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ABSTRACT

Background and Problem. Taekwondo is an Olympic sport characterized by the extensive use of kicking techniques which require
a significant amount of explosive force and agility [Valdes-Badilla et al. 2014; Perez-Gutierrez et al. 2015]. It is considered an inter-
mittent-high intensity short duration discipline, in which the predominance of the aerobic and anaerobic systems is alternated
[Campos et al. 2012; Bridge et al. 2009; Herrera et al. 2014; Matsushigue et al. 2009; Santos et al. 2011; Thompson, Vinueza 1991].
The aim of this study is thus to determine the effects of a 16-week multi-component training programme on the physical fitness
of a group of young tackwondo athletes.

Material and Methods. A group of 22 well-trained athletes (8.8. + 0.5 years old, body mass 34.6 + 6.7 kg, height 1.35 + 0.1 m, and
BMI 18.8 + 2.7) was trained throughout the 16 weeks The training volume was divided in a constant ratio of 60% specific taek-
wondo training and 40% multi- component training. The multi-component training was divided into strength (10%), endurance
(10%), speed (20%), agility (30%) and flexibility (30%) training. The athletes’ performance in long jump, in the number of abdom-
inal crunches completed in 30s and in speed-agility tests as well as their flexibility were measured before and after the 16-week
training period.

Results. After the 16-week training period, an increase in long jump performance was observed in both the boys (p<0.01; ES=1.60)
and the girls (p<0.05; ES=0.74). Likewise, improvements in the abdominal crunches in 30s test for both genders (boys, p<0.01;
ES=1.50; girls, p<0.05; ES=0.89) were observed. Additionally, performance in the speed-agility test was improved in both the boys
(p<0.01: ES=-1.37) and the girls (p<0.05; ES=-1.16). No significant differences were observed in the “sit and reach” test after the
intervention.

Conclusions. In conclusion, a multi-component training programme, in the initial stages of the sport, can be an effective way of
improving physical fitness and consequently the performance of young tackwondo athletes in competition.
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Introduction

Taekwondo is an Olympic sport characterized by
an extensive use of kicking techniques that require
an important amount of explosive force and agil-
ity [Valdes-Badilla et al. 2014; Perez-Gutierrez et al.
2015]. It is considered an intermittent-high inten-
sity discipline of short duration, in which the aerobic
and anaerobic systems alternate their predominance
[Campos et al. 2012; Bridge et al. 2009; Herrera et
al. 2014; Matsushigue et al. 2009; Santos et al. 2011;
Thompson, Vinueza 1991]. Performance can be influ-
enced by physical fitness [Pieter, Heijmans 2003], more
specifically through increases in aerobic and anaero-
bic power, muscular strength and power, flexibility
and agility [Bridge et al. 2009; Pieter 1991; Heller et
al. 1998; Bouhlel et al. 2006; Markovic et al. 2008;
Bridge et al. 2014]. Therefore, development of mus-
cular strength and endurance of the lower limbs are
the main objectives of training, as both are considered
critical during the execution of the kicking techniques
[Bridge et al. 2014].

Nonetheless, the effects of tackwondo train-
ing on physical fitness remain unclear, in spite of an
increased interest in taekwondo research over the last
four years [Valdes-Badilla et al. 2014; Perez-Gutier-
rez et al. 2015]. For instance, a review by Fong and
Ng [2011] concluded that specific tackwondo training
could be associated with improvements in anaerobic
performance and flexibility, but had no clear effects
on aerobic capacity and muscular strength. Similarly,
a low-frequency (twice a week) tackwondo training
programme resulted in improved flexibility and long
jump performance in the female adolescents [Kim et al.
2011]. However, a more recent study on the adolescent
girls established that an extensive period (~1 year) of
intense tackwondo training led to improved outcomes
in coordination and flexibility, but also resulted in a
significant decrease in long jump test performance
[Kim et al. 2015]. In addition to this inconclusive evi-
dence, most study designs of the available research
are descriptive and cross-sectional and few of them
focus on multi-component training and its effects on
physical fitness of tackwondo athletes. The aim of this
study was thus to determine the effects of a 16-week
multi-component training programme on the phys-
ical fitness of a group of young taekwondo athletes.

Material and Methods

Participants

Twenty-two (n=11 male; n=11 female) young, well-
trained, taekwondo athletes completed this study. Their
mean + SD age was 8.8. £ 0.5 years, body mass 34.6 + 6.7
kg, height 1.35 + 0.1 m, and BMI 18.8 + 2.7. Gender spe-
cific characteristics are described in table 1. Participants
had an average of three years of tackwondo training (4
times per week, 60-120 min per session) and at least one
year in competition. Parents of all participants gave their
written informed consent with expressed assent from
the subjects before participating in this study, which was
approved by the local Ethical Committee in compliance
with the Declaration of Helsinki.

