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Numerous national associations and multiple reviews have documented the safety

and efficacy of strength training for children and adolescents. The literature highlights

the significant training-induced increases in strength associated with youth strength

training. However, the effectiveness of youth strength training programs to improve

power measures is not as clear. This discrepancy may be related to training and

testing specificity. Most prior youth strength training programs emphasized lower intensity

resistance with relatively slow movements. Since power activities typically involve higher

intensity, explosive-like contractions with higher angular velocities (e.g., plyometrics),

there is a conflict between the training medium and testing measures. This meta-analysis

compared strength (e.g., training with resistance or body mass) and power training

programs (e.g., plyometric training) on proxies of muscle strength, power, and speed.

A systematic literature search using a Boolean Search Strategy was conducted in the

electronic databases PubMed, SPORT Discus, Web of Science, and Google Scholar and

revealed 652 hits. After perusal of title, abstract, and full text, 107 studies were eligible for

inclusion in this systematic review and meta-analysis. The meta-analysis showed small to

moderate magnitude changes for training specificity with jumpmeasures. In other words,

power training was more effective than strength training for improving youth jump height.

For sprint measures, strength training was more effective than power training with youth.

Furthermore, strength training exhibited consistently large magnitude changes to lower

body strength measures, which contrasted with the generally trivial, small and moderate

magnitude training improvements of power training upon lower body strength, sprint

and jump measures, respectively. Maturity related inadequacies in eccentric strength

and balance might influence the lack of training specificity with the unilateral landings

and propulsions associated with sprinting. Based on this meta-analysis, strength training

should be incorporated prior to power training in order to establish an adequate

foundation of strength for power training activities.
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INTRODUCTION

In contrast to the prior myths of health concerns regarding
resistance training (RT) for children (Rians et al., 1987; Blimkie,
1992, 1993; Faigenbaum and Kang, 2005), the contemporary
research emphasizes the beneficial effect of youth RT for health,
strength, and athletic performance (Sale, 1989; Webb, 1990;
Faigenbaum et al., 1996, 2009; Falk and Tenenbaum, 1996; Payne
et al., 1997; Golan et al., 1998; Hass et al., 2001; McNeely and
Armstrong, 2002; Falk and Eliakim, 2003; American College of
Sports Medicine, 2006; Faigenbaum, 2006; Malina, 2006; Behm
et al., 2008; Granacher et al., 2016). With a properly implemented
youth RT program, muscular strength and endurance can
increase significantly beyond normal growth and maturation
(Pfeiffer and Francis, 1986; Weltman et al., 1986; Sailors and
Berg, 1987; Blimkie, 1989; Ramsay et al., 1990; Faigenbaum et al.,
1996, 1999, 2001, 2002). Falk and Tenenbaum (1996) conducted
a meta-analysis and reported RT-induced strength increases of
13–30% in pre-adolescent children following RT programs of 8–
20 weeks. The Canadian Society for Exercise Physiology (CSEP)
position stand (Behm et al., 2008) indicated that the literature
provided a clear positive effect for improving muscle strength.
In contrast, there were far fewer RT studies that measured power
capacities, which only provided small effects for adolescents and
unclear effects of RT on improving power for children (Weltman
et al., 1986; Faigenbaum et al., 1993, 2002, 2007b, 1996; Lillegard
et al., 1997; Christou et al., 2006; Granacher et al., 2016).

The small or unclear effects of traditional strength/RT on
measures of power in children in the Behm et al. (2008) review
could be attributed to the few studies published up to that year
that monitored proxies of power. The recent Granacher et al.
(2016) review cited only three studies with girls as participants
compared to 27 studies with boys but still reported small to
barely moderate effects of RT on muscular power. Other factors
contributing to smaller effects of traditional strength/RT on
measures of power in children could be the lack of training
mode specificity (Sale and MacDougall, 1981; Behm and Sale,
1993; Behm, 1995) or perhaps maturation-related physiological
limitations upon power training adaptations in children. The
typical strength RT protocol for children involves training 2–
3 times per week (Malina, 2006), with moderate loads (e.g.,
50–60% of 1RM) and higher repetitions (e.g., 15–20 reps)
(Faigenbaum et al., 1996, 2009; Lillegard et al., 1997; Christou
et al., 2006; Faigenbaum, 2006; Benson et al., 2007; Behm
et al., 2008). According to the concept of training specificity,
an effective transfer of training adaptations occurs when the
training matches the task (e.g., testing, competition) (Sale and
MacDougall, 1981; Behm and Sale, 1993; Behm, 1995). Since
high power outputs involve explosive contractions with forces
exerted at higher velocities, RT programs using low to moderate
loads at slower velocities would not match power characteristics.
However, recently there are a number of publications that
have implemented power training programs (e.g., plyometric
training) for children that would adhere to the training specificity
principle. Plyometric exercises involve jumping, hopping, and
bounding exercises and throws that are performed quickly
and explosively (Behm, 1993; Behm et al., 2008; Cappa and

