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	ABSTRACT 

This study examined the effects of an eight-week plyometric training program on explosive power and agility in male youth football players. A randomized controlled design was employed, with thirty-two players (age: 16.4 ± 1.2 years; body mass: 67.3 ± 5.8 kg) randomly assigned to either a plyometric training group (PTG, n = 16) or a control group (CG, n = 16). The PTG performed three plyometric sessions per week in addition to their regular football training, while the CG continued with routine football practice only. Explosive power was assessed using the vertical jump test (VJT) and standing broad jump (SBJ), and agility was measured using the Illinois Agility Test (IAT) and the 5-10-5 shuttle run. Pre- and post-intervention assessments were conducted by blinded assessors. Independent and paired t-tests were used for statistical analysis (alpha = 0.05). Following the intervention, the PTG demonstrated significantly greater improvements in VJT (pre: 38.2 ± 3.6 cm vs. post: 46.5 ± 4.1 cm; p < 0.001; Cohen’s d = 2.13), SBJ (pre: 172.4 ± 12.3 cm vs. post: 189.7 ± 11.8 cm; p < 0.001; d = 1.44), and IAT (pre: 16.8 ± 0.9 s vs. post: 15.3 ± 0.7 s; p < 0.001; d = 1.88) compared to the CG. No significant changes were observed in the CG across any measure. These findings indicate that an eight-week structured plyometric program yields large and practically meaningful improvements in explosive power and agility among adolescent football players, supporting its integration into youth football conditioning protocols.



