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Abstract
Basketball performance depends on physical qualities such as speed, agility, and low-

er-limb explosive power, particularly during adolescence when neuromuscular development 
is rapid. This study investigated the effects of an 8‑week structured plyometric training 
program on physical performance in male basketball players aged 13–14 years. A quasi-
experimental pre-test–post-test design was used, involving an experimental group that 
completed plyometric training twice weekly in addition to regular basketball practice and 
a control group that continued regular training only. Performance was evaluated before and 
after the intervention using the 10 × 5 m Shuttle Run Test, 505 Agility Test, Squat Jump 
(SJ), Countermovement Jump (CMJ), and 20‑cm Drop Jump (DJ20). Statistical analyses 
were performed using paired-sample t-tests with the level of significance set at p < 0.05. The 
experimental group demonstrated significant improvements in all performance variables, 
including faster sprint and agility times and increased jump heights. The greatest improve-
ments were observed in the Countermovement Jump (+1.92 cm), Drop Jump (+1.63 cm), 
and 10 × 5 m Shuttle Run (–1.52 s). Although the control group also showed modest im-
provements, the magnitude of change was consistently smaller. These findings indicate that 
integrating plyometric training into regular basketball practice effectively enhances speed, 
change-of-direction ability, and explosive lower-limb performance in adolescent basketball 
players. The results support the inclusion of progressive plyometric exercises in long-term 
youth basketball development programs to optimize athletic performance during a critical 
stage of physical maturation.
Keywords: basketball, plyometric training, adolescent athletes, explosive power, agility, 
speed, youth sports
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Literature Review
Basketball is characterized by repeated 

high-intensity actions, including sprinting, 
jumping, rapid accelerations, decelerations, 
and frequent changes of direction. Success in 
modern basketball depends not only on tech-
nical and tactical skills but also on the devel-
opment of physical capacities such as speed, 
agility, explosive strength, and reactive power. 
During early adolescence (13–14 years), these 
physical qualities undergo rapid development 
due to biological maturation and neuromus-
cular adaptations, making this age particular-
ly suitable for targeted physical conditioning 
interventions (Lloyd et al., 2016).

Among the various conditioning methods 
used in basketball, plyometric training has 
become one of the most widely implement-
ed strategies for improving explosive athlet-
ic performance. Plyometric exercises utilize 
the stretch-shortening cycle (SSC), which 
combines rapid eccentric and concentric 
muscle contractions to maximize force pro-
duction while reducing ground contact time. 
This mechanism enhances neuromuscular 
efficiency and contributes to improvements 
in jumping ability, sprint performance, and 
change-of-direction speed, all of which are 
fundamental components of basketball per-
formance (Markovic & Mikulic, 2010). Low-
er-limb explosive performance is commonly 
assessed using vertical jump tests such as the 
Squat Jump (SJ), Countermovement 
Jump (CMJ), and Drop Jump (DJ20). 
Although these tests evaluate explosive pow-
er, each measures different neuromuscular 
characteristics. The Squat Jump primarily as-
sesses concentric force production, the Coun-
termovement Jump evaluates the effective-
ness of the stretch-shortening cycle, while the 
Drop Jump reflects reactive strength and the 
ability to rapidly generate force after ground 
contact. Together, these assessments provide 
a  comprehensive evaluation of lower-limb 
neuromuscular performance in young ath-
letes (Ramírez-Campillo et al., 2022).

Besides jumping ability, speed and 
change-of-direction performance are consid-
ered decisive physical qualities in basketball. 
The 10 × 5 m Shuttle Run Test measures 
repeated acceleration, deceleration, and 
multidirectional running ability, whereas the 
505 Agility Test evaluates an athlete’s ca-

pacity to rapidly decelerate, change direction, 
and reaccelerate. Both tests closely simulate 
movement patterns frequently performed 
during basketball competition and are there-
fore widely used for monitoring training ad-
aptations in youth players (Paul et al., 2016).

Growing scientific evidence indicates 
that plyometric training produces meaning-
ful improvements in physical performance 
among adolescent basketball players. A  re-
cent meta-analysis by Ramírez-Campillo et 
al. (2022) concluded that plyometric jump 
training significantly enhances vertical jump 
performance, sprint speed, agility, and over-
all physical fitness in basketball players, sup-
porting its inclusion in long-term athletic de-
velopment programs. More recently, Zhou et 
al. (2024) synthesized evidence from 24 con-
trolled studies involving 738 youth basket-
ball players aged 5–17.99 years. Their find-
ings demonstrated that plyometric training 
significantly improved vertical jump perfor-
mance, linear sprint speed, change-of-direc-
tion ability, and dynamic balance. Important-
ly, subgroup analyses indicated that athletes 
aged 11–14.99 years exhibited some of the 
greatest improvements, suggesting that early 
adolescence represents an optimal period for 
plyometric training because of accelerated 
neuromuscular development (PMC).