Behm, 2011, 2013). With plyometric training adaptations, the
neuromuscular system is conditioned to react more rapidly to
the stretch-shortening cycle (SSC). Plyometric training can be
safe and may improve a child’s ability to increase movement
speed and power production provided that appropriate training
and guidelines are followed (Brown et al., 1986; Diallo et al.,
2001; Matavulj et al., 2001; Lephart et al., 2005; Marginson
et al., 2005; Kotzamanidis, 2006; Behm et al., 2008). Johnson
et al. (2011) published a meta-analysis that only included seven
studies that they judged to be of low quality. They suggested
that plyometric training had a large positive effect on running,
jumping, kicking distance, balance, and agility with children.
Hence, further analysis is needed with a greater number of power
training studies involving children and/or adolescents.

While many power activities involve shorter duration, higher
intensity, explosive type contractions (anaerobic emphasis),
children are reported to possess reduced anaerobic capacities
(Behm et al., 2008; Murphy et al., 2014) with a lower reliance
on glycolysis (Ratel et al., 2006, 2015), and lower power outputs
(Falk and Dotan, 2006) compared to adults. In the recently
published scoping review (Granacher et al., 2016), Granacher and
colleagues were able to show small effect sizes following RT on
measures of power in child athletes and moderate effect sizes in
adolescent athletes. However, these authors looked at general RT
effects only and did not differentiate between strength and power
training programs. Moreover, only studies conducted with youth
athletes were analyzed.

Thus, it was the objective of this systematic review and
meta-analysis to investigate whether there are different effects
following strength vs. power training on measures of muscle
strength, power, and speed in trained and untrained children
and adolescents. It is hypothesized that in accordance with
the concept of training specificity, power training programs
will provide more substantial improvements in power and
speed measures than traditional strength programs with youth.
Furthermore, since trained individuals would have a greater
foundation of strength, we expected greater power training
related effects in trained compared to untrained youth.

METHODS

Search Strategy and Inclusion/Exclusion
Criteria
This review included randomized controlled trials and controlled
trials that implemented either traditional strength/resistance
training or power training in youth. A literature search was
performed by four co-authors separately and independently
using PubMed, SPORT Discus, Web of Science, and Google
Scholar databases. The topic was systematically searched using a
Boolean search strategy with the operators AND, OR, NOT and a
combination of the following keywords: (“strength training” OR
“resistance training” OR “weight training” OR “power training”
OR “plyometric training” OR “complex training” OR “compound
training” OR “weight-bearing exercise”) AND (child OR children
OR adolescent OR adolescents OR youth OR puberty OR
prepuberal∗ OR kids OR kid OR teen∗ OR girl∗ OR boy OR boys)
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NOT (patient OR patients OR adults OR adult OR man OR men
OR woman OR women). All references from the selected articles
were also crosschecked manually by the authors to identify
relevant studies that might have been missed in the systematic
search and to eliminate duplicates.

Inclusion Criteria (Study Selection)
Studies investigating traditional strength/resistance training or
power training in youth were included in the review if they
fulfilled the following selection criteria: the study (1) was a
randomized controlled trial or a controlled trial; (2) measured
pre- and post-training strength [e.g., maximal loads (i.e., 1
repetition maximum: 1RM) or forces with squats, leg extension
or flexion, isokinetic maximal measures], power-related [e.g.,
countermovement jump (CMJ), horizontal or standing long
jump (SLJ)] or speed-related (e.g., 10-m sprint time) dependent
variables; (3) training duration was greater than 4 weeks; (4)
used healthy, untrained (i.e., physical education classes and/or
no specific sport) or trained (i.e., youth athletes from different
sports) youth participants under the age of 18 years; (5) was
written in English and published prior to January 2017; and
(6) was published in a peer-reviewed journal (abstracts and
unpublished studies were excluded). Studies were excluded if
precise means and standard deviations, or effect sizes were not
available or if the training study combined both strength and
power exercises. Our initial search resulted in 652 applicable
studies (see flow chart: Figure 1).

