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INTRODUCTION

Basketball 1s characterized by high-in-
tensity intermittent activity (Hoffman, 2003;
Ramos-Campo et al., 2017), involving fre-
quent and intense running, sprinting, change
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ABSTRACT

Background: Increasing evidence suggests that repeated sprint training
(RST) enhances performance in male basketball players, yet findings have not
been quantitatively synthesized.

Purpose: To meta-analyze the effects of RST on countermovement jump
(CMJ), linear sprint, and change-of-direction (COD) performance versus control.

Methodology: Systematic searches of PubMed, Web of Science, and Scopus
identified peer-reviewed controlled trials of basketball players with baseline and
follow-up measures. A random-effects meta-analysis was performed, study qual-
ity was assessed using the PEDro scale. Prespecified moderators were age, pro-
gram duration, training frequency, inter-sprint recovery, and sprint direction;
subgroup analyses explored heterogeneity.

Results: Nine studies (n = 213) met the inclusion criteria. Pooled ef-
fects were small-to-moderate: CMJ (ES = 0.39, 95% CI 0.04—0.74; Z = 2.19;
p =.03), linear sprint (ES =-0.40, 95% CI-0.75 t0o -0.06, Z=2.29; p =.02), and
COD (ES=-1.11,95% CI—1.73 to —0.50; Z = 3.54; p = .0004). Most subgroup
differences were not significant (p = .0004—1.00), but in COD performance, the
sprint subgroup (ES = —1.02, p = .002) and the COD subgroup (ES = —1.68,
p =.02) showed larger effects and reached statistical significance.

Conclusions: RST can improve CMJ and COD in male basketball players,
with a borderline improvement in linear sprint speed, the largest gains appear
in COD. While most subgroup differences were non-significant, larger improve-
ments in COD were observed in specific sprint and COD subgroups.

Limitations and Consequences: Evidence is limited by few trials, modest
samples, and protocol variability, which may constrain generalizability.

Practical Implications: Adult athletes using <30-s inter-sprint recovery and
<3 weekly sessions may experience larger benefits; coaches can integrate RST
accordingly.

Originality: This is a focused quantitative synthesis of RST-induced neuro-
muscular adaptations in male basketball players.

Keywords: repeated sprint training, basketball, neuromuscular perfor-
mance, countermovement jump, sprint speed, change of direction.

of direction (COD), and jumping throughout
the game (Ziv & Lidor, 2009, 2010). Play-
ers experience rapid and constant changes in
actions, with an average of one medium or
high-intensity sprint occurring every 21 sec-
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onds and a change in action every 2 or 3 sec-
onds (Ben Abdelkrim et al., 2007). Repeated
sprints are considered essential in basketball
and other team sports, as they accurately cap-
ture the essence of these sports (Buchheit et
al., 2010; Spencer et al., 2005). In addition,
specific basketball movements such as re-
bounding, layups, shooting, and defensive
actions rely heavily on muscle strength, ex-
plosive power, speed, and agility. Therefore,
strong leg muscles play a critical role in bas-
ketball performance, enabling players to ex-
ecute these high-intensity actions effectively
(Spencer et al., 2005). In short, athletes must
focus on developing strength, acceleration,
deceleration, and the ability to perform repet-
itive sprints (Petway et al., 2020).

Repeated Sprint Training (RST) has been
gaining significant attention in team sports
for its remarkable effectiveness in improv-
ing athletes’ running ability (Bangsbo et al.,
1991; Bishop et al., 2001; Figueira et al.,
2021; Glaister, 2005). This training involves
short, intense sprints lasting 3-10 seconds,
followed by briefrecovery periods of no more
than 60 seconds between each sprint (Girard
etal., 2011). Remarkably, this training seems
to show its effectiveness, even with just six
training sessions over two weeks; improve-
ments can be observed (Taylor et al., 2016).

RST provides athletes with a highly effec-
tive means of training their maximum speed,
acceleration, and deceleration abilities,
aligning perfectly with the demands of bas-
ketball (Taylor et al., 2017). So, the capacity
to perform repeated sprints is also considered
a pivotal factor contributing to the success of
talented young basketball players (te Wierike
et al., 2014). Moreover, RST programs have
been shown to enhance the vertical jumping

ability of team athletes, further adding to
their benefits in sports conditioning (Aloui
et al., 2022; Gantois et al., 2022), and have
also been associated with a potential role in
the development of sprint ability (Attene et
al., 2015).

As of the current review, existing me-
ta-analyses have explored the impact of RST
on various field-based measures of athletic per-
formance (Taylor et al., 2015). However, these
analyses may not have directly addressed the
unique aspects of RST in the basketball context.
Moreover, no specific meta-analyses focusing
exclusively on RST in basketball have been
identified in the literature. Consequently, the
need for a comprehensive meta-analysis dedi-
cated solely to examining the outcomes of RST
in basketball becomes apparent. Therefore, the
primary objective of this systematic review and
meta-analysis was to examine and compare the
effects of RST-based interventions on vertical
jump height, sprint speed, and change-of-di-
rection ability in basketball players, compared
with control groups receiving exclusively bas-
ketball skill training. We aimed to provide valu-
able insights to inform evidence-based training
strategies for basketball athletes and to advance
knowledge in this domain.

