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ABSTRACT

A COMPARSION BETWEEN THE EFFICACY OF TRADITIONAL
PERIODIZATION, UNDULATING PERIODIZATION, AND PLYOMETRIC
TRAINING AND THEIR LASTING EFFECTS ON PERFORMANCE OUTCOMES IN

YOUTH ATHLETES. A SYSTEMATIC REVIEW AND META-ANALYSIS.

ANDRE MCINTYRE
2019

Recreational and competitive youth (< 16 years old) sport participation over the years has
increased in recent years. As a result of increased sport participation an emphasis on sport
performance training and more particularly resistance training along with plyometric
training have been on the rise. Resistance training and plyometric training can improve
sports performance, rehabilitate injuries, prevent injuries, and enhance long-term health
in adolescent athletes. Resistance training can be periodized numerous different ways, but
the most popular training methods are traditional periodization, undulating periodization,
and plyometric training. This systematic review and meta-analysis examined studies that
compared traditional periodization, undulating periodization, plyometric training to each
other and/or a control group. Studies examined the effects of specific resistance training
protocols on sports performance outcomes such as strength, speed and power. The
systematic search of PubMed revealed 23 articles that were appropriate for the inclusion
criteria. The current meta-analysis aimed to evaluate the following: 1) training protocols
showed greater improvements in performance outcomes when compared to a control

group except for undulating periodization on power performance outcomes and



plyometric training for strength on strength outcomes, 2) traditional periodization showed
greater improvements on strength and power performance outcomes when compared to
undulating periodization, 3) traditional periodization showed significant improvements in
strength performance outcomes when compared to plyometric training but not speed and
power performance outcomes. The studies included training programs that were short in
nature and consisted of individuals <16 years old and >16 years old that were either
trained or novice. Unfortunately, there were no articles that compared undulating
periodization to a control group for power performance outcomes, traditional vs
undulating periodization for speed performance outcomes or no studies that compared
undulating periodization vs plyometric training on all performance outcomes. Limitations
of the current study are the sample size of articles reviewed, articles featured individuals
>16 years old, and novice and experienced individuals. Improvements in sport
performance outcomes can be enhanced by participation in resistance training. From the
review traditional periodization provides greater improvement than undulating
periodization on performance outcomes. The evidence is inconclusive when comparing
traditional periodization to plyometric training on performance outcomes other than
strength.

Key Words: linear resistance training, undulating periodization, plyometrics, children,

adolescents



CHAPTER 1
REVIEW OF LITERATURE
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Lo . Undulating f . 12 weeks: St:
WUD Periodized Periodized Strength Extension, M-22 Active
S, - Control . 4x/wk Trad>Und
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CHAPTER 2
INTRODUCTION
The National Federation of State High Schools Associations (NFHS) participation
survey for the 2016-2017 school year states that over 7.9 million high school students
participated in some sport, an increase of 8.5% over the last 10 years!. The vast increase
in sport participation amongst adolescents can be attributed to several reasons such as
aspirations to compete as a collegiate athlete or carry professional status. Sports
participation in youth athletes creates excessive stress and overload on the body can lead
to injury and potential long term growth disturbances®. Consequently, as sports
participation amongst youth increases, risk of burnout increases?. The physical and
emotional stress, unrealistic parental expectations as well as exploitations or elite youth
sport exposure can contribute to negative psychological consequences for youth athletes?.
Over the past decade there has been an overwhelming trend for youth athletes to
participate in athletic performance (resistance) training. Research has shown that
resistance training can improve sports performance, rehabilitate and prevent injury, and
enhance long term health in adolescent athletes®. Additionally, research studies confirm
that resistance training can have an effect on body composition, lipid profiles, resting
metabolic rate, and blood pressure*. Resistance training also supports motor skills
acquisition and neuromuscular learning *°. Resistance training programs can include
body weight, free weights, elastic tubing or weight machines exercises and movement
skills®’. It is important to know that research supports avoidance of early sports

t2’6

specialization but rather advocates for long term athlete development™°. Long term

athlete development (LTAD) offers a positive framework to develop physical literacy®.



Knowing the demands placed on the athlete as well as understanding an athletes’
eagerness to compete at the highest level individually, it is paramount that strength and
conditioning professionals prescribe training programs that maximizing performance
outcome measurements in youth athletes. Performance outcome measurements, along
with various training periodization protocols, have been studied in adult men and women,
competitive and recreational athletes as well as the aging population. Although, research
has addressed performance outcome measurements in the aforementioned group, the
research regarding youth is limited. One of the main goals of a strength and conditioning
professional is to obtain the greatest performance outcome measure by having a strength
training program that contains variations on volume, intensity, and exercise selection. In
terms of exercise, volume is measured by number of sets, reps, or exercises performed
throughout the entirety of the workout and intensity refers to the amount of work required
to complete the activity such as amount of weight lifted throughout session.

