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Abstract
Background  Male youth soccer players competing at a high level will typically engage in large volumes of soccer training 
from a young age. However, it is not known whether the high levels of habitual training that these high-performing players 
are exposed to limit their ability to respond to strength, plyometric or combined training interventions.
Objective  The primary aim of our systematic review and meta-analysis was to compare the specific effects of strength, plyo-
metric and combined training with active controls (standard soccer training) on the strength, power and speed characteristics 
of high-level, highly trained young male soccer players.
Methods  We performed a literature search across PubMed, Scopus, CINAHL, Web of Science and SPORTDiscus to iden-
tify controlled studies that implemented strength, plyometric or combined training in high-level male youth soccer players. 
Participants were defined as high level or highly trained based on established guidelines related to either competition level 
or age-related weekly hours spent in soccer training. Studies needed to report at least one outcome of lower body strength, 
squat jump, countermovement jump, horizontal power, acceleration (0–10 m), speed (15–40 m) or change of direction speed. 
A meta-analysis was then performed using a random-effects model to determine the magnitude (Hedge’s g) of training 
responses and whether effects differed across modes of training.
Results  From an initial return of 5464 papers, n = 34 studies met the inclusion criteria and provided a total sample of n = 1396 
high-level male youth soccer players. Strength, plyometric and combined training resulted in improvements in strength, squat 
and countermovement jump, horizontal power, acceleration, change of direction speed (all p < 0.05; g = 0.73–1.08, moderate) 
and speed (p < 0.05; g = 0.40–0.59, small). Lower body strength was the only outcome where training mode had a significant 
effect (p < 0.05), with plyometric training producing small effects (g = 0.27, p < 0.05) compared with moderate effects for 
strength (g = 1.07, p < 0.05) and combined (g = 0.75, p < 0.05) training. Prediction intervals for overall effects (all training 
modes combined) showed that the greatest confidence that future training will lead to positive effects was in the squat and 
countermovement jump, horizontal power and acceleration (prediction intervals = 0.03–1.81).
Conclusions  High-level, highly trained male youth soccer players can experience positive gains in indices of strength, power 
and speed from strength, plyometric and combined training, and the magnitude of gains are mostly similar across modes 
of training. Based on prediction intervals, there is a good level of certainty that future strength, plyometric and combined 
training in this population would lead to positive improvements in vertical and horizontal power and sprint acceleration.
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Key Points 
soccer for an average of 12 h per week [15], reflecting the 
fact they are highly trained. Most of the training load that 
young, highly trained soccer players will be exposed to is 
the format of field-based training (e.g. technical training, 
small-sided games) and match play [17]. The observation 
that elite young soccer players are stronger, can sprint faster, 
change direction quicker and jump higher than their non-
elite counterparts [10, 12, 18, 19] may reflect a selection bias 
towards players who demonstrate a high level of physical fit-
ness. Alternatively, the physical superiority of young players 
competing at higher levels may reflect a positive adaptation 
to being highly trained following exposure to a high volume 
of specific systematic training. For instance, over a period of 
multiple years, the ability to jump, sprint and change direc-
tion improves more in academy soccer players compared 
with those who only play for their school team [20].

While physical fitness may improve in young soccer play-
ers as a result of involvement in soccer-specific training, 
resistance training has the potential to provide an additional 
stimulus that can aid long-term athletic development [21, 
22]. Resistance training is considered a specialised form 
of training where individuals work against resistance pro-
vided by body weight or an external load in the form of free 
weights, medicine balls, elastic bands or weight machines 
[23]. Strength and plyometric training are common forms 
of resistance training used to improve the athletic abilities 
of young athletes [21]. For soccer, enhancing strength may 
be useful as strength has been shown to be related to accel-
eration, speed, CODS and power in youth soccer players 
[24–28]. Similarly, plyometric training has become a popular 
training method in youth soccer [29, 30], with observations 
that this form of training can improve muscular power, maxi-
mal strength, and sprinting and acceleration capabilities in 
young male and female soccer players [31–33]. Given dif-
ferent forms of training will stimulate different adaptations, 
practitioners and researchers have looked to combine dif-
ferent forms of training (e.g. strength and plyometric train-
ing) to maximise performance responses, reporting strength, 
power and speed improvements with this approach in young 
soccer players [34–36].

It is now widely accepted that resistance training can 
have a positive effect on the physical development of chil-
dren and adolescents [21], with the positive responses of 
youth to resistance training well documented in a number 
of meta-analyses [37–44]. However, these meta-analyses 
consider either a general population of children and ado-
lescents or populations of youth athletes across a mix of 
different sports and abilities. Bedoya and Miltenberger 
[45] have provided a review of plyometric training in youth 
soccer players, although this review covered players of all 
standards and did not provide any meta-analysis. Similarly, 
a previous meta-analysis of the effect of plyometric training 
in “young” soccer players ignored training status and also 

Despite engaging in high volumes of systematic soccer 
training from a young age, high-level, highly trained 
male youth soccer players can still make positive 
improvements in strength, power and speed characteris-
tics following strength, plyometric and combined train-
ing interventions.

Strength gains in high-level, highly trained male youth 
soccer players are greater following strength or com-
bined training when compared with plyometric training.

It is likely that future strength, plyometric or combined 
training in high-level, highly trained male youth soccer 
players will lead to positive improvements in squat and 
countermovement jump performance, horizontal power 
and acceleration.

While all forms of training led to mostly moderate 
improvements in strength, jump performance, accelera-
tion and change of direction speed, maximal speed only 
improved by a small amount.

1  Introduction

Soccer is considered to be highly physical and demand-
ing in nature [1, 2], even at a youth level [3–6]. During a 
full-length game, players can be required to perform ~ 1350 
high-intensity activities, including jumps, brief sprints and 
changes of direction involving rapid accelerations and decel-
erations [7]. These strength, power and speed-related actions 
are important for success, contributing towards retaining or 
retrieving ball possession and creating goal scoring opportu-
nities during match play [8–10]. The ability to produce high 
levels of sprint speed, change of direction speed (CODS) 
and jump performance have also been shown to distinguish 
between more and less successful players at the junior level 
[10–12]. Therefore, player development pathways may con-
sider it important to develop strength, power and speed char-
acteristics from a young age.

Soccer has been suggested to be moving towards an 
approach of early specialisation with high training volumes 
in the academy setting [13]. Data from a multitude of coun-
tries across the Americas, Europe and Africa show that pro-
fessional soccer players start playing the game at around 
5 years of age and begin specialising between the age of 10 
and 12 years [14–16]. By the time high-level young players 
(e.g. those in academies and representative teams) reach the 
U16 age group, they can have accumulated 3900–5500 h 
of training, with adolescent players training and playing 
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extended to players in the U23 age group [33], combining 
results for immature and fully mature players. High-level, 
highly trained young soccer players represent a unique pop-
ulation as they are exposed to a high volume of training, 
which will include a high exposure to sprinting, accelerating 
and decelerating, changing direction and jumping. The high 
level of exposure to explosive actions during soccer training 
and play may then limit the ability of youth soccer players 
to further adapt these qualities following resistance training, 
with review work demonstrating that trained youth athletes 
respond. Both Lesinski et al. [41] and Behm et al. [39] have 
shown that responses to resistance training in youth are spe-
cific to the population, type of training and outcome. For 
instance, Behm et al. [39] showed that trained youth athletes 
experience smaller gains in strength and power than their 
untrained counterparts, attributing this response to differ-
ences in baseline fitness and training history. Behm et al. 
also demonstrated the effect of training specificity with 
strength training having a much greater effect on strength 
than on jump performance, and power training having a 
much greater effect on jump performance than strength. To 
the authors knowledge, no existing meta-analyses have con-
sidered the specific effects of different forms of resistance 
training in high-level, highly trained youth athletes from a 
single sport, athletes who will have already been exposed 
to a high volume of systematic training and will likely have 
high levels of baseline fitness. Therefore, the purpose of this 
systematic review and meta-analysis was to examine the spe-
cific effects of strength, plyometric and combined training on 
the strength, power and speed characteristics of high-level, 
highly trained male youth soccer players.

