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The recent literature delineates resistance training in children and adolescents to 
be effective and safe. However, only little is known about the transfer of achieved 
strength gains to athletic performance. The present meta-analysis revealed a 
combined mean effect size for motor skill types jumping, running, and throwing 
of 0.52 (95% CI: 0.33–0.71). Effect sizes for each of aforementioned skill types 
separately were 0.54 (95% CI: 0.34–0.74), 0.53 (95% CI: 0.23–0.83), and 0.99 
(95% CI: 0.19–1.79) respectively. Furthermore, it could be shown that younger 
subjects and nonathletes showed higher gains in motor performance following 
resistance training than their counterparts and that specific resistance training 
regimes were not advantageous over traditional resistance training programs. 
Finally, a positive dose response relationship for “intensity” could be found 
in subgroups using traditional training regimens. These results emphasize that 
resistance training provides an effective way for enhancing motor performance 
in children and adolescents.

Numerous studies spanning the last 50 years have shown resistance training 
to be an effective and safe way for enhancing muscle strength in children and ado-
lescents1, if appropriately prescribed and supervised. Reviewing those studies by 
meta-analytical procedures, four meta-studies revealed that a variety of different 
resistance training programs can result in significant increases in muscle strength 
in children and adolescents (3,13,29,54). Furthermore resistance training has been 
shown to be associated with several health-related benefits such as increased bone 
mineral density, improved body composition and enhanced mental health and 
well-being (20).
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In contrast only little is known about the effect of resistance training on 
youth sports performance, due to a small number of conducted studies in that field 
(4,8,10,32,35). This situation might be explained by the multivariate characteristic 
of the athletic performance that makes it difficult to identify the impact of single 
influencing factors, such as resistance training. Consequently it seems reasonable 
to limit the scope to fundamental sport skills (e.g., jumping, running, throwing) 
which affect the performance in nearly all types of sports. But contrary to expec-
tations, previously published studies have failed to detect a definite link between 
skeletal muscle strength and aforementioned skills (24,27,30). In this context, Mil-
liken and coworkers (51) found only weak correlation coefficients between lower 
body muscular strength and vertical (r = .09) or long jump (r = .18) performance. 
Therefore it remains unclear, whether improvements in muscle strength resulting 
from resistance training will lead to a higher sport specific performance in child-
hood and youth. In addition, it remains to be determined how much specificity in 
resistance training is needed.

For this reason the primary aim of the present meta-analysis was (a) to evaluate 
the broader question, whether resistance training can be an effective method for 
improving different types of motor performance skills in children and adolescents 
and secondary, (b) to identify subject- and program- related parameters which might 
have an impact on the effectiveness of the training intervention. Such moderator 
analysis might reveal a closer insight on how sports-related resistance training pro-
grams should be designed. Currently available sport specific exercise prescriptions 
and guidelines are still simply based on anatomical requirement profiles of differ-
ent sports disciplines (44)—i.e., strengthening all muscles that are predominantly 
needed in a given sport.

Methods

Data Sources

Systematic computerised searches of the following databases from their inception 
to the end of August 2009 were undertaken: Medline (1966), PubMed (1966), 
Sport Discus (1975), ERIC (1966), Web of science (1945) and Evidence Based 
Medicine Reviews Multifile (1917). In addition hand searching of key journals and 
reference lists was performed. To avoid an oversampling of statistically significant 
studies that are preferentially published in English language (19) and peer reviewed 
journals, German studies and studies from the gray literature2 were included in the 
present meta-analysis. The following subject headings, key words and text words, 
in English and German respectively, were included: children, adolescents, youth, 
athletes; resistance, strength, weight, power; training, exercise and sport and motor 
performance. When data were missing from the original document, authors were 
contacted to provide additional information.

Study Selection and Quality Assessment

Inclusion criteria were: (i) the study design must have included a traditional 
resistance and/or plyometric3 training intervention; (ii) the effects of resistance 
and/or plyometric training on motor performance skills must have been examined 
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and reported in means and standard deviations for the treatment (TG) and control 
group (CG) for pre- and posttests; (iii) the age of participants had to be 18 years or 
less; (iiii) research must have been conducted on healthy male or female subjects. 
Overweight children were considered to meet this criterion unless any indisposi-
tions were reported.

