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Abstract

This systematic review and meta-analysis examines the effects of
strength training (ST) and plyometric training (PT) on vertical
jump (VJ), linear sprint (LS), and change-of-direction speed
(CODS) in female adolescent team sport athletes. Additionally, it
explores potential moderator variables, such as programming var-
iables and participant characteristics, that may influence these
training effects. Eligibility criteria: Randomized controlled trials
examining the effects of ST or PT interventions lasting >4 weeks
on VJ, LS, or CODS in female adolescent team sport athletes
(aged 10 - 19 years) were included. A systematic search was con-
ducted in PubMed, Web of Science, Cochrane, Embase, and
SPORTDiscus from inception to August 28, 2024. The risk of
bias of the included studies was assessed using the latest version
of the Cochrane risk-of-bias tool for randomized trials (ROB-2).
Meta-analyses were performed in Statal5.0 using random-effects
models. Subgroup analyses were conducted based on the partici-
pant characteristics (age, height, weight, and type of sports) and
programming variables (duration, frequency, and total sessions).
Twenty-six studies involving 705 female adolescent team sport
athletes were included. Meta-analyses revealed that ST and PT
exhibited significant (p < 0.05) and moderate to large effects on
VI (ST, ES: 0.74, moderate; PT, ES: 0.87, moderate), LS (ST, ES:
-1.26, large; PT, ES: -1.23, large), and CODS (ST, ES: -1.16,
moderate; PT, ES: -1.20, moderate). Subgroup analysis indicated
that for ST, training protocols of > 10 weeks, < 2 sessions/week,
or <20 sessions were more effective. ST also showed greater ben-
efits for athletes > 15 years old (LS), > 163 cm (LS, CODS), > 63
kg, and handball players. For PT, protocols of > 9 weeks, > 14
sessions (VJ), or > 18 sessions (CODS) were more effective, with
handball players responding best to PT. The overall risk of bias
of the included studies was judged as moderate. The certainty of
evidence was rated as moderate to high based on the GRADE ap-
proach. Both ST and PT are effective in improving VJ, LS, and
CODS in female adolescent team sport athletes. Longer duration,
lower frequency, or fewer sessions of ST produce better effects.
Older and more mature athletes are better adapted to ST, likely
due to increased muscle mass, hormonal factors, and neuromus-
cular adaptations. Longer duration or more sessions of PT pro-
duce better effects. Handball players showed a greater response
to both ST and PT than athletes of other sports, according to ob-
served trends.

Key words: Resistance training, Plyometric exercise, Exercise
test, Physical conditioning, Physical fitness.

Introduction

Team sports (e.g., basketball, football, volleyball, and
handball) are characterized by intermittent high-intensity
efforts (Bangsbo, 1994; Ben Abdelkrim et al., 2010;
Bishop and Girard, 2013; Chelly et al., 2011). A variety of
repeated high-intensity movements such as sprint, jump,
and change of direction are required throughout the match
(Datson et al., 2014; Faude et al., 2012; Luteberget and
Spencer, 2017; Pereira et al., 2018; Scanlan et al., 2015;
Stojanovi¢ et al., 2018; Taylor et al., 2017), which, often
driven by strength, explosiveness, and speed, not only are
critical to the success in the match (Chaouachi et al., 2009;
Duncan et al., 2006; Gabbett, 2000; Ostojic et al., 2006;
Stelen et al., 2005) but also determine the athletic perfor-
mance in key scenarios such as retaining or regaining pos-
session of the ball, creating offensive opportunities, exe-
cuting fast breaks, and contesting aerial duels (Datson et
al.,2014; Faude et al., 2012; Hughes et al., 2023). Research
also suggests that sprint speed, change-of-direction speed
(CODS), and jump ability are important indicators for as-
sessing the sporting potential (i.e., future success in com-
petitive settings) of adolescent players, which are not only
closely related to current athletic performance but key fac-
tors for the future development into elite athletes (Keiner
etal.,2021; Reilly et al., 2000; Vaeyens et al., 2006). These
abilities contribute to essential game-related actions such
as acceleration, rapid directional changes, and explosive
movements, which are critical for success in higher levels
of competition. In addition, adolescence is a critical period
of physical development, in which the neuromuscular sys-
tem is highly plastic (Lloyd and Oliver, 2012). Therefore,
targeted training of strength, explosiveness, and speed dur-
ing this period can improve the current athletic perfor-
mance and also lay a solid foundation for future sports per-
formance (Faigenbaum and Myer, 2010; Lloyd and Oliver,
2012; Radnor et al., 2018). The physical development and
athletic performance of female adolescent athletes are in-
fluenced by specific physiological characteristics. Changes
in sex hormone levels during adolescence may affect mus-
cular strength and neurological adaptations (Carmichael et
al., 2021; Lloyd and Oliver, 2012), resulting in unique
challenges for females in developing strength and explo-
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siveness. Therefore, designing/selecting training programs
specifically for female adolescents is of particular im-
portance. However, there is a lack of sex-specific meta-an-
alytical evidence focusing on female adolescent team sport
athletes, which limits the development of targeted training
strategies.

Strength training (ST) and plyometric training (PT)
are widely recognized as effective means for enhancing
athletic performance and contributing to long-term sports
development in adolescent athletes (Lloyd et al., 2016).
Compared with adults, adolescent athletes exhibit distinct
physiological and neuromuscular characteristics, including
ongoing musculoskeletal development, lower baseline
strength levels, and heightened neural plasticity (Lloyd et
al., 2014; Lloyd and Oliver, 2012). These differences in-
fluence their responses to ST and PT, necessitating tailored
training strategies rather than direct extrapolation from
adult data. Research suggests that ST helps improve
strength, jump, and speed performance in adolescent ath-
letes by increasing muscular strength and maximal power
output (Chelly et al., 2009; Comfort et al., 2014; Pefailillo
et al., 2016). PT enhances neuromuscular coordination and
explosiveness by rapid stretch-shortening cycle (SSC)
movements (Radnor et al., 2018; Ramirez-Campillo et al.,
2018; Taube et al., 2012). The positive response of adoles-
cents to ST and PT, including significant improvements in
muscular strength, power, sprint performance, jump abil-
ity, and change-of-direction, has been well documented in
many recent meta-analyses (Behm et al., 2017; Behringer
et al., 2011; Harries et al., 2012; Lesinski et al., 2016;
Michaleff and Kamper, 2011; Moran et al., 2017; Peitz et
al., 2018; Slimani et al., 2018). However, these studies ei-
ther focused solely on male adolescents or did not distin-
guish female adolescents from males in their effect esti-
mates. Given that male and female athletes exhibit distinct
strength development trajectories, neuromuscular adapta-
tions, and injury susceptibility, failing to account for these
differences may result in suboptimal training recommen-
dations and performance outcomes (Hunter and Senefeld,
2024; Thompson and Han, 2019). Due to gender differ-
ences in biomechanical and physiological characteristics, it
may not be reasonable to apply evidence from male ath-
letes to female athletes (Emmonds et al., 2019). Conse-
quently, training programs should be tailored to address
these sex-specific differences to maximize effectiveness
and minimize injury risk. Few studies are available now on
female adolescents, and there is a lack of adequate scien-
tific guidance regarding training protocols and perfor-
mance assessment in practice. To our knowledge, only two
meta-analyses were conducted to independently assess the
effects of ST or PT on physical fitness in female adoles-
cents (Moran et al., 2019; Moran et al., 2018). However,
these studies focused on general adolescents and single
performance variables, rather than trained female team
sport athletes. As shown in previous research, adolescents'
responses to these trainings vary by population, type of
training, and outcomes (Behm et al., 2017; Lesinski et al.,
2016). For example, Behm et al. found that the increases in
strength and explosiveness are milder in trained adolescent
athletes than in untrained ones, which is attributed to dif-
ferences in baseline fitness and training history (Behm et

al., 2017). As far as we know, no systematic reviews and
meta-analyses have been conducted on the effects of ST
and PT on the physical fitness in female adolescent team
sport athletes. Therefore, this systematic review and meta-
analysis intends to investigate the effects of ST and PT on
vertical jump (VJ), linear sprint (LS), and CODS in female
adolescent team sport athletes and compare the independ-
ent effects between the two training programs. Further-
more, it aims to explore the moderator variables (program-
ming variables and participant characteristics) with poten-
tial impacts on the training effects. This review uniquely
focuses on female adolescent team sport athletes, offering
novel insights for evidence-based training. The findings
are expected to offer practical guidelines on the two train-
ings for coaches and athletes.

Methods

Study registration

This study was conducted following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement (Page et al., 2021), and was prospec-
tively registered with PROSPERO (CRD42024589413).

Data sources and search strategy

A systematic search was conducted in databases that fully
covered sports science literature (PubMed, Web of Sci-
ence, Cochrane, Embase, and SPORTDiscus) from their
inception to August 28, 2024 using medical subject head-
ings (MeSH) and free terms, with no restrictions on region,
year or language of publication. The search strategy is de-
tailed in Supplementary Material 1.

Eligibility criteria

Inclusion criteria

Population (P): healthy female adolescent (10-19 years, as
defined by the World Health Organization) athletes of team
sports (e.g., football, basketball, volleyball, and handball),
with no restrictions on the athletes' competitive perfor-
mance to make the analysis more comprehensive.

Intervention (1): ST or PT for at least four weeks,
since previous studies have reported beneficial effects with
this duration (Hammett and Hey, 2003; Lloyd et al., 2012).

Comparison (C): active controls.

Outcome (O): at least one of the following measures
of physical fitness pre- and post-training intervention: VJ,
LS, or CODS.

Study design (S): randomized controlled trials on
the intervention effects.

Exclusion criteria
Population (P): female adolescent team sport athletes with
health problems (e.g., injury, and recent surgery).

Intervention (I): 1) ST or PT for less than four
weeks; 2) interventions that combined ST or PT with other
training modalities (e.g., ST + PT, and PT + sprint training)
were excluded to isolate the independent effects of each in-
tervention.

Comparison (C): lack of active controls.

Outcome (O): lack of baseline and/or follow-up
data, and no reports on VJ, LS, or CODS.
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Study design (S): 1) Non-randomized controlled tri-
als; 2) crossover trials; 3) acute studies < 4 weeks.

Study selection and data extraction

The studies retrieved were imported into Endnote 21.0,
where duplicate records were automatically removed and
manually screened for any remaining duplicates. We
screened the titles and abstracts initially for potentially el-
igible studies, and then downloaded and read the full text
to finally identify the eligible studies. A standardized data
extraction form was developed to extract the following
data: title, first author, year of publication, DOI/PMID, au-
thor's country, type of sports, type of interventions, pres-
ence or absence of experience in PT/ST, training programs
(duration, frequency, total sessions, mean session duration,
intensity, number of sets, repetitions, and rest between
sets), number of cases, total participants, age, height,
weight, percentage of body fat, body mass index, test pro-
tocols and outcomes. In addition, means and standard de-
viations of variables of physical fitness pre- and post-train-
ing (VJ, LS, and CODS) were extracted. To prevent over-
statement of effects, the results of the test with the longest
duration were included for the analysis in the case of mul-
tiple CODS tests in one study (Garcia-Ramos et al., 2018).
LS speed was measured over a distance of 15-40 meters
(Rumpf et al., 2011), and the results of the test with the
longest distance (e.g., 40 meters) were included in the case
of multiple distances/splits. In the case of multiple VI tests
in one study, the results of the countermovement jump test
were preferably extracted as they were more representative
of jump performance in actual sports (Markovic and Jaric,
2007; McMabhon et al., 2017). However, if a study only re-
ported squat jump or drop jump instead of countermove-
ment jump, the available data were included in the analysis
to ensure comprehensive coverage of jump performance
metrics. In cases where the required data were not fully or
properly reported, the study authors were contacted for
clarification. The study outcomes were not subjected to ad-
ditional analysis if the authors failed to respond after two
attempts or were unable to provide the necessary data.
When data were presented as figures, validated software (r
=0.99,p <0.001) (Drevon et al., 2017) (WebPlotDigitizer;
https://apps.automeris.io/wpd/) was used to extract the nu-
merical data. Two reviewers (HL, XZ) independently per-
formed study selection and data extraction using a stand-
ardized and piloted data extraction form. The results were
cross-checked, and any discrepancies, particularly those
concerning outcome metrics, were resolved through dis-
cussion and consensus. If disagreement persisted, a third
reviewer (CX) was consulted.

Risk of bias and certainty of evidence

The risk of bias was assessed at the study level using the
latest version of the Cochrane risk-of-bias tool for random-
ized trials (ROB-2) (Flemyng et al., 2023) from five do-
mains: randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. Each item
was rated as low risk, high risk, or some concerns.
The quality of each included study was independently as-
sessed by two reviewers (HL, XZ), and discrepancies were

resolved by consultation with a third reviewer (CX).

The Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) approach was ap-
plied to assess the certainty of the evidence for each out-
come (Schiinemann et al., 2013). This method evaluates
five domains, namely risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias, to determine the
certainty of the evidence. The certainty is classified into
four levels: high, moderate, low, or very low. Downgrad-
ing was considered when there were serious concerns in
one or more domains. Upgrading was applied when there
was a large magnitude of effect, evidence of a dose-re-
sponse relationship, or when all plausible confounding
would reduce a demonstrated effect. The evaluation was
independently conducted by two reviewers (HL, XZ) and
cross-checked by a third reviewer (CX).

Statistical analysis

Effect sizes (ES) were calculated by comparing the differ-
ences in performance variables between the training group
and the control group pre- and post-intervention. Post-in-
tervention standard deviation values were used to standard-
ize the data. The random-effects model was employed to
account for differences between studies that might impact
training effects (Deeks et al., 2019; Kontopantelis et al.,
2013). Represented by Hedge's g, ES values were pre-
sented with standardized mean differences with their 95%
confidence intervals (95% CIs) to adjust for a small sample
size. The following scale was used to interpret the ES mag-
nitudes: trivial (< 0.2), small (0.2 - 0.6), moderate (> 0.6-
1.2), large (> 1.2 - 2.0), very large (> 2.0 - 4.0), and ex-
tremely large (> 4.0) (Hopkins et al., 2009). The sample
size in the active control group was proportionately split to
facilitate inter-group comparisons in studies with more
than one intervention group (Higgins et al., 2008). The I?
statistic was adopted to evaluate the study heterogeneity,
with low, moderate, and high levels represented by values
of <25%, 25% - 75%, and > 75%, respectively (Higgins
and Thompson, 2002). By excluding low-quality studies,
sensitivity analyses were conducted to verify the result re-
liability. The publication bias was assessed (with at least
10 studies) by funnel plots and Egger's tests (Egger et al.,
1997); the trim and fill method was utilized if the publica-
tion bias was present (Duval and Tweedie, 2000).

In addition, subgroup analyses were conducted be-
sides the main analysis to explore potential influencing fac-
tors on the intervention effects. Different participant char-
acteristics and variables of training programs were selected
and could be considered as having a potential influence on
the intervention effects. Since age and biological maturity
affect explosiveness in female adolescents (Emmonds et
al., 2017), age, height, and weight were selected as moder-
ator variables. Females typically reach their full adult
height around the age of 15 (Georgopoulos et al., 2001).
Therefore, participants were categorized into < 15- and >
15-year-old groups, allowing for a comparison between
those still undergoing maturational changes and those who
had largely completed them. They were also grouped by
height in the same way (> 163 and <163 cm), as 163 cm is
an approximation of the mean height of females at full
maturity (Pellett, 1990). The weight of athletes varied
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across the type of team sports, so participants were grouped
by weight using a median-split technique. The three factors
were possibly important determinants of training adapta-
tions in female adolescents. In addition, participants were
categorized according to the type of sports to investigate
the adaptations of athletes of different sports to the training
program. Training duration (weeks), frequency (ses-
sions/week), and total sessions were selected as the moder-
ator variables based on the principle of frequency, inten-
sity, time, and type (FITT) (Pescatello et al., 2015). Where
appropriate, these moderator variables were divided using
the median-split technique (Moran et al., 2019; Moran et
al., 2018). If a given moderator variable was described in
at least three studies, the median was calculated. Instead of
using the global median for a given moderator (e.g., the
median of training duration from all included studies), me-
dian values were calculated using only those studies that
provided data for the outcome under analysis to minimize
heterogeneity. The same random-effects model as in the
main analysis was applied in subgroup analyses. Statal5.0
was adopted, and statistical significance was set to p <
0.05.

Results

Study selection

The number of studies included and excluded at each stage
of the screening is shown in Figure 1. 7,925 studies were
initially identified, of which 3,625 duplicate publications
(from different databases) were removed. After a review of

titles and abstracts, the full text of 41 studies was down-
loaded and read. After 15 studies were excluded (one due
to male participants; three due to inappropriate age of par-
ticipants; six due to inappropriate intervention; one due to
inappropriate study design; one due to male and female
data grouped; one due to insufficient data; two due to no
useful data [no usable outcome metrics], 26 eligible studies
were finally included into this meta-analysis (Arazi et al.,
2018; Attene et al.,, 2015; Gaamouri et al., 2023a;
Gaamouri et al., 2024; Gaamouri et al., 2023b; Genc H,
2019; Haghighi et al., 2024; Hammami et al., 2019; 2020;
2022a; 2022b; Hammami and Zmijewski, 2024; 1, 2020;
Idriss et al., 2022; Idrizovic et al., 2018; Martel et al., 2005;
Meszler and Vaczi, 2019; Ortega et al., 2020; Ozbar et al.,
2014; PA, 2015; Paes et al., 2022; Pedersen et al., 2019;
Rojano Ortega et al., 2022; Rubley et al., 2011; Turgut et
al., 2016; Vaczi et al., 2022).

Study characteristics

All included studies involved 705 female adolescent team
sport athletes, including 302 handball players, 156 volley-
ball players, 136 football players, and 111 basketball play-
ers. Of these, 197 attended ST, and 183 attended PT, with
the remaining 325 as active controls. The training duration
ranged from 5 to 20 weeks, mostly (96%) < 12 weeks. The
training frequency was 1-3 sessions/week, mostly (65%) 2
sessions/week. Total sessions ranged from 8 to 36 sessions,
mostly (54%) > 20 sessions. The participant characteristics
and details of the training programs in the included studies
are described in Table 1.

( TIdentification of studies via databases and registers }

—
Records identified from*:
g Embase (n = 1,542)
K Web of Science (n =2,321)
!E PubMed (n=1,411)
£ Cochrane (n = 2,298)
= SportDiscus (n = 353)
Total (n = 7,925)
—
|

Records screened

Screening

!

Reports assessed for eligibility

(n=4,300) (n=4,258)

h 4
Reports sought for retrieval » | Reports not retrieved )
(n=42) (n = 1) (full text not available)

Records removed before screening:
Duplicate records removed (n =
3,625)

Records marked as ineligible by
automation tools (n=0)
Records removed for other
reasons (n = 0)

Records excluded**

Reports excluded:

(n=41)

—
A4
—
- 25 . .
= Studies included in meta-analysis
g (n=26)
£
S,

v

Male participants (n = 1)

Participants wrong age (n = 3)
Inappropriate intervention (n = 6)
Inappropriate study design (n= 1)
Male and female data grouped (n= 1)
Insufficient data provided (n = 1)

No outcome (n = 2)

Figure 1. Flowchart of screening process.
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Table 1. Characteristics of studies included in the systematic review.

