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PURPOSE: Muscle strength, power, speed, postural stability, and anaerobic power are important physical fitness factors required to per
form well in a taekwondo competition. This study aimed to investigate the effects of 8 weeks of core balance and plyometric training
on physical fitness in young taekwondo athletes.

METHODS: Nine young taeckwondo athletes participated in this program. Body composition and relative fitness (muscle power, core
strength, agility, postural stability, anaerobic power, and isokinetic muscle function) were measured before and after training. Data were
analyzed using IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, USA). A paired t-test (pre vs. post) was used for the analysis.

RESULTS: The core strength measured by the sit-up count changed significantly after training (p <.05). In case of postural stability, the
right absolute reach distance in the Y-balance test improved significantly after training (p <.05). In case of anaerobic power, the mean
power (p<.01) and the peak power (p <.01) increased significantly after training.

CONCLUSIONS: We demonstrated that 8 weeks of core balance and plyometric training enhanced core strength, balance, and anaero-
bic power in young taekwondo athletes. Our results suggest that core balance and plyometric training are effective in improving muscle
strength, core strength, balance, and anaerobic power.
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INTRODUCTION

athletes due to its role in expanding their range of motion, thereby help-
ing in injury prevention. Moreover, the core muscles need to be im-
Taekwondo athletes require relatively short durations of physical ac-  proved for rapid body extension and alignment to allow for continuity of

tivity and explosive strength, thereby needing anaerobic power as wellas ~ the next movement [5]. Differences in kicking and moving speeds dur-

aerobic capacity [1]. Tackwondo athletes’ strength, muscular endurance,
postural stability, flexibility, agility, and speed are important factors for
improving performance, including accuracy and skill development [2,3].
Balance and speed are physical fitness factors that assist in providing
power while maintaining stability during attack and defense [4]. In addi-

tion, flexibility is an essential factor for better performance of tackwondo

ing tackwondo competitions affect athletes' performance, and develop-
ing hip and lower extremity strength is required to continuously im-
prove the attack power and speed. For tackwondo athletes, specific
training that focuses on improving core and lower extremity strength is
necessary for increasing the kicking speed and attack frequency [6,7].

The core is located at the center of the human body. Since core strength
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is involved in the stability and balance of the body, strengthening the
core muscle improves the body’s stability and balance. In addition to
maintaining a specific movement, the forces generated in the body are
effectively transmitted to the limbs [8]. Therefore, core stabilization exer-
cises are used to improve motility and stability, enhance trunk control
ability by securing the center of gravity, and restore the human body to
near the postural stability point by strengthening the deep muscles of
the spine [9]. Stabilizing the core muscles is recommended for strength-
ening the center of the body because it connects the stimuli and re-
sponses in the body and induces coordination of the upper and lower
bodies [10]. In particular, the importance of core muscle improvement is
emphasized in tackwondo, which requires trunk stability. Sandrey and
Mitzel reported that core balance training improved core endurance and
balance ability [11]. A previous study demonstrated that [12] weeks of
core stabilization enhanced the strength and muscular endurance of tae-
kwondo Poomsae players, and improved the stability and balance con-
trol of the body [8].

On the other hand, plyometric training, a form of resistance exercise,
is a training method that improves muscle strength and muscle power in
the performance of most exercises or sports activities, by overloading an
isotonic exercise and causing muscle reflex. This is strength training
used to elicit faster and stronger forces during muscle contraction [12].
Plyometric training, which is widely practiced to improve athletes per-
formance, has been reported as a particularly useful training method for
enhancing lower extremity muscle strength [13]. It is known to be effec-
tive in increasing postural stability, agility, maximal muscle strength,
and muscle power [14,15]. This effect is due to the increase in muscle
contractile force that promotes sensory function of the muscle nerve and
expresses the energy stored in the muscle as kinetic energy [16,17].
Therefore, effective plyometric training is considered to be the primary
training method for improving performance as it exercises the greatest
strength for a short time and improves the momentary powerful and ex-
plosive force, such as the one involved in jumping. A previous study re-
ported improvement in anaerobic exercise ability due to plyometric and
weight training [18], and another study reported improved isokinetic

lower extremity muscle strength, speed, and agility due to plyometric

Table 1. Characteristics of the Subject

training [19].

Although most tackwondo training studies have analyzed physiologi-
cal changes caused by tackwondo activities in obese children [20,21], ef-
ficient training for elite tackwondo athletes has not been fully elucidated.
Some studies on the improvement of physical fitness following training
mainly focused on the results of the analysis of the effects of a single
training, such as an increase in stability by core training and improve-
ment of anaerobic power by plyometric training [8,22]. Therefore, this
study aimed to assess the improvement in physical strength and perfor-
mance through the synergistic effect of core balance exercise and plyo-

metric training in tackwondo athletes.

