2013 and 2014 re-
vealed a significant improvement in endurance skills in male volleyball players
(p = 0.05) and increases in all other groups with the exception of male handball
players. The significant improvement in volleyball players may be indicative of the
appropriate selection of endurance training means. It also appears that in a sport
in which the players featured the lowest level of endurance skills, the secan
be most easily improved through proper training. The fact that volleyball play-
ers covered a significantly longer distance with concurrently a significantly
lower blood lactate concentration (p = 0.05) shows that endurance training
was optimal for this particular group of players. It may come as a surprise
since volleyball is characterized by short-lasting and explosive exercises ra-
ther than endurance exercises [34]. The lower levels of endurance skills in
male handball players may be a result of their partial commitment to the test
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performance as indicated by their lower blood lactate and significantly lower
HRmax in the tests from 2014.

Moreover, concurrent decreases in HRmax and lactate concentration with
increases in the levels of endurance skills were found among female hand-
ball and basketball players and male soccer players. Although these changes
were statistically non-significant, they indicate proper adaptive tendencies
in developing players’ endurance skills. An increasing tendency in the cove-
red distance was also observed in female soccer and volleyball players and in
male basketball players; however, their physiological-biochemical reactions
were ambiguous and did not indicate and anticipate adaptation to endurance
efforts. The question remains whether these changes were the result of ra-
tional training or natural development. A number of authors have observed
that that human motor fitness during the period of progressive development
is mainly associated with somatic development [1, 6]. Team sports coaches
often select children who develop faster and are a few months older than their
peers [35]. However, during a subsequent period of training, individuals who
are biologically older do not show significant improvements inmotor skills in
comparison with those who develop more gradually [26].

CONCLUSIONS

Significantly higher levels of endurance skills in young male handball, basket-
ball and volleyball players and in female volleyball players who remained on
the regional teams for two years may be evidence of their proper selection
and optimal training.

Significant changes in blood lactate concentration in young team games play-
ers revealed in cross-sectional and continuous studies were only found in
young male volleyball players. The players who remained on their teams for
two years had a higher blood lactate level following the Beep Test. This can
be indicative of their higher tolerance to incremental fatigue. The lower lac-
tate concentration in the continuous studies in 2014 and, simultaneously, a
significantly longer distance covered in the incremental test indicate proper
adaptation of the players’ bodies to performing endurance exercise tests.

A significantly lower heart rate in the cross-sectional studies was observed
only in male handball and basketball players and female basketball players,
whereas in the continuous studies lower HR was only found in male handball
players. These results can also reveal the body’s proper adaptation to develo-
ping endurance skills. The estimation of physiological-biochemical reactions
through exercise tests can effectively enhance the optimization of training
loads. Further research is necessary to provide more data on young talented
athletes, especially during the period of their most intensive biological deve-
lopment.
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