Presented motor performance skills have been grouped into three different 
skill types: jumping, running, and throwing. The first group consisted of vertical 
jumps and long jumps, whereas the second consisted of shuttle runs and sprints. 
The third cluster consisted of medicine ball puts / throws.

Two independent investigators assessed the methodological quality of the 
selected studies by use of the PEDro scale (53). Any discrepancies were resolved by 
a third investigator. Methodological quality was not an inclusion criterion. The qual-
ity of evidence was assessed with the Strength of Recommendation Taxonomy (18).

Meta Analysis Procedure

It is necessary to combine data from multiple studies, to increase the precision of 
treatment effect estimates. The appropriate statistical method for this approach, 
the meta-analysis, was first introduced by Glass 1976 (34). In contrast to narrative 
reviews the meta-analysis provides the opportunity to quantify the results of vari-
ous studies to a standard metric called effect size (ES) that allows comparisons by 
the use of statistical methods.

The effect size for prepost-test designs in this study was computed as the dif-
ference between the standardized mean change for the treatment and control groups 
divided by the pooled pretest standard deviation proposed by Hedges and Olkin (39):

where µTpre and µCpre are the mean pretest scores and µTpost and µCpost are the mean 
posttest scores of the training (T) and control group (C), respectively. The popula-
tion variance was estimated by the pooled estimate of variance:

where nT and nC are the numbers of participants and SD is the pretest standard 
deviation of each group (52). As effect sizes of small samples tend to be positively 
biased and therewith overestimated, a virtually unbiased estimate was calculated 
by using a correction factor(38):

Based on the fact that the studies were drawn from different populations and 
therefore many variables may have an impact on the treatment effect, the random 
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effects model was used for the meta-analysis procedure. Under this model it is 
assumed that there is a distribution of true effects, rather than there is one true effect 
size (ES)true and the combined effect represents the mean of the population of true 
effects (6). In this model statistical variability caused by sampling error (var (ES)) 
and substantive variability (t2) is incorporated:

For assessing the proportion of the observed variance that reflects real differ-
ences in effect size due to heterogeneity rather than sampling error, the I2-Index 
was examined.

In cases where studies used a single control group and more than one treat-
ment group, the data of the control group should not be used to compute more than 
one ES, as the information of this ESs would not be independent. To ensure that 
control participants of trials with multiple treatment groups and only one control 
group were not counted more than once, the control group participant number was 
divided out equally among comparisons (15).

Statistical Analysis

The impact of categorical moderator variables was assessed by subgroup meta-
analyses and z-tests, whereas meta-regressions and Pearson (r) correlation tests 
were used to examine the relationships between ESs and continuous variables. 
The hypothesized categorical moderator variables were: sex (male vs. female), 
maturity (prepubertal vs. intra/postpubertal), training type (auxotonic vs. isokinetic 
vs. isometric), and resistance type (machine vs. free weights vs. mixed). For quan-
titative independent variables the duration of intervention, the age of participants, 
the training frequency per week, the number of sets, the number of repetitions, and 
the mean intensity (average percent of 1RM used throughout the training) were 
tested. When continuous moderator variables were listed as ranges and no raw data 
were available to calculate a mean, data were excluded from statistical analyses. 
Statistical significance was set to p £ 0,05 for all analyses. A funnel graph was 
plotted to determine whether publication bias existed. Z-test, meta-regression and 
production of all graphics were performed using Statistica version 7.1 (StatSoft, 
Inc., Tulsa, USA).

Results
The searches provided 152 studies as potential relevant, spanning the period of 
1949–2009. After excluding 103 studies in the initial assessment, 49 Studies were 
retained for further evaluation. Of these, only 34 met the inclusion criteria for meta-
analysis. According to the fact that some studies examined the effects of resistance 
training in different subgroups, the 34 studies represented a total of 51 combined 
effect sizes, based on 124 outcomes. The PEDro scores of the included 34 studies 
ranged from 2/10–7/10 (4.56 ± 0.99).

The number of participants in the included studies was 1432 (T: 845; C: 587). 
There was a distinct sex imbalance, with a total of 1019 male (T: 593; C: 398) and 
413 female subjects (T: 214; C: 169), respectively. Sex distribution was not presented 

ES = ES
true

+ var(ES) + t 2
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for two subgroups of one study, with a total of 28 male and 30 female participants. 
Although some studies presented demographic data as ranges, the estimated mean 
age of all analyzed subjects was 13.2 years (SD: 3.12). Only one-third (n = 476) 
of all children and adolescents were classified for maturational status. Of these, 85 
subjects were categorized as prepubertal, 81 as pubertal, and 43 as postpubertal, 
respectively. For 228 subjects the maturational status was provided as a range of 
pre- to early pubertal stages (Tanner stage 1–2) while two subgroups consisted of 
39 intra- to post pubertal subjects (Tanner 3–5).

