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Abstract 
 
Introduction: This study’s purpose was to measure and compare isokinetic muscle function and 
anaerobic exercise capacity of knee joints according to the three Kukki Taekwondo competition types. 
Methods: A total of 21 elite Korean male poomsae (forms), gyorugi (sparring), and demonstration 
athletes majoring in Taekwondo were selected as the subjects of the study. Subjects’ physical fitness 
levels were measured using standardized strength, endurance, agility, balance, and flexibility tests. In 
particular, the isokinetic muscle function measurement system was used to measure the muscle 
function of subjects’ knee joints, and the Wingate test was used to measure their anaerobic exercise 
ability. Results: Gyorugi athletes showed better results than their poomsae and demonstration 
counterparts in nearly all metrics, including body composition, physical fitness factors, isokinetic 
muscle function (60°/sec), muscle power (180°/sec), and anaerobic exercise capacity. Gyorugi athletes 
were also taller and showed higher muscle mass, strength, muscular endurance, and agility. However, 
poomsae athletes showed a higher level of flexibility. The results found isokinetic muscle function and 
anaerobic exercise capacity of the knee joint to be most important for gyorugi athletes and then for 
demonstration and poomsae athletes, in that order. Conclusions: This study provides useful 
information needed to identify the physical fitness factors of the different Kukki Taekwondo athletes, 
and, in turn, it is may serve as important fundamental data for developing future systematic 
Taekwondo training programs. 
 
Keywords: poomsae (forms), gyorugi (sparring), Taekwondo demonstration, anaerobic capacity, 
Wingate test  
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INTRODUCTION  
 

Kukki Taekwondo was adopted as a demonstration sport at the 1988 Seoul Olympics, which 
laid the foundation for the combat sport’s globalization [1], but it was not designated as an official 
sport until the 2000 Sydney Olympics. Today, it has developed into a world-class combat sport with 
more than 10 million practitioners and athletes in 210 countries who have adopted it as a tool for 
health and personality education [2,3]. Taekwondo competition today is divided into three types. 
Gyorugi (sparring) is now an official Olympic event and has played a significant role in the 
globalization of competitive Taekwondo. However, poomsae (forms) and Taekwondo demonstration 
competitions are growing in global popularity.  

Poomsae are sets of prearranged offensive and defensive movements that simulate 
interactions with imaginary opponents [4]. They also “contain the fundamental techniques teachings 
of the martial art and combat sport of Taekwondo” [5] and are used to determine a practitioner’s skill 
level. The Korea Taekwondo Association (KTA) started the Taekwondo Hanmadang Competition in 
1992, but this Taekwondo poomsae and choreographed demonstration tournament was transferred to 
Kukkiwon (the educational headquarters for Kukki Taekwondo) in 2000. In 2003, the Kukkiwon 
changed the name of the event to the “World Taekwondo Hanmadang.” Since 2006, World Taekwondo 
(WT, formerly the World Taekwondo Federation [WTF]) has also organized the World Taekwondo 
Poomsae Championships to promote that traditional martial arts skill. After poomsae competition 
began growing in popularity, it became an official event in the 2018 Jakarta Asian Games, indicating 
that with each passing year poomsae tournaments are quickly become an important aspect of 
international Taekwondo competition. 

Taekwondo poomsae competition is characterized by athletes’ being able to perform 
traditional martial arts exercises with “[a]ccuracy in basic movement” and “in individual movement of 
the Poomsae,” “[b]alance,” “[s]peed and power,” “[r]hythm and tempo,” and “[e]xpression of energy” 
[6]. Athletes compete either alone or in pairs in a synchronized poomsae demonstration in which no 
contact with an opponent is made. This type of competition shows Taekwondo skills and artistry that 
are not permitted in gyorugi competition. Similarly, Taekwondo demonstration athletes compete in 
choreographed, highly creative, and often acrobatic choreographed routines that include poomsae, 
board breaking, self-defense skills, and other aspects of traditional Taekwondo training not seen in 
other competitions. 

Taekwondo is a full-body sport, but the muscle function of the lower extremities is very 
important due to the numerous kicking techniques utilized in competition [7-9]. Poomsae and 
demonstration competitions clearly possess unique characteristics. Previous studies in Korean have 
reported on the importance of isokinetic muscle function of the knee joint [10] and anaerobic exercise 
ability [11-12] in Taekwondo athletes and competitors. Gyorugi matches are three, two-minute rounds 
of high speed fighting characterized by fast stepping and strong, high kicking combinations. In 
poomsae competitions, athletes perform only two poomsae that are approximately one minute each 
and are more rhythmic; as such, they are more akin to dance competitions than to a combat sport. 
Demonstration competitions like the Kukkiwon’s Hanmadang require teams to perform for several 
minutes during which competitors break boards and perform various other Taekwondo, gymnastic, 
and acrobatic skills.  

