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Abstract

This study aimed to compare the effects of high-intensity interval training and small-sided games, applied in addition to regular 
football training, on the technical and motor performance of young male football players aged 11–13 years. Thirty young male 
football players with similar baseline anthropometric and performance characteristics were randomly assigned to HIIT, SSG, or 
control groups. For the technical and motor tests, normality of inter-group distributions before the 6-week intervention was 
assessed using the Shapiro-Wilk test, intra-group differences post-intervention with the Wilcoxon signed-rank test, and inter-group 
differences with the Mann-Whitney U test. Results indicated improvements in technical and motor performance across all groups. 
The HIIT group exhibited more pronounced enhancements, particularly in endurance parameters such as the Yo-Yo İntermittent 
Recovery Test and estimated maximal oxygen uptake. Conversely, the SSG group demonstrated superiority in short-distance sprint 
speed, agility, and technical skill development. Significant increases in flexibility were observed in the control and SSG groups, 
whereas no inter-group differences were found in reaction time. At the conclusion of the 6-week intervention, the HIIT and SSG 
groups showed improvements in more parameters compared to the control group. Improvements in the control group were 
attributed to regular football training. In conclusion, integrating HIIT and SSG into football training provides an optimal strategy 
for comprehensive performance development in young football players. 
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Genç futbolcularda dar alan oyunlarının ve yüksek yoğunluklu interval antrenmanının 
motor performans ve teknik beceriler üzerindeki etkilerinin karşılaştırılması 

Öz 

Bu çalışma, futbol antrenmanına ek olarak uygulanan yüksek yoğunluklu interval antrenman ile dar alan oyunlarının, 11-13 yaş 
arası genç erkek futbolcuların teknik ve motor performansları üzerindeki etkilerini karşılaştırmayı amaçladı. Çalışmaya katılan 
otuz genç erkek futbolcu, başlangıçta benzer antropometrik ve performans özelliklerine sahip olarak rastgele HIIT, SSG veya 
kontrol gruplarına ayrıldı. Teknik ve motor testler için, 6 haftalık müdahale öncesi gruplar arası dağılımın normalliği Shapiro-Wilk 
testi ile, müdahale sonrasında grup içi farklar Wilcoxon İşaretli Sıra Testi ile, gruplar arası farklar ise Mann-Whitney U Testi ile 
değerlendirildi. Çalışma sonuçlarına göre, tüm gruplarda teknik ve motor performansta iyileşmeler gözlendi. HIIT grubu özellikle 
Yo-Yo Aralıklı Toparlanma Testi ve tahmin edilen maksimum oksijen tüketimi gibi dayanıklılık parametrelerinde daha belirgin 
gelişim gösterdi. Buna karşılık, SSG grubu kısa mesafe hızı, çeviklik ve teknik beceri gelişiminde üstünlük sağladı. Kontrol ve SSG 
gruplarında esneklikte anlamlı artışlar tespit edildi; reaksiyon süresinde ise gruplar arası fark bulunmadı. 6 haftalık müdahale 
sonunda HIIT ve SSG grupları, kontrol grubuna kıyasla daha fazla parametrede gelişme kaydetti. Kontrol grubundaki iyileşmeler 
ise futbol antrenmanının etkilerine bağlandı. Sonuç olarak, futbol antrenmanına entegre edilen HIIT ve SSG yaklaşımları, genç 
futbolcularda kapsamlı performans gelişimi için optimal bir strateji sunmaktadır. 

Anahtar Kelimeler: Ergenlik, HIIT, motor performans, dar alanlı oyun antrenmanı, teknik performans, genç futbol oyuncusu 
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INTRODUCTION 

Football is a multifaceted sport demanding a high level of physical, technical, and tactical proficiency (Clemente et al., 2021). 
Effective youth football development programs require interventions that enhance both physical capacities and sport specific 
skills. High intensity interval training (HIIT) and small-sided games (SSG) are well established, research-backed methodologies 
frequently employed to develop endurance, speed, agility, and technical competencies in young athletes (Engel et al., 2018; Kunz 
et al., 2019; Clemente et al., 2021).  