Periodization is a training scheme where planned variations in training variables
are manipulated in a manner that increases the ability of a person to achieve specific
performance goals®. An analysis to determine what specific training methodology
traditional periodization, undulating periodization, or plyometric training has greater
influence on performance outcomes in youth athletes is essential for further exercise
prescription in youth athletes. The findings of the current meta-analysis will help exercise
training professionals provide recommendation on appropriate resistance training for
youth athletes with the purpose of maximal performance.

Training periodization can be divided into cycles of training. Macrocycles would

typically incorporate 52 weeks or an annual comprehensive program. Mesocycles vary



and can last up to 3-4 months and incorporate several microcycles. Microcycles are the
shortest of cycles lasting several weeks at a time. Periodization is also based on the
overload principle and attempts to maximize the use of the physical stress and recovery
time by manipulating volume and intensity to facilitate important neuromuscular
adaptations®. Training variables can be defined as the number of sets and repetitions,
exercise selection, the order in which the exercises are performed, load of the weight
being lifted, and even the rest intervals between reps or set. As stated earlier, three of the
leading programs for resistance training are traditional periodization, undulating
periodization or plyometric training. Traditional periodization, also known as traditional
periodization typically starts with high-volume, low-intensity training and progresses to
low-volume, high-intensity strength training”'°. If traditional periodization is followed
over the an entire year, the training phases/cycles will be repeated'!. Traditional
periodization training cycles tend to last from 4-6 weeks. A main goal of traditional
periodization is to peak at a planned time or maximize strength and power after the last
training cycle typically referred to as the power phase!"'?. Undulating periodization relies
more on irregular manipulation of volume and intensity across the training cycle with
short period of high-volume training alternated with short periods of high-intensity
training®. Changes with undulating periodization can be daily, weekly or even biweekly.
The key goal of undulating periodization is to maintain high performance levels during
training. The high performance maintenance is obtained by programming volume and
intensity variations frequently'®. The other training methodology that is also prominent in
strength training is plyometric training, also known as countermovement jump training

which incorporates body weight to perform hopping, jumping and skipping activities'*.



Plyometric training integrates the stretch shortening cycle (SSC) of the muscle and
stimulation of the muscle spindles during eccentric loading to elicit greater muscle power
production during the concentric muscle contraction. Through research, plyometrics
performed by athletes have shown to provide benefits as neuromuscular function,
increased power production, increased bone mineral density, and decreased incidence of
injury'®. A main outcome of plyometric training is to generate an elevated strength and
power production value in a reduced time and increase the power of subsequent
movements using both natural elastic components of muscle and tendon and the stretch
reflex!+15,

The long-term goals for this systematic review are to understand if a particular
training methodology has a greater impact on performance outcomes compared to
another training programs. Our primary objective is to investigate the efficacy between
traditional periodization, undulating periodization, plyometric training, and/or a control
group and its effect on performance outcomes in youth athletes. Once we have collected
and analyzed the data, we will have a better understanding of which particular strength
training methodology elicits greater strength gains and athletic performance outcomes.
This particular goal of this study will be reached by having these specific aims: (1) to
determine if youth athletes who participate in a traditional periodization programming
experience greater improvements in performance outcomes when compared to youth
athletes who participate in an undulating periodization programs, (2) to determine if
youth athletes who participate in a traditional periodization programming experience
greater improvements in performance outcomes when compared to youth athletes who

participate in a plyometric programs, and (3) to determine if youth athletes who



participate in an undulating periodization program experience greater improvements in
performance outcomes when compared to youth athletes who participate in a plyometric-
only programs. After a thorough examination of these specific aims, we can identify the
type of training programs produces the greatest benefit in performance outcomes in youth
athletes. With this data exercise professionals will be able to make scientifically based
decisions on the exercise training methodology that is most effective in performance

outcome goals for individual in specific sports.
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CHAPTER 3
METHODS

