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Abstract

Background Nowadays resistance and plyometric training are deemed to be a crucial component of a health promoting
lifestyle in youth. Effects of resistance training and plyometric training may actually be synergistic, with their combined
effects being greater than each program performed alone.

Aims This randomized controlled study aimed to compare the effects of an 8-week training period of combined plyometric
and resistance training with resistance training alone on fitness performance in boys.

Methods Participants (24 boys, 12—-14 years) were randomly assigned to an 8-week combined training group (CT, n=12)
that performed plyometric exercises (~ 20 min.) followed by resistance training or a resistance training group (RT, n=12) that
performed static stretching exercises (~20 min.) followed by the same resistance training program. Both groups performed
twice weekly training sessions of 90 min. At baseline and after training all participants were tested on the 20-m sprint (time)
and Squat Jump (power, velocity, force and height).

Results The CT group showed significantly (p <0.05) improvement than RT in the 20-m sprint time (—0.07 vs. 0.05 s),
and Squat Jump (Power: 159.0 vs. — 5.0 W; velocity: 0.2 vs. —0.2 m s™'; force: 41.2 vs. —57.4 N; height: 10.6 vs. —0.3 cm)
following training.

Conclusions Results suggest that when seeking to induce specific acute adaptations in vertical jump and acceleration capaci-
ties in lower limbs, male adolescents may benefit more from exposure to a combination of plyometric and resistance training
methods.
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Introduction The scientific literature has widely demonstrated that resist-

ance training for children and adolescents may improve

Resistance and plyometric training are generally indicated
in the literature as the best methods for improving the most
powerful strength characteristics (explosive force) in adults
and their combined effects seem to be greater than any pro-
gram performed alone [1, 2]. However, little is known about
the effectiveness of this combined effect in young people.
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selected motor performance skills (e.g., long jump, vertical
jump, sprint speed, and medicine ball toss) while decreasing
the severity and incidence of sport injuries [3—8]. On the
other hand, studies employing plyometric training programs
for youth reported improvements in vertical jump height
[9-11] and running speed [9, 12].

Anyway, resistance and plyometric training are consid-
ered crucial components of a health promoting lifestyle
in youth [13]. There is compelling evidence that resist-
ance or plyometric training improves muscular fitness (i.e.,
muscular strength, muscular power, local muscular endur-
ance) [14, 15], bone mineral accrual [16], body composi-
tion [17], motor performance skills [7, 8], and lipid profiles
[3]. However, a recent review that compared the effects of
traditional resistance training with plyometrics in youth
population [14], observed an effect of specificity: greater
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improvements in jump height due to plyometrics, as well as
greater improvements in strength and sprint measures due
to resistance training.

Recently, some studies have reported that the combina-
tion of resistance training and plyometric training may offer
the most benefit for adolescent athletes. Faigenbaum et al.
[18] found the combination of strength and plyometric train-
ing to be more effective than resistance training, for the long
jump, ball toss and shuttle run in around adolescent males.
Santos and Janeira [19] suggested that the use of complex
training (i.e. resistance and plyometric training) significantly
improves the upper and lower body explosivity levels in
young basketball players.

The above-mentioned studies seem to indicate that a com-
bination of strength and plyometric training is likely to elicit
the most improvements in youth. However, to our knowl-
edge, very few randomized, prospective studies have exam-
ined the effects of combined plyometric and resistance train-
ing in children and adolescents. In our study, we also wanted
to examine the effectiveness of pre-event static stretching, as
it is perceived by coaches as an effective method to improve
performance [20]. Since young athletes are often encouraged
to perform static stretching before resistance exercise [21],
it is interesting to know if plyometric training and resist-
ance training (without pre-event static stretching) can pro-
vide combinatory effects in younger populations. Given that
static stretching is commonly used in clinical and athletic
environments with the specific aims of increasing joint ROM
and reducing injury risk [22], it is important to ascertain the
most efficacious method for enhancing fitness performance
in children and adolescents. Even though initial gains in
strength and power due to training are mediated by neural
factors [2], we used an 8-week training program since pre-
vious investigations reported favorable changes in perfor-
mance in youth [23] following at least 6 weeks of resistance
and/or plyometric training.