METHODOLOGY

The meta-analysis was executed following
the guidelines outlined in the 2020 Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (Page et al.,
2021). The Prospero registration highlighted
the omission of health-related outcomes as-
sessment and confirmed the non-necessity of
review registration. The methodology for our
meta-analysis is detailed in Table 1, which
outlines the inclusion and exclusion criteria.
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Table 1. Selection criteria used in the Review

Category Inclusion criteria Exclusion criteria
. Basketball players, without any injuries and  Not basketball players, history of injury
Population . o .
age limit within the last six months
. R ted int training i ti . ..
Intervention -epea’ed SPIIN® AINING INCOIPOTAtNG — —y oo\ p repeated sprint training component
straight-line sprints or a change of direction
The duration of the training program The duration of the training program,
Duration including repeated sprint training is greater including repeated sprint training, is lower
than 5 weeks than 5 weeks
Study design/compar-  Studies with a control group engaged in Studies lacking a control group or with a
ator daily basketball technique training different type of control group
Outcome measurements, including sprint
Outcome speed, t-test time, and countermovement Lack of relevant outcome measurements
jump height
Eligibility Criteria (definition as outlined by Buchheit and Laurs-

To meet the inclusion criteria, articles had
to include specific elements, including an RST
intervention and outcome measures such as the
Countermovement Jump (CMJ), sprint speed,
and T-test time. Additionally, a comparison
group undergoing daily basketball technique
training was required as a control. CMJ, recog-
nized as the most reliable and valid field tests
for assessing explosive power in the lower
limbs of physically active men, were integral
components of the inclusion criteria (Markov-
ic et al., 2004). Linear sprint speed represents
the ability to generate high power levels over
each stride to cover maximum distance in min-
imal time (Mero et al., 1992). Moreover, the
agility T-test, which involves multidirectional,
basketball-specific movements with four di-
rectional changes comprising sprinting, lateral
shuffling, and backpedaling, is frequently em-
ployed by basketball coaches and researchers
(Wen et al., 2018), was included to assess COD
performance (Ben Abdelkrim et al., 2010; Del-
extrat & Cohen, 2009).

Furthermore, to meet the appropriate RST
intervention criteria, the training program had
to incorporate either straight-line sprints or a
COD component; Inclusion criteria mandat-
ed that the intervention consist of a series of
sprints lasting no longer than 15 seconds, with
recovery intervals not exceeding 60 seconds

en (Buchheit & Laursen, 2013). The study par-
ticipants had to be basketball players, and the
intervention had to be implemented for at least
4 weeks. The control group, referred to as the
CON group, consisted of athletes who engaged
exclusively in basketball skills training with-
out any additional training components.

Information Sources and Search Strategy

Electronic database searches were conduct-
ed, covering records up to June 2023, and were
updated in July 2024, across multiple databas-
es, including PubMed (which includes MED-
LINE), SPORTDiscus, Web of Science, and
SCOPUS. The search strategy was implemented
using Boolean operators, namely OR and AND,
and incorporated the following search terms:
[“Basketball” OR “Basketball player”] AND
[“Change of Direction” OR “COD” OR “Sprint”
OR “Repeated sprint ability”’] AND [*“Training”
OR “Intervention”]. The search was specifically
limited to journal sources. Studies that did not
fulfill these criteria, along with non-English pub-
lications, dissertations, books, magazine articles,
non-peer-reviewed studies, and conference pa-
pers, were excluded from the review.

Study Records
The study selection process involved an
initial review of article titles by the first author
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(HH), followed by a thorough examination of
article abstracts and full published articles.
Two authors (HH and AS) collaborated to re-
view and select articles that met the inclusion
criteria for the final analysis. Excluded full-
text articles were documented, along with the
reasons for their exclusion. After the initial
literature search, the selected articles under-
went a consensus review by both reviewers,
with any discrepancies resolved through dis-
cussion with the third author (SHS). Addition-
ally, the references of the selected articles were
screened to identify any additional studies on
repetitive sprint training.

Data extraction from the gathered articles
was performed by the first author, encompass-
ing various aspects, including authors’ names,
study design, study participants, intervention
details, outcome measurements, and effective-
ness results. A form created in Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA)
was used for this purpose.

Risk of bias assessment

The assessment of methodological quality
in the reviewed studies used the Physical Ther-
apy Evidence Database (PEDro) scale, which
assigns scores from 0 (lowest quality) to 10
(highest quality). The evaluation of method-
ological quality adhered to the following crite-
ria: scores of 3 were categorized as inadequate
quality, scores ranging from 4 to 5 as moderate
quality, and scores from 6 to 10 as high quality.
The evaluation of methodological quality was
performed by the primary authors. In cases of
disagreement, a third author (SHS) made the
final decision.