This review was guided by a comprehensive search of PubMed and the Preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISM) Statement. The
review was conducted over an 8-month process with restrictions on article search dating
back to January 2007 and cutoff date being January 2019. The key terms used were
children, youth, sport, resistance training, strength training, plyometric training, and
exercise. Inclusion criteria included: (1) studies involved case verse control comparison,
(2) studies compared traditional periodization, undulating periodization, or plyometric
training to an alternative training periodization methodology, (3) studies included
quantitative data on strength and power performance measures and plyometric
performance measures, (4) participants of study must be physically active, (5) studies
were peer reviewed and written in English, (6) data was reported in means and standard
deviations for all training periodization methodology at post-test. Training experience
was not a restriction placed on the data collection. Exclusion criteria were as follows: (1)
studies that had jump training was incorporated into traditional periodization or
undulating periodization protocol, (2) studies that did not have a control group, (3)
studies that did not report means and standard deviation values for strength and
plyometric performance measures.
Inclusion Criteria

Studies investigating traditional strength/resistance periodization, undulating
periodization, or plyometric-only training in adolescent and youth kids were included in

the review if they fulfilled the following selection criteria: the study (1) was a
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randomized controlled trial or a controlled trial; (2) measured pre- and post-training
strength such as maximal loads (i.e., 1 repetition maximum: (1RM) or leg extension or
flexion, bench press, shoulder press, chin ups), plyometric-related [i.e.,
countermovement jump (CMJ), horizontal or standing long jump (SLJ)] or speed-related
(e.g., 10-m sprint time); (3) training duration was greater than or equal to 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) participants; (5) was written in English
and published prior to January 2019; 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, power and plyometric exercises.

Coding of Variables
Strength Squat, Deadlift, Bench Press, Leg Press/Extension, Shoulder Press,
Bicep Curls
Power Vertical Jump, Countermovement Jump, Peak Rate of Force
Development, Standing Long Jump, Multiple 5 Bound, Triple Jump
Speed 10-meter run, 20-meter run, Shuttle Run,

Data Extraction

The extraction of data for gathering articles was performed by two examiners.
The first reviewer collected that data before the second reviewer analyzed the study data
for accuracy and that the article met inclusion criteria. Power, strength, and speed
performance outcomes were the main focus of the data extraction. Means and standard
deviations were also extracted and used for consistency. Fixed effect sizes were

calculated for all performance outcome.
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Statistical Analysis

To determine the effects of various resistance training protocols on performance
outcomes in youth athletes, the effect size was also calculated. Statistical analyses were
performed using MedCalc for Windows, version 16.4 (MedCalc Software, Ostend,
Belgium) The effect size estimates were computed as standardized mean differences
(SMD) of intervention and control group with their 95% confidence intervals (CI) and are
presented in forest plots!®!”. The SMD was considered statistically significant if the value
0 was not within the 95% CI. The marker size is relative to study weight and the pooled
effects are represented using a diamond in which the location represents the effect size
(ES) and the width reflects the precision of the estimate. The magnitudes of the effect
sizes were considered small (>0.2), medium/moderate (>0.5), or large (>0.8)'®. Statistical
heterogeneity in this meta—analysis was assessed using Q, degrees of freedom, and p-

value (p < 0.05) calculations for statistical significance.
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CHAPTER 4
RESULTS

Strength: The effect sizes indicate traditional periodization training significantly
improved strength performance outcomes when compared to control group (i.e. non-
resistance training) (p <0.01) undulating periodization (p <0.01) and plyometric training
(p <0.03) (Figures 2, 3, and 4, respectively). The fixed effect size calculations for
traditional periodization and strength performance outcome were large when compared
with a control group (1.19), small fixed effect size when compared to undulating
periodization (0.22), and a medium fixed effect size when compared to plyometric
training (-0.59). Undulating periodization training significant (p <.0.01) increased
strength performance outcomes when compared to control group with a large fixed effect
size (1.44) (Figure 5). There is no statistical significance (p = 0.28) and a small effect size
(0.48) for performance outcomes for strength when comparing plyometric training and
control group (Figure 6). There were no studies included in this review that compared
undulating periodization to plyometric training for strength performance outcomes. More
research needs to be conducted to provide practitioners guidance on optimal performance
methodology.

Power: Power performance outcome significantly (p <0.01) improved when
using traditional periodization programs with a medium fixed effect size (0.66) when
compared to a control group (Figure 7). There was a statistically significant (p <0.03) but
a small fixed effect size (-0.08) when comparing power performance outcomes for
traditional periodization verse undulating periodization (Figure 8), and no significance

statistically (p <0.29) when comparing traditional periodization versus plyometric
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training on power performance outcomes and a small fixed effect size (0.13) (Figure 9).
There was no statistical significance (p = 0.16) on power performance outcomes when
comparing undulating periodization to control group with a small fixed effect size (0.47)
(Figure 10). Statistical significance (p = 0.01) and a large fixed effect size (0.87) was
shown when comparing plyometric training and control group on power performance
outcomes (Figure 11). Unfortunately, there were no articles included in this review that
compared undulating periodization to plyometric training on power performance
outcomes which warrants further research.

