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Abstract
Purpose. The relationship between strength, power, and sports performance may have long-term effects on the development 
pathways of youth athletes. This study systematically reviewed the current evidence of strength and conditioning interventions 
among youngsters in competitive sports.
Methods. The research was conducted following the Preferred Reporting Items for Systematic and Meta-Analyses (PRISMA) 
2020 guidelines.
Results. A total of 415 articles were identified, and 20 remained for analysis. All studies reported resistance training (RT) 
and/or plyometric training (PT) interventions as beneficial to improving youngsters’ overall physical fitness. The lower-body 
explosive strength, speed, and agility improvements were more evident in training plans that combined heavy RT and PT 
programs. The training frequency of twice a week was sufficient to induce strength gains. The results indicate that strength 
and conditioning programs positively influence sport-specific skills performance.
Conclusions. PT and RT should not be implemented as single exercise interventions but as complementary programs to 
optimise physical and game performance. This study contributes to creating awareness among sports agents and coaches 
for integrating planned strength and conditioning programs with qualified instruction at least two times per week to improve 
young athletes’ physical development.
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Introduction

The development of physical fitness in the youth is 
critical in building the qualities that support future 
elite athletic performance [1]. Strength stands out with-
in physical fitness components due to its strong rela-
tionship with other functional capacities, such as speed 
and agility [2, 3], and its contribution to reducing the 
risk of sports-related injuries [4]. Despite the diversity 
of strength and conditioning interventions promoted 

in youth sports, the use of resistance training (RT) and 
plyometric training (PT) have become popular [5].

Both RT and PT programs have been described as 
beneficial in enhancing athletic performance in several 
sports contexts [6]. The main purpose of RT is to induce 
gains in strength using exercises performed with sev-
eral resistive loads, such as free weights, weight ma-
chines, medicine balls, elastic tubing, and body weight 
[7, 8]. On the other hand, PT refers to exercises de-
signed to enhance neuromuscular performance, and 
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improve ballistic and maximal strength. Indeed, plyo-
metric exercises are present in most sports movements 
since they involve jumping, hopping, and skipping [9].

The use of RT and/or PT interventions is well-doc-
umented in elite sports [10–12]. However, their effec-
tiveness and safety considerations in youth sports have 
recently attracted scientific attention [13, 14]. Several 
prospective studies have been developed through RT 
interventions in children and adolescents [15–18]. 
Besides the benefits for athletes’ physical attributes 
(e.g., strength, power, speed, and agility), RT has also 
been associated with improving the motor skills [6, 19]. 
Indeed, early childhood and adolescence are critical 
windows to developing physical literacy [20], which 
specific RT interventions may encourage. On the other 
hand, PT has been linked to athletic performance by 
enhancing maximal strength, power output, and co-
ordination [9]. Although RT and PT alone have been 
proven effective in youngsters’ muscular develop-
ment [3], the literature suggests that the combination 
of RT and PT may optimise maximal strength devel-
opment [21].

However, sports agents and coaches must be aware 
of the outlined principles, such as exercise selection, 
intensity, and volume, to promote healthy training 
[19, 22]. Nevertheless, to the best of our knowledge, 
the literature still makes claims of details regarding 
the characteristics of a training program that achieves 
better gains in youth that have so far not been system-
atically evaluated on a broad empirical basis. There-
fore, to close this critical gap, the purpose of this study 
was to perform a systematic review of strength and 
conditioning interventions in youth athletes (aged be-
tween 8 and 17 years). Of particular interest were to: 
(1) identify which types of methods (e.g., weekly train-
ing frequency, exercise intensity, rest period) have been 
used among youngsters; and (2) identify the primary 
physiological outcomes of the applied programs.

Material and methods

This research was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 guidelines [23]. The 
PRISMA checklist is presented in Figure 1.

Search strategy

Four comprehensive electronic databases (PubMed, 
Scopus, SPORTDiscus, and Web of Science) were 
searched for relevant records on the 20th of December 
2021. The following search filter was applied to the 
title/abstract: children OR adolescent OR youth AND 
‘strength and conditioning’ OR ‘resistance training’ OR 
‘plyometric training’ AND intervention* OR program* 
OR protocol* OR RCT OR ‘randomized controlled trial’ 
OR experimental AND Sport* OR competitive.

