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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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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 [§—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

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
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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.
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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 StudyDesign 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.
automeris.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% Cls) 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 y° test and
the I? 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.
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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=2327 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

[ Identification of studies via databases and registers }
)
Records identified from:
= Records removed before
2 Databases (n = 5,464) screening:
51 PubMed (n =611) . .
= AR Duplicate records removed
= Scopus (n = 2,023) =643
g5 SPORTDiscus (n = 1,063) (n=2,643)
= CINAHL (n = 467)
Web of Science (n = 1,300)
-
A4
Records screened for title Records excluded
and abstract > (n=2,734)
(n=2,821)
Records sought for Atrticles not retrieved
retrieval > (n=0)
£ (n=387)
=
Y
i
7] Articles excluded:
Full-text articles assessed
for eligibility Not high-level soccer
(n=87) playerg (n=48)
Meta-analysis could not be
performed (n = 2)
Not in English (n =2)
Full text not found (n=1)
Y
554 Studies included for
E analysis
2 (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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Table 1 Methodological quality
for included studies using

the Physiotherapy Evidence
Database (PEDro) rating scale

Study name 1 2 3 4 5 6 7 8 9 10 11 Total® Study quality
Abade et al. [88] 1 1.0 1 0 O O 1 1 1 1 6 Good
Aloui et al. [89] 1 1.0 1 O O O 1 1 1 1 6 Good
Aloui et al. [92] 1 1.0 1 0 O O 1 1 1 1 6 Good
Aloui et al. [91] 1 1.0 1 0 O O 1 1 1 1 6 Good
Aloui et al. [90] 1 1.0 1 O O O 1 1 1 1 6 Good
Maio Alves et al. [64] 1 0 0 1. 0 O O 1 1 1 1 5 Fair
Boraczynski et al. [65] 1 1. 0 0 0 0 O 1 1 1 1 5 Fair
Chelly et al. [26] 1 1.0 1 0 0 0O 1 1 1 1 6 Good
Chtara et al. [66] 1 1.0 1 O O O 1 1 1 1 6 Good
Saez de Villareal et al. [67] 1 1. 0 1 0 0 O 1 1 1 1 6 Good
Drouzas et al. [68] 1 1. 01 0 0 O O 1 1 1 5 Fair
Drury et al. [69] 1 1.0 1 O O O 1 1 1 1 6 Good
Ferrete et al. [70] 1 1.0 1 0 0 O 1 1 1 1 6 Good
Franco-Marquez et al. [34] 1 0 0 0 0 0 0 O 1 1 1 3 Poor
Hammami et al. [71] 1 1.0 1 0O O O 1 1 1 1 6 Good
Hammami et al. [72] 1 1 1 1 0 1 O 1 1 1 1 8 Good
Hammami et al. [73] 1 1.0 1 O O O 1 1 1 1 6 Good
Hoshikawa et al. [74] 1 0 0 1 0 0 O 1 1 1 1 5 Fair
Keiner et al. [75] 1 0 0 1 0 0 O 1 1 1 1 5 Fair
Keiner et al. [28] 1 0 01 0 0O O 1 1 1 1 5 Fair
Keiner et al. [76] 1 0 0 1 0 O O 1 1 1 1 5 Fair
Makhlouf et al. [77] 1 1.0 1 0 O O 1 1 1 1 6 Good
Marques et al. [78] 1 1.0 1 0 0 O 1 1 1 1 6 Good
Michailidis et al. [29] 1 1.0 1 0 0 0 O 1 1 1 5 Fair
Negra et al. [79] 1 1.0 1 0 O 0O O 1 1 1 5 Fair
Negra et al. [80] 1 1 0 1 0 O O 1 1 1 1 6 Good
Negra et al. [81] 1 1.0 1 0 O O 1 1 1 1 6 Good
Padron-Cabo et al. [82] 1 1. 0 1 0 O O O 1 1 1 5 Fair
Pena-Gonzalez et al. [83] 1 1.0 1.0 0 O 1 1 1 1 6 Good
Ramirez-Campilloetal.[87] 1 1 1 1 0 0 O 1 1 1 1 7 Good
Raya-Gonzalez et al. [84] 1 1.1 1 O O O 1 1 1 1 7 Good
Rodriguez-Rosell et al. [85] 1 1. 0 1 0 O O 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 0O O 0 1 1 1 4 Fair

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

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 4 test was significant (p < 0.05), including for
all overall effects. In four cases where the » statistic was
non-significant (p >0.05), the I statistic also revealed low
levels of heterogeneity. However, in most cases, I* results
suggested moderate levels of heterogeneity, with only a sin-
gle case of a high level of heterogeneity. Heterogeneity was
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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,

Training Control

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.

