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Abstract

This research aimed at finding out the effectiveness of a 6-week training program aimed at developing repeated
sprint ability (RSA) of U19 soccer players. The experimental group consisted of elite youth soccer players
(n = 14) in the club of the Slovak First league U19. Three different tests were used to obtain data: Bangsbo sprint
test, 10-m sprint and 20-m sprint test. Players completed a 6-week control period, with a predominance of
specific stimuli without targeted RSA development through repeated sprints. Subsequently, they completed a 6-
week experimental period which was complemented by an experimental factor focused on developing
of RSA using repeated 20 m sprints. After the control period, players worsened in RSA parameters: RSA e,
(= 0.02, r = 0.61) RSAps (»p = 0.03, = 0.59) RSAyorse (v = 0.07, r = 0.21) RSAg (p = 0.29, r = 0.07).
After the experimental period, the players improved their performance in the parameters of RSA: RSA can
(» = 0.001, » = 0.80) RSApes: (p = 0.001, = 0.82) RSAyorst (p = 0.001, » = 0.78) RSAf (p = 0.12, » = 0.31).
There was an improvement in the acceleration speed in the 10-m sprint test (p = 0.02, » = 0.60) and in the 20-m
sprint test (p = 0.002, » = 0.63). According to the results, the effectiveness of the speed-endurance training
program was determined. We proved the necessity of using non-specific stimuli in developing repeated sprint
ability in soccer players.
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Introduction

In the past, soccer was considered as an endurance sport. However, the intensification of training
and competition load, as the most significant development trend, has diametrically changed the view on loads
in soccer. Soccer differs from endurance sports as well as speed-strength sports with its structure of match load.
The new functional-motor ability characteristic for the load in soccer results from a combination of speed-
strength and speed-endurance abilities (Holienka 2005). Several authors (Holienka 2005; Bravo et al. 2008;
Barbero-Alvarez et al. 2013; Andrzejewski et al. 2015; Sweeting et al. 2017) state that the main requirement for
a player in a match is currently the ability to repeat short-term high-intensity physical activity without reducing
the intensity, which alternates with medium to low-intensity physical activities throughout the match.

Several authors (Spencer et al. 2006; Mujika et al. 2009; Girard et al. 2011; Serpiello et al. 2011,
Jones et al. 2013; Bujalance-Moreno et al. 2017) confirm the importance of this fitness requirement
as one of the limiting performance factors for all sports games and call this ability the repeated sprint ability
(RSA). Nowadays, the intensification is most often manifested by an increase in the total running volume at high
to maximum intensity in the match, which has been empirically demonstrated in several research studies
(Barnes et al. 2014; Bush et al. 2015; Bradley et al. 2016; Bush et al. 2017; Pons et al. 2021). At present,
the volume of high-intensity runs (19.8-25.1 km/h) ranges from 335 to 596 m per match. The volume of sprints
(> 25.1 km/h) in a match ranges from 96 to 295 m per match (Pons et al. 2019; Modri¢ et al. 2020).
Bradley et al. (2014) or Cetin & Kocak (2022) too, pointed to a significant difference in the total volume of
repeated sprints regarding player’s position. The authors of these studies recorded significantly higher values for
side players and forwards compared to middle defenders and middle players. The importance of speed capacity
has also been demonstrated in research by Bradley et al. (2014), who did not find a significant difference
in the total running volume above 25 km/h compared to the 1* and 2" half in the UEFA Champions League
matches, which shows the high RSA level of top-level players. The ratio of high - intensity runs to the achieved
total distance is 1-10% (Stolen et al. 2005; Buchheit et al. 2010a), of which up to 85% are runs with direction
changes (Caldbeck 2020).

Trapattoni (1999) and Abrantes et al. (2004) assume that due to the unpredictability of the game,
the increased volume of sprints can affect the number of balls gained, goals scored and the final result of the
match too. The level of RSA is significantly affected by fatigue, which develops noticeably after the first sprint
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(Mendez-Villanueva et al. 2006). Girard et al. (2011) state that fatigue can be caused by various factors,
from the generation of inadequate motor command in the motor cortex (CNS factors) to the accumulation of
muscle metabolites (muscular factors), and besides that they report that there is no single global mechanism
responsible for fatigue. If the player wants to complete a larger number of high-intensity activities in the match,
or to run a longer distance at high to maximum intensity, it is necessary to adapt his training load to the
requirements of current soccer’s repeated sprint ability.