METHODS

1. Participants

The subjects of this study were nine elite tackwondo athletes from the
Jeju N High School. This study was initiated after explaining the experi-
ment process to all subjects in detail and obtaining their consent for
participation and inspection regarding the conduct of various tests, ac-
cording to the ethical principles of the Declaration of Helsinki. The

physical characteristics of the study subjects are shown in Table L.

2. Measurements of body composition and physical fitness
In this study, the variables were measured under the same conditions
before and after the training to examine the effects of core balance and

plyometric training on tackwondo athletes.

1) Body composition

Body composition was measured in terms of height, weight, and body
fat percentage. Body fat percentage was measured using a body composi-
tion analyzer (Inbody-720, Biospace, Korea), before and after training,

Height was recorded in 0.1 cm units and body weight in 0.1 kg units.

2) Muscle power
The Sargent Jump test was performed to assess muscle power. At the

footboard of the equipment (ST-150, Seed Tech, Korea), the subject was

Variable N Age (yr) Height (cm) Weight (kg) Body fat (%) Career (month)
Pre 9 17.56+0.53 177.60£5.71 70.79£1045 12.70+£2.30 80.67£36.21
Post 9 17.56+0.53 177.85+£6.23 72.02+10.51 13.17+1.76 82.67+36.21

Values are mean (SD).
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allowed to jump as high as possible with the legs open and the knees ex-
tended during the jump. A total of two sessions were conducted and the

best records were selected.

3) Core strength

In accordance with previous studies’ reports [23], core strength was
assessed through sit-ups. The subjects were made to sit upright, bend
their knees at a 90 degree angle, and fix their feet such that the upper
body was in full contact with the back. The test was performed for 1

minute and count numbers were recorded.

4) Agility

Agility was assessed using the side-step test (ST-110, Seed Tech, Korea).
The participants were placed on the center line and made to perform a
side step at the ‘start’ signal. The participants were instructed to conduct
the movement as fast as possible for 20 seconds. The response time was
used as a systemic response meter (ST-140, Seed Tech, Korea). Partici-
pants had their knees bent lightly (120-160°) on the reaction plate. The
time of the participants leaving the reaction board upon perceiving the
visual stimulus was measured. The test was conducted twice in a total of

0.001 s to determine the fastest time.

5) Postural stability

The Y-balance test evaluated postural stability. Barefoot standing at
the foot of the measuring equipment was measured in a total of six di-
rections, including the anterior, posteromedial, and posterolateral direc-
tions of the left and right sides. Deviation from the center in the mea-
surement, failure to return to the starting position, and foot contact with
the ground or kicking were considered fouls. For accurate measurement,
a previous study was referred [24]. The total distance of the left and right
values was calculated by measuring the anterior, posterior medial, and
posterior lateral values. The exact formula is as follows: Total distance =

(anterior + posteromedial + posterolateral)/3.

6) Anaerobic power

The Wingate anaerobic test was used to evaluate anaerobic power, us-
ing a cycle ergometer (894 E, Monark, Sweden). The Wingate test was
conducted using widely adopted standard methods [25]. Participants
performed light pedaling for 1 minute as a warm-up, and pedaled for 30
seconds at the 'start' signal. Through this procedure, the peak power (W/

kg), mean power (W/kg), and fatigue index (%) were measured.

https://www.ksep-es.org
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7) Isokinetic knee muscle function

Isokinetic knee muscle function was measured using isokinetic dyna-
mometers (Humac Norm, CSMj, Stoughton, MA, USA), to measure the
isokinetic strength and power of the extensor and flexors of the knee.
The isokinetic strength was measured at 60°/s of angular velocity, and

power was measured at 180%s of angular velocity.

3. Core balance and plyometric training

The training conducted in this study focused on training to improve
specific fitness factors, such as core balance, anaerobic power, and iso-
kinetic knee muscle function, in tackwondo athletes. We analyzed the
training content of the tackwondo team with the help of officials and
experts and composed an exercise program to strengthen core balance,
anaerobic power, and isokinetic muscle function [26].

Subjects participated in 60-minute sessions, twice a week for 8 weeks.
Warm-up and cool-down activities were performed for 5 minutes each,
and core balance and plyometric training was performed for 50 minutes.
Gymnastic and stretching exercises were performed as the warm-up and
cool-down activities. The intensity and rest of the training were as fol-
lows: 5 minutes per set for 3 sets at 60-80% intensity for weeks 1-2; 4
minutes per set for 3 sets at 80-100% intensity for weeks 3-5; and 3 min-

utes per set for 4 sets at 85-100% intensity for weeks 6-8 (Table 2).