Figure 1. Flowchart of the study selection
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Study selection

Study selection was conducted following the criteria 
defined in the PICOS (participants, intervention, com-
parison, outcome, study design) guidelines: (1) youth 
players from both sexes enrolled in any competitive 
sport, aged between 8 and 17 years; without injury or 
illness reported; (2) any type of strength and condi-
tioning program implemented with the purpose of en-
hancing strength, endurance, or speed, for at least four 
weeks; (3) intervention programs compared with a con-
trol group or with another intervention group; inter-
vention programs made in a single group with a test 
and re-test output reported; (4) studies that reported at 
least one post-acute response (i.e., immediate response 
of a physical or physiological parameter to the resistance 
training program), and/or chronic response (i.e., long-
term adaptations promoted by the training interven-
tion) following the intervention program; (5) articles 
that compared two groups (i.e., randomised, or non-
randomised) or one group with a test and re-test out-
put described. Only articles written in English and 
published in peer-reviewed journals were considered. 
After removing duplicate records from the search re-
sults, three authors independently screened the title 
and abstract for eligibility (FS, CF, RC). The same three 
authors read all eligible records before determining 
which studies should be included. In the case of dis-

Table 1. Studies’ methodological quality assessment using EPHPP [24]

Authors Selection bias Design Confounders Blinding
Data collection 

methods
Withdrawals  

and drop-outs
Overall

Arede et al. [25] Moderate Strong Strong Weak Strong Strong Moderate
Batalha et al. [26] Weak Strong Strong Weak Strong Moderate Weak
Bishop et al. [27] Moderate Strong Weak Weak Strong Moderate Weak
Bluett et al. [28] Weak Moderate Strong Weak Strong Moderate Weak
Chaouachi et al. [29] Moderate Strong Strong Weak Strong Moderate Moderate
Dowse et al. [30] Moderate Moderate Weak Weak Strong Moderate Weak
Escamilla et al. [31] Weak Strong Strong Weak Strong Moderate Weak
Freeman et al. [32] Weak Strong Strong Weak Strong Moderate Weak
Gabbett et al. [33] Moderate Moderate Weak Weak Strong Moderate Weak
Hopper et al. [34] Weak Strong Strong Weak Strong Moderate Weak
Karagianni et al. [35] Weak Strong Strong Weak Strong Moderate Weak
Makhlouf et al. [36] Moderate Moderate Strong Weak Strong Strong Weak
Marina and Jemni [37] Weak Moderate Weak Weak Strong Moderate Weak
McKinlay et al. [38] Moderate Moderate Strong Weak Strong Moderate Moderate
Moreno-Azze et al. [39] Weak Strong Strong Weak Strong Strong Weak
Sadowski et al. [40] Moderate Strong Strong Weak Strong Moderate Moderate
Santos and Janeira [41] Weak Strong Weak Weak Strong Moderate Weak
Smart and Gill [42] Moderate Strong Strong Weak Strong Moderate Moderate
Tillaar et al. [43] Moderate Moderate Strong Weak Strong Moderate Moderate
Tran et al. [44] Weak Moderate Weak Weak Strong Moderate Weak

crepancies, the inclusion and exclusion decisions were 
reached by consensus by the research team.

Data extraction and harmonisation

Three authors (F.S., C.F., R.C.) performed data ex-
traction and harmonisation using a standardised ap-
proach with a consensus. Relevant information is pre-
sented in Table 2 and Table 3. Table 2 includes the 
sample characteristics, purpose of the study, sports 
context, measures/instruments, and main results. 
Table 3 includes the intervention time, weekly training 
frequency, intensity, type of training, description of ex-
ercises, and the number of sets, reps, and rest time.

Study quality and risk of bias

Study quality and bias were evaluated using the 
Quality Assessment Tool for Quantitative Studies of 
the Effective Public Health Practice Project (EPHPP) 
[24]. The study design, confounding factors, data col-
lection methods/instruments, whether the raters and 
participants were ‘blinded’, and reports of withdrawals 
and dropouts are the six components of this instru-
ment that were used to assess selection bias. Each cate-
gory was given a weak, moderate, or strong score based 
on the specified criteria (Table 1). Three investigators 
independently rated the study’s quality (F.S., C.F., R.C.). 
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The differences were discussed and resolved by con-
sensus.

Ethical approval
The conducted research is not related to either hu-

man or animal use.