The overall mean height of subjects was 151.2cm whereas the mean body 
weight was 60.0kg. 39.6% of subgroups were reported to be novice, while only 
11.3% had previous strength training experience. For the remaining studies the 
respective training status was not documented. Eighteen (34.0%) out of 53 sub-
groups were classified as athletes.

The applied training programs showed an extensive variation in duration, 
frequency, intensity, volume (sets x repetitions), and type of exercise. The dura-
tion of the analyzed training interventions ranged from 6 to 68 weeks (x− = 10.7 ± 
8.8)  with a mean training frequency of 2.6 ± 0.9 sessions per week and an average 
work-out duration of 41 ± 0.9 min.. In 17 cases, body weight was used as resistance 
type, whereas 16 subgroups used free weights or performed exercises on weight 
training machines. Although various combinations of sets and repetitions from 
single-set protocols with moderate loading to multiple set training regimens with 
near-maximal loading have been applied, the average auxotonic strength training 
program design consisted of 2–3 sets with 8–15 repetitions and loads between 60% 
and 80% of the 1RM on 4–8 exercises. Training loads were usually determined 
either by taking a specific percentage of the 1 RM or by performing a multiple-RM 
testing, e.g., 10RM. The average plyometric resistance training program consisted 
of 3–5 sets with 8–12 repetitions on 3–7 exercises, which roughly corresponds to 
100 jumps per session. Detailed characteristics of the included studies, specifically 
participants and intervention design, are illustrated in Table 1.

To evaluate whether resistance training is generally suitable for improving 
motor performance in children and adolescents, a combined mean effect size was 
calculated for the motor skill types jumping, running, and throwing. This analysis 
revealed a pooled ES of 0.52 (95% CI: 0.33–0.71; see Figure 1). Since the hetero-
geneity index I2 was equal to zero, a similar pooled estimate was found using a 
fixed-effect model (ES: 0.50; CI: 0.39–0.61). Both, fixed- and random-effect, were 
significantly greater than zero (p < .01). Subgroup analyses showed no significant 
differences in ESs between nonathletes and athletes. Moreover, there were no sig-
nificant differences between traditional-, plyometric-, or mixed resistance training 
programs (all p > .05). In contrast, a significant negative correlation coefficient was 
found for age of subjects (r = -0.25; p < .05) with the magnitude of the ES. Further, 
for subgroups using traditional training regimens, meta-regressions disclosed a 
significant correlation coefficient for mean intensity expressed as a percentage of 
1RM (r = .38; p < .05) with the magnitude of ES. Since no comparable standardized 
parameter was available for assessing the intensity of plyometric training programs, 
no such analysis was performed for those subgroups. Besides aforementioned, no 
other subject- or program design-parameter reached significance.
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Figure 1 — Forest plot of meta-analysis showing the combined ES of each subgroup as well 
as the summary effect. ES = Effect size; Var = Variance; SE = Standard error 10

Analyzing each skill type in separate meta-analyses (see Tables 2 through 4) 
revealed that the greatest effect size occurred in throwing performance tests. The 
combined ES for this cluster was 0.99 (95% CI: 0.19–1.79). The effect sizes for 
the jumping- and sprinting-cluster was 0.54 (95% CI: 0.34–0.74) and 0.53 (95% 
CI: 0.23–0.83), respectively. All three ESs were significantly greater than zero (p 
< .01) but no significant differences were found between the selected skill types.