Previous studies have examined maximal velocity of the kinematics and kinetics in 
Taekwondo kicks [13-14] as well as other physical characteristics of Taekwondo kicks [15-18]. The 
primary finding from these biomechanical researches that correlates to the present study is that 
power is influenced by the type of target or the absence of a target when performing Taekwondo kicks 
[19]. In Kukki Taekwondo competition, gyorugi players strike opponents with their hands and feet 
while in demonstration competitions players strike through boards, concrete bricks, and other targets. 
Taekwondo athletes thus create a different type of power when kicking or punching a moving 
opponent just hard enough to score a point versus striking through solid stationary targets. Poomsae 
athletes on the other hand do not strike any targets, indicating a third type of power is created in that 
competition type. 
 However, there are two areas of concern with correlating previous Taekwondo biomechanical 
studies to the current one. First, there are two styles of Taekwondo studied that are distinctly 
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practiced within these studies [20-21]: the International Taekwon-Do Federation (ITF) and Kukki 
(Korean: “national”) Taekwondo practitioners. Over time, Kukki Taekwondo practitioners have begun 
executing many, if not most, of their techniques differently from their ITF Taekwondo forbearers [21]. 
No studies were found to have distinguished between the isokinetic muscle function and anaerobic 
exercise capacity in Taekwondo athletes between these two styles. Therefore, it would be erroneous to 
compare previous studies on Taekwondo isokinetic muscle function and anaerobic exercise capacity to 
the present one due to this lack of distinction. As all subjects in this research practiced only Kukki 
Taekwondo, the findings and conclusions herein only pertain to that Taekwondo style, whereas many 
previous international studies focused on ITF Taekwondo [13,14,19].  Consequently, no correlation 
can be stated definitively to exist between many of the previous studies on Taekwondo kicking styles 
and the present study on isokinetic muscle function and anaerobic exercise capacity according to 
Kukki Taekwondo training type (i.e., gyorugi, poomsae, and demonstration). The present study is thus 
unique, especially in the English-language literature, within the general field of study on Kukki 
Taekwondo biomechanics. It may also be pertinent to note that international ITF competitions include 
tul (ITF’s preferred word for poomsae), matsogi (the ITF’s word for sparring), self-defense 
demonstrations, and breaking all in one event. ITF athletes are expected to be able to compete in all 
competition types and rarely train for just one competition type. 

While each Kukki Taekwondo competition type requires the muscle function of lower 
extremities and explosive power in a relatively short time, there may be differences in physical fitness 
factors required for each. To date, no detailed analysis has been performed to confirm this hypothesis. 
There are four elements of physical fitness: aerobic fitness, muscular fitness, flexibility, and balance. 
Subjects’ overall fitness was measured using several standardized fitness tests as advised by the 
Korean Institute for Sports Science. In particular, isokinetic muscle function tests were performed, 
since they are known to be objective and reliable tools to measure and evaluate muscle function [22]. 
Likewise, the Wingate test was used to measure and evaluate subjects’ anaerobic motor capacity [23]. 
Therefore, this study aims to provide basic data needed to create optimal training programs for 
Taekwondo gyorugi, poomsae, and demonstration athletes by comparing and analyzing differences in 
their isokinetic muscle function and anaerobic exercise ability. 
 
Note on Korean Terminology 
 All Korean terms are presented in the Romanized spellings preferred by their respective 
Taekwondo organizations. The Korean word 태태태  (McCune-Reischauer Romanization: 
T'aegwŏndo) itself has numerous Romanized spellings, but Taekwondo was used herein for the sake of 
simplicity except in proper organizational names. 
 
MATERIALS AND METHODS 
 
Subjects and testing procedure 
 Subjects of this study were 21 elite male university Taekwondo gyorugi (n=7), poomsae (n=7), 
and demonstration (n=7) athletes. As above, practice of ITF and Kukki Taekwondo is distinct. Subjects 
were volunteers, and the researchers informed the subjects of the purposes and contents of the study. 
Subjects were informed of their right to leave the study at any time. Table 1 includes the subjects’ 
physical characteristics. To avoid bias due to the somatic differences between this study’s subjects, 
Table 1 also contains subjects’ Taekwondo career and rank data. In Taekwondo, a practitioner’s dan 
level provides some insight into their ability and years of training. This study’s subjects all practiced 
Kukki Taekwondo and were evaluated by the Kukkiwon in Seoul, the educational and testing 
headquarters of that style of Taekwondo [24]. In Kukki Taekwondo, it takes approximately one year to 
earn a 1st dan (Korean: grade of black belt). Practitioners are typically eligible to promote to 2nd dan 
after another year of practice. They then can promote to 3rd dan after two more years of practice, to 4th 
dan with three years of practice after that, and so on. Therefore, a Kukki Taekwondo 3rd dan can expect 
to have between 2-4 years of Taekwondo practice and a 4th dan between 4-7 years of Taekwondo 
practice. This study’s subjects had sufficient Taekwondo training period (gyorugi: 10.00±2.56 yrs., 
poomsae: 6.14±3.04 yrs., demonstration: 5.57±1.05 yrs.) and expertise (gyorugi: 4th dan, poomsae: 
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3.86±0.64 dan, demonstration: 3.86±0.35 dan) to exemplify the physical characteristics required for 
each training type (Table 1). However, a myriad of mitigating factors exist that could influence a 
Taekwondo practitioner’s skill level. The results of the present study should be verified therefore in 
subject researches with different study populations. 