2 � Methods

2.1 � Registration and Literature Search

This meta-analytical review was conducted in accordance 
with the Preferred Reporting Items for Systematic Review 
and Meta-Analyses guidelines [46]. The study was regis-
tered in Open Science Framework (OSF Registries), an 
open-source online tool developed by the Centre of Open 
Science. The registered document can be accessed using the 
following link: https://​osf.​io/​brmk9.

Literature searches were conducted in the following 
electronic databases from inception to June 2022 without 
any restriction to language or publication status: PubMed, 
Scopus, CINAHL, Web of Science and SPORTDiscus. 
Publications not presented in English were then removed 
as part of the screening process of inclusion and exclusion 
criteria. Keywords were collected through experts’ opinion, 
a systematic literature review and controlled vocabulary (e.g. 

Medical Subject Headings: MeSH). A Boolean search was 
conducted in each database using terms including “youth” 
OR “child*” OR “young” OR “puberty*” AND “soccer” 
OR “football” AND “training” OR “Intervention” AND 
“strength” OR “plyometric” OR “combined” OR “Jump” 
OR “explosive” OR “ballistic”. Specific search details for 
each database are provided in the Electronic Supplementary 
Material (ESM). The search was conducted using a publica-
tion date up until the end of June 2022. In addition to the 
main electronic systematic searches, reference lists of arti-
cles that satisfied the inclusion and exclusion criteria were 
also reviewed.

2.2 � Inclusion Criteria

Two of the authors (AR and US) conducted the initial search, 
removed duplicates and then screened papers against the 
inclusion criteria. Where there was any disagreement, a third 
author (JLO) was included in the review process to provide 
a consensus. A PICOS (participants, intervention, compara-
tors, outcomes and study design) approach was used to rate 
studies for eligibility [47]. The respective inclusion/exclu-
sion criteria adopted in our meta-analysis were as follows.

2.2.1 � Population

High-level, highly trained male soccer players competing 
in U18 age groups and below. High-level or highly trained 
was defined using one of the two below-mentioned crite-
ria. First, players were categorised as high level based on 
a competitive standard if they were identified as being Tier 
3 athletes or above based on the classification system of 
McKay et al. [48]. In team sports, Tier 3 athletes include 
those in academy programmes and who are competing in 
national or state (regional) level leagues and tournaments. 
Where the competitive level was not reported, participants 
were classified as highly trained based on the number of 
total training hours (team plus individual training) in line 
with those reported across top-level European Soccer Acad-
emies [49]; U12 = 4.5–6 h/week, U13–U15 = 10 h/week, 
U16–U18 = 10–12 h/week.

2.2.2 � Intervention

Studies that exposed participants to strength training, plyo-
metric training or combined training for a duration of at 
least 4 weeks. Combined training included interventions that 
combined strength or plyometric training with other forms 
of training (e.g. strength + plyometric, plyometric + sprint).

2.2.2.1  Comparator  Active control group who continued 
with their normal soccer training.

https://osf.io/brmk9
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2.2.2.2  Outcome  At least one measure related to (1) 
strength; lower body strength, (2) power; squat or counter-
movement jump or horizontal power (e.g. horizontal jump 
or bounding) or (3) speed; sprint performance (acceleration 
or speed) or CODS.

2.2.2.3  Study Design  Controlled trials. Studies in which the 
use of exercise protocols were not clearly described, stud-
ies for which only the abstract was available, case reports, 
special communications, letters to the editor, invited com-
mentaries, errata, overtraining studies and detraining stud-
ies were excluded.

2.3 � Methodological Quality and Risk of Bias

The Physiotherapy Evidence Database (PEDro) scale was 
used to assess the methodological quality of the included 
studies, which were rated from 0 (lowest quality) to 10 
(highest quality). The validity and reliability of the PEDro 
scale has been established previously [50–52]. Established 
cut-off scores indicated methodological quality was rated as 
‘poor’ (< 4), ‘fair’ (4–5), ‘good’ (6–8) and ‘excellent’ (9–10) 
[53]. The methodological quality of each included study was 
assessed independently by two authors (AR and US), and 
any discrepancies between the two authors were resolved 
via consensus with a third author (JLO). Risk of bias was 
evaluated via visual inspection of funnel plots, assessing the 
level of asymmetry and the inverted funnel shape of the plot. 
Statistical tests of funnel asymmetry were not employed as 
these are reported to be under-powered where only a small 
number of studies are available [54, 55].

2.4 � Data Extraction and Interpretation

Descriptive information, including participants’ age, competi-
tive standard and weekly training volume, was extracted where 
available. Information on the training programme design was 
recorded, including details on training duration, frequency, 
intensity, volume (e.g. number of repetitions and number of 
sets) and recovery. Performance on physical tests evaluating 
strength, power and speed pre- and post-training was extracted 
and included measures of lower body strength, squat jump 
height, countermovement jump height, horizontal power, lin-
ear acceleration and speed, and CODS. To prevent the infla-
tion of effects, where a study reported multiple measures for 
a given outcome (e.g. multiple change of direction tests), a 
single outcome was extracted and used for analysis. Accelera-
tion was presented as sprint time over distances of 0–10 m, 
and speed was represented as sprint time over distances of 
15–40 m [56]; where multiple distances/split times were 

reported, the longest distance for each outcome was used (e.g. 
10 m and 40 m). Where multiple CODS tests were reported, 
the test with the longest time to completion was taken forward 
to the analysis [57]. Horizontal power was represented by jump 
distance in tests such as a standing broad jump, triple hop and 
bounding tests; where several outcomes were reported, tests 
of a single jump effort were used, or where not available, the 
test with the fewest rebound jump efforts was used for analysis.

In cases where the required data were not clearly or com-
pletely reported, the authors of the study were contacted for 
clarification. If no response was obtained from the authors 
after two attempts, or if the authors could not provide the 
requested data, the study outcome was excluded from further 
analysis. If data were only displayed in the form of figures 
but not tables, numerical data were extracted from figures 
using appropriate software (WebPlotDigitizer; https://​apps.​
autom​eris.​io/​wpd/). This procedure has proven to be valid 
(r = 0.99, p < 0.001) [58].

2.5 � Statistical Analysis

Studies were meta-analytically aggregated if three or more 
relatively homogeneous studies were available for the same 
outcome measure. Effect sizes (Hedge’s g) were calculated 
by comparing change in performance pre-to-post inter-
vention in training groups relative to changes in control 
groups for each dependent variable. Data were standard-
ised using post-intervention standard deviation values. The 
random-effects model was used to account for differences 
between studies that might influence training effects [59, 
60]. Effect size values were presented with 95% confidence 
intervals (95% CIs) and the magnitude of effects were inter-
preted using the following scale: < 0.2, trivial; 0.2–0.6, 
small; > 0.6–1.2, moderate; > 1.2–2.0, large; > 2.0–4.0, 
very large; > 4.0, extremely large [61]. In studies including 
more than one intervention group, the sample size of the 
active control group was proportionately divided to facili-
tate comparisons across multiple groups [59]. The impact 
of study heterogeneity was assessed using an χ2 test and 
the I2 statistic, with values of < 25%, 25–75% and > 75% 
representing low, moderate and high levels, respectively 
[62]. Heterogeneity and confidence in future effects were 
further investigated by calculating prediction intervals for 
each dependent variable [63]. All analyses were carried out 
using the Comprehensive Meta-Analysis software (Ver-
sion 2.0; Biostat, Englewood, NJ, USA) with forest plots 
generated using Review Manager (Version 5.4, Cochrane 
collaboration, Oxford, UK) based on the results obtained 
from Comprehensive Meta-Analysis software. The level of 
statistical significance was set at p < 0.05.

https://apps.automeris.io/wpd/
https://apps.automeris.io/wpd/
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3 � Results

3.1 � Study Characteristics

The initial database search returned 5464 studies. As shown 
in Fig. 1, after removing duplicates, screening titles and 
abstracts, and accessing full-text articles, 34 studies [26, 28, 
29, 34, 35, 64–92] were identified as meeting the inclusion 
criteria. Table 1 provides the PEDro rating of included stud-
ies. As expected, no studies were able to blind participants 
(item 5), only one study claimed to blind those administer-
ing an intervention (item 6), while no studies blinded those 
taking assessments (item 7). Studies scored well for groups 
being similar at baseline (item 4), outcomes being assessed 
in at least 85% of participants with participants remaining 
in the allocated group, statistical outcomes reported with 
point measures and measures of variability (items 8–11). 
Overall, one study was rated as poor [34], 12 studies as fair 
[28, 29, 35, 64, 65, 68, 74–76, 79, 82, 86] and 21 studies [26, 
66, 67, 69–73, 77, 78, 80, 81, 83–85, 87–92] rated as hav-
ing good methodological quality. Funnel plots are presented 
in the ESM. The plots for lower body strength, squat jump 
and countermovement jump show no obvious asymmetry, 
although plots are limited to a clustering of effects around 
a range of studies with similar sample sizes. For horizontal 
power, acceleration, speed and CODS, an absence of data 
points towards the lower left-hand area of the plots sug-
gests an under-representation of smaller studies with limited 
effects, indicating a bias towards smaller studies with larger 
effects.