Programming variables

Participant characteristics

Mean Rest Exercise test
No. of
Study  Country Dur. ere::. S;l:;:::ls session .. No.of Rep. between N c:s :s Age Height Weight (l?gll\;[rfz) Types of  and outcomes
(weeks) wzek) ) duration Y Sets (n) sets (years) (cm) (kg) sports measured
(min) (s/min)
Plyometric training
Rubley et L.PT: 10 162.5 50.84 VI
al (2011  USA 12 1 12 NR L 14520 NR 16 5l 134(5) (567 5.1) NR Soccer (height, em)
LPT: 183  1PT:163.1 1PT:588 I%Méz | cMJ
Ozbar et . . 1.PT: 9 (+2.6) *=5.3) (£7.8) R (height, cm);
al. (2014) Turkey 8 ] e 60min  LtoH 45 515 3-5min 18 , 059 20G 180 2.0G: 1594 2.CG: 544 (E257) SIS 20 m sprint
(+2.0) (5.1) (#6.1) 2XEER 01, (time, s)
: : : (:2.8) g
I.PT: 15.16 1PT:153.0 L.PT:50.33
Idriss et . . LPT: 11 (£0.93) (+6.47) (6.11) SJ, CMJ (height,
al. (2022) Algeria 103 30 1583 min - MtoH NR - NR  NR 22 ,0q 01 50G: 1508 2.0G: 1515 2.0G:49.66 R Football cm)
(+0.19) (+5.57) (+6.02)
Meszler & 1.PT: 15.8 1.PT: 1764 1.PT:63.5 T-sprint test,
A . § i . 1.PT: 9 (*1.2) (+8.6) (+8.6) Illinois agility test
(\2’8%1) Bimigrgy 2 14 AV H 26 410 2mmn 18,069 2CGi 157 2.CG:177.5 2.0G: 66.1 LR kbl (time, 5);
(1.3) (+7.4) (+8.9) CcMJ
I.PT: 148 1PT: 1612 1.PT:54.3 1.PT:20.86 ;Eén‘}‘stelslfzzlgl‘l’t‘;
Cengizhan . LPT: 10 («1.14) (+5.07) (+8.64) (+2.88) . :
2015) ~ Twkey 6 3 18 120min - NR 3 NR NR 20 ,'nG 10 2.CG: 149 2.CG: 1646 2.CG:59.7 2.CG:21.79 Basketball t;f)t(rﬂnge(; rsr)l
(+0.99) (+7.77) (+ 15.83) (+4.32) sprint(time. 5
I.PT: 1483 1PT:163.0 1.PT:51.89 1PT:19.35
Attene et at least 20 . 1.PT: 18 (.92) (+8.62) (9.69) (*2.16) CMJ and
al 2015) @by © 2 12 minutes R 23 610 Imin 36 50608 206G 2.CG:165.0 2.0G:57.50 2.CG:21.12 Basketball - grp cioht om)
15.20(£92)  (5.70) (+5.70) (+2.83)
I.PT: 1445 1.PT: 160.0 1.PT:53.72 20 m sprint
Paes et al. . . 1.PT: 11 (+.69) (+7.0) (9.01) (time, s);
(2022) Brazil 6 2 12 30-60min NR —1-6 515 30s 21 5 G510 2.0G: 1530 2.CG: 163.0 2.CG: 59.98 NR  Basketball 00 elity
(x1.16) (+8.0) (£16.74) test(time, s)
It gl 1.PT:14.6  1.PT:168.3 1.PT:61.7 1.PT: 21.9 20 m sprint
IPT:8  («1.5) (+8.7 (£10.3) (+3.9) (time, s);
(%;14) Iran e 2 2 NR IS 2 e NR 16 ,0G:8  20G:  2.CG:1658 2.CG:56.7 2.0G:20.6 basketball o oo of
15.1(+1.8) (9.7) (+13.6) (£5.6) direction (time, s)

Data are presented as mean = SD. ST: Strength training; PT: Plyometric training; CG: Control group; Dur.: durations; Freq.: frequency; Rep.: repetitions; BMI: Body mass index; 1 RM: One repetition maximum; SJ: Squat jump; VI:
Vertical jump; CMJ: Countermovement jump; NR: Non-reported; N: Total population; L: Low; M: Moderate; H: high.
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Programming variables Participant characteristics
Mean Rest Exercise test
No. of
Study Country Dur. Freq. Tofal session . No.of Rep. between N o0 Age Height Weight BMIZ Types of and outcomes
(per Sessions " Intensity cases (kg/m?)
(weeks) duration Sets (n) sets (years) (cm) (kg) o sports measured
week) (n) (min) (S/min) or BF (%)
Plyometric training
1.PT: 15 1.PT: 167 1.PT: 64 \Al
Martel et . ) 1.PT: 10 (1) =9) (*13) (height, cm)
al. (2005) USA 6 2 12 45 min NR 25 NR30s 19 H0G.9  20G 14 2.CG: 164 2.CG:57 NR  Volleyball
(1) (+8) (+8)
Idrizovic 20 et
. . 1.PT: 13 16.6 173.3 59.4 (time, s);
et al. Montenegro 12 2 24 40-60min LtoH 4-6 1-5 2-5min 30 2CG: 17 (£0.6) (£4.2) (=8.1) NR Volleyball CMI
(2018) )
(height, cm)
Rojano 1.PT: 16.07 1.PT:166.8 1.PT:67.82
. . 4 ILPT: 14 (£1.07) (+1.89) (+5.53) cMJ
g“é%azgt) Spain 7 2 4 4min M 230 815 Imin 28506014 206 1571 2.0G: 165.6 2.0G: 6130 R Volleyball o Loht, em)
) (*.73) (=4.86) (7.23)
LPT: 150 1.PT:166 1.PT:504 PBTM; A 38irr‘;:p;;?t
Turgut et 30 s- 1.PT: 8 (*1.0) (=6) (8.3) o >
al. (2016) Turkey 12 3 36 NR NR 1-3 60's 30s5-60s 16 2CG8 2.CG 144 2.CG-161 2.CG: 50 5 C(iGl9l)9 1 Volleyball . hexlagonal .
13) (=5) 7.8) .CG: 19. obstacle test an
' ' (2.0) zigzag test (time, s)
BF: 5m, 10m, 20 m,
. 1.PT: 158 1.PT:166 1.PT:64.2 . 30 m sprint(time, s);
Hagtl?laml Tunisia 10 2 20 NR NR 23 6 30s 34 MPTIT O (E2) (3) (3.3) 123 éiz Handbal ~ Mmodified Ilinois
(2026) 2.CG:17 2.CG:15.8 2.CG:167 2.CG:63.0 5 CG'. 26.0 test(time, s);
(+2) (+4) (+3.8) w33 SJ, CMJ, CMJ with
) arms(height, cm)
. ILPT:157 1PT:165 1PT:638  Br: Modified agility
S IPT: 14  (2) +3) ay 2 LTaBs T-test(time, s);
et al. Tunisia 10 2 20 NR NR 2-3 6 30s 28 2CG 14 2.CG 158 2.CG 167 2.CG- 633 (4.1) Handball SJ. CMJ
(2023a) 2.CG: 24.6 X
(*2) *3) (=4.1) (1.8) (height, cm)
BF: 5m, 10 m, 20 m, 30
. 1.PT:13.5 1.PT:142 1.PT:42.6 s m sprint(time, s);
Hammami 1.PT: 21 (+3) ) (46 ~ LPT123 modified Tllinois
(25?19') Tunisia ? 2 18 NR NR 10 68 Os 41 1 0G:20 2.CG: 133 2.CG: 143 2.CG:42.3 5 &}3?4 ; Handball o T test(time, s):
(+3) = (#4.5) ) (ﬁ' 9) ’ SJ, CMJ, CMJ with

arms (height, cm)

Data are presented as mean + SD. ST: Strength training; PT: Plyometric training; CG: Control group; Dur.: durations; Freq.: frequency; Rep.: repetitions; BF: Body fat; BMI: Body mass index; 1 RM: One repetition maximum; SJ:
Squat jump; VJ: Vertical jump; CMJ: Countermovement jump; NR: Non-reported; N: Total population; L: Low; M: Moderate; H: high
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Table 1. Contiue....

Programming variables

Mean Rest

Participant characteristics

Exercise test

No. of
Study Country Dur Freq. Tofal session . No.of Rep. between N cgs:s Age Height Weight BMIZ Types of and outcomes
(weeks) (D ions duration Lty Sets (n) sets (years) (cm) (kg) Eegine) sports measured
week) (n) . . or BF (%)
(min) (s/min)
Strength training
1.ST: 1.ST: 1.ST: 150 1.ST:41.5
Véczi et i ) : 13 11.3 (£5) (£6.6) (£7.0) CMJ
al (2022)  Hungary CUE WIS WIS R S N 2 g o 2.CG:  2.CG: 1464 2.CG:41.1 Wi demabEl e o o)
10 10.9 (+.5) (+3.4) (+5.6)
BF: 10 m, 20 m
1.ST(1): 1.ST(1): 1.ST(1): 1.ST(1): 1.ST(1): sprint(time, s):
Hammami & 12 162 (3) 1671 (£3.7) 643 (40) 37 1o o odified
Zmijewski Tunisia 10 2 20 45 min NR 3-5 12 NR 36 2.8T(2): 2.ST(Q2): 2.ST(2): 2.5TQ): 2.ST(2): Handball Illinois test
(2024) 12 16.2 (+4) 165.5 (£3.2) 63.8 (+3.3) 230 (= 11) (time, 5)-
3.CG: 3.CG: 3.CG: 3.CG: '3 G ) SJ C’MJ’
12 163 (£3) 167.6 (£3.6) 63.5(x4.4) 23‘9' (- 1"4) (heiéht om)
5m, 10 m, 20 m,
BF: 30 m sprint
Hammami 1'IS3T: . 51&5(1 : 2 1'3(1:4)170 1.ST: 64 (+3) 1.ST: 25.3 mocfitg?d"’lfl)i;nois
et al. Tunisia 10 2 20 NR NR 3-5 10 30s 26 2 CG: Z.CG.’ 2.CG: 167 2.CG: 64 (*1.7) Handball test (time, s);
(2022a) D o oy (=4) 2.CG: 26.6 e
13 15.8 (£.2) (=4) @3.4) SJ, CMJ, CMJ
’ with arms
(height, cm).
BMI: Pro agility test,
1.ST: 1.ST: 1.ST: 1.ST: 60.03 1ST: 22’ 07 505 agility test
Genc et al. . . 10 17.80 (£1.4) 153.2 (£5.8) (£7.9) PPN (time, s);
(2019) Turkey 8 3 24 60 min NR 20 1035 3min 200, A 2.CG: 20G: 2.0G: 6330 , C(iGl'ng)Zl Handball 5 ciofe, em):
10 17.60 (£1.89) 166.6 (+5.8) (£6.3) ’ (:t2. 07)' 10 m, 30 m sprint
) (time, s).
1.ST: 1.ST: 1ST:  1ST:-64.10 .  DF
Gaamouri .16 ' 15 86 (i'30) 167.(i3. 4) '(i_,; 50') 1.ST: 22.00 T test(time, s);
et al. Tunisia 10 2 20 45 min NR 3-5 12 NR 30 2CG: '2 CG.’ ) CG: ) CG'. 63.40 (#2.70)  Handball SJ, CMJ
(02 14 15.80 (20) 167 (+32)  (+4.10) Z'C(fl: ;g)ﬂo (s Gm)
1.ST: 1.ST: 1.ST: 1.ST: BF:
Gaamouri '17 ’ 15 7 (i.2) 1 69' (g ) 63 4' (ﬁ' 8) 1.ST: 21.5 T test(time, s);
ctal. Tunisia 10 2 20 NR NR 35 10 30s 34, G S CG G S G (+1.8)  Handball SJ, CMI(height,
(2023b) Dyt o R s 2.CG:21.7 cm).
17 15.8 (x2) 1.67 (¥3.5) 63.0(+3.8) (+2.5)

Data are presented as mean + SD. ST: Strength training; PT: Plyometric training; CG: Control group; Dur.: durations; Freq.: frequency; Rep.: repetitions; BF: Body fat; BMI: Body mass index; 1 RM: One repetition maximum; SJ:
Squat jump; VJ: Vertical jump; CMJ: Countermovement jump; NR: Non-reported; N: Total population; L: Low; M: Moderate; H: high
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Table 1. Contiue....

Programming variables

Mean

Rest

Participant characteristics

Exercise test

No. of
Study Country Dur. Freq. Tofal session . No.of Rep. between N o0 Age Height Weight BMIZ Types of and outcomes
(per Sessions . Intensity cases (kg/m?)
(weeks) ) () duration Sets (n) sets (years) (cm) (kg) or BF (%) sports measured
(min) (s/min) .
Strength training
5m, 10 m, 20 m,
30 m sprint
Hommam 1.ST: 1.ST: 1.ST: 1.ST: 1Bst gllg;ﬁz)d
etal. Tunisia 10 2 20 NR NR 35 12 NR 30 5 1573 166535  641@E3.6)  »73:36) Handball Illinois test
2.CG: 2.CG: 2.CG: 2.CG: . . )
() 15 157 (£2) 167 @x4.1)  63.3(+3.9) 24068 (@i, )
L : = = 26.5 (+3.3) SJ, CMJ, CMJ
with arms
(height, cm)
1.ST(1):
15 30 m sprint
Ortega et . . 2.8T(2): 13.6 BMI: (time, s);
al. (2020) Colombia 12 3 26 NR NR 4 10 3min 46 13 12) 157 (+6.6) 46.7 (£5.3) 17.6 (+1.4) Soccer SJ, CMJ
3.CG: (height, cm)
18
BMI: .
1.ST(1): 1.ST(1): 1.ST(1): 1.ST(1): 1.ST(1): 22.48 5 m, 20 m sprint
70% 11 15.80 (1.03) 164.50 (+3.96) 60.88 (+ 8.26) @3 '35)' (time, s);
Ince, o - . 2.ST(2): 2.ST(2): 2.ST(2): 2.ST(2): " T test
(2020) UE %7 6 2 12 NR 910 ﬁh(/)[f =73 Zmin 33 11 1522 (£1.20) 167.78 (+3.53) 62.02 (+7.20) Z'Sz?ﬁf VAR e o
3.CG: 3.CG: 3.CG: 3.CG: 3 CG~.20 79 SJ, CMJ
11 15.14 (£0.38) 165.29 (+5.25) 61.32 (+5.89) .(ill 635 (height, cm)
A2
1.ST(1): 1.ST(1): 1.ST(1): 1.ST(1): . .
0% 10 182 (x24) 161 (x6)  54.5(26.6) (gglilts’pcrﬁ’
Arazi et o " 2.8T(2): 2.8T(2): 2.8T(2): 2.8T(2): . .
al. (2018) Iran 8 3 24 NR 91()§)1\(/}f -3 1-10 20s-30s 30 10 18.7 (£1.5) 166 (+5) 56.5 (£9.0) NR Volleyball C(ltll;lle’es(),’f
3.CG: 3.CG: 3.CG: 3.CG: S
10 19.1 (£2.7) 163 (£5) 54.0 (£7.5) (time, 5)
1.ST: .
1.ST: 1.ST:183(SD:  I1.ST: 61.67(SD: BML: 5 i, W,
Pedersen 85% of 19 2.7) 167 (26) 5.40) 1.ST: 15 m sprint
et al. Norway 5 2 10 NR . 3-4 4-6 >180s 34 . A ) Py 22.1 (£2) Football (time, s);
(2019) 1 RM 2.CG: 2.CG: 2.CG: 2.CG: 2CG: CMI
15 18.3(SD: 2.4) 168 (£5) 621.(9)2455)]): 223 (+3) (height, om)

Data are presented as mean = SD. ST: Strength training; PT: Plyometric training; CG: Control group; Dur.: durations; Freq.: frequency; Rep.: repetitions; BF: Body fat; BMI: Body mass index; 1 RM: One repetition maximum; SJ:
Squat jump; VJ: Vertical jump; CMJ: Countermovement jump; NR: Non-reported; N: Total population; L: Low; M: Moderate; H: high.
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Overall Bias

Selection of the reported result
Measurement of the outcome
Mising outcome data

Deviations from intended interventions

Randomization process |G

o

m Low risk

10 20 30

Some concerns

40 50 60 70 80 90 100

m High risk

Figure 2. Risk of bias graph.

Risk of bias and certainty of evidence

The risk of bias in the included studies was assessed at the
study level using the Cochrane risk-of-bias tool for ran-
domized trials (ROB-2). Five studies (Attene et al., 2015;
Haghighi et al., 2024; I, 2020; Pedersen et al., 2019; Turgut
et al., 2016) were rated as low risk in the randomization
process domain, while the remaining 21 studies raised
some concerns mainly due to insufficient detail on random-

ization. Regarding deviations from intended interventions,
two studies (Gaamouri et al., 2023b; Hammami et al.,
2019) were rated as low risk, with the rest having some
concerns in this domain. For the other domains, including
missing outcome data, measurement of the outcome, and
selection of the reported result, all studies were rated as low
risk. Detailed results for domain-specific and overall risk-
of-bias assessments are presented in Figure 2 and Figure 3.

Study ID D1

=]
<
[}
e
=
=]

M. D. Rubley 2011

. Low risk

N. Ozbar 2014

! Some concerns

M. M. Idriss 2022

High risk

B. Meszler 2019

P. A. Cengizhan 2015

D1 Randomisation process

G. Attene 2015

D2 Deviations from the intended interventions

P. P. Paes 2022

D3 Missing outcome data

A. H. Haghighi 2024

D4 Measurement of the outcome

G. F. Martel 2005

D5 Selection of the reported result

K. Idrizovic 2018

D. Rojano Ortega 2022

E. Turgut 2016

M. Hammami 2020

N. Gaamouri 2023(a)

M. Hammami 2019

M. Viczi 2022

M. Hammami 2024

M. Hammami 2022(a)

H. Genc 2019

N. Gaamouri 2024

N. Gaamouri 2023(b)

M. Hammami 2022(b)

J. A F. Ortega 2020

I. Ince 2020

H. Arazi 2018

D2
!
1
!
!
|
|
!
|
|
!
!
!
1
|
1
|
|
!
|
|
|
!
|
!

S. Pedersen 2019

90000000000000000000000000:
90000000000000000000000000:
900000000000000000000000000:
GCEEEEOEEEEEEEEEEREEEEEREEEEE

Figure 3. Risk of bias summary.
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Effect %
Training programs and study (95% ClI) Weight

1. Plyometric training X
M. D. Rubley 2011 —_———— 1.19 (0.08,2.31) 3.14
N. Ozbar 2014 —L— 1.05 (0.04,2.05)  3.43
M. M. Idriss 2022 - 0.63 (-0.23, 1.49) 3.81
B. Meszler 2019 —_— -0.33 (-1.27, 0.60) 3.62
G. Attene 2015 - 0.48 (-0.19, 1.14)  4.36
G. F. Martel 2005 —_——— 0.48 (-0.44,1.39) 3.66
K. Idrizovic 2018 —— 0.68 (-0.07, 1.42) 4.13
D. Rojano Ortega 2022 —r— 0.26 (-0.49, 1.00) 4.13
M. Hammami 2020 i ——%—— 226(1.38,3.15) 3.75
N. Gaamouri 2023(a) | ——%—— 212(1.16,307) 357
M. Hammami 2019 —_— 0.99 (0.34, 1.64) 4.39
Subgroup, DL (I2 = 64.6%, p = 0.002) < 0.87 (0.44,1.29) 42.00

1

2. Strength training :
M. Véczi 2022 _—— 159 (0.62,2.56) 3.53
M. Hammami 2024 ST1 —— 1.60 (0.66,2.54)  3.59
M. Hammami 2024 ST2 —_— 1.36 (0.46,2.26)  3.69
M. Hammami 2022(a) —— 1.32 (0.46,2.19)  3.81
H. Genc 2019 —_— 0.07 (-0.81, 0.94) 3.77
N. Gaamouri 2024 —— 1.75 (0.89,2.61)  3.81
N. Gaamouri 2023(b) ——— 159 (0.80,2.37)  4.03
M. Hammami 2022(b) |—— 1.77 (0.91,2.63)  3.81
J. A. F. Ortega 2020 ST1 —r— 057 (-0.13,1.27) 4.26
J. A F. Ortega 2020 ST2 —_— -0.50 (-1.22,0.23) 4.19
1. Ince 2020 ST1 —_— -0.39 (-1.23, 0.46) 3.85
1. Ince 2020 ST2 —_— -0.16 (-0.99, 0.68) 3.88
H. Arazi 2018 ST1 —— 0.46 (-0.43,1.35) 3.73
H. Arazi 2018 ST2 —_— 0.44 (-0.45,1.33) 3.73
S. Pedersen 2019 — -0.08 (-0.76, 0.60) 4.32
Subgroup, DL (I2 = 75.0%, p <0.000) <P 0.74 (0.31,1.17) 58.00

1

Heterogeneity between groups: p = 0.679 !
Overall, DL (12 = 70.6%, p < 0.000) <> 0.79 (0.49, 1.09) 100.00

T T

-2 0

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 4. Forest plot of the effects of strength and plyometric training on vertical jump in female adolescent team sport athletes.

According to the GRADE assessment, the certainty
of evidence was rated as high for most outcomes, including
the effects of PT on vertical jump, and both ST and PT on
linear sprint and change-of-direction performance. For ST
on vertical jump, the certainty was moderate due to incon-
sistency and imprecision. Large effect sizes and dose—re-
sponse trends supported upgrading, while heterogeneity
and limited sample size led to some downgrading.

Main effect

Vertical jump

Twenty-two studies evaluated the effects of ST (11 studies)
and PT (11 studies) on VJ in female adolescent team sport
athletes. The between-group heterogeneity test showed no
significant difference between ST and PT in the effect on
VI (p = 0.679). Significant and moderate positive effects
were observed for both ST (p = 0.001, ES: 0.74, 95% CI:
0.31, 1.17) and PT (p < 0.001, ES: 0.87, 95% CI: 0.44,
1.29). The study results of ST (I>= 75%, p<0.000) and PT
(2 = 64.6%, p = 0.002) had significant heterogeneity
within groups (Figure 4). The pooled results of ST and PT
were robust as verified by sensitivity analyses (Figure S1
and S2, Supplementary Materials 2). Egger's tests revealed
no potential publication bias in the main pooled ES for both
ST (p = 0.06) and PT (p = 0.435), as shown in the funnel
plot (p > 0.05) (Figure S3 and S4, Supplementary Materials
2).

Linear sprint speed

Sixteen studies evaluated the effects of ST (8 studies) and
PT (8 studies) on LS speed in female adolescent team sport
athletes. The between-group heterogeneity test showed no
significant difference between ST and PT in the effect on

LS speed (p =0.955). Significant and large positive effects
were observed for both ST (p = 0.002, ES: -1.26, 95% CI:
-2.07,-0.45) and PT (p = 0.008, ES: -1.23, 95% CI: -2.13,
-0.32). The study results of ST (12= 89.3%, p < 0.000) and
PT (I*= 86.6%, p < 0.000) had significant heterogeneity
within groups (Figure 5). The pooled results of ST and PT
were robust as verified by sensitivity analyses (Figure S5
and S6, Supplementary Materials 2). Publication bias was
not assessed since fewer than 10 studies were included for
each intervention.

