
Introduction
Modern sport and fitness are guided by methodological

advances in training modalities and protocols. Among many
training formats that have been developed, plyometrics has
been found to be particularly conducive to the enhancement
of force and speed or what is commonly known as explosive
power [1]. Plyometrics are exercises in which the targeted mus-
cle groups perform repeated extensions and contrac tions at
maximal force. This rapid shift from eccentric contraction to
concentric contraction under significant load can lead to sig -
nificant neuromuscular improvements as long as there is a fast
transition between the muscle contractions [2]. The lite  rature sug-
gests that plyometric-based training is most effective when inte-
grated and systematically executed (2–3 times per week) with
other training measures as part of a comprehensive train ing
regime [3]. For example, the effectiveness of merging plyome -
trics training with resistance training has been demonstrated

by Rahimi and Behpur, with subjects showing enhanced ana -
erobic power and muscular strength compared with cohorts
executing one training modality alone [4]. The enhanced train -

ing effects of integrating plyometric exercises with re gular train-
ing were also demonstrated by Faigenbaum et al. via im proved
performance in fitness tests such as the long jump, medicine
ball throw, or shuttle run [5]. A literature review (studies pub-
lished between 2000–2014) on the effects of plyometric inter-
ventions in young soccer players also confirmed the benefits of
including plyometrics in daily training [6]. Athletic performance
improved in a large cross-section of measures including kicking
distance, running speed, jumping ability, and overall agility. 

Karate is a discipline that requires the comprehensive de -
velopment of multiple motor skills to promote high neuromus-
cular coordination while amplifying the strength and speed of
standard and atypical movements. Studies that have ad dress -
ed the determinants of martial arts performance found a num-
ber of specific functional variables that are critical for success.
Several works [7–9] analyzing various martial arts reported
that this includes the maximum development of speed-based
components such as reaction time, movement execution time,
and movement frequency in highly variable and complex sit-
uations [10]. Research that compared the effects of plyomet-
ric training with traditional sprint training on other speed-ba -
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Summary
Introduction. It has been suggested that the performance characteristics of competitive karate formats (intermittent high-

intensity activity of brief duration with short recovery periods) involve a large anaerobic component. Hence, performance and
effectiveness may be improved by enhancing anaerobic power and capacity. The aim of this study was to investigate the effects
of an 8-week plyometric-based intervention in adolescent karate practitioners.

Material and methods. Nineteen male karate practitioners were divided into an experimental and control group. The control
group performed traditional karate training (four sessions per week). Training in the experimental group was amended to include
plyometric-based exercises targeting the lower and upper body but maintained the same training volume as the control group
(four sessions per week). Pre- and post-intervention anaerobic performance was measured by calculating peak power (PP) and
the time to reach PP (tPP) in a 10-s variation of the Wingate Anaerobic Test separately for the upper and lower extremities.

Results. PP and tPP magnitudes significantly increased in the experimental group and the between-group differences at post-
intervention were also significant. 

Conclusions. The introduction of plyometric exercises in a traditional karate training protocol can significantly increase upper-
and lower-extremity anaerobic performance. 
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sed variables including stride length, stride frequency, or ground
contact times found that plyometrics provided an enhanced
training stimulus by improving sprint velocity in the 5–10 m
interval [11]. However, both the plyometric and sprint training
groups showed a similar magnitude of improvement in 20-m
and 40-m sprint velocity. Hence, the powerful stimuli that ply-
ometrics can provide in enhancing a wide range of perform-
ance variables particularly in the speed–force domain sug-
gest its applicability in traditional karate training. Regard ing
the general effects of plyometrics, research has indicated that
it is most effective in improving jump ability particularly jump
height and running velocity when compared with a traditional
training protocol [12].

A meta-analysis by de Villarreal et al. that included 56
studies analyzed the impact of various factors on the effects
of plyometric interventions [13]. The most significant deter-
mining variables were training experience, the different types
of plyometric-based exercises that were performed, and over-
all training volume. Additionally, males were more likely to ob -
tain better power outcomes than females after completing 
a ply ometric training program. Hence, training effects may be
better observed if male subjects were to execute a large vo -
lume of highly varied plyometric exercises. 

The influence of body build characteristics on training
effects and thereby performance has also been reported, with
variables such as body mass, body height, and lower extrem-
ity length can enhance power production and therefore gen-
erate greater ground reaction forces in jumping and running
tasks [14]. Hence, research assessing the effectiveness of 
a given training intervention should consider the anthropo-
metric differences present in a sample and select a sample
with a similar anthropometric profile.