Statistical analysis

The analysis was conducted using RevMan
version 5.3 (The Nordic Cochrane Centre,
London, UK). To calculate the effect size (ES),
Hedges’ g was employed, which involves di-

viding the total change in CMJ, sprint, and
T-test performance between the intervention
RST group and the comparative intervention
group by the combined standard deviation of
the change scores for both groups. Effect sizes
were denoted by the standardized mean dif-
ference (Hedges’ g) and presented with 95%
confidence intervals. Interpretation of the cal-
culated effect sizes followed the conventions
outlined for standardized mean difference by
Hopkins et al. (Hopkins et al., 2009) (<0.2 =
trivial; 0.2-0.6 = small, 0.6—1.2 = moderate,
1.2-2.0 = large, 2.0-4.0 = very large, >4.0 =
extremely large). To assess variability between
studies, the I? inconsistency statistic was used,
expressing the percentage of variation between
studies attributable to heterogeneity rather than
chance. Thresholds for heterogeneity were
categorized as low (I? = 25%), medium (I> =
50%), and high (I> = 75%).

Moderator analyses

Moderator analyses were conducted using a
random-effects model and an independent-com-
puted single-factor analysis to identify potential
sources of heterogeneity that could influence the
impact of training. In addressing the document-
ed limitations of meta-regression, subgroup
analyses were preferred due to their suitability
for small datasets with limited samples and few
predictor variables (Schmidt, 2017).

The authors identified crucial factors influ-
encing training effects, based on discussions
and study characteristics. These factors includ-
ed participant age, program length (in weeks),
training frequency (sessions per week), recov-
ery time per repetition, and sprint direction
(linear sprint or change of direction). Given
that a majority of studies utilized a training fre-
quency of 2 or 3 sessions per week, the authors
grouped them into these categories to facilitate
comparison. Additionally, the authors calcu-
lated the mean total sessions, grouping stud-
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ies into two groups: those with more than 16
sessions and those with fewer than 16. Other
moderator variables were categorized to facil-
itate subgroup analyses as follows: participant
age (12.4 - 26.3 years) was grouped into < 18
and > 18 years; training duration (6—12 weeks)
was grouped into < 8 and > 8 weeks; recovery
time per repetition (all < 1 min) was grouped
into < 30 s and > 30 s. Furthermore, the au-
thors delved into the type of training (linear vs.
change-of-direction) as a potential moderator
for athletes.

RESULTS

Study Record

In the initial identification phase, 1480 stud-
ies were identified. After eliminating duplicates
(562) and adding records from other sources
(3), 921 publications remained for the article
selection process. 902 articles were excluded
during the title and abstract selection phase. The
remaining 21 records underwent a detailed as-
sessment through full-text article review, result-
ing in the exclusion of 12 records. Finally, nine
studies were deemed suitable for inclusion in the
systematic review and meta-analysis (Figure 1).

Records excluded
(n=902)

Full-text articles excluded:
(n=12)
The rest time between

repetitions is more than
60 second (n=1)
Imprecise data (n = 1)

The control group did
not arrange basketball
skills training (n = 10)

E Records identified from
§ PubMed, SPORTDiscus and
=) Web of Science
= Additional records identified by
= (n = 1480) manual search of reference lists
[t
(n=3)

o Records after duplicates removed

2 (n=562)

=

D

=

R v

Records screened for title and
__ abstract >
(n=921)
A

> .

g Full-text articles assessed for

= ligibilit >

: o

E [ ]

— y

k51

= Articles included in review

S (n=9)

Ll

Figure 1. Flow chart of literature search and research selection

Study Characteristics
The participant characteristics and pro-
gramming parameters for RST across the sev-

en studies included in the meta-analysis are
detailed in Table 2.
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Methodological Quality

The selected studies underwent evalua-
tion using the PEDro methodological quality
scale. Four studies achieved a high-quality
score of 6/10 (Brini et al., 2023; Brini et al.,
2022; Gantois et al., 2019; Maggioni et al.,
2019; Song et al., 2023), two studies attained

a moderate quality score of 5/10 (Brini et al.,
2020; Okur et al., 2019; Saez de Villarreal et
al., 2021), and one study received a score of
4/10 (Ersoy et al., 2020). A comprehensive
breakdown of the PEDro scale scores for each
study is presented in Table 3.

Table 3. Physiotherapy Evidence Database (PEDro) scale ratings for the studies.

Item number

Total (maximum

Study

1 2 3 4 5 6 7 8 9 10 11 of 10)
Brini et al. 2020 1 1 0 1 0 O o 1 0 1 1 5
Brini et al. 2022a 1 1 1 1 0 0 O 1 0 1 1 6
Brini et al. 2022b 1 1 1 1 0 0 O 1 0 1 1 6
Brini et al. 2023 1 1 1 1 0 0 0 1 0 1 1 6
Ersoy et al. 2020 1 0 0 1 0 O O 1 0 1 1 4
Gantois et al. 2019 1 1 1 1 0 0 O 1 o0 1 1 6
Maggioni et al. 2018 111 1 0 O O 1 O 1 1 6
Okur et al. 2019 1 1 o 1 o0 O O 1 o0 1 1 5
Saez de Villarreal et al. 2021 1 1 o 1 O o o0 1 o0 1 1 5
Song et al. 2023 1 1 1 1 0 0 0 1 0 1 1 6