Therefore, the purpose of the present study was to assess
the effects of an 8-week training period of combined ply-
ometric and resistance training on fitness performance in
12- to 14-year-old boys. We hypothesized that a combined
plyometric and resistance training intervention should cause
greater improvements in fitness performance as compared to
resistance training and static stretching.

Materials and methods

Study design

To test our hypothesis, adaptations following combined ply-
ometric and resistance training compared to resistance train-

ing and static stretching were assessed using a randomized
controlled trial study design. This research was designed to
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obtain baseline data of the fitness measures in participants,
to evaluate whether an 8-week combined training period can
produce improvements. This outcome was defined as statisti-
cally significant improvements in the lower limbs speed and
explosive strength evaluation tests (i.e., a 20 m-sprint test
and a squat jump test).

Participants

Twenty-four healthy boys (range 12—-14 years) that partici-
pated in locally organized sports (principally soccer and bas-
ketball) volunteered to take part in this study. The subjects
were recruited by a local sport association in April 2018.
Participants were excluded if they had a chronic pediatric
disease or had an orthopedic condition that would limit their
ability to perform exercise. All volunteers were accepted
for participation. The participants were randomly assigned
to two groups: a resistance training group (RT, n=12), or a
combined training (i.e., plyometric training and resistance
training) group (CT, n=12). For randomization, we used
the method of randomly permuted blocks using Research
Randomizer, a program published on a publicly accessible
official website (http://www.randomizer.org). This sam-
ple size was justified by a priori statistical power analysis
using a medium effect size, alpha of 0.05 and power of 0.80,
which determined that 16 subjects in total were required for
participation [24]; the additional recruitment accounted for
the possibility of dropouts. All participants and their par-
ents received a complete explanation in advance about the
purpose of the experiment and the parents provided writ-
ten consent to the study. The procedures followed were in
accordance with the ethical standards of the responsible
institutional committee on human experimentation and with
the Helsinki Declaration. The study was conducted from
April to May 2018.

Study procedures

All study procedures were performed at a school sports
facility. Initial and final test measurements were made at
the same time of day and under the same experimental con-
ditions. Subjects maintained their normal intake of food and
fluids, but before testing, they abstained from physical exer-
cise for 1 day, drank no caffeine-containing beverages for
4 h, and ate no food for 2 h. Verbal encouragement ensured
maximal effort throughout all tests. Prior to data collection
all subjects participated in one introductory session during
which time proper form and technique on each physical fit-
ness test were reviewed and practiced. During this session
research assistants demonstrated proper testing procedures
and participants practiced each test. A standardized battery
of warm-up exercises was performed before maximal efforts.
On the first test day, subjects performed the Squat Jump,
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instead anthropometrical assessment and sprint running
were undertaken on day 2. The same researchers tested and
trained the participants. Pre-testing was performed the week
before the training period and post-testing was performed
the week after the training period.

Measures
20-m sprint test

After a self-paced 3 min warm-up run, participants per-
formed two submaximal 20-m sprints from a starting line,
followed by three maximal timed sprints in an indoor school
sport facility. Each sprint was interspersed by a 2-min walk
recovery. Upon completion, each participant’s’ time was
recorded to the nearest 0.01 s on a hand-held stopwatch [25].
The minimum time (s) recorded in the trials was taken as
a dependent variable. The test—retest reliability reported a
good reliability for the 20-m sprint test (ICC =0.86).