Across the included studies, there was a total sample 
size of n = 1396 high-level, highly trained youth male soc-
cer players, of which n = 327 participated in strength train-
ing, n = 217 in plyometric training, n = 308 in combined 
training and n = 534 acted as active controls. Descriptive 
characteristics of participants and the training programme 
design for included studies are provided in Table 2. Training 
studies lasted for 6–104 weeks, with 79% of studies hav-
ing a duration of ≤ 12 weeks. Most studies (82%) included a 
training frequency of twice per week, although the range in 
frequency was one to four times per week. Where reported, 
the intensity of plyometric training was always maximal or 
near-maximal (e.g. maximal effort), whereas strength and 
combined training was completed at intensities that ranged 
from 40% one-repetition maximum to maximal efforts. 
Details on the repetition range, number of sets, recovery 
between sets and recovery between sessions are provided 
in Table 2, with more detailed information on the exercises 
included in each programme provided in the ESM.

3.2 � Meta‑Analysis

Forest plots showing the effects of the different modes of 
training on strength, squat jump, countermovement jump, 
horizontal power, acceleration, speed and CODS are shown 
in Figs. 2, 3, 4, 5, 6, 7, 8, respectively. Summary findings of 
the meta-analysis across all fitness outcomes, both in terms 
of intervention effects and measures of heterogeneity, are 
provided in Table 3.       

When considering the effects of each type of interven-
tion (strength, plyometric or combined training) or overall 
effects (all interventions combined), results revealed that in 
most cases training effects were significant and moderate 
in size (see Table 3). This included all improvements being 
reported as moderate for all forms of training with regard 
to squat jump, countermovement jump, linear acceleration 
and CODS, and overall effects as moderate for all outcomes 
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Records removed before 
screening:

Duplicate records removed
(n = 2,643)

Records screened for title 
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Records excluded
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Meta-analysis could not be 
performed (n = 2)

Not in English (n = 2)
Full text not found (n = 1)

Full-text articles assessed 
for eligibility

(n = 87)

Identification of studies via databases and registers

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed

Records sought for 
retrieval
(n = 87)

Articles not retrieved
(n = 0)

Studies included for 
analysis
(n = 34)

Fig. 1   Summary PRISMA (preferred reporting items for systematic 
reviews and meta-analyses) flowchart identifying the study selection 
process
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other than linear speed. While all forms of training resulted 
in significant improvements in linear speed (all p < 0.05), all 
effects were small in magnitude (g = 0.40–0.59). As a result 
of the general consistency of effects across training, the type 
of training was found to have no significant effect on all fit-
ness outcomes (p > 0.05) except lower body strength. For 
lower body strength, there was a significant effect (p < 0.05) 
of training mode, reflecting the moderate positive effects of 
strength and combined training (g = 1.07 and 0.75, respec-
tively) and only small positive effects of plyometric train-
ing (g = 0.27). While the mode of training did not have a 
significant effect on horizonal jump performance, it is note-
worthy that strength training resulted in large improvements 
(g = 1.24), compared with only moderate improvements from 

plyometric and combined training (g = 0.79 and 0.88, respec-
tively). When all fitness outcomes were combined, there 
was a tendency for plyometric training (g = 0.71, 95% CI 
0.57–0.84) to result in a lower positive effect than strength 
(g = 0.91, 95% CI 0.74–1.08) and combined (g = 0.89, 95% 
CI 0.74–1.03) training, but the effect did not reach signifi-
cance (p = 0.10).

Measures of heterogeneity are shown in Table 3. Usually 
(21/28), the χ2 test was significant (p < 0.05), including for 
all overall effects. In four cases where the χ2 statistic was 
non-significant (p > 0.05), the I2 statistic also revealed low 
levels of heterogeneity. However, in most cases, I2 results 
suggested moderate levels of heterogeneity, with only a sin-
gle case of a high level of heterogeneity. Heterogeneity was 

Table 1   Methodological quality 
for included studies using 
the Physiotherapy Evidence 
Database (PEDro) rating scale

a From a possible maximal score of 10 (item 1 is not included in the total)

Study name 1 2 3 4 5 6 7 8 9 10 11 Totala Study quality

Abade et al. [88] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Aloui et al. [89] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Aloui et al. [92] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Aloui et al. [91] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Aloui et al. [90] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Maio Alves et al. [64] 1 0 0 1 0 0 0 1 1 1 1 5 Fair
Boraczynski et al. [65] 1 1 0 0 0 0 0 1 1 1 1 5 Fair
Chelly et al. [26] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Chtara et al. [66] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Saez de Villareal et al. [67] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Drouzas et al. [68] 1 1 0 1 0 0 0 0 1 1 1 5 Fair
Drury et al. [69] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Ferrete et al. [70] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Franco-Marquez et al. [34] 1 0 0 0 0 0 0 0 1 1 1 3 Poor
Hammami et al. [71] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Hammami et al. [72] 1 1 1 1 0 1 0 1 1 1 1 8 Good
Hammami et al. [73] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Hoshikawa et al. [74] 1 0 0 1 0 0 0 1 1 1 1 5 Fair
Keiner et al. [75] 1 0 0 1 0 0 0 1 1 1 1 5 Fair
Keiner et al. [28] 1 0 0 1 0 0 0 1 1 1 1 5 Fair
Keiner et al. [76] 1 0 0 1 0 0 0 1 1 1 1 5 Fair
Makhlouf et al. [77] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Marques et al. [78] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Michailidis et al. [29] 1 1 0 1 0 0 0 0 1 1 1 5 Fair
Negra et al. [79] 1 1 0 1 0 0 0 0 1 1 1 5 Fair
Negra et al. [80] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Negra et al. [81] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Padron-Cabo et al. [82] 1 1 0 1 0 0 0 0 1 1 1 5 Fair
Pena-Gonzalez et al. [83] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Ramirez-Campillo et al. [87] 1 1 1 1 0 0 0 1 1 1 1 7 Good
Raya-Gonzalez et al. [84] 1 1 1 1 0 0 0 1 1 1 1 7 Good
Rodriguez-Rosell et al. [85] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Szymanek-Pilarczyk [86] 1 0 0 1 0 0 0 1 1 1 1 5 Fair
Wong et al. [35] 1 0 0 1 0 0 0 0 1 1 1 4 Fair
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reflected in some level of uncertainty in prediction inter-
vals, with intervals often crossing zero. However, prediction 
intervals for overall training effects were entirely positive 
for squat jump, countermovement jump, horizontal jump 
and linear acceleration, reflecting some positive prediction 
intervals for individual modes of training within those fitness 
outcomes (see Table 3). Although the effect of plyometric 
training on speed was small (g = 0.42), the prediction inter-
val was entirely positive (0.17–0.67).