At present, small-sided games are often used to develop game fitness in soccer. However, several studies
(Hill-Haas et al. 2006; Gabris 2012; Gabris 2015; Eniseler et al. 2017; Kargarfard et al. 2020; Negra et al. 2020;
Akdogan et al. 2021; Aloui et al. 2021; Koral et al. 2021) pointed to the insufficient stimulus of specific means
(small-sided games) for the development of RSA in soccer. Impellizzeri et al. (2008) and Bishop et al. (2011)
therefore recommend using in the training process a combination of specific means (small-sided games)
and non-specific means (repeated short sprints). The benefits of high-intensity anaerobic training (a load interval
of 15 to 90 seconds) for the development of several types of fitness skills such as anaerobic performance,
anaerobic capacity, RSA and aerobic performance have been discovered already in the past (Houston et al. 1977;
Sharp et al. 1986; Jacobs et al. 1987; Bell et al. 1988). The disadvantage of this kind of load is the need for a
long rest interval, which ensures further full-featured repetitions (above 90% 1RM). However, according
to Dawson et al. (1998), even a long rest interval does not guarantee that the required intensity will be
maintained during further several repetitions. Most important fact is that a long-lasting high-intensity load is not
typical for sports games, and therefore for soccer as well (Holienka 2005; Ivanka 2015). Turner & Stewart
(2013), Zagatto et al. (2017), Lopes-Silva et al. (2019) or Baranovi¢ & Zemkova (2021) also, emphasize the
importance of adapting the training protocol focused on the development of RSA, the temporal and mechanical
nature of movement in the match. Brahim et al. (2016) also point to the need to individualize the RSA training
protocol with respect to the player’s position.

The most often complete the players in a match sprints lasting from 2 to 4 seconds (10 to 30 m distance)
with a rest interval of 10 to 30 seconds. The total number of sprints ranges from 20 to 50 sprints per match
(Dawson 2012; Varley et al. 2014; Ingebrigtsen et al. 2015; Lopes-Silva et al. 2016; Malone et al. 2017). Ivanka
(2015) states that the rest interval between sprints is 30 to 90 seconds. Ulupinar et. al. (2021) compared two RSA
training guidelines (10 x 40 m - rest interval: 30sec/20 x 20 m - rest interval: 15sec). They recorded higher
engagement of the ATP-CP and glycolytic system in the 10 x 40 m training. This was confirmed also by the
higher lactate blood concentration in the 10 x 40 m group, what means that training with the rest interval of
30sec might be more efficient for the RSA development when compared to the 20 x 20 m training. According to
Balsom et al. (1992) the advantage of exercises with a short load (up to 10 sec) is that we can reach the
maximum, or in other words the submaximal intensity in individual sprint repetitions with a relatively short rest
interval (30 to 120 sec). Dawson et al. (1998) confirm that with optimal dosing of the load and rest interval, it is
possible to perform a relatively large number of repetitions (15 and more) at almost maximum intensity.

Materials and Methods
Participants

The experimental group consisted of elite youth soccer players (n = 14; age = 18.2 +0.54 years, body
height = 181.14 £5.27 cm, body weight = 74.59 +£5.53 kg) in the club of the Slovak first league U19.
Goalkeepers were not involved in this experiment.
Procedures

The aim of the research was to determine the effectiveness of a 6-week training program aimed
at developing the level of repeated sprint ability (RSA) using non-specific stimuli. We determined the dynamics
of changes in the RSA level on the basis of two RSA development strategies, which means we used only specific
stimuli and a combination of specific and non-specific stimuli. We assumed that the use of solely specific stimuli
(control period (ty-t;)) would not lead to an improvement in the RSA level. On the contrary, we assumed
that the combination of specific and non-specific stimuli (experimental period (t;-t;)) would provide a sufficient
stimulus to improve the RSA level.