Change-of-direction speed

The effects of ST (8 studies) and PT (8 studies) on the
CODS in female adolescent team sport athletes were eval-
uated in sixteen studies. The between-group heterogeneity
test showed no significant difference between ST and PT
in the effect on CODS (p = 0.933). Significant and moder-
ate positive effects were observed for both ST (p <
0.001, ES: -1.16, 95% CI: -1.77, -0.55) and PT (p = 0.007,
ES: -1.20, 95% CI: -2.08, -0.32). The study results of ST
(1= 80.2%, p < 0.000) and PT (I>= 8.6%, p < 0.000) had
significant heterogeneity within groups (Figure 6). The
pooled results of ST and PT were robust as verified by sen-
sitivity analyses (Figure S7 and S8, Supplementary Mate-
rials 2). Publication bias was not assessed since fewer than
10 studies were included for each intervention.

Subgroup analyses

Subgroup analyses were conducted on ST and PT based on
the variables of training programs (training duration, fre-
quency, and total sessions) and participant characteristics
(age, height, weight, and type of sports). The results are
detailed in Supplementary Material 3.
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Figure 5. Forest plot of the effects of strength and plyometric training on linear sprint speed in female adolescent team sport

athletes.

Figure 6. Forest plot of the effects of strength and plyometric training on change-of-direction speed in female adolescent team

sport athletes.

Training programs and study

1. Plyometric training
N. Ozbar 2014

P. A. Cengizhan 2015
P. P. Paes 2022

A. H. Haghighi 2024
K. Idrizovic 2018

E. Turgut 2016

M. Hammami 2020
M. Hammami 2019
Subgroup, DL (? = 86.6%, p < 0.000)

—_—

2. Strength training

M. Hammami 2024 ST1
M. Hammami 2024 ST2
M. Hammami 2022(a)
H. Genc 2019

M. Hammami 2022(b)

J. A. F. Ortega 2020 ST1
J. A. F. Ortega 2020 ST2
I. Ince 2020 ST1

l. Ince 2020 ST2

H. Arazi 2018 ST1

H. Arazi 2018 ST2

S. Pedersen 2019
Subgroup, DL (I = 89.3%, p < 0.000)

Heterogeneity between groups: p = 0.955
Overall, DL (I* = 87.8%, p < 0.000)

f

b

=

<>

I

L+l

Effect

%

(95% Cl) Weight

-1.02 (-2.02,-0.02) 4.99
0.48 (-0.41,1.37)  5.14
-0.26 (-1.12,0.60)  5.18
-0.45 (-1.44,0.55)  5.00
-0.74 (-1.48,0.01) 5.32
-1.48 (-2.63,-0.34) 478
-4.85 (-6.24, -3.45) 4.40
-2.06 (-2.83,-1.29) 5.30
-1.23 (-2.13,-0.32) 40.11

-3.94 (-5.40, -2.48) 4.30
-3.47 (-4.81,-213) 4.49
-2.84(-3.98,-1.71) 479
0.00 (-0.88,0.88)  5.16
-4.26 (-5.62, -2.90) 4.45
-0.56 (-1.26,0.14)  5.38
0.84 (0.10,159)  5.32
-1.00 (-1.90,-0.11)  5.13
-0.98 (-1.88,-0.09) 5.14
-0.06 (-0.94,0.81) 5.16
-0.07 (-0.94,0.81) 5.16
-0.08 (0.76, 0.60)  5.41
-1.26 (-2.07, -0.45) 59.89

-1.24 (-1.84, -0.65) 100.00

T
-5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

o

Training programs and study

Effect %
(95% Cl) Weight

0.26 (-0.67,1.19)  5.29
-0.11(-0.99,0.77)  5.40
-0.17 (-1.03,0.69) 5.44
-0.42 (-1.42,057) 515
-1.57 (-2.73,-0.41) 478
-2.98 (-3.99,-197) 5.12
-3.46 (-4.68,-2.23) 4.5
-1.48 (-2.18,-0.78) 5.76
-1.20 (-2.08, -0.32) 41.59

-3.05 (-4.29,-1.81) 4.62
-1.92(-291,-092) 5.15
-1.02 (-1.84,-0.19) 5.51
-0.07 (-0.94,0.81)  5.40
-2.82 (-3.87,-1.77) 5.3
-1.78 (-2.59,-0.97) 5.54
-1.81 (-2.68,-0.94) 5.42
-0.32(-1.17,052)  5.47
-0.33(-1.18,0.51) 547
-0.04 (-0.92,0.83)  5.40
-0.05(-0.92,0.83) 5.40
-1.16 (-1.77,-0.55) 58.41

-1.18 (-1.67, -0.68) 100.00

1. Plyometric training
B. Meszler 2019 ! ==
P. A. Cengizhan 2015 1 ——
P. P. Paes 2022 | —
A. H. Haghighi 2024 ——
E. Turgut 2016 —_—
M. Hammami 2020 — i !
N. Gaamouri 2023(a) —_—— !
M. Hammami 2019 ——
Subgroup, DL (P = 85.6%, p<0.000) << —>>

1

1
2. Strength training :
M. Hammami 2024 ST1 —_— !
M. Hammami 2024 ST2 ——
M. Hammami 2022(a) —
H. Gene 2019 | —
N. Gaamouri 2024 —_—
N. Gaamouri 2023(b) —0—:—
M. Hammami 2022(b) —O—J-
I. Ince 2020 ST1 —r—
. Ince 2020 ST2 —
H. Arazi 2018 ST1 | ——
H. Arazi 2018 ST2 | ——
Subgroup, DL ( =80.2%, p<0.000) <>

1
Heterogeneity between groups: p = 0.933 |
Overall, DL (I? = 81.9%, p < 0.000) <>

T
-5 0

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model
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Strength training

For V], great between-group heterogeneity was present in
training duration, frequency, total sessions, weight, and
type of sports, with statistical significance (p < 0.05). Spe-
cifically, ST with a longer duration (> 10 weeks, ES: 1.20),
lower frequency (< 2 sessions/week, ES: 1.02), or fewer
total sessions (< 20 sessions, ES: 1.02) was significantly
more effective in improving VJ than that with a shorter du-
ration (< 10 weeks, ES: 0.03), higher frequency (> 2 ses-
sions/week, ES: 0.19), or more total sessions (> 20 ses-
sions, ES: 0.19). Following ST, heavier participants (> 62
kg, ES: 1.30) had significantly better improvement in VJ
than lighter ones (< 62 kg, ES: 0.23). VJ in handball play-
ers (ES: 1.38) benefitted much more from ST than in vol-
leyball (ES: 0.07) and football players (ES: 0.00).

For LS speed, great between-group heterogeneity
was present in training duration, frequency, total sessions,
age, height, weight, and type of sports, with statistical sig-
nificance (p < 0.05). Specifically, ST with a longer dura-
tion (> 10 weeks, ES: -2.31), lower frequency (< 2 ses-
sions/week, ES: -2.29), or fewer total sessions (< 20 ses-
sions, ES: -2.29) was significantly more effective in im-
proving LS speed than that with a shorter duration (< 10
weeks, ES: -0.34), higher frequency (> 2 sessions/week,
ES: 0.03), or more total sessions (> 20 sessions, ES: 0.03).
Following ST, older (> 15 years, ES: -1.57), taller (> 163
cm, ES: -1.99), and heavier (> 62 kg, ES: -2.87) partici-
pants had significantly better improvement in LS speed
than younger (< 15 years, ES: 0.13), shorter (< 163 cm, ES:
0.05), and lighter participants (< 62 kg, ES: -0.25). LS
speed in handball players (ES: -2.86) benefitted much more
from ST than in volleyball (ES: -0.52) and football players
(ES: 0.06).

For CODS, great between-group heterogeneity was
present in training duration, frequency, total sessions,
height, weight, and type of sports, with statistical signifi-
cance (p < 0.05). Specifically, ST with a longer duration
(> 10 weeks, ES: -1.98), lower frequency (< 2 ses-
sions/week, ES: -1.58), or fewer total sessions (< 20 ses-
sions, ES: -1.58) was significantly more effective in im-
proving CODS than that with a shorter duration (< 10
weeks, ES: -0.17), higher frequency (> 2 sessions/week,
ES: -0.05), or more total sessions (> 20 sessions, ES: -
0.05). Following ST, taller (> 163 cm, ES: -1.41) and heav-
ier (> 63 kg, ES: -1.98) participants had significantly better
improvement in CODS than shorter (< 163 cm, ES: -0.05)
and lighter participants (< 63 kg, ES: -0.17). CODS in
handball players (ES: -1.73) benefitted much more from
ST than in volleyball players (ES: -0.19).

Plyometric training

For VJ, there was great between-group heterogeneity in
training duration, total sessions, and type of sports, display-
ing statistical significance (p < 0.05). Specifically, PT with
a longer duration (> 9 weeks, ES: 1.36) or more total ses-
sions (> 14 sessions, ES: 1.30) greatly outperformed that
with a shorter duration (<9 weeks, ES: 0.51) or fewer total
sessions (< 14 sessions, ES: 0.46) in improving VJ. V] in
handball players (ES: 1.74) benefitted much more from PT
than in football (ES: 0.90), volleyball (ES: 0.47), and bas-
ketball players (ES: 0.14).

For LS speed, there was great between-group heter-
ogeneity in training duration and type of sports, displaying
statistical significance (p < 0.05). Specifically, PT with a
longer duration (> 9 weeks, ES: -2.20) greatly outper-
formed that with a shorter duration (< 9 weeks, ES: -0.28)
in improving LS speed. LS speed in handball players (ES:
-3.39) benefitted much more from PT than in football (ES:
-1.02), volleyball (ES: -0.98), and basketball players (ES:
-0.06).

For CODS, there was great between-group hetero-
geneity in training duration, total sessions, and type of
sports, displaying statistical significance (p < 0.05). Spe-
cifically, PT with a longer duration (> 9 weeks, ES: -2.32)
or more total sessions (> 18 sessions, ES: -1.88) greatly
outperformed that with a shorter duration (< 9 weeks, ES:
-0.10) or fewer total sessions (< 18 sessions, ES: -0.10) in
improving CODS. CODS in handball players (ES: -2.57)
benefitted much more from PT than in volleyball (ES: -
1.57), and basketball players (ES: -0.10).

Discussion

This meta-analysis intends to examine the effects of ST and
PT on the physical fitness in female adolescent team sport
athletes compared with controls. This meta-analysis in-
cluded 26 studies. In total, 705 female adolescent team
sport athletes were randomly assigned to ST (197 athletes),
PT (183 athletes), or an active control group (325 athletes).
It was found that ST and PT exhibited significant and mod-
erate to large effects on VJ, LS speed, and CODS (p <
0.05).

Vertical jump

Compared with controls, significant moderate improve-
ment was made in VJ in female adolescent team sport ath-
letes after ST (p = 0.001, ES: 0.74). One possible explana-
tion is that ST may enhance the ability of muscles to
quickly generate force by increasing maximal muscle
strength and explosiveness (Suchomel et al., 2016). In par-
ticular, ST involving the lower extremities (e.g., squats,
Nordic hamstring exercise) can enhance lower limb muscle
strength, which plays a crucial role in VJ performance
(Suchomel et al., 2016). The efficacy of ST in enhancing
muscle strength in female adolescents was also verified in
a previous meta-analysis (Moran et al., 2018), which fo-
cused on a broader population of healthy adolescent fe-
males. In contrast, our study specifically targeted female
adolescent team sport athletes, thereby offering sport-spe-
cific insights into the effects of ST. In addition, subgroup
analyses revealed that ST with a longer duration (> 10
weeks), lower frequency (< 2 sessions/week), or fewer to-
tal sessions (< 20 sessions) was more effective in improv-
ing VJ compared to ST with a shorter duration, higher fre-
quency, or more total sessions. However, these variables
were analyzed independently, and their combined effects
were not examined, meaning that potential synergy among
them remains uncertain. With a longer duration or lower
frequency, the body may have more adequate recovery
time, thereby promoting effective gains in neuromuscular
adaptations and muscle strength. Adequate recovery facil-
itates the resolution of exercise-induced muscle damage,
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replenishment of energy stores, and optimal supercompen-
sation, which in turn enhance motor unit recruitment, neu-
romuscular coordination, and overall muscle strength
(Sahin et al., 2022). Following ST, heavier athletes exhib-
ited more pronounced improvements in VJ, which may be
partially attributed to their greater likelihood of having pro-
gressed further in the maturation process, leading to in-
creased muscle mass. Greater muscle mass may enhance
force production, improve the rate of force development,
and contribute to superior neuromuscular efficiency. This
suggests that maturity thresholds may modulate the re-
sponse to ST (Barker et al., 2014). These findings are con-
sistent with the results of a previous meta-analysis on ST
in female adolescents (Moran et al., 2018). In addition, the
improvement in VJ was greater in handball players than in
volleyball and football players after ST, likely because
handball players frequently perform jumps followed by
rapid deceleration and re-acceleration, making ST more ef-
fective in enhancing lower-limb power and explosiveness.
In addition, significant moderate improvement was
also made in VJ in female adolescent team sport athletes
after PT (p<0.001, ES: 0.87) compared with controls, con-
sistent with a previous meta-analysis on PT in female ado-
lescents that PT greatly improves VJ performance in fe-
male adolescents (Moran et al., 2019). Such improvements
can be attributed to various adaptive mechanisms such as
enhanced motor unit recruitment, improved intermuscular
coordination, increased neural drive to agonist muscles,
and increased efficiency of SSC (Markovic and Mikulic,
2010; Taube et al., 2012). Informally, PT can more effec-
tively increase lower extremity explosiveness by improv-
ing the rapid explosive contraction of the muscles, thereby
making jump performance better (Markovic and Mikulic,
2010). Besides, subgroup analyses revealed that PT with a
longer duration (> 9 weeks) or more total sessions (> 14
sessions) performed better in improving VJ. Similarly, a
previous meta-analysis noted that longer duration or more
total sessions of PT contribute to the effectiveness of the
training cycle among female adolescents (Moran et al.,
2019). Slimani et al. also argued that 20 sessions or 10
weeks of training programs are required to maximize the
chances of adaptation (Slimani et al., 2016). The effective
utilization of muscle elastic potential energy and neuro-
muscular adaptations may be facilitated by longer training
cycles and adequate stimuli (Stojanovi¢ et al., 2017). In ad-
dition, the improvement in VJ was greater in handball play-
ers than in basketball, volleyball, and football players after
PT, possibly due to their greater reliance on explosive
jumps during gameplay. In contrast, basketball and volley-
ball players may have already developed high jumping
ability, leading to comparatively smaller improvements.
To be specific, PT focuses more on optimizing the
efficiency of SSC in lower extremity muscles, whereas ST
enhances the jump ability primarily by increasing maximal
muscle strength. The dynamic characteristics and explo-
sive exercises of PT are closer to the actual jump move-
ments than ST, which are especially suitable for the devel-
opment of neuromuscular adaptations in female adoles-
cents. In practice, PT can be prioritized as an effective
method to enhance VJ performance in female adolescent
team sport athletes, while ST provides a foundational

strength base that supports PT adaptations and contributes
to overall athletic development.

Linear sprint speed

LS with SSC movements involves a combination of eccen-
tric, isometric (or amortization), and concentric muscle
contractions (Komi, 1986). SSC-based movements tend to
contribute to greater concentric force output when elastic
energy is quickly and efficiently stored and transferred
from the eccentric phase to the concentric phase (Bosco et
al., 1982a; Bosco et al., 1982b; Cavagna et al., 1968;
Cormie et al., 2010). Elasticity and contraction (e.g., in-
creased muscle activation time, preload effects, muscle-
tendon interactions, stretch reflexes) components affect
maximum power output (Avela et al., 2006; Cavagna et al.,
1968; Ettema et al., 1990; Lichtwark and Wilson, 2005).
Since LS speed is largely influenced by lower extremity
power output, a high ratio of muscle strength is one of the
main contributors to optimal sprint performance (Aagaard
et al., 2002; Cormie et al., 2007; Cronin and Sleivert,
2005). ST contributes to LS speed primarily by increasing
lower extremity muscle strength, particularly in the hip,
knee, and ankle joints (Suchomel et al., 2016). It enhances
sprint performance by increasing maximal force produc-
tion, improving neuromuscular efficiency, and enabling
greater force application during ground contact. Therefore,
this study revealed that ST (p = 0.002, ES: -1.26) exhibited
a significant and greater benefit compared with controls,
consistent with a previous meta-analysis that ST can to a
greater extent improve LS speed in female adolescent team
sport athletes (Hughes et al., 2023). However, that study
did not isolate the effects of ST alone and included both
adolescents and adults, whereas our analysis specifically
focused on the independent effects of ST in female adoles-
cent team sport athletes. Furthermore, subgroup analyses
found that ST with a longer duration (> 10 weeks), lower
frequency (< 2 sessions/week), or fewer total sessions (<
20 sessions) was more effective in improving LS speed
compared to that with a shorter duration, higher frequency,
or more total sessions. The reason is that long-term ST can
more effectively enhance lower extremity muscle strength,
thus improving LS speed. Following ST, older (> 15
years), taller (> 163 cm), and heavier (> 62 kg) participants
showed significantly greater improvements in LS speed.
This enhancement may be attributed to maturation-related
increases in muscle mass, suggesting that maturity thresh-
olds could influence the response to ST (Barker et al.,
2014). Additionally, taller participants may benefit from a
longer stride length, while increased body mass, when as-
sociated with greater lean muscle, can contribute to higher
ground reaction forces, further supporting sprint perfor-
mance. In addition, the improvement in LS speed was also
greater in handball players than in volleyball and football
players after ST, as handball involves repeated short
sprints, making lower-limb strength gains more impactful
for acceleration.

PT (p = 0.008, ES: -1.23) also achieved positive ef-
fects on improving LS speed in female adolescent team
sport athletes, which may be due to an increase in the num-
ber of motor units activated and/or firing rates, as well as
altered recruitment patterns of motor units (primarily fast
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muscle fibers) (Hakkinen, 1985). Accordingly, these adap-
tations may raise the maximal muscle strength and power
capacity, allowing athletes to take longer strides during
sprints (Bishop and Girard, 2013; Morin et al., 2012). In
addition, neuro-mechanical adaptations induced by lower
extremity PT, such as enhanced neural drive to agonist
muscles and optimized muscle-tendon stiffness (Markovic
and Mikulic, 2010), may enhance the efficiency of SSC.
Since the efficiency of SSC in lower extremity musculature
is improved, greater force may be generated in the concen-
tric phase following rapid eccentric movements of the mus-
cle (Markovic and Mikulic, 2010; Radnor et al., 2018;
Tomalka et al., 2020), which is a key requirement for better
sprint performance (Bishop and Girard, 2013). Further-
more, subgroup analyses revealed that a longer duration (>
9 weeks) of PT was more effective than a shorter duration,
and analysis suggested that a longer adaptation process is
required in PT to greatly improve sprint speed. LS speed in
handball players benefited more than football, volleyball,
and basketball players. Since PT enhance explosive power
and neuromuscular coordination, handball players, who
rely heavily on short bursts of speed, may experience
greater improvements compared to athletes in sports with
less sprinting demand.

This study found that ST and PT had comparable
effects on improving linear sprint speed. However, a pre-
vious meta-analysis on adolescent athletes suggested that
ST may provide a greater advantage in enhancing sprint
performance (Behm et al., 2017). ST directly enhances the
athletes' sprint performance by increasing the maximal
strength and explosiveness of the lower extremity muscles.
In contrast, PT relies more on improvements in neuromus-
cular coordination and reaction time, and it works indi-
rectly despite its effects on improving LS speed. Therefore,
ST may be the preferred training program to improve LS
speed in female adolescent team sport athletes, especially
during sprints.

Change-of-direction speed

When changing the direction of movements, rapid and sys-
tematic coordination of forces and impulses during the
braking (eccentric), stabilizing (isometric), and accelerat-
ing (concentric) phases is required (Spiteri et al., 2015).
Since the eccentric strength is an important determinant of
the deceleration capacity during CODS (Chaabene et al.,
2018), greater eccentric strength can enhance the athletes'
braking efficiency during CODS, and allow them to more
quickly complete CODS and transit to the accelerating
phase, thereby increasing the use of propulsive forces
(Glaister et al., 2008; Spiteri et al., 2013). Additionally,
isometric strength is decisive for optimizing triple exten-
sion during CODS, which allows the athlete to control the
displacement of the body and successfully transfer the
force to a new direction, achieving faster CODS (Spiteri et
al., 2015). Research suggests that CODS performance can
often be ameliorated by increasing the athletes' lower ex-
tremity strength or, more specifically, lean muscle mass
(Spiteri et al., 2013; Spiteri et al., 2014). ST possesses pos-
itive effects on improving eccentric strength, concentric
strength, and isometric strength. Therefore, this study re-
vealed that ST made a significant moderate improvement

(p<0.001, ES: -1.16) in CODS in female adolescent team
sport athletes. Furthermore, subgroup analyses showed that
ST with a longer duration (> 10 weeks), lower frequency
(< 2 sessions/week), or fewer total sessions (< 20 sessions)
was more effective in improving CODS, and CODS in
taller (> 163 cm) and heavier (> 63 kg) athletes benefitted
more from ST. Handball players had significantly better
improvement in CODS than volleyball players after ST.
This could be because handball requires frequent high-
speed directional changes, whereas volleyball players pri-
marily engage in lateral movements and vertical jumps,
making ST less influential for agility.