4 � Discussion

The aim of this systematic review and meta-analysis was 
to examine whether highly trained male youth soccer play-
ers could improve strength, power and speed characteristics 
in response to strength, plyometric and combined training, 
compared with standard soccer training. The major findings 
show that this unique population made significant and mean-
ingful gains across all forms of training and fitness outcomes 
following what were typically short duration (≤ 12 weeks) 
interventions. Nearly all training outcomes across strength, 

squat and countermovement jump, horizontal power, accel-
eration and CODS led to moderate improvements in fitness. 
Lower body strength was the only outcome to be signifi-
cantly influenced by the mode of training, with moderate 
gains following strength and combined training compared 
with only small gains with plyometric training. Improve-
ments to speed were more blunted and while significant, they 
were only small in magnitude following all forms of train-
ing. Some caution should be taken with the generalisability 
of findings, given the potential for publication bias in some 
findings and moderate levels of heterogeneity. Nevertheless, 
when considering the overall outcomes, prediction intervals 
suggest future strength, plyometric and combined training in 
high-level, highly trained male youth soccer players is likely 
to lead to positive improvements in squat and countermove-
ment jump performance, horizontal power and acceleration, 
with overall effects moderate in magnitude. While overall 
effects demonstrated moderate effects of training for strength 
and CODS, and small effects for speed, some caution should 
be taken when considering the transference of these effects 
to future populations, given the wider prediction intervals.

Fig. 2   Forest plot showing the effects of strength (top), plyometric 
(middle) and combined (bottom) training on lower body strength in 
high-level, highly trained youth male soccer players. FTG functional 

training group, PHV peak height velocity, PT plyometric training, 
STG strength training group
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The magnitudes of effect for improvements in lower body 
strength were approximately three to four times greater using 
combined training or strength training when compared with 
plyometric training, suggesting an effect of training specific-
ity. Our finding is similar to a previous meta-analysis that 
combined trained and untrained youth. Behm et al. [39] 
reported that following strength training, adolescents expe-
rienced a moderate increase in strength (g = 0.88), but only 
a trivial improvement in strength following power training 
(g = 0.16). While the population in the current study were 
highly trained, their normal soccer training may have previ-
ously exposed them to very little strength training, meaning 
that baseline strength was relatively low. When describ-
ing the training practices of academy soccer players, it has 
been noted that only 7–14% of their weekly training load is 
attributed to work in a gym [20]. Although strength training 
experience was not typically reported in the studies included 
in this review, some studies did report that players had no 
prior strength training experience [26, 69]. In the present 
review, combined training was also found to positively 
improve lower body strength, albeit with a lower effect size 

compared with strength training (g = 0.75 vs 1.07). The posi-
tive response to combined training may be partly explained 
by the fact that all studies included some element of strength 
training as part of the combined training programme [34, 75, 
85]. Findings from this review suggest that strength training 
provides a specific response in terms of improving strength 
in high-level, highly trained male youth soccer players, and 
positive responses may be partly related to a low strength 
training history in this population. Strength and strength 
training have been suggested to be important in youth soc-
cer because of associations with both physical performance 
[24–27, 93, 94] and injury prevention [95, 96]. Given the 
importance of strength and the unique stimulus provided 
by strength training, including within combined training, it 
would appear desirable to include this mode of training in 
the development of young, high-level, highly trained male 
soccer players.

While all forms of training led to significant and moder-
ate improvements in acceleration, training only transferred 
to small gains in speed. This may be because of the dif-
fering mechanical determinants of acceleration and speed 

Fig. 3   Forest plot showing the effects of strength (top), plyometric (middle) and combined (bottom) training on squat jump performance in high-
level, highly trained youth male soccer players. PT plyometric training, TG training group
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in highly trained youth soccer players [97], and the ability 
of different types of training to target adaptations in these 
determinants. Plyometric training is the most popular type 
of training used to increase maximal speed by strength 
and conditioning coaches working in elite soccer, while 
strength training is also popular [98]. However, these types 
of training may lack specificity to maximal speed produc-
tion. In boys aged 11–16 years, maximal sprint speed has 
been shown to be determined by relative stiffness, requir-
ing high levels of force to be generated during very brief 
ground contact periods (~ 140 ms) while resisting vertical 
displacement of the centre of mass during ground contact, 
all while trying to propel the body forward [99]. Although 
maximal speed and plyometric exercise may both rely on 
the stretch–shortening cycle by using pre-activation and 
stretch reflexes to generate high levels of speed and power 
[100], they may not always be well matched. In the studies 

included in the current meta-analysis of speed, plyometric 
training often included exercises that were vertical or lateral 
in direction, exercises involving large joint range of move-
ment and centre of mass displacement (e.g. countermove-
ment jump, drop jump from a large height), and exercises 
that would likely involve use of a slow-stretch shortening 
cycle (e.g. ground contact time > 250 ms) [66, 68, 71–73, 
79, 87]. Consequently, the mechanical and neuromuscular 
demands imposed by the plyometric training may have had 
greater training transfer to acceleration and CODS, rather 
than maximal sprint speed. Strength, plyometric and com-
bined training can result in small gains in speed in high-
level, highly trained youth soccer players; however, training 
for speed may need to be more specific to achieve greater 
gains. Training specificity for maximal speed development 
could be further improved by focusing on exercises that tar-
get a fast stretch–shortening cycle, requiring high levels of 

Fig. 4   Forest plot showing the effects of strength (top), plyometric (middle) and combined (bottom) training on countermovement jump perfor-
mance in high-level, highly trained youth male soccer players. PT plyometric training
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stiffness and rapid horizontal force production. However, 
more research is needed to understand how highly trained 
male youth soccer players respond to resistance training that 
is more targeted towards improving maximal speed.

The squat jump, countermovement jump, horizontal 
power, acceleration and CODS all appeared to be trainable to 
a similar extent, with consistent moderate gains for all forms 
of training and a large effect of strength training on horizon-
tal power. Highly trained youth soccer players are likely to 
spend a considerable amount of time in match play or play-
ing small-sided games during training [101], with young 
players frequently sprinting [102] and likely often jumping 
during match play and with small-sided games imposing 
high acceleration and deceleration demands on young play-
ers [103]. Despite highly trained male youth soccer players 
habitually engaging in brief explosive actions as part of their 
normal training and competition, strength, plyometric and 
combined training were all effective at further improving 
jump, acceleration and change of direction performance. It 
has been stated that jumping, acceleration and change of 
direction ability are all independent qualities that should be 

trained separately in adult soccer players [104]. Of note, the 
findings from this review suggest some common transfer-
ence of training adaptations to multiple fitness outcomes, 
which may not be surprising given known associations 
that have been reported between strength, jump, sprint and 
change of direction qualities in youth soccer players [24–27, 
93, 94]. Based on prediction intervals of overall effects, the 
findings of the current review also show that practitioners 
can have reasonable confidence that future training will lead 
to positive outcomes in squat and countermovement jump, 
horizontal power and acceleration in high-level, highly 
trained youth male soccer players.

It is likely those working to support the physical develop-
ment of youth soccer players will want to simultaneously 
target the development of multiple fitness outcomes. Conse-
quently, identifying modes of training with multiple fitness 
benefits is desirable. All modes of training considered in 
the current review resulted in significant positive benefits 
in all measures of strength, power and speed. However, 
when fitness outcomes were combined, the overall effect of 
plyometric training was lower compared with strength and 

Fig. 5   Forest plot showing the effects of strength (top), plyometric (middle) and combined (bottom) training on horizontal power in high-level, 
highly trained youth male soccer players. PT plyometric training, TG training group
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combined training (g = 0.72 vs 0.91 vs 0.89, respectively), 
albeit this difference was not significant (p = 0.10). The dif-
ference in the magnitude of response across training modes 
may reflect the fact that strength and combined training pro-
vide a more novel training stimulus in this population, while 
plyometric training may somewhat repeat the routine use of 
the stretch–shortening cycle movement that is completed in 
soccer. This finding may support an approach that priori-
tises the use of strength or combined training with highly 
trained youth soccer players, particularly when considering 
the greater effects of strength training compared with plyo-
metric training on strength (g = 1.07 vs 0.27) and horizon-
tal power (g = 1.24 vs 0.79). However, long-term athletic 
development programmes should expose young athletes to 
a variety of training stimuli [21, 105] and plyometric train-
ing still provided clear benefits in the present review. It is 
also worth noting that most studies included in this review 
used short-duration interventions (≤ 12 weeks), and player 
development should consider a long-term approach and the 

inclusion and periodisation of a number of complementary 
training modes.