Results

Study selection

Figure 1 depicts the flowchart of the study selection 
process. A total of 415 articles were found after search-
ing the databases. After deleting duplicates (n = 218), 
197 studies were considered eligible. During the title 
and abstract screening process, 140 studies were re-
moved. Finally, the whole text of 57 studies was re-
viewed, and 20 were chosen as relevant for inclusion.

Study quality and risk of bias

Table 1 shows a summary of the study’s quality eval-
uation. None of the studies had a high level of methodo-
logical quality, six had a moderate level of methodologi-
cal quality, and 14 had a low level of methodological 
quality. Regarding the parameters analysed, 10 studies 
were rated as moderate, and the other 10 as weak in 
selection bias. The design of the studies was the second 
parameter analysed. Most of the studies were classi-
fied as strong (n = 12), and the remaining were classi-
fied as moderate (n = 8) as they were cohort (i.e., one 
group pre + post) or cohort analytic (i.e., two groups 
pre + post) studies. At the cofounders’ point, nine ar-
ticles did not show baseline differences between groups, 
and five articles accounted for at least 80% of the rel-
evant confounders. In the blinding part, none of the 
studies blinded the assessor and participants, so they 
were classified as weak. All the studies were carried 
out with valid and reliable data collection instruments. 
For the last parameter analysed, withdrawals and 
dropouts, the studies that reported dropouts and had 
a participant follow-up of > 80% were rated as strong 
(n = 3), while the studies that did not describe and pre-
sent the dropouts were rated as moderate (n = 17).

Intervention characteristics

The characteristics of each study can be consulted 
in Table 2 and Table 3. The interventions included 
575 young athletes (132 females and 443 males). The 
age range that covered the largest number of studies 
was 8 to 13 years (n = 8), followed by 13 to 15 years 

(n = 7), and > 15 years (n = 5). The intervention with the 
smallest sample was found in the study by Marina and 
Jemni [37] (n = 9), and the largest sample in the study 
by Chaouachi et al. [29] (n = 63).

Interventions covered a wide range of sports contexts 
and participants. Eleven studies were carried out among 
team sports [25, 31–34, 36, 38, 39, 41–43], and nine in 
individual sports [26–30, 35, 37, 40, 44]. Of those stud-
ies, 11 considered only male participants [26, 27, 29, 
31, 33, 36, 38–40, 42], five used exclusively female 
participants [25, 30, 34, 35, 37], and four used both 
male and female participants [28, 32, 43, 44].

Most studies evaluated interventions of at least six 
weeks (n = 18), while the other two examined a four-
week program. The training frequency mainly used 
was twice a week (n = 11). The training intensity was 
not clearly defined in most interventions (n = 13). How-
ever, different methods were used by the investigators 
to determine the exercise intensity, such as one-repe-
tition maximum (1RM; n = 2) and rated perceived 
exertion (RPE; n = 4).

Main results

All interventions showed positive outcomes, which 
varied according to the objectives and data collection 
instruments. The most commonly evaluated functional 
capacity was strength/power (n = 17) [25, 26, 28–34, 
36-39, 41–44], mainly related to the lower limbs (n = 14) 
[25, 28–30, 32–34, 37–39, 41–44], followed by speed 
(n = 10) [27, 29, 31, 33–36, 40, 42, 43], change of di-
rection and/or agility (n = 4) [34–36, 43[, balance (n = 3) 
[30, 35, 36], and aerobic capacity (n = 2) [28, 33]. The 
outcomes of some programs were also reported regard-
ing sports-specific skills performance [27, 31, 35, 40].

Regarding the training programs used in the various 
studies, RT and PT were the most frequently imple-
mented. Individually, RT was applied in eight studies 
[25, 26, 30, 31, 33, 39, 40, 44]. From the RT interven-
tions, two programs were based on isoinertial flywheel 
training [25, 39], and two studies combined this RT 
with speed training [32) and aerobic training [28]. On 
the other hand, PT was individually used in one study 
[27]. Other interventions combined PT and balance 
training (BT) [36] and explosive strength training (EST) 
[43]. Seven articles analysed the combined effects of RT 
and PT programs [29, 34, 35, 37, 38, 41, 42]. Also, 
the effects of Olympic-style weightlifting (OWL) [29] 
and speed training (ST) [42] interventions were studied 
in the sample considered.