Besides, PT (p = 0.007, ES: -1.20) also achieved
positive effects on enhancing CODS in female adolescent
team sport athletes, which may result from the interaction
of multiple neuromuscular adaptations, including im-
proved neural drive to agonist muscles, neuromuscular pat-
terns capable of rapidly switching between decelerated and
accelerated movements (i.e., higher SSC efficiency), and
muscle activation strategies that enhance inter- and intra-
muscular coordination (Hakkukinen et al., 1985; Markovic
and Mikulic, 2010). In addition, PT can increase muscle
power output and movement efficiency to reduce ground
reaction time, thereby positively affecting CODS
(Granacher et al., 2015). Moreover, subgroup analyses re-
vealed that PT with a longer duration (> 9 weeks) or more
total sessions (> 18 sessions) was more effective than that
with a shorter duration or fewer sessions. The reason is that
a longer duration of PT helps enhance the lower extremity
explosiveness and quick power transfer, thus improving
CODS. Handball players had significantly better improve-
ment in CODS than volleyball and basketball players after
PT. This may be due to the frequent multi-directional
movements in handball, which align well with the benefits
of PT in enhancing rapid force production and movement
transitions.

To sum up, the two have different emphases due to
their respective mechanisms. ST directly enhances decel-
eration, stability, and reacceleration capacity primarily by
increasing eccentric, isometric, and concentric strength,
thereby improving CODS performance. PT relies more on
optimizing neuromuscular coordination and SSC effi-
ciency, which focuses on better speed and fluidity of over-
all movements. Considering the training needs and goals,
therefore, it is recommended to combine ST and PT to
achieve an overall improvement in CODS. ST can serve as
the basis for improving lower extremity strength and ex-
plosiveness, while PT can enhance both neuromuscular co-
ordination and quick reaction capability, thus maximizing
the training effect.

Limitations

Although this meta-analysis fully explored the effects of
ST and PT on female adolescent team sport athletes, some
limitations are worth noting and need to be taken into ac-
count during the interpretation of results. First, due to the
limited number of studies on the effects of training pro-
grams on physical fitness in female adolescents, this study
focused solely on the three most representative indicators
of athletic performance without including other potential
indicators. To obtain more comprehensive results, more
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indicators (e.g., balance, reactive strength, and muscle en-
durance) for the effects of ST and PT on the overall perfor-
mance of female adolescent team sport athletes should be
included in the future. Second, most of the studies were as-
sessed as having some concerns in the randomization pro-
cess and deviations from intended interventions, possibly
due to the difficulty of conducting studies with blinding of
participants and/or therapists. As a result, some RoB was
present due to inadequate randomization during study de-
sign and execution and interventions. Nonetheless, as these
issues were consistent across studies and were unlikely to
have a substantial impact on the pooled estimates, they
were not considered serious enough to reduce the level of
certainty of evidence. Accordingly, the overall level of cer-
tainty of evidence was rated as moderate to high, which
should be considered when interpreting the results. Future
studies should adopt better relevant study designs, such as
implementing concealed allocation, evaluating outcomes
by independent assessors, and applying single- or double-
blind designs where feasible. Third, the training programs
included lacked uniformity in variables such as training du-
ration, frequency, and total sessions, which might affect the
comparison and summary of training effects, so the find-
ings should be interpreted with caution. Moreover, the sub-
group sample sizes were small, especially in specific sports
(e.g., basketball, volleyball, and football), so the findings
remain to be validated by larger samples and more diverse
types of sports. Fourth, although some physiological mech-
anisms have been empirically validated in adolescent fe-
males, others are extrapolated from studies on broader pop-
ulations. Future research is needed to confirm these pro-
posed mechanisms in female adolescents to strengthen the
evidence base for training prescriptions. Finally, this study
focused on female adolescent team sport athletes, includ-
ing handball, basketball, football, and volleyball players,
so the findings may only apply to this specific group. In
conclusion, this study systematically examined the effects
of ST and PT on physical fitness in female adolescent team
sport athletes, but further refinement is required in the uni-
formity of training programs, sample sizes, and generaliza-
bility of results.

Practical implications

Based on the current findings, both ST and PT significantly
improve vertical jump, linear sprint, and change-of-direc-
tion speed in female adolescent team sport athletes. To en-
hance athletic performance, coaches are advised to use a
periodized training approach that strategically combines
ST and PT. ST is preferred in the early preparatory phase
to establish maximal strength and neuromuscular coordi-
nation. PT can then be gradually added into the pre-com-
petition phase to improve explosive power and sport-spe-
cific speed. Alternatively, coaches could concurrently in-
corporate one to two sessions of ST and PT per week. This
concurrent training method may also be effective for main-
taining neuromuscular coordination while minimizing the
risk of overtraining or injury. Training loads should be in-
dividually tailored according to athletes’ maturity level and
sport requirements. Moreover, the duration and volume of
each training program should be appropriate. ST appears to
be effective even with fewer weekly sessions. In contrast,

as for PT, longer training duration and sessions are needed
for improving athletic performance.

Conclusion

Both ST and PT can enhance physical fitness (VJ, LS, and
CODS) in female adolescent team sport athletes. Specifi-
cally, longer duration, lower frequency, or fewer sessions
of ST produce better effects. Older, taller, or heavier ath-
letes are better adapted to ST. In addition, longer duration
or more sessions of PT are more effective in enhancing
physical fitness. Notably, the effects of PT are not affected
by the athletes' age and biological maturity. Handball play-
ers seem more adaptive/sensitive to both ST and PT than
athletes of other sports.
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Key points

o Strength and plyometric training are effective in im-
proving vertical jump, linear sprint, and change-of-di-
rection speed in female adolescent team sport athletes.

e Participants exhibited comparable improvements in
vertical jump, linear sprint, and change-of-direction
speed following strength and plyometric training,
with no significant differences observed between the
two training programs.
Strength and plyometric training should be tailored to
specific training protocols and athlete characteristics
to maximize effectiveness. For strength training, ex-
tending training duration, reducing session frequency,
or limiting total sessions may enhance outcomes. Ad-
aptations to strength training appear more pronounced
in older, taller, and heavier athletes. For plyometric
training, longer training durations or higher total ses-
sion counts yield greater improvements.
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Supplementary Materials
Supplementary Material 1. Detailed search strategies.
PubMed
No. Query Search Details Results
("resistance training"[MeSH Terms] OR "plyometric exercise"[MeSH
Terms] OR ("strength training"[Title/Abstract] OR "weight training"[Ti-
tle/Abstract] OR "resistance training"[Title/Abstract] OR "eccentric train-
ing"[Title/Abstract] OR "strength exercise*"[Title/Abstract] OR "weight ex-
ercise*"[Title/Abstract] OR "resistance exercise*"[Title/Abstract] OR
"power exercise*"[ Title/Abstract] OR "eccentric exercise*"[Title/ Abstract]
OR "isokinetic exercise*"[Title/Abstract] OR "heavy load*"[Title/Abstract]
OR "bodybuilding"[Title/Abstract] OR "olympic lift*"[Title/Abstract] OR
"muscular endurance"[Title/Abstract] OR "crossfit"[Title/Abstract] OR "cal-
isthenics"[Title/Abstract] OR "free weight*"[Title/Abstract] OR "machine
exercise*"[Title/Abstract] OR "machine weight*"[Title/Abstract] OR "elastic
bands"[Title/Abstract] OR "weight vest"[Title/Abstract] OR "medicine
ball*"[Title/Abstract] OR "kettlebell*"[Title/ Abstract] OR "resisted
sprint*"[Title/Abstract] OR "resisted run*"[Title/Abstract] OR "sled tow-
ing"[Title/Abstract] OR "resisted sled"[Title/Abstract] OR "uphill run*"[Ti-
tle/Abstract] OR "muscle strength"[Title/Abstract] OR "plyometric train-
ing"[Title/Abstract] OR "plyometrics"[Title/Abstract] OR "plyometric*"[Ti-
tle/Abstract] OR "plyometric exercise"[Title/Abstract] OR "plyometric
drills"[Title/Abstract] OR "plyometric intervention"[Title/Abstract] OR
7 (#1 OR #2 OR #3) AND (#4 OR #5) | "plyometric program"[Title/Abstract] OR "jump training"[Title/Abstract] OR 1411
AND #6 "explosive training"[Title/Abstract] OR "ballistic training"[ Title/Abstract] ’
OR "reactive strength training"[Title/Abstract] OR "power training"[Ti-
tle/Abstract] OR "vertical jump training"[Title/Abstract] OR "bounding exer-
cises"[Title/Abstract] OR "depth jumps"[Title/Abstract] OR "box jumps"[Ti-
tle/Abstract] OR "drop jumps"[Title/Abstract] OR "countermovement
jumps"[Title/Abstract] OR "squat jumps"[Title/Abstract] OR "rebound
jumps"[Title/Abstract] OR "shock training"[Title/Abstract] OR "eccentric-
concentric training"[Title/Abstract] OR "stretch-shortening cycle exer-
cises"[Title/Abstract] OR "explosive strength training"[ Title/Abstract] OR
"explosive power training"[Title/Abstract] OR "high-impact training"[Ti-
tle/Abstract] OR "high-velocity training"[Title/Abstract])) AND ("team
sports"[MeSH Terms] OR ("football"[Title/Abstract] OR "soccer"[Title/Ab-
stract] OR "futsal"[ Title/Abstract] OR "basketball"[ Title/Abstract] OR
"handball"[Title/Abstract] OR "volleyball"[Title/Abstract] OR "rugby"[Ti-
tle/Abstract] OR "hockey"[Title/Abstract] OR "baseball"[Title/Abstract] OR
"softball"[Title/Abstract] OR "team sport*"[Title/Abstract])) AND ("ran-
domized controlled trial"[Title/Abstract] OR "controlled clinical trial"[Ti-
tle/Abstract] OR "randomized"[Title/Abstract] OR "randomised"[Title/Ab-
stract] OR "placebo"[Title/Abstract] OR "randomly"[Title/Abstract] OR
"trial"[Title/Abstract] OR "groups"[Title/ Abstract])
"randomized controlled trial"[Ti-
tle/Abstract] OR "controlled clinical
Frlalu[T%tle/Abstract] (I "random- "randomized controlled trial"[Title/Abstract] OR "controlled clinical
ized"[Title/Abstract] OR "random- R " i " e
P " trial"[Title/Abstract] OR "randomized"[Title/Abstract] OR "randomised"[Ti-
6 ised"[Title/Abstract] OR "pla- » I " i 3,898,138
W " tle/Abstract] OR "placebo"[Title/Abstract] OR "randomly"[Title/Abstract]
R st el S OR "trial"[Title/Abstract] OR "groups"[Title/Abstract]
domly"[Title/Abstract] OR group
"trial"[Title/Abstract] OR
"groups"[Title/Abstract]
"football"[Title/Abstract] OR "soc-
cer"[Title/Abstract] OR "futsal"[Ti-
theé ‘/ﬂ’ssfgg]%i b}f:rll‘delt};‘}' [[TTI‘ "football"[ Title/Abstract] OR "soccer"[Title/Abstract] OR "futsal"[ Title/Ab-
le/Abstract] OR "volleyball"[Ti- stract] OR "basketball"[Title/Abstract] OR "handball"[Title/Abstract] OR
5 le/Abstract] OR "rugby"[Title/Ab- "volleyball"[Title/Abstract] OR "rugby"[Title/Abstract] OR "hockey"[Ti- 43,083
" =t tle/Abstract] OR "baseball"[Title/Abstract] OR "softball"[Title/Abstract] OR
stract] OR "hockey"[Title/Abstract] "team sport*"[Title/Abstract]
OR "baseball"[Title/Abstract] OR
"softball"[Title/Abstract] OR "team
sport*"[Title/Abstract]
4 team sports[MeSH Terms] "team sports"[MeSH Terms] 429
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"strength training"[Title/Abstract] OR
"weight training"[ Title/Abstract] OR "re-
sistance training"[ Title/Abstract] OR "ec-

centric training"[Title/Abstract] OR
"strength exercise*"[Title/Abstract] OR
"weight exercise*"[Title/Abstract] OR "re-
sistance exercise*"[Title/Abstract] OR
"power exercise*"[ Title/Abstract] OR "ec-
centric exercise*"[Title/Abstract] OR "iso-
kinetic exercise*"[Title/Abstract] OR
"heavy load*"[Title/Abstract] OR "body-
building"[Title/Abstract] OR "Olympic
lift*"[Title/Abstract] OR "muscular endur-
ance"[Title/Abstract] OR "crossfit"[Ti-
tle/Abstract] OR "calisthenics"[Title/Ab-
stract] OR "free weight*"[Title/ Abstract]
OR "machine exercise*"[Title/Abstract]
OR "machine weight*"[Title/Abstract] OR
"elastic bands"[Title/Abstract] OR "weight
vest"[Title/Abstract] OR "weights
belts"[Title/Abstract] OR "medicine
ball*"[Title/Abstract] OR "kettlebell*"[Ti-
tle/Abstract] OR "resisted speed"[Ti-
tle/Abstract] OR "resisted sprint*"[Ti-
tle/Abstract] OR "resisted run*"[Title/Ab-
stract] OR "sled towing"[Title/Abstract]

OR "resisted sled"[Title/Abstract] OR

"uphill run*"[Title/Abstract] OR "muscle

"strength training"[Title/Abstract] OR "weight training"[Title/Abstract]
OR "resistance training"[Title/Abstract] OR "eccentric training"[Ti-
tle/Abstract] OR "strength exercise*"[Title/Abstract] OR "weight exer-
cise*"[Title/Abstract] OR "resistance exercise*"[Title/Abstract] OR
"power exercise*"[Title/Abstract] OR "eccentric exercise*"[Title/Ab-
stract] OR "isokinetic exercise*"[Title/Abstract] OR "heavy load*"[Ti-
tle/Abstract] OR "bodybuilding"[Title/Abstract] OR "olympic lift*"[Ti-
tle/Abstract] OR "muscular endurance"[Title/Abstract] OR "cross-
fit"[ Title/Abstract] OR "calisthenics"[ Title/Abstract] OR "free
weight*"[Title/Abstract] OR "machine exercise*"[Title/Abstract] OR
"machine weight*"[Title/Abstract] OR "elastic bands"[Title/Abstract]
OR "weight vest"[Title/Abstract] OR "medicine ball*"[Title/Abstract]
OR "kettlebell*"[ Title/Abstract] OR "resisted sprint*"[Title/ Abstract]
OR "resisted run*"[Title/Abstract] OR "sled towing"[Title/Abstract]
OR "resisted sled"[Title/Abstract] OR "uphill run*"[Title/Abstract] OR
"muscle strength"[Title/Abstract] OR "plyometric training"[Title/Ab-

3 stien.gt.h [,T l_lt,l.il/A/zsl;r?Ct] tO(I;RIT'I ylometrlc stract] OR "plyometrics"[Title/Abstract] OR "plyometric*"[Title/Ab- 64,360
2?:101;1,,‘%1,[1 tlle /eAbs t:arczg g)R ,,pll;grzr:__ ‘ stract.] OR "plyometric exercise"[.Ti'tle/Abstr.act] OR "plyometric
tric*"[Title/Abstract] OR "plyometric ex- drllls"[Tltle/'Abstract] OR "'plyometrlc 1ntew§nt10n"["ljlt.le/Abs'tract] OR
ercise"[Title/Abstract] OR "plyometric "plyometric prograrp"[que/.Abstra?ct] OR "jump tralmng'.' [Tltle/Ab—
drills"[Title/Abstract] OR "plyometric in- | . straqt] OR "explosive tralmr}g"[Tltle/Abstrz.ic.t] OR '.'balhsuc train-
tervention"[Title/Abstract] OR "plyome- mg"[Tltle/Al?stractl OR "reactive strength.tralr‘nng"[Tlqu/Abstrgct] OR
tric program"[Title/Abstract] OR "jump "power trammg”[]?ltle/Abst'ract] QR "vertical jump trammg"' [Tltle/Al?-
raining"[Title/Abstract] OR "explosive stract] OR "bounding ex@rmses"[Tltle/Abstract] OR "depth jumps" [Tl-
training"[Title/Abstract] OR "ballistic tle/Abstract] OR "box Jumps”[Tltle{Abstractl OR "drop jumps"[Ti-
training"[Title/Abstract] OR "reactive .tle/Abstra_lct] OR "countermovement J.umps"[T.ltle/Abstract] OR "squat
strength training"[ Title/Abstract] OR Jum.ps."[Tltlf?/Abstract] OR "rebound ]gmps"[Tltlg/Abs'tra.lct] OR "shock
"power training"[Title/Abstract] OR "ver- training"[ Title/Abstract] QR "eccentrlc-cgncentr}c training"[ Title/Ab-
tical jump training"[ Title/Abstract] OR stractJ OR "stretch—shqrtemng cycle exerc1ses"[Tltle/Abstract] OR 'fex—
"bounding exercises"[Title/Abstract] OR p!oswe §trength tralnmg"[Tl.tle//.%bstract] OR "explpswe power train-
"depth jumps"[Title/Abstract] OR "box 1ng"[T1tle/Abs'trgct] OR "h1gh-1mpact tr'funmg”[Tltle/Abstract] OR
jumps"[Title/Abstract] OR "drop "high-velocity training"[Title/Abstract]
jumps"[Title/Abstract] OR "countermove-
ment jumps"[Title/Abstract] OR "squat
jumps"[Title/Abstract] OR "rebound
jumps"[Title/Abstract] OR "shock train-
ing"[Title/Abstract] OR "eccentric-con-
centric training"[Title/Abstract] OR
"stretch-shortening cycle exercises"[Ti-
tle/Abstract] OR "explosive strength train-
ing"[Title/Abstract] OR "explosive power
training"[Title/Abstract] OR "high-impact
training"[ Title/Abstract] OR "high-veloc-
ity training"[Title/Abstract]
2 plyometric exercise[MeSH Terms] "plyometric exercise"[MeSH Terms] 887
1 resistance training[MeSH Terms] "resistance training"[MeSH Terms] 13,300
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EMBASE

No. Query

Results

#7 (#1 OR #2 OR #3) AND (#4 OR #5) AND #6

1,542

#6 OR 'randomised":ti,ab,kw OR 'placebo':ti,ab,kw OR 'randomly':ti,ab,kw OR 'trial':ti,ab,kw OR
'groups':ti,ab,kw

'randomized controlled trial':ti,ab,kw OR 'controlled clinical trial':ti,ab,kw OR 'randomized':ti,ab,kw

5,473,571

'football":ti,ab,kw OR 'soccer':ti,ab,kw OR 'futsal":ti,ab,kw OR 'basketball':ti,ab,kw OR 'hand-

#5 | ball:ti,ab,kw OR 'volleyball":ti,ab,kw OR 'rugby':ti,ab,kw OR 'hockey':ti,ab,kw OR 'baseball':ti,ab,kw

OR 'softball":ti,ab,kw OR 'team sport*':ti,ab,kw

49,497

#4 'team sport'/exp

1,758

'muscular endurance':ti,ab,kw OR 'crossfit":ti,ab,kw OR 'calisthenics':ti,ab,kw OR 'free
weight*":ti,ab,kw OR 'machine exercise*":ti,ab,kw OR 'machine weight*"ti,ab,kw OR 'elastic

'kettlebell*':ti,ab,kw OR 'resisted speed':ti,ab,kw OR 'resisted sprint*":ti,ab,kw OR 'resisted

#3 cle strength':ti,ab,kw OR '"plyometric training":ti,ab,kw OR "plyometrics':ti,ab,kw OR 'plyome-

ing':ti,ab,kw OR 'vertical jump training":ti,ab,kw OR 'bounding exercises":ti,ab,kw OR 'depth
jumps':ti,ab,kw OR 'box jumps':ti,ab,kw OR 'drop jumps'ti,ab,kw OR 'countermovement

sive strength training':ti,ab,kw OR 'explosive power training"ti,ab,kw OR 'high-impact train-
ing"ti,ab,kw OR 'high-velocity training':ti,ab,kw

'strength training':ti,ab,kw OR 'weight training':ti,ab,kw OR 'resistance training':ti,ab,kw OR 'eccen-
tric training':ti,ab,kw OR 'strength exercise™":ti,ab,kw OR 'weight exercise*':ti,ab,kw OR 'resistance
exercise*':ti,ab,kw OR 'power exercise*":ti,ab,kw OR 'eccentric exercise*':ti,ab,kw OR 'isokinetic ex-
ercise*':ti,ab,kw OR 'heavy load*':ti,ab,kw OR 'bodybuilding':ti,ab,kw OR 'olympic lift*':ti,ab,kw OR

bands'":ti,ab,kw OR 'weight vest':ti,ab,kw OR 'weights belts'":ti,ab,kw OR 'medicine ball*":ti,ab,kw OR
run*':ti,ab,kw OR 'sled towing':ti,ab,kw OR 'resisted sled':ti,ab,kw OR 'uphill run*":ti,ab,kw OR 'mus-
tric*':ti,ab,kw OR 'plyometric exercise':ti,ab,kw OR 'plyometric drills"ti,ab,kw OR 'plyometric inter-

vention':ti,ab,kw OR 'plyometric program':ti,ab,kw OR 'jump training':ti,ab,kw OR 'explosive train-
ing":ti,ab,kw OR 'ballistic training':ti,ab,kw OR 'reactive strength training':ti,ab,kw OR 'power train-

jumps':ti,ab,kw OR 'squat jumps'ti,ab,kw OR 'rebound jumps':ti,ab,kw OR 'shock training":ti,ab,kw
OR 'eccentric-concentric training":ti,ab,kw OR 'stretch-shortening cycle exercises':ti,ab,kw OR 'explo-

84,770

#2 'plyometrics'/exp

1,400

#1 'resistance training'/exp

30,785

Web of Science

No. Search Query

Results

#1

training” OR “high-impact training” OR “high-velocity training”)

TS=(“strength training” OR “weight training” OR “resistance training” OR “eccentric training” OR
“strength exercise*” OR “weight exercise*” OR “resistance exercise*” OR “power exercise*” OR
“eccentric exercise*” OR “isokinetic exercise*”” OR “heavy load*” OR “bodybuilding” OR “Olympic
lift*” OR “muscular endurance” OR “crossfit” OR “calisthenics” OR “free weight*”” OR “machine
exercise*” OR “machine weight*” OR “elastic bands” OR “weight vest” OR “weights belts” OR
“medicine ball*” OR “kettlebell*”” OR “resisted speed” OR “resisted sprint*” OR “resisted run*” OR
“sled towing” OR “resisted sled” OR “uphill run*” OR “muscle strength” OR “plyometric training”
OR “plyometrics” OR “plyometric*” OR “plyometric exercise”” OR “plyometric drills” OR “plyome-
tric intervention” OR “plyometric program” OR “jump training” OR “explosive training” OR “ballis-
tic training” OR “reactive strength training” OR “power training” OR “vertical jump training” OR
“bounding exercises” OR “depth jumps” OR “box jumps” OR “drop jumps” OR “countermovement
jumps” OR “squat jumps” OR “rebound jumps” OR “shock training” OR “eccentric-concentric train-
ing” OR “stretch-shortening cycle exercises” OR “explosive strength training” OR “explosive power

95,161

TS=(“football” OR “soccer” OR “futsal” OR “basketball” OR “handball” OR “volleyball” OR

#2 “rugby” OR “hockey” OR “baseball” OR “softball” OR “team sport*”)

99,021

#3 OR “placebo” OR “randomly” OR “trial” OR “groups”)

TS=(“randomized controlled trial” OR “controlled clinical trial” OR “randomized” OR “randomised”

5,528,765

#4 #1 AND #2 AND #3

2,321
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Cochrane library

No.

