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ABSTRACT 
 
Purpose: To examine the effect of sprint bout duration during speed-endurance training on soccer-specific 
performance. Methods: Sixteen male soccer players (18.0 ± 0.8 y; 179.9 ± 4.8 cm; 71.4 ± 6.6 kg) completed 
two training protocols for 4 weeks, twice weekly: 10-s sprints (SEP10; n = 8) or 20-s sprints (SEP20; n = 8). 
SEP10 involved 8–12 × 10-s all-out runs with 60-s rest; SEP20 involved 4–6 × 20-s all-out runs with 120-s 
rest. Before and after training, players performed 20- and 200-m sprints, a repeated-sprint ability (RSA) test, 
and the Yo-Yo intermittent recovery test level 2 (Yo-Yo IR2). Sprint time, blood lactate, and GPS data were 
collected during training sessions. Results: RSA total time decreased by 1.1% (SEP20) and 1.5% (SEP10; p 
< .05). Yo-Yo IR2 performance improved by 10% (SEP20) and 16% (SEP10; p < .05). Shorter sprint duration 
(10 vs. 20 s) elicited higher power output and lower blood lactate. Conclusion: Both 10- and 20-s sprint-based 
training improved high-intensity performance and RSA in soccer players, with 10-s sprints inducing more 
favourable physiological responses. 
Keywords: Performance analysis, Speed-endurance training, Sprint duration, Soccer performance, Repeat 
sprint ability (RSA), Yo-Yo intermittent recovery test. 
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INTRODUCTION 
 
In elite soccer, the increasing number of matches limits the time available for physical conditioning during the 
competitive season. Training is often prioritized toward recovery and technical–tactical preparation rather 
than physical development (Anderson et al., 2016; Malone et al., 2015; Martín-García et al., 2018; Simonelli 
et al., 2025; Trecroci et al., 2019). Under these constraints, selecting the most effective training stimuli is 
crucial to maximize physiological adaptations and performance outcomes. 
 
Speed-endurance training using repeated sprints (5–30 s) has emerged as a time-efficient strategy to 
enhance supramaximal performance (Bangsbo et al., 2009; Gibala et al., 2006; Iaia & Bangsbo, 2010; Iaia 
et al., 2009), repeated-sprint ability (RSA) (Iaia et al., 2015; Mohr & Krustrup, 2016), and high-intensity 
intermittent exercise in well-trained athletes (Iaia et al., 2008), even with reduced overall training volume 
(Bangsbo et al., 2009; Gunnarsson et al., 2012; Iaia & Bangsbo, 2010; Iaia et al., 2009). However, the wide 
range of possible training variables (e.g., intensity, recovery, exercise type, and work-to-rest ratio) can elicit 
distinct physiological responses. For example, speed-endurance production (SEP) training, characterized by 
~20-s all-out sprints with long recoveries, has been shown to improve RSA and intermittent high-intensity 
performance (Castagna et al., 2017; Iaia et al., 2015; Mohr & Krustrup, 2016). Moreover, the efficacy of this 
training modality is possibly ascribed to the maintenance of high mechanical power (Iaia et al., 2015), and 
adaptations in glycolytic (MacDougall et al., 1998) and oxidative enzymes activity (Burgomaster et al., 2006; 
Burgomaster et al., 2005; Granata et al., 2017) as well as in pH regulation (Iaia et al., 2008) and ion transport 
(Bangsbo et al., 2009; Iaia et al., 2008). 
 
While there is consensus that longer recovery intervals enhance soccer-related performance (Castagna et 
al., 2017; Iaia et al., 2015; Mohr & Krustrup, 2016), the effect of sprint duration remains less clear. Evidence 
indicates that both short (≤10 s) (Iaia et al., 2017) and longer (≥20 s) (Iaia et al., 2015) sprint bouts can 
improve performance, albeit through different metabolic pathways (Buchheit & Laursen, 2013a). Longer 
sprints increase anaerobic energy production and cardiopulmonary responses (Fiorenza et al., 2019), 
whereas shorter sprints elicit higher power output, reduced lactate accumulation, and less peripheral fatigue, 
potentially allowing faster recovery (Buchheit & Laursen, 2013a). Furthermore, short sprints have been 
associated with greater improvements in sprint times over 20–40 m (Iaia et al., 2017; Iaia et al., 2015; Mohr 
et al., 2007a). 
 