Speed: Traditional periodization was showing to significantly (p<0.01) improve
speed performance outcomes and had a medium fixed effect size (-0.56) when compared
to a control group (Figure 12). There was no statistically significant difference (p <0.13)
when traditional periodization is compared to plyometric training speed performance
outcomes with a small fixed effect size (0.14) (Figure 13). Furthermore, plyometric
training showed statistical significance (p = 0.01) in speed performance outcomes and a
small fixed effect size (-0.36) when compared to control group (Figure 14). There were
no articles that compared traditional and undulating periodization or undulating and
plyometric on speed performance outcomes that fit our inclusion criteria. More research
needs to be conducted on these specific training protocols to provide a clarity as to which

training methods provides superior benefits for speed outcomes.
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CHAPTER 5
DISCUSSION

Over the years data from the NFHS has shown a steady increase in youth (< 18
years old) sport participation which subsequently has focused more attention and
emphasis on sports performance training. The goal of sports performance training is to
enhance the performance outcomes that are required to participate in a particular sport’.
From a recent meta-analysis'®, it is clear that resistance and plyometric training can have
a positive effect on physical performance outcomes for squat, vertical jump and sprinting
in youth'®. While not a primary objective of the present study, we did show the
incorporation of traditional and undulating periodization into a regular sports training
program significantly improved strength, speed and power, whereas plyometric only
increased speed and power to a greater extent than participating in practice alone.

This current meta-analysis identified 23 studies that compared traditional
periodization, undulating periodization or plyometric training to each other or a control
group on sport performance outcomes in youth athletes that fit within the inclusion
criteria. Based off the data extracted for this current meta-analysis, evidence shows
traditional resistance training periodization provides greater improvements on strength
performance outcome when compared to undulating periodization. There was a small
fixed effect size reported from this comparison. This current meta-analysis included
participants that were untrained and had no resistance training 6 months prior to
intervention as well as participants that were considered to be trained. Additionally, most
studies comparing traditional periodization to undulating periodization involved

untrained recreational athletes older than 16 years old. The results suggest it is more
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advantageous to begin a training method focused on a high-volume, low-intensity
training scheme, then shift towards a low-volume, high-intensity training scheme
progressing through the mesocycles of the annual plan with regards to untrained athletes.
Harries et al. conducted a 12 week training program of adolescent rugby players and
reported increased lower body strength when following an undulating periodization
method yet also showed traditional periodization produced greater lasting improvements
on upper body strength, but overall there was no significant difference between
traditional and undulating periodization’. Moras et al. study showed increases in upper
body and lower body strength when using traditional periodization or undulating
periodization with no significant difference between the training methods?’. A 12-week
study by Apel et al. in recreationally active adults suggest that traditional periodization
may be more effective at increasing strength while maintaining weight when compared to
undulating periodization®. Improvements in strength performance outcomes can initially
been seen through neural adaptations of central nervous system rather than muscular

521 Neural adaptations are evident because of

hypertrophy in untrained individuals
increased motor unit activation, improved functioning of the stretch shortening cycle
(SSC), and improved rate of force development (RFD)>. The progressive overload
principle of strength training states that the body must be forced to makes adaptations to
unfamiliar stress being placed upon it. A byproduct of the progressive overload principle
is increased maximal strength. Increased neuromuscular functioning translates as
increases in overall muscular strength, which may be why this current meta-analysis

suggest that traditional periodization provides optimal performance benefits in untrained

youth athletes when compared to undulating periodization.
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This current meta-analysis showed a small effect size in improved power
performance outcomes in youth athletes for traditional periodization compared to
undulating periodization. The resistance training interventions assessed in this review
were short in duration with only one study lasting longer than 12 weeks. The participants
involved varied between recreational or trained individuals, and all participants were 16
years old or greater. Although the review is supposed to examine adolescents, an
untrained individual’s trainability or ability to improve is similar to that of an adolescent.
Current research is conflicting regarding whether traditional periodization or undulating
periodization provides greater improvements sports performance outcomes although both
yield positive benefit.