Note. a Adetailed explanation for each PEDro scale item can be accessed at https://www.pedro.org.au/english/

downloads/pedro-scale

Funnel plots were used to check potential
publication bias for CMJ, sprint, and COD
performance (Figures 2—4). The plots for CMJ
and sprint performance appeared mostly sym-
metrical, suggesting a low risk of publication
bias. In the COD funnel plot, a slight asymme-
try was observed due to two studies (Brini et
al., 2023; Brini et al., 2022) that reported very

_ SE(SMD)
02T
04T

,
06T /

large effects. After removing these studies, the
heterogeneity decreased from 73% to 5%, and
the plot became more balanced around the cen-
ter. This finding suggests that the asymmetry
was likely caused by heterogeneity rather than
publication bias. Because fewer than ten stud-
ies were included in each analysis, the power of
the funnel plot is limited (Sterne et al., 2011).

>
-
s

P o

SMD

1— t
-2 i

}
0

+
1 2

Figure 2. Funnel plot of the effect of RST on basketball players’ CMJ abilities.
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Figure 3. Funnel plot of the effect of RST on basketball players’ sprint abilities.
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Figure 4. Funnel plot of the effect of RST on basketball players’ COD abilities.

Main Effect

Countermovement Jump Performance

The analysis encompassed eight effects
derived from 9 original studies that mea-
sured jump height in centimeters. A small
but significant improvement in the perfor-
mance of training programs correlated with
CMIJ performance (ES 0.39, 95% CI: 0.04 to

0.74, Z = 2.19, p = .03). There was a low
heterogeneity among the studies (I*> = 21%,
p =.26). The overall effect size within-model
was small (ES = 0.43, 95% CI: 0.13 to 0.74,
p = .005). These results are depicted in Fig-
ures 5 (RST vs. CON) and 6 (baseline vs.
follow-up).
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RST CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI 1IV. Random. 95% CI
Brini et al. 2020 -4.87 6.88 8 1.87 6.98 8  9.3% -0.92 [-1.97, 0.13]
Brini et al. 2022a 6.44 5.88 13 255 5.88 13 14.6% 0.64 [-0.15, 1.43] - -
Brini et al. 2022b 1.7 4.84 13 0.15 5.88 13 15.2% 0.28 [-0.49, 1.05] - 1 -
Brini et al. 2023 372 47 14 0.22 2.46 14 14.8% 0.91[0.12, 1.69] - =
Gantois et al. 2019 3.47 475 9 0.33 6.38 8 10.5% 0.54 [-0.44, 1.51]
Maggioni et al. 2018 0o 59 9 -15 37 9 11.4% 0.29 [-0.64, 1.22]
Saez de Villarreal et al. 2021 1.48 55 10 0.13 4.51 10 12.4% 0.26 [-0.62, 1.14] - -
Song et al. 2023 41 6.7 10 -02 47 10 11.8% 0.71 [-0.20, 1.62] - -
Total (95% CI) 86 85 100.0% 0.39 [0.04, 0.74] -
Heterogeneity: Tau? = 0.05; Chi*=8.84, df =7 (P = 0.26); I?=21% t t t f

Test for overall effect: Z=2.19 (P = 0.03)

Favours [control] Favours [experimental]

Figure 5. Forest plot of between-mode effect sizes with 95% confidence intervals (Cls) in coun-

termovement jump performance (cm).

Post Pre Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random. 95% CI IV, R n, 95% CI

Brini et al. 2020 39 7.76 8 39.47 6.88 8 9.7%  -0.06[-1.04, 0.92]

Brini et al. 2022a 42 587 13 39.85 5.88 13 155% 0.35[-0.42, 1.13] - [ =

Brini et al. 2022b 41.08 4.05 13 38.38 4.84 13 15.0% 0.59 [-0.20, 1.37] S

Brini et al. 2023 4229 421 14 3857 4.7 14 155% 0.81 [0.03, 1.58] i

Gantois et al. 2019 37.94 3.32 9 3447 475 9  9.9% 0.81 [-0.16, 1.78]

Maggioni et al. 2018 311 59 9 311 59 9 10.9% 0.00 [-0.92, 0.92]

Saez de Villarreal et al. 2021 28.88 7.86 10 274 55 10 12.0% 0.21 [-0.67, 1.09] -

Song et al. 2023 544 68 10 503 6.7 10 11.5% 0.58 [-0.32, 1.48] -1 -

Total (95% CI) 86 86 100.0% 0.43 [0.13, 0.74] -
! | ! |
t } t }

Heterogeneity: Tau? = 0.00; Chi? = 3.83, df = 7 (P = 0.80); I? = 0%
Test for overall effect: Z =2.79 (P = 0.005)

Favours [Pre-test] Favours [Post-test]

Figure 6. Forest plot of within-mode effect sizes with 95% confidence intervals (Cls) in coun-

termovement jump performance (cm).