Statistical Analyses
For statistical analyses, within-subject standardized mean
differences of the each intervention group were calculated
[SMD = (mean post-value intervention group—mean pre-value
intervention group)/pooled standard deviation]. Subsequently,
SMDs were adjusted for the respective sample size by
using the term (1-(3/(4N-9))) (Hedges, 1985). Meta-analytic
comparisons were computed using Review Manager software
V.5.3.4 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2008). Included studies were weighted
according to themagnitude of the respective standard error using
a random-effectsmodel. A random effectmodel was used because
the relative weight assigned to each of the studies has less impact
on computed combined effect size. In other words, in the fixed
effect model, one or two studies with relatively high weight can
shift the combined effect size and associated confidence intervals
in one particular direction, whereas in a random effect model this
issue is moderated.

Further, we used Review Manager for subgroup analyses:
computing a weight for each subgroup (e.g., trained vs.
untrained), aggregating SMD values of specific subgroups, and
comparing subgroup effect sizes with respect to differences in
intervention effects across subgroups. To improve readability, we
reported positive SMDs if superiority of post values compared
with pre-values was found. Heterogeneity was assessed using I2

andχ2 statistics. SMDswere calculated to evaluate themagnitude
of the difference between traditional resistance and plyometric
training according to the criterion of 0.80 large; 0.50 medium and
0.20 small (Cohen, 1988).

RESULTS

Training Program Prescriptions
The descriptive statistics for the strength and power training
program prescriptions are illustrated in Table 1. There were
28.5% more strength training studies within the literature review
likely due to the fact that power training experiments for children
began more recently (power: 1999 vs. strength: 1986 with one
pediatric strength study published in 1958). Strength training
studies on average had younger participants (∼12 vs. 13 years),
45.2% longer duration training programs (∼8 vs. 12 weeks) and
implemented approximately 1 less exercise per training session.
There were substantially more untrained or physical education
student participants in the strength studies (i.e., strength studies
with physical education and untrained: 31 vs. power studies with
physical education and untrained: 6 with soccer athletes used
most often (strength: 9 studies and power: 20 studies). Details of
all studies in the review are depicted in Tables 2A,B.

Muscle Power (Jump) Measures
Table 3 shows that power (plyometric) training studies provided
higher magnitude changes in jump performance than strength
training studies. In terms of general descriptors, power training
studies exceeded strength training studies with trained (moderate
vs. small), untrained (large vs. moderate)(Figures 2, 4) and
adolescent (moderate vs. small) populations (Figures 3, 5). For
the overall or general results (Figures 2, 4) as well as with
children (Figures 3, 5), the descriptive classifications were the
same (moderate magnitude improvements), although the precise
SMDs values were higher with power training. When comparing
specific populations (power and strength training combined),
untrained individuals (moderate to largemagnitude) experienced
greater jump height gains than trained participants (small to
moderate). Similarly, with training groups combined, children
experienced larger jump height gains than adolescents, although
the descriptive classification only differed with strength training
(moderate vs. small), but not power training.

Sprint Speed Measures
In contrast to power (jump) results, strength training studies
tended to provide better sprint time results than power training
(Table 2). However, it was only in the children and adolescent
strength vs. power training comparison where the descriptive
classifications for strength training exceeded power training with
moderate vs. small and small vs. trivial classifications, respectively
(Figures 7, 9). In contrast, power training (only 3 measures)
provided a greater magnitude change than strength training
(30 measures) with untrained populations demonstrating a
large vs. moderate improvement in sprint time (Figures 6, 8).
Again, similar to power (jump) measures, untrained and child
populations had greater magnitudes and descriptors than trained
and adolescents respectively for both strength and power
training.

Muscle Strength Measures
There were very few power training studies that measured
lower body strength with no studies that utilized children
or differentiated between trained and untrained individuals
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FIGURE 1 | Flow chart illustrating the different phases of the search and study selection.

TABLE 1 | Training participants and program characteristics.