Studies in the literature indicate that traditional periodization is superior to
undulating periodization for improving power. Harries et al. reported that a 12 week
traditional periodized resistance training had no significant difference when compared to
undulating periodization on power performance outcomes such as the vertical jump in
rugby players’. Whereas, a 15-week training study of adult recreationally active males
by Bartolomei et al. suggested that undulating periodization exhibited greater upper body
power performance outcomes when compared to traditional periodization®?. Power is an
expression of force (strength) and velocity. Strength in adolescents is initially translated
through neuromuscular trainability and cognitive development which novice and
experienced individual responded similarly to resistance training. We also see strength
increases through muscular hypertrophy for adults which is not seen in prepubescent
individuals. Though this current meta-analysis shows traditional periodization to be

superior to undulating periodization for improvements in sport performance outcomes;
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the lack of overall physical development seen from short term interventions make it
difficult to formulate educated conclusions regarding the long-term effectiveness of
traditional periodization or undulating periodization on performance outcomes.

Further research is needed comparing traditional and undulating periodization
training methods effectiveness on enhancing power performance outcomes in youth
athletes which would improve the quality of review. Unfortunately, there were no studies
that fit the inclusion criteria comparing the efficacy between traditional periodization and
undulating periodization on the effects of speed performance outcome in youth athletes.
Additional research is needed comparing the traditional periodization and undulating
periodization and the lasting effects on all sport performance outcomes in youth athletes.

The second specific aim of this review was to determine if youth athletes who
participate in a traditional periodization programming experience greater improvement in
performance outcomes when compared to youth athletes who participate in a plyometric
training only. The main findings are as follows; traditional periodization is superior to
plyometric training at providing lasting impact on strength in sports performance
outcomes in youth athletes, but not significantly different than plyometric training at
providing lasting impact on power or speed sport performance outcomes in youth
athletes. The data from this current meta-analysis shows that there is evidence that
traditional periodization provides greater improvements in strength performance
outcomes in youth athletes than plyometric training alone. The current meta-analysis had
3 articles that compared traditional periodization, plyometric training, or a control group
on strength performance outcomes in adolescents. An 8-week study conducted by

Behringer et al. that examined the difference between resistance training, plyometric
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training and a control group saw that both training methods provide increases in strength
with strength training being slightly greater in adolescent tennis players**. Known as the
principle of specificity, the specific adaptations to imposed demands principle simply
states that when placed under biomechanical or physiological stress as human we can
adapt to the demands placed on us®*. The NSCA position statement regarding resistance
training in children and youth says that resistance training can promote increases in
strength above and beyond growth and maturation?!. Research also shows that gains in
strength for preadolescents can be seen through not only neural adaptation but increases
in bone mineral density, greater stretch reflex, and enhancement of motor such as control
of the golgi tendon apparatus®!>2®. The General Adaptation Syndrome (GAS) made
famous by Hanz Selye states that the stress of exercise will initially decrease performance
followed by an adaptation of supercompensation typically greater than previous physical
functioning®’. The magnitude of stress (volume, intensity or frequency) must be gradually
increased for improvements of the biological systems to occur which then the body goes
through an acclamation phase which is the progressive overload principle. Though
adaptations on strength performance outcomes from plyometric training can be seen in
adolescents; stress can be applied at a greater magnitude with traditional periodization
training and elicit greater improvements which is presented from the findings of this
review.

Furthermore, the second main finding of this particular specific aim was that no
significant difference was found on lasting improvements of power outcomes on
adolescent athletes for traditional periodization when compared to plyometric training

with fixed effect size being small. The training programs investigated for this specific
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outcome were mixed with novice and experienced individuals <16 and >16 years old and
did not show bias towards either traditional periodization or plyometric training. The
main focus of a plyometric exercise is to use stored (potential) energy created by muscle
contractions to exert maximal force over the shortest period of time. Lloyd et al.
compared traditional training, plyometric training, combined training and a control group
over 6 weeks found that plyometric training elicited greater improvements on power in
untrained adolescents®®. Negra et al. studied youth soccer players during a 12 week
training program and reported that traditional periodization was more beneficial on
power outcomes when compared to plyometric training?. Power can be expressed in
terms of force (mass times acceleration) and velocity (displacement divided by time).
These two variables, force and velocity, are directly proportional to each other. As
previously mentioned, plyometric exercises are utilized because of the high velocity
intent in which these exercises are performed and the effect plyometrics can induce on
the CNS. At a young age the trainability of the nervous system is abundant and the high
neural developments and adaptations that are seen from plyometric training may be
synergistic with maturation and growth?®*°. The data extracted from this current meta-
analysis shows that muscular strength can have an effect on force application as well as
velocity and can affect power performance outcomes especially in adolescents. Further
research needs to be conducted on provide better rationale for one training method over
the other.