Sprint Time

In the analysis of six effects from 9 orig-
inal studies, linear sprint performance was
measured in time (seconds). The findings
suggest a small and significant impact on the
time of linear sprint (ES -0.40, 95% CI: -0.75
to -0.06, Z = 2.29, p = .02). A low level of

RST CON
Study or Subgroup Mean SD Total Mean SD Total Weight
Ersoy et al. 2020 -0.04 0.19 16 0 o021 16 24.7%
Gantois et al. 2019 -0.2 0.24 9 -0.03 024 8 122%
Maggioni et al. 2018 -0.05 0.1 9 0.01 0.04 9 12.8%
Okur et al. 2019 -0.08 0.1 13 -0.03 0.15 13 19.8%
Saez de Villarreal et al. 2021 -0.13 0.45 10 -0.01 0.39 10 15.3%
Song et al. 2023 -0.11 0.31 10 0.01 0.27 10 15.1%
Total (95% CI) 67 66 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 1.22, df = 5 (P = 0.94);
Test for overall effect: Z =2.29 (P = 0.02)

1?7 =0%

between-study heterogeneity was observed
(I> = 0%, p = .94). The within-model effect
size was small (ES = -0.46, 95% CI: -0.80 to
-0.11, Z=2.58, p = .01). These results are vi-
sually presented in Figures 7 (RST vs. CON)
and 8 (baseline vs. follow-up).

Std. Mean Difference Std. Mean Difference

IV, Random, 95% Cl IV, Random, 95% CI

-0.19 [-0.89, 0.50] e ]

-0.67 [-1.66, 0.31]

-0.75 [-1.71, 0.21] =

-0.38 [-1.16, 0.40] - =1

-0.27 [-1.15, 0.61] I

-0.40 [-1.28, 0.49] L

-0.40 [-0.75, -0.06] -

, , ) ;
} } } }

2 -1

Favours [experimental]

o} 1
Favours [control]

Figure 7. Forest plot of between-mode effect sizes with 95% confidence intervals (Cls) in time

of sprint (s).
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Post Pre
Study or Subgroup Mean SD Total Mean SD Total Weight
Ersoy et al. 2020 3.72 021 16 3.76 0.19 16 25.0%
Gantois et al. 2019 4.36 0.14 9 456 024 8 11.5%
Maggioni et al. 2018 1.82 0.14 9 1.87 0.1 9 13.8%
Okur et al. 2019 262 0.1 13 27 01 13 18.8%
Saez de Villarreal et al. 2021 3.79 038 10 3.92 045 10 15.5%
Song et al. 2023 3.7 035 10 3.81 0.31 10 15.5%
Total (95% CI) 67 66 100.0%

Heterogeneity: Tau? = 0.00; Chi*> =2.40,df =5 (P = 0.79); I’ = 0%
Test for overall effect: Z = 2.58 (P = 0.010)
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Figure 8. Forest plot of within-mode effect sizes with 95% confidence intervals (Cls) in time

of sprint (s).

Change of direction Time

In the analysis of 8 effects across 9 origi-
nal studies, COD performance was measured
over time (in seconds). The training programs
demonstrated a significant reduction in T-test
time (ES = —1.11, 95% CI: -1.73 to -0.50,
Z = 3.54, p = .0004). A significant level of

RST CON Std.
Study or Subgroup Mean SD_Total Mean SD_ Total Weight
Brini et al. 2020 -0.35 0.9 8 -0.17 0.98 8 12.0%
Brini et al. 2022a -0.14 0.07 13 -0.02 0.05 13 122%
Brini et al. 2022b -0.17 0.07 13 -0.02 0.05 13 11.6%
Brini et al. 2023 -0.17 0.07 14 -0.01 0.07 14 12.1%
Ersoy et al. 2020 -1.55 0.69 16 -0.65 0.88 16 13.7%
Maggioni et al. 2018 -0.5 0.5 =) -0.2 0.2 9 12.1%
Okur et al. 2019 -0.12 0.35 13 -0.09 023 13 13.6%
Song et al. 2023 -0.22 046 10 -0.03 0.33 10 12.7%
Total (95% CI) 96 96 100.0%

Heterogeneity: Tau? = 0.58; Chi? = 26.03, df =7 (P = 0.0005); I2 = 73%
Test for overall effect: Z = 3.54 (P = 0.0004)

between-study heterogeneity was observed
(I = 73%, p = .0005). The within-model ef-
fect size was large (ES =-1.42,95% CI: -2.21
to -0.64, Z = 3.55, p = .0004). These results
are visually presented in Figures 9 (RST vs.
CON) and 10 (baseline vs. follow-up).

. Mean Difference Std. Mean Difference
IV, Random, 95% Cl IV. Random, 95% Cl
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Figure 9. Forest plot of between-mode effect sizes with 95% confidence intervals (ClIs) in the

time of T-test (s).