No. of

Studies

No. of

studies with

all male

subjects

No. of studies

with all female

subjects

No. of studies

with male and

female subjects

Age (years) Training frequency

(sessions

per week)

Training

Weeks

Sets No. of Exerc. Reps

Strength 63

(1958, and

1986–2016)

32 1 30 12.37 ± 0.73 2.2 ± 0.52 12.45 ± 14.04 2.76 ± 1.16 6.15 ± 2.94 9.83 ± 4.08

Power 52

(1999–2016)

38 11 3 13.5 ± 0.86 2.27 ± 0.58 8.57 ± 4.34 2.15 ± 1.81 7.69 ± 4.94 9.94 ± 7.91

reps, repetitions; Exerc, exercises. Values provided in first four columns are sums, whereas the last six columns are means and standard deviations.

Number of studies: Strength participants: Physical Education: 15 studies, Untrained: 16 studies.

Sports: Soccer: 9 studies, Rugby: 4, Gymnasts: 2, Basketball, 2, Baseball: 2, Football: 2, Swimming, Handball, American Rowing, Judo, Wrestling, and assorted other sports or trained

states.

Power participants: Physical Education: 3 studies, Untrained: 3 studies.

Sports: Soccer: 20 studies, Rugby: 4, Gymnasts: 2, Basketball, 6, Swimming: 2, Volleyball: 2, Baseball, American Football, Handball, Rowing, Judo, Wrestling, Rowing, Track, Field

hockey, Tennis, and assorted other sports or trained states.

(Figure 10). The 4 power training measures within our
review used adolescents with only a trivial magnitude
improvement compared to large magnitude improvements
in all categories (0.88–1.35) with the 45 strength training
measures (Figures 11, 12).

DISCUSSION

This is the first systematic review and meta-analysis that
compared the effects of strength vs. power training on measures
of muscle strength, power, and speed in trained and untrained
youth. The most pertinent findings of the present study were the
tendencies for training specificity with power measures (power
training more effective than strength training), but a lack of

training specificity with sprint measures (strength training more
effective than power training) with youth. Thirdly, strength
training exhibited uniformly large magnitude changes to lower
body strength measures, which contrasted with the generally
trivial, small and moderate magnitude training improvements of
power training upon lower body strength, sprint and jump power
measures, respectively. Furthermore, untrained youth displayed
more substantial improvements in jump and sprint measures
with both power and strength training compared to trained
youth.

The greater magnitude improvements in power measures
with power vs. strength training corresponds with the training
specificity principle (Sale and MacDougall, 1981; Behm, 1988,
1995; Behm and Sale, 1993). Training specificity dictates that
training adaptations are greater when the training mode,
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TABLE 3 | Summary of meta-analysis results.

General Trained vs. Untrained Children vs. Adolescents

Power training effects on jump measures 0.69 Moderate 0.67 Moderate 0.80 Large 0.74 Moderate 0.57 Moderate

Strength training effects on jump measures 0.53 Moderate 0.48 Small 0.61 Moderate 0.68 Moderate 0.42 Small

Power training effects on sprint measures 0.38 Small 0.32 Small 1.19* Large 0.47 Small 0.13 Trivial

Strength training effects on sprint measures 0.48 Small 0.45 Small 0.57* Moderate 0.73 Moderate 0.36 Small

Power training effects on lower body strength measures 0.16** Trivial Not reported Not reported Not reported 0.16** Trivial

Strength training effects on lower body strength measures 1.14 Large 1.23 Large 1.08 Large 1.39 Large 0.88 Large

Shaded row values illustrate higher magnitude changes compared to the corresponding measure. Bolded values illustrate higher magnitude changes for untrained vs. trained participants.

Bolded and underlined values indicate higher magnitude changes for children vs. adolescents.

*3 studies met inclusion criteria; **4 studies met the inclusion criteria.

velocities, contraction types and other training characteristics
most closely match the subsequent activity, sport or tests. The
higher speed and power movements associated with power
training would be expected to provide more optimal training
adaptations for explosive type jump measures. Power training
(e.g., plyometrics) can improve youth’s ability to increase
movement speed and power production (Behm et al., 2008).
Chaouachi et al. (2014) reported similar findings when they
compared training programs that involved two types of power
training (Olympic weight lifting and plyometric) and traditional
RT. In accordance with the present review and the concept
of training specificity, both plyometric and Olympic weight
lifting in the Chaouachi study provided greater magnitude
improvements in CMJ than traditional RT.

