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Abstract

The purpose of this study was to investigate the effect of functional exercise program for 6 weeks(three times
a week, 60 minutes / session) on eight elite Taekwondo players. The data were processed using SPSS/PC 18.0
program and the mean and standard deviation were calculated. The effect of functional exercise program was
applied to the paired sample t-test.

Results, Body composition items were weight(p <.001), BMI(p <.001), In addition, functional exercise program
effect was Back strength(P <.01), sit-up(p <.01), repeated jump(p <.01) and side step(p <.01) were found to be
effective in basic physical fitness items. In addition, there was statistically significant difference(p <.05) in all the
measurement items as a result of Wingate test, an anaerobic exercise ability item before and after applying the
functional exercise program. The maximal graded exercise test using treadmill showed a significant improve-
ment(p <.05) in maximum oxygen uptake(VO2max), exercise duration, and blood lactate concentration.

Results of this study, the functional exercise program used in this study is proposed as an appropriate program
to improve the fitness factors required for Taekwondo training

[Keywords] Functional Exercise Program, Wingate Test, Maximum Oxygen Uptake, Blood Lactate Concentra-

tion, Body Mass Index

1. Introduction easily seen from the various research data,
most studies are focused on developing a
technique-oriented approach to improving
the performance of elite athletes and devel-
oping a training method to improve the pro-
fessional fitness that affects perfor-
mance[8][9]. However, many of Taekwondo
majors are suffering from chronic body and
leg injuries, which have been repeated many
times during Taekwondo training. These inju-
ries are a stumbling block to Taekwondo's
continuous training[10]. Taekwondo training
has a positive impact on physical develop-
ment due to whole body exercise and inte-
grated complex joint exercise. However, if
proper functional exercise is not accompa-
nied, there is a lot of movement that can in-
duce leg injuries. Various kicking movements

Taekwondo is our traditional martial art
that has the purpose of self-defense for sur-
vival. However, the reason why it was devel-
oped into a sport that people from all over
the world enjoy today is because it was se-
lected for Seoul Olympic Games in 1988, and
31st Summer Olympics in Rio de Janeiro in
Brazil in 2016. From a national point of view,
Taekwondo has a high possibility of winning
medals at the Olympic Games. In the same
context, active research on the mechanistic
analysis of movement, physical fitness train-
ing, physiological variables and psychological
factors for the improvement of performance
based on elite athletes has been conducted
and progressed for the scientization of
Taekwondo[1][2][3][4][5][6]1[7]. As can be
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move Taekwondo include ankle, knee and hip
joint curve and extension as well as rotational
movement, which can lead to serious damage
if the connection of the exercise chains is im-
properly used chronically[11]. Therefore, this
study is aimed at improving the internal sta-
bilization muscle strength, which minimizes
the risk of potential injury and the effective
use of kinetic chain, which is emphasized in
the functional exercise. Although this is not
related directly to the improvement of the ex-
ercise performance to various types of
Taekwondo practitioners, we want to de-
velop an exercise program and apply it to
elite Taekwondo players to determine its ef-
fect.

2. Method
2.1. Subjects

The purpose of this study was to investi-
gate the change of body composition and
physical fitness factors when a functional ex-
ercise program composed by the researchers
is applied to 8 South America P nation players
who participated in Muju WTF World
Taekwondo Championships in 2017 for 6
weeks, 3 times a week, 1 hour a day. We fully
explained the purpose and contents of this
study to the subject, and all studies were con-
ducted after preparing an agreement. The
general characteristics of the subjects are
shown in <Table 1>.

Table 1. Physical characteristics of study participants(n=8).

ltems MeantSD
Age(years) 23.25+7.25
Height(cm) 174.2149.22
Weight(kg) 61.76+6.79
BMI(kg/m?2) 20.33+1.26

2.2. Measurement items and methods

1)Body composition

The body composition of the subjects was
measured using an extensometer and InBody
3.0(Biospace, Korea) to calculate height,
weight, and body mass index(BMI).