Previous investigations have also empha-
sized that training effectiveness depends on 
several factors, including biological matu-
ration, training frequency, exercise intensi-
ty, and program duration. Properly super-
vised plyometric training performed two to 
three times per week has consistently been 
shown to improve explosive performance 
while maintaining a  favorable safety profile 
in healthy youth athletes (Faigenbaum & 
Myer, 2010). Despite the substantial body 
of evidence supporting plyometric training 
in youth basketball, relatively few studies 
have simultaneously examined sprint perfor-
mance, change-of-direction ability, and mul-
tiple vertical jump tests in basketball players 
aged 13–14 years using both experimental 
and control groups within a  pre-test–post-
test design. Furthermore, limited research 
has evaluated the combined responses of the 
10 × 5 m Shuttle Run, 505 Agility Test, 
Squat Jump, Countermovement Jump, 
and Drop Jump (DJ20) following a struc-
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tured plyometric intervention in this specific 
age category. Therefore, the purpose of the 
present study was to investigate the effects of 
a structured plyometric training program on 
speed, change-of-direction ability, and low-
er-limb explosive performance in basketball 
players aged 13–14 years. It was hypoth-
esized that participants in the experimental 
group would demonstrate significantly great-
er improvements in all physical performance 
variables compared with the control group 
after the intervention.

Methods
The present study employed a  quasi-

experimental pre-test–post-test design to in-
vestigate the effects of an 8‑week plyometric 
training program on physical performance in 
adolescent male basketball players aged 13– 
–14 years. Participants were allocated to an 
experimental group, which performed plyo-
metric training in addition to regular basket-
ball practice, and a control group, which con-
tinued their usual basketball training.

The plyometric intervention was con-
ducted twice weekly under the supervision 
of qualified coaches. Training volume and 
intensity were progressively increased by 
adjusting the number of sets, repetitions, 
and exercise complexity according to partici-
pants’ adaptation and age.

Physical performance was assessed be-
fore and after the intervention under stan-
dardized testing conditions following a stan-
dardized warm-up. The following field tests 
were administered: the 10 × 5 m Shuttle 
Run Test (speed and repeated sprint abili-
ty), the 505 Agility Test (change-of-direc-
tion ability), the Squat Jump (SJ) (con-
centric lower-limb explosive power), the 
Countermovement Jump (CMJ) (ex-
plosive power using the stretch-shortening 
cycle), and the Drop Jump from 20 cm 
(DJ20) (reactive strength). Participants 
completed familiarization trials before test-
ing, and the best performance was used for 
statistical analysis.

Anthropometric variables included age 
(years), body height (cm), body mass (kg), 
and body mass index (BMI). Body height was 
measured using a standardized stadiometer, 
while body mass was assessed with a  cali-
brated digital scale.

Statistical Analysis
Statistical analyses were performed using 

IBM SPSS Statistics version 20.0 (IBM 
Corp., Armonk, NY, USA).Descriptive statis-
tics were calculated and presented as mean 
± standard deviation (Mean ± SD).The 
normality of data distribution was assessed 
before applying parametric tests. Differenc-
es between pre-test and post-test measure-
ments within each group were analyzed us-
ing the Paired Samples t-test.mThe level 
of statistical significance was set at p < 0.05. 
The effect of the plyometric intervention was 
evaluated by comparing changes between 
pre-test and post-test measurements in the 
experimental and control groups.

Results
Descriptive Statistics and Pre–Post Com-

parison of Physical Performance Variables
Physical performance was evaluated be-

fore and after the intervention in adolescent 
basketball players aged 13–14 years. Descrip-
tive statistics and paired-sample compari-
sons were conducted separately for the ex-
perimental and control groups. The assessed 
variables included the 10 × 5 m Shuttle 
Run Test, 505 Agility Test, Squat Jump 
(SJ), Countermovement Jump (CMJ), 
and Drop Jump (DJ20).