HIIT is characterized by alternating brief periods of intense exercise with recovery periods, and it has proven to be an 
efficient strategy for improving overall physical performance in young athletes (Engel et al., 2018; Fang et al., 2021). Research 
indicates that HIIT can significantly enhance key physiological parameters, such as maximal oxygen uptake (VO2max), 
endurance capacity, and explosive power (Engel et al., 2018; Fang et al., 2021). These improvements have been linked to 
performance enhancements in endurance assessments (Kunz et al., 2019). Conversely, SSG replicate match-play scenarios, 
thereby refining technical and tactical skills while simultaneously enhancing physical fitness (Clemente & Sarmento, 2020; 
Clemente et al., 2021). SSGs have been shown to be effective in improving technical execution in young players (Clemente et al., 
2021) and contributing to aerobic capacity development (Engel et al., 2018).  

Despite the established benefits of both HIIT and SSGs, the literature presents a heterogeneous understanding of their 
comparative effects on specific technical and motor performance parameters in youth football players (Kunz et al., 2019; 
Clemente et al., 2021; Salazar-Martínez et al., 2023). While several studies have compared HIIT and SSGs, demonstrating similar 
improvements in general physiological and football related performance measures like peak oxygen uptake and maximal 
running performance (Kunz et al., 2019), inconsistencies exist regarding outcomes such as repeated sprint ability and change 
of direction performance (Kunz et al., 2019; Clemente et al., 2021). Furthermore, a comprehensive understanding of potential 
complementary effects and optimal integration strategies when combining these training modalities remains largely 
unexplored, particularly within specific age groups (Clemente et al., 2021; Prasad et al., 2025). Future studies are needed to 
explore the sustained effects of integrated training protocols over extended periods and to determine the most effective balance 
between SSG and HIIT components across varied age groups and competitive levels (Prasad et al., 2025). 

This study compares the effects of HIIT, SSG and a control group on the technical and motor skills of 11–13-year-old football 
players, specifically examining each approach’s distinct contributions to endurance, power, and technical development. 
Designed to address existing gaps in the literature regarding the relative efficacy of different training modalities for this age 
group, this research specifically examines the unique contributions of each approach to endurance, power, and technical 
development. Our primary hypothesis posits that both the HIIT and SSG groups will demonstrate significant improvements in 
performance parameters compared to the control group, with each method producing distinct effects on specific motoric and 
technical skills. These findings are expected to offer valuable insights for coaches and sports scientists, thereby contributing 
substantially to the development of evidence-based and optimal training programs for young footballers.  

METHOD 

Participants 

Thirty male youth football players from a local club in Kahramanmaraş voluntarily participated in this study. The aim of the 
research was to evaluate the effects of a six-week intervention involving SSG and HIIT on selected motor skills and technical 
abilities. Participants were selected according to specific inclusion and exclusion criteria to form a suitable and balanced cohort. 
Inclusion criteria were males aged 11-13 years with at least one year of football experience and regular training, while exclusion 
criteria included any injury at the beginning of the study that would prevent safe and full participation, non-compliance with 
the assigned intervention, and absence at one of the two designated assessment sessions. All 30 initially enrolled participants 
completed the study. Prior to the start of the study, comprehensive information on potential risks and discomforts associated 
with the study was provided to all participants and their legal guardians, and informed consent was obtained through signed 
forms. Ethical approval for the study protocol was granted by the Gazi University Ethics Committee (Meeting number: 08, Date: 
30.04.2024, Decision number: E – 77082166-302.08.01.-953891).  

Training protocols and study design 

In this study, a randomized parallel matched-group design incorporating repeated measures including a pre-test session, 
intervention period, and post-test session was employed. Players were randomly assigned by coin toss to the SSG group, HIIT 
group, and control group. The study was conducted during the first half of the U13 youth football league season. All groups were 
coached by the same trainer; to examine in-season training adaptations, test sessions and interventions were implemented at 
the beginning of the competitive season following the completion of pre-season preparations. Tests were conducted at the same 
time of day on a controlled synthetic turf field at the Sports Complex affiliated with the Ministry of Youth and Sports to minimize 
the influence of circadian variations. Throughout the study duration, players engaged in football training of the same type and 
volume; HIIT or SSG sessions were added to ensure that observed differences arose solely from the supplemental training. 
İnterventions were administered twice weekly, with at least 48 hours of rest between sessions, and integrated as 
complementary components into standard football training over the six-week period. Each session commenced with a 
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standardized 10-minute dynamic warm-up emphasizing active mobility, light cardiovascular activity, and football-specific 
movements. 