2)Basic physical examination

In order to confirm the change of basic
physical strength before and after applying
this exercise program, muscular
strength(back strength), muscular endur-
ance(sit-up), wakefulness(sargent jump),
agility(side step), equilibrium(light, sound)
were tested. All measurements were con-
ducted twice and better values were used as
the real values.

3)Maximal graded exercise test

Maximal graded exercise test was per-
formed using a treadmill(Quinton 4,500) and
a respiratory gas analyzer(QMC). Measure-
ment protocol of Korean Institute of Sport
Science(KSSI) was used to calculate oxygen
uptake, respiratory exchange rate, anaerobic
capacity and maximum heart rate. Maximal
ability limit was limited to a time when the
respiratory exchange rate was 1.15 or more,
when exercise intensity was 17 or more, and
when the maximum oxygen uptake did not in-
crease although exercise intensity was in-
creased. In addition, blood lactate concentra-
tions were measured immediately after exer-
cise and at 3, 7, and 10 minutes of recovery
during maximal graded exercise test.

4)Anaerobic exercise test

Anaerobic exercise capacity was measured
by Wingate test. Anaerobic power for 30 sec-
onds was measured using a Bicycle ergome-
ter(Monark 818E, Sweden). Considering the
characteristics of this measurement, we con-
ducted a preliminary training on measure-
ment procedures to advance the measure-
ment and reduce the will decrease and low
power output phenomenon towards the end
of the test. The following measurement items
were calculated through measurement. Peak
power was defined as the maximum power
during maximum pedaling movement for 30
seconds and mean power was calculated by
dividing the power during the maximum ped-
aling movement by 30 for 30 seconds. Fatigue
index was calculated as[(maximum value -
minimum value) / maximum value x 100] us-
ing the maximum value and minimum value
during maximum pedaling for 30 seconds.

2.3. Functional exercise program
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The purpose of this study was to develop
an exercise program that can contribute to
the improvement of motions and efficient
motor learning. The exercise program was
performed three times a week for one week
and one hour daily. <Table 2> shows the com-
position of the functional exercise program.

Table 2. Functional exercise program.

Items Move composition Time
e Movement About 10 minutes
Mobilization enhancement of .
e (1 min x 1set)
joints
Multiple motion .
P About 10 minutes
(3D) . .
Movement ) . . (1 min exercise x
involving rotation of Sset)
the trunk
About 10 minutes
Plyo Plyometric exercise (1 min exercise x
¥ ¥ Sset) +
1 min challenge)
About 10 minutes
Cardio Simple but intense (1 min exercise x
exercise(HIIT) Sset +
1 min challenge)
Active balance .
. About 10 minutes
Active movement focused R .
. (1 min exercise +
balance on hip

Sset)
movements

Table 3. Changes in body composition and basic physical

strength.

Items Pre Post t-value
Weight(kg) 61.7616.79 59.7146.88 10.637***
BMI(kg/m") 20.331£1.26 19.63+£1.29 10.315%**

Back

107.94+20.30 113.14+21.99 5.710**
strength(kg)

Sit-ups(reps)  50.88+5.03 54.5+3.96 4.963**
Repeated 48.6343.16 52.63:t1.99  4.000%*
jump(reps)

Long jumpi(cm) 210.45+24.53 220.91+21.04 3.998**
Sergent 48.3746.57 52.01#5.95  9.667***
jump(cm)

Side step(reps)  48.25+3.33 50.88+4.45 4.930**

Standing with
one foot
with eyes 41.02+3.33 50.6+40.23 5.629**

closed

(seconds)

Responding to

light 0.293+0.044 0.295+0.032 0.248

(seconds)

Responding to

sound 0.283+0.04 0.285+0.038 0.930

(seconds)

2.4. Data analysis

Data were processed using SPSS/PC 18.0 to
calculate the mean and standard deviation,
and a pair-sample t-test was conducted to ex-
amine the effect of the exercise program be-
fore and after the exercise.