Squat Jump test

The SJ test is a reliable and valid test for the estimation of
the explosive power of the lower limbs [26]. The SJ was
performed from a starting position in which the participants’
knees were at a 90-degree knee angle, without allowing any
counter movement. The participants’ hands were kept on
their hips, thus avoiding any arm swing. The subjects were
required to jump as high as possible, without performing a
countermovement (pre-stretch), and to land at the same point
of take-off. They were also required to rebound with straight
legs when landing to avoid knee bending and alteration of
measurements. The SJ test was conducted with the Beast
sensor (Beast Technologies s.r.l., Brescia, Italy) that is a
small wearable device designed to be fixed to a wristband
that the athlete wore during tests [27]. Mean velocity (m s™!)
of each trial was transferred in real time via Bluetooth 4.0
LE to the Beast app for iOS v.2.2.3, which was installed on
an iPhone 6 with iOS 10.2.1 operative system. Data of each
individual jump were recorded, and mean power (W), force
(N) and height (cm) were calculated by applying physics
laws. Each participant was given three trials, which were
separated by 1-min intervals, to complete their highest jump.
The highest jump in the trials was taken as the dependent
variable and used in subsequent analyses. The test-retest
reliability reported a high reliability for SJ (ICC =0.96).

Training protocol

Both exercise groups trained twice per week on noncon-
secutive days (Tuesday and Thursday) for 8 weeks under
carefully monitored and controlled conditions. Prior to
each training session, all subjects participated in a 10-min

warm-up period which included jogging at a self-selected
comfortable pace followed by calisthenics. After the warm-
up session, subjects in the combined training group per-
formed plyometric exercises (~20 min.), whereas subjects
in the resistance training group performed static stretching
exercises (~20 min.), since no studies suggest that static
stretching diminishes performance, although the poten-
tial benefits of an acute bout of static stretching have been
questioned [28]. Following the completion of the individual
protocols, all subjects performed the same resistance train-
ing program. Each training session ended with ~5 min of
cool-down activities. The daily training duration for both
study groups was purposely designed to be 90 min. Experi-
enced instructors graduate in physical education discussed
and demonstrated proper exercise technique throughout the
study period. The instructors consistently encouraged the
subjects to maintain proper technique performance. If a sub-
ject fatigued and could not perform an exercise correctly, the
exercise was stopped.

Static stretching

Subjects in the resistance training only group performed
static stretching exercises during the 8-week training period.
Subjects held each stretch for 30 s at a point of mild dis-
comfort, relaxed for 5 s, then repeated the same stretch for
another 30 s before progressing to the opposite leg (when
necessary). The specific stretches (in order of performance)
were hip/low back stretch, chest/hamstring stretch, quadri-
ceps stretch, calf stretch, triceps/hip stretch, adductor stretch,
and v-sit hamstring stretch.

Plyometric training

The progressive plyometric training program used in this
study was based on findings from previous investigations
[29]. The plyometric program should use the principles of
progression and overload. This can be accomplished by
manipulating the volume dosage (reps, sets, weight, etc.)
of many different variables. The quality of the work is more
important with plyometrics than the quantity of the work.
In fact, the exercises were periodized to allow a progres-
sive adaptation of ligaments, tendons and bones for a vol-
ume of work that did not initially exceed 50/60 cumulative
foot touches [30]. From weeks 1 to 4 the 5/4 level exercises
were performed, that is, with a low physical impact for the
bony and muscular structures (i.e., jumping rope, A-skip,
medicine ball tosses, 20-40 cm double leg hurdle jumping),
whereas from weeks 5 to 8 those of level 3/2, that is, to
high physical impact (i.e., single leg hurdle hops, successive
and alternated on short distances of 5-30 m, and 30-76 cm
double leg hurdle jumping). Participants were instructed to
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Table 1 Plyometric training program performed by CT group

Weeks 1-4

Weeks 5-8

Plyometrics (20 min, 2 days week™!) Jumping rope 1-3x30 s

Single leg hurdle hops 1-2x5-30 m

(basic bounce step, double basic bounce step, alter-
nate foot step, scissor step, and double under)

A-skip 1-2x 10 m

Medicine ball tosses 1-2x 10

Alternate single leg hurdle hops 1-2x 5-30 m
Double leg hurdle jumps (30-76 cm) 1-2X 6

Double leg hurdle jumps (20-40 cm) 1-2x 10

All exercises were prescribed as sets X repetitions/distance/time. Inter-set rest duration was 60 s. for weeks 1-4 and 90 s. for weeks 5-8

perform all exercises with maximal effort. Table 1 shows the
8-week program of the plyometric training.