The HIIT protocol comprised 8-minute sets consisting of 15 second high-intensity intervals at 90% of participants’ individual 
HRmax, followed by 15 second passive recovery periods. HRmax was determined at baseline to personalize target running 
speeds for each player, thereby maintaining consistent intensity via audio-guided distances. The SSG group participated in two 
5-minute sets of goalless 5v5 games, with 3 minutes of active rest between sets. To enhance training continuity, spare balls were 
strategically placed around the field, and four assistant players promptly returned balls to play; pass scores were tracked and 
verbal encouragements provided by the coach to elevate motivation. 

Data collection tools 

All measurements began with a standardized 10-minute dynamic warm-up protocol containing active mobility and light 
cardiovascular activity.  

Anthropometric measurements 

Participants’ anthropometric data were recorded in centimeters using the TEM EKO stadiometer and in kilograms using a 
digital scale. Measurements were applied to participants wearing light sports clothing and barefoot; height was measured with 
the head-eye-ear line parallel to the ground after deep inspiration at 0.1 cm precision, and body weight at 0.1 kg precision. 
Measurements were conducted before and after the study on the same day and time of the week, before training. 

 Anthropometric measurements 

Participants’ anthropometric data were recorded in centimeters using the TEM EKO stadiometer and in kilograms using a 
digital scale. Measurements were applied to participants wearing light sports clothing and barefoot; height was measured with 
the head-eye-ear line parallel to the ground after deep inspiration at 0.1 cm precision, and body weight at 0.1 kg precision. 
Measurements were conducted before and after the study on the same day and time of the week, before training. 

Maximal oxygen consumption measurements 

The Yo-Yo İntermittent Recovery Test Level 1 consists of a 20 m running area and a 5 m recovery area. The test includes 10 
s active recovery after 2x20 m runs. The test, starting at low speed, gradually shortens the intervals between audio signals; a 
warning is given if the line cannot be reached before the signal, and the test ends on the second fault. The result is recorded as 
the number of completed shuttles or the distance covered. 

During the Yo-Yo test, VO2max and HRmax were measured using RS 800 model watches. Before the test, participant 
information was entered into the devices’, resting HR was calculated after 10 min of sitting; at the end of the test, maximum 
values were recorded with a chest strap in the SPİ-ProX Motion Analysis System. 

 Leg strength measurement 

 Leg strength was assessed using the Takei back and leg dynamometer. The participant stood with feet shoulder-width apart 
on the dynamometer base, gripping the bar with hands at the center. Knees bent at 110-120°, back straight, arms tense, and 
head forward. Upon readiness, the bar was pulled upward with maximum force. The test was repeated in cases of back usage 
or heel lifting. After two trials, the highest value was recorded in kg. 

 Speed test 

 Sprint performance was measured with 10 m and 30 m tests. Participants waited in a high start position 50 cm behind the 
starting line and started when ready. Photocells were placed at 0.10, and 30 m; after two trials with full rest, the best time was 
recorded. 

 Flexibility test 

 Flexibility was measured using the sit-and-reach box. The participant sat with soles of the feet against the bench, knees 
extended, hands overlapping, pushed the body forward, and held the maximum position for 2 s. The farthest point was recorded 
at 0.5 cm precision; after two trials, the best score was taken. 

 Agility test 

 The İllinois agility test was conducted on artificial turf with a 10x5 m course, including 40 m straight + 20 m slalom. 
Start/finish was measured with photocell chronometer. After warm-up, demonstration, and 1-2 low-pace trials, two maximum 
trials were performed; the best time was recorded. 

Reaction test 

Visual reaction time was measured using A İ-based Light Trainer. Four sensors were arranged in a 50 cm spaced ‘arc’ shape 
on synthetic ground. Participants, wearing match shoes, touched random lights as quickly as possible for 30 s; average time was 
recorded. After two trials, the best score was taken. 
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 Technical skill tests 

 The Mor-Christian General Football Ability Test was applied. 

 Dribbling Test: 12 cones spaced 4.5 m apart in an 18 m diameter circle; starting line 1 m. On the ‘go’ command, dribble the 
ball clockwise/counterclockwise for two trials; best time recorded. Validity accepted, test-retest reliability 0.80. 

 Passing Test: 5 cones; goal with 91 cm spaced 1.20 m line. Passing points: two at 45°/13.5 m, one at 90°/13.5 m 4 passes 
per point to goal, successful=1 point. Shot with preferred foot. Validity accepted, reliability 0.96. 