Post Pre Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1IV. Random, 95% CI IV. Random, 95% CI
Brini et al. 2020 9.86 10.21 8 1021 0.9 8 12.4% -0.05 [-1.03, 0.93] N
Brini et al. 2022a 6.55 0.05 13 6.69 0.07 13 123% -2.23[-3.24, -1.22] T
Brini et al. 2022b 6.48 0.05 13 6.65 0.07 13 11.8% -2.71 [-3.82, -1.60] .
Brini et al. 2023 6.48 0.05 14 6.65 0.07 14  12.0% -2.71[-3.78, -1.65] I
Ersoy et al. 2020 10.94 0.6 16 12.49 0.69 16 12.7% -2.34[-3.26, -1.41] - =
Maggioni et al. 2018 9.5 0.7 9 10 05 9 125% -0.78 [-1.75, 0.19] -
Okur et al. 2019 945 0.36 13  9.57 0.35 13 13.4% -0.33[-1.10, 0.45] - 1
Song et al. 2023 11.8 0.46 10 12.02 0.46 10 12.9% -0.46 [-1.35, 0.43] "
Total (95% CI) 96 96 100.0% -1.42 [-2.21, -0.64] -
Heterogeneity: Tau? = 1.04; Chi? = 37.88, df = 7 (P < 0.00001); 1> = 82% t t t t
4 -2 [¢] 2 4

Test for overall effect: Z = 3.55 (P = 0.0004)
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Figure 10. Forest plot of within-mode effect sizes with 95% confidence intervals (Cls) in the

time of T-test (s).

Moderator analyses

Trivial to moderate differences were ob-
served between each training type across sub-
groups in CMJ performance, while differences
were small in sprint performance and small to
large in COD performance. Subgroup analysis

revealed moderate between-group heterogene-
ity, particularly for training duration in COD
performance (I> = 67.2%). In the analysis of
CMJ and sprint performance, no significant
heterogeneity was found within the subgroup.
These results are visually presented in Table 4.
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DISCUSSION

Countermovement jump performance

The results of between- and within-mode
analyses show that RST had a small but signif-
icant effect on improving CMJ performance in
male basketball players. These findings align
with previous research that demonstrated a
significant improvement in CMJ performance
among hockey (Taylor & Jakeman, 2022) and
soccer (Teonnessen et al., 2011) players fol-
lowing RST (p < .05). This outcome is pre-
dictable, considering the shared characteristics
of CMJ and sprint movements, particularly at
maximum speed, which prominently exhibit
the stretch-shortening cycle (SSC) and under-
score heightened leg muscle explosive power
(Harrison et al., 2004).

Numerous studies consistently demon-
strate the positive impact of RST on various
aspects, including increased leg muscle explo-
sive power, advancements in motor unit syn-
chronization, and enhanced efficiency of the
SSC (Bishop et al., 2011). The improvement
in CMIJ explosiveness can also be attributed
to parameters such as reaction intensity and
muscle strength (Panoutsakopoulos & Bassa,
2023). This may be because sprint training
enhances knee extensor and flexor strength,
contributing to improved CMJ height, and this
muscle strength improvement may result from
muscle hypertrophy induced by prolonged
sprint training (Ozgiinen et al., 2021).

Brini et al. (Brini et al., 2023; Brini et
al., 2022) and Song et al. (Song et al., 2023)
reported a moderate impact of RST on CMJ
performance, other studies investigating CMJ
(Gantois et al., 2019; Maggioni et al., 2019;
Saez de Villarreal et al., 2021) yielded only
smaller effect sizes. In contrast, Brini et al.
(Brini et al., 2020) even reported a negative
effect; they found a decrease in the T/C ratio
at the end of the training program, suggesting
overtraining (Adlercreutz et al., 1986). This

catabolic state is associated with a decline in
jump performance. Including COD training
in long-term sprint training may place higher
demands on the body, potentially leading to
greater physical fatigue. Additionally, Mario
et al. (Morio et al., 2011) noted a decrease in
jump height with the regular performance of
COD activities. However, these preliminary
findings on compromised jump performance
following COD training must be approached
with caution and require further research for
confirmation.

Exploring differences in CMJ performance
across subgroups provides interesting insights.
Concerning the programming characteristics
of RST interventions, incorporating measures
such as an adult players (more than 18 players)
longer training duration (more than 8 weeks),
shorter training frequency (less than three ses-
sions per week), shorter inter-repetition recov-
ery time (30 seconds or less), and including
both linear sprint and COD exercises can en-
hance the effectiveness of CMJ performance (p
<.05), although there is currently no evidence
indicating that these factors, when combined,
necessarily exhibit a synergistic effect.

In conclusion, the evidence offers valuable
insights into the influence of training programs
on VJ performance in basketball players. The
overall small but significant impact suggests a
positive correlation. While it remains unclear
whether the decrease in bounce strength is due
to excessive COD training, it provides coaches
with valuable information to refine their plan-
ning strategies.

Sprint performance

The analysis of linear sprint performance
across six effects from 9 original studies aimed
to evaluate the impact of repeated sprint train-
ing on the time required for linear sprints,
measured in seconds. The overall effect size
suggests a small (ES = —0.40) and significant
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influence on linear sprint time between the
repeated sprint training and control groups.
Within-model, the overall effect size remained
small, with a within-model effect size (ES =
—0.46). This consistent pattern of small effect
sizes indicates a general trend of modest im-
pact across the studies included in the analysis.
The low level of between-study heterogeneity
(I = 0%, p = .74) adds strength to the overall
findings, suggesting a degree of consistency
across studies. While the limited number of
studies necessitates caution, these results align
with previous review findings indicating that
repeated-sprint training tends to yield greater
improvements in best sprint time and mean
sprint time (Bishop et al., 2011). Gantois et
al. (Gantois et al., 2019) and Maggioni et al.
(Maggioni et al., 2019) demonstrated a mod-
erate effect in linear sprint performance after
RST, further supporting the trend observed in
this analysis.