Finally, traditional periodization did not have any significant difference when
compared to plyometric training on speed performance outcomes in youth athletes. The

participants in these articles analyzed in this review were trained and untrained
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adolescents. One study in this current meta-analysis looked at different resistance training
and plyometric protocols on adolescents and its effect on sprint times over a six-week
period (REF). In this current meta-analysis, plyometric training had a greater effect than
resistance training at improving sprint performance®®. Negra et al. conducted a 12 week
study to compare competitively trained youth soccer players had found that resistance
training showed greater improvements on 20-m sprint time than plyometric training
only®’. In agreement with aforementioned information, the principle of specificity
suggests that adaptations to training are predicated on the mode, duration and frequency
of the intervention®!. It also suggests that training induced adaptations only happen within
trained musculature and training closely mimic desired outcome for outcome
enhancement. Speed can be enhanced by several components such as starting strength,
acceleration and force production, muscle and tendon elasticity, stride length and stride
frequency. Knowing that there are several factors involved in speed makes it difficult to
pinpoint which factors have greater magnitude. An increase in strength can provide the
ability to produce greater force to overcome starting inertia as well as force production on
ground contact. Running mechanics and plyometric are modes that directly mimic
sprinting which is the gold standard measurement of speed performance outcome. More
research needs to be conducted regarding the influence resistance training (i.e. traditional
and undulating periodization) and plyometric training have on adolescents speed
performance outcomes.

The last specific aim of this review was to determine if youth athletes who
participate in an undulating periodization program experience greater improvement in

performance outcomes when compared to youth athletes who participate in plyometric-
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only programs. To our knowledge there were no studies comparing undulating
periodization to plyometric only training that fit our inclusion criteria specifically for this
review.

In the current meta-analysis traditional periodization, undulating periodization
and plyometric training were compared to a control group and showed statistical
significance at improving sports performance outcomes in youth athletes. Traditional
periodization and undulating periodization had significant improvement on strength
performance outcome in youth athletes while plyometric training did not show an
improvement in strength when compared to a control group. Undulating periodization
had a greater effect size on strength performance outcome when compared to a control
group than traditional periodization. This may suggest that its variations in stress can
have a greater effect on the accumulation phase of physical resistance training and
enhance strength gains. Yet as stated earlier, traditional periodization is far superior to
undulating periodization in direct comparison. A recent meta-analysis looked at
resistance training to improve strength and power in adolescent athletes and saw that
despite significant effects seen in adult athletes, greater adaptations in motor performance
were observed in children, untrained participants and non-athletes®?. Strength gains in
children and adolescent are initially seen through neurocognitive development and neural
adaptations. Research also demonstrates the process of “synergistic adaptation,” which
refers to the link between specific adaptations of an imposed training demand with
concomitant growth and maturity-related adaptations®®.

In conclusion, child participation in sports both recreational and competitively

continues to increase with more focus geared towards sport performance over the past
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decades. The ultimate purpose of sports performance training goals is to improve the
athletic performance attributes such as speed, power and strength. This review revealed
that traditional periodization had greater lasting effects on sports performance outcomes
when compared to undulating periodization for strength and power. The progressive
overload principle and maximum strength goal of traditional periodization elicits greater
performance outcomes with a novice individual. Traditional periodization when
compared to plyometric training showed greater lasting effects on strength performance
outcomes. Periodization refers to planned changes in the acute training program variables
such as number of sets and repetitions, rest periods, training intensity and training volume
to bring about continued and optimal fitness gains'!**. Resistance training has shown to
improve bone mineral density, neural adaptations, muscle mass and muscular
strength”**%_ Our research shows plyometric training can increase power and speed,
vertical jJump height, rate of force development and it seems to have applicability towards
power production and speed performance outcomes more so than strength performance
outcomes in youth athletes. This applicability or specificity of training is because the
movements of plyometric can mimic speed outcomes and the application of horizontal
forces when sprinting. Limitations to this systematic review and meta-analysis could
potentially be reviewer bias, the lack of adolescent articles that fit inclusion criteria for
strength performance outcome, limited articles demographics, confusion of training
method terminology, sample size of articles reviewed, or quality of resistance training
program. This meta-analysis supports the hypothesis that a comprehensive annual

training program that incorporates plyometric training into a traditional resistance



training may elicit the greatest benefit and improvement of sport performance

outcomes in youth athletes.
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Figure 2. Forest Plot: Effects of Traditional Periodization vs Control Group on Strength Performance
Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:
p-value
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Figure 3. Forest Plot: Effects of Traditional Periodization vs Undulating Periodization on Strength
Performance Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of
Freedom, p: p-value
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Figure 5. Forest Plot: Effects of Undulating Periodization vs Control Group on Strength Performance
Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:

p-value
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Figure 6. Forest Plot: Effects of Plyometric Training vs Control Group on Strength Performance
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Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:

p-value
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4.50 1.622 0.468 0.649 to 2.595
100.00 0.659 0.0993 0.464 to 0.854