Hedge's g Hedge's g

Study or Subgroup Hedge's g SE Total Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI
1.7.1 Strength training group versus Control group

Chelly [26] 1.916 0.502 11 11 4.1% 1.92[0.93, 2.90]

Drury (Pre-PHV) [69] 0.948 0.47 8 11 4.3% 0.95 [0.03, 1.87]

Hammami [71] 2.586 0.523 14 12 3.9% 2.59[1.56, 3.61]

Hoshikawa [74] 0.603 0.379 16 12 5.1%  0.60 [-0.14, 1.35] b
Keiner (FTG) [75] -0.319 0.47 14 6 4.3% -0.32[-1.24, 0.60] e
Keiner (STG) [75] 0.78 0.5 11 6 4.1% 0.78 [-0.20, 1.76] 1

Negra et al. [80] 1.278 0.436 13 11 4.6% 1.28[0.42, 2.13]

Negra et al. [81] 1.367 0.45 12 11 4.5% 1.37[0.49, 2.25]

Pena-Gonzalez (Mid-PHV) [83] 1.016 0.43 36 7 4.6% 1.02 [0.17, 1.86]

Pena-Gonzalez (Post-PHV) [83] 0.65 0.426 31 7 4.7%  0.65[-0.18, 1.48] 1
Pena-Gonzalez (Pre-PHV)[83] 1.261 0.431 43 7 4.6% 1.26 [0.42, 2.11]

Subtotal (95% CI) 209 101 48.7% 1.07 [0.66, 1.49] L 2
Heterogeneity: Tau® = 0.28; Chi® = 23.71, df = 10 (P = 0.008); I* = 58%

Test for overall effect: Z = 5.11 (P < 0.00001)

1.7.2 Plyometric training group versus Control group

Drouzas (Bilateral PT) [68] -0.136 0.358 23 11 5.3% -0.14[-0.84, 0.57] i
Drouzas (Unilateral PT) [68] 0.221 0.359 23 11 5.3% 0.22 [-0.48, 0.92] T
Hammami [71] 0.14 0.381 14 12 5.1% 0.14 [-0.61, 0.89] T
Makhlouf (PT + Agility training) [77] 0.644 0.415 20 8 4.8% 0.64[-0.17, 1.46] 1

Makhlouf (PT + Balance training) [77] 0.916 0.421 21 8 4.7% 0.92 [0.09, 1.74]

Michialidis [29] 0.378 0.296 24 21 5.9%  0.38[-0.20, 0.96] T
Negra et al. [81] -0.19 0.411 11 11 4.8% -0.19[-1.00, 0.62] T
Subtotal (95% CI) 136 82 35.8% 0.27[-0.01, 0.54] >
Heterogeneity: Tau? = 0.00; Chi® = 5.97, df = 6 (P = 0.43); I> = 0%

Test for overall effect: Z = 1.92 (P = 0.06)

1.7.3 Combined training group versus Control group

Franco-Marquez [34] 1.016 0.339 20 18 5.5% 1.02[0.35, 1.68] —
Keiner et al. [75] -0.123 0.381 14 12 5.1% -0.12[-0.87,0.62] I
Rodrigues-Rosell [85] 1.352 0.396 15 15 4.9% 1.35[0.58, 2.13] —
Subtotal (95% ClI) 49 45 15.5% 0.75[-0.10, 1.60] e
Heterogeneity: Tau? = 0.43; Chi® = 8.18, df = 2 (P = 0.02); I> = 76%

Test for overall effect: Z = 1.73 (P = 0.08)

Total (95% CI) 394 228 100.0% 0.74 [0.45, 1.03] 0
Heterogeneity: Tau? = 0.28; Chi? = 53.90, df = 20 (P < 0.0001); I> = 63% _54 _52 ) é j‘

Test for overall effect: Z = 5.02 (P < 0.00001)
Test for subgroup differences: Chi? = 10.49, df = 2 (P = 0.005), I* = 80.9%

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

Favours [Control group] Favours [Training group]