1. Introduction	

  Plyometric training has been widely recognized as an effective method for developing neuromuscular performance in sport. By employing rapid stretch-shortening cycle (SSC) movements, plyometric exercises enhance the capacity of muscles to generate explosive force in minimal time (Markovic & Mikulic, 2010). These adaptations are particularly relevant in football, where explosive actions such as sprinting, jumping, and rapid directional changes are frequently performed during match play (Stolen et al., 2005). Given the increasing physical demands placed on young players in competitive football, identifying evidence-based conditioning strategies that safely and effectively enhance these motor qualities is of considerable practical importance.
  Previous research has demonstrated that plyometric training produces significant improvements in vertical jump height, sprint speed, and change-of-direction ability in adult athletes (Ramirez-Campillo et al., 2015; Meylan & Malatesta, 2009). However, evidence relating specifically to youth football players remains comparatively limited, and methodological inconsistencies across studies—including variation in training duration, volume, and intensity—make it difficult to draw firm conclusions about optimal program parameters for adolescent populations (Lloyd et al., 2012). Furthermore, agility, which encompasses both reactive and planned change-of-direction capacity, has received less attention than vertical jump performance in the plyometric literature, despite its centrality to football performance (Sheppard & Young, 2006).
  The purpose of this study was therefore to investigate the effects of an eight-week plyometric training program, integrated within regular football practice, on explosive power and agility in male youth football players. It was hypothesized that the plyometric training group would exhibit significantly greater improvements in vertical jump, standing broad jump, and agility test performance compared to a control group receiving standard football training only.
2. Materials and Methods
  This study employed a randomized controlled experimental design to examine the effects of plyometric training on explosive power and agility in youth football players over an eight-week intervention period
2.1. Study Design
[bookmark: _Hlk226756576]  A randomized controlled trial design was adopted. Following baseline assessments, participants were randomly allocated using a computer-generated randomization list to either the plyometric training group (PTG) or the control group (CG). The study was approved by the Research Ethics Committee of the University of Baghdad, College of Physical Education and Sport Sciences (Approval No. UOB-PESS-2025-047) and conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants and their legal guardians prior to enrolment.
2.2. Participants
  Thirty-two male youth football players were recruited from two affiliated football academies in Baghdad, Iraq. Eligibility criteria required participants to be aged 15–18 years, registered members of a competitive football academy for at least one year, free from musculoskeletal injury for the preceding six months, and not engaged in any supplementary strength or plyometric conditioning program. Participants were excluded if they had any cardiovascular or metabolic contraindications to high-intensity exercise. The sample (age: 16.4 ± 1.2 years; height: 174.6 ± 5.3 cm; body mass: 67.3 ± 5.8 kg) was randomly divided into PTG (n = 16) and CG (n = 16), with no significant between-group differences at baseline (p > 0.05).
2.3. Procedures and Instruments
  All testing was conducted at the university’s indoor sports hall under standardized conditions (temperature: 22–24°C). Pre- and post-tests were performed on the same day of the week, at the same time of day, by blinded assessors. The PTG performed three plyometric sessions per week (Monday, Wednesday, Friday) integrated within the regular 90-minute football training session, for eight weeks. Sessions were supervised by a certified strength and conditioning specialist. The plyometric protocol included depth jumps, box jumps, lateral bounds, hurdle hops, and single-leg hops, progressing systematically in volume and intensity across the eight weeks. The CG continued their regular football training without any plyometric exercises. Explosive power was assessed using (1) the Vertical Jump Test (VJT), measured with a Vertec jump measurement device (Sports Imports, Columbus, OH, USA), and (2) the Standing Broad Jump (SBJ), measured with a standard measuring tape. Agility was assessed using (3) the Illinois Agility Test (IAT), timed with a dual-beam electronic timing gate (Brower Timing Systems, Draper, UT, USA), and (4) the 5-10-5 Pro Agility Shuttle Run. Each test was performed twice with a three-minute rest interval between attempts, and the best value was retained for analysis.
2.4. Statistical Analysis
  Data were analyzed using IBM SPSS Statistics (Version 26.0; IBM Corp., Armonk, NY, USA). Normality of distribution was confirmed via the Shapiro–Wilk test (p > 0.05 for all variables). Descriptive statistics (mean ± SD) were calculated for all outcome measures. Paired-samples t-tests were used to assess within-group changes (pre vs. post), and independent-samples t-tests evaluated between-group differences in change scores. Effect sizes were calculated using Cohen’s d, with thresholds of small (0.20), medium (0.50), and large (0.80) as defined by Cohen (1988). The alpha level for statistical significance was set at p < 0.05 for all comparisons.
3. Results
 AII thirty-two participants completed the eight-week intervention with full adherence (100% session attendance). No adverse events or injuries were reported during the study period. Baseline characteristics did not differ significantly between groups for any measured variable (p > 0.05). Results of pre- and post-intervention comparisons for all outcome measures are presented below Within the PTG, significant improvements were observed in all four performance measures following the eight-week plyometric program (p < 0.001 for all). Vertical jump height increased from 38.2 ± 3.6 cm to 46.5 ± 4.1 cm (mean difference: +8.3 cm; 95% CI: 6.7–9.9; Cohen’s d = 2.13). Standing broad jump improved from 172.4 ± 12.3 cm to 189.7 ± 11.8 cm (mean difference: +17.3 cm; 95% CI: 13.8–20.8; d = 1.44). Illinois Agility Test time decreased from 16.8 ± 0.9 s to 15.3 ± 0.7 s (mean difference: −1.5 s; 95% CI: −1.9 to −1.1; d = 1.88), and 5-10-5 shuttle run time improved from 4.92 ± 0.21 s to 4.56 ± 0.18 s (mean difference: −0.36 s; 95% CI: −0.44 to −0.28; d = 1.85). In contrast, no statistically significant changes were recorded in the CG for any variable (p > 0.05). Between-group comparisons of change scores confirmed that the PTG exhibited significantly greater gains than the CG across all measures (p < 0.001). Full descriptive statistics are presented in Table 1.

Table 1. Pre- and post-intervention performance outcomes for the Plyometric Training Group (PTG) and Control Group (CG) (Mean ± SD).
	Variable
	Plyometric Training Group (PTG, n = 16)
	Control Group (CG, n = 16)

	Outcome Measure
	Pre
	Post
	Δ
	d
	Pre
	Post
	p

	VJT (cm)
	38.2 ± 3.6
	46.5 ± 4.1
	+8.3
	2.13
	37.9 ± 3.4
	38.3 ± 3.5
	> 0.05

	SBJ (cm)
	172.4 ± 12.3
	189.7 ± 11.8
	+17.3
	1.44
	171.8 ± 11.9
	172.6 ± 12.1
	> 0.05

	IAT (s)
	16.8 ± 0.9
	15.3 ± 0.7
	−1.5
	1.88
	16.9 ± 0.8
	16.7 ± 0.8
	> 0.05

	5-10-5 Shuttle (s)
	4.92 ± 0.21
	4.56 ± 0.18
	−0.36
	1.85
	4.95 ± 0.19
	4.93 ± 0.20
	> 0.05


Note. VJT = Vertical Jump Test; SBJ = Standing Broad Jump; IAT = Illinois Agility Test; Δ = mean difference (Post − Pre); d = Cohen’s d effect size; SD = standard deviation. All PTG within-group changes: p < 0.001. All CG within-group changes: p > 0.05.