Currently, research in plyometrics is focused on optimiz-
ing training protocols to increase specific performance vari-
ables. Considering the anaerobic-dominant energy require-
ments of competitive karate formats (intermittent high-intensi-
ty activity of brief duration with short recovery periods), per-
formance and effectiveness in karate may be improved by en -
hancing anaerobic power and capacity. Hence, the aim of this
study was to investigate the effects of an 8-week plyometric-
based intervention on upper and lower extremity peak anaer-
obic power in a sample of adolescent karate practitioners.

Material and methods
Nineteen male karate practitioners aged 15–19 years were

recruited from local sports clubs. All had been regularly train-
ing prior to recruitment and were medically cleared to partici-
pate in intensive training. The sample was randomly divided
into an experimental (E) and control (C) group. The interven-
tion was conducted over a period of 8 weeks. Athletes in
Group C (n = 9) attended three to four traditional karate ses-
sions per week. Group E (n = 10) attended two karate sessions
and two plyometrics sessions per week. Average session
duration was 60–90 min. Both groups completed an equal
number of training sessions. 

The plyometrics session in Group E included eight upper
and lower body exercises, performed in random order: Each
exercise was performed until failure and repeated after 2–3
min of recovery to allow for phosphocreatine resynthesis [15].
Failure was treated as a significant degradation in task per-
formance (power). Depending on the exercise, performance
was assessed using a quantitative (i.e. reduction in jump height
compared with previous repetitions) or qualitative (i.e. a loss
of movement rhythm) measure. The total duration of each
exercise was c.a. 10 min including the recovery periods (three
sets total). Training load was progressively increased each
week by increasing exercise repetitions or sets. After all exer-
cise tasks were completed a cool-down was performed. The
plyometrics session included the following exercises, perform -
ed in arbitrary order:
1. Push-ups over plate (one-handed to two-handed transition)
2. Vertical depth jumps
3. Burpees 
4. Vertical depth jumps finished with a suri ashi sprint
5. Medicine ball step to chest pass
6. Power skipping over hurdles (at maximum frequency)
7. Resistance band lateral raises (at maximum frequency)
8. Alternate leg lateral jumps (at maximum frequency)

Lower and upper extremity power was assessed in labo-
ratory conditions at the Exercise Laboratory at the University
School of Physical Education in Wrocław, Poland. Pre- and
post-test measures were collected immediately before and
after the intervention. Lower extremity power was first assess -
ed on a Monark Ergomedic 894E cycle ergometer and then
upper extremity power on a Monark Ergomedic 891E arm
ergometer. Workload was adjusted in line with the Wingate
protocol in which 0.07 kg per 1 kg of the subject’s body mass
was used for lower extremity testing and 0.06 kg per 1 kg of
body mass for upper extremity testing [16]. 

The test began with a 5 min low-resistance warm-up with
increasing load on the Monark Ergomedic 894E. Afterwards,
the participant performed a 10-s maximal cycling effort. A 30
min rest was provided before the participant performed a 10-
s maximal effort on the arm crank ergometer. Motivation was
provided to ensure maximal performance at the highest ca -
dence. The duration of the effort was based on a pilot study
in which it was found that power dropped significantly after 10
s. Anaerobic capacity was assessed by measuring peak po -
wer [W/kg] and time to peak power [s].

Statistical analysis of the data set was performed using
the Statistica 10.0 software package (StatSoft, Poland). Basic
descriptive statistics (means and standard deviations) were
calculated for all variables. The non-parametric Mann-Whit -
ney U test was used to identify any pre- and post-intervention
differences. Statistical significance was set at p < 0.05.

Results
No significant between-group differences were observed

for age, body height, and body mass. Statistical testing of the
obtained peak power (PP) and time to peak power (tPP) me -
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asures revealed significant post-test improvements in both
groups. Regarding lower extremity measures, PP and tPP in -
creased by 15.39% and 10.69% in Group E, respectively (p <
0.05) (Tab. 2). In Group C, lower extremity PP significantly inc -
reased by 11.54% (p < 0.05) (Tab. 3). Lower extremity PP and
tPP in Group E significantly increased by 15.39% and 10.69%
upon completing the intervention (p < 0.05) (Tab. 4). No signifi-
cant changes in tPP were observed in Group C (Tab. 5).