Resistance training

Following static stretching or plyometric training, all partici-
pants participated in the same progressive resistance training
program. On Tuesdays all subjects performed three sets of
10 to 12 repetitions on the following exercises: barbell back
squat, barbell lunge and standing calf raise. On Thursdays
subjects performed three sets of 10 to 12 repetitions on the
following exercises: barbell front squat, dumbbell step up
and standing calf raise. External load was progressively
increased each week by 5%. The last repetition of the third
resistance training set on each exercise represented momen-
tary muscular fatigue whereby participants were unable to
perform additional repetitions. Following every resistance
training session, subjects in both groups performed two sets
of 12 to 25 repetitions of abdominal (e.g., abdominal curl)
and lower back (e.g., kneeling trunk extension) strengthen-
ing exercises. Subjects were taught how to record their data
on workout logs and did so throughout the training period.
The instructors reviewed the workout logs daily and made
appropriate adjustments in training weight and repetitions
throughout the study period.

Statistical analysis

Descriptive data were calculated for all variables and pre-
sented as group mean values and standard deviations. Nor-
mality of all variables was tested using Shapiro—Wilk test
procedure. Levene’s test was used to determine homogeneity
of variance. A multivariate analysis of variance (MANOVA)
was used to detect differences between the study groups in
all baseline variables. Training-related effects were assessed
by 2-way analyses of variance with repeated measures
(group X time). When ‘Time X Group’ interactions reached
the level of significance, group-specific post hoc tests (i.e.,
paired t-tests) were conducted to identify the significant
comparisons.
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Percentage changes were calculated as [(posttraining
value —pretraining value)/pretraining value] X 100. The reli-
abilities of 20-m sprint time, vertical jump (Squat Jump)
power, velocity, force and height average measurements
were assessed using intraclass correlation coefficients;
scores from 0.8 to 0.9 were considered as good, while val-
ues above > 0.9 were considered as high [31]. All analyses
were performed using SAS Jmp Statistics (v. 14.1, Cary, NC,
USA) and statistical significance was set at p <0.05.

Results

All participants received the treatment conditions as allo-
cated. Twenty-four participants completed the training pro-
gram, and none reported any training-related injury. The RT
and CT groups did not differ significantly at baseline either
in physical characteristics or fitness performance measures
(p>0.05). The characteristics of the study population are
described in Table 2.

Significant main effects of ‘Time’ were observed on
the vertical jump power and height, F; ,,=15.1 and 20.2,
respectively, p <0.001, Post-hoc analysis revealed that the
CT group made significant improvements both in the power
and height of the vertical jump (p <0.0001), whereas the RT
group showed no significant differences in the same meas-
ures. Significant ‘Group X Time’ interactions were found
for the 20-m sprint and the vertical jump power, velocity,
force and height, F ,,=13.0, 17.6, 86.7, 16.9, and 23.0,

Table 2 Anthropometric characteristics of the recruited subjects
(mean + SD)

RT (n=12) CT (n=12)
Age (years) 13.1 (0.8) 13.3(0.9)
Body mass (kg) 54.1 (1.7) 54.0 (4.2)
Height (m) 1.67 (0.04) 1.7 (0.04)
BMI (kg m™2) 19.3(0.7) 18.6 (1.05)