It should be noted though, that while the numerical
SMD values for power training exceeded strength training
for power measures, the descriptor categorization overall was
the same: moderate for both power and strength training.
Thus, while it is conceded that power training demonstrates a
numerical advantage over strength training for power measures
(e.g., jump performance), the relative extent or degree of
superiority was not overwhelming. The relative magnitude of
improvement with power training (moderate to large: 0.6–0.8)
for power measures (e.g., jumps) did not match the training
specific extent or consistency of improvements associated
with strength training on lower body strength (uniformly
large: 0.88–1.35). Hence, the training specific response of
strength training (strength training effects on strength measures)
was consistently more substantial than the power training
specific response (power training effects on jump power
measures). Furthermore, power training specificity did not
extend to another power and speed related measure: sprint
speed.

Strength training magnitudes of change exceeded power
training for sprint measures (exception of untrained
participants). These findings contradict the long-held concept
of training specificity (Sale and MacDougall, 1981; Behm, 1988,
1995; Behm and Sale, 1993). Slower, more deliberate movements
of traditional RT would not be expected to provide optimal
training adaptations for sprint measures that involve higher
speed, stretch-shortening cycle (SSC) type activities. Again,
similar findings were reported by Chaouachi et al. (2014) who

found that traditional RT provided superior training adaptations
compared to both Olympic weight lifting and plyometric
training for 5 and 20 meter sprints. However, Radnor et al.
(2017) reported contradictory results to the present meta-
analysis with plyometric training and combined strength and
plyometric training providing more positive responders than
strength training alone for sprint velocity. The Radnor study
incorporated school aged boys (not specifically trained) whereas
the present review included both highly trained athletes and
untrained youth. Similar to Radnor and colleagues, untrained
youth in this meta-analysis participating in power training
had greater magnitude improvements in sprint measures than
trained athletes or the mean results of both populations.

One of the main factors contributing to optimal sprint
performance is the capacity to generate a high rate of muscular
force (Aagaard et al., 2002; Cronin and Sleivert, 2005; Cormie
et al., 2007). Sprint actions employ stretch-shortening cycle (SSC)
actions that involve the sequential combination of eccentric and
concentric muscle contractions (Komi, 1986). SSC based actions
tend to promote greater concentric force outputs when there
is a rapid and efficient storage and transfer of elastic energy
from the eccentric to the concentric phases (Cavagna et al.,
1968; Bosco et al., 1982a,b; Cormie et al., 2010). Elastic and
contractile (e.g., increased time for muscle activation, pre-load
effect, muscle-tendon interaction, stretch reflexes) components
affect maximal power output (Cavagna et al., 1968; Ettema
et al., 1990; Lichtwark and Wilson, 2005; Avela et al., 2006).
These mechanical and reflexive contributions occur over a short
duration and thus the transition from eccentric to concentric
phases must be brief (McCarthy et al., 2012). Reaction forces
from sprints and hurdle jumps can generate reaction forces of
∼4–6 times the individual’s body mass (Mero et al., 1992; Cappa
and Behm, 2011). Since the predominant jump measures were
from bilateral CMJ and squat jumps, the ground reaction forces
upon each limb would have been substantially lower (typically
½) than with high speed sprinting (with unilateral landings)
(Dintiman and Ward, 2003; Cappa and Behm, 2011). The
training specific related power (jump height) improvements seen
with power training in this review would not necessitate similar
eccentric strength capacities compared to the reaction forces
experienced with sprinting. An individual who lacks sufficient
eccentric strength must accommodate the eccentric forces by
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FIGURE 2 | Power training effects on jump measures for trained and untrained subjects. Positive SMD values indicate performance changes from pre to post related

to training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.
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FIGURE 3 | Power training effects on jump measures for children and adolescents. Positive SMD values indicate performance changes from pre to post related to

training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.
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FIGURE 4 | Strength training effects on jump measures for trained and untrained subjects. Positive SMD values indicate performance changes from pre to post

related to training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

Frontiers in Physiology | www.frontiersin.org 25 June 2017 | Volume 8 | Article 423

http://www.frontiersin.org/Physiology
http://www.frontiersin.org
http://www.frontiersin.org/Physiology/archive


Behm et al. Youth Strength vs. Power Training

FIGURE 5 | Strength training effects on jump measures for children and adolescents. Positive SMD values indicate performance changes from pre to post related to

training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.
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FIGURE 6 | Power training effects on sprint measures for trained and untrained subjects. Positive SMD values indicate performance changes from pre to post related

to training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

absorbing those forces over a longer time period, which would
nullify the advantages of SSC actions (Miyaguchi and Demura,
2008). The lack of sprint training specificity with youth might
be attributed to a lack of foundational eccentric (and likely
concentric) strength. The effectiveness of traditional RT with
youth sprinting would lie in its ability to build this essential
strength component allowing youth to take advantage of the
SSC mechanical and reflexive power amplification. Plyometric
training would not be effective with any individual (youth or
adult) who must absorb reaction forces over a prolonged period
and thus cannot efficiently transfer the eccentric forces to the
concentric power output.