The enhancements in sprint performance
indices following RST come as no surprise,
considering that sprint movements, especially
at maximum speed, showcase characteristics
of the stretch-shortening cycle and heightened
explosive power in leg muscles (Harrison et
al.,2004). Furthermore, the observed improve-
ments in sprint performance can be linked to
the familiar learning effect arising from the
exercise specificity between the training regi-
men and the RST (Buchheit, 2012). In essence,
the adaptations induced by training, combined
with the inherent biomechanical advantages
of sprint movements, synergistically contrib-
ute to an improved capacity for both singular
sprint performance and repeated-sprint ability.

Subgroup analyses, considering various
characteristics of training programs, offer in-
sights into potential factors influencing linear
sprint performance. Regarding the program-
ming characteristics of RST interventions, sev-
eral measures, including adult players, shorter

study duration (less than 8 weeks), reduced
training frequency (less than three sessions per
week), shorter inter-repetition recovery time
(30 seconds or less), and linear sprints, appear
to enhance the effectiveness of sprint perfor-
mance. Notably, interventions with a recovery
time of less than 30 seconds had a larger effect
(ES = -0.56) than those with a recovery time
of more than 30 seconds (ES = -0.28). This
suggests that a shorter recovery time may have
a more pronounced impact on reducing linear
sprint time. Similarly, the training duration
shows a pattern in which longer interventions
do not necessarily have a greater impact on
linear sprint times. This suggests that the rela-
tionship between training duration and linear
sprint performance may be more nuanced and
not linear. While these findings provide valu-
able insights, the need for additional studies to
further validate and refine our understanding
of the complex interactions between training
program characteristics and linear sprint per-
formance is evident.

In summary, the analysis of repeated sprint
training’s impact on linear sprint performance
reveals a small and non-significant overall ef-
fect. However, for basketball players, the ben-
efits extend beyond sprint performance alone.
PST contributes to refining neural pathways,
optimizing muscle efficiency, minimizing
co-contractions, and positively influencing
joint and sprint speed (McGill et al., 2010; Tay-
lor et al., 2015). Electromyographical (EMG)
data highlights the pivotal role of larger and
proximal muscles, particularly the gluteus
maximus, in faster running speeds and signifi-
cant contributions to hip extension during all-
out sprinting (Bartlett et al., 2014; Lieberman
et al., 2006). Targeted training of the gluteus
maximus muscle proves effective in enhancing
dynamic stability, especially in the dominant
leg and vertical jump of basketball players
(Sanchez-Morales et al., 2023). While the spe-
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cific mechanisms of these adaptations require
further investigation, the observed improve-
ments in jump height and sprint speed are likely
linked to heightened contractile properties of
leg extensor muscles. These adaptations play
a crucial role in enabling superior force pro-
duction during the rapid, dynamic movements
inherent in basketball play. Coaches and prac-
titioners can leverage these findings when de-
signing training programs aimed at optimizing
linear sprint performance in basketball athletes.

Change of direction performance

The analysis of 8 effects across 9 original
studies aimed to assess the impact of RST on
COD performance, measured in seconds. The
overall results reveal a noteworthy improve-
ment in COD for participants undergoing RST,
with a significant effect size of -1.11 (95% CI:
-1.73 to -0.50, Z = 3.54, p = .0004). Particu-
larly noteworthy is the very large effect size
(ES = -2.22) reported by Brini et al. (Brini et
al., 2023). Although a significant level of be-
tween-study heterogeneity emerged (1> = 73%,
p = .0005), indicating variability in results
across studies, the within-model effect sizes
remained consistently larger (ES =-1.42, 95%
CI: -2.21 to -0.64, Z = 3.55, p = .0004).

COD tests inherently assess both sprint
speed and agility. RST—characterized by re-
peated, high-intensity efforts with short re-
coveries—induces neuromuscular and meta-
bolic adaptations such as improved eccentric
strength, intermuscular coordination, and re-
active control, all of which enhance COD per-
formance (Born et al., 2016; Chaouachi et al.,
2014). Moreover, the repeated accelerations
and decelerations in RST improve athletes’
ability to tolerate braking forces and re-ac-
celerate quickly—key determinants of agility
(Spiteri et al., 2015). These neuromechanical
adaptations, including greater stretch—shorten-
ing cycle efficiency and neural drive (Fiorenza

etal., 2019), may explain the greater improve-
ment observed in COD performance compared
with line sprinting. Subgroup analyses provid-
ed additional insights into the influence of di-
verse programming parameters on the effec-
tiveness of RST interventions. Notably, adult
players, a longer study duration (exceeding 8
weeks), a shorter training frequency (less than
three sessions per week), a shorter inter-repeti-
tion recovery time (less than 30 seconds), and
the inclusion of a COD program may enhance
the efficacy of sprint performance in RST in-
terventions. However, regarding training du-
ration, moderate heterogeneity was observed
across subgroups (I> = 67.2%), and ES values
should be interpreted conservatively. This pro-
nounced effect size may be influenced by the
results from a single study (Ersoy et al., 2020),
potentially impacted by heterogeneity.