Discussion
The overall weighted ES of 0.52 (SE: 0.1) of this investigation demonstrates that 
structured resistance training programs significantly improve running-, jumping-, 
and throwing-performance in children and adolescents. Since motor performance 
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Table 2  Analysis for Categorical Moderator Variables Affecting the 
Combined Motor Performance Outcome

Independent variables Z p ES SE N

Condition 1.24 0.24
Non-Athlete 0.64 0.17 24

Athlete 0.40 0.12 18
Training Type

Traditional vs. Plyometric 0.16 0.87
Traditional vs. Mixed 0.93 0.35
Plyometric vs. Mixed 0.77 0.35

Plyometric 0.51 0.15 15
Traditional 0.54 0.15 29

Mixed 0.36 0.12 7

Table 3 Analysis for Continuous Moderator Variables of Subject 
Characteristics and Program Design Elements

Independent variables x− SD n ra p

Age (years) 13.00 3.16 45 -0.25 0.02
Height (cm) 146.61 29.18 51 -0.15 0.13
Weight (kg) 65.18 24.87 51 -0.16 0.11

Duration (weeks) 10.73 8.76 51 -0.07 0.51
Mean intensity  
(% of 1RM)*

71.12 8.88 21 0.38 0.02

Frequency  
(Sessions / week)

2.63 0.85 50 -0.05 0.60

Number of Sets 3.19 1.92 37 0.12 0.33
Number of Repetitions 11.02 4.14 28 -0.04 0.80

a r = Correlation coefficient

Table 4 Analysis for Motor Performance Skill Groups

Motor Performance Skills Z p ES SE N

Groups
Throwing vs. Running 0.69 0.49

Throwing vs. Jumping 0.69 0.49

Jumping vs. Running 0.04 0.97

Throwing 0.99 0.41 11

Jumping 0.54 0.10 50

Running 0.53 0.15 23

Note: The values listed in this table refer to three separately performed meta-analyses for each of the 
analyzed skill types. Therefore the total number of effect sizes differs from that listed in Table 1, where 
only one combined ES is listed for every subgroup.
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skills are known to be essential components in different types of sports, it can 
be assumed that there is a positive transfer of resistance training effects to sport 
specific performance in young athletes. This is in concordance with the recently 
published position statement of the National Strength and Conditioning Associa-
tion, which concludes that resistance training is an effective method for improving 
sports performance (21).

Separate analysis of each motor performance group revealed that the greatest 
effect size occurred in throwing performance (ES: 0.99, 95% CI: 0.19–1.79) fol-
lowed by jumping- (ES: 0.54, 95% CI: 0.34–0.74) and sprinting-performance (ES: 
0.53, 95% CI: 0.23–0.83). However, besides being statistically insignificant, the 
observed differences might be the result of an insufficient number of studies (n = 
8) assessing the effect of resistance training on throwing performance in children 
and adolescents. Therefore, some caution is warranted regarding the estimated 
effect size of this specific motor performance cluster.

The heterogeneity of effects in this meta-analysis was very low (I2 = 0.00), 
indicating that all of the observed variation in findings is spurious and that the 
included studies examined the same effect. This is supported by the outcome of 
the sensitivity analysis performed using a fixed effects model, which revealed a 
similar weighted mean effect size and comparable confidence intervals (ES: 0.50; 
CI: 0.39–0.61). Nevertheless, since all studies included in this meta-analysis were 
drawn from discrete populations and varied training regimes were applied, we do 
not assume one common (true) effect size. In accordance to the recent literature 
(6), the computational model of random effects was used.

Both, functional (e.g., changes in motor unit coordination) and structural 
adaptations (e.g., muscular hypertrophy) might explain the observed changes in 
motor performance. However, higher gains were found in children compared with 
adolescent subjects. Since there is little evidence of hypertrophy in children, it is 
generally assumed that training-induced strength gains in younger subjects are 
more related to neural adaptations than to hypertrophic factors (21). These neural 
adaptations include changes in motor unit coordination, firing and recruitment—
factors that are known to be essential for movement optimization (i.e., eliminating 
unnecessary and counterproductive muscular movements). Since the most signifi-
cant neural adaptations occur at the beginning of resistance training interventions 
and hypertrophy, as aforementioned, plays a subordinate role, we would expect 
the results of long-term interventions to be similar to that of mid- and short term 
programs. This is supported by the performed meta-regression for study duration 
that did not reach significance, indicating that gains in motor performance skills 
are likely to be achieved during early stages of intervention. However, the lack 
of significance for duration could also be explained by a low baseline skill level.