training group, PHV peak height velocity, PT plyometric training,
STG strength training group
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Training Control Hedge's g Hedge's g
Study or Subgroup Hedge's g SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Strength training group versus Control group
Abade (Horizontal TG) [88] 0.3 0.569 8 4 3.0%  0.30[-0.82, 1.42] E—
Abade (Vertical TG) [88] 0.275 0.568 8 4 3.1% 0.28 [-0.84, 1.39] —
Chelly [26] 0.738 0.425 11 11 4.4% 0.74 [-0.09, 1.57] T
Hammami [71] 2.37 0.503 14 12 3.6% 2.37[1.38, 3.36]
Hoshikawa [74] 0.332 0.373 16 12 5.0% 0.33 [-0.40, 1.06] I e —
Negra et al. [81] 1.005 0.429 12 11 4.3% 1.00 [0.16, 1.85] L —
Subtotal (95% CI) 69 54 23.3% 0.84 [0.23, 1.45] i
Heterogeneity: Tau? = 0.35; Chi® = 13.19, df = 5 (P = 0.02); I = 62%
Test for overall effect: Z = 2.70 (P = 0.007)
1.6.2 Plyometric training group versus Control group
Drouzas (Bilateral PT) [68] 0.418 0.362 23 11 5.1% 0.42 [-0.29, 1.13] B e —
Drouzas (Unilateral PT) [68] 0.42 0.362 23 11 5.1% 0.42 [-0.29, 1.13] b e —
Hammami (Loaded PT) [72] 1.656 0.536 14 6 3.3% 1.66 [0.61, 2.71]
Hammami (Unloaded PT) [72] 1.922 0.574 12 6 3.0% 1.92 [0.80, 3.05]
Michialidis [29] 1.33 0.325 24 21 5.6% 1.33[0.69, 1.97]
Negra et al. [81] 0.723 0.424 11 11 4.4% 0.72 [-0.11, 1.55] 1
Padron Cabo et al. [82] 0.379 0.432 10 10 4.3% 0.38[-0.47, 1.23] —_ T
Ramirez-Campillo (After soccer)[87] 0.17 0.468 14 6 3.9% 0.17 [-0.75, 1.09] e e —
Ramirez-Campillo (Before soccer)[87] 0.558 0.485 12 6 3.7% 0.56 [-0.39, 1.51] I B —
Subtotal (95% CI) 143 88 384%  0.79[0.42,1.17] P 2
Heterogeneity: Tau? = 0.14; Chi? = 14.27, df = 8 (P = 0.07); I> = 44%
Test for overall effect: Z = 4.16 (P < 0.0001)
1.6.3 Combined training group versus Control group
Aloui [89] 1.291 0.37 17 17 5.0% 1.29[0.57, 2.02]
Aloui [90] 1.073 0.365 17 16 5.1% 1.07 [0.36, 1.79]
Aloui [91] 0.976 0.356 18 16 5.2% 0.98 [0.28, 1.67]
Aloui [92] 2.257 0.433 17 17 4.3% 2.26 [1.41, 3.11]
Alves (1 session/week) [64] 0.711 0.632 9 3 2.6% 0.71[-0.53, 1.95] -
Alves (2 sessions/week) [64] 0.861 0.646 8 3 2.5%  0.86[-0.41, 2.13] —
Keiner (Group D) [28] 0.945 0.428 19 16 4.3% 0.94[0.11, 1.78]
Keiner (Group E) [28] 0.702  0.42 19 16  4.4% 0.70[-0.12, 1.53] B
Keiner et al. [75] 0.358 0.384 14 12 4.8% 0.36 [-0.39, 1.11] I
Subtotal (95% CI) 138 116 38.3% 1.03 [0.68, 1.39] -
Heterogeneity: Tau? = 0.10; Chi? = 12.60, df = 8 (P = 0.13); I = 36%
Test for overall effect: Z = 5.77 (P < 0.00001)
Total (95% CI) 350 258 100.0% 0.90 [0.66, 1.13] &
Heterogeneity: Tau? = 0.15; Chi? = 41.89, df = 23 (P = 0.009); I = 45% _54 _52 ) é j‘

Test for overall effect: Z = 7.44 (P < 0.00001)
Test for subgroup differences: Chi? = 0.91, df = 2 (P = 0.63), I = 0%

Favours [Control group] Favours [Training group]

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, 7G training group

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
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Training Control
Study or Subgroup Hedge's g SE Total

Total Weight IV, Random, 95% CI

Hedge's g Hedge's g

IV, Random, 95% CI

1.5.1 Strength training group versus Control group

Chelly [26] 0.474 0.416 11 11 3.2%
Hammami [71] 1.734 0.451 14 12 2.9%
Hoshikawa [74] 0.489 0.376 16 12 3.6%
Negra et al. [80] 0.873 0.415 13 11 3.2%
Negra et al. [81] 1.777 0.48 12 11 2.6%
Raya-Gonzalez (Dominant leg) [84] 0.767 0.596 5 5 1.9%
Raya-Gonzalez (Non-dominant leg) [84] 1.104 0.622 5 5 1.8%
Subtotal (95% CI) 76 67 19.2%
Heterogeneity: Tau? = 0.11; Chi? = 8.97, df = 6 (P = 0.18); I> = 33%

Test for overall effect: Z = 4.65 (P < 0.00001)

1.5.2 Plyometric training group versus Control group

Drouzas (Bilateral PT) [68] 0.282 0.36 23 11 3.8%
Drouzas (Unilateral PT) [68] 0.299 0.36 23 11 3.8%
Hammami (Loaded PT) [72] 1.004 0.494 14 6 2.5%
Hammami (Unloaded PT) [72] 1.74 0.558 12 6 2.1%
Hammami [71] 1.065 0.409 14 12 3.3%
Michialidis [29] 1.893 0.355 24 21 3.9%
Negra et al. [81] 1.2 0.448 11 11 2.9%
Padron Cabo et al. [82] 0.365 0.432 10 10 3.0%
Ramirez-Campillo (After soccer)[87] 0.322 0.47 14 6 2.7%
Ramirez-Campillo (Before soccer)[87] 0.868 0.498 12 6 2.5%
Subtotal (95% CI) 157 100 30.6%