Table 2. Baseline participant characteristics for the PTG and CG (Mean ± SD).
	Characteristic
	PTG (n = 16)
	CG (n = 16)

	Age (years)
	16.3 ± 1.1
	16.5 ± 1.3

	Height (cm)
	175.2 ± 5.1
	174.1 ± 5.5

	Body mass (kg)
	67.1 ± 5.6
	67.5 ± 6.0

	Training experience (years)
	3.4 ± 0.8
	3.6 ± 0.9


Note. No significant between-group differences were observed at baseline for any variable (independent samples t-test, p > 0.05 for all). PTG = Plyometric Training Group; CG = Control Group; SD = standard deviation.
[image: ]
Figure 1. Pre- and post-intervention mean scores (± SD) for each performance test in the Plyometric Training Group (PTG) and Control Group (CG). *** p < 0.001 (within-group change, paired t-test); ns = not significant; PTG = Plyometric Training Group; CG = Control Group.
4. Discussion
The primary finding of this study was that an eight-week plyometric training program, integrated within standard football training, produced large and statistically significant improvements in explosive power and agility in male youth football players, while no meaningful changes were observed in the control group. These results support the hypothesis that structured plyometric conditioning offers a meaningful supplement to conventional football practice for enhancing key physical performance attributes in adolescent players The magnitude of improvement in vertical jump performance (Cohen’s d = 2.13) observed in the PTG is consistent with, and somewhat exceeds, effect sizes reported in prior meta-analyses of plyometric interventions in youth athletes (Ramirez-Campillo et al., 2015; Meylan & Malatesta, 2009). This may be partly attributable to the relatively untrained status of the participants at baseline, which is known to amplify training-induced adaptations (Lloyd et al., 2012). The improvements in agility, as indexed by the IAT (d = 1.88) and the 5-10-5 shuttle (d = 1.85), are also substantial and align with evidence that plyometric exercises improve reactive neuromuscular control through enhanced muscle spindle sensitivity and rate of force development (Markovic & Mikulic, 2010).
  Our findings are broadly in agreement with Meylan and Malatesta (2009), who reported significant gains in jump height and sprint performance following a six-week in-season plyometric program in young male football players. Similarly, Ramírez-Campillo et al. (2015) demonstrated that bi-weekly plyometric training over ten weeks produced meaningful improvements in explosive power and agility in Chilean youth footballers. The present study extends this evidence by demonstrating comparably large effect sizes over a slightly shorter intervention duration (eight weeks) and with a more rigorous randomized controlled design, addressing a methodological limitation noted in several earlier studies. Notably, the absence of any significant change in the CG across all measures confirms that the observed improvements were attributable to the plyometric intervention rather than natural maturation or seasonal training effects.
  From a practical standpoint, the protocol used in the present study—three weekly sessions of 20–30 minutes of plyometric exercises embedded within regular football training—is both time-efficient and feasible within typical academy training schedules. Coaches and sport scientists working with youth football populations can implement similar programs without significantly disrupting established technical and tactical training commitments. The progressive nature of the program, which increased in intensity over the eight weeks, also reflects best-practice guidelines for safe plyometric loading in adolescent athletes (Lloyd et al., 2012).
  Several limitations of the present study should be acknowledged. First, the sample was drawn exclusively from male players in Baghdad, which limits the generalizability of findings to female athletes or players from other cultural or competitive contexts. Second, the study did not include measures of reactive agility, which incorporates a decision-making component and may be more representative of match-play demands. Third, long-term retention of training adaptations was not assessed, and future research should examine whether gains are maintained across a full competitive season. Finally, the relatively small sample size (n = 16 per group) may have limited statistical power for detecting smaller effect sizes.
5. Conclusions
This randomized controlled trial provides robust evidence that an eight-week plyometric training program, delivered three times per week within regular football training sessions, significantly improves explosive power and agility in male youth football players. Large effect sizes were observed across all four performance outcomes—vertical jump, standing broad jump, Illinois Agility Test, and 5-10-5 shuttle run—in the plyometric training group, with no meaningful changes recorded in the control group. These findings carry direct practical implications for youth football coaches and sport scientists, supporting the structured integration of plyometric conditioning into academy training programs. Future research should examine the long-term retention of these adaptations, evaluate the efficacy of the protocol in female youth footballers, and incorporate reactive agility assessments to capture the decision-making dimension of sport-specific agility.
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