Despite these observations, direct comparisons between short and long sprint durations in soccer players 
are lacking. Most studies have focused on aerobic outcomes (e.g., V̇O₂max, endurance performance), with 
inconsistent results. Some report superior adaptations with longer sprints, while others show that reducing 
sprint duration to 10–20 s yields comparable improvements in both aerobic and anaerobic markers (Gillen et 
al., 2016; Gillen et al., 2014; Hazell et al., 2010; McKie et al., 2018; Nalcakan et al., 2018; Yamagishi & 
Babraj, 2017; Zelt et al., 2014). 
 
Therefore, the present study aimed to (i) compare the physiological and mechanical responses to sprint 
training with different bout durations (10 vs. 20 s), and (ii) examine the subsequent effects on soccer-specific 
performance. Based on previous evidence (Iaia et al., 2017; Iaia et al., 2015; Mohr et al., 2007b), we 
hypothesized that shorter bouts (10 s) would improve repeated-sprint performance, whereas longer bouts 
(20 s) would provide a stronger stimulus for exhaustive high-intensity performance. 
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METHODS 
 
Participants 
Sixteen young male soccer players from the same amateur team (age: 18.0 ± 0.8 y; height: 179.9 ± 4.8 cm; 
body mass: 71.4 ± 6.6 kg) were recruited. All participants had a minimum of 7 years of soccer training 
experience. Participants and their parents provided written informed consent after being fully briefed on 
potential risks and discomfort associated with the experimental procedures. The study was approved by the 
Ethical Committee of the University of Milan and conducted in accordance with the Declaration of Helsinki. 
 
Experimental approach 
A parallel, pre-to-post, two-group, work-matched longitudinal design was employed to examine the effects of 
two speed-endurance training protocols. Participants were matched based on baseline physical performance 
and randomly assigned to either the 20-s sprint protocol (SEP20; n = 8) or the 10-s sprint protocol (SEP10; 
n = 8). Randomization was based on performance scores derived from all baseline tests, with each participant 
assigned a score from 1 (lowest) to 16 (highest) for each test; the sum determined group allocation. 
 
Data collection occurred during the final phase of the competitive season (April–May) and included a 
familiarization period, 1 week of baseline testing (Pre), a 4-week training intervention, and 1 week of post-
testing (Post). Performance tests included: (i) aerobic fitness (Mognoni test), (ii) 20-m sprint, (iii) repeated-
sprint ability (RSA) test, (iv) 200-m sprint, and (v) Yo-Yo Intermittent Recovery Test Level 2 (Yo-Yo IR2). 
During the 2nd and 8th training sessions, internal load was monitored via heart rate (HR), blood lactate 
([La⁻]), and session rating of perceived exertion (sRPE), while external load was tracked using GPS 
technology. 
 
Training protocols 
SEP10 consisted of 6–12 repetitions of 10-s all-out bouts (2 × 30-m shuttle runs) interspersed with 60-s of 
passive recovery. SEP20 comprised 3–6 repetitions of 20-s all-out bouts (3 × 40-m shuttle runs) with 120-s 
of passive recovery. Both protocols were matched for total work and performed twice weekly over 4 weeks 
(Figure 1). 
 

 
 
Figure 1. Overview of experimental days and training. Speed endurance production training 20 s of sprint 
(SEP 20), Speed endurance production training 10 s of sprint (SEP 10), Repeated sprint ability test (RSA), 
Yo-Yo intermittent recovery Test level 2 (Yo-Yo IR2), Repetitions (Reps). 
 
Training monitoring 
During the 2nd and final training sessions, blood samples were collected from the earlobe at specified points: 
before the 5th and after the 1st, 2nd, 3rd, and 5th bout in SEP20, and before the 10th and after the 1st, 4th, 
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6th, and 10th bout in SEP10. Lactate concentration ([La⁻]) was analysed using a portable lactate analyser 
(Lactate Plus, Nova Biomedical, Waltham, MA, USA). Sprint times were recorded via photoelectric cells 
(Witty, Microgate, Bolzano, Italy). 
 