Heterogeneity: Tau? = 0.21; Chi? = 19.49, df = 9 (P = 0.02); I* = 54%

Test for overall effect: Z = 4.42 (P < 0.00001)

1.5.3 Combined training group versus Control group

Aloui [89] 1.583 0.386 17 17 3.5%
Aloui [90] 1.294 0.375 17 16 3.6%
Aloui [91] 1.289 0.37 18 16 3.7%
Aloui [92] 1.785 0.399 17 17 3.4%
Alves (1 session/week) [64] 0.213 0.617 9 3 1.8%
Alves (2 sessions/week) [64] 0.467 0.627 8 3 1.7%
Ferrete [70] 0.908 0.417 11 13 3.2%
Franco-Marquez [34] 0.557 0.324 20 18 4.3%
Keiner (Group D) [28] 0.676 0.419 19 16 3.2%
Keiner (Group E) [28] 0.424 0.413 19 16 3.2%
Makhlouf (PT + Agility training) [77] 0.314 0.408 20 8 3.3%
Makhlouf (PT + Balance training) [77] 0.771 0.416 21 8 3.2%
Marques [78] 0.535 0.278 26 26 5.0%
Rodrigues-Rosell [85] 0.946 0.376 15 15 3.6%
Saez de Villareal [67] 0.726 0.393 13 13 3.4%
Subtotal (95% CI) 250 205 50.2%
Heterogeneity: Tau? = 0.05; Chi? = 18.63, df = 14 (P = 0.18); I> = 25%

Test for overall effect: Z = 7.27 (P < 0.00001)

Total (95% CI) 483 372 100.0%

Heterogeneity: Tau? = 0.09; Chi? = 47.44, df = 31 (P = 0.03); I = 35%
Test for overall effect: Z = 9.70 (P < 0.00001)
Test for subgroup differences: Chi? = 0.32, df = 2 (P = 0.85), I = 0%
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1.73 [0.85, 2.62]
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1.58[0.83, 2.34]
1.29[0.56, 2.03]
1.29[0.56, 2.01]
1.78 [1.00, 2.57]
0.21[-1.00, 1.42] —
0.47 [-0.76, 1.70] —
0.91[0.09, 1.73]
0.56 [-0.08, 1.19] T
0.68 [-0.15, 1.50] T
0.42 [-0.39, 1.23] ]
0.31[-0.49, 1.11] ]
0.77 [-0.04, 1.59]
0.54 [-0.01, 1.08]
0.95[0.21, 1.68]
0.73 [-0.04, 1.50]
0.86 [0.63, 1.09]

0.89 [0.71, 1.07]

-4 -2 0 2
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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

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
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Training Control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% CI v, d 95% ClI
1.1.1 Strength training group versus Control group

Abade (Horizontal TG) [88] 0.941 0.597 8 4 2.8% 0.94 [-0.23, 2.11] -1

Abade (Vertical TG) [88] 2.265 0.73 8 4 2.1% 2.27[0.83, 3.70]

Chelly [26] 0.748 0.425 11 11 4.2% 0.75 [-0.08, 1.58] 1

Negra et al. [80] 1.658 0.462 13 11 3.8% 1.66 [0.75, 2.56]

Negra et al. [81] 1.159 0.437 12 11 4.0% 1.16 [0.30, 2.02]

Subtotal (95% CI) 52 41  16.9% 1.24 [0.78, 1.70] R =
Heterogeneity: Tau? = 0.03; Chi? = 4.41, df = 4 (P = 0.35); I = 9%

Test for overall effect: Z = 5.27 (P < 0.00001)

1.1.2 Plyometric training group versus Control group

Chtara [66] 1.147 0.465 10 10 3.8% 1.15 [0.24, 2.06]

Drouzas (Bilateral PT) [68] 0.239 0.359 23 11 4.9% 0.24 [-0.46, 0.94] I e —
Drouzas (Unilateral PT) [68] 0.18 0.359 23 11 4.9% 0.18 [-0.52, 0.88] R
Hammami (Loaded PT) [72] 1.385 0.516 14 6 3.3% 1.39[0.37, 2.40]

Hammami (Unloaded PT) [72] 1.144 0.513 12 6 3.4% 1.14 [0.14, 2.15]

Michialidis [29] 0.337 0.296 24 21 5.7% 0.34 [-0.24, 0.92] T
Negra et al. [79] 0.694 0.408 13 11 4.3% 0.69 [-0.11, 1.49] b