None of the group differences were significant (p >0.05). RT Resist-
ance training group, CT combined training (plyometric training and
resistance training) group, BMI body mass index
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Table 3 Fitness parameters in Variables RT (n=12) CT (n=12)
RT and CT groups
Baseline Post A% Baseline Post A%
20-m sprint (s) 3.24 (0.26) 3.29(0.23) 1.54  3.19(0.19) 3.12 (022  -2.19
Squat jump
Power (W) 952.2(235.8) 947.2(202.1) —0.52 910.6 (180.1) 1069.6 (193.8)*° 17.46
Velocity (m s™) 1.6 (0.19) 1.4(0.27) -12.50 1.5(0.12) 1.7 (0.13)*° 13.33
Force (N) 605.1 (91.6)  547.7 (67.0) -9.49 602.2 (91.5) 643.4 (90.8)*° 6.84
Height (cm) 342 (8.4) 33.9 (6.4) —-0.88 28.5(5.3) 39.1 (5.3)* 37.19

Data are presented as the mean (+SD)

RT Resistance training group, CT combined training (plyometric training and resistance training) group,

A% individual percent change

“Significantly greater improvement from baseline (p <0.05)

®Significant “Time x Group’ interaction = significant effect of the CT program (p <0.05)

respectively, p <0.01, with the CT group that showed sig-
nificantly greater improvements in performance compared
to the RT group (p <0.01). Baseline and post-training fitness
performance data are presented in Table 3.

Discussion

This research, through a randomized controlled trial study
design, tested the hypothesis that two sessions per week of
combined plyometric and resistance training performed for
8 weeks can cause a greater increase in fitness performance
between 12- to 14-year-old boys than resistance training and
static stretching. Results suggested that subjects that added
plyometric training to resistance training program were
able to achieve greater improvements in lower body speed
and power as compared with subjects that participated in
a conditioning program with resistance training and static
stretching. From the results of this study it was observed
that boys of the combined training group were able to make
significant improvements in the sprint speed and vertical
jump following a range of 8-week plyometric and resistance-
based training programs. The current study also identified
significant ‘time X training group’ interactions for jumping
and sprinting variables, with combined training programs
(i.e., Plyometric and resistance training) having a signifi-
cant influence on the performance changes reported follow-
ing the 8-week intervention period. Although the acute and
chronic effects of static stretching on performance need to be
considered, such improvements lower body power are likely
due to the addition of plyometric training to the resistance
training program.

These findings support previous studies where plyomet-
ric or resistance training was found to result in the greatest
improvements in sprint speed and vertical jump for male
adolescents [7-12, 18, 19, 32]. Although no tests on neuro-
muscular activation were performed in this study, plyometric

training may also prime the neuromuscular system for the
demands of resistance training by activating additional neu-
ral pathways and enhancing to a greater degree the read-
ness of the neuromuscular system. This potential advantage
may be particularly beneficial during the first few weeks of
training when young participants are learning how to per-
form loaded exercises correctly. Besides, it is acknowledged
that appropriately prescribed plyometric training enhances
stretch—shortening cycle function in youth [24]. Accord-
ingly, plyometric training appeared to stimulate the great-
est gains in combined training (plyometric and resistance
training) group, with significant improvements (range of %)
reported for all sprinting and jumping variables. However,
it was postulated that resistance training should be incorpo-
rated at an early age and prior to power/plyometric training
to establish an adequate foundation of strength for power
training activities [14].