5 � Limitations

To the authors knowledge, this is the first review and meta-
analysis to specifically focus on a highly trained sample of 
youth male athletes from a single sport and it is acknowl-
edged that defining what constitutes “high level” or “highly 
trained” comes with some limitations. While the weekly 
training hours reported for some studies appear low (e.g. as 
low as 1.5–2 h per week [87]), participants in those studies 
identified that participants were competing at a high level (e.g. 
international, national leagues) and it may be that participants 
were accumulating more training hours outside of representa-
tive teams. Similarly, weekly training volume was often not 
reported, although in those instances the competitive standard 
was reported and identified players as high level. A definition 

Fig. 6   Forest plot showing the effects of strength (top), plyometric (middle) and combined (bottom) training on acceleration in high-level, highly 
trained youth male soccer players. PT plyometric training, TG training group
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for “highly trained” was based on training hours reported 
by academies from top clubs across European football [49]. 
While it may be possible that some lower level players could 
be attaining these high levels of training volume, the authors 
consider this to be unlikely. More importantly, any players 
meeting the criteria to be classified as highly trained will have 
been exposed to a large volume of systematic football training, 
reflecting the purpose of this review to explore the ability of 
young players who have accumulated substantial soccer-train-
ing history to respond to different forms of resistance training. 
By limiting the review to high-level, highly trained male youth 
soccer players, the overall pool of studies and total sample size 

that could be included was restricted, which in turn may have 
contributed to some publication bias across certain outcomes, 
with a slight over-representation of small studies with larger 
effects (and the under-representation of small studies with lim-
ited effects). Nevertheless, the total sample size was similar 
to notable meta-analyses that have investigated the effects of 
resistance training in youth athletes across sports [41], and 
in the general population of children and adolescents [38]. 
Moreover, the focus on high-level male youth soccer players 
reduced heterogeneity arising from the incorporation of more 
divergent groups. The review excluded female players, partly 
owing to a greater difficulty in establishing training volumes 

Fig. 7   Forest plot showing the effects of strength (top), plyometric 
(middle) and combined (bottom) training on sprint speed in high-
level, highly trained youth male soccer players. FTG functional train-

ing group, PHV peak height velocity, PT plyometric training, STG 
strength training group, TG training group



	 J. L. Oliver et al.

associated with a high level in this population, partly because 
of a lack of available research in this population, and partly 
because of the differing maturation processes in boys and girls 
and the potential confounding effects on training responses.

The quality was good for most studies, but only fair for 
some studies, and was poor for one study. Nearly all stud-
ies failed to blind participants, coaches or assessors to the 
intervention condition, and this will likely be the case in 
future research. Future research should implement randomi-
sation procedures, ensuring a similar baseline level of key 
dependent variables. Heterogeneity was also present to some 

degree in most outcomes. To account for the effects of het-
erogeneity on meta-analytic outcomes, prediction intervals 
were calculated to give a measure of certainty in future train-
ing effects. Given the mode of training did not significantly 
affect most outcomes, it seems appropriate to consider the 
prediction interval from the overall effects for each fitness 
outcome. Taking this approach demonstrates that despite 
the presence of heterogeneity, reasonable confidence can be 
taken that future training effects would likely lead to posi-
tive outcomes, particularly for jump performance, horizon-
tal power and acceleration. An analysis of the moderating 

Fig. 8   Forest plot showing the effects of strength (top), plyomet-
ric (middle) and combined (bottom) training on change of direction 
speed in high-level, highly trained youth male soccer players. FTG 

functional training group, L left, PHV peak height velocity, PT ply-
ometric training, R right, STG strength training group, TG training 
group
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effects of programme design (e.g. intensity, frequency and 
duration of interventions) and participant characteristics 
(e.g. maturity, baseline fitness) could have provided an 
interesting perspective. Unfortunately, the relatively small 
sample sizes, difficulty in equating programme variables, 
such as intensity, across different forms of training, and the 
inconsistency in reporting of factors such as maturity status, 
precluded any meaningful analysis of training moderators. 
Data were pooled within each fitness quality across a num-
ber of different tests and variables, which may limit some of 
the findings. For instance, COD responses to training may 
be very specific to both the type of training and the type of 
COD movement and test. More data would be required to 
fully examine such factors.

6 � Conclusions

The purpose of this systematic review and meta-analysis was 
to examine the specific effects of strength, plyometric and 
combined training on the strength, power and speed char-
acteristics of high-level, highly trained male youth soccer 
players. Overall, the findings demonstrated that high-level, 
highly trained male youth soccer players can make positive 
improvements across strength, power and speed outcomes 
following exposure to strength, plyometric and combined 
training. These gains were typically moderate in magnitude 
following exposure to short duration (≤ 12 weeks) training 
interventions. Mode of training had a limited influence on 
the magnitude of training effects, although strength gains did 
differ with the type of training. The findings of this review 
support the inclusion of strength training in the physical 
development of highly trained male youth soccer players, 
given that this mode of training provided a specific stimu-
lus to increase strength and resulted in greater (albeit non-
significant) gains in horizontal power. Despite the presence 
of heterogeneity, results suggest with reasonable confidence 
that future training effects in this unique population would 
likely be positive, particularly when considering squat and 
countermovement jump, horizontal power and acceleration. 
While strength, plyometric and combined training can sig-
nificantly improve the speed of high-level, highly trained 
male youth soccer players, gains are likely to be only small 
in magnitude. Collectively, the findings indicated that the 
included training programmes more closely reflected and 
overloaded the mechanical and neuromuscular demands 
of jumping, bounding, accelerating and decelerating, but 
were less specific to the horizontal force demands of maxi-
mal sprint speed. Future research should clearly report the 

training history, participant characteristics (e.g. maturity) 
and programme design, so the effect of these moderators on 
training can be fully examined.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40279-​023-​01944-8.

Declarations 

Funding  No funding was received for the preparation of this systematic 
review.

Conflict of interest  The authors confirm that there are no direct or indi-
rect financial or non-financial conflicts of interests related to the work.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Availability of data and material  The datasets generated and/or ana-
lysed during the current study are available from the corresponding 
author on reasonable request.

Code availability  Not applicable.

Author contributions  JLO and RL conceived the idea for the review. 
AR and US undertook the systematic search and screening of the arti-
cles. JLO provided consensus where needed on quality ratings and 
inclusion criteria. AR, US and RRC completed the meta-analysis. JLO 
and AR drafted the manuscript. RL, RRC, AR and US reviewed and 
edited the manuscript.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Arnason A, Sigurdsson SB, Gudmundsson A, Holme I, Engebret-
sen L, Bahr R. Physical fitness, injuries, and team performance 
in soccer. Med Sci Sports Exerc. 2004;36:278–85.

	 2.	 Stølen T, Chamari K, Castagna C, Wisløff U. Physiology of soc-
cer: an update. Sport Med. 2005;35:501–36.

	 3.	 Castillo D, Rodríguez-Fernández A, Nakamura FY, Sanchez-
Sanchez J, Ramirez-Campillo R, Yanci J, et al. Influence of 

https://doi.org/10.1007/s40279-023-01944-8
http://creativecommons.org/licenses/by/4.0/


Resistance Training Responsiveness of High-Level Male Youth Soccer Players

different small-sided game formats on physical and physiologi-
cal demands and physical performance in young soccer players. 
J Strength Cond Res. 2021;35:2287–93.

	 4.	 Sanchez M, Ramirez-Campillo R, Hernandez D, Carretero M, 
Luis-Pereira JM, Sanchez-Sanchez J. External loads in Under-12 
players during soccer-7, soccer-8, and soccer-11 official matches. 
Int J Environ Res Public Health. 2021;18:4581.

	 5.	 Sanchez-Sanchez J, Sanchez M, Hernández D, Gonzalo-Skok 
O, Casamichana D, Ramirez-Campillo R, et al. Physical perfor-
mance during soccer-7 competition and small-sided games in 
U12 players. J Hum Kinet. 2019;67:281–90.

	 6.	 Sanchez-Sanchez J, Sanchez M, Hernandez D, Ramirez-Campillo 
R, Martínez C, Nakamura FY. Fatigue in U12 soccer-7 players 
during repeated 1-day tournament games: a pilot study. J Strength 
Cond Res. 2019;33:3092–7.

	 7.	 Mohr M, Krustrup P, Bangsbo J. Match performance of high-
standard soccer players with special reference to development 
of fatigue. J Sports Sci. 2003;21:519–28.