Negra et al. [81] 0.881 0.431 11 11 4.1% 0.88[0.04, 1.73]

Ramirez-Campillo (After soccer)[87] 0.898 0.488 14 6 3.6% 0.90 [-0.06, 1.85]

Ramirez-Campillo (Before soccer)[87] 2.078 0.589 12 6 2.8% 2.08[0.92, 3.23]

Szymaec-Pilarczyk [86] 0.985 0.311 24 21 5.5% 0.98 [0.38, 1.59] -
Subtotal (95% CI) 180 120 46.3% 0.79 [0.49, 1.09] <&
Heterogeneity: Tau? = 0.09; Chi? = 15.18, df = 10 (P = 0.13); I* = 34%

Test for overall effect: Z = 5.19 (P < 0.00001)

1.1.3 Combined training group versus Control group

Aloui [89] 1.362 0.373 17 17 4.7% 1.36 [0.63, 2.09]

Aloui [90] 1.372 0.379 17 16 4.7% 1.37[0.63, 2.11]

Aloui [91] 0.976 0.356 18 16 4.9% 0.98 [0.28, 1.67] e
Aloui [92] 2.148 0.424 17 17 4.2% 2.15[1.32, 2.98]

Boraczynski (High-intensity group) [65] 0.708 0.376 22 11 4.7% 0.71[-0.03, 1.44] —
Boraczynski (Moderate-intensity group) [65] 0.287 0.363 24 11 4.8% 0.29[-0.42, 1.00] —_T
Makhlouf (PT + Agility training) [77] 0.076 0.406 20 8 4.4% 0.08 [-0.72, 0.87] I —
Makhlouf (PT + Balance training) [77] 0.14 0.404 21 8 4.4% 0.14 [-0.65, 0.93] e e
Subtotal (95% CI) 156 104 36.8% 0.88 [0.40, 1.36] -
Heterogeneity: Tau? = 0.33; Chi? = 22.52, df = 7 (P = 0.002); I* = 69%

Test for overall effect: Z = 3.61 (P = 0.0003)

Total (95% CI) 388 265 100.0% 0.92 [0.68, 1.15] &
Heterogeneity: Tau? = 0.17; Chi? = 45.81, df = 23 (P = 0.003); I = 50% + t 25 j‘

Test for overall effect: Z = 7.60 (P < 0.00001)
Test for subgroup differences: Chi? = 2.57, df = 2 (P = 0.28), I* = 22.2%

Favours [Control group] Favours [Training group]

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, 7G training group

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
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Training Control
Study or Subgroup Hedge's g SE Total

Total Weight IV, Random, 95% CI

Hedge's g Hedge's g

IV, Random, 95% CI

1.2.1 Strength training group versus Control group

Abade (Horizontal TG) [88] 1.378 0.631 8 4 2.0%
Abade (Vertical TG) [88] 0.631 0.58 8 4 2.3%
Hammami [71] 1.286 0.421 14 12 3.6%
Negra et al. [80] 1.254 0.435 13 11 3.5%
Raya Gonzalez et al. [84] 0.813 0.447 10 10 3.4%
Wong [35] 0.492 0.281 28 23 5.6%
Subtotal (95% CI) 81 64 20.5%
Heterogeneity: Tau? = 0.00; Chi® = 4.40, df = 5 (P = 0.49); I> = 0%

Test for overall effect: Z = 5.06 (P < 0.00001)

1.2.2 Plyometric training group versus Control group

Chtara [66] 0.588 0.438 10 10 3.5%
Drouzas (Bilateral PT) [68] 0.507 0.363 23 11 4.4%
Drouzas (Unilateral PT) [68] 0.651 0.367 23 11 4.3%
Hammami (Loaded PT) [72] 2.299 0.592 14 6 2.2%
Hammami (Unloaded PT) [72] 0.256 0.478 12 6 3.1%
Hammami [71] 1.759 0.452 14 12 3.3%
Hammami [73] 0.932 0.388 15 13 4.0%
Michialidis [29] 0.688 0.302 24 21 5.3%
Padron Cabo et al. [82] 0.304 0.431 10 10 3.5%
Szymaec-Pilarczyk [86] 0.229 0.295 21 21 5.4%
Subtotal (95% CI) 166 121 39.0%
Heterogeneity: Tau? = 0.15; Chi? = 17.76, df = 9 (P = 0.04); 1> = 49%

Test for overall effect: Z = 4.22 (P < 0.0001)