Regarding the materials used in the interventions, 
the RT programs were implemented using elastic bands 
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[26, 31, 35], medicine balls [44], isoinertial flywheels 
[25, 36), bodyweight exercises [28, 30, 32–35, 38, 40, 
42–44), free-weights exercises [28–30, 32–35, 37, 38, 
40–44], and weight machines [28, 33, 37, 41]. The PT 
programs were mainly based on bodyweight exercises, 
particularly through jumping variations [27, 29, 34, 
37, 38, 41–43]. The PT interventions also included 
medicine ball throwing exercises [29, 34–36, 41], and 
elastic bands [35].

When relating the type of intervention with the 
outcomes obtained, we verified that the programs that 
used RT individually presented positive results in terms 
of strength, whether in the upper or lower limbs. On the 
other hand, those who used PT showed positive effects 
on the strength of the lower limbs, change of direction/
agility, and speed. Two studies compared the effective-
ness of PT with RT [29, 38]. The first showed that al-
though both groups improved in outcomes, PT was 
more likely to elicit substantially better training ad-
aptations than RT regarding isokinetic power in the 
lower limbs at 300°/s, and in sprint times [29]. The 
second study also showed improvements in both groups, 
however, PT was more effective in improving lower 
limb strength [38].

Regarding age ranges, most interventions performed 
between 8 and 13 years considered athletes in indi-
vidual sports (n = 5), particularly in swimming [27], 
judo and wrestling [29], distance running [28], and 
gymnastics [35, 37]. Two studies were performed in 
soccer [36, 38] and one in netball [34]. The program’s 
duration varied between six weeks and two seasons, 
primarily focused on improving strength, speed, and 
sport-specific skills through body weight exercises 
[27–29, 34–37], medicine ball throws [29, 34], weight 
machines and free-weights [28, 29, 34, 35, 37], and 
elastic bands [35]. Of note, across interventions, most 
of the bodyweight exercises were focused on abdomi-
nal strength and endurance (e.g., sit-ups and plank 
variations) and lower-body explosive strength (e.g., 
jumps).

Among 13 and 15 years, four studies were devel-
oped in individual sports, namely, swimming [26], 
dance [30], handball [43], and surfing [44]. On the 
other hand, three investigations were conducted in 
team sports: baseball [31], basketball [41] and rugby 
[33]. The program’s duration ranged from 4 to 12 weeks. 
One study relied exclusively on elastic band exercises 
to improve the throwing ability in baseball [31], while 
two studies integrated medicine ball throws into their 
programs [41, 44]. Other interventions used privileged 
bodyweight exercises [30, 41, 43, 44], and weight ma-
chines and free weights exercises [30, 33, 41, 43, 44] 
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to develop the strength, speed, change of direction, and 
balance capacities.

Finally, in participants over 15 years, four interven-
tions were performed in team sports [25, 32, 39, 42], 
while one considered swimmers [40]. Two studies used 
a portable isoinertial flywheel device to perform exer-
cises that improved jumping performance in basket-
ball and volleyball players [25], and in soccer players 
[39]. Bodyweight, machines, and free weights exercises 
were used to promote lower-body strength and speed 
ability [32, 42], and crawl velocity over 25 m [40].

Discussion

This study aimed to provide a comprehensive over-
view of the current evidence on strength and condi-
tioning interventions among youngsters involved in 
competitive sports. All the studies included in this 
analysis described the effectiveness of RT or PT inter-
ventions in increasing a range of physical fitness out-
comes in youth sports, particularly in body composition, 
jumping, sprinting, and change of direction capacities. 
Most of the interventions considered participants aged 
8 to 13 years, mainly involved in individual sports. In 
contrast, the studies developed with participants over 
15 years favoured athletes involved in team sports.

Independent of the age group or the type of sport, 
training-induced gains in strength and power were 
consistently reported in youth following participation 
in RT and/or PT programs, including different dura-
tions, intensities, and loading schemes [18, 45]. Regard-
ing lower-body explosive strength, the authors observed 
significant improvements in training groups submitted 
to RT combined with PT programs in netball [34], 
gymnastics [35, 37], basketball [41], rugby [42], and 
handball [43]. The programs’ durations varied between 
6 and 15 weeks, with a training frequency ranging 
between two and four times a week. The RT interven-
tions often considered free weights, weight machines, 
and bodyweight exercises to target the major muscle 
groups, while the PT designs were frequently based on 
jumps and their variations [34, 35, 37, 41–43]. Similar 
to the conclusions of a previous review on this topic, 
PT interventions integrated CMJ, squats, and other 
jumps involved in bilateral take-offs and landings [3].