Table 1. Special training indicators during the control and experimental period

Specific (game) maining 2240/ 80 % 2050 /70% -190
e =en o0 oL 9=n /10 o nan
Nonrspecific (conditio ning) training 560/20% 8§50/ 30 % 220

Speed 140 141 0
Strenght a powe: 280 2N -10
Endurance i 303 R

Coorndinaton 140 142 0
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The experimental factor focused on the development of RSA comprised repeated 20 m sprints
at submaximal intensity with a rest interval of 25 seconds. The experimental factor was applied twice a week
immediately after the warm-up. The total number of training sessions was 12. In the 1. — 6. training session
we applied linear sprints. As part of the load periodization in the experimental period, we did not increase only
the volume of intensive activity, but also the physical intensity of runs in the 7. - 12. training session by adding
one change of direction by 90 (7. - 9. training session), or 180 degrees (10. — 12. training session). The volume
of sprints in one training session was 600 to 720 m. Only players who completed at least 10 RSA training
sessions were involved in the evaluation of this experiment.

Table 2. Volume characteristic of experimental factor (RSA

B 5 Recovery
. ~ Change of Distance | Distance Recovervy
Training | Distance . [Number of . between -’ .
Week . direction Sets . per session| per week . between | Intensity
session [m] repetition | - repetitions| -
[ [m] [m] o sets [s]
is]

1 = 1 — 1200

F3 600

3. 660
2 11 1320

S 660
E L 12 i 1440

6. 720 _ )

= 20 3 500 25 240 kubmaximal
4 . 1o 1200

8 o0 G600

9.
3. 1 869 1320

i0. 660

11 150 720
. j ) 1440

iz 720

Table 3. Volume characteristics of the control and experimental period in terms of endurance training

Repeated sprint ability [m]

20m distarce) | 0 I 7940 7940

Besides the dynamics of changes in the RSA level, we also monitored changes in the acceleration speed
level during both observed periods. We used three standardized tests to determine the level and dynamics
of changes in the monitored fitness skills:

- Bangsbo sprint test (BST test) [s],

- 10-m sprint test [s],

- 20-m sprint test [s].

Bangsbo sprint test (BST test)

Subjects started the test from a standing position 0.5 m behind the starting photocell (time zero) and
sprinted a total distance of 34.2 m involving a right or left swing after the first 10 m, then continued the sprint to
the finish line where another photocell was placed (finish time). Subjects were asked to perform a 25 s active
recovery consisting of jogging back to the starting line (Figure 1.). Verbal feedback was provided to the subject
during the recovery run every 10 and 20 sec so the subject can be ready for the next run on time. The test leader
said the word “ready” at approximately the 23" second of the recovery time, and at the 25th second the test
leader said the word “go”. The procedure continued until the subject completed seven sprints (Bangsbo 1994). In
this test we monitored four parameters: average time of all runs (RSA ), fatigue index, (RSAy), average of the
best times of one run (RSAy.y) and average of the worst times of one run (RSAy,). We measured with an
accuracy of 0.01 sec. To determine the fatigue index we used this formula FI= Tmin — Tmax / Tmax x 100 [%)]
(Bangsbo & Mohr 2012).

Total sprinting distance 34.2 m

25 s aciive recovery
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Figure 1. Bangsbo sprint test
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10-m sprint test

Subjects started the test from a standing position 0.5 m behind the starting photocell (time zero) and
sprinted a total distance of 10 m. Each participant performed two maximal trials with at least 3 minutes rest
between them. To record sprint time, we used photocells and then the best scores were used for analysis. We
measured with an accuracy of 0.01 sec.
20-m sprint test

Subjects started the test from a standing position 0.5 m behind the starting photocell (time zero) and
sprinted a total distance of 20 m. Each participant performed two maximal trials with at least 3 minutes rest
between them. To record sprint time, we used photocells and then the best scores were used for analysis. We
measured with an accuracy of 0.01 sec.
Statistical analysis

The non-parametric Wilcoxon signed-rank test and Cohen’s ,r* (effect size) was used for ranking
the dependent variables for statistical significance of differences in measured times in the Bangsbo sprint test,
10-m sprint test and 20-m sprint test. The statistical significance level was set at p < 0.05. According to Cohen’s
1 we distinguish between: small effect ~ 0.1; medium effect ~ 0.3; large effect ~ 0.5 (Cohen 1988).