	 8.	 Faude O, Koch T, Meyer T. Straight sprinting is the most frequent 
action in goal situations in professional football. J Sports Sci. 
2012;30:625–31.

	 9.	 Datson N, Hulton A, Andersson H, Lewis T, Weston M, Drust 
B, et al. Applied physiology of female soccer: an update. Sport 
Med. 2014;44:1225–40.

	 10.	 Reilly T, Bangsbo J, Franks A. Anthropometric and physiological 
predispositions for elite soccer. J Sports Sci. 2000;18:669–83.

	 11.	 Keiner M, Kapsecker A, Stefer T, Kadlubowski B, Wirth K. Dif-
ferences in squat jump, linear sprint, and change-of-direction 
performance among youth soccer players according to competi-
tive level. Sports (Basel). 2021;9:149.

	 12.	 Vaeyens R, Malina RM, Janssens M, Van Renterghem B, Bour-
gois J, Vrijens J, et al. A multidisciplinary selection model for 
youth soccer: the Ghent Youth Soccer Project. Br J Sports Med. 
2006;40:928–34.

	 13.	 Read P, Oliver J, De Ste CM, Myer G, Lloyd R. The scientific 
foundations and associated injury risks of early soccer specialisa-
tion. J Sport Sci. 2016;34:2295–302.

	 14.	 Ford PR, Williams AM. The developmental activities engaged 
in by elite youth soccer players who progressed to professional 
status compared to those who did not. Psychol Sport Exerc. 
2012;13:349–52.

	 15.	 Ford PR, Carling C, Garces M, Marques M, Miguel C, Farrant 
A, et al. The developmental activities of elite soccer players aged 
under-16 years from Brazil, England, France, Ghana, Mexico, 
Portugal and Sweden. J Sports Sci. 2012;30:1653–63.

	 16.	 Knapik DM, Rizzone KH, Voos JE. Timing and reasons behind 
single-sport specialization in soccer: a survey of 64 major league 
soccer athletes. Sports Health. 2020;12:355–60.

	 17.	 Wrigley R, Drust B, Stratton G, Scott MGW. Quantification of 
the typical weekly in-season training load in elite junior soccer 
players. J Sport Sci. 2012;30:1573–80.

	 18.	 Gissis I, Papadopoulos C, Kalapotharakos V, Sotiropoulos A, 
Komsis G, Manolopoulos E. Strength and speed characteristics 
of elite, subelite, and recreational young soccer players. Res 
Sport Med. 2006;14:205–14.

	 19.	 Trecroci A, Milanović Z, Frontini M, Iaia FM, Alberti G. 
Physical performance comparison between under 15 elite and 
sub-elite soccer players. J Hum Kinet. 2018;61:209–16.

	 20.	 Wrigley RD, Drust B, Stratton G, Atkinson GGW. Long-term 
soccer-specific training enhances the rate of physical develop-
ment of academy soccer players independent of maturation 
status. Int J Sport Med. 2014;35:1090–4.

	 21.	 Lloyd RS, Cronin JB, Faigenbaum AD, Haff GG, Howard R, 
Kraemer WJ, et al. National Strength and Conditioning Asso-
ciation position statement on long-term athletic development. 
J Strength Cond Res. 2016;30:1491–509.

	 22.	 Meylan C, Cronin J, Oliver J, Hughes M, Manson S. An evi-
dence-based model of power development in youth soccer. Int 
J Sport Sci Coach. 2014;9:1241–64.

	 23.	 Lloyd RS, Faigenbaum AD, Stone MH, Oliver JL, Jeffreys 
I, Moody JA, et al. Position statement on youth resistance 
training: the 2014 International Consensus. Br J Sports Med. 
2014;48:498–505.

	 24.	 Peñailillo L, Espíldora F, Jannas-Vela S, Mujika I, Zbinden-
Foncea H. Muscle strength and speed performance in youth 
soccer players. J Hum Kinet. 2016;50:203–10.

	 25.	 Comfort P, Stewart A, Bloom L, Clarkson B. Relationships 
between strength, sprint, and jump performance in well-trained 
youth soccer players. J Strength Cond Res. 2014;28:173–7.

	 26.	 Chelly MS, Fathloun M, Cherif N, Ben Amar M, Tabka ZVPE. 
Effects of a back squat training program on leg power, jump, 
and sprint performances in junior soccer players. J Strength 
Cond Res. 2009;23:2241–9.

	 27.	 Hammami R, Granacher U, Pizzolato F, Chaouachi M, Chtara 
M, Behm DGB, et al. Associations between change of direc-
tion, balance, speed, and muscle power in prepubescent soccer 
players. J Athl Enhanc. 2017;6:2.

	 28.	 Keiner M, Sander A, Wirth K, Schmidtbleicher D. The impact 
of 2 years of additional athletic training on the jump perfor-
mance of young athletes. Sci Sport. 2014;29:e39-46.

	 29.	 Michailidis Y, Fatouros IG, Primpa E, Michailidis C, Avloniti 
A, Chatzinikolaou A, et al. Plyometrics’ trainability in preado-
lescent soccer athletes. J Strength Cond Res. 2013;27:38–49.

	 30.	 Kevin T, Duncan F, Philip RH. The effect of two plyometric 
training techniques on muscular power and agility in youth 
soccer players. J Strength Cond Res. 2009;23:332–5.

	 31.	 Ramírez-Campillo R, Gallardo F, Henriquez-Olguín C, Meylan 
CMP, Martínez C, Álvarez C, et al. Effect of vertical, horizon-
tal, and combined plyometric training on explosive, balance, 
and endurance performance of young soccer players. J Strength 
Cond Res. 2015;29:1784–95.

	 32.	 Ramirez-Campillo R, Sanchez-Sanchez J, Romero-Moraleda 
B, Yanci J, García-Hermoso A, Manuel CF. Effects of plyo-
metric jump training in female soccer player’s vertical jump 
height: a systematic review with meta-analysis. J Sports Sci. 
2020;38:1475–87.

	 33.	 Ramirez-Campillo R, Castillo D, Raya-González J, Moran J, 
de Villarreal ES, Lloyd RS. Effects of plyometric jump train-
ing on jump and sprint performance in young male soccer 
players: a systematic review and meta-analysis. Sport Med. 
2020;50:2125–43.

	 34.	 Franco-Márquez F, Rodríguez-Rosell D, González-Suárez JM, 
Pareja-Blanco F, Mora-Custodio R, Yañez-García JM, et al. 
Effects of combined resistance training and plyometrics on 
physical performance in young soccer players. Int J Sports Med. 
2015;36:906–14.

	 35.	 Wong PL, Chamari KWU. Effects of 12-week on-field com-
bined strength and power training on physical performance 
among U-14 young soccer players. J Strength Cond Res. 
2010;24:644–52.

	 36.	 Zghal F, Colson SS, Blain G, Behm DG, Granacher U, Chaouachi 
A. Combined resistance and plyometric training is more effective 
than plyometric training alone for improving physical fitness of 
pubertal soccer players. Front Physiol. 2019;10:1–11.



	 J. L. Oliver et al.

	 37.	 Behringer M, Vom HA, Matthews M, Mester J. Effects of strength 
training on motor performance skills in children and adolescents: 
a meta-analysis. Pediatr Exerc Sci. 2011;23:186–206.

	 38.	 Behringer M, Vom Heede A, Yue ZMJ. Effects of resistance 
training in children and adolescents: a meta-analysis. Br J Sports 
Med. 2010;126(e1199):210.

	 39.	 Behm DG, Young JD, Whitten JHD, Reid JC, Quigley PJ, Low 
J, et al. Effectiveness of traditional strength vs. power training 
on muscle strength, power and speed with youth: a systematic 
review and meta-analysis. Front Physiol. 2017;8:423.

	 40.	 Harries S, Lubans D, Callister R. Resistance training to improve 
power and sports performance in adolescent athletes: a system-
atic review and meta-analysis. J Sci Med Sport. 2012;15:S222.

	 41.	 Lesinski M, Prieske O, Granacher U. Effects and dose-response 
relationships of resistance training on physical performance 
in youth athletes: a systematic review and meta-analysis. Br J 
Sports Med. 2016;50:781–95.