Experimental Group. Descriptive anal-
ysis showed improvements across all physical 
performance variables following the 8‑week 
plyometric training program. The 10 × 5 m 
Shuttle Run Test time decreased from 
23.16 ± 1.86 s to 21.64 ± 1.22 s, indicat-
ing improved speed and repeated sprint ability. 
Similarly, 505 Agility Test performance im-
proved, with mean time decreasing from 3.09 ± 
± 0.08 s to 2.99 ± 0.06 s, reflecting enhanced 
change-of-direction ability. Lower-limb explo-
sive performance also increased after the inter-
vention. Squat Jump (SJ) height improved 
from 17.61 ± 2.30 cm to 19.05 ± 2.11 cm, 
while Countermovement Jump (CMJ) in-
creased from 19.09 ± 1.81 cm to 21.01 ± 
± 1.23 cm. Likewise, Drop Jump (DJ20) 
performance improved from 18.06 ± 1.09 cm 
to 19.69 ± 0.90 cm, indicating enhanced 
reactive strength and stretch-shortening cycle 
efficiency.

Control Group, The control group con-
tinued regular basketball training without 
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additional plyometric exercises and showed 
only modest improvements across all perfor-
mance variables. The 10 × 5 m Shuttle Run 
Test time decreased from 23.21 ± 1.16 s 
to 22.15 ± 0.97 s, indicating a  slight im-
provement in speed. Similarly, 505 Agility 
Test performance improved marginally, with 
mean time decreasing from 3.08 ± 0.10 s to 
3.03 ± 0.08 s. Lower-limb explosive perfor-

mance also showed small increases. Squat 
Jump (SJ) height improved from 17.11 ± 
± 1.95 cm to 17.94 ± 1.92 cm, Counter-
movement Jump (CMJ) increased from 
19.48 ± 0.95 cm to 20.09 ± 0.89 cm, and 
Drop Jump (DJ20) improved from 18.20 ± 
± 1.05 cm to 18.99 ± 0.84 cm. Overall, the 
magnitude of improvement was smaller than 
that observed in the experimental group.

Table 1. Descriptive statistics (Mean ± SD) for physical performance variables before 
and after the intervention in the experimental group (13–14‑year-old basketball players)

Variable Pre-test 
(Mean ± SD)

Post-test 
(Mean ± SD) Change

10 × 5 m Shuttle Run (s) 23.16 ± 1.86 21.64 ± 1.22 ↓ 1.52 s

505 Agility Test (s) 3.09 ± 0.08 2.99 ± 0.06 ↓ 0.10 s

Squat Jump (cm) 17.61 ± 2.30 19.05 ± 2.11 ↑ 1.44 cm

Countermovement Jump (cm) 19.09 ± 1.81 21.01 ± 1.23 ↑ 1.92 cm

Drop Jump 20 cm (cm) 18.06 ± 1.09 19.69 ± 0.90 ↑ 1.63 cm

As shown in Table 1, the experimental 
group demonstrated improvements in all 
evaluated physical performance variables 
after the intervention. The greatest im-
provements were observed in the Counter-

movement Jump (+1.92 cm), Drop Jump 
(+1.63 cm), and 10 × 5 m Shuttle Run (–1.52 s). 
The paired-sample t-test revealed statistical-
ly significant differences between pre- and 
post-test values for all variables (p < 0.05).

Table 2. Descriptive statistics (Mean ± SD) for physical performance variables before 
and after the intervention in the control group (13–14‑year-old basketball players)

Variable Pre-test 
(Mean ± SD)

Post-test 
(Mean ± SD) Change

10 × 5 m Shuttle Run (s) 23.21 ± 1.16 22.15 ± 0.97 ↓ 1.06 s

505 Agility Test (s) 3.08 ± 0.10 3.03 ± 0.08 ↓ 0.05 s

Squat Jump (cm) 17.11 ± 1.95 17.94 ± 1.92 ↑ 0.83 cm

Countermovement Jump (cm) 19.48 ± 0.95 20.09 ± 0.89 ↑ 0.61 cm

Drop Jump 20 cm (cm) 18.20 ± 1.05 18.99 ± 0.84 ↑ 0.79 cm

Table 2 presents the descriptive 
statistics (Mean ± SD) for the control 
group before and after the interven-
tion. The results show small improvements 
in all evaluated variables. The largest chang-
es were observed in the 10 × 5 m Shuttle Run 
and jump performance tests; however, the 
magnitude of improvement remained limit-
ed compared with the experimental group. 
These findings suggest that regular basket-
ball training produced positive but smaller 

adaptations in speed, agility, and lower-limb 
explosive performance.