Total (fixed effects)
t=6.638; p<0.001

Test for heterogeneity: Q, 92.3907; DF, 18; p<0.0001; 1>=80.52%; 95% CI for I>= 70.42 to 87.17

Figure 7. Forest Plot: Effects of Traditional Periodization vs Control Group on Power Performance
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Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:

p-value
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-3 -2 -1 0 1 2
Standardized Mean Difference

Study Weight (%) SMD SE 95% CI
Bartolomei et al., 2014 13.07 0.147 0.400 -0.684 to0 0.977
Bartolomei et al., 2014 12.79 0.435 0.405 -0.404 to 1.274
Harries et al., 2017 9.20 -0.921 0.477 -1.932 t0 0.0902
Harries et al., 2017 7.42 -1.679 0.531 -2.805 to -0.552
Bartolomei et al., 2015 9.85 0.000 0.461 -0.983 t0 0.983
Bartolomei et al., 2015 9.54 0.484 0.469 -0.514 t0 1.483
Moraes et al., 2013 15.51 0.141 0.367 -0.614 to 0.896
Moraes et al., 2013 15.25 0.388 0.371 -0.374 to 1.149
Baker et al., 1994 7.39 -0.238 0.532 -1.409 to 0.934
Total (fixed effects) 100.00 -0.0249 0.145 -0.310 to 0.261

t=-0.172; p=0.864
Test for heterogeneity: Q=17.4792; DF = 8; p<0.0255; 1>=54.23%; 95% CI for I>= 3.00 to 78.40

Figure 8. Forest Plot: Effects of Traditional Periodization vs Undulating Periodization on Power
Performance Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of
Freedom, p: p-value
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Traditional vs Plyometrics - Power
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-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Standardized Mean Difference

Study Weight (%) SMD SE 95% CI
McKinlay et al., 2018 17.17 0.488 0.331 -0.185to 1.160
McKinlay et al., 2018 16.97 0.575 0.333 -0.102 to 1.251
Negra et al., 2016 11.61 -0.0599 0.402 -0.897 t0 0.777
Negra et al., 2016 11.49 -0.287 0.405 -1.128 to 0.554
Negra et al., 2016 11.55 -0.207 0.403 -1.046 t0 0.632
Negra et al., 2016 11.55 -0.212 0.404 -1.051 t0 0.627
Lloyd et al., 2016 10.11 -0.317 0.431 -1.223 t0 0.588
Lloyd et al., 2016 9.56 0.729 0.443 -0.203 to 1.660
Total (fixed effects) 100.00 0.130 0.137 -0.140 to 0.401

t=0.951; p=0.342
Test for heterogeneity: Q=8.5536; DF = 7; p<0.2863; 1>=18.16%; 95% CI for I’= 0.00 to 60.97

Figure 9. Forest Plot: Effects of Traditional Periodization vs Plyometric Training on Power
Performance Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of
Freedom, p: p-value
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Standardized Mean Difference
Weight (%) SMD SE
21.90 0.699 0.466
18.56 1.378 0.507
29.74 0.142 0.400
29.80 0.0607 0.400
100.00 0.469 0.218

Total (fixed effects)
t=2.149; p=0.035

95% CI

-0.290 to 1.688
0.304 to 2.452
-0.688 t0 0.972
-0.768 to 0.890
0.0349 to 0.903

Test for heterogeneity: Q=5.1680; DF=3; p=0.1599; I’=41.95%; 95% CI for I>= 0.00 to 80.46
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Figure 10. Forest Plot: Effects of Undulating Periodization vs Control Group on Power Performance
Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:

p-value
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Total (fixed effects) — 0
L L L I L L
2 1 0 1 2 4
Standardized Mean Difference
Study Weight (%) SMD SE
McKinlay et al., 2018 10.20 0.282 0.328
McKinlay et al., 2018 10.26 0.185 0.327
Chaouachi et al., 2014 7.36 0.891 0.386
Chaouachi et al., 2014 7.25 0.954 0.388
Chelly et al., 2010 6.29 0.749 0.417
Chelly et al., 2010 6.70 0.276 0.404
Lloyd et al., 2016 5.91 -0.260 0.430
Lloyd et al., 2016 5.20 1.044 0.459
Ozbar et al., 2014 3.93 1.666 0.528
Ozbar et al., 2014 3.62 1.905 0.550
Ozbar et al., 2014 4.31 1.372 0.504
Ozbar et al., 2014 2.73 2.677 0.633
Ozbar et al., 2014 4.11 1.531 0.516
Negra et al., 2016 5.19 1.367 0.459
Negra et al., 2016 5.22 1.351 0.458
Negra et al., 2016 6.00 0.787 0.427
Negra et al., 2016 5.71 1.013 0.438
Toa (fixed effects) 100.00 0.863 0.105