GPS collection and analysis 
External load was tracked using GPS units (10 Hz, 400 Hz tri-axial accelerometer; Playertek, Dundalk, 
Ireland) positioned between the shoulder blades and activated 15 min before training. Players wore the same 
unit throughout the study to minimize inter-device error. Parameters analysed included high-intensity distance 
(>19.8 km·h⁻¹), sprint distance (>25.1 km·h⁻¹), top speed, and number of accelerations/decelerations >3 

m·s⁻². Energy cost (EC, J·kg⁻¹·m⁻¹) and average metabolic power (P Met aver W·kg⁻¹) were calculated, with 
average Pmet and distance above 20 W·kg⁻¹ also reported. 
 
Performance assessment 
Testing was conducted on four separate days both pre- and post-intervention: Monday (MD-6), Mognoni 
aerobic fitness test; Tuesday (MD-5), 20-m sprint and RSA test; Thursday (MD-3), 200-m sprint; Friday (MD-
2), Yo-Yo IR2. A rest day was provided on Wednesday (MD-4) and Saturday (MD-1). Participants were 
familiarized with all procedures before testing and refrained from strenuous exercise, alcohol, and caffeine 
for 24 h prior. Nutritional intake (~60% carbohydrate) was recorded and replicated during all test days. 
 
Aerobic fitness test (Mognoni) 
Submaximal run at 13.5 km·h⁻¹ for 6 min on natural turf. [La⁻] measured from earlobe immediately post-test 
(Sirtori, 1993). 
 
20-m sprint test 
Three maximal sprints with 150 s passive recovery between trials; best time used for analysis. Start from 
standing, 0.3 m before first gate (Iaia et al., 2015). Time was recorded using photoelectric cells (Witty, 
Microgate, Bolzano, Italy). 
 
Repeated Sprint Ability (RSA) test 
Following the 20-m sprint test (after 10 min of recovery) participants performed an RSA test consisting of 5 
repetitions of 30-m all-out sprints interspersed by 25 s of passive recovery. Best sprint time (RSAbest) and 
total sprint time (RSAt) for the five sprints (S1, S2, S3, …) were determined. Also, to quantify fatigue during 
the RSA test, the percentage decrement score (RSAdec) was calculated as follows (Girard et al., 2011): 
 

 𝑅𝑆𝐴𝑑𝑒𝑐 = [
𝑆1 + 𝑆2 + 𝑆3 ∙∙∙ +𝑆𝑓𝑖𝑛𝑎𝑙

𝑆𝑏𝑒𝑠𝑡 × 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑡𝑠
− 1] × 100 

 
(1) 

 
200 m sprint test 
An all-out run was performed over 200 m. Time recordings were obtained using photoelectric cells. 
 
Yo-Yo IR2 test 
The Yo-Yo Intermittent Recovery Test level-2 was performed. The test consists of 2 x 20-m shuttle runs at 
increasing speeds, interspersed with 10 s of active recovery, controlled by audio signals. The distance 
achieved was recorded when the participants were no longer able to maintain the required speed (Bangsbo 
et al., 2008). 
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Statistical analyses 
The normal distribution of each variable was examined by the Shapiro-Wilk’s test. An unpaired t-test was 
used to assess between-group differences in the Pre-test measurements. Data were analysed using a two-
factor repeated-measure ANOVA with one between factor (group: SEP 20 vs. SEP 10) and one within factor 
(time: Pre-vs Post). In case of significant interaction, a Bonferroni post-hoc test was employed to evaluate 
each comparison. The level of statistical significance was set for all analyses at p < .05. Moreover, Pre-post 
effect size was measured as suggested by Hedge (Wasserman, 1988). In addition to null-hypothesis testing, 
a statistical approach based on the magnitudes of change was also utilized (Hopkins et al., 2009). The 
corresponding quantitative chances of beneficial, unclear of harmful changes were evaluated as follows: < 
25% trivial, 25-75%, possibly; 75-95%, likely; 95-99%, very likely; and > 99%, almost certainly. If the chance 
of obtaining greater and poorer differences was both >5%, the true difference was assessed as unclear. To 
perform each calculation and interpretation related to the magnitude-based inference approach, customized 
spreadsheets, available at https://www.sportsci.org/index.html, were utilized. Data are presented as means 
± SD, whereas relative changes are presented as means ±90% confidence intervals. 
 