3. Results

3.1. Changes in body composition and
physical fitness

<Table 3> shows changes in body composi-
tion and basic physical strength after applying
the functional exercise program. Body com-
position was significantly decreased in body
weight(p<0.001) and BMI(p<.001). For basic
physical strength, it was significantly in-
creased in muscle strength in belly(p <.01),
sit-ups(p < .01), repeated jumps(p <.01), in-
place long jumps(p < .01), sargent jump(p
<.001), side step(p <.01).

Note: Value are meantSD, **p<0.01, ***p<0.001, MeantSD
3.2. Changes in anaerobic exercise capacity

The changes in anaerobic exercise capacity
measured by Wingate test are shown in <Ta-
ble 4>. Peak power(p <.001), Mean Power(p
< .05), Total Power(p < .01), Peak drop(p
<.01) After the exercise program, it was sig-
nificantly improved.

Table 4. Changes in anaerobic exercise capacity.

Items Pre Post t-value
PP 495.06 521.45 rx
(Watt) +131.45 +128.33 7:079
MP 364.86 373.96 "
(Watt) +111.90 +113.54 1.7782
TP 10575.50 11578.0 3 975%x
(Watt) +3225.35 +3826.50 ’
PD 55.12 58.87 -
(Watt) +6.12 +7.26 5495

Note: Value are meantSD, PP : Peak power, MP : Mean Power, TP : Total
Power; FD: Peak drop, *p<0.05, **p<0.01, ***p<0.001

3.3. Changes in aerobic exercise capacity

The changes in aerobic exercise capacity
after applying the functional exercise pro-
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gram are shown in <Table 5>. Maximum oxy-
gen intake(p < .001), exercise duration(p
<.001), blood lactate peak(p <.05) were sig-
nificantly increased after applying functional
exercise program. In addition, in order to
check fatigue recovery, blood lactate peak
was measured and it was significantly in-
creased from recovery 3 min(p<.05), 7
min(p<.01), 10 min(p<.01), as shown in <Ta-
ble 6>.

Table 5. Changes in maximal exercise load test results.

Items Pre Post t-value
VO2max
(me/ke/ 50.1045.54 51.0045.24 7.079%**
min)
HRmax 186.50+5.32  188.13+4.36 1772
(time/min)
Tme 81513411827  944.0£124.09 0.829*
(sec)
Lactate
Peak 12.49+2.30 13.5242.32 3.975%*
(mM)

Note: Value are meantSD, *p<0.05, **p<0.01, ***p<0.001

Table 6. Changes in blood lactate concentration(mM).

Time Pre Post t-value
Resting  2.90+1.15 2.45+0.63 0.987
After 12.49+230  13.26¢#3.23 1314
exercise
Recovery 1) 10£262  13.50£2.58  3.068*
3 min
Recovery 14784260 13108274  3.884**
7 min
Recovery g c01922  11.8842.45  4.846**
10 min

Note: Value are mean+SD, *p<0.05, **p<0.01

4. Discussion

This study is based on the previous studies
of Akuthota, Ferreior, Moore, and Frederic-
son(2008), and analyzed the effect of func-
tional exercise to optimize the ability of hu-
man body to exert force through action of
core muscles[12]. The program was devel-
oped and applied to elite Taekwondo players
for 6 weeks. In various previous studies, core

stability training has been reported to signifi-
cantly improve basic physical strength of ath-
letes participating in sports such as track, vol-
leyball, and soccer[13][14][15]. In addition,
core and functional exercises have been re-
ported to affect not only physical fitness but
also health indicators related to growth of ad-
olescent students[16][17][18].