Results
Bangsbo sprint test
Table 4. RSA level changes in Bangsbo sprint test (RSAmean).

Bangsbo sprint test (RSAmean)
Mea surement 0 t1 t2
Mean(s] | 631 [ a3 [ e:
Jal - 0.0z2* 0.001+
Cohen's r - 061 0.80

We found out that after the control period (to-t;) players significantly worsened in the RSAmean indicator
(z=-2.04, p =0.02, » = 0.61) After completing the experimental period (t;-t,), players improved significantly
in this indicator (z =-3.01, p = 0.001, » = 0.80).

Table 5. RSA level changes in Bangsbo sprint test (RSAg).

Bangsbo sprint test (RSAFL)
Measurement t0 t1 t2
Mear. [%] 570 6.09 5.57
» - 029 0.1z
Cohen's # - 007 0.31

We found that the players worsened in the RSAFI indicator after completing the control period (to-t),
but the deterioration was not significant (z = -0.53, p = 0.29, r = 0.07). After completing the experimental period
(t;-t2), players improved in this indicator, but not significantly (z =-1.16, p =0.12, = 0.31).

Table 6. RSA level changes in Bangsbo sprint test (RSAbest).

Bangsbo sprint test (RSAbast)
Measurement 0 ti 2
s T 1 f1a £ m
Mean [s] 6.13 6.18 6.03
) - 0.03 0.001%
: 0.03* ¢ 0001
Cohen's - 0.39 0.82

We found that after completing the control period (t,-t;), players worsened significantly in the RSAbest
indicator (z = -1.96, p = 0.03, » = 0.59). After completing the experimental period (t,-t,), the players improved
significantly in this indicator (z = -3.08, p = 0.001, » = 0.82).

Table 7. RSA level changes in Bangsbo sprint test (RSAworst).

Bangsbo sprint test (RSAw orst)
Measurement 0 ti t2
Mean [s] 6.50 5.58 5.39
P - 0.07 00017
Cohen's » - 0.21 0.78

We found that the players worsened in the RSAworst indicator after completing the control period (to-t;),
but the deterioration was not significant (z = -1.46, p = 0.07, r = 0.21). After completing the experimental period
(t;-t), players improved significantly in this indicator (z =-2.92, p = 0.001, » = 0.78).
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10-m sprint test
Table 8. Acceleration speed level changes in 10-m sprint test.

We found that the players improved in the 10-m sprint test after completing the control period (to-t;),
but the improvement was not significant (z = -0.31, p = 0.38, » = 0.08). After completing the experimental period
(t-tp), we noticed a significant improvement in the players during the 10-m sprint test (z = -2.26, p = 0.02,
r=0.60).

20-m sprint test
Table 9. Acceleration speed level changes in 20-m sprint test.

20-m sprint test
Measurement t0 t1 t2
Mean [s] 2,92 291 2.89
P - 027 0.002*
Cohen's r - 004 0.63

We found that the players improved in the 20-m sprint test after completing the control period (to-t),
but the improvement was not significant (z =-0.59, p = 0.27, r = 0.04). After completing the experimental period
(t;-t;), we noticed a significant improvement in the players during the 20-m sprint test (z = -2.90, p = 0.002,
r=0.63).

Discussion

Our aim in our research was to verify the effectiveness of the development of repeated sprint ability
(RSA) by two approaches - using specific stimuli and combination of specific stimuli and short repeated sprints.

After completing the control period, players recorded a deterioration in all monitored RSA indicators
(RSAeans RSAE, RSApes, RSAyorst). On the contrary, after completing the experimental period, players noticed
an improvement in all RSA parameters (RSAean, RSAF, RSApes, RSAyorst). According to the achieved results,
we can state that despite some studies (Buchheit et al. 2009; Rodriguez-Fernandez et al. 2016), which showed
an improvement in RSA parameters after a specific training session, our research did not confirm that only
a specific soccer load (control period) would provide a sufficient stimulus causing increase in the RSA level.
Our results agree with the results of several authors (Hill-Haas et al. 2006; Gabris 2012; Gabris 2015;
Eniseler et al. 2017; Kargarfard et al. 2020; Negra et al. 2020; Akdogan et al. 2021; Aloui et al. 2021;
Koral et al. 2021), who also did not demonstrate the ability to develop RSA parameters using only specific
soccer trainings.