RESULTS 
 
Performance 
All performance measures showed no significant differences between groups at the pre-intervention stage 
(p > .05). Post-intervention, there were no significant changes in RSAdec, 200-m sprint time, or blood lactate 
concentration at the end of the aerobic fitness test for either group (p > .05). The 20-m sprint time decreased 
by 0.8% and 1.8% following the training intervention, in SEP 20 and SEP 10, respectively (F = 6,00; p < .05). 
The RSAt decreased by 1.1% and 1.5% following the training intervention, in SEP 20 and SEP 10, 
respectively (F = 18,37; p < .05). The RSAbest decrease by 1.2% and 1.5% following the training intervention, 
in SEP 10 and SEP 20, respectively (p < .05). The Yo-Yo IR2 performance improved by 10% and 16% in 
SEP 20 and SEP 10, respectively (F = 12.92; p < .05). No significant interaction was found after the 
intervention for all performance tests (Table 1). 
 
Table 1. Changes in performance following speed endurance training consisting of different sprint durations. 

Performance test Pre Post 
Effect Size 
Pre-Post 

Within-group comparisons 

Standardized 
differences 
(Cohen's d 
±90% CI) 

Percent changes of 
worse/trivial/better 

performance 

Qualitative 
inferences 

S
E

P
 1

0 

 

Aerobic Test (mmol·L-1) 7.4 ± 1.6 6.9 ± 1.8 0.11 Small -0.34 ± 0.60 7/27/67 Unclear 
20-m sprint time (s) 3.11 ± 0.15 3.05 ± 0.12* 0.42 Small -0.32 ± 0.32 1/25/74 Possibly 
RSAbest (s) 4.45 ± 0.19 4.40 ± 0.16* 0.27 Small -0.24 ± 0.28 1/38/61 Possibly 
RSAt (s) 23.2 ± 0.9 22.9 ± 0.8* 0.37 Small -0.34 ± 0.23 0/14/86 Likely 
RSAdec (%) 4.1 ± 1.6 4.2 ± 1.3 0.07 Trivial 0.12 ± 0.74 43/36/22 Unclear 
200-m sprint time (s) 28.0 ± 1,3 27.5 ± 1,2 0.30 Small -0.28 ± 0.34 2/32/66 Possibly 
Yo-Yo IR2 (m) 370 ± 126 440 ± 111* 0.74 Moderate 0.51 ± 0.38 0/8/92 Likely 

S
E

P
 2

0 

Aerobic Test (mmol·L-1) 8.5 ± 2.5 8.2 ± 1.7 0.28 Small -0.03 ± 0.42 17/59/23 Unclear 
20-m sprint time (s) 3.13 ± 0.1 3.11 ± 0.11* 0.18 Trivial -0.24 ± 0.25 1/39/60 Possibly 
RSAbest (s) 4.45 ± 0.16 4.39 ± 0.18* 0.33 Small -0.36 ± 0.27 0/15/85 Likely 
RSAt (s) 22.9 ± 0.8 22.7 ± 0.8* 0.35 Small -0.23 ± 0.16 0/38/62 Possibly 
RSAdec (%) 2.9 ± 0.7 3.3 ± 1.6 0.56 Moderate 0.53 ± 1.04 71/17/11 Unclear 
200-m sprint time (s) 28.0 ± 1.4 27.9 ± 1.0 0.08 Trivial -0.05 ± 0.36 11/66/23 Unclear 

Yo-Yo IR2 (m) 410 ± 88 460 ± 90* 0.53 Moderate 0.49 ± 0.36 0/8/91 Likely 
Note. Speed endurance production for 10 s (SEP 10); Speed endurance production for 20 s (SEP 20); confidence interval (CI); Best sprint 
(RSAbest); Total sprint time (RSAt); Percentage decrement score (RSAdec); Yo-Yo intermittent recovery test level 2 (Yo-Yo IR2). *Significant 
differences pre-post (p < .05). 

https://www.sportsci.org/index.html
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Between-group changes are presented in Figure 2. Changes in RSAt were possibly better in SEP 10 than 
those observed in SEP 20. 
 

 
Note. Speed endurance production for 10 s (SEP 10); Speed endurance production for 20 s (SEP 20); Best sprint (RSAbest); Total 
sprint time (RSAt); Percentage decrement score (RSAdec); Yo-Yo intermittent recovery test level 2 (Yo-Yo IR2). 