4, Statistical analysis

The values of all measured variables were presented as mean and
standard deviation using SPSS Windows 23.0 (SPSS, Inc., Chicago, IL,
USA). The effects of the training were assessed by using paired t-tests to
compare pre- and post-training values. The statistical significance level

was set at a=.05.

RESULTS

1. The change in muscle power and core strength due to
core balance and plyometric training
The results of the comparison between muscle function pre- and post-
training are shown in Table 3. There was no significant difference in
muscle power pre- and post-training, but there was a significant differ-

ence in core muscle strength (p <.01).

Buong-O Chun, etal. - Effects of Core Balance and Plyometric Training | 149
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Table 2. Composition of core balance and plyometric training

Frequency and time

Variables Method (3 sets)
Core balance
1) Plank Put elbows on the floor, lift knees, and straighten body Over 60 seconds
2) Plank twist In plank, turn the pelvis and touch the mat with the left and right pelvis 20 times
3) Side crunch In crunch, elbow and knee twist in opposite directions 15-20 times
4) Side plank with leg lift Put one hand on the ground, position diagonally and lift legs 40 seconds
5) Ball Kneeling Rotations Put your ball between knees, rotate body left and right 30-50 times
6) Touch toe with one leg Stand with one leg and touch toes with opposite hand 12-15 times
7) Airborne Lunge Stand up with one leg on the other side in a lunge position, sit up without touching the ground 12-15 times
and repeat
Plyometric
1) Double leg tuck jump Jumping both legs simultaneously using knee recoil 10-12 times
2) Pike jump Put both feet at the same time and stretch forward to jump 10-12 times
3) Squat jump Repeat the jump in squat position 10-12 times
4) Burpee test Put your hands on the floor, pull from the push position toward your chest, and stretch your body 12-15 times
in a straight line to jump
5) Cone hops Stand the cone at regular intervals and then jump over the cone (8-10) 1time
6) Stride jJump crossover Jump with both leg crossed at the same time 12-15 times
7) Barrier jumps Jump over the box 10-12 times
8) Box jump Jump from ground to box 10-12 times
9) Depth jump Jump from the box to the ground, again jumping 10-12 times
10) Turning reverse lunge Change direction to conduct lunge 20 times 3 sets
11) Backward lunge Lift the legs forward to conduct lunges in the rear direction 20 times 3 sets
12) Zigzag lunge Conduct a lunge in a zigzag direction 20-30m (50m after adjusting position) Round 2 times

2. The change in agility and postural stability due to core
balance and plyometric training
The results of the comparison between agility and balance pre- and
post-training are shown in Tables 4 and 5. There was no significant dif-
ference in agility. Regarding postural stability, there was a significant dif-
ference between the Y-balance test's right total reach (p <.05), pre- and

post-training.

3. The change in anaerobic power due to core balance
and plyometric training
Table 6 shows the results of the comparison between anaerobic power
pre- and post-training. Anaerobic power was significantly different pre-

and post-training for both mean power (p<.01) and peak power (p <.01).

4. The change in isokinetic knee muscle function due to
core balance and plyometric training
The results of the comparison between isokinetic knee muscle func-
tion pre- and post-training are shown in Table 7. There was no signifi-

cant difference in either isokinetic strength or power.
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DISCUSSION

The purpose of this study was to analyze the effects of 8 weeks of core
balance and plyometric training on the physical fitness of youth elite
tackwondo athletes. The results showed positive changes in muscle pow-
er, core strength, agility, postural stability, and anaerobic power after
core balance and plyometric training,

A previous study on the change in fitness levels due to core muscle
training reported improvements in strength, endurance flexibility, and
balance [27]. Another previous study reported that core stabilization
training had positive effects on speed and agility, and on anaerobic pow-
er [28]. In addition, Ozmen and Aydogmus reported improved agility
and balance due to a combination of core training in adolescent bad-
minton players [29]. Postural stability (i.e., the ability to maintain the sta-
bility of the body) is an essential element in performing proper physical
activity and exercise. The stabilization of the core region is closely related
to the development of balance. Strengthening the muscles of the abdo-
men, lumbar spine, pelvis, and buttocks results in a stable control of the
trunk area, thus leading to an improvement in exercise performance and

prevention of sports injuries [30]. Maintaining and controlling the hu-

https://www.ksep-es.org
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Table 3. Changes in muscle function due to core balance and plyometric training