	 42.	 Moran J, Sandercock GRH, Ramírez-Campillo R, Meylan C, 
Collison J, Parry DA. A meta-analysis of maturation-related 
variation in adolescent boy athletes’ adaptations to short-term 
resistance training. J Sports Sci. 2017;35:1041–51.

	 43.	 Peitz M, Behringer M, Granacher U. A systematic review on 
the effects of resistance and plyometric training on physical fit-
ness in youth. What do comparative studies tell us? PLoS ONE. 
2018;13: e0205525.

	 44.	 Slimani M, Paravlic A, Granacher U. A meta-analysis to deter-
mine strength training related dose-response relationships for 
lower-limb muscle power development in young athletes. Front 
Physiol. 2018;9:1155.

	 45.	 Bedoya AA, Miltenberger MRLR. Plyometric training effects 
on athletic performance in youth soccer athletes: a systematic 
review. J Strength Cond Res. 2015;29:2351–60.

	 46.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD, et  al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 
2021;372:2019–20.

	 47.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, 
Ioannidis JPA, et al. The PRISMA statement for reporting sys-
tematic reviews and meta-analyses of studies that evaluate health-
care interventions: explanation and elaboration. BMJ. 2009;339.

	 48.	 McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika 
I, Goosey-Tolfrey VL, et al. Defining training and performance 
caliber: a participant classification framework. Int J Sports Phys-
iol Perform. 2022;17:317–31.

	 49.	 European Club Association. Report on youth academies in 
Europe. 2012. p. 38–59. https://​www.​ecaeu​rope.​com/​media/​
2730/​eca-​report-​on-​youth-​acade​mies.​pdf.

	 50.	 de Morton NA. The PEDro scale is a valid measure of the meth-
odological quality of clinical trials: a demographic study. Aust J 
Physiother. 2009;55:129–33.

	 51.	 Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. 
Reliability of the PEDro scale for rating quality of randomized 
controlled trials. Phys Ther. 2003;83:713–21.

	 52.	 Yamato TP, Maher C, Koes B, Moseley A. The PEDro scale 
had acceptably high convergent validity, construct validity, and 
interrater reliability in evaluating methodological quality of phar-
maceutical trials. J Clin Epidemiol. 2017;86:176–81.

	 53.	 Cashin AG, McAuley JH. Clinimetrics: Physiotherapy Evidence 
Database (PEDro) Scale. J Physiother. 2020;66:59.

	 54.	 Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduc-
tion to meta-analysis. Chichester: Wiley; 2011.

	 55.	 Sterne JAC, Sutton AJ, Ioannidis JPA, Terrin N, Jones DR, Lau 
J, et al. Recommendations for examining and interpreting funnel 
plot asymmetry in meta-analyses of randomised controlled trials. 
BMJ. 2011;343:1–8.

	 56.	 Rumpf MC, Cronin JB, Oliver JL, Hughes M. Assessing youth 
sprint ability-methodological issues, reliability and performance 
data. Pediatr Exerc Sci. 2011;23:442–67.

	 57.	 Garcia-Ramos A, Haff GG, Feriche B, Jaric S. Effects of different 
conditioning programmes on the performance of high-velocity 
soccer-related tasks: systematic review and meta-analysis of con-
trolled trials. Int J Sports Sci Coach. 2018;13:129–51.

	 58.	 Drevon D, Fursa SRMAL. Intercoder reliability and validity 
of webplotdigitizer in extracting graphed data. Behav Modif. 
2017;41:323–39.

	 59.	 Deeks JJ, Higgins JPT, Altman DG. Analysing data and undertak-
ing meta-analyses. In: Higgins JPT, Green S, editors. Cochrane 
handbook for systematic reviews of interventions. Chichester: 
Wiley; 2008. p. 243–96.

	 60.	 Kontopantelis E, Springate DA, Reeves D. A re-analysis of the 
Cochrane Library data: the dangers of unobserved heterogeneity 
in meta-analyses. PLoS ONE. 2013;8: e69930.

	 61.	 Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive 
statistics for studies in sports medicine and exercise science. Med 
Sci Sports Exerc. 2009;41:3–12.

	 62.	 Higgins J, Thompson S. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21:1539–58.

	 63.	 IntHout J, Ioannidis JPA, Rovers MM, Goeman JJ. Plea for 
routinely presenting prediction intervals in meta-analysis. BMJ 
Open. 2016;6:1–6.

	 64.	 Maio Alves JM, Rebelo AN, Abrantes CSJ. Short-term effects 
of complex and contrast training in soccer players’ verti-
cal jump, sprint, and agility abilities. J Strength Cond Res. 
2010;24:936–41.

	 65.	 Boraczyński M, Boraczyński T, Gajewski J, Kamelska-Sadowska 
AM, Gronek P, Laskin J. Effects of intensity modulated total-
body circuit training combined with soccer training on physical 
fitness in prepubertal boys after a 6-month intervention. J Hum 
Kinet. 2021;80:207–22.

	 66.	 Chtara M, Rouissi M, Haddad M, Chtara H, Chaalali A, Owen 
A, Chamari K. Specific physical trainability in elite young soccer 
players: efficiency over 6 weeks’ in-season training. Biol Sport. 
2017;34:137–48.

	 67.	 de Villarreal ES, Suarez-Arrones L, Requena B, Haff GG, Ferrete 
C. Effects of plyometric and sprint training on physical and tech-
nical skill performance in adolescent soccer players. J Strength 
Cond Res. 2015;29:1894–903.

	 68.	 Drouzas V, Katsikas C, Zafeiridis A, Jamurtas AZ, Bogdanis 
GC. Unilateral plyometric training is superior to volume-matched 
bilateral training for improving strength, speed and power of 
lower limbs in preadolescent soccer athletes. J Hum Kinet. 
2020;74:161–76.

	 69.	 Drury B, Green T, Ramirez-Campillo R, Moran J. Influence of 
maturation status on eccentric hamstring strength improvements 
in youth male soccer players after the nordic hamstring exercise. 
Int J Sport Physiol Perform. 2020;15(7):990–6.

	 70.	 Ferrete C, Requena B, Suarez-Arrones LVE. Effect of strength 
and high-intensity training on jumping, sprinting, and intermit-
tent endurance performance in prepubertal soccer players. J 
Strength Cond Res. 2014;28:413–22.

	 71.	 Hammami M, Gaamouri N, Shephard RJ, Chelly MS. Effects 
of contrast strength vs. plyometric training on lower-limb 
explosive performance, ability to change direction and neuro-
muscular adaptation in soccer players. J Strength Cond Res. 
2019;33:2094–103.

	 72.	 Hammami M, Gaamouri N, Suzuki K, Aouadi R, Shephard RJ, 
Chelly MS. Effects of unloaded vs. Ankle-loaded plyometric 
training on the physical fitness of U-17 male soccer players. Int 
J Environ Res Public Health. 2020;17:1–18.

	 73.	 Hammami M, Negra Y, Aouadi R, Shephard RJ, Chelly MS. 
Effects of an in-season plyometric training program on repeated 

https://www.ecaeurope.com/media/2730/eca-report-on-youth-academies.pdf
https://www.ecaeurope.com/media/2730/eca-report-on-youth-academies.pdf


Resistance Training Responsiveness of High-Level Male Youth Soccer Players

change of direction and sprint performance in the junior soccer 
player. J Strength Cond Res. 2016;30:3312–20.

	 74.	 Hoshikawa Y, Iida T, Muramatsu M, Ii N, Nakajima Y, Chumank 
K, et al. Effects of stabilization training on trunk muscularity and 
physical performances in youth soccer players. J Strength Cond 
Res. 2013;27:3142–9.

	 75.	 Keiner M, Kadlubowski B, Sander A, Hartmann H, Wirth K. 
Effects of 10 months of speed, functional, and traditional strength 
training on strength, linear sprint, change of direction, and jump 
performance in trained adolescent soccer players. J Strength 
Cond Res. 2022;36(8):2236–46.

	 76.	 Keiner M, Sander A, Wirth KSD. Long-term strength training 
effects on change-of-direction sprint performance. J Strength 
Cond Res. 2014;28:223–31.