The tests performed for this study were conducted over three days to avoid fatigue. Subjects 
performed cardiorespiratory, flexibility, muscle strength, endurance, power, and agility tests on the 
first day. On the second day, they performed the isokinetic muscle function test. Then, on the third day, 
they performed the anaerobic power test. Subjects were instructed to perform light stretching and 
warmup exercises five minutes prior to each test. 
 
Muscle endurance tests 
 Two muscle endurance tests were conducted to determine the differences in fitness factors 
between the gyorugi, poomsae, and demonstration athlete groups. Subjects performed a sit up test on 
a sit-up measuring table (FAS-5370, Korea). They started the test by placing both hands behind their 
head while lying flat on the table with their knees bent at a right angle. Test examiners recorded a 
score each time a subject moved their upper body upward until both elbows touched the knees and 
returned to the lying position with their back flat on the table. The motion was repeated for 1 minute, 
and the number of completed sit-ups was recorded. A score was not counted if the subject removed 
their hands from the back of their head, failed to touch their knees with their elbows, and/or failed to 
place their back flat on the table. All measurements were performed twice with subjects performing 
the second test 30 minutes after the initial test to prevent fatigue. The better of the two results was 
recorded. 
 According to Patterson, Platzer, and Rascher [25], “The original version of the [repeated jump 
test] is reliable, and sensitive enough to detect adaptations in anaerobic power” (p. 129). As such, a 
repeated jump test was conducted to determine subjects’ fitness level. The repeated jump test was 
performed by having subjects stand with their feet flat on the ground shoulder width apart with their 
arms raised directly above their heads. Keeping their arms straight, a measurement bar (FAS-5310, 
Korea) was placed 30cm above their outstretched hands. Subjects were instructed to jump vertically 
and touch the bar as many times as possible for 30 seconds. Each touch was recorded as a score. A 
jump was not recorded if the subject failed to touch the measurement bar. All measurements were 
performed twice with subjects performing the second test 30 minutes after the initial test to prevent 
fatigue. The better of the two results was recorded. 
 
Muscle power test (standing long jump test) 
 The standing long jump test (SLJT) was conducted to determine muscle power differences 
between gyorugi, poomsae, and demonstration athlete groups. Subjects performed the SLJT using a 
digital standing long jump meter (FT-7700, Seedtech, Korea), which consists of a mat that lies on the 
floor that records subjects’ jumps electronically to the nearest hundredth cm. Examiners instructed 
the subjects on how to perform the jump, then asked subjects to place their toes behind the starting 
line. Subjects performed the SLJT twice and performed the second test 30 minutes after the initial test 
to prevent fatigue. 
 
Table 1. Physical characteristics of Taekwondo athletes (means±SD) 

Athlete group Age 
(years) Height (cm) Weight 

(kg) 
BMI 

(kg/m2) 
%fat 
(%) 

Taekwondo 
career 
(years) 

Rank 
(dan) 

Gyorugi 19.86±1.77 182.41±2.76 75.86±7.84 22.77±1.94 11.29±2.03 10.00±2.56 4.00±0.00 
Poomsae 19.57±0.79 175.27±4.78 71.54±6.30 23.34±2.57 17.60±5.47 6.14±3.04 3.86±0.64 
Demonstration 20.14±1.86 170.97±4.66 64.19±4.76 21.93±0.98 14.64±5.13 5.57±1.05 3.86±0.35 
Gyorugi: sparring, poomsae: forms, dan: degree of black belt 
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Reaction time test 
 A reaction time test was performed to determine the differences in fitness factors between the 
gyorugi, poomsae, and demonstration athlete groups. Subjects’ reaction times were measured using a 
systemic reaction time measurement tool (ST-140, Seedtech, Korea). Light and sound stimuli tests 
were formed. For both tests, subjects stood on the tool’s mat with feet shoulder width apart. For the 
sound test, the tool provided a tone indicating when subjects were to jump their feet apart so they 
landed with their feet on either side of the mat. For the second test, the tool flashed a light indicating to 
the subject when to jump in the same manner. Reaction times were measured from the time the 
stimuli were provided to when the subjects’ feet left the mat. Subjects performed each test three times, 
and the second test was performed 30 minutes after the initial test to prevent fatigue. The better of the 
two results was recorded. 
 