One might speculate that participants with previous strength training experi-
ence show blunted results due to a ceiling effect in motor learning. Studies that 
attempt to dissect the relative importance of training experience on gains in motor 
performance skills in children and adolescents are scant and produced conflicting 
results (40,60). Although not statistically significant (p = .24), we found higher ESs 
for nonathletes (ES: 0.64, SE: 0.17) compared with athletes (ES: 0.40, SE: 0.12), 
suggesting that greater initial enhancements of motor performance skills might 
be found in untrained subjects. This trend may be the result of greater learning 
effects in terms of aforementioned neural adaptations in subjects being short on 
coordinative experience.
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The same argument might apply to the observed age dependency of training 
effects: Analysis for continuous moderator variables revealed a significant nega-
tive correlation coefficient for age of participants with the magnitude of the ES, 
indicating that resistance training is more beneficial in younger subjects. According 
to recently published data of neuromagnetic imaging, this could be an effect of a 
reduced motor cortical inhibition in immature subjects, promoting neural plasticity 
and consequently motor learning in children (33). This assumption is supported by 
Walther et al., who concluded that a reduced GABAeric inhibition can be found 
in children due to immaturity of inhibitory intracortical pathways (GABAergic 
interneurons) and that this may facilitate neuronal plasticity and motor learning in 
children (61). These suggestions are in concordance with the results presented by 
Lillegard et al. (45), who studied the impact of various maturity levels on changes 
in motor performance following a 12 week resistance training program. Highest 
effect sizes were found in pre- and early pubertal boys (ES: 0.5, SE: 0.33) and 
girls (ES: 0.48, SE: 0.3) followed by pubertal and postpubertal male (ES: 0.36, 
SE: 0.41) and female (ES: 0.33, SE: 0.58) adolescents, respectively. However, 
to which extent maturational changes of the central neurologic system (CNS) 
contribute to improvements of motor performance skills following resistance 
training remain uncertain.

In the present meta-analysis, a significant positive correlation was found 
between gains in motor performance skills (expressed in ESs) and the mean inten-
sity (% of 1RM) of the applied training stimulus, in studies using traditional resis-
tance training regimes. It remains unclear, if the observed correlation is a result of 
enhanced functional adaptations, or if increased exercise intensity is more conducive 
to the generation of structural changes (muscular hypertrophy). Nevertheless, this 
dose response relationship for intensity (ES = -0,8149 + 0,0164*x) is essential to 
the prescription of proper doses of training stimuli and should be taken into account 
by conditioning professionals, when prescribing training for children and adoles-
cents. That is, the “minimal threshold” for children and adolescent to elicit desired 
effects in motor performance skills would be around 50% of the individual 1RM. 
Even though, this threshold is likely to be different between trained and untrained 
subjects, no such statement can be derived from the available data, since only a 
minority of subgroups had previous strength training experience. Therefore, to 
figure out if different training intensities are necessary to evoke comparable training 
effects in trained and untrained subjects, further research needs to be conducted. 
However, to reduce the risk of injury, it is generally recommended that children 
and adolescents should use light weights for all exercises until a proper technique 
is learned (21). Thereafter, the amount of weight lifted during exercises should be 
gradually increased to allow for more intense workouts depending on individual 
training objectives (2).

Program design parameters describing the volume of the applied training 
stimulus, i.e., number of repetitions, number of sets, and training sessions per week, 
were not significantly correlated with changes of the selected motor performance 
skills. Due to the fact that these parameters might be interrelated (e.g., number of 
sets and number of repetitions), and/or they are homogeneous across the analyzed 
studies (e.g., number of training sessions per week), the absence of significance 
should be interpreted with caution. Therefore, further research regarding these 
moderators is needed.
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Nevertheless, similar concerns like aforementioned precautions for gradually 
increasing intensity to reduce the risk of injury should be taken into account for 
training volume, when planning resistance training programs for children and 
adolescents. That is, training volume needs to be increased carefully with regards 
to the individual stress tolerance of each child to avoid overuse symptoms and/or 
acute injuries.

Although it seems reasonable to achieve higher gains in motor performance 
skills by implementing exercises (e.g., plyometrics) that are specific to the test in 
contraction type, movement velocity and movement pattern of skills tested (37), no 
such difference in ESs could be derived from the present data. That is, plyometric 
training programs and traditional training regimes revealed comparable results. 
Currently it is assumed that the greatest gains on motor performance skills can be 
expected from training regimes that combine traditional resistance training ele-
ments with plyometric training content (22). This finding is commonly explained 
by the synergistic attributes of both training types. Even though we observed the 
highest effect sizes from studies that combined plyometric- with traditional resis-
tance training protocols and both training types alone produced somewhat lower 
effects, the differences between those training types did not reach significance in 
the present meta-analysis.