Search

Hits

#1

MeSH descriptor: [Resistance Training] explode all trees

5,775

#2

MeSH descriptor: [Plyometric Exercise] explode all trees

333

#3

(‘strength training’ OR ‘weight training’ OR ‘resistance training’ OR ‘eccentric training” OR
‘strength exercise*’ OR ‘weight exercise*’ OR ‘resistance exercise*’ OR ‘power exercise*” OR
‘eccentric exercise®*” OR ‘isokinetic exercise*” OR ‘heavy load*’ OR ‘bodybuilding’ OR ‘Olym-
pic lift*” OR ‘muscular endurance’ OR ‘crossfit” OR ‘calisthenics’ OR ‘free weight*’ OR ‘ma-
chine exercise*’ OR ‘machine weight*’ OR ‘elastic bands’ OR ‘weight vest” OR ‘weights belts’

OR ‘medicine ball*’ OR ‘kettlebell*” OR ‘resisted speed’ OR ‘resisted sprint*’ OR ‘resisted run*’
OR ‘sled towing” OR ‘resisted sled’ OR ‘uphill run*’ OR ‘muscle strength’ OR ‘plyometric train-
ing’ OR ‘plyometrics’ OR ‘plyometric*’ OR ‘plyometric exercise’ OR ‘plyometric drills’ OR
‘plyometric intervention” OR ‘plyometric program’ OR ‘jump training” OR ‘explosive training’

OR ‘ballistic training’ OR ‘reactive strength training” OR ‘power training’ OR ‘vertical jump

training” OR ‘bounding exercises’ OR ‘depth jumps’ OR ‘box jumps’ OR ‘drop jumps’ OR ‘coun-
termovement jumps’ OR ‘squat jumps’ OR ‘rebound jumps’ OR ‘shock training” OR ‘eccentric-
concentric training” OR ‘stretch-shortening cycle exercises’ OR ‘explosive strength training” OR
‘explosive power training’ OR ‘high-impact training” OR ‘high-velocity training’):ti,ab,kw

91,452

#4

MeSH descriptor: [Team Sports] explode all trees

23

#5

(“football’ OR ‘soccer’ OR ‘futsal’ OR ‘basketball’ OR ‘handball’ OR ‘volleyball’ OR ‘rugby’
OR ‘hockey’ OR ‘baseball’ OR ‘softball’ OR ‘team sport*’):ti,ab,kw

6,096

#6

(‘randomized controlled trial’ OR ‘controlled clinical trial” OR ‘randomized’ OR ‘randomised’
OR ‘placebo’ OR ‘randomly’ OR ‘trial’ OR ‘groups’):ti,ab,kw

1,616,22
5

#7

(#1 OR #2 OR #3) AND (#4 OR #5) AND #6

2,298

SPORTDiscus

No.

Search Query

Results

S1

SU (“strength training” OR “weight training” OR “resistance training” OR “eccentric training” OR
“strength exercise*”” OR “weight exercise*” OR “resistance exercise*” OR “power exercise*” OR
“eccentric exercise*” OR “isokinetic exercise*”” OR “heavy load*” OR “bodybuilding” OR
“Olympic lift*” OR “muscular endurance” OR “crossfit” OR “calisthenics” OR “free weight*”
OR “machine exercise*” OR “machine weight*” OR “elastic bands” OR “weight vest” OR
“weights belts” OR “medicine ball*” OR “kettlebell*”” OR “resisted speed” OR “resisted sprint*”’
OR “resisted run*” OR “sled towing” OR “resisted sled” OR “uphill run*” OR “muscle strength”
OR “plyometric training” OR “plyometrics” OR “plyometric*”” OR “plyometric exercise” OR
“plyometric drills” OR “plyometric intervention” OR “plyometric program” OR “jump training”
OR “explosive training” OR “ballistic training” OR “reactive strength training” OR “power train-
ing” OR “vertical jump training” OR “bounding exercises” OR “depth jumps” OR “box jumps”
OR “drop jumps” OR “countermovement jumps” OR “squat jumps” OR “rebound jumps” OR
“shock training” OR “eccentric-concentric training” OR “stretch-shortening cycle exercises” OR
“explosive strength training” OR “explosive power training” OR “high-impact training” OR “high-
velocity training”)

55,265

S2

SU (“football” OR “soccer” OR “futsal” OR “basketball” OR “handball” OR “volleyball” OR
“rugby” OR “hockey” OR “baseball” OR “softball” OR “team sport*’’)

379,813

S3

SU (“randomized controlled trial” OR “controlled clinical trial” OR “randomized” OR “random-
ised” OR “placebo” OR “randomly” OR “trial” OR “groups”)

33,042

sS4

S1 AND S2 AND S3

353
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Figure S1. Sensitivity analysis of the effect of strength training on vertical jump in female adolescent team sport athletes.

Figure S2. Sensitivity analysis of the effect of plyometric training on vertical jump in female adolescent team sport athletes.

Figure S3. Funnel plot of the effect of strength training on vertical jump in female adolescent team sport athletes.

Supplementary Material 2. Sensitivity analyses and funnel plots.
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Funnel plot with pseudo 95% confidence limits
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Figure S4. Funnel plot of the effect of plyometric training on vertical jump in female adolescent team sport athletes.

Meta-analysis estimates, given named study is omitted
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Figure S5. Sensitivity analysis of the effect of strength training on linear sprint speed in female adolescent team sport athletes.

Meta-analysis estimates, given named study is omitted
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Figure S6. Sensitivity analysis of the effect of plyometric training on linear sprint speed in female adolescent team sport athletes.
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Meta-analysis estimates, given named study is omitted

| Lower Cl Limit O Estimate | Upper CI Limit

1 | < |
2 I I
31 o I

4 2] i

5 [ o |
6 I o |
7 I ] |
8 o !
10 I

il © f

1

191 177 -1.16 -0.55 -0.41

Figure S7. Sensitivity analysis of the effect of strength training on change-of-direction speed in female adolescent team sport
athletes.

Meta-analysis estimates, given named study is omitted
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Figure S8. Sensitivity analysis of the effect of plyometric training on change-of-direction speed in female adolescent team sport
athletes
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Supplementary Material 3. Subgroup analyses.

1. VJ

1.1PT

1.1.1 Training duration

Significant subgroup differences were found in VI performance between PT duration >9 weeks (ES: 1.36, 95% CI: 0.65,
2.07) and <9 weeks (ES: 0.51, 95% CI: 0.13, 0.89) (p=0.039).

Effect Yo
Duration and study (95% CI) Weight
> 9 weeks
M. D. Rubley 2011 —_— 1.19 (0.08, 2.31) 7.21
M. M. Idriss 2022 ——0—5— 0.63 (-0.23, 1.49) 9.05
K. Idrizovic 2018 T 0.68 (-0.07, 1.42) 9.98
M. Hammami 2020 : ———%—— 2.26(1.38,3.15) 8.88
N. Gaamouri 2023(a) | ———— 2.12(1.16,3.07) 8.36
Subgroup, DL (I? = 67.9%, p = 0.014) {} 1.36 (0.65, 2.07)  43.48
H
=9 weeks H
N. Ozbar 2014 —E—o— 1.05 (0.04, 2.05) 8.00
B. Meszler 2019 —_— -0.33 (-1.27, 0.60)  8.51
G. Attene 2015 ——4-—5— 0.48 (-0.19, 1.14)  10.65
G. F. Martel 2005 —_— 0.48 (-0.44, 1.39) 8.62
D. Rojano Ortega 2022 ——C-—E- 0.26 (-0.49, 1.00) 9.98
M. Hammami 2019 — 0.99 (0.34, 1.64)  10.74
Subgroup, DL (I* = 25.9%, p = 0.240) Q 0.51 (0.13,0.89)  56.52
i
Heterogeneity between groups: p = 0.039 ]
Overall, DL (I = 64.6%, p = 0.002) <> 0.87 (0.44, 1.29) 100.00
T T
-2 o 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.1 Forest plot of the effect of PT duration on VJ performance in female adolescent team sport athletes

1.1.2 Training frequency
No significant subgroup differences were found in VI performance between PT frequency <2 sessions/week (ES: 1.11,
95% CI: 0.37, 1.86) and >2 sessions/week (ES: 0.83, 95% CI: 0.33, 1.32) (p=0.531).

Effect %
Frequency and study (95% CI) Weight
<2 sessions/week
M. D. Rubley 2011 —_—— 1.19 (0.08, 2.31) 7.21
N. Ozbar 2014 —:ro— 1.05 (0.04, 2.05) 8.00
Subgroup, DL (I° = 0.0%, p = 0.846) o 1.11 (0.37, 1.86)  15.21
V
H
= 2 sessions/week t
M. M. Idriss 2022 ——— 0.63 (-0.23, 1.49) 9.05
B. Meszler 2019 —_— E -0.33 (-1.27, 0.60)  8.51
G. Attene 2015 . 0.48 (-0.19, 1.14)  10.65
G. F. Martel 2005 ——0—5— 0.48 (-0.44, 1.39) 8.62
K. Idrizovic 2018 T 0.68 (-0.07, 1.42) 9.98
D. Rojano Ortega 2022 ——0—;— 0.26 (-0.49, 1.00) 9.98
M. Hammami 2020 4 —— 2.26 (1.38, 3.15) 8.88
N. Gaamouri 2023(a) E —%—— 212(1.16,3.07) 8.36
M. Hammami 2019 —— 0.99 (0.34, 1.64)  10.74
Subgroup, DL (I = 71.0%, p < 0.000) <> 0.83 (0.33, 1.32)  84.79
:
Heterogeneity between groups: p = 0.531 '
Overall, DL (I = 64.6%, p = 0.002) <> 0.87 (0.44, 1.29)  100.00

T
-2 o 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.2 Forest plot of the effect of PT frequency on VJ performance in female adolescent team sport athletes
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1.1.3 Total sessions
VI performance exhibited significant subgroup differences between total PT sessions <14 sessions (ES: 0.46, 95% CI:

0.07, 0.85) and >14 sessions (ES: 1.30, 95% CI: 0.64, 1.95) (p=0.031).

Figure 3.3 Forest plot of the effect of total PT sessions on VJ performance in female adolescent team sport athletes

1.1.4 Age

Effect %
Total sessions and study (95% ClI) Weight
= 14 sessions
M. D. Rubley 2011 _——— 1.19 (0.08, 2.31) 7.21
'
N. Ozbar 2014 —r.— 1.05 (0.04, 2.05) 8.00
B. Meszler 2019 —_— . -0.33 (-1.27, 0.60) 8.51
G. Attene 2015 —0—:— 0.48 (-0.19, 1.14) 10.65
'
G. F. Martel 2005 ——— 0.48 (-0.44, 1.39) 8.62
D. Rojano Ortega 2022 e 0.26 (-0.49, 1.00) 9.98
'
Subgroup, DL (I = 17.1%, p = 0.303) <>: 0.46 (0.07,0.85) 52.98
H
'
> 14 sessions H
M. M. Idriss 2022 - 0.63 (-0.23, 1.49) 9.05
'
K. Idrizovic 2018 —0—:— 0.68 (-0.07, 1.42) 9.98
M. Hammami 2020 H —&—— 2.26(1.38,3.15) 8.88
N. Gaamouri 2023(a) | ——%—— 212(1.16,307) 836
M. Hammami 2019 — 0.99 (0.34, 1.64) 10.74
Subgroup, DL (2 = 69.5%, p = 0.011) <> 1.30 (0.64, 1.95) 47.02
i
'
Heterogeneity between groups: p = 0.031 :
Overall, DL (I = 64.6%, p = 0.002) <> 0.87 (0.44, 1.29) 100.00
T

-2

N -

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

VIJ performance exhibited no significant subgroup differences between PT participants aged <15 years (ES: 0.75, 95%
CI: 0.36, 1.13) and >15 years (ES: 0.94, 95% CI: 0.26, 1.62) (p=0.629).

Effect %
Mean age and study (95% ClI) Weight
<15 years
M. D. Rubley 2011 —_—————— 1.19 (0.08, 2.31) 7.21
G. Attene 2015 ——.—E— 0.48 (-0.19, 1.14)  10.65
G. F. Martel 2005 —_— 0.48 (-0.44, 1.39) 8.62
M. Hammami 2019 —E‘— 0.99 (0.34, 1.64) 10.74
Subgroup, DL (I2 = 0.0%, p = 0.549) <> 0.75(0.36,1.13)  37.23
|
i
> 15 years !
N. Ozbar 2014 ———— 1.05 (0.04, 2.05) 8.00
M. M. Idriss 2022 ——.—E— 0.63 (-0.23, 1.49) 9.06
B. Meszler 2019 —_— -0.33 (-1.27, 0.60) 8.51
K. Idrizovic 2018 —0—5— 0.68 (-0.07, 1.42)  9.98
D. Rojano Ortega 2022 ——0—{- 0.26 (-0.49, 1.00) 9.98
M. Hammami 2020 E —— 2.26(1.38, 3.15) 8.88
N. Gaamouri 2023(a) | —————— 2.12(1.16,3.07) 8.36
Subgroup, DL (I? = 76.8%, p < 0.000) <> 0.94 (0.26,1.62) 62.77
:
Heterogeneity between groups: p = 0.629 :
Overall, DL (I = 64.6%, p = 0.002) <> 0.87 (0.44,1.29) 100.00
T T

-2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.4 Forest plot of the effect of PT participants' age on VJ performance in female adolescent team sport athletes
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1.1.5 Height
PT participants <163 cm (ES: 0.94, 95% CI: 0.51, 1.37) and 2163 cm (ES: 0.83, 95% CI: 0.17, 1.49) had no significant

subgroup differences in VJ performance (p=0.788).

Effect %
Mean stature and study (95% CI) Weight
<163 cm
M. D. Rubley 2011 —_————— 1.19 (0.08, 2.31) 7.21
N. Ozbar 2014 —:ro— 1.05 (0.04, 2.05) 8.00
M. M. Idriss 2022 —_ 0.63 (-0.23, 1.49)  9.05
M. Hammami 2019 — 0.99 (0.34,1.64) 10.74
Subgroup, DL (I? = 0.0%, p = 0.856) <:> 0.94(0.51,1.37) 35.01
v
:
=163 cm 3
B. Meszler 2019 —— -0.33 (-1.27, 0.60)  8.51
G. Attene 2015 ——0—5— 0.48 (-0.19, 1.14)  10.65
G. F. Martel 2005 —_—— 0.48 (-0.44, 1.39)  8.62
K. Idrizovic 2018 —o-:— 0.68 (-0.07, 1.42)  9.98
D. Rojano Ortega 2022 —_—t— 0.26 (-0.49, 1.00) 9.98
M. Hammami 2020 - ——%—— 226(1.38,3.15) 8.88
N. Gaamouri 2023(a) | ———— 2.12(1.16,3.07) 8.36
Subgroup, DL (I? = 77.8%, p < 0.000) <> 0.83 (0.17,1.49)  64.99
;
Heterogeneity between groups: p = 0.788 :
Overall, DL (P = 64.6%, p = 0.002) <> 0.87 (0.44, 1.29)  100.00
T T

-2 ] 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.5 Forest plot of the effect of PT participants' height on VJ performance in female adolescent team sport athletes

1.1.6 Weight
PT participants <59 kg (ES: 0.80, 95% CI: 0.45, 1.16) and >59 kg (ES: 0.90, 95% CI: 0.10, 1.70) had no significant
subgroup differences in VJ performance (p=0.829).

Figure 3.6 Forest plot of the effect of PT participants' weight on VJ performance in female adolescent team sport athletes

Effect Yo
Mean body mass and study (95% CI) Weight
<59 kg
M. D. Rubley 2011 —_———— 1.19 (0.08, 2.31) 7.21
N. Ozbar 2014 —-:-0— 1.05 (0.04, 2.05) 8.00
M. M. Idriss 2022 —t—— 0.63 (-0.23, 1.49)  9.05
G. Attene 2015 ——o—i— 0.48 (-0.19, 1.14)  10.65
M. Hammami 2019 —_—— 0.99 (0.34, 1.64)  10.74
Subgroup, DL (I = 0.0%, p = 0.718) <> 0.80 (0.45,1.16)  45.67
i
=59 kg )
B. Meszler 2019 —_— E -0.33 (-1.27,0.60)  8.51
G. F. Martel 2005 —_—t 0.48 (-0.44,1.39)  8.62
K. Idrizovic 2018 —o—f— 0.68 (-0.07, 1.42)  9.98
D. Rojano Ortega 2022 —T— 0.26 (-0.49, 1.00) 9.98
M. Hammami 2020 E ———%—— 2.26 (1.8, 3.15) 8.88
N. Gaamouri 2023(a) | ————%—— 2.12(1.16, 3.07) 8.36
Subgroup, DL (I = 80.8%, p < 0.000) <> 0.90 (0.10, 1.70)  54.33
)
Heterogeneity between groups: p = 0.829 H
Overall, DL (F = 64.6%, p = 0.002) <> 0.87 (0.44, 1.29)  100.00
T T

-2

NOTE: Weights and group

test are from

model
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1.1.7 Type of sports

Following PT, handball players (ES: 1.74, 95% CI: 0.87, 2.61) had significant subgroup differences in VI performance
from football (ES: 0.90, 95% CI: 0.34, 1.47), basketball (ES: 0.14, 95% CI: -0.64, 0.92), and volleyball players (ES: 0.47,
95% CI: 0.01, 0.93) (p=0.030).

Effect Yo
Sport discipline and study (95% CI) Weight
Soccer
M. D. Rubley 2011 _:—‘— 1.19 (0.08, 2.31) 7.21
N. Ozbar 2014 — 1.05 (0.04, 2.05) 8.00
i
M. M. Idriss 2022 - 0.63 (-0.23, 1.49) 9.05
Subgroup, DL (I? = 0.0%, p = 0.693) - 0.90 (0.34, 1.47)  24.27
T
'
Basketball 1
B. Meszler 2019 —_— -0.33 (-1.27, 0.60) 8.51
G. Attene 2015 e 0.48 (-0.19, 1.14) 10.65
Subgroup, DL (I = 47.9%, p = 0.166) _ 0.14 (-0.64, 0.92) 19.16
'
'
Volleyball -
G. F. Martel 2005 ——0—:— 0.48 (-0.44, 1.39) 8.62
K. Idrizovic 2018 T 0.68 (-0.07, 1.42) 9.98
D. Rojano Ortega 2022 —f— 0.26 (-0.49, 1.00)  9.98
Subgroup, DL (I = 0.0%, p = 0.738) [ 0.47 (0.01, 0.93) 28.59
'
Handball i
'
M. Hammami 2020 ' —%—— 2.26 (1.38, 3.15) 8.88
N. Gaamouri 2023(a) | ————— 212 (1.16, 3.07) 8.36
M. Hammami 2019 — 0.99 (0.34, 1.64) 10.74
Subgroup, DL (I? = 70.0%, p = 0.036) _— 1.74 (0.87, 2.61) 27.99
'
'
Heterogeneity between groups: p = 0.030 n
Overall, DL (I? = 64.6%, p = 0.002) <l 0.87 (0.44, 1.29) 100.00
T T
-2 o] 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.7 Forest plot of the effect of type of sports on VJ performance in female adolescent team sport athletes following PT

1.2 ST

1.2.1 Training duration

Significant subgroup differences were found in VI performance between ST duration >10 weeks (ES: 1.20, 95% CI:
0.66, 1.73) and <10 weeks (ES: 0.03, 95% CI: -0.30, 0.37) (p=0.000).