 
Figure 2. Standardize differences between SEP 10 and SEP 20. 

 
External training load monitoring 
During the 2nd training session, significant differences were found between SEP 10 and SEP 20 for Total 
Number of accelerations > 3 m·s-2 (20 ± 1 and 15 ± 1, respectively), Total Number of decelerations < -3 m·s-

2 (18 ± 1 and 13 ± 1, respectively), and distance > 20 W·kg-1 (624 ± 13 m and 587 ± 13 m) (p < .05). No 
differences between groups were observed for Total time, Sprint Decrement, High-intensity distance, Sprint 
distance and Top speed, and P Met aver (Table 2). 
 
During the last training session, a time effect was detected for Total time, Number of decelerations < - 3 m·s-

2 and Distance >20 W·kg-1. Total time improved by 0.9% and 1.9% in SEP 20 and SEP 10, respectively (F = 
16.01; p < .05). Also, Total Number of decelerations < - 3 m·s-2 decreased by 7.7% in SEP 20 and by 16,6% 
in SEP 10 (F = 6.53; p < .05). Additionally, Distance >20 W·kg-1 decreased in SEP 20 by 1.5% and in SEP 
10 by 2.7% (F = 4.85; p < .05). 
 
Between-group changes are presented in Figure 3. Differences in the changes of all external load parameters 
were unclear. 
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Table 2. Training workload during the 2nd and the last training sessions for the different sprint endurance 
training groups. 

External training load 
2nd 

session 
Last 

session 

Within-group comparisons 

Standardized 
Differences 

(Cohen's d ±90% CI) 

Percent changes of 
worse/trivial/better 

performance 

Qualitative 
inferences 

S
E

P
 1

0 

 

Total Time (s) 104.5 ± 4.0 102.6 ± 3.0* -0.44 ± 0.23 0/4/96 Very Likely 

Sprint dec (%) 4.9 ± 3.0 4.7 ± 2.0 0.02 ± 0.72 29/39/32 Unclear 

High-intensity distance (m) 280 ± 59 284 ± 43 0.10 ± 0.81 25/33/42 Unclear 

Sprint distance (m) 212 ± 83 190 ± 65 -0.10 ± 0.81 41/34/25 Unclear 

Top speed (m·s-1) 7.8 ± 0.4 7.9 ± 0.4 0.02 ± 1.04 35/27/37 Unclear 

Acc > 3 m·s-2 20 ± 1# 20 ± 1 -0.48 ± 1.02 69/19/12 Unclear 

Dec < - 3 m·s-2 18 ± 1# 15 ± 2* -2.08 ± 1.89 95/2/3 Likely 

P Met aver (W·kg-1) 8.1± 0.5 8.1 ± 0.5 -0.02 ± 0.87 36/32/32 Unclear 

Distance >20 W·kg-1 624 ± 13# 607 ± 16* -1.25 ± 1.44 89/6/5 Likely 

S
E

P
 2

0 

Total Time (s) 103.8 ± 2.2 102.9 ± 3.1* -0.38 ± 0.68 7/24/69 Unclear 

Sprint Dec (%) 4.9± 2.0 4.0 ± 2.0 -0.66 ± 0.7 3/11/86 Likely 

High-intensity distance (m) 297 ± 40 293 ± 51 -0.12 ± 0.58 40/43/17 Unclear 

Sprint distance (m) 175 ± 58 167 ± 79 -0.39 ± 0.87 65/23/12 Unclear 

Top speed (m·s-1) 8.0 ± 0.4 7.9 ± 0.5 -0.34 ± 0.72 64/26/10 Unclear 

Acc > 3 m·s-2 15 ± 1# 15 ± 1 -0.24 ± 1.08 53/24/23 Unclear 

Dec < - 3 m·s-2 13 ± 1# 12 ± 2* -0.91 ± 1.69 77/10/13 Unclear 

P Met aver (W·kg-1) 8.0± 0.4 8.3 ± 0.5 0.75 ± 0.54 0/4/95 Very Likely 

Distance >20 W·kg-1 587 ± 13# 578 ± 17* -0.65 ± 0.95 80/13/7 Unclear 
Note. Speed endurance production for 10 s (SEP 10); Speed endurance production for 20 s (SEP 20); confidence interval (CI); Total time, percent 
of sprint decrement (Sprint Dec); High-intensity distance (distance between 19.8 and 25.1 km·h-1); Sprint distance (>25.1 km·h-1); Top speed 
(m·s-2); number of accelerations >3 m·s-2 (Acc > 3 m·s-2); number of decelerations < 3 m·s-2 (Dec. -3 m·s-2); metabolic power average (P Met 
aver, W·kg-1). *Significant differences pre-post (p < .05). # Significant differences between groups during the 2nd training session (p < .05). 
 