Measurements

Body mass (kg), height (m) and body mass index
(BMI - kg/m?) were determined using previously
described protocols. To determine body mass and height,
a digital scale (Scale-tronix, USA) and a stadimeter (Seca,
model 220, Germany) with a precision of + 0.1 kg and
+ 0.1 cm, respectively, were used.

Following all anthropometric measurements, sub-
jects were asked to move to the tackwondo gymnasium
of the CEO Chile (Olympic Training Centre of Chile),
where they completed a guided general warm-up. Then,
they performed the physical fitness tests. Performance
was evaluated for long jump (cm), flexibility test (cm),
abdominal crunches in 30 s (repetitions) and speed with
changes of direction in 10x5 m (s) using protocols pre-
viously described in the EUROFIT (Council of Europe,
1993), and Fitnessgram Healthy Fitness Zone (Califor-
nia Department of Education, 2012) series.

For the two-footed long jump performance test,
subjects were asked to jump forward using a coun-
ter-movement but without a previous run-up. Following
two attempts, the maximum reached distance from the
starting line to the closest contact spot was recorded.
Flexibility was assessed using the “sit and reach” test.
Participants were asked to sit on the floor with their legs
extended and reach forward with their arms extended.
The maximum distance reached with the fingertips fol-
lowing two attempts was registered. For the abdominal
crunches in 30 s test, subjects were asked to lay down on
the floor with their knees in a 90° angle, their feet on the
ground, and perform as many abdominal crunches as
they could in the allowed time. The speed with changes

Table 1. Group demographics measured before the intervention. All data are Mean + SD.

Total (n = 22) Girls (n=11) Boys (n=11)
Age (years old) 8.8+0.5 9.0+0.5 86+0.5
Body mass (kg) 34.6+6.7 34.0+6.0 352+74
Height (m) 1.35+0.1 1.35+0.1 1.35+0.1
BMI (kg/m?) 18.8 +2.7 18.4+2.7 19.2+2.6

BMI= Body Mass Index
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of direction in 10x5 m test consisted of a set of 10 runs
from one spot to another separated by 5 m. Subjects
were asked to stand on one end and react to an auditory
signal after which they had to run at a maximum speed
from end to end, until completion of 10 runs. Time was
recorded from the moment the signal was given until
the end of the tenth run, using a standard stopwatch.

The same measurement protocols were applied
before and after the 16-week training period.

Procedures

Athletes trained during a 16-week period four sessions
per week (i.e. Monday, Tuesday, Thursday and Friday).
All training sessions consisted of tackwondo-specific
training and multi-component training (Table 2), but
differed in training volume during the 16-week period.

Training volume was regulated using a progres-
sive periodization. The total time per session increased
through three weeks and decreased during the fourth
week. This system was repeated four times across the
16-week period. Nevertheless, a constant relative dis-
tribution of 60% and 40% of training time (per session)
was maintained for taekwondo-specific and multi-com-
ponent training, respectively. Likewise, training times
for multi-component training was divided into strength
(10%), endurance (10%), speed (20%), agility (30%) and
flexibility (30%). The distribution characteristics are pre-
sented in Table 3.

Statistical Analysis

All values are reported as mean * standard deviation
(SD). Relative changes (%) in dependent variables and
Cohen s d effect size (ES) are expressed with 95% con-
fidence interval (CI). Normality and homoscedasticity
assumptions for all data before and after intervention
were checked using the Shapiro-Wilk and Levene’s

tests, respectively. Training-related effects and relative
changes for the boys and girls were assessed using a
two-way ANOVA with repeated measures (groups x
time). The a level was set at p < 0.05 for statistical sig-
nificance. All statistical calculations were performed
using the STATISTICA statistical package (Version 8.0;
StatSoft Inc., Tulsa, OK, USA). In addition to this null
hypothesis testing, data were also assessed for clinical
significance using an approach based on the magnitudes
of change. Threshold values for assessing ES were 0.20,
0.60, 1.2 and 2.0 for small, moderate, large and very large,
respectively [Hopkins 2009]. High intra-class correlation
coeflicients for the different performance measurements
were obtained, varying between 0.81 and 0.96.

Results

Table 4 describes the values for all dependant variables
(pre and post training).