The CMJ, drop, squat and other jumps evaluated in this
meta-analysis all involved bilateral take-offs and landings. In

contrast, sprinting is a series of rapid, unilateral landings
and propulsions which would place greater challenges on
the balance capabilities of the individual. Balance is another
important contributor to SSC and sprint performance especially
in youth (Hammami et al., 2016a). Balance affects force, power
output and movement velocity (Anderson and Behm, 2005;
Drinkwater et al., 2007; Behm et al., 2010a,b). Since balance
and coordination are not fully mature in children (Payne and
Isaacs, 2005), the effectiveness of plyometric training could be
adversely affected. Hammami et al. (2016a) reported large-sized
correlations between balance measures and proxies of power
with youth (r = 0.511–0.827). These correlation coefficients were
greatest with the more mature post-peak height velocity (PHV)
youth, suggesting that the poorer postural control of the less
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FIGURE 7 | Power training effects on sprint measures for children and adolescents. Positive SMD values indicate performance changes from pre to post related to

training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

mature pre-PHV and PHV youth had negative consequences
upon power output. Similarly, significant positive correlations
between maximum speed skating performance and a static
wobble board balance test were reported in youth under 19
years of age (Behm et al., 2005). Thus, plyometric training
activities are positively augmented with greater balance or
postural control. For example, when 4 weeks of balance training
was incorporated prior to 4 weeks of plyometric training the
training outcomes were significantly better with youth than
in the reverse order (Hammami et al., 2016b). Hence, the
combination of inadequate strength and balance would inhibit
positive sprint training adaptations associated with plyometric
training with youth. In conflict with the training specificity
principle, traditional RT may be more beneficial for promoting

sprint adaptations in youth since it can build a foundation
of strength upon which youth can take greater advantage of
the SSC. Furthermore, the use of free weight or ground based
strength/RT would be highly recommended for youth in order
to emphasize initial balance adaptations (Behm et al., 2008,
2010a,b).

The only exception to the strength training advantage for
sprint performance was with untrained participants with strength
training providing moderate benefits (0.57) compared to large
benefits (1.19) with plyometric training. However, upon closer
inspection, there were only 3 measures each available for the
untrained strength and plyometric training participants vs.
11 and 30 measures for the trained strength and plyometric
trained participants, respectively. Hence, with such a sparsity of

Frontiers in Physiology | www.frontiersin.org 28 June 2017 | Volume 8 | Article 423

http://www.frontiersin.org/Physiology
http://www.frontiersin.org
http://www.frontiersin.org/Physiology/archive


Behm et al. Youth Strength vs. Power Training

FIGURE 8 | Strength training effects on sprint measures for trained and untrained subjects. Positive SMD values indicate performance changes from pre to post

related to training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

measures, onemust be cautious about interpreting the robustness
of this specific result for the untrained youth population.

There are a few youth training studies that combine
plyometric and RT. As expected, the combination of plyometrics
and RT provided significantly greater improvements in sprint
speed and vertical jump height performance than untrained
controls with 6 and 12 weeks of training, respectively (Wong
et al., 2010; Hopper et al., 2017). Radnor et al. (2017) compared 6
weeks of plyometric, RT and combined training and found more
positive responders for 30m sprint speed with the combined
pre-PHV group. In the post-PHV group, the combined training
provided more positive responders with acceleration (10m
sprint) and squat jumps vs. the plyometric only and RT
groups. Similarly, Kotzamanidis et al. (2005) reported that the
combination of 13 weeks of RT and speed training provided
greater training benefits for 30m sprint, squat jump and CMJ
than RT alone. The combination of plyometric and RT in these
studies did not provide substantially greater training adaptations
than the plyometric only training meta-analysis results expressed
in this meta-analysis. While Wong et al. (2010) reported small to
moderate magnitude improvements for vertical jump height, 10
and 30m sprint performance, Kotzamanidis et al. (2005) reported
3–7% improvements in sprint and jump performances vs. 1–2%
improvements for the RT only group. Thus, the combination of
plyometric and strength training exercises did not seem provide
additive benefits compared to either plyometric or RT alone.