Due to the limited number of included ar-
ticles, our meta-analysis conducted subgroup
analyses only for the sprint training and COD
training groups. The results of the subgroup
analyses showed that the COD group present-
ed a larger effect (ES =—1.68, 95% CI: -2.75
to—0.61, p=.02) than the line-sprint group (ES
=-1.02, 95% CI: —2.26 to 0.21, p = .02). The
observed difference between COD and linear
sprint performance may be partly explained
by the principle of training specificity. RST
protocols incorporating COD components
often involve multidirectional accelerations,
decelerations, and turns that closely replicate
the demands of COD tests such as the T-test.
Therefore, neuromuscular and mechanical ad-
aptations developed—such as enhanced ec-
centric strength, improved stretch—shortening
cycle function, and refined motor coordina-
tion—are more likely to transfer effectively to
COD performance than to straight-line sprint-
ing (Born et al., 2016; Spiteri et al., 2015).

The short rest intervals in RST not only en-
hance speed and agility but also contribute to
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the development of aerobic endurance. VO:-
max is significantly correlated with the RST
fatigue index (» = -0.57, p < .05) (Gharbi et
al., 2015). A higher VO2max helps athletes re-
cover faster between repeated sprints by im-
proving their ability to tolerate and remove
hydrogen ions (H*) from working muscles and
by supporting the quick restoration of phos-
phocreatine (PCr) and ATP stores after exer-
cise (Bogdanis et al., 1996).

As a high-intensity intermittent exercise,
RST promotes muscle reoxygenation and
improves oxygen extraction and utilization
(Buchheit & Ufland, 2011). During repeat-
ed sprints, muscle oxygen saturation (SmO2)
typically drops to around 40% and recovers
to about 80% during passive rest, indicating
a strong aerobic metabolic involvement (Pau-
lauskas et al., 2020). Generally, the T-test re-
quires a longer duration and more directional
changes than linear sprinting, thereby placing
greater demands on endurance. These physio-
logical mechanisms may provide a more com-
prehensive explanation for why the effect size
of RST on COD in the straight-line subgroup
is smaller than that in the COD subgroup (ES
= -1.02 vs. -1.68), yet remains substantially
greater than its effect on straight-line sprint
performance (ES =-1.02 vs. -0.34 or -0.42).

In addition, five of eight studies used RST
protocols incorporating COD movements,
which may have further emphasized multidi-
rectional acceleration patterns. As COD tasks
require both sprinting and directional chang-
es, these combined demands could explain the
greater overall gains in COD performance com-
pared with pure linear sprint outcomes. Never-
theless, considering the relatively high with-
in-group heterogeneity (I*> = 82-84%), these
findings should be interpreted with caution.

In summary, the findings indicate a signif-
icant enhancement in COD performance with
RST. The subgroup analyses provide valuable

insights into how various training parameters
may influence RST effectiveness, offering a
helpful guide for coaches to optimize training
protocols.

Limitations

Our meta-analysis results offer support
for the effectiveness of repeated-sprint train-
ing in significantly enhancing CMJ, sprint,
and COD performance in basketball players.
However, it is essential to consider certain fac-
tors when interpreting these findings. Firstly,
heterogeneity among the included studies has
been recognized, with observed heterogeneity
ranging from low to high, especially in fitness
parameters associated with COD outcomes.
Moreover, the relatively modest sample size in
our meta-analysis might have influenced both
the observed effect sizes and the uncertainty
around them, as indicated by the width of our
confidence intervals (Fagard et al., 1996). Sec-
ondly, the influence of muscle architecture and
maturation on sprint and jump performance can
vary significantly during maturation (Radnor et
al., 2022). However, in our meta-analysis, par-
ticipants ranged in age from teenagers to pro-
fessional athletes. Due to limited research and
a scarcity of studies addressing this aspect, the
potential impact of maturity factors on training
was not comprehensively examined. Thirdly,
differences in the training protocols within our
meta-analysis, involving straight lines, single
or multiple COD maneuvers, and varying dis-
tances covered, may introduce unique effects
on the observed outcomes (Attene et al., 2015).

CONCLUSIONS

Repeated sprint training effectively en-
hances countermovement jump, linear sprint,
and change-of-direction performance in bas-
ketball players, with the greatest impact ob-
served in change of direction. Training adult
players less than three times per week with
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short rest intervals (<30 s) appears most effec-
tive. Although COD improvements appeared
greater than linear sprint gains, this may reflect
the multidirectional demands of RST rather
than a true superiority of agility over speed
enhancement. Therefore, conclusions should
be drawn with caution. Future research should
examine RST protocols that isolate linear and
multidirectional sprinting and include elec-
tromyographic (EMG) assessments to further
elucidate neuromuscular mechanisms.
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