Effect %
Duration and study (95% CI) Weight
= 10 weeks
M. Vaczi 2022 qj—o— 1.59 (0.62, 2.56) 6.16
M. Hammami 2024 ST1 ':_0_ 1.60 (0.66, 2.54) 6.27
M. Hammami 2024 ST2 —:—0— 1.36 (0.46, 2.26) 6.41
M. Hammami 2022(a) —_— 1.32 (0.46, 2.19) 6.58
N. Gaamouri 2024 | —————*—— 1.75(0.89, 2.61) 6.59
N. Gaamouri 2023(b) —_— 1.59 (0.80, 2.37) 6.90
M. Hammami 2022(b) | ————%——— 1.77 (0.91,2.63) 6.58
J. A. F. Ortega 2020 ST1 _—— 0.57 (-0.13,1.27)  7.23
J. A. F. Ortega 2020 ST2 —_— ¥ -0.50 (-1.22, 0.23) 714
Subgroup, DL (I* = 72.8%, p < 0.000) _— 1.20 (0.66, 1.73) 59.88
'
'
<10 weeks H
H. Genc 2019 -—— 0.07 (-0.81, 0.94)  6.52
I. Ince 2020 ST1 —_— -0.39 (-1.23, 0.46) 6.65
1. Ince 2020 ST2 —o——i -0.16 (-0.99, 0.68) 6.68
H. Arazi 2018 ST1 ——0—;— 0.46 (-0.43, 1.35) 6.47
H. Arazi 2018 ST2 ——0—]— 0.44 (-0.45, 1.33) 6.47
S. Pedersen 2019 —_— ! -0.08 (-0.76, 0.60) 7.33
Subgroup, DL (I2 = 0.0%, p = 0.711) = 0.03 (-0.30, 0.37) 40.12
Heterogeneity between groups: p = 0.000 N
Overall, DL (I2 = 75.0%, p < 0.000) e 0.74 (0.31, 1.17) 100.00
T T
-2 o]

ity test are from rand ffects model

NOTE: Weights and ibgroup

Figure 3.8 Forest plot of the effect of ST duration on VJ performance in female adolescent team sport athletes
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1.2.2 Training frequency
Significant subgroup differences were found in VJ performance between ST frequency <2 sessions/week (ES: 1.02,

95% CI: 0.46, 1.58) and >2 sessions/week (ES: 0.19, 95% CI:

-0.22, 0.60) (p=0.020).

Effect Yo
Frequency and study (95% CIl) Weight
= 2 sessions/week
M. Vaczi 2022 ————%——— 159 (0.62, 2.56) 6.16
M. Hammami 2024 ST1 -:—0— 1.60 (0.66, 2.54) 6.27
M. Hammami 2024 ST2 —;—0— 1.36 (0.46, 2.26) 6.41
M. Hammami 2022(a) —_————— 1.32 (0.46, 2.19) 6.58
N. Gaamouri 2024 | ————<%—— 1.75(0.89, 2.61) 6.59
N. Gaamouri 2023(b) —_—-— 1.59 (0.80, 2.37) 6.90
M. Hammami 2022(b) ! —————%———— 1.77 (0.91, 2.63) 6.58
I. Ince 2020 ST1 _— -0.39 (-1.23, 0.46) 6.65
I. Ince 2020 ST2 e s -0.16 (-0.99, 0.68) 6.68
S. Pedersen 2019 —_— | -0.08 (-0.76, 0.60) 7.33
Subgroup, DL (I? = 77.2%, p < 0.000) _ 1.02 (0.46, 1.58) 66.17
> 2 sessions/week H
H. Genc 2019 —_— 0.07 (-0.81, 0.94) 6.52
J. A. F. Ortega 2020 ST1 . 0.57 (-0.13, 1.27) 7.23
J. A. F. Ortega 2020 ST2 —_— H -0.50 (-1.22, 0.23) 7.14
H. Arazi 2018 ST1 B — 0.46 (-0.43, 1.35) 6.47
H. Arazi 2018 ST2 — 0.44 (-0.45,1.33)  6.47
Subgroup, DL (I = 24.0%, p = 0.261) e 0.19 (-0.22, 0.60) 33.83
Heterogeneity between groups: p = 0.020 N
Overall, DL (I? = 75.0%, p < 0.000) e 0.74 (0.31,1.17) 100.00

T T
-2 [o] 2

NOTE: Weights and ubgroup ity test are from random-effects model

Figure 3.9 Forest plot of the effect of ST frequency on VJ performance in female adolescent team sport athletes

1.2.3 Total sessions
VI performance exhibited significant subgroup differences between total ST sessions <20 sessions (ES: 1.02, 95% CI:

0.46, 1.58) and >20 sessions (ES: 0.19, 95% CI: -0.22, 0.60) (p=0.020).

Effect Yo
Total sessions and study (95% CI) Weight
= 20 sessions
M. Vaczi 2022 ——%——— 159 (0.62, 2.56) 6.16
M. Hammami 2024 ST1 ————%——— 1,60 (0.66, 2.54) 6.27
M. Hammami 2024 ST2 —-—0— 1.36 (0.46, 2.26) 6.41
M. Hammami 2022(a) —_—— 1.32 (0.46, 2.19) 6.58
N. Gaamouri 2024 | ————%——— 1.75(0.89, 2.61) 6.59
N. Gaamouri 2023(b) j—_—— 1.59 (0.80, 2.37) 6.90
M. Hammami 2022(b) | ————%——— 1.77 (0.91, 2.63) 6.58
I. Ince 2020 ST1 —_— -0.39 (-1.23, 0.46) 6.65
I. Ince 2020 ST2 —_— -0.16 (-0.99, 0.68) 6.68
S. Pedersen 2019 —_—— | -0.08 (-0.76, 0.60) 7.33
Subgroup, DL (12 = 77.2%, p < 0.000) o 1.02 (0.46, 1.68) 66.17
> 20 sessions H
H. Genc 2019 — 0.07 (-0.81,0.94)  6.52
J. A. F. Ortega 2020 ST1 ——0—:7— 0.57 (-0.13, 1.27)  7.23
J. A. F. Ortega 2020 ST2 e ] -0.50 (-1.22, 0.23) 7.14
H. Arazi 2018 ST1 —_—T 0.46 (-0.43, 1.35)  6.47
H. Arazi 2018 ST2 — 0.44 (-0.45, 1.33)  6.47
Subgroup, DL (I? = 24.0%, p = 0.261) S 0.19 (-0.22, 0.60) 33.83
Heterogeneity between groups: p = 0.020 |
Overall, DL (1> = 75.0%, p < 0.000) S 0.74 (0.31,1.17) 100.00

T T
-2 0 2

NOTE: Weights and ubgroup

ity test are from random-effects model

Figure 3.10 Forest plot of the effect of total ST sessions on VJ performance in female adolescent team sport athletes
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1.2.4 Age

VIJ performance exhibited no significant subgroup differences between ST participants aged <15 years (ES: 0.52, 95% CI:
-0.59, 1.63) and >15 years (ES: 0.80, 95% CI: 0.32, 1.28) (p=0.646).

Mean age and study

< 15 years

M. Vaczi 2022

J. A. F. Ortega 2020 ST1

J. A. F. Ortega 2020 ST2

Subgroup, DL (I? = 83.2%, p = 0.003)

> 15 years

Hammami 2024 ST1
Hammami 2024 ST2
Hammami 2022(a)
Genc 2019
Gaamouri 2024
Gaamouri 2023(b)
Hammami 2022(b)

I. Ince 2020 ST1

I. Ince 2020 ST2

H. Arazi 2018 ST1

H. Arazi 2018 ST2

S. Pedersen 2019
Subgroup, DL (I = 73.7%, p < 0.000)

gzzIg2x

Heterogeneity between groups: p = 0.646

Overall, DL (1> = 75.0%, p < 0.000)

R —
PR E—
— &

Effect Yo
(95% CI) Weight

1.59 (0.62, 2.56) 6.16
057 (-0.13,1.27)  7.23
-0.50 (-1.22,0.23) 7.14
0.52 (-0.59, 1.63) 20.53

1.60 (0.66, 2.54) 6.27
1.36 (0.46, 2.26) 6.41
1.32 (0.46, 2.19) 6.58
0.07 (-0.81,0.94)  6.52
1.75 (0.89, 2.61) 6.59
1.59 (0.80, 2.37) 6.90
1.77 (0.91, 2.63) 6.58
-0.39 (-1.23, 0.46)  6.65
-0.16 (-0.99, 0.68) 6.68
0.46 (-0.43, 1.35)  6.47
0.44 (-0.45,1.33)  6.47
-0.08 (-0.76, 0.60)  7.33
0.80 (0.32, 1.28)  79.47

0.74 (0.31,1.17) 100.00

T
-2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.11 Forest plot of the effect of ST participants' age on VJ performance in female adolescent team sport athletes

1.2.5 Height

ST participants <163 cm (ES: 0.40, 95% CI: -0.24, 1.05) and >163 cm (ES: 0.91, 95% CI: 0.36, 1.46) had no significant
subgroup differences in VJ performance (p=0.245).

Effect %
Mean stature and study (95% CI) Weight
<163 cm
M. Vaczi 2022 —————%——— 159 (0.62, 2.56) 6.16
H. Genc 2019 0—;— 0.07 (-0.81, 0.94) 6.52
J. A. F. Ortega 2020 ST1 ——0—:— 0.57 (-0.13, 1.27) 7.23
J. A. F. Ortega 2020 ST2 —_— : -0.50 (-1.22, 0.23) 7.14
H. Arazi 2018 ST1 —r——— 0.46 (-0.43, 1.35) 6.47
Subgroup, DL (I = 67.7%, p = 0.015) - e 0.40 (-0.24, 1.05) 33.52
i
=163 cm i
M. Hammami 2024 ST1 ———%— 1.60 (0.66, 2.54) 6.27
M. Hammami 2024 ST2 —_—. 1.36 (0.46, 2.26) 6.41
M. Hammami 2022(a) —_————— 1.32 (0.46, 2.19) 6.58
N. Gaamouri 2024 | ———%——— 1.75(0.89, 2.61) 6.59
N. Gaamouri 2023(b) —— 1.59 (0.80, 2.37) 6.90
M. Hammami 2022(b) | ————— 177 (0.91, 2.63) 6.58
1. Ince 2020 ST1 —_— i -0.39 (-1.23, 0.46) 6.65
I. Ince 2020 ST2 —_— -0.16 (-0.99, 0.68) 6.68
H. Arazi 2018 ST2 ——“—i— 0.44 (-0.45, 1.33) 6.47
S. Pedersen 2019 —_— -0.08 (-0.76, 0.60) 7.33
Subgroup, DL (I2 = 76.7%, p < 0.000) e 0.91 (0.36, 1.46)  66.48
1
I
Heterogeneity between groups: p = 0.245 >
Overall, DL (I2 = 75.0%, p < 0.000) e 0.74 (0.31,1.17) 100.00
T T
-2 [0} 2

ity test are from random-effects model

NOTE: Weights and ubgroup

Figure 3.12 Forest plot of the effect of ST participants' height on VJ performance in female adolescent team sport athletes
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1.2.6 Weight

ST participants <62 kg (ES: 0.23, 95% CI: -0.21, 0.67) and >62 kg (ES: 1.30, 95% CI: 0.74, 1.86) had significant sub-

group differences in VJ performance (p=0.003).

Effect %
Mean body mass and study (95% CI) Weight
<62 kg .
M. Vaczi 2022 —————%———— 1.59 (0.62, 2.56) 6.16
H. Genc 2019 o—-— 0.07 (-0.81,0.94)  6.52
J. A. F. Ortega 2020 ST1 T 0.57 (-0.13, 1.27)  7.23
J. A. F. Ortega 2020 ST2 —_— : -0.50 (-1.22, 0.23) 7.14
I. Ince 2020 ST1 —_— -0.39 (-1.23, 0.46) 6.65
I. Ince 2020 ST2 —_— -0.16 (-0.99, 0.68) 6.68
H. Arazi 2018 ST1 — 0.46 (-0.43, 1.35)  6.47
H. Arazi 2018 ST2 S . — 0.44 (-0.45, 1.33)  6.47
Subgroup, DL (I? = 55.6%, p = 0.027) -t 0.23 (-0.21, 0.67) 53.33
=62 kg '
M. Hammami 2024 ST1 ——&———— 1.60 (0.66, 2.54) 6.27
M. Hammami 2024 ST2 —_———————— 1.36 (0.46, 2.26) 6.41
M. Hammami 2022(a) _— 1.32 (0.46, 2.19) 6.58
N. Gaamouri 2024 | ——<——— 1.75(0.89, 2.61) 6.59
N. Gaamouri 2023(b) :—0— 1.59 (0.80, 2.37) 6.90
M. Hammami 2022(b) | ————%———— 1.77 (0.91, 2.63) 6.58
S. Pedersen 2019 —_— -0.08 (-0.76, 0.60)  7.33
Subgroup, DL (I? = 68.0%, p = 0.005) _— 1.30 (0.74, 1.86)  46.67
Heterogeneity between groups: p = 0.003 -
Overall, DL (I? = 75.0%, p < 0.000) <:> 0.74 (0.31,1.17) 100.00

T

T
-2 [o] 2

NOTE: Weights and ubgroup test are from random-effects model

Figure 3.13 Forest plot of the effect of ST participants' weight on VJ performance in female adolescent team sport athletes

1.2.7 Type of sports
Following ST, handball players (ES: 1.38, 95% CI: 0.99, 1.77) had significant subgroup differences in VJ performance
from football (ES: 0.00, 95% CI: -0.59, 0.60) and volleyball players (ES: 0.07, 95% CI: -0.36, 0.50) (p=0.000).

Figure 3.14 Forest plot of the effect of type of sports on VJ performance in female adolescent team sport athletes following ST

Effect %
Sport discipline and study (95% CI) Weight
Handball
M. Vaczi 2022 % ———— 1.59(0.62, 2.56) 6.16
M. Hammami 2024 ST1 4———&——— 1.60(0.66, 2.54) 6.27
M. Hammami 2024 ST2 —_—— 1.36 (0.46, 2.26) 6.41
M. Hammami 2022(a) —_—— 1.32 (0.46, 2.19) 6.58
H. Genc 2019 —_—— 0.07 (-0.81,0.94)  6.52
N. Gaamouri 2024 | ————&———— 1.75 (0.89, 2.61) 6.59
N. Gaamouri 2023(b) ——— 1.59 (0.80, 2.37) 6.90
M. Hammami 2022(b) | ———%——— 1.77(0.91, 2.63) 6.58
Subgroup, DL (I = 35.1%, p = 0.148) < 1.38 (0.99, 1.77) 52.03
'
'
Soccer 4
J. A_F. Ortega 2020 ST1 T— - 0.57 (-0.13, 1.27)  7.23
J. A. F. Ortega 2020 ST2 —_— ' -0.50 (-1.22, 0.23) 7.14
S. Pedersen 2019 —_—— -0.08 (-0.76, 0.60) 7.33
Subgroup, DL (I = 54.0%, p = 0.114) _T 0.00 (-0.59, 0.60) 21.70
'
'
Volleyball H
1. Ince 2020 ST1 —_— -0.39 (-1.23, 0.46)  6.65
1. Ince 2020 ST2 —_—— -0.16 (-0.99, 0.68)  6.68
H. Arazi 2018 ST1 — 0.46 (-0.43, 1.35)  6.47
H. Arazi 2018 ST2 —_—t 0.44 (-0.45, 1.33)  6.47
Subgroup, DL (I = 0.0%, p = 0.425) e E 0.07 (-0.36, 0.50) 26.27
'
Heterogeneity between groups: p = 0.000 H
Overall, DL (I? = 75.0%, p < 0.000) B 0.74 (0.31, 1.17) 100.00
T T
-2 [¢] 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model
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2 LS speed

2.1PT

2.1.1 Training duration

Significant subgroup differences were found in LS speed between PT duration <9 weeks (ES: -0.28, 95% CI: -0.88, 0.32)
and >9 weeks (ES: -2.20, 95% CI: -3.63, -0.76) (p=0.016).

Effect %
Duration and study (95% CI) Weight
<9 weeks
N. Ozbar 2014 —:‘— -1.02 (-2.02, -0.02) 12.45
P. A. Cengizhan 2015 \ T 0.48 (-0.41, 1.37) 12.83
P. P. Paes 2022 —0— -0.26 (-1.12, 0.60) 12.95
A. H. Haghighi 2024 —;—0—— -0.45 (-1.44, 0.55) 12.45
Subgroup, DL (I = 39.8%, p = 0.173) ; <:> -0.28 (-0.88, 0.32)  50.68
=9 weeks \
K. Idrizovic 2018 —f—’— -0.74 (-1.48,0.01)  13.32
E. Turgut 2016 —v— -1.48 (-2.63, -0.34) 11.88
M. Hammami 2020 —_— -4.85 (-6.24, -3.45) 10.87
M. Hammami 2019 — -2.06 (-2.83, -1.29) 13.25
Subgroup, DL (1> = 88.8%, p < 0.000) 0 -2.20 (-3.63, -0.76) 49.32
E
Heterogeneity between groups: p = 0.016 E
Overall, DL (I* = 86.6%, p < 0.000) <> -1.23 (-2.13, -0.32) 100.00
T T

-5 o 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model
Figure 3.15 Forest plot of the effect of PT duration on LS speed in female adolescent team sport athletes
2.1.2 Training frequency

No significant subgroup differences were found in LS speed between PT frequency <2 sessions/week (ES: -1.48, 95% CI:
-2.54,-0.42) and >2 sessions/week (ES: -0.47, 95% CI: -2.39, 1.45) (p=0.365).

Effect %
Frequency and study (95% CI) Weight
= 2 sessions/week
N. Ozbar 2014 —v:'O— -1.02 (-2.02,-0.02) 12.45
P. P. Paes 2022 \— - -0.26 (-1.12, 0.60) 12.95
A. H. Haghighi 2024 -%—0—— -0.45 (-1.44,0.55) 12.45
K. Idrizovic 2018 ——— -0.74 (-1.48, 0.01) 13.32
M. Hammami 2020 —_— -4.85 (-6.24, -3.45) 10.87
M. Hammami 2019 — -2.06 (-2.83,-1.29) 13.25
Subgroup, DL (I2 = 87.3%, p < 0.000) <;'> -1.48 (-2.54, -0.42) 75.29
> 2 sessions/week
P. A. Cengizhan 2015 —— 0.48 (-0.41, 1.37) 12.83
E. Turgut 2016 —_— -1.48 (-2.63, -0.34) 11.88
Subgroup, DL (I” = 85.8%, p = 0.008) <d> -0.47 (-2.39, 1.45) 24.71
|
Heterogeneity between groups: p = 0.365 3
Overall, DL (I* = 86.6%, p < 0.000) <> -1.23 (-2.13, -0.32) 100.00
T

-5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.16 Forest plot of the effect of PT frequency on LS speed in female adolescent team sport athletes
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2.1.3 Total sessions

LS speed exhibited no significant subgroup differences between total PT
1.09, 0.00) and >18 sessions (ES: -1.66, 95% CI: -3.09, -0.24) (p=0.151).

Total sessions and study

< 18 sessions

N. Ozbar 2014 —:'0—
P. P. Paes 2022 |—-——
A. H. Haghighi 2024 -

Subgroup, DL (I* =0.0%, p = 0.517)

= 18 sessions

sessions <18 sessions (ES: -0.54, 95% CI: -

Effect %
(95% ClI) Weight

-1.02 (-2.02, -0.02) 12.45
-0.26 (-1.12,0.60) 12.95
-0.45 (-1.44, 0.55) 12.45
-0.54 (-1.09, 0.00) 37.84

P. A. Cengizhan 2015 - 0.48 (-0.41, 1.37) 12.83
K. Idrizovic 2018 ——— -0.74 (-1.48, 0.01) 13.32
E. Turgut 2016 _"E_ -1.48 (-2.63, -0.34) 11.88
M. Hammami 2020 — ; -4.85 (-6.24, -3.45) 10.87
M. Hammami 2019 +E -2.06 (-2.83, -1.29) 13.25
Subgroup, DL (I? = 91.3%, p < 0.000) <¢> -1.66 (-3.09, -0.24) 62.16
Heterogeneity between groups: p = 0.151 E
Overall, DL (I2 = 86.6%, p < 0.000) S -1.23 (-2.13, -0.32) 100.00
T T
-5 o] 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.17 Forest plot of the effect of total PT sessions on LS speed in female adolescent team sport athletes

2.1.4 Age

LS speed exhibited no significant subgroup differences between PT participants aged >15 years (ES: -2.13, 95% CI: -

4.28,0.03) and <15 years (ES: -0.75, 95% CI: -1.71, 0.20) (p=0.253).

Mean age and study

> 15 years
N. Ozbar 2014 —_—
K. Idrizovic 2018 -

M. Hammami 2020
Subgroup, DL (I? = 92.6%, p < 0.000)

]
i

<15 years !