1.2.3 Combined training group versus Control group

Aloui [89] 1.462 0.379 17 17 4.1%
Aloui [90] 1.669 0.397 17 16 3.9%
Aloui [91] 0.683 0.346 18 16 4.6%
Aloui [92] 1.348 0.373 17 17 4.2%
Alves (1 session/week) [64] 2.462 0.794 9 3 1.4%
Alves (2 sessions/week) [64] 1.524 0.699 8 3 1.7%
Franco-Marquez [34] 0.326 0.32 20 18 5.0%
Makhlouf (PT + Agility training) [77] 0.505 0.412 20 8 3.7%
Makhlouf (PT + Balance training) [77] 0.51 0.409 21 8 3.8%
Rodrigues-Rosell [85] 0.906 0.374 15 15 4.2%
Saez de Villareal [67] 1.065 0.408 13 13 3.8%
Subtotal (95% CI) 175 134 40.5%

Heterogeneity: Tau? = 0.12; Chi? = 17.33, df = 10 (P = 0.07); I? = 42%
Test for overall effect: Z = 6.15 (P < 0.00001)

Total (95% CI) 422
Heterogeneity: Tau? = 0.10; Chi® = 42.18, df = 26 (P = 0.02); I> = 38%
Test for overall effect: Z = 8.76 (P < 0.00001)

Test for subgroup differences: Chi? = 1.25, df = 2 (P = 0.53), I> = 0%

319 100.0%

1.38[0.14, 2.61]
0.63 [-0.51, 1.77] —
1.29[0.46, 2.11]
1.25 [0.40, 2.11]
0.81 [-0.06, 1.69]
0.49 [-0.06, 1.04]
0.87 [0.53, 1.20]

0.59 [-0.27, 1.45] —
0.51[-0.20, 1.22] -
0.65 [-0.07, 1.37]

2.30 [1.14, 3.46]
0.26 [-0.68, 1.19] —
1.76 [0.87, 2.64]

0.93 [0.17, 1.69]

0.69 [0.10, 1.28]
0.30 [-0.54, 1.15] —
0.23 [-0.35, 0.81] —
0.74 [0.40, 1.09]

1.46 [0.72, 2.20]
1.67 [0.89, 2.45]
0.68 [0.00, 1.36]
1.35[0.62, 2.08]
2.46 [0.91, 4.02]
1.52 [0.15, 2.89]
0.33 [-0.30, 0.95] —
0.51[-0.30, 1.31] —
0.51[-0.29, 1.31] —
0.91[0.17, 1.64]
1.06 [0.27, 1.86]
1.01 [0.69, 1.33]

. ,HW |H MHMM o”H

0.88 [0.68, 1.08]

—4 -2
Favours [Control group] Favours [Training group]
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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, 7G training group

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
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Training Control

Hedge's g Hedge's g

Heterogeneity: Tau? = 0.28; Chi? = 34.50, df = 12 (P = 0.0006); I> = 65%
Test for overall effect: Z = 3.23 (P = 0.001)