On the contrary, we were able to prove a significant improvement in RSA after applying an experimental
factor consisting of short repeated sprints. The only parameter in which we failed to prove the statistical
significance of the improvement was the fatigue index (RSApf). Our results after the application
of the experimental period confirm also the previous conclusions of various studies (Dawson et al. 1998;
Mohr et al. 2007; Bravo et al. 2008; Schneiker & Bishop 2008; Buchheit et al. 2010b; Serpiello et al. 2011;
laia et al. 2017; Rey et al. 2017; Aloui et al. 2021; Koral et al. 2021), which recorded significant increases
in the level of RSA after the impact of the training program composed of repeated sprints. The interesting fact
is that some studies (Dawson et al. 1998; Buchheit et al. 2008; Schneiker & Bishop 2008; Gabris 2015;
Rodriguez-Fernandez et al. 2016) have shown not only an increase in the RSA level, but in the fatigue index
in % as well. On the contrary, recent studies (Buchheit et al. 2008; Rey et al. 2017; Aloui et al. 2021) recorded
a decrease in the fatigue index, while other RSA parameters improved. The increase in fatigue index while
improving RSA is explained by Bishop et al. (2003); Yanagiya et al. (2003) or Mendez-Villanueva et al. (2008).
They say that it is caused by increasing the initial performance (or more initial performances),
which lead to a higher decrease in performance in later repetitions. We assume that this result
was due to an increase in the aerobic endurance level (VOan., anaerobic threshold) by using specific means,
which resulted in faster ATP resynthesis at rest intervals and a higher percentage of energy compensation by
aerobic metabolism during repeated sprints. According to our results, the optimal strategy for the development
of RSA in soccer is a combination of specific and non-specific stimuli in the training process, which is
coincident with the results of other studies (Impellizzeri et al. 2008; Bishop et al. 2011).

Besides the dynamics of changes in the RSA level, we also monitored the impact on the level of
acceleration speed. We recorded an improvement in both periods, while in the control period was this
improvement not statistically significant. In terms of dosage, the speed program was the same in both periods.
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The dosage in the game training was comparable. Thanks to this result we can assume that a significant
improvement in the experimental period was supported, not only by the speed program, but also by experimental
factor - submaximal repeated sprints. This statement is also supported by the results of studies
by Buchheit et al. (2010c), Rey et al. (2017) or Aloui et al. (2021), in which there was an improvement
in the acceleration speed after the application of short repeated sprints.

Conclusions

The ability to repeat high-intensity activities (RSA) with the least possible decrease in intensity
throughout the match is currently becoming a limiting factor in the fitness of players. Although the relationship
between the volume of high-intensity running and the successful outcome of the match has not yet been proved
(indicating the high conditionality of technical and tactical level of players), a higher level of RSA creates a
precondition for faster involvement of players and an increase in the number of players involved in offensive, or
defensive, phase of the game. This creates an increased chance of scoring a goal or preventing it.

After the use of specific stimuli, we recorded a decrease in the level of RSA in all monitored indicators,
while the decrease in the indicator RSA. was significant (p = 0.03).

On the contrary, the combined approach provided a significant improvement in all RSA parameters,
except RSAFI. Based on the measured results, we can confirm the high effectiveness of the experimental
stimulus as well as high safety, as we did not notice any injuries caused during the application of the
experimental stimulus.

The level of acceleration speed improved in both periods. In the experimental period, the improvement
was significant (p = 0.02, p = 0.002). It was probably ensured by the application of repeated sprints. The same
volume of speed and game training were used. Based on our results, we recommend to include in the training
process of U19 soccer players a combination of specific stimuli (interval method) and short repeated sprints
up to 20 m (submaximal intensity, rest interval — 25 sec), which ensures the development of RSA. The frequency
should be two times in a weekly microcycle in pre-season and at least one time in the main season, so the level
of RSA is maintained. At the same time, we recommend that the total volume of speed-endurance load within
one training session should be in the range of 600 to 720 m.
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