Variable N Pre Post t p
Muscle power
Sargent jump (cm) 9 60.89+4.31 62.11+3.89 -2.052 074
Core strength
Sit-up (rep/1 min) 9 55.11+6.64 62.11+5.93 -3.934 004**
Values are mean (SD).
*p<.01.
Table 4. Changes in agility due to core balance and plyometric training
Variable N Pre Post t p
Side step (rep/20 sec) 9 45.22+5.04 46.78+1.79 -894 .398
Reaction time (light/sec) 9 0.230+0.010 0.229+0.008 .108 917
Values are mean (SD).
Table 5. Change in dynamic balance due to core balance and plyometric training
Variable N Pre Post t p
Y-balance test
Left absolute reach distance (cm) 9 87.74+£12.24 91.30+£543 -0.892 .398
Right absolute reach distance (cm) 9 87.56+4.44 90.15+6.12 -2.535 .035*%

Values are mean (SD).
*p<.05.

man body play an important role in the performance of activities of dai-
ly living and functional movement. They are affected by neurological
factors, such as proprioceptive sensation, vestibular sensation, postural
alignment, and muscle strength through the musculoskeletal system [31].
Measuring changes pre- and post-core balance training in our study
showed that the right total distance in the Y-balance test increased sig-
nificantly after training.

Plyometric training conducted to improve athletes' performance leads
to an effective improvement in muscle function in a short time. Chimere
et al. reported improvement in maximum strength with 6 weeks of plyo-
metric training [32]. Another study reported that plyometric training
had a positive effect on muscle strength and speed, as well as a signifi-
cant effect on the leap force [33]. Plyometric training results in rapid
shortening of contraction after elongation, which is the principle behind
isotonic contraction, thus reducing the gap between muscle strength and
muscle power and improving agility and speed [34,35]. Our study found
that plyometric training led to an increase in core strength, along with
increase in muscle power and agility. Therefore, in order to maintain
strong kicking and rapid movements during tackwondo competitions,
plyometric training is considered to be a necessary training method. On

the other hand, the isokinetic knee strength and power, a subfactor of

https://www.ksep-es.org

professional fitness, did not show any significant difference. Particularly
for tackwondo, where explosive speed, lower leg muscle power improve-
ment, and rapid attack and defense must be performed simultaneously,
plyometric training is considered to be a suitable training method [22].
In addition, the hybrid training method in this study resulted in a sig-
nificant change in the mean and peak values of the anaerobic power.
Furthermore, a previous study showed significantly improved peak
power of the anaerobic capacity through plyometric training in soccer
and basketball players [36,37]. This result was similar to the results of our
study.

This study was conducted to confirm the effects of core balance and
plyometric training, but there were some limitations. First, a control
group was not set up and compared with the training group, to confirm
the effect of training. However, the subjects of this study were elite tae-
kwondo athletes with more than 7 years of experience, and, unlike ordi-
nary people, they are athletes who had been training regularly, even be-
fore this training. In addition, previous studies have also evaluated the
effects of training without comparison with a control group [38]. Second,
this study resulted in significant improvement in some limited fitness
factors over a relatively short period of 8 weeks of training. If the train-
ing is conducted for more than 8 weeks, significant improvements can

Buong-O Chun,etal. - Effects of Core Balance and Plyometric Training | 171
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Table 6. Changes in anaerobic power due to core balance and plyometric training

Variable N Pre Post t p
Fatigue index (%) 9 53.07+448 54.72+6.56 -1.095 305
Mean power (W/kg) 9 6.40+0.83 6.98+0.87 -4.301 .003**
Peak power (W/kg) 9 843+1.09 9.17+1.06 -4.175 .003**

Values are mean (SD).
*p < 01.

Table 7. Changes in isokinetic knee strength due to core balance and plyometric training

Variable N Pre Post t p

Left extensor strength (%BW) 9 256.97 +£35.35 262.82+28.25 222 .830
Left flexor strength (%BW) 9 153.06+12.27 147.76+23.75 757 A71
Right extensor strength (%BW) 9 262.89+28.25 264.44+36.71 -137 894
Right flexor strength (%BW) 9 156.12+£19.22 161.36+24.31 -914 387
Left extensor power (%BW) 9 270.11+36.12 284.38+42.17 -1.157 281
Left flexor power (%BW) 9 220.26+30.68 214.20£32.55 668 523
Right extensor power (%BW) 9 277.29+26.29 284.52+34.23 -689 51
Right flexor power (%BW) 9 214.10+40.56 220.70+27.44 -.637 542

be expected. In future studies, it will be necessary to examine the effect

of training for a period of more than 8 weeks.

CONCLUSION

In this study, 8 weeks of core balance and plyometric training showed
improvements in the core strength, postural stability, and anaerobic
power of tackwondo athletes. Thus, if this training is conducted with the
athletes in preparation for important competitions, it could improve

their performance in a short time.
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