After the 16-week training period, an increase in
long jump performance was observed in both the boys
(p<0.01; ES=1.60) and the girls (p<0.05; ES=0.74). Like-
wise, improvements in the abdominal crunches in 30
s test for both genders (boys, p<0.01; ES=1.50; girls,
p<0.05; ES=0.89) were observed. Additionally, perfor-
mance in the speed-agility test was improved both in
the boys (p<0.01: ES=-1.37) and the girls (p<0.05; ES=-
1.16). No significant differences were observed in “sit
and reach” test after the intervention.

Discussion

The aim of this study was to investigate the effect of
periodized training on the performance of young taek-
wondo athletes of both sexes. The main findings of this
study comprised of increased two-footed long jump,

Table 2. Detailed description for both training modalities used across the 16-week training period.

TRAINING CONTENT DESCRIPTION ‘
Guard Low, medium and high, individually and in pairs.
Movements Lineal, lateral, diagonal, pivoting, etc.

Taekwondo-specific Kicking Techniques

Front, lateral, round, descendent, spinning, in movement, in-chains and

training jumping
Fist strikes and | Attack and defence, with/without opposition, main focus in coordination of
blocks movements
Attack drills (direct and indirect). Defensive drills (i.e. anticipation, counter-
Combat . .
attack, weaving and blocking)
Wrestling games in pairs, jumps, exercises using body weight, abdominal
Strength
crunches, push-ups, etc.
. Endurance Chasing games; Games for initiation in collective sports (with ball): football,
multl-ct.)n'lp onent handball, rugby, etc.
training Speed Races, relay games, backwards races, etc.
Agility Coordination ladder drills.

Flexibility

Dynamic flexibility through warm-up exercises
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abdominal crunches in 30 s, speed-agility test 10x5-m
and “sit and reach” to changes in performance between
8 -19% after 16 weeks of periodized training (mul-
ti-component).

The two-footed long jump of young tackwondo
athletes increased 8% for the females, ~ 9% for the males
and averaged 8.6% for both groups. An increased stand-
inglong jump has been described for female tackwondo
practitioners after a period of 12 weeks of intervention
(Kim, 2011). Thus we suggest that this increase in per-
formance is linked to the training conducted, since
young people were pre-pubertal and the effect of mat-
uration probably was not decisive to explain the results.
Previous studies that investigated the acute effect using
jumps have shown that during the tackwondo fights
muscle power of lower limbs increases [Chiodo et al.
2011]. This effect has been attributed to the manifesta-
tion of the post-activation potentiation. Muscle power
is of great importance for the realization of a blow in
taekwondo [Bridge et al. 2014; Santos et al. 2015]. A
meta-analysis conducted by Payne et al. [1997] showed
that after 8-12 weeks of strength training of young
people under 18 years old, including children 6 years
and also practitioners of wrestling and martial arts,
there was an increase between 30% and 40% of mus-
cle strength. In addition, the improvement in muscle
power can be important when applying for a blow, the
chances of reaching the opponent without conceding
counter-attacks are higher.

Abdominal crunches in 30 s increase when com-
paring the pre- and post-test, an increase of 22%, 16%
and 19% for the boys, girls and in total, respectively.
Muscular endurance is an important feature for taek-
wondo athletes, as they should have power to apply
and also to receive impacts over combat. This feature
is also associated with health standards. Previous stud-
ies with tackwondo athletes show that these subjects
have good abdominal strength [Schwartz et al. 2015;
Fong, Ng 2011].

Speed-Agility test 10x5-m of the young taekwondo
athletes improved after the intervention period by 9%,
7% and 8% for the boys, girls and the total respec-
tively. Currently it can be suggested that the speed
and flexibility are important characteristics for taek-
wondo. A difference has been shown between men
(sprint-medalists: 4.62 + 0:41 s vs. non-medalists: 4.81
+ 0:51 s) [Sadowski et al. 2012] and women (sprint
medalists-20-m: 3.6 + 0.2 s vs. non-medalists: 3.81 +
0.1's) [Markovic et al. 2005]. Agility mainly seemed to
be an important feature which has distinguished medal
athletes and non-medalists of both sexes [Sadowski et
al. 2012; Markovic et al. 2005].