Discussion
It is difficult to assess the effectiveness of one compre -

hen sive training framework versus another modality in disci -
pli nes that involve a large anaerobic component. Perfor man -

ce is the result of numerous physiological, biomechanical,
and psychological factors. In martial arts such as karate, effec -
tive performance is further compounded by the complexity of
the technical skills and moves that it involves. This requires
training that not only induces beneficial biomechanical gains
but refines the most opportune offensive and defensive tech-
niques. One training strategy that can integrate a wide variety
of sport-specific exercises while promoting anaerobic devel-
opment is plyometrics. It is possible that it can provide more
global benefits than traditional karate training. 

In the assessment of anaerobic capacity, the literature ci -
tes anaerobic peak power and the time to its attainment as
some of the most valid and reliable quantitative measures
[17]. Studies that investigated the metabolic and physiological

Nowakowska M. et al. Effects of plyometric training in karate practitioners

91

Table 1. Anthropometric characteristics of group E and C (x and SD) 

Table 2. Pre- and post-test lower extremity peak power (PP) and time to peak power (tPP) in Group E

Table 3. Pre- and post-test lower extremity peak power (PP) and time to peak power (tPP) in Group C

Table 4. Pre- and post-test upper extremity peak power (PP) and time to peak power (tPP) in Group E

Table 5. Pre- and post-test upper extremity peak power (PP) and time to peak power (tPP) in Group C



profile of combat athletes found that the development of max-
imal power in explosive bursts is an important predictor of
performance especially in martial arts disciplines such as kar -
ate [18–21]. Anaerobic exercise testing revealed that male
combat athletes share a similar level of average power (AP):
wrestling ≈ 11.55 W/kg [22], taekwondo ≈ 10.1 W/kg [23], and
ju-jitsu ≈ 11.4 W/kg [24]. Considering peak power output, one
study reported a mean magnitude of 12.2 W/kg among judo
athletes [25]. This finding is slightly larger than that found in
the present sample of karate practitioners (lower and upper
ex tremity PP = 8.32 and 11.31 W/kg, respectively). The rela-
tively similar power outputs among martial arts athletes sug-
gest the important role of explosive power and strength, along -
side other fitness variables, in executing strong punches, kicks,
and throws. Another variable that confirms strong anaerobic
power output of the present sample was also the short tPP
values, which in the plyometrics group was 1.94 s for the lo -
wer extremities and 1.80–3.16 s for the upper extremities. It
is also worth noting that PP in the control group significantly
improved but not tPP.

Studies that have assessed the effects of plyometrics in
other disciplines have observed significant performance im -
pro vements in track and field jumping events, ski jumping,
volleyball, and basketball and are credited to enhanced jump-
ing ability [26–27]. Besides jumping ability, other studies have
examined the biomechanical effects of an 8-week plyometric
intervention to find significant increases in a wide range of
speed–strength abilities [28].

Research on the physiology of plyometrics also analyzed
the composition of muscle fibers in individual athletes and its
influence on power production. Numerous studies confirmed
the important role of muscle fiber composition, particularly the
ratio of fast twitch to slow twitch muscle fibers, and training
adaptations to exercise that involves the phosphagen (ATP-
PCr) energy system [29–31]. This is due to the fact that plyo-
metrics are based in a large part on the stretch-shortening
cycle, inducing neuromuscular changes that promote faster

and stronger responses to even minor and quick changes in
muscle length. This results in greater power, speed, coordina-
tion, and muscle control [32] and other neuromuscular impro -
ve ments particularly in trained adolescents [33]. Hence the
significant performance gains that have been observed after
8-week plyometric interventions in the vertical jump, lateral
jump, and depth jump [34,35].

Studies that involved the same training volume as in the
present study (plyometrics twice a week for 8 weeks) have
reported that this volume can significantly improve various
performance measures [36]. It has also been suggested that
just one plyometrics session per week is sufficient to induce
beneficial training adaptations [37]. In addition to the training
dose, it is important to also monitor training load via appropri-
ate training strategies and training exercises. In the present
study, the training load of the plyometric exercises was pro-
gressively increased each week by increasing the number of
repetitions or sets. One interesting study focused on the ef -
fects of the training surface (in this case sand and grass) on
various performance measures [38]. Future studies that in ve -
stigate the effects of plyometrics training in karate practition-
ers should analyze differences in training surfaces (mat vs.
hardwood), as this may responsible for a different training re -
sponse via modified stretch-shortening cycle. Additional re -
search is needed to further determine the most appropriate
plyometric training protocols in young karate practitioners. 

Conclusions
The introduction of plyometric exercises in a traditional

ka rate training protocol resulted in a significant increase in
up per- and lower-extremity anaerobic capacity as measured
by anaerobic peak power and the time to its attainment. Such
improvements may improve competitive performance and
suggest the importance of including at least one weekly plyo-
metrics session.
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