Untrained youth in this meta-analysis produced greater
training gains with jump and sprint measures (for both strength
and power training) than trained youth. Table 2 illustrates that
not only were the numerical effect sizes greater but in each
case the threshold for the magnitude descriptor was exceeded
and moved into a higher category with the untrained (i.e.,
moderate vs. large, small vs. moderate, small vs. large). Since the
untrained individuals are beginning a training program and are
situated at a lower baseline of functional performance, the initial
degree of improvement would be expected to be greater than
with trained individuals whose physical capacities have already
progressed beyond their initial baseline. Similarly, Behringer et al.
(2011) reported a similar trend and offered there might a ceiling
effect of functional adaptations in experienced subjects, whereas
novices and non-athletes experience greater adaptations due to
greater learning effects. The only exception to the untrained
groups training accrual benefits was for the effect of strength
training upon lower body strength measures, where both groups
had large magnitude changes. The training adaptation emphasis
may differ between these two groups with untrained youth
optimizing motor control/learning and coordination, whereas
trained youth may emphasize more the neural (recruitment,
rate coding synchronization) and morphological adaptations.
So, although the trained youth may be closer to their training
potential ceiling, they may be able to tap into adaptations not yet
fully available to the untrained.
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FIGURE 9 | Strength training effects on sprint performance for children and adolescents. Positive SMD values indicate performance changes from pre to post related

to training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

FIGURE 10 | Power training effects on lower body strength for adolescents only. Positive SMD values indicate performance changes from pre to post related to

training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

A limitation of this meta-analysis is that the involved
studies investigated relatively healthy and athletic populations.
Future studies should also focus on populations with risk
factors. Furthermore, appropriate age or maturation matched
power and plyometric training intensities, volumes, durations,
frequencies and other factors (e.g., What is the optimal platform
height for drop jumps with different youth maturational levels?

With the appropriate intensity established, what would be the
appropriate volume of power training for each session or
each week/cycle?) should be investigated to obtain the greatest
benefits.

In conclusion, there was modest evidence for the effect
of power training specificity upon power measures (small to
moderate magnitudes of change). Plausibly due to the greater
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FIGURE 11 | Strength training effects on lower body strength for trained and untrained subjects. Positive SMD values indicate performance changes from pre to post

related to training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

reaction forces with sprinting, there was no power training
specific advantage with sprint results. On the contrary, strength

training provided greater sprint training benefits likely due to
the development of greater strength allowing the individuals to
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FIGURE 12 | Strength training effects on lower body strength for children and adolescents. Positive SMD values indicate performance changes from pre to post

related to training effects, while negative SMDs are indicative of non-effective changes from pre to post. SMD, Standardized mean difference expresses the size of the

intervention effect relative to the variability observed in that study. SE, Standard Error. Weight, proportional weight or contribution of each study to the overall analysis.

absorb and react to the ground reaction forces more efficiently to
optimize the SSC mechanical and reflexive advantages. Strength
training provided the greatest training specific results in youth
with consistently large magnitude improvements in lower body

strength across trained, vs. untrained, as well as with children
vs. adolescents. In addition, untrained youth with their lower
baseline of physical capacities (untapped training potentials),
immature motor learning (Payne and Isaacs, 2005; Behm et al.,
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2010b; Behringer et al., 2011; Hopper et al., 2017) and possibly
due to their lack of experience tend to experience greater training
benefits for power and sprint measures than trained youth. Based
on these findings, resistance training for youth should initially
emphasize strength training methods. Prior research has also
demonstrated the importance of introducing balance training
early in the training process (Behm et al., 2008; Hammami
et al., 2016b). Plyometric training can also be included but this
training should emphasize lower amplitude movements with low
to moderate reaction forces (Behm et al., 2008). Proper form,
balance and motor control should be first emphasized before
presenting the individual with high reaction forces. As indicated

in the Canadian Society for Exercise Physiology position stand
(Behm et al., 2008), plyometric training and other forms of
power training (e.g., Olympic weight lifting) are not intended
to be stand-alone exercise programs, the best approach is to
incorporate properly supervised and progressive power training
into a well-rounded program that also includes other types of
strength and conditioning.
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