	 77.	 Makhlouf I, Chaouachi A, Chaouachi M. Combination of agility 
and plyometric training provides similar training benefits as com-
bined balance and plyometric training in young soccer players. 
Front Physiol. 2018;9:1611.

	 78.	 Marques MC, Pereira A, Reis IG, Van Den Tillaar R. Does an 
in-season 6-week combined sprint and jump training program 
improve strength-speed abilities and kicking performance in 
young soccer players? J Hum Kinet. 2013;39:157–66.

	 79.	 Negra Y, Chaabene H, Fernandez-Fernandez J, Sammoud S, 
Bouguezzi R, Prieske O, et al. Short-term plyometric jump train-
ing improves repeated-sprint ability in prepuberal male soccer 
players. J Strength Cond Res. 2020;34:3241–9.

	 80.	 Negra Y, Chaabene H, Hammami M, Hachana YGU. Effects 
of high-velocity resistance training on athletic performance 
in prepuberal male soccer athletes. J Strength Cond Res. 
2016;30:3290–7.

	 81.	 Negra Y, Chaabene H, Stöggl T, Hammami M, Chelly MS, 
Hachana Y. Effectiveness and time-course adaptation of resist-
ance training vs. plyometric training in prepubertal soccer play-
ers. J Sport Heal Sci. 2020;9:620–7.

	 82.	 Padrón-Cabo A, Lorenzo-Martínez M, Pérez-Ferreirós A, Costa 
PB, Rey E. Effects of plyometric training with agility ladder 
on physical fitness in youth soccer players. Int J Sports Med. 
2021;42:896–904.

	 83.	 Pena-González I, Fernández-Fernández J, Cervelló E, Moya-
Ramón M. Effect of biological maturation on strengthrelated 
adaptations in young soccer players. PLoS ONE. 2019;14:1–9.

	 84.	 Raya-González J, Castillo D, de Keijzer KL, Beato M. The effect 
of a weekly flywheel resistance training session on elite U-16 
soccer players’ physical performance during the competitive sea-
son: a randomized controlled trial. Res Sport Med Routledge. 
2021;29:571–85.

	 85.	 Rodríguez-Rosell D, Franco-Márquez F, Pareja-Blanco F, Mora-
Custodio R, Yáñez-García JM, González-Suárez JM, et  al. 
Effects of 6 weeks resistance training combined with plyomet-
ric and speed exercises on physical performance of pre-peak-
height-velocity soccer players. Int J Sports Physiol Perform. 
2016;11:240–6.

	 86.	 Szymanek-Pilarczyk M. The effects of supplementary plyometric 
training on the development of selected motor skills of young 
football players from Akademia Raków Częstochowa football 
club. Sport i Tur. 2021;4:129–38.

	 87.	 Ramirez-Campillo R, Alvarez C, Gentil P, Loturco I, Sanchez-
Sanchez J, Izquierdo M, et al. Sequencing effects of plyomet-
ric training applied before or after regular soccer training on 
measures of physical fitness in young players. J Strength Cond 
Res. 2020;34:1959–66.

	 88.	 Abade E, Silva N, Ferreira R, Baptista J, Gonalves B, Osrio 
S, et al. Effects of adding vertical or horizontal force-vector 
exercises to in-season general strength training on jumping 
and sprinting performance of youth football players. J Strength 
Cond Res. 2021;35:2769–74.

	 89.	 Aloui G, Hermassi S, Bartels T, Hayes LD, Bouhafs EG, 
Chelly MS, et al. Combined plyometric and short sprint train-
ing in U-15 male soccer players: effects on measures of jump, 
speed, change of direction, repeated sprint, and balance. Front 
Physiol. 2022;13:1–9.

	 90.	 Aloui G, Hermassi S, Khemiri A, Bartels T, Hayes LD, 
Bouhafs EG, et al. An 8-week program of plyometrics and 
sprints with changes of direction improved anaerobic fitness 
in young male soccer players. Int J Environ Res Public Health. 
2021;18(19):10446.

	 91.	 Aloui G, Hermassi S, Hayes LD, Hayes NEMS, Bouhafs EG, 
Chelly MS, et al. Effects of plyometric and short sprint with 
change-of-direction training in male u17 soccer players. Appl 
Sci. 2021;11(11):4767.

	 92.	 Aloui G, Hermassi S, Hayes LD, Bouhafs EG, Chelly MS, 
Schwesig R. Loaded plyometrics and short sprints with 
change-of-direction training enhance jumping, sprinting, agil-
ity, and balance performance of male soccer players. Appl Sci. 
2021;11:1–12.

	 93.	 Sander A, Keiner M, Wirth K, Schmidtbleicher D. Influence of 
a 2-year strength training programme on power performance in 
elite youth soccer players. Eur J Sport Sci. 2013;13:445–51.

	 94.	 Keiner M, Brauner T, Kadlubowski B, Sander A, Wirth K. The 
influence of maximum squatting strength on jump and sprint 
performance: a cross-sectional analysis of 492 youth soccer 
players. Int J Environ Res Public Health. 2022;19:5835.

	 95.	 Owoeye OBA, VanderWey MJ, Pike I. Reducing injuries in 
soccer (football): an umbrella review of best evidence across 
the epidemiological framework for prevention. Sport Med 
Open. 2020;6:46.

	 96.	 Zouita S, Zouita AB, Kebsi W, Dupont G, Ben Abderrahman 
A, Ben Salah FZ, et al. Strength training reduces injury rate in 
elite young soccer players during one season. J Strength Cond 
Res. 2016;30:1295–307.

	 97.	 Buchheit M, Samozino P, Glynn JA, Michael BS, Al Haddad 
H, Mendez-Villanueva A, et al. Mechanical determinants of 
acceleration and maximal sprinting speed in highly trained 
young soccer players. J Sports Sci. 2014;32:1906–13.

	 98.	 Loturco I, Freitas TT, Alcaraz PE, Kobal R, Hartmann Nunes 
RF, Weldon A, et al. Practices of strength and conditioning 
coaches in Brazilian elite soccer. Biol Sport. 2022;39:779–91.

	 99.	 Meyers RW, Moeskops S, Oliver JL, Hughes MG, Cronin JB, 
Lloyd RS. Lower-limb stiffness and maximal sprint speed in 
11–16-year-old boys. J Strength Cond Res. 2019;33:1987–95.

	100.	 Potach D, Chu D. Essentials of strength training and condition-
ing. Plyometric training. Champaign: Human Kinetics; 2008. 
p. 415–58.

	101.	 McBurnie AJ, Dos’santos T, Johnson D, Leng E. Training 
management of the elite adolescent soccer player throughout 
maturation. Sports. 2021;9:1–20.

	102.	 Castagna C, D’Ottavio S, Abt G. Activity profile of young 
soccer players during actual match play. J Strength Cond Res. 
2003;17:775–80.

	103.	 Silva H, Nakamura FY, Beato M, Marcelino R. Acceleration 
and deceleration demands during training sessions in football: 
a systematic review. Sci Med Footb. 2022;7:198–213.

	104.	 Los Arcos Larumbe A, Mendiguchia J, Yanci J. Specificity of 
jumping, acceleration and quick change-of-direction motor abili-
ties in soccer players. Kinesiology. 2017;49:22–9.

	105.	 Bergeron MF, Mountjoy M, Armstrong N, Chia M, Côté J, 
Emery CA, et al. International Olympic Committee consen-
sus statement on youth athletic development. Br J Sports Med. 
2015;49:843–51.


	The Effects of Strength, Plyometric and Combined Training on Strength, Power and Speed Characteristics in High-Level, Highly Trained Male Youth Soccer Players: A Systematic Review and Meta-Analysis
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Registration and Literature Search
	2.2 Inclusion Criteria
	2.2.1 Population
	2.2.2 Intervention
	2.2.2.1 Comparator 
	2.2.2.2 Outcome 
	2.2.2.3 Study Design 


	2.3 Methodological Quality and Risk of Bias
	2.4 Data Extraction and Interpretation
	2.5 Statistical Analysis

	3 Results
	3.1 Study Characteristics
	3.2 Meta-Analysis

	4 Discussion
	5 Limitations
	6 Conclusions
	Anchor 26
	References