“Sit and reach” test increases only among girls com-
pared the pre and post-intervention (11%). There were
differences between the flexibility presented by the girls
compared boys in pre (Girls: 13.3 vs Boys: 7,2 cm) and

post moment (Girls: 13.3 vs Boys: 7,2cm) intervention.
Taekwondo female athletes have shown a greater range
of motion than male, but there is still little evidence
showing greater flexibility in women [Heller et al. 1998;
Toskovic et al. 2004; Rivera et al. 1998]. In the study by
Kim et al. [2011], an increase in flexibility (pre: 16 £ 7
cm to 18 + 6 cm) after a 12-week intervention period.
Flexibility is an important feature for performing com-
plex actions on the taekwondo and associated muscle
strength and endurance can help maintain body posture.
Athletes often need to perform blows on the head of the
opponent, those techniques may yield more points (3 or
4 points) (WTE 2015). In addition, more flexible athletes
can generate more powerful blows, the main reason to
explain this statement is that these athletes will perform
the movement for greater trajectory, which can result
in an increased acceleration time [Turner 2009]. Good
flexibility is associated with reduction of musculo-skele-
tal disorders [Magnusson, Renstrom 2006; Woods et al.
2007], and is a component of physical fitness related to
health. It has been shown that tackwondo athletes have
good flexibility (“sit-and-reach” 55 + 19 cm classifica-
tion:> 90% percentile rank) [Heyward 2010]. However,
it seems possible to assert that flexibility is important
in the match context, not discriminating medalists and
non-medalists athletes [Markovic et al. 2005]. The big
difference between the data of this study and previous
study is associated with the instrument used (Weells
bank), which favours individuals with long limbs, due
to the increased range of longer arms, rather than those
with smaller limbs, who cannot reach far. Although this
method is the most widely used to measure the flexibil-
ity of taekwondo athletes [Bridge et al. 2014], however
it does not correspond in general with the results of
research that determine movement range of other joints
[Zak, Sterkowicz 2006] that serve as references for taek-
wondo athletes.

Note that all tests used in this study to obtain
strength measurements, endurance, agility and flexibility
are described in different batteries of tests for children
and adolescents [AAHPERD, 1988; EUROFIT 1993].
In summary, the multi-component training could be
an effective method for development of physical fitness
for tackwondo athletes in the initial stages of the sport.
These types of training could be included in sports ini-
tiation, considering the inclusion of a greater amount of
activities to develop flexibility.
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Efekty wieloskladnikowego programu
treningowego na sprawnosc fizyczna mlodych
zawodnikéw taekwondo

Stowa kluczowe: sport, sztuki walki, sporty walki,
uwarunkowanie

Abstrakt

Problem. Taekwondo jest sportem olimpijskim charaktery-
zujacym sie szerokim wykorzystaniem technik kopnie¢,
ktére wymagaja duzej sily razenia i zwinno$ci. Tackwondo
uznaje si¢ za dyscypling o krotkotrwalej przerywanej wysokiej
intensywnosci, w ktdrych systemy tlenowe i beztlenowe prze-
wazajg naprzemiennie. Celem badania bylo okreslenie wplywu
16-tygodniowego wielosktadnikowego programu treningowego
na sprawno$¢ fizyczng w grupie mlodych zawodnikdéw taek-
wondo.

Material i metody. Grupa 22 dobrze wytrenowanych spor-
towcow (8,8 * 0,5 lat, masa ciala 34,6 + 6,7 kg, wzrost 1,35
+ 0,1 m i BMI 18,8 + 2,7) byta szkolona w ciagu 16 tygodni
w czasie treningow, w ktérych 60% czasu przeznaczono na
szkolenia tackwondo i 40% na szkolenia wielosktadnikowe.

Trening wielosktadnikowy podzielono na czgsci szkolace:
site (10%), wytrzymato$¢ (10%), predkos¢ obrotowa (20%),
sprawnos¢ (30%) i elastycznosc¢ (30%). Wyniki w skoku w dal,
elastyczno$ci, wykonywanie ,,brzuszkéw” w ciagu 30 sekund i
testy predkosci oraz sprawnoéci mierzono przed i po 16-tygod-
niowym okresie treningowym.

Wyniki. Po 16-tygodniowym okresie szkolenia, stwierdzono
poprawe wynikéw w skoku w dal u zawodnikéw (p <0,01; ES
=1,60) i zawodniczek (p <0,05; ES = 0,74). Podobna poprawa
nastapila dla obu plci w ilosci wykonywanych brzuszkéw w
ciggu 30 s (chlopcy, p < 0,01; ES = 1,50; dziewczynki, p <0,05;
ES =0,89). Oprocz tego, wyniki w tescie szybkosci i sprawn-
oéci poprawily sie u chfopcéw (p <0,01: ES =-1,37) i dziewczat
(p <0,05; ES = -1,16). Nie stwierdzono istotnych réznic w tes-
tach sprawdzajacych odleglos¢ siggania w pozycji siedzacej
(sit and reach test).

Whioski. Podsumowujac, wieloskladnikowy program szko-
leniowy, w poczatkowej fazie trenowania tego sportu, moze
by¢ skutecznym sposobem na poprawe kondycji fizycznej, a
tym samym efektywno$ci mlodych zawodnikéw trenujacych

taekwondo.