 
Note. Speed endurance production for 10 s (SEP 10); Speed endurance production for 20 s (SEP 20); Total time, percent of sprint decrement 
(Sprint Dec); High-intensity distance (distance between 19.8 and 25.1 km·h-1); Sprint distance (>25.1 km·h-1); Top speed (m·s-2); number of 
accelerations >3 m·s-2 (Acc > 3 m·s-2); number of decelerations < 3 m·s-2 (Dec . -3 m·s-2); metabolic power average (P Met aver, W·kg-1). 
 

Figure 3. Standardize differences on external training load variables between SEP 10 and SEP 20. 
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Physiological responses 
The assessment of blood lactate concentrations showed significant differences between-group (p < .01) 
(Figure 4). There were no time effects for changes in blood lactate concentration for either group from 2nd to 
last training. The blood lactate concentration increased during exercise in both groups: Rest<20-s<40-s<60-
s<80-s = 100-s (p < .05). 
 

 
Note. Speed endurance production for 10 s (SEP 10); Speed endurance production for 20 s (SEP 20). 

 
Figure 4. The assessment of blood lactate concentrations during the 2nd and the last training sessions for 
the different sprint endurance training groups. 
 
Heart rate 
Heart rate measurements at the 2nd and last training session are shown in Table 3. Significant between-
group differences were observed for %HRmean and time spent over 85% of HRmax (p < .05) but not for %HRpeak. 

There were also no pre-to-post differences the in any of the HR parameters (%HRmean, time spent over 85% 
of HRmax, and %HRpeak). 
 
Table 3. Heart rate parameters during the 2nd and the last training sessions for the different sprint endurance 
training groups. 

Heart rate parameters 
SEP 10 SEP 20 

Interaction 
2nd session Last session 2nd session Last session 

%HRmean 87 ± 2# 86 ± 5 82 ± 4# 82 ± 5 p = .12 
%HRpeak 96 ± 2 96 ± 3 96 ± 3 95 ± 3 p = .66 
Time > 85% HRmax (s) 492 ± 94# 422 ± 188 276 ± 111# 293 ± 119 p = .06 

Note. Speed endurance production for 10 s (SEP 10); Speed endurance production for 20 s (SEP 20); the percentage of heart rate 
means (%HRmean); the percentage of heart rate peak (%HRpeak); time spent above 85% of heart rate max (Time > 85% HRmax). 
# Significant differences between groups in the 2-session measurements(p < .05). 
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DISCUSSION AND CONCLUSIONS 
 
The main findings of the present study indicate that both speed-endurance production (SEP) training regimes 
significantly improved 20-m sprint, RSAt, RSAbest, and Yo-Yo IR2 performance. To our knowledge, this is 
among the first studies to report improvements in sprint performance following SEP training. Previous studies 
typically reported significant speed gains only for sprint bouts shorter than 6 s. For instance, Iaia et al. (2017) 
observed improved sprint performance after 4 weeks of repeated short sprints (6 × 5 s, 30-s recovery), while 
Mohr et al. (2007) found improvements after 6 × 6-s sprints with 54-s passive recovery, but no changes after 
6 × 30-s sprints (Iaia et al., 2015; Mohr et al., 2007b). Interestingly, similar enhancements in sprint 
performance were observed in both SEP10 and SEP20 despite differences in physiological responses, 
including heart rate, blood lactate concentration, and acceleration/deceleration profiles. These effects may 
be attributable to the all-out nature of the protocols and the recruitment of young amateur players, who may 
be less accustomed to maximal sprint efforts. The high neuromuscular demands of the protocols (Fiorenza 
et al., 2019) likely contributed to the observed improvements, highlighting their practical relevance for young 
players, especially considering the association between high-intensity phases and key moments of a match 
(Faude et al., 2012). 
 