 Shooting Test: 1.21 m circle targets in goal’s right/left lower/upper corners; shooting line 14.5 m away. 4 shots per target; 
correct=10 points, other=4 points. Shot with preferred foot on stationary ball. Validity accepted, reliability 0.98 (Mor & 
Christian, 1976; Strand & Wilson, 1993). 

Data analysis 

Prior to data collection, an a priori power analysis was performed using G-power software to determine the required sample 
size. This analysis was based on a medium effect size, an alpha level of p <0.05, and a desired power of 0.80, ensuring sufficient 
statistical power to detect meaningful differences in primary outcome measures. All collected data were subsequently analyzed 
using IBM SPSS Statistics 25.0 statistical software. Descriptive statistics, including mean and standard deviation, were computed 
for all quantitative variables, while frequencies and percentages were used for categorical data. Technical and motor parameters 
were subjected to statistical comparison between pre- and post-intervention measurements. The Shapiro-Wilk test was 
employed to ascertain the normality of data distribution for each group. Given potential deviations from normality, non-
parametric tests were utilized; specifically, the Wilcoxon signed-rank test was applied for within-group analyses, and the Mann-
Whitney U test was employed for between-group comparisons, with bonferroni correction applied for multiple comparisons 
where appropriate. The predetermined significance level for all statistical analyses was set at p <0.05. 

FINDINGS 

The study cohort comprised 30 male youth football players, equally divided into three experimental groups of 10 
participants each: a Control Group, a SSG Group, and a HIIT Group. Descriptive statistics (mean \pm SD) indicated a mean 
chronological age of 12.8 ± 0.59 years for the entire sample. Although the HIIT group had a marginally higher mean age, this 
difference was minimal and unlikely to confound results. The average height across participants was 151.4 ± 3.87 cm, and all 
groups showed comparable athletic experience, as indicated by similar mean sports ages.  

Table 1. Pre–post changes in technical performance parameters 

  

Groups 
Mean 

Different 
t 

P 
(w) 

Intergroup -p 

CG-SSG (m) SSG-HIIT (m) HIIT-CG (m) 

S
la

lo
m

 CG -1.25 -2.701 0.007* 

0.393 0.853 0.190 SSG -1.14 -2.803 0.005* 

HIIT -0.85 -2.499 0.012* 

Ş
h

o
t 

CG 7.40 -2.716 0.007* 

0.004* 0.436 0.007* SSG 3.20 -2.570 0.010* 

HIIT 4.00 -2.689 0.007* 

P
a

ss
 CG 5.00 -2.825 0.005* 

0.684 0.393 0.739 SSG 4.70 -2.816 0.005* 

HIIT 5.20 -2.825 0.005* 
*=p<0.05, w=wilcoxon signed-rank test, m= mann-whitney u test 
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Fig 1. Pre–post percentage changes in technical performance 

Negative slalom change rates indicate a decrease in time, while positive shot and pass rates indicate improved performance 
scores. İn particular, the significant increases in the pass parameter in the Game and HIIT groups reveal the effectiveness of 
these interventions in technical skill development. Error bars indicate the variability of the percentage change rates within each 
group and also reflect the differences between groups and parameters.  

Table 2. Pre–post changes in basic motor characteristics 

Groups 
Mean 

Different 
t 

P 
(w) 

Intergroup -p 

CG-SSG (m) SSG-HIIT (m) HIIT-CG (m) 

Y
o

y
o

 CG 64.00 -2.814 0.005* 

0.001* 0.796 0.001* SSG 273.00 -2.809 0.005* 

HIIT 258.00 -2.803 0.005* 

1
0

 m
 CG -0.00 -1.826 0.068 

0.001* 0.029* 
 

0.912 
 

SSG -0.09 -2.807 0.005* 

HIIT -0.01 -.892 0.373 

3
0

 m
 

CG -0.11 -2.668 0.008* 

0.165 0.315 0.529 SSG -0.18 -2.805 0.005* 

HIIT -0.14 -2.818 0.005* 

Il
li

n
o

is
 CG -0.58 -2.803 0.005* 

0.684 0.853 0.739 SSG -0.71 -2.666 0.008* 

HIIT -0.70 -2.504 0.012* 

S
tr

e
n

g
th

 CG 2.23 -2.705 0.007* 

0.165 0.190 
 

0.631 
 

SSG 3.10 -2.807 0.005* 

HIIT 2.45 -2.810 0.005* 
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Fig 2. Pre–post percentage changes in basic motor characteristics 

 Positive changes in the Yo-Yo, Strength, Flexibility, and VO2max parameters represent performance improvements, while 
negative changes in the 10 m, 30 m, Illinois, and Reaction Time parameters represent progress. The SSG group exhibits a 
significant decrease in Reaction Time, while the HIIT group shows a significant increase in VO2max. Error bars depict the 
variability of these changes, thereby revealing the differences in the effects of the training interventions on motor performance. 