t= 8.252; p<0.001

95% CI

-0.384 t0 0.948
-0.479 to 0.849
0.0984 to 1.684
0.156to 1.753
-0.118 to 1.617
-0.565to 1.117
-1.164 to 0.643
0.0794 to 2.008
0.547 to 2.785
0.739 t0 3.070
0.304 to 2.440
1.335t0 4.018
0.436 to 2.626
0.410 to 2.325
0.396 to 2.307
-0.103 to 1.678
0.100 to 1.926
0.658 to 1.069

Test for heterogeneity: Q=35.9783; DF=16; p=0.0029; 1’=55.53%; 95% CI for I>= 23.32 to 74.21

Figure 11. Forest Plot: Effects of Plyometric Training vs Control Group on Power Performance
Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:

p-value
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Study
Harries et al., 2017
Harries et al., 2017

Flanagan et al., 2002
Hammami et al., 2018

Hammami et al., 2018

Lloyd et al., 2016
Lloyd et al., 2016
Lloyd et al., 2016
Lloyd et al., 2016
Negra et al., 2016
Total (fixed effects)
t=-4.047; p<0.001

-1

0

Standardized Mean Difference

Weight (%)
9.30
9.22

10.67
10.33
11.01
9.41
10.59
10.59
10.44
8.43
100.00

SMD
0.411
0.489
-0.980
-1.683
-1.476
-0.958
0.000
0.000
0.319
-1.774
-0.564

SE
0.457
0.459
0.427
0.434
0.420
0.454
0.428
0.428
0.431
0.480
0.139

—

95% CI
-0.557 to 1.380
-0.484 to 1.462
-1.857 t0 -0.103
-2.574 to0 -0.791
-2.339 t0 -0.612

912 to -0.00330

-0.900 to 0.900
-0.900 to 0.900
-0.587 to 1.225
-2.772 t0 -0.776
-0.839 to -0.289

Test for heterogeneity: Q, 36.9119; DF, 9; p<0.0001; 1>=75.62%; 95% CI for I>= 54.72 to 86.87

Figure 12. Forest Plot: Effects of Traditional Periodization vs Control Group on Speed Performance
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Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:

p-value
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Standardized Mean Difference

Study Weight (%) SMD SE 95% CI
Negra et al., 2016 22.06 0.543  0.410 -0.310 to 1.396
Lloyd et al., 2016 17.99 0958 0454  0.00330to 1.912
Lloyd et al., 2016 19.86 0376 0.432 -1.284 t0 0.533
Lloyd etal., 2016 20.24 0.000  0.428 -0.900 to 0.900
Lloyd et al., 2016 19.86 0376 0.432 -1.284 t0 0.533
Total (fixed effects) 100.00 0.143  0.193 -0.239 to 0.525

t=0.741; p=0.460
Test for heterogeneity: Q=7.1539; DF = 4; p<0.1280; [’=66.76; 95% CI for I>= 0.00 to 79.48

Figure 13. Forest Plot: Effects of Traditional Periodization vs Plyometric Training on Speed
Performance Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of
Freedom, p: p-value
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Chaouachi et al., 2014 17.09
Chaouachi et al., 2014 16.76
Lloyd et al., 2016 12.59
Lloyd et al., 2016 12.42
Lloyd et al., 2016 12.59
Lloyd et al., 2016 12.59
Ozbar et al., 2014 4.09
Negra et al., 2016 11.88
Total (fixed effects) 100.00

t=-2.355; p=0.020

Test for heterogeneity: Q=25.5457; DF=7; p=0.0006; ’=72.60%; 95% CI for I>= 43.91 to 86.61

SMD
0.161
-0.420
0.000
-0.319
0.000
0.000
-3.614
-1.074
-0.358

SE
0.368
0.371
0.428
0.431
0.428
0.428
0.751
0.441
0.152

95% CI
-0.594 t0 0.917
-1.184 t0 0.343
-0.900 to 0.900
-1.225 t0 0.587
-0.900 to 0.900
-0.900 to 0.900
-5.206 to -2.021
-1.993 to0 -0.154

-0.658 to -0.0580

Figure 14. Forest Plot: Effects of Plyometric Training vs Control Group on Speed Performance
Outcomes. SMD: Standardized Mean Difference, CI: Confidence Interval, df: Degrees of Freedom, p:

p-value
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