P. A. Cengizhan 2015 3 —t

P. P. Paes 2022 R T

A. H. Haghighi 2024 —%—Q—_

E. Turgut 2016 +

M. Hammami 2019 —_—

Subgroup, DL (I? = 81.4%, p < 0.000)

Heterogeneity between groups: p = 0.253

<
:
\
‘
'
:
Overall, DL (I? = 86.6%, p < 0.000) <>

Effect %o
(95% Cl) Weight

-1.02 (-2.02, -0.02) 12.45
-0.74 (-1.48, 0.01) 13.32
-4.85 (-6.24, -3.45) 10.87
-2.13 (-4.28, 0.03) 36.64

0.48 (-0.41, 1.37) 12.83
-0.26 (-1.12, 0.60) 12.95
-0.45 (-1.44, 0.55) 12.45
-1.48 (-2.63, -0.34) 11.88
-2.06 (-2.83, -1.29) 13.256
-0.75 (-1.71, 0.20) 63.36

-1.23 (-2.13, -0.32) 100.00

T
-5

=}

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.18 Forest plot of the effect of PT participants' age on LS speed in female adolescent team sport athletes
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2.1.5 Height
PT participants <163 cm (ES: -0.72, 95% CI: -1.85, 0.40) and >163 cm (ES: -1.80, 95% CI: -3.44, -0.17) had no signifi-
cant subgroup differences in LS speed (p=0.286).

Effect %
Mean stature and study (95% CI) Weight
<163 cm
N. Ozbar 2014 —ro— -1.02 (-2.02, -0.02) 12.45
P. A. Cengizhan 2015 \ - 0.48 (-0.41,1.37)  12.83
P. P. Paes 2022 —*— -0.26 (-1.12,0.60) 12.95
M. Hammami 2019 + -2.06 (-2.83,-1.29) 13.25
Subgroup, DL (2 = 84.9%, p < 0.000) <>> -0.72 (-1.85,0.40)  51.48
=163 cm I
A. H. Haghighi 2024 -é—O—— -0.45 (-1.44,0.55)  12.45
K. Idrizovic 2018 _1_._ -0.74 (-1.48,0.01)  13.32
E. Turgut 2016 —o-— -1.48 (-2.63,-0.34) 11.88
M. Hammami 2020 —_— -4.85 (-6.24, -3.45) 10.87
Subgroup, DL (I? = 89.9%, p < 0.000) <> -1.80 (-3.44, -0.17) 48.52
:
Heterogeneity between groups: p = 0.286 E
Overall, DL (I* = 86.6%, p < 0.000) <> -1.23 (-2.13, -0.32) 100.00
T T

-5 0 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.19 Forest plot of the effect of PT participants' height on LS speed in female adolescent team sport athletes

2.1.6 Weight
PT participants <57 kg (ES: -1.21, 95% CI: -2.05, -0.37) and >57 kg (ES: -1.31, 95% CI: -3.09, 0.47) had no significant
subgroup differences in LS speed (p=0.919).

Effect %

Mean body mass and study (95% CI) Weight
<57 kg
N. Ozbar 2014 —n— -1.02 (-2.02, -0.02) 12.45
P. P. Paes 2022 5—0'— -0.26 (-1.12, 0.60) 12.95
E. Turgut 2016 — -1.48 (-2.63, -0.34) 11.88
M. Hammami 2019 +E -2.06 (-2.83, -1.29) 13.25
Subgroup, DL (2 = 69.0%, p = 0.022) <> -1.21 (-2.05, -0.37) 50.52

:
=57 kg i
P. A. Cengizhan 2015 E -1 0.48 (-0.41, 1.37) 12.83
A. H. Haghighi 2024 '5—0—— -0.45 (-1.44,0.55) 12.45
K. Idrizovic 2018 -i—‘— -0.74 (-1.48, 0.01) 13.32
M. Hammami 2020 —_— -4.85 (-6.24, -3.45) 10.87
Subgroup, DL (I = 92.6%, p < 0.000) <>> -1.31 (-3.09, 0.47) 49.48

H
Heterogeneity between groups: p = 0.919 E
Overall, DL (I? = 86.6%, p < 0.000) <> -1.23 (-2.13, -0.32) 100.00

T T
-5 0 5

NOTE: Weights and between-subgroup ity test are from random-effects model

Figure 3.20 Forest plot of the effect of PT participants' weight on LS speed in female adolescent team sport athletes
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2.1.7 Type of sports

Following PT, handball players (ES: -3.39, 95% CI: -6.12, -0.66) had significant subgroup differences in LS speed from
football (ES: -1.02, 95% CI: -2.02, -0.02), basketball (ES: -0.06, 95% CI: -0.61, 0.49), and volleyball players (ES: -0.98,
95% CI: -1.67, -0.29) (p=0.022).

Effect Yo
Sport discipline and study (95% CI) Weight
Soccer
N. Ozbar 2014 + -1.02 (-2.02, -0.02) 12.45
Subgroup, DL (12 = 0.0%, p < 0.000) <> -1.02 (-2.02, -0.02) 12.45
H
Basketball .
P. A. Cengizhan 2015 : —1— 0.48 (-0.41, 1.37)  12.83
P. P. Paes 2022 |—-— -0.26 (-1.12,0.60) 12.95
A. H. Haghighi 2024 ——— -0.45 (-1.44, 0.55) 12.45
Subgroup, DL (I2 = 8.4%, p = 0.335) ] <> -0.06 (-0.61, 0.49) 38.23
i
Volleyball 1
K. Idrizovic 2018 - -0.74 (-1.48,0.01) 13.32
E. Turgut 2016 —_— -1.48 (-2.63, -0.34) 11.88
Subgroup, DL (12 = 12.9%, p = 0.284) 0 -0.98 (-1.67, -0.29) 25.20
l
Handball '
M. Hammami 2020 R : -4.85 (-6.24, -3.45) 10.87
M. Hammami 2019 — -2.06 (-2.83, -1.29) 13.25
Subgroup, DL (12 = 91.5%, p < 0.000) G— -3.39 (-6.12, -0.66) 24.12
i
Heterogeneity between groups: p = 0.022 '
Overall, DL (I2 = 86.6%, p < 0.000) <> -1.23 (-2.13, -0.32) 100.00
T T
-5 o 5

NOTE: Weights and ubgroup test are from model

Figure 3.21 Forest plot of the effect of type of sports on LS speed in female adolescent team sport athletes following PT

2.2 ST

2.2.1 Training duration

Significant subgroup differences were found in LS speed between ST duration >10 weeks (ES: -2.31, 95% CI: -4.04, -
0.58) and <10 weeks (ES: -0.34, 95% CI: -0.71, 0.04) (p=0.029).

Effect %
Duration and study (95% ClI) Weight
=10 weeks
M. Hammami 2024 ST1 —_— E -3.94 (-5.40, -2.48)  7.30
M. Hammami 2024 ST2 — -3.47 (-4.81, -218)  7.57
M. Hammami 2022(a) —_— -2.84 (-3.98,-1.71) 8.04
M. Hammami 2022(b) —_— E -4.26 (-5.62, -2.90) 7.52
J.A. F. Ortega 2020 ST1 et -0.56 (-1.26, 0.14)  8.91
J.A. F. Ortega 2020 ST2 ' — 0.84 (0.10, 1.59) 8.83
Subgroup, DL (I? = 94.0%, p < 0.000) {} -2.31 (-4.04, -0.58) 48.18
'
<10 weeks ]
H. Genc 2019 i — 0.00(-0.88,0.88)  8.59
I. Ince 2020 ST1 —l -1.00 (-1.90, -0.11)  8.55
I. Ince 2020 ST2 —— -0.98 (-1.88, -0.09)  8.55
H. Arazi 2018 ST1 i —_— -0.06 (-0.94,0.81)  8.59
H. Arazi 2018 ST2 | —— -0.07 (-0.94,0.81)  8.59
S. Pedersen 2019 | —— -0.08 (-0.76, 0.60)  8.95
Subgroup, DL (2 = 16.2%, p = 0.309) E <> -0.34 (-0.71, 0.04) 51.82
]
]
]
]

Heterogeneity between groups: p = 0.029
Overall, DL (I = 89.3%, p < 0.000) <> -1.26 (-2.07, -0.45) 100.00

T
-5

o
o=

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.22 Forest plot of the effect of ST duration on LS speed in female adolescent team sport athletes
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2.2.2 Training frequency
Significant subgroup differences were found in LS speed between ST frequency <2 sessions/week (ES: -2.29, 95% CI: -
3.52, -1.05) and >2 sessions/week (ES: 0.03, 95% CI: -0.46, 0.52) (p=0.001).

Effect Yo

Frequency and study (95% Cl) Weight
= 2 sessions/week
M. Hammami 2024 ST1 —_—l— : -3.94 (-5.40, -2.48) 7.30
M. Hammami 2024 ST2 —_—— E -3.47 (-4.81, -2.13) 7.57
M. Hammami 2022(a) —_— : -2.84 (-3.98, -1.71) 8.04
M. Hammami 2022(b) —_— E -4.26 (-5.62, -2.90) 7.52
I. Ince 2020 ST1 + -1.00 (-1.90, -0.11) 8.55
I. Ince 2020 ST2 —r— -0.98 (-1.88,-0.09) 855
S. Pedersen 2019 P L0.08 (-0.76,0.60)  8.95
Subgroup, DL (I? = 89.9%, p < 0.000) -O‘ -2.29 (-3.52, -1.05) 56.49

:
> 2 sessions/week 5
H. Genc 2019 : —_— 0.00 (-0.88, 0.88) 8.59
J.A.F. Ortega 2020 ST1 —— -0.56 (-1.26, 0.14) 891
J.A. F. Ortega 2020 ST2 E —— 0.84 (0.10, 1.59) 8.83
H. Arazi 2018 ST1 | —— -0.06 (-0.94, 0.81) 8.59
H. Arazi 2018 ST2 E —— -0.07 (-0.94, 0.81) 8.59
Subgroup, DL (I = 45.9%, p = 0.116) ' <> 0.03 (-0.46, 0.52)  43.51

i
Heterogeneity between groups: p = 0.001 H
Overall, DL (I? = 89.3%, p < 0.000) O -1.26 (-2.07, -0.45) 100.00

T T
-5 o] 5

NOTE: Weights and test are from model

Figure 3.23 Forest plot of the effect of ST frequency on LS speed in female adolescent team sport athletes

2.2.3 Total sessions
LS speed exhibited significant subgroup differences between total ST sessions <20 sessions (ES: -2.29, 95% CI: -3.52, -
1.05) and >20 sessions (ES: 0.03, 95% CI: -0.46, 0.52) (p=0.001).

Effect %
Total sessions and study (95% Cl) Weight

= 20 sessions

M. Hammami 2024 ST1 —— : -3.94 (-5.40, -2.48) 7.30
M. Hammami 2024 ST2 —_— E -3.47 (-4.81, -2.13) 7.57
M. Hammami 2022(a) —_— -2.84 (-3.98, -1.71) 8.04
M. Hammami 2022(b) —_— E -4.26 (-5.62, -2.90) 7.52
I. Ince 2020 ST1 + -1.00 (-1.90, -0.11) 8.55
I. Ince 2020 ST2 — -0.98 (-1.88, -0.09) 8.55
S. Pedersen 2019 E — -0.08 (-0.76, 0.60) 8.95
Subgroup, DL (12 = 89.9%, p < 0.000) -O- -2.29 (-3.52, -1.05) 56.49

'
i
> 20 sessions |
H. Genc 2019 , —
J.A. F. Ortega 2020 ST1 ——|
]
J. A. F. Ortega 2020 ST2 :
H. Arazi 2018 ST1 —
H. Arazi 2018 ST2 —
i
b <
i
i
]

— 0.00 (-0.88, 0.88) 8.59
r -0.56 (-1.26,0.14)  8.91
— 0.84 (0.10, 1.59) 8.83
— -0.06 (-0.94, 0.81)  8.59
— -0.07 (-0.94, 0.81)  8.59
Subgroup, DL (12 = 45.9%, p = 0.116) > 0.03 (-0.46, 0.52)  43.51
Heterogeneity between groups: p = 0.001
Overall, DL (I = 89.3%, p < 0.000) <> -1.26 (-2.07, -0.45) 100.00

T T
-5

o
(4]

NOTE: Weights and be bgroup ity test are from rands ff model

Figure 3.24 Forest plot of the effect of total ST sessions on LS speed in female adolescent team sport athletes
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2.2.4 Age
LS speed exhibited significant subgroup differences between ST participants aged >15 years (ES: -1.57, 95% CI: -
2.51,-0.64) and <15 years (ES: 0.13, 95% CI: -1.24, 1.51) (p=0.044).

Effect Yo
Mean age and study (95% ClI) Weight
> 15 years
M. Hammami 2024 ST1 —————— -3.94 (-5.40, -2.48) 7.30
M. Hammami 2024 ST2 —_— -3.47 (-4.81, -2.13) 7.57
M. Hammami 2022(a) —— -2.84 (-3.98, -1.71)  8.04

—_— 0.00 (-0.88, 0.88) 8.59
-4.26 (-5.62, -2.90) 7.52

H. Genc 2019
M. Hammami 2022(b) ———#——

I. Ince 2020 ST1 — -1.00 (-1.20, -0.11) 8.55
I. Ince 2020 ST2 —E'.— -0.98 (-1.88, -0.09) 8.55
H. Arazi 2018 ST1 | —— -0.06 (-0.94, 0.81) 8.59
H. Arazi 2018 ST2 | —— -0.07 (-0.94, 0.81) 8.59
8. Pedersen 2019 E —-— -0.08 (-0.76, 0.60) 8.95
Subgroup, DL (I? = 89.0%, p < 0.000) <:'> -1.57 (-2.51, -0.64) 82.26
'
i
< 15 years y
J. A. F. Ortega 2020 ST1 — -0.56 (-1.26, 0.14) 8.91
J. A. F. Ortega 2020 ST2 : —— 0.84 (0.10, 1.59) 8.83
Subgroup, DL (I = 86.2%, p = 0.007) E<> 0.13 (-1.24, 1.51)  17.74
i
Heterogeneity between groups: p = 0.044 ]
Overall, DL (I? = 89.3%, p < 0.000) -1.26 (-2.07, -0.45) 100.00
T T
-5 o] 5
NOTE: Weights and b b test are from random-effects model

Figure 3.25 Forest plot of the effect of ST participants' age on LS speed in female adolescent team sport athletes

2.2.5 Height
ST participants >163 cm (ES: -1.99, 95% CI: -3.11, -0.87) and <163 cm (ES: 0.05, 95% CI: -0.57, 0.67) had significant
subgroup differences in LS speed (p=0.002).

Effect Yo

Mean stature and study (95% ClI) Weight

=163 cm
M. Hammami 2024 ST1 —_— 1 -3.94 (-5.40, -2.48) 7.30
M. Hammami 2024 ST2 —_——— i -3.47 (-4.81, -2.13)  7.57
M. Hammami 2022(a) —_— -2.84(-3.98,-1.71)  8.04
M. Hammami 2022(b) —_— 3 -4.26 (-5.62, -2.90)  7.52
I. Ince 2020 ST1 —i— -1.00 (-1.90, -0.11)  8.55
I. Ince 2020 ST2 —— -0.98 (-1.88, -0.09)  8.55
H. Arazi 2018 ST2 i —_— -0.07 (-0.94, 0.81) 8.59
S. Pedersen 2019 | —— -0.08 (-0.76, 0.60)  8.95
Subgroup, DL (I? = 89.8%, p < 0.000) <> -1.99 (-3.11, -0.87) 65.08

'
<163 cm :
H. Genc 2019 | —— 0.00 (-0.88, 0.88) 8.59
J.A. F. Ortega 2020 ST1 :'—0—- -0.56 (-1.26,0.14)  8.91
J.A. F. Ortega 2020 ST2 4 — 0.84 (0.10, 1.59) 8.83
H. Arazi 2018 ST1 : — -0.06 (-0.94, 0.81) 8.59
Subgroup, DL (I? = §9.2%, p = 0.062) 3 <> 0.05 (-0.57, 0.67)  34.92

i

]

]

]

Heterogeneity between groups: p = 0.002
Overall, DL (1? = 89.3%, p < 0.000) <> -1.26 (-2.07, -0.45) 100.00

T T
-5 o] 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.26 Forest plot of the effect of ST participants' height on LS speed in female adolescent team sport athletes
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2.2.6 Weight
ST participants >62 kg (ES: -2.87, 95% CI: -4.74, -1.00) and <62 kg (ES: -0.25, 95% CI: -0.74, 0.25) had significant
subgroup differences in LS speed (p=0.008).

Effect Yo

Mean body mass and study (95% CI) Weight
=62 kg
M. Hammami 2024 ST1 ——— : -3.94 (-5.40, -2.48) 7.30
M. Hammami 2024 ST2 —_— E -3.47 (-4.81, -2.13) 7.57
M. Hammami 2022(a) —_— -2.84 (-3.98,-1.71) 8.04
M. Hammami 2022(b) —_—— E -4.26 (-5.62, -2.90)  7.52
S. Pedersen 2019 : —. -0.08 (-0.76, 0.60) 8.95
Subgroup, DL (I? = 92.7%, p < 0.000) <>=:-— -2.87 (-4.74, -1.00) 39.38

i
<62 kg i
H. Genc 2019 | —— 0.00 (-0.88, 0.88) 8.59
J. A. F. Ortega 2020 ST1 :’—0—' -0.56 (-1.26, 0.14) 8.91
J. A. F. Ortega 2020 ST2 ! —_— 0.84 (0.10, 1.59) 8.83
I. Ince 2020 ST1 —— -1.00 (-1.90, -0.11) 8.55
1. Ince 2020 ST2 —E—‘— -0.98 (-1.88, -0.09) 8.55
H. Arazi 2018 ST1 | —.— -0.06 (-0.94, 0.81) 8.59
H. Arazi 2018 ST2 | —— -0.07 (-0.94, 0.81) 8.59
Subgroup, DL (I* = 5§9.7%, p = 0.021) E C> -0.25 (-0.74, 0.25)  60.62

:
Heterogeneity between groups: p = 0.008 :
Overall, DL (I = 89.3%, p < 0.000) <> -1.26 (-2.07, -0.45) 100.00

T T
-5 o 5

NOTE: Weights and up a test are from model

Figure 3.27 Forest plot of the effect of ST participants' weight on LS speed in female adolescent team sport athletes

2.2.7 Type of sports
Following ST, handball players (ES: -2.86, 95% CI: -4.62, -1.09) had significant subgroup differences in LS speed from
football (ES: 0.06, 95% CI: -0.73, 0.84) and volleyball players (ES: -0.52, 95% CI: -1.05, 0.00) (p=0.012).

Efiect %
Sport discipline and study (95% CI) Weight
Handball
M. Hammami 2024 ST1 —_— ! -8.94 (-5.40,-2.48)  7.30
M. Hammami 2024 ST2 —_— i -3.47 (-4.81, -2.13)  7.57
M. Hammami 2022(a) —_— -2.84 (-3.98,-1.71) 8.04
H. Genc 2019 | —— 0.00 (-0.88, 0.88) 8.59
M. Hammami 2022(b) —_— H -4.26 (-5.62,-2.90) 7.52
Subgroup, DL (I2 = 90.7%, p < 0.000) -<:>§— -2.86 (-4.62, -1.09) 39.02
H
Soccer '
J. A. F. Ortega 2020 ST1 5—0—- -0.56 (-1.26, 0.14) 8.91
J. A. F. Ortega 2020 ST2 ! —— 0.84 (0.10, 1.59) 8.83
S. Pedersen 2019 | —.— -0.08 (-0.76,0.60)  8.95
Subgroup, DL (I = 73.0%, p = 0.025) H <> 0.06 (-0.73, 0.84)  26.70
:
Volleyball H
I. Ince 2020 ST1 — -1.00 (-1.90, -0.11)  8.55
1. Ince 2020 ST2 —— -0.98 (-1.88, -0.09) 8.55
H. Arazi 2018 ST1 : —_— -0.06 (-0.94, 0.81) 8.59
H. Arazi 2018 ST2 E —_— -0.07 (-0.94,0.81)  8.59
Subgroup, DL (I = 28.7%, p = 0.240) ' <> 052 (-1.05,0.00) 34.28
H
Heterogeneity between groups: p = 0.012 '
Overall, DL (I = 89.3%, p <0.000) <> -1.26 (-2.07, -0.45) 100.00
T T
-5 o 5
NOTE: Waights and ity test are from model

Figure 3.28 Forest plot of the effect of type of sports on LS speed in female adolescent team sport athletes following ST
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3 COD speed
3.1PT
3.1.1 Training duration

Significant subgroup differences were found in COD speed between PT duration <9 weeks (ES:-0.10, 95% CI: -

0.56, 0.35) and >9 weeks (ES: -2.32, 95% CI: -3.30, -1.34) (p=0.000).

Duration and study

<9 weeks

B. Meszler 2019

P. A. Cengizhan 2015

P. P. Paes 2022

A. H. Haghighi 2024

Subgroup, DL (I? = 0.0%, p = 0.798)

=9 weeks

E. Turgut 2016

:
M. Hammami 2020 —— :
N. Gaamouri 2023(a) —_— E
M. Hammami 2019 ——

Subgroup, DL (I? = 73.8%, p = 0.010)

Heterogeneity between groups: p = 0.000
Overall, DL (I? = 85.6%, p < 0.000)

-

Effect %
(95% Cl) Weight
0.26 (-0.67, 1.19) 12.68
-0.11 (-0.99, 0.77) 12.87
-0.17 (-1.03, 0.69) 12.95
-0.42 (-1.42, 0.57) 12.42
-0.10 (-0.56, 0.35) 50.92

-1.57 (-2.73, -0.41) 11.74
-2.98 (-3.99, -1.97) 12.36
-3.46 (-4.68, -2.23) 11.47
-1.48 (-2.18, -0.78) 13.51
-2.32 (-3.30, -1.34) 49.08

-1.20 (-2.08, -0.32) 100.00

T
-5

0

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.29 Forest plot of the effect of PT duration on COD speed in female adolescent team sport athletes

3.1.2 Training frequency

No significant subgroup differences were found in COD speed between PT frequency <2 sessions/week (ES: -1.34,
95% CI: -2.45, -0.23) and >2 sessions/week (ES: -0.79, 95% CI: -2.21, 0.64) (p=0.548).