Like all meta-analyses, the present intervention is limited by the quality of 
the included studies. According to the Strength of Recommendation Taxonomy 
(18), we awarded the current evidence a level of 24 and a grade of B5, as the result 
of limited quality (see PEDro score below) and some inconsistent findings of the 
available studies. The PEDro score for the 34 articles averaged 4.56/10 ± 0.99 
with a range from 2/10–7/10. This score is commonly considered to describe a fair 
methodological quality of studies (31). However, it should be taken into account 
that within resistance training studies almost always, by its very nature, it is impos-
sible to blind the trainer or the participants to the intervention applied. Therefore, 
the revealed PEDro score should be interpreted with caution.

Another potential limitation of the present meta-analysis is related to the 
observed publication bias. The funnel plot6 analysis revealed an asymmetrical 
appearance with a gap at the upper right- and the bottom left side of the graph, 
indicating that intervention effects of smaller studies (i.e., with a lower number 
of subjects) tend to be greater in comparison with those estimated in larger stud-
ies. This phenomenon, well known as “small-study effects”, is usually assumed 
to be a result of publication bias. There is a higher probability for publication of 
a small study if it represents significant results, and is therefore more likely to be 
included in a meta-analysis. However, the observed asymmetry might be the result 
of study factors other than publication bias, such as low methodological quality in 
smaller studies that often yields in an overestimation of treatment effects. Further, 
it should be taken into account that small and less precise studies are weighted 
less in the meta-analysis procedure and that the funnel plot does not display the 
aforementioned virtually unbiased estimated ES. Therefore, the impact of publica-
tion bias on the observed overall effect might be somewhat lower than expected 
from funnel plot analysis.

Statistical tests for detecting funnel plot asymmetry such as Begg’s rank cor-
relation test and Egger’s linear regression test were not performed in the present 
analysis, as they were reported to suffer from low statistical power (6).
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Conclusion
To our knowledge, the present investigation is the first meta-analysis that provides a 
robust estimation of the effect of resistance training on selected motor performance 
skills in children and adolescents based on a statistically meaningful sample size. 
Although improvements in motor performance have been found previously, the 
vast majority of available studies lack statistical power due to small sample sizes. 
From our data it can be stated that resistance training is an effective method for 
enhancing selected motor performance skills (i.e., jumping, running, and throwing) 
during childhood and youth.

Furthermore, the results of this meta-analysis provide valuable information 
concerning the importance of certain subject- and program design parameters. In 
this context, it is evident that age of participants was negatively correlated to training 
induced improvements of motor skills (expressed in combined effect sizes), indicat-
ing that younger subjects obtained the greatest enhancements in aforementioned 
skills. Since a similar trend was identified in athletes and nonathletes, we assume 
that this might be a ceiling effect of functional adaptations in experienced subjects. 
That is, novices such as children and nonathletes experience greater adaptations 
in motor performance due to higher learning effects, or that the applied intensity 
did not sufficiently overload the musculature of experienced subjects who were 
more conditioned. This would underline the need for load progression over time.

Finally, subgroup analysis for program design parameters revealed a significant 
positive association between mean intensity of traditional training programs and 
gains in selected motor performance skills. This should be taken into account by 
conditioning professionals, when prescribing training for children and adolescents.

Due to the fact that the vast majority of participants were not classified for 
maturational age and only some data are available on female subjects, further 
research is still required in this important field of study.

Notes

1. The term “children” in this text refers to subjects being in middle childhood that starts at 
the age of eight and ends with the onset of puberty (47). The term “adolescents” refers to all 
intra- and postpubertal subjects up to the age of 18.

2. In this text, gray literature refers to studies that were not formally published in peer reviewed 
journals

3. “Plyometric training” in this text refers to all exercises that consist of a direct succession of 
eccentric contractions just before the concentric phase to take advantage of the elastic rebound 
tendency of muscle tissue, usually known as “stretch shortening cycle”. For simplicity, the remain-
ing training modalities that lack a “stretch shortening cycle” are called “traditional resistance 
training” throughout this text.

4. Study quality level 2 = limited quality patient oriented evidence (18).

5. Strength of recommendation grade B = Recommendation based on inconsistent or limited-
quality patient-oriented evidence (18).

6. Not shown in this manuscript.
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