DISCUSSION AND CONCLUSION 

The main purpose of this study is to examine the comparative effects of HIIT, SSG, and control group interventions on 
technical performance parameters and basic motor characteristics in young football players aged 11-13 years. The findings 
obtained based on changes between pre- and post-measurements are discussed below: Changes in technical performance 
parameters are presented in Table 1, their percentage distribution in Fig 1; changes in motor characteristics in Table 2, and 
their percentage comparison in Fig 2. These results contribute to the ongoing discussions regarding optimal training methods 
in young athlete development (Nayiroğlu et al., 2022; Salazar-Martínez et al., 2023; Prasad et al., 2025). In particular, the effects 
of small-sided games and HIIT approaches on physical capacity, repeated sprint ability, and technical skills are increasingly 
emphasized in the literature; this study adds a new dimension to the evidence in this area. While initial demographic analyses 
aimed for general homogeneity, a notable observation was the slightly lower average body weight within the SSG group. This 
anthropometric disparity warrants careful consideration, as extant literature consistently indicates that lower body mass and 

Groups 
Mean 

Different 
t 

P 
(w) 

Intergroup -p 

CG-SSG (m) SSG-HIIT (m) HIIT-CG (m) 

R
e

a
ct

io
n

 CG -0.01 -.561 0.575 

0.481 0.315 0.684 SSG -0.05 -1.863 0.063 

HIIT -0.02 -.568 0.570 

F
le

x
ib

il
it

y
 

CG 0.74 -2.257 0.024* 

0.190 0.190 0.912 SSG 1.25 -2.514 0.012* 

HIIT 0.44 -1.531 0.126 

V
O

²m
a

x
 CG 1.07 -2.805 0.005* 

0.001* 0.001* 0.001* SSG 2.68 -2.803 0.005* 

HIIT 5.08 -2.805 0.005* 

*=p<0.05, w=wilcoxon signed-rank test, m= mann-whitney u test 
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body fat percentage can significantly influence sprint and agility performance in adolescent athletes (França et al., 2022; 
Chauchat et al., 2023; Sanpasitt et al., 2023). 

 Regarding technical parameters, significant improvements were observed across all groups in the Slalom test, indicative of 
enhanced agility and coordination. These universal improvements highlight the inherent benefits of consistent physical activity 
and general football training during critical developmental stages (Tingelstad et al., 2023; Fortunato et al., 2024). Nevertheless, 
the intervention groups demonstrated more pronounced effects, underscoring the additional benefits of structured training. 
Beyond these foundational enhancements, notable improvements were recorded in shooting and passing tests. Specifically, the 
significant increases in passing skill within both the SSG and HIIT groups corroborate the efficacy of game-based approaches in 
inherently reinforcing technical skills through dynamic, decision-making rich environments and frequent ball contact (Clemente 
et al., 2021; Carlsson et al., 2025; Rahmoune et al., 2025). The improvements observed in the control group align with natural 
maturational processes and the benefits of routine football training in young athletes. However, the more substantial gains in 
the intervention groups emphasize the accelerated technical development facilitated by targeted HIIT and game-based 
protocols. The positive impact of HIIT on technical proficiency, while often indirect, is primarily attributed to improved fatigue 
resistance, which enables players to maintain higher levels of technical execution over extended durations during demanding 
match play (Arslan et al., 2021; Chmura et al., 2023). 

 İn terms of motor skills, the HIIT group demonstrated the most substantial improvements in both the Yo-Yo İntermittent 
Recovery Test and estimated maximal oxygen consumption (VO2max). These physiological adaptations are typically 
underpinned by enhanced cardiovascular function, increased lactate threshold, and improved muscular oxidative capacity 
(Chmura et al., 2023; González-Gálvez et al., 2024; Niknam et al., 2025). Similarly, the SSG group also exhibited a notable increase 
in Yo-Yo performance. This outcome is consistent with recent meta-analyses highlighting that SSGs effectively improve 
endurance by replicating the intermittent high-intensity demands characteristic of actual match play (Bahtra et al., 2023; 
Clemente et al., 2024). 