The experimental group demonstrated sta-
tistically significant improvements in all ana-
lyzed variables (p < 0.05), including speed, 
change-of-direction ability, and vertical jump 
performance. The control group also showed 
significant changes in most variables; howev-
er, the improvements were smaller, indicating 
a greater effect of the plyometric training pro-
gram on physical performance outcomes.
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Table 3. Paired Samples t-test results comparing pre-
test and post-test performance within groups

Experimental Group

Variable Mean Difference t-value p-value

10 × 5 m Shuttle Run –1.52 — <0.05*

505 Agility Test –0.10 — <0.05*

Squat Jump 1.44 — <0.05*

Countermovement Jump 1.92 — <0.05*

Drop Jump 20 cm 1.63 — <0.05*

Table 3. Presents the results of the paired-sample t-test comparing 
pre-test and post-test values within both groups

Control Group

Variable Mean Difference t-value p-value

10 × 5 m Shuttle Run –1.06 — <0.05*

505 Agility Test –0.05 — <0.05*

Squat Jump 0.83 — <0.05*

Countermovement Jump 0.61 — >0.05 / <0.05**

Drop Jump 20 cm 0.79 — <0.05*

Discussion
The purpose of this study was to examine 

the effects of a structured plyometric training 
program on speed, change-of-direction ability, 
and lower-limb explosive performance in bas-
ketball players aged 13–14 years. The findings 
demonstrated significant improvements in the 
experimental group across all assessed vari-
ables, including the 10 × 5 m Shuttle Run, 505 
Agility Test, Squat Jump, Countermovement 
Jump, and Drop Jump performance. These 
results indicate that plyometric training may 
represent an effective method for enhancing 
neuromuscular performance in adolescent 
basketball players.

The improvements observed in jump-
ing performance (SJ, CMJ, and DJ20) may 
be explained by adaptations in the stretch-
shortening cycle, increased neuromuscular 
coordination, and enhanced rate of force 
development. Plyometric exercises stimu-
late rapid eccentric–concentric muscle ac-
tions, which contribute to improved explo-

sive strength and reactive ability (Markovic 
& Mikulic, 2010). Similar findings have been 
reported by Ramírez-Campillo et al. (2022), 
who demonstrated that plyometric jump 
training produces significant improvements 
in vertical jump ability, sprint performance, 
and agility in basketball players.

The reduction in completion time during 
the 10 × 5 m Shuttle Run and 505 Agility 
Test suggests improvements in acceleration, 
deceleration capacity, and movement effi-
ciency. These adaptations are particularly 
important in basketball, where players fre-
quently perform short explosive movements 
involving rapid changes of direction. Previ-
ous research has indicated that plyometric 
training positively influences change-of-di-
rection ability due to improvements in low-
er-limb power and neuromuscular control 
(Paul et al., 2016).

Although the control group also demon-
strated some improvements, the magnitude 
of changes was lower compared with the ex-
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perimental group. These improvements may 
be related to normal growth, maturation 
processes, and regular basketball training. 
However, the greater improvements ob-
served in the experimental group support 
the additional value of plyometric training 
as part of a  youth basketball conditioning 
program.

Overall, the findings confirm previous 
evidence that appropriately designed plyo-
metric programs can improve important 
components of physical performance during 
adolescence, a  period characterized by sig-
nificant neuromuscular development and 
increased responsiveness to training stimuli 
(Lloyd et al., 2016).

Recommendations
Based on the findings of this study, struc-

tured plyometric training is recommend-
ed as an effective component of physical 
preparation programs for adolescent bas-
ketball players aged 13–14 years. Coaches 
and strength-conditioning specialists should 
consider incorporating plyometric exercises 
to improve explosive strength, sprint ability, 
and change-of-direction performance, which 

are essential physical qualities for basketball 
performance.

Plyometric training should be implement-
ed progressively, considering athletes’ biolog-
ical maturation, technical ability, and training 
experience. Exercises should begin with basic 
jumping and landing techniques before pro-
gressing toward more complex reactive move-
ments, unilateral jumps, and higher-intensity 
drills (Faigenbaum & Myer, 2010).

For young basketball players, a frequency 
of two sessions per week integrated with reg-
ular basketball practice may provide mean-
ingful improvements while maintaining ad-
equate recovery. Coaches should emphasize 
correct movement mechanics, especially 
during landing phases, to maximize perfor-
mance benefits and reduce injury risk.

Future studies should investigate longer 
intervention periods, larger samples, and ad-
ditional variables such as muscle strength, 
balance, acceleration capacity, and biological 
maturation status. Furthermore, comparing 
different plyometric training models may 
provide additional information regarding the 
optimal training strategies for youth basket-
ball development.
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