According to our analysis, several studies report-
ed significant improvements in athletes’ lower-body 
strength, speed, and agility tests [3, 32–34]. Indeed, 
previous research conducted to evaluate the relation-
ship between lower-body explosive strength, sprinting, 
and change of direction performance in youth athletes 
showed that greater lower-body explosive strength was 

significantly and negatively correlated to speed and 
agility tests [46, 47]. Behm et al. [3] reported that 
strength training provided greater benefits to sprint 
ability due to the development of greater strength that 
allows the individuals to absorb and react to the ground 
reaction forces more efficiently. Empirical research 
among youth male handball players described a sig-
nificant relationship between the t-test and vertical 
jumping scores (CMJ: r = –0.69, p  0.01, SJ: r = –0.60, 
p  0.01) [46]. In another study on youth male football 
players, the authors also described a strong correla-
tion between vertical jumping and sprint times (29 > 
r < 65, p  0.01) [47]. Further, after controlling for 
chronological age and body composition, SJ persisted 
as the most powerful predictor of speed and agility 
tests, explaining nearly 37% of the variance observed 
in the 35 m linear sprint and t-test time [47]. There-
fore, better scores in lower-body explosive strength have 
been associated with lower times spent on speed and 
agility tests [46].

Meanwhile, the literature showed that using RT or 
PT programs alone is also beneficial for developing the 
physical attributes of youth athletes [26, 27, 29, 30, 38]. 
PT programs seemed more focused on enhancing power 
and were frequently implemented to promote sprint-
ing and jumping [3, 29, 38]. On the other hand, RT pro-
grams aim to increase power, reduce fatigue, and im-
prove body composition [26, 29]. However, the literature 
advocates that combining the RT and PT programs is 
more effective than using one of those training regimes 
alone [45]. Indeed, according to our analysis, the im-
provements in lower-body explosive strength, speed, 
and agility were more evident in training plans that 
combined heavy RT and PT programs [34, 37, 41, 43].

The development of youngsters’ physical attributes 
is crucial for sport-specific skills performance. Strength 
is associated with force-time characteristics, and en-
hanced force-time features should transfer to the ability 
to perform general sport-specific skills [45]. In our 
analysis, several studies described benefits in sport-
specific skills performance as an outcome of RT and/
or PT programs [26, 27, 31]. In youth baseball, four 
weeks of RT focused on upper-body strength was 
proven to increase throwing velocity [31]. Past litera-
ture has advocated that young athletes consistently 
involved in well-designed conditioning programs can 
improve their muscular strength, power, body compo-
sition, and ability to perform motor skills [2, 19, 48]. 
Therefore, it is crucial to create awareness among youth 
sports agents and coaches about the influence of strength 
on game performance, providing enhanced muscular 
fitness and improving skill competency.
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A training frequency of two times per week is suf-
ficient to induce strength gains in youth athletes. In 
contrast, the optimal exercise duration and intensity 
are not precise. Our study’s strength is capturing the 
overall differences between the variables and methods 
used in the selected intervention programs. Moreover, 
this analysis included studies on athletes of several 
ages and both sexes. The relationship between age, 
sexes, and training prescription was not debated. Be-
sides this, the possible effects of biological maturation 
were only considered in three of the studies retained 
for analysis [25, 37, 38]. Indeed, the mature state could 
be an important confounder in youth sports, particu-
larly concerning strength [49]. Although our analysis 
covered different age ranges, no pattern was found in 
the type of program used according to athletes’ age. 
Future work to assess the interrelationship between 
age, sexes, biological maturation, and training pre-
scription would be more informative.

The results of this study underline the crucial role 
of strength and conditioning programs in enhancing 
physical fitness, body composition, and skill competency 
among youth athletes. The key to safe and effective 
training interventions in youth is supervision by quali-
fied professionals to ensure the program is properly de-
signed and performed [19]. PT, mainly through jump-
ing and sprinting tasks, is related to speed and agility 
improvements. Moreover, strength development using 
heavy RT may also be beneficial to enhance sprint and 
change of direction times. Therefore, PT and RT should 
not be implemented as single-exercise interventions 
but as complementary programs to optimise physical 
and game performance. This study contributes to cre-
ating awareness among sports agents and coaches for 
integrating planned strength and conditioning pro-
grams with qualified instruction at least two times per 
week to improve young athletes’ physical development.
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