Study or Subgroup Hedge's g SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.3.1 Strength training group versus Control group
Abade (Horizontal TG) [88] 1.422 0.635 8 4 1.4% 1.42[0.18, 2.67]
Abade (Vertical TG) [88] 0.868 0.592 8 4 1.6% 0.87 [-0.29, 2.03] —
Hammami [71] 1.513 0.435 14 12 2.4% 1.51[0.66, 2.37] —_—
Hoshikawa [74] -0.055 0.371 16 12 2.9% -0.06[-0.78, 0.67] — T
Keiner (FTG) [75] -0.263 0.469 14 6 2.2% -0.26 [-1.18, 0.66] D E—
Keiner (STG) [75] 0.721 0.497 11 6 2.0% 0.72 [-0.25, 1.70] =
Negra et al. [80] 0.481 0.402 13 11 2.6% 0.48[-0.31, 1.27] [ B
Negra et al. [81] 0.913 0.424 12 11 2.5% 0.91 [0.08, 1.74]
Pena-Gonzalez (Mid-PHV) [83] 0 0.416 36 7 2.5% 0.00 [-0.82, 0.82] I E—
Pena-Gonzalez (Post-PHV) [83] -0.326 0.421 31 7 2.5% -0.33[-1.15, 0.50] —_—T
Pena-Gonzalez (Pre-PHV)[83] -0.359 0.412 46 7 2.6% -0.36[-1.17,0.45] —_—
Raya Gonzalez et al. [84] 0.423 0.434 10 10 2.4% 0.42 [-0.43, 1.27] e e —
Wong [35] 0.477 0.281 28 23 3.8% 0.48[-0.07, 1.03] T—
Subtotal (95% Cl) 247 120 31.4% 0.40 [0.08, 0.72] <
Heterogeneity: Tau? = 0.16; Chi? = 22.52, df = 12 (P = 0.03); I = 47%
Test for overall effect: Z = 2.43 (P = 0.01)
1.3.2 Plyometric training group versus Control group
Chtara [66] 0.423 0.434 10 10 2.4% 0.42 [-0.43, 1.27] R B —
Drouzas (Bilateral PT) [68] 0.284 0.36 23 11 3.0% 0.28 [-0.42, 0.99] I E—
Drouzas (Unilateral PT) [68] 0.272 0.359 23 11 3.0% 0.27 [-0.43, 0.98] e ——
Hammami (Loaded PT) [72] 1.369 0.515 14 6 1.9% 1.37[0.36, 2.38] S —
Hammami (Unloaded PT) [72] 0.677 0.489 12 6 2.1%  0.68[-0.28, 1.64] I R —
Hammami [71] 0.329 0.384 14 12 2.8%  0.33[-0.42, 1.08] [ e —
Hammami [73] 0.343 0.371 15 13 2.9% 0.34[-0.38, 1.07] —_
Michialidis [29] 0.429 0.297 24 21 3.6% 0.43 [-0.15, 1.01] T
Negra et al. [79] 0.483 0.402 13 11 2.6% 0.48 [-0.30, 1.27] B e —
Negra et al. [81] 0.716 0.424 11 11 2.5% 0.72 [-0.12, 1.55] T
Padron Cabo et al. [82] 0.121 0.429 10 10 2.4%  0.12[-0.72, 0.96] e R—
Ramirez-Campillo (After soccer)[87] -0.132 0.468 14 6 2.2% -0.13[-1.05,0.79] e
Ramirez-Campillo (Before soccer)[87] 0.603 0.487 12 6 2.1% 0.60 [-0.35, 1.56] -
Subtotal (95% Cl) 195 134 33.5% 0.42 [0.20, 0.64] <&
Heterogeneity: Tau? = 0.00; Chi? = 6.61, df = 12 (P = 0.88); I> = 0%
Test for overall effect: Z = 3.77 (P = 0.0002)
1.3.3 Combined training group versus Control group
Aloui [89] 1.337 0.372 17 17 2.9% 1.34[0.61, 2.07] —_—
Aloui [90] 1.22 0.372 17 16 2.9% 1.22 [0.49, 1.95]
Aloui [91] 1.259 0.369 18 16 2.9% 1.26 [0.54, 1.98]
Aloui [92] 1.053 0.358 17 17 3.0% 1.05 [0.35, 1.75] e E—
Alves (1 session/week) [64] 1.069 0.653 9 3 1.4% 1.07 [-0.21, 2.35] I L —
Alves (2 sessions/week) [64] 0.732 0.638 8 3 1.4% 0.73 [-0.52, 1.98] h—
Ferrete [70] -0.966 0.419 11 13 2.5% -0.97 [-1.79, -0.14] e —
Franco-Marquez [34] 0.294 0.32 20 18 3.4% 0.29 [-0.33, 0.92] o
Keiner et al. [75] 0 0.381 14 12 2.8% 0.00 [-0.75, 0.75]
Makhlouf (PT + Agility training) [77] 0.469 0.411 20 8 2.6% 0.47 [-0.34, 1.27] I e —
Makhlouf (PT + Balance training) [77] 0.364 0.407 21 8 2.6% 0.36 [-0.43, 1.16] e —
Marques [78] 0.083 0.273 26 26 3.9%  0.08[-0.45, 0.62] e
Rodrigues-Rosell [85] 1.005 0.378 15 15 2.8% 1.00 [0.26, 1.75] e —
Subtotal (95% CI) 213 172 35.0% 0.59 [0.23, 0.95] -

*

Total (95% CI) 655
Heterogeneity: Tau? = 0.12; Chi® = 65.33, df = 38 (P = 0.004); I> = 42%
Test for overall effect: Z = 5.54 (P < 0.00001)

Test for subgroup differences: Chi? = 0.78, df = 2 (P = 0.68), I> = 0%

426 100.0%

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-

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

0.47 [0.31, 0.64]
5 : ;
Favours [Control group] Favours [Training group]

o

ing group, PHV peak height velocity, PT plyometric training, STG
strength training group, 7G training group

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
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Training Control

Hedge's g Hedge's g

Study or Subgroup Hedge's g SE Total  Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.4.1 Strength training group versus Control group

Hammami [71] 1.216 0.417 14 12 2.8% 1.22 [0.40, 2.03]

Keiner (B-cohort- L) [76] 1.819 0.466 15 11 2.6% 1.82[0.91, 2.73] .
Keiner (B-cohort- R) [76] 2.807 0.553 15 11 2.2% 2.81[1.72, 3.89]

Keiner (C-cohort- L) [76] 1.189 0.498 9 9 2.4% 1.19[0.21, 2.17]

Keiner (C-cohort- R) [76] 1.443 0.517 9 9 2.4% 1.44[0.43, 2.46] —_—
Keiner (FTG- L) [75] -0.148 0.624 7 3 2.0% -0.15[-1.37,1.08] I E—
Keiner (FTG- R) [75] 0.318 0.627 7 3 2.0% 0.32 [-0.91, 1.55] —