In the present investigation, subjects that participated in
the combined plyometric and resistance training program
made significantly greater improvements in lower body
power and speed than subjects that performance static
stretching and resistance training. In fact, plyometric and
resistance training enhanced lower body power (as meas-
ured by the squat jump) by 17.5% as compared to a —0.5%
gain by the group that performed static stretching and resist-
ance training. Although combined plyometric and resistance
training resulted in greater gains in vertical jump height
performance than resistance training and static stretching
(37.2% and — 0.9%, respectively), few were the gains in the
20-m sprint time (—2.2% vs. 1.5%, respectively). This differ-
ence in the performances may be due to a specificity of the
plyometric exercises which mainly involved a development
in projection of the vertical component (elevation) rather
than horizontal (advancement) and therefore to the choice
of exercises in our plyometric training program. While lower
body plyometric exercises have a vertical and horizontal
component, most of the exercises focused on hopping or
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jumping vertically. It appears that additional lower body
plyometric exercises that focus on forward jumping may
be needed to make gains in forward running performance
beyond those that can be achieved from resistance training
and static stretching. This suggestion is consistent with the
findings from others that noted significant improvements in
the running velocity performance in youth that regularly per-
formed specific plyometric exercises [9, 12, 32-34].

It is also possible that the group that performed static
stretching exercises before resistance training may have had
an adverse effect on performance. Although static stretching
before resistance training is a common practice for young,
because regular long-term stretching may improve force pro-
duction and velocity of contraction [35], evidence suggests
that an acute bout of pre-event static stretching might nega-
tively impact strength and power performance in children
and adolescents [12, 28]. Therefore, we need to consider all
this as we evaluate the results of this study. Clearly, further
training studies are needed to assess whether the negative
impact of an acute bout of static stretching will have long-
term consequences on training induced gains in strength and
power.

It should also be noted that performance gains were
achieved without any occurrence of musculoskeletal injury.
This finding provides further support to recommendations
from international consensus statements that children should
participate in a varied, technical competency driven, and
age appropriate strength and conditioning program to facili-
tate athletic development [4], and to prevent the reduction
of the fitness performance in sports activities caused by
incorrect lifestyle habits [36]. In this regard, previous stud-
ies showed that a multilateral approach to training plays a
key role in improving physical capacities and motor skills
in adolescents [37]. In addition, it is always advised to be
guided during the training by an expert in the sport sciences
to prevent musculoskeletal injury which are very common
among athletes that participate in conditioning programs
[38]. Therefore, practitioners must ensure that youth of all
ages are prescribed varied, periodized and developmentally
appropriate training programs. Furthermore, rather than an
independent entity, resistance training should be a compo-
nent of an integrated approach to youth physical develop-
ment, which targets multiple physical fitness qualities and
aligns with the goals of long-term physical development
strategies [4].

This study has some limitations that must be known.
First, a resistance training only group was not included. A
third group that performed only resistance training would
have provided us with more information. But for organiza-
tional reasons this was not possible since it was difficult to
find other available participants. However, the aim of the
present randomized controlled study was on comparing the
effects of 8 weeks of a combined plyometric and resistance
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training with a resistance training and static stretching in
male adolescents. Second, another test to evaluate the explo-
sive strength of the lower limbs was considered, that is the
squat jump with counter movement. In effect, during the
introductory session to learn correct form and technique,
participants were also asked to perform a fast-downward
movement to approximately a 90° knee flexion immediately
followed by a quick upward vertical movement, as high as
possible for the subject, all in one sequence. However, the
boys were unable to learn the correct technical gesture of
the countermovement jump since they flexed their knees at
different angles in each jump. Therefore, during the pre-
testing we eliminated this test because it was not performed
correctly and standardized, and also the reliability calculated
with the intraclass correlation coefficient was poor. Finally,
our findings were limited to 12 to 14-years-old boys. Future
studies should extend these observations to school-aged
girls, and to other age groups.

Conclusions

In summary, the novel findings of the study suggest that
when seeking to induce specific acute adaptations in vertical
jump and acceleration capacities, male adolescents may ben-
efit more from exposure to a combination of plyometric and
resistance training methods. Performance in these two meth-
ods differs in the time available in which to produce force.
Plyometrics involve rapid movement speeds and high rates-
of-force development, whereas resistance training allows for
much longer contraction times to attain higher peak force
outputs. Thus, plyometric training is necessary for tasks that
require higher levels of reactive strength, whereas resistance
training is required when aiming to improve tasks that place
a high demand on concentric strength.
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