 While time-based parameters such as the 10m, 30m sprint, and İllinois Agility Test demonstrated reductions across all 
groups, signifying performance improvements (González-Férnandez et al., 2021; Sariati et al., 2021; Hammami et al., 2023), 
research suggests that SSGs may yield similar or even superior results in speed and agility when compared to traditional HIIT, 
particularly for skills demanding integrated decision-making and reactive elements (Salazar-Martínez et al., 2023; Jastrzębski 
et al., 2024; Prasad et al., 2025). Despite significant improvements in the Illinois Agility Test and leg strength across all cohorts, 
the literature further supports the positive influence of HIIT on strength and agility. This is often attributed to its contribution 
to explosive power development in young athletes through enhanced neuromuscular efficiency and optimized muscle fiber 
recruitment (Hostrup & Bangsbo, 2022; Stanković et al., 2023; Thomakos et al., 2024). 

 Regarding flexibility, significant increases were observed in both the control and SSG groups (Pinto et al., 2024). Conversely, 
the HIIT group did not exhibit a significant change in flexibility, suggesting that HIIT, in its applied form here, may not be a 
primary modality for enhancing this parameter. For reaction time, no statistically significant differences were found across any 
group, implying that the applied interventions do not directly or substantially impact this parameter over the study duration. 
However, the SSG group did show a borderline significant improvement (p=0.063). This marginal trend suggests that the 
dynamic and decision-making-rich environment of SSG may indirectly contribute to perceptual-cognitive skills by stimulating 
central nervous system adaptations related to processing speed and reaction (Trecroci et al., 2022; Skala & Zemková, 2023; 
Zwierko et al., 2023). While a substantial percentage reduction in reaction time was noted for the SSG group, such a large change 
warrants further careful scrutiny and verification of the underlying data. 

 Overall, this study reaffirms that both HIIT and game-based training are effective strategies for enhancing physical and 
technical performance in young football players. HIIT demonstrated superior efficacy in developing endurance and overall 
aerobic capacity, aligning with its known physiological benefits. Conversely, game-based training proved more effective for 
developing speed, agility, and the integrated acquisition of technical skills within a sport-specific context. These findings are 
consistent with existing meta-analyses that recognize the comparable, yet distinct benefits offered by both HIIT and SSGs for 
young football players (Nayiroğlu et al., 2022; Clemente et al., 2024). Furthermore, while the control group exhibited 
performance gains indicative of natural maturational processes and general training effects, the intervention groups clearly 
derived additional, targeted benefits beyond these inherent developmental trajectories. 

Conclusion 

 This study evaluated the differential effects of HIIT, game-based training, and a control group on the technical and motor 
performance of 11–13-year-old male youth football players. The findings emphasize that all interventions elicited 
improvements, although distinct advantages were observed across training methods. Game-based training proved particularly 
effective in enhancing speed, agility, and the integration of technical skills within a contextual environment. İn contrast, HIIT 
demonstrated superiority in developing aerobic endurance and maximal oxygen consumption. The study concludes that both 
HIIT and game-based training constitute effective strategies for supporting the athletic development of young football players. 
While the control group exhibited performance gains indicative of natural maturation processes and general training effects, 
the specialized interventions provided additional and more targeted benefits, highlighting their potential to augment 
development beyond routine training. 
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Recommendations 

 Based on the distinct benefits observed, it is recommended that for the comprehensive athletic development of young 
football players, coaches consider adopting integrated training programs. Such programs could strategically combine the 
endurance enhancing benefits primarily associated with HIIT with the sport-specific technical and motor skill development 
offered by game-based approaches. This integrated methodology, while not directly tested in this study, represents a logical 
extension of our findings to optimize training adaptations in youth football.  

Limitations and strengths 

 The limitations of this study include the restriction of the generalizability of the findings due to the small sample size and 
short intervention duration. The slightly lower body weight of participants in the SSG group constitutes a potential confounding 
variable that could affect speed and agility performance. The absence of objective internal load assessments during training 
sessions has made it difficult to verify the equivalence or progression of training loads. Considering the role of biological 
maturation in adolescent training adaptations, the failure to evaluate maturity status also represents a confounding factor. 
Conducting the study with a single football club and a limited number of coaches may limit external validity. Finally, the lack of 
control or monitoring of participants’ competitive match loads may have potentially confounded the specific effects of the 
experimental interventions. 
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