Keiner (STG- Left side) [75] 0.903 0.661 6 3 1.9%  0.90[-0.39, 2.20] ]

Keiner (STG-Right side) [75] 1.792 0.76 6 3 1.6% 1.79[0.30, 3.28]

Negra et al. [80] 0.797 0.412 13 11 2.8%  0.80[-0.01, 1.60] S
Negra et al. [81] 1.612 0.467 12 11 2.6% 1.61 [0.70, 2.53]

Pena-Gonzalez (Mid-PHV) [83] 0.236 0.416 36 7 2.8% 0.24[-0.58, 1.05] B
Pena-Gonzalez (Post-PHV) [83] 0 0.42 31 7 2.7%  0.00[-0.82, 0.82] —
Pena-Gonzalez (Pre-PHV)[83] 0.597 0.416 43 7 2.8% 0.60 [-0.22, 1.41] T
Raya-Gonzalez (Dominant leg) [84] 1.999 0.725 10 5 1.7% 2.00 [0.58, 3.42]

Raya-Gonzalez (Non-dominant leg) [84] 2.25 0.761 10 5 1.6% 2.25[0.76, 3.74]

Subtotal (95% CI) 243 117 36.8% 1.12 [0.72, 1.52] <@
Heterogeneity: Tau? = 0.38; Chi? = 36.97, df = 15 (P = 0.001); I2 = 59%

Test for overall effect: Z = 5.47 (P < 0.00001)

1.4.2 Plyometric training group versus Control group

Chtara [66] 0.501 0.436 10 10 2.7%  0.50[-0.35, 1.36] I
Drouzas (Bilateral PT) [68] 0 0.358 23 11 3.0% 0.00 [-0.70, 0.70] T
Drouzas (Unilateral PT) [68] 0.104 0.358 23 11 3.0% 0.10[-0.60, 0.81] e
Hammami (Loaded PT) [72] 2.93 0.658 14 6 1.9% 2.93[1.64, 4.22]

Hammami (Unloaded PT) [72] 1.599 0.546 12 6 2.3% 1.60 [0.53, 2.67] —_—
Hammami [71] 1.193 0.415 14 12 2.8% 1.19[0.38, 2.01]

Hammami [73] 1.25 0.404 15 13 2.8% 1.25 [0.46, 2.04]

Michialidis [29] 0.606 0.3 24 21 3.2% 0.61[0.02, 1.19] —
Negra et al. [79] 2.449 0.531 13 11 2.3% 2.45[1.41, 3.49]

Negra et al. [81] 0.86 0.43 11 11 2.7% 0.86 [0.02, 1.70] E—
Padron Cabo et al. [82] 0 0.428 10 10 2.7% 0.00 [-0.84, 0.84] I e—
Ramirez-Campillo (After soccer)[87] 0.91 0.489 14 6 2.5% 0.91 [-0.05, 1.87] —
Ramirez-Campillo (Before soccer)[87] 1.988 0.58 12 6 2.2% 1.99 [0.85, 3.12]

Subtotal (95% CI) 195 134 34.0% 1.01 [0.57, 1.46] - 2
Heterogeneity: Tau? = 0.46; Chi? = 41.69, df = 12 (P < 0.0001); I> = 71%

Test for overall effect: Z = 4.48 (P < 0.00001)

1.4.3 Combined training group versus Control group

Aloui [89] 1.257 0.368 17 17 2.9% 1.26 [0.54, 1.98] I —
Aloui [90] 1.123 0.367 17 16 2.9% 1.12 [0.40, 1.84] —_—
Aloui [91] 1.799 0.4 18 16 2.8% 1.80 [1.02, 2.58]

Aloui [92] 2.615 0.461 17 17 2.6% 2.62[1.71, 3.52] —_—
Alves (1 session/week) [64] 0.44 0.622 9 3 2.0% 0.44 [-0.78, 1.66] —

Alves (2 sessions/week) [64] 0.242 0.621 8 3 2.0% 0.24 [-0.98, 1.46] e e —
Keiner (Left side) [80] 0.109 0.518 7 6  2.4% 0.11[-0.91,1.12] —_—t
Keiner (Right side)[75] 0.389 0.523 7 6 2.4% 0.39 [-0.64, 1.41] I e —
Makhlouf (PT + Agility training) [77] 0.625 0.415 20 8 2.8% 0.63[-0.19, 1.44] T
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Test for overall effect: Z = 4.60 (P < 0.00001)
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Test for overall effect: Z = 8.53 (P < 0.00001)

Test for subgroup differences: Chi? = 0.15, df = 2 (P = 0.93), I*> = 0%

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

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

—4 -2 0 2 4
Favours [Control group] Favours [Training group]

functional training group, L left, PHV peak height velocity, PT ply-
ometric training, R right, STG strength training group, 7G training

group

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
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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.
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