Body composition and body mass in-
dex(BMI) decreased significantly in this study,
and it was significantly increased in back
strength, sit-up, in-place jump, sargent jump,
repeating jump and side step. In the item of
anaerobic exercise ability, there was a signif-
icant increase in both peak power, mean
power, total power and peak drop. In addi-
tion, in the maximum exercise load test,
which is a cardiopulmonary endurance test, it
was able to confirm the effect of exercise pro-
gram on maximal oxygen uptake, duration of
exercise, and lactate concentration in recov-
ery period.

As a result of applying the 6-week func-
tional exercise program to national
Taekwondo players, the increase in the
power-related physical fitness items such as
standing long jump and sargent jump items
seemed to be influenced by the plyometric
training included in the program. AS shown in
the results of previous studies, the plyometric
training has been used to improve the explo-
sive power of the upper body, torso and
lower body, and to increase the intrinsic sen-
sory receptors in the body[19][20].

In the previous study, the 12-week periodic
exercise using strength training and circuit
training was performed to improve the per-
formance of professional athletes[21]. As a
result, a significantly improved results were
obtained in half squat and Harvard step fac-
tors. This is similar to the content of the func-
tional exercise program applied in this study.
The five exercise tracks of MOBILIZATION,
MOVEMENT, PLYO, CARDIO, ACTIVE BALANCE
included in the contents of functional exer-
cise program seemed to contribute to the im-
provement of internal stabilization muscle
strength(core muscle) and efficient use of the
kinetic chain in the functional exercise to im-
prove the coordination with the lower ex-
tremity muscles and to improve the strength
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and agility physical fitness factor. Byungju
Park, Dongwook Ju(2011) suggested that
Taekwondo players could have positive ef-
fects on the development of leg muscles and
strength by applying various anaerobic train-
ing methods[22]. Daeryong Kim(2006) sug-
gested the effect of combined training of ab-
dominal muscles and lower extremities as a
method to strengthen leg muscles and stabil-
ity of Taekwondo athletes[11]. The functional
exercise program used in this study also in-
cludes both the core muscles and lower ex-
tremity muscles, and it is possible to say that
it includes all the exercise programs per-
formed in the previous study.

Lactate concentration in blood is an index
representing the ability to use aerobic and
anaerobic energy. When the blood lactate
concentration reaches 4 mmol/L, it is ex-
plained as Anaerobic Threshold. As a result of
confirming the changes of lactate concentra-
tion in blood before and after applying the
functional exercise program, it was signifi-
cantly increased from lactate maximum level
and recovery 3 min(p <.05), 7 min(p <.01),
and 10 min(p < .01). Harris, Sahlin, Hult-
man(1977) reported that the concentration
of lactate in blood during stabilization was
0.56 ~ 2 mmol/L[23]. As the concentrations of
lactate in blood before and after the exercise
program of this study was included in this
range, it can be confirmed that the subjects
were in the same condition during the meas-
urement of two periods. In addition, the re-
sults of previous studies showed that players
with good physical abilities had the ability to
last a longer period of exercise with high lac-
tate content, and it is reported that this can
be a criterion of fitness level[24][25]. Related
to this, there was a significant increase in
maximal oxygen uptake(p<.001), exercise du-
ration(p<.05), and peak lactate(p<.01) in this
study. It is considered that it had a positive
effect on the maximum athletic performance

improvement of the elite Taekwondo athletes.

4, Conclusion

The purpose of this study was to investi-
gate the possibility of minimizing the risk of

potential injury by improving exercise perfor-
mance through application of newly devel-
oped functional exercise program to elite
Taekwondo athletes. The results of the study
showed that functional exercise program had
a positive effect on body composition, basic
physical strength and professional physical
fitness. In addition, it was found that it signif-
icantly contributed to the improvement of
anaerobic exercise capacity and cardiopulmo-
nary capacity.

Therefore, it is thought that the functional
exercise program used in this study can be
used to improve physical imbalance and phys-
ical fitness of Taekwondo athletes as well as
Taekwondo practitioners. However, in order
to generalize the results of this study, it is
necessary to analyze the subjects according
to age, gender, and type of training in future
studies.
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