Another important finding was the significant increase in RSAt in both groups (1.5% in SEP 10 and 1.1% in 
SEP 20, p < .05). The possibly greater effect of SEP 10 on RSAt suggests that improvements in repeated 
sprint performance may be primarily related to the muscle’s capacity to sustain forceful bouts. This aligns 
with previous evidence indicating that elevated power output and maintenance of high speed throughout 
repeated sprints are critical for enhancing repeated-sprint ability (Bishop et al., 2004; Iaia et al., 2017; Iaia et 
al., 2015). Both interventions also improved Yo-Yo IR2 performance, suggesting that the specific 
characteristics of each protocol (i.e. high-speed development and fatigue resistance) contribute positively to 
high-intensity intermittent exercise capacity. 
 
Aerobic capacity, assessed via the Mognoni test, remained unchanged throughout the training period. It has 
been suggested that inducing maximal cardiovascular and peripheral aerobic adaptations requires >10–15 
min per session above 85% Hrmax (Buchheit & Laursen, 2013b). In our study, participants spent less than 8 
min above this threshold, indicating that repeated all-out efforts with long recoveries (work-to-rest ratio 1:6) 
are insufficient to further enhance aerobic fitness in already trained individuals. This observation is consistent 
with prior studies, which reported that SEP training primarily induces peripheral adaptations (e.g., muscle 
architectural remodelling (Gunnarsson et al., 2012; Iaia et al., 2009), changes in membrane transport proteins 
regulating pH(Gunnarsson et al., 2012; Iaia et al., 2008), and preservation of excitability (Bangsbo et al., 
2009; Gunnarsson et al., 2012; Iaia et al., 2008)) rather than improvements in V̇O₂max (Bangsbo et al., 2009; 
Gunnarsson et al., 2012; Iaia et al., 2009; Iaia et al., 2008). 
 
Despite no change in aerobic fitness, high-intensity intermittent capacity, as measured by Yo-Yo IR2 
distance, increased by 10% and 16% in SEP 20 and SEP 10, respectively. These improvements are 
consistent with studies demonstrating enhanced fatigue resistance following SEP training (Iaia et al., 2015), 
although the magnitude is smaller than reported in recreational players (Mohr & Krustrup, 2016), reinforcing 
SEP as an effective strategy for enhancing high-intensity intermittent performance in soccer players. The 
similar Yo-Yo IR2 improvements between groups suggest that maintaining high mechanical output 
throughout repeated sprints is a key factor for enhancing high-intensity intermittent performance. 
 
Lower end-exercise blood lactate concentration in SEP 10 compared with SEP 20 indicates that longer 
repeated all-out efforts are strongly associated with glycolytic anaerobic energy production, consistent with 
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previous research (Bogdanis et al., 1998; Mohr et al., 2007b). Surprisingly, there were no significant 
differences between groups for 200-m performance, although the differences observed in blood lactate 
concentration would suggest a different amount of anaerobic contribution between groups. 
 
Some limitations of the present study should be acknowledged, including the short training duration (4 
weeks), moderate sample size, participants’ competitive level, and absence of a control group. Future studies 
should address these limitations, potentially incorporating longer interventions in elite youth players to 
corroborate these findings. 
 
In conclusion, short-term SEP training improves aspects of high-intensity performance and repeated-sprint 
ability in soccer players. The high metabolic power and number of accelerations (>3 m·s⁻²), despite lower 
lactate accumulation, suggest that SEP 10 is particularly effective for enhancing soccer-related physical 
performance. The greater number of high-intensity accelerations and decelerations in SEP 10 compared with 
SEP 20 indicates potential benefits for improving change-of-direction ability, though this requires further 
investigation. 
 
Practical applications 
Understanding the characteristics of a training stimulus and its effects on performance enables coaches to 
optimize training delivery. Manipulating sprint duration can alter mechanical and physiological outputs, 
allowing for individualized training prescriptions based on player role and characteristics. The increased 
neuromuscular stimulus observed with SEP 10 indicates that short sprint bouts may induce positive 
adaptations in soccer-specific performance with lower neuromuscular strain at the end of exercise, making 
this approach particularly useful in short-term training periods (Fiorenza et al., 2019). 
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