Frequency and study

= 2 sessions/week
B. Meszler 2019

P. P. Paes 2022

A. H. Haghighi 2024
M. Hammami 2020
N. Gaamouri 2023(a)
M. Hammami 2019
Subgroup, DL (I? = 88.4%, p < 0.000)

> 2 sessions/week

P. A. Cengizhan 2015

E. Turgut 2016

Subgroup, DL (I? = 74.1%, p = 0.049)

Heterogeneity between groups: p = 0.548

Overall, DL (1> = 85.6%, p < 0.000)

[ —
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Effect Yo
(95% CI) Weight

0.26 (-0.67, 1.19) 12.68
-0.17 (-1.03, 0.69) 12.95
-0.42 (-1.42,0.57) 12.42
-2.98 (-3.99, -1.97) 12.36
-3.46 (-4.68, -2.23) 11.47
-1.48 (-2.18, -0.78) 13.51
-1.34 (-2.45, -0.23) 75.39

-0.11 (-0.99, 0.77) 12.87
-1.57 (-2.73,-0.41) 11.74
-0.79 (-2.21,0.64) 24.61

-1.20 (-2.08, -0.32) 100.00

-5

NOTE: Weights and by P

o]

ity test are from random-effects model

Figure 3.30 Forest plot of the effect of PT frequency on COD speed in female adolescent team sport athletes
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3.1.3 Total sessions
COD speed exhibited significant subgroup differences between total PT sessions <18 sessions (ES: -0.10, 95% CI: -
0.63, 0.43) and >18 sessions (ES: -1.88, 95% CI: -3.00, -0.75) (p=0.005).

Effect Yo
Total sessions and study (95% Cl) Weight
< 18 sessions
B. Meszler 2019 E — T 0.26 (-0.67, 1.19) 12.68
P. P. Paes 2022 | —-— -0.17 (-1.03, 0.69) 12.95
A. H. Haghighi 2024 —é—’—— -0.42 (-1.42, 0.57) 12.42
Subgroup, DL (I = 0.0%, p = 0.603) <> -0.10 (-0.63, 0.43)  38.05

= 18 sessions

P. A. Cengizhan 2015 — -0.11 (-0.99, 0.77)  12.87

E. Turgut 2016 —_—— -1.57 (-2.73,-0.41)  11.74

M. Hammami 2020 —_— - -2.98 (-3.99,-1.97) 12.36

N. Gaamouri 2023(a) —_——— i -3.46 (-4.68, -2.23)  11.47
:

M. Hammami 2019
Subgroup, DL (I? = 85.3%, p < 0.000)

-1.48 (-2.18, -0.78) 13.51
-1.88 (-3.00, -0.75) 61.95

Heterogeneity between groups: p = 0.005
Overall, DL (I? = 85.6%, p < 0.000)

!

-1.20 (-2.08, -0.32) 100.00

T
-5 [¢] 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.31 Forest plot of the effect of total PT sessions on COD speed in female adolescent team sport athletes

3.1.4 Age
COD speed exhibited no significant subgroup differences between PT participants aged >15 years (ES: -2.04, 95% CI: -
4.43,0.35) and <15 years (ES: -0.74, 95% CI: -1.39, -0.10) (p=0.304).

Effect Yo
Mean age and study (95% CI) Weight
> 15 years
B. Meszler 2019 —_—T— 0.26 (-0.67, 1.19) 12.68

M. Hammami 2020 —_———— -2.98 (-3.99, -1.97) 12.36

N. Gaamouri 2023(a) —_— -3.46 (-4.68, -2.23) 11.47

-2.04 (-4.43, 0.35) 36.51

(}

Subgroup, DL (I? = 93.6%, p < 0.000)

|
i

< 15 years :

P. A. Cengizhan 2015 E —_— -0.11 (-0.99, 0.77) 12.87

P. P. Paes 2022 | ——— -0.17 (-1.03, 0.69) 12.95

A. H. Haghighi 2024 -*:—0——— -0.42 (-1.42, 0.57) 12.42

E. Turgut 2016 -1.57 (-2.73, -0.41) 11.74

M. Hammami 2019 -1.48 (-2.18,-0.78)  13.51
Subgroup, DL (2 = 61.1%, p = 0.036) -0.74 (-1.39, -0.10)  63.49

Heterogeneity between groups: p = 0.304

bl

Overall, DL (I* = 85.6%, p < 0.000) -1.20 (-2.08, -0.32)  100.00

T T
-5

o
o

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.32 Forest plot of the effect of PT participants' age on COD speed in female adolescent team sport athletes
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3.1.5 Height
PT participants >163 cm (ES: -1.61, 95% CI: -3.03, -0.19) and <163 cm (ES: -0.62, 95% CI: -1.55, 0.31) had no signifi-
cant subgroup differences in COD speed (p=0.253).

Effect Yo
Mean stature and study (95% CI) Weight
=163 cm
B. Meszler 2019 | —t— 0.26 (-0.67, 1.19) 12.68
A. H. Haghighi 2024 5—0—— -0.42 (-1.42,0.57) 12.42
E. Turgut 2016 —0—'— -1.57 (-2.73, -0.41)  11.74
M. Hammami 2020 —_—— : -2.98 (-3.99, -1.97) 12.36
N. Gaamouri 2023(a) —_— : -3.46 (-4.68, -2.23)  11.47
Subgroup, DL (12 = 89.0%, p < 0.000) -<::>— -1.61 (-3.08, -0.19)  60.67
i
<163 cm H
P. A. Cengizhan 2015 : —_— -0.11 (-0.99, 0.77) 12.87
P. P. Paes 2022 5 —— -0.17 (-1.03, 0.69) 12.95
M. Hammami 2019 —Ow:— -1.48 (-2.18,-0.78)  13.51
Subgroup, DL (12 = 74.9%, p = 0.019) <3> -0.62 (-1.55,0.31)  39.33
:
Heterogeneity between groups: p = 0.253 3
Overall, DL (1> = 85.6%, p < 0.000) <> -1.20 (-2.08, -0.32) 100.00
T T

-5 o] 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.33 Forest plot of the effect of PT participants' height on COD speed in female adolescent team sport athletes

3.1.6 Weight
PT participants >59 kg (ES: -1.63, 95% CI: -3.42, 0.17) and <59 kg (ES: -0.82, 95% CI: -1.61, -0.02) had no significant
subgroup differences in COD speed (p=0.418).

Effect %
Mean body mass and study (95% CI) Weight
=59 kg
B. Meszler 2019 ' —_—T— 0.26 (-0.67, 1.19) 12.68
A. H. Haghighi 2024 3—0—— -0.42 (-1.42, 0.57) 12.42
M. Hammami 2020 —_—— i -2.98 (-3.99, -1.97) 12.36
N. Gaamouri 2023(a) —_— i -3.46 (-4.68, -2.23) 11.47
Subgroup, DL (I = 91.7%, p < 0.000) -{;::r— -1.63 (-3.42, 0.17) 48.94
i
<59kg ;
P. A. Cengizhan 2015 3 —_— -0.11 (-0.99, 0.77) 12.87
P. P. Paes 2022 3 —_—- -0.17 (-1.03, 0.69) 12.95
E. Turgut 2016 —O—:r— -1.57 (-2.78, -0.41) 11.74
M. Hammami 2019 + -1.48 (-2.18, -0.78) 13.51
Subgroup, DL (12 = 69.1%, p = 0.021) <;> -0.82 (-1.61, -0.02)  51.06
!
Heterogeneity between groups: p = 0.418 3
Overall, DL (I = 85.6%, p < 0.000) @ -1.20 (-2.08, -0.32) 100.00
T T

-5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.34 Forest plot of the effect of PT participants' weight on COD speed in female adolescent team sport athletes

=]
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3.1.7 Type of sports
Following PT, handball players (ES: -2.57, 95% CI: -3.84, -1.30) had significant subgroup differences in COD speed
from basketball (ES: -0.10, 95% CI: -0.56, 0.35) and volleyball players (ES: -1.57, 95% CI: -2.73, -0.41) (p=0.000).

Effect Y%
Sport discipline and study (95% CI) Weight
Basketball
B. Meszler 2019 : —_— 0.26 (-0.67, 1.19) 12.68
P. A. Cengizhan 2015 3 -0.11 (-0.99, 0.77) 12.87
P. P. Paes 2022 | —_— -0.17 (-1.03, 0.69) 12.95
A. H. Haghighi 2024 —_— -0.42 (-1.42,0.57) 12.42
Subgroup, DL (I? = 0.0%, p = 0.798) <> -0.10 (-0.56, 0.35)  50.92

Volleyball
E. Turgut 2016
Subgroup, DL (I = 0.0%, p < 0.000)

-1.57 (-2.73, -0.41) 11.74
-1.57 (-2.73, -0.41) 11.74

i

H
Handball 3
M. Hammami 2020 —_— ' -2.98 (-3.99, -1.97) 12.36
N. Gaamouri 2023(a) —_— 1‘ -3.46 (-4.68, -2.23) 11.47
M. Hammami 2019 — -1.48 (-2.18, -0.78) 13.51

Subgroup, DL (I? = 80.8%, p = 0.006) R —

H -2.57 (-3.84, -1.30) 37.34
i
i

Heterogeneity between groups: p = 0.000 |

Overall, DL (I = 85.6%, p < 0.000) 0 -1.20 (-2.08, -0.32) 100.00

T T
-5 [o] 5

NOTE: Weights and by bgroup test are from rand flects model

Figure 3.35 Forest plot of the effect of type of sports on COD speed in female adolescent team sport athletes following PT

3.28T

3.2.1 Training duration

Significant subgroup differences were found in COD speed between ST duration >10 weeks (ES: -1.98, 95% CI: -2.55, -
1.41) and <10 weeks (ES: -0.17, 95% CI: -0.55, 0.22) (p=0.000).

Effect Y%
Duration and study (95% CI) Weight
=10 weeks
M. Hammami 2024 ST1 —_—— . -3.05 (-4.29, -1.81) 7.80
M. Hammami 2024 ST2 —.-—%— -1.92 (-2.91, -0.92) 8.78
M. Hammami 2022(a) —— -1.02 (-1.84, -0.19) 9.47
N. Gaamouri 2024 —_— E -2.82 (-3.87, -1.77) 8.56
N. Gaamouri 2023(b) — -1.78 (-2.59, -0.97)  9.53
M. Hammami 2022(b) — -1.81 (-2.68, -0.94) 9.29

Subgroup, DL (I? = 53.7%, p = 0.055) <> -1.98 (-2.55, -1.41) 53.42

'
'
I
i
<10 weeks .
'
'

H. Genc 2019 —_— -0.07 (-0.94, 0.81) 9.26
1. Ince 2020 ST1 —-— -0.32 (-1.17, 0.52) 9.40
I. Ince 2020 ST2 o -0.33 (-1.18, 0.51) 9.40
H. Arazi 2018 ST1 E —— -0.04 (-0.92, 0.83) 9.26
H. Arazi 2018 ST2 | —— -0.05 (-0.92, 0.83) 9.26
Subgroup, DL (I? = 0.0%, p = 0.975) E <:> -0.17 (-0.55, 0.22)  46.58
i
Heterogeneity between groups: p = 0.000 :
Overall, DL (I = 80.2%, p < 0.000) -1.16 (-1.77, -0.55) 100.00
T T
-5 0 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.36 Forest plot of the effect of ST duration on COD speed in female adolescent team sport athletes
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3.2.2 Training frequency
Significant subgroup differences were found in COD speed between ST frequency <2 sessions/week (ES: -1.58, 95% CI:

-2.24, -0.91) and >2 sessions/week (ES: -0.05, 95% CI: -0.56, 0.45) (p=0.000).

Frequency and study

= 2 sessions/week

M. Hammami 2024 ST1 —_——

M. Hammami 2024 ST2 —

M. Hammami 2022(a) ——

N. Gaamouri 2024 —— E

N. Gaamouri 2023(b) —_—

M. Hammami 2022(b) —

1. Ince 2020 ST1 :‘—*—
I. Ince 2020 ST2 ———

;
Subgroup, DL (I = 76.5%, p < 0.000) <>

> 2 sessions/week

Effect

%

(95% CI) Weight

-3.05 (-4.29, -1.81)  7.80
-1.92 (-2.91,-0.92) 8.78
-1.02 (-1.84,-0.19)  9.47
-2.82 (-3.87,-1.77)  B.56
-1.78 (-2.69,-0.97) 9.53
-1.81 (-2.68,-0.94)  9.29
-0.32 (-1.17,0.52)  9.40
-0.33 (-1.18,0.51)  9.40
-1.58 (-2.24, -0.91) 72.22

i
'
H
H
H. Genc 2019 | —— -0.07 (-0.94, 0.81) 9.26
H. Arazi 2018 ST1 | —— -0.04 (-0.92,0.83) 9.26
i
H. Arazi 2018 ST2 P —— -0.05 (-0.92,0.83)  9.26
Subgroup, DL (I? = 0.0%, p = 0.999) <> -0.05 (-0.56, 0.45) 27.78
'
H
Heterogeneity between groups: p = 0.000 i
Overall, DL (P = 80.2%, p < 0.000) <> -1.16 (-1.77, -0.55) 100.00
T
5 0

NOTE: Weights and

test are from

model

Figure 3.37 Forest plot of the effect of ST frequency on COD speed in female adolescent team sport athletes

3.2.3 Total sessions

COD speed exhibited significant subgroup differences between total ST sessions <20 sessions (ES: -1.58,95% CI: -2.24, -
0.91) and >20 sessions (ES: -0.05, 95% CI: -0.56, 0.45) (p=0.000).

Total sessions and study

= 20 sessions

M. Hammami 2024 ST1 —_—

M. Hammami 2024 ST2 _’—E'

M. Hammami 2022(a) —

N. Gaamouri 2024 —_—— E

N. Gaamouri 2023(b) —

M. Hammami 2022(b) —_—

I. Ince 2020 ST1 :_"—
I. Ince 2020 ST2 —-—

:
Subgroup, DL (I° = 76.5%, p <0.000) <L P>

> 20 sessions

Effect

Yo

(95% ClI) Weight

-3.05 (-4.29, -1.81)  7.80
-1.92 (-2.91,-0.92) 8.78
-1.02 (-1.84, -0.19)  9.47
-2.82 (-3.87, -1.77)  8.56
-1.78 (-2.59, -0.97)  9.53
-1.81 (-2.68, -0.94) 9.29
-0.32 (-1.17,0.52)  9.40
-0.33 (-1.18,0.51)  9.40
-1.58 (-2.24, -0.91) 72.22

'
'
:
H. Genc 2019 | —— -0.07 (-0.94, 0.81) 9.26
H. Arazi 2018 ST1 E —_— -0.04 (-0.92, 0.83) 9.26
H. Arazi 2018 ST2 | — -0.05 (-0.92, 0.83) 9.26
Subgroup, DL (I = 0.0%, p = 0.999) E <> -0.05 (-0.56, 0.45) 27.78
i
Heterogeneity between groups: p = 0.000 i
Overall, DL (F* = 80.2%, p < 0.000) <> “1.16 (-1.77, -0.65) 100.00
T
-5 0
NOTE: Weights and test are from model

Figure 3.38 Forest plot of the effect of total ST sessions on COD speed in female adolescent team sport athletes
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3.2.4 Age (>15 years, no grouping)

3.2.5 Height

ST participants >163 cm (ES: -1.41, 95% CI: -2.07, -0.74) and <163 cm (ES: -0.05, 95% CI: -0.67, 0.57) had significant
subgroup differences in COD speed (p=0.004).

Effect %

Mean stature and study (95% ClI) Weight
=163 cm
M. Hammami 2024 ST1 —_— H -3.05 (-4.29, -1.81) 7.80
M. Hammami 2024 ST2 —O—E— -1.92 (-2.91, -0.92) 8.78
M. Hammami 2022(a) —— -1.02 (-1.84, -0.19) 9.47
N. Gaamouri 2024 —_— H -2.82 (-3.87, -1.77) 8.56
N. Gaamouri 2023(b) —o—i— -1.78 (-2.59, -0.97)  9.53
M. Hammami 2022(b) ——— -1.81(-2.68, -0.94)  9.29
I. Ince 2020 ST1 E—.—— -0.32 (-1.17, 0.52) 9.40
I. Ince 2020 ST2 ——— -0.33 (-1.18, 0.51) 9.40
H. Arazi 2018 ST2 1 — -0.05 (-0.92, 0.83) 9.26
Subgroup, DL (I? = 79.2%, p < 0.000) Cl> -1.41 (-2.07, -0.74) 81.48

1
<163 cm .
H. Genc 2019 E . -0.07 (-0.94, 0.81) 9.26
H. Arazi 2018 ST1 ,—— -0.04 (-0.92, 0.83) 9.26
Subgroup, DL (I? = 0.0%, p = 0.971) E <> -0.05 (-0.67, 0.57)  18.52

1
Heterogeneity between groups: p = 0.004 H
Overall, DL (I? = 80.2%, p < 0.000) 0 -1.16 (-1.77, -0.55) 100.00

T T
-5 o] 5

NOTE: Weights and between. ity test are from random-effects model

Figure 3.39 Forest plot of the effect of ST participants' height on COD speed in female adolescent team sport athletes

3.2.6 Weight
ST participants >63 kg (ES: -1.98, 95% CI: -2.55, -1.41) and <63 kg (ES: -0.17, 95% CI: -0.55, 0.22) had significant
subgroup differences in COD speed (p=0.000).

Effect Y%
Mean body mass and study (95% Cl) Weight
=63 kg
M. Hammami 2024 ST1 —_— -3.05 (-4.29, -1.81) 7.80
M. Hammami 2024 ST2 —‘—E— -1.92 (-2.91, -0.92) 8.78
M. Hammami 2022(a) —— -1.02 (-1.84, -0.19) 9.47
N. Gaamouri 2024 —_— E -2.82 (-3.87, -1.77) 8.56
N. Gaamouri 2023(b) —_— -1.78 (-2.59, -0.97) 9.53
M. Hammami 2022(b) — -1.81 (-2.68, -0.94) 9.29

}
Subgroup, DL (I? = §3.7%, p = 0.055) <> ] -1.98 (-2.55, -1.41) 53.42
i
!
<63 kg '
H. Genc 2019 | —-
I. Ince 2020 ST1 E—.—— -0.32 (-1.17, 0.52) 9.40
— -0.33 (-1.18, 0.51) 9.40

p— -0.07 (-0.94, 0.81) 9.26

I. Ince 2020 ST2

H. Arazi 2018 ST1 | ——— -0.04 (-0.92, 0.83) 9.26
H. Arazi 2018 ST2 E —_— -0.05 (-0.92, 0.83) 9.26
Subgroup, DL (I = 0.0%, p = 0.975) E C} -0.17 (-0.55, 0.22) 46.58
]
Heterogeneity between groups: p = 0.000 :
Overall, DL (I = 80.2%, p < 0.000) -1.16 (-1.77, -0.55) 100.00
T T
-5 0 5
NOTE: Weights and between-subgroup test are from model

Figure 3.40 Forest plot of the effect of ST participants' weight on COD speed in female adolescent team sport athletes
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3.2.7 Type of sports
Following ST, handball players (ES: -1.73, 95% CI: -2.45, -1.01) had significant subgroup differences in COD speed
from volleyball players (ES: -0.19, 95% CI: -0.62, 0.24) (p=0.000).

Effect Yo
Sport discipline and study (95% CI) Weight
Handball
M. Hammami 2024 ST1 —_— : -3.05 (-4.29, -1.81) 7.80
M. Hammami 2024 ST2 —0—%— -1.92 (-2.91, -0.92) 8.78
M. Hammami 2022(a) —l— -1.02 (-1.84, -0.19)  9.47
H. Genc 2019 E — -0.07 (-0.94, 0.81) 9.26
N. Gaamouri 2024 — -2.82 (-3.87, -1.77) 8.56
N. Gaamouri 2023(b) —_— -1.78 (-2.59, -0.97) 9.53
M. Hammami 2022(b) —f—%— -1.81 (-2.68, -0.94) 9.29
Subgroup, DL (I = 75.9%, p < 0.000) <> -1.73 (-2.45, -1.01) 62.68
i
Volleyball H
I. Ince 2020 ST1 E—.—— -0.32 (-1.17, 0.52) 9.40
I. Ince 2020 ST2 —— -0.33(-1.18,0.51)  9.40
H. Arazi 2018 ST1 i — -0.04 (-0.92, 0.83) 9.26
H. Arazi 2018 ST2 | —— -0.05 (-0.92, 0.83) 9.26
Subgroup, DL (I? = 0.0%, p = 0.936) i <:> -0.19 (-0.62, 0.24) 37.32
i
Heterogeneity between groups: p = 0.000 H
Overall, DL (I? = 80.2%, p < 0.000) O -1.16 (-1.77, -0.55) 100.00
T T

-5 0 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3.41 Forest plot of the effect of type of sports on COD speed in female adolescent team sport athletes following ST