Agility test 
 Subjects’ agility was measured using a sidestep meter (ST-110, Seedtech, Korea) (Figure 1). 
Subjects began the test by standing with their feet shoulder width apart and equidistance from the 
centerline of the electronic meter with their knees bent and relaxed. The two beams of the electronic 
meter were placed 120 cm apart, and subjects sidestepped for 20 seconds. The sidestep meter marked 
the beginning and ending of the test. The number of times a subject’s feet crossed the beam was 
recorded. After a 3-minute rest, the test was repeated, and the better of the two results was recorded. 
 
Balance test 

For the balance test, subjects stood barefoot on the floor with both hands on their waist. The 
test began when a subject raised one foot off the floor approximately 15 cm. Test examiners began 
recording the time using a stopwatch (model S141; SEIKO, Japan) as soon as the subject lifted their 
foot. The test was concluded if the subject replaced their foot on the ground, moved their stationary 
foot, or lifted their hands off /heir hips. Time was recorded to the tenth of a second. After a 3-minute 
rest, the test was repeated, and the better of the two results was recorded.  
 
Flexibility test 
 Subjects’ flexibility was measured using the trunk flexion test (Figure 2). Measurements were 
taken with a long-seat flexion meter (TKK-5403, Takei, Japan) and the trunk extension meter (TKK-
5404, Takei, Japan). Subjects were instructed to stand upright with knees extended and hands behind 
them in a prone position. Subjects then bent forward at the waist as far as possible. Measurements 
were taken in a straight line from the subject's chin to the floor. All measurements were performed 
twice, and the second test was performed 30 minutes after the initial test to prevent fatigue. The better 
of the two results was recorded. 
 

 
Figure 1. Example of the sidestep test (agility) used for the current study. 
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Figure 2. Example of the trunk flexion test (flexibility) used for the current study. 
 
Isokinetic muscle function test of the knee joint 
 The isokinetic muscle function measurement system (CSMI, USA) was used to measure the 
muscle function of the knee joint according to the system’s manual (Figure 3). The muscle strength 
was measured by performing flexion and extension movements of the knee joint three times at an 
angular velocity of 60°/sec and five times of the muscle power at 180°/sec. After performing three 
preliminary exercises for learning purposes, subjects performed the test again and measurements 
were taken. Peak torque, average power, total work, ratio of left and right (%) knee isokinetic muscle 
function, as well as the flexion and extensor ratios were recorded through the measurement results 
[26]. All measurements were performed twice, and the second test was performed 30 minutes after 
the initial test to prevent fatigue. The better of the two results was recorded. 

 
Anaerobic exercise test (Wingate test) 

Anaerobic exercise ability was measured with a Wingate test (Figure 4), a non-evasive and 
simple-to-conduct anaerobic test that measures leg muscle performance [27]. Subjects were measured 
for 30 seconds using a bicycle ergometer (Monark 818E, Sweden). Taking into account the 
characteristics of this measurement, prior training was conducted on the measurement procedures to 
reduce the decrease of will and power output in the second half of the test. During the tests, test 
examiners provided verbal encouragement to motivate subjects to achieve their best results. The 
values for peak power, average power, total energy, and peak drop were measured and recorded [28-
29].  

 

 
Figure 3. Example of the isokinetic muscle function test used for the current study. 
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Figure 4. Example of the anaerobic exercise test (Wingate test) used for the current study. 
 
Statistics processing 

For statistical processing, the average and standard deviation of each measurement were 
calculated using the SPSS (version 25.0) statistical program. One-way ANOVA was conducted to 
examine the differences between groups, and the Tukey method was used for the post-test. The 
significance level was p<0.05. 
 
Table 2. Body composition analysis result 

Items Group Means±SD F p Post-hoc 

Height 
(cm) 

Gyorugi 182.41±2.76 
13.434 0.000 

0.013 
a>c***  
a>b* 

Poomsae 175.27±4.78 
Demonstration 170.97±4.66 

Weight 
(kg) 

Gyorugi 75.86±7.84 
5.911 0.009 

0.017 a>c** Poomsae 71.54±6.30 
Demonstration 64.19±4.76 

Lean mass 
(kg) 

Gyorugi 63.16±5.34 
10.212 0.001 

0.019 
a>c** 
a>b* Poomsae 55.29±2.40 

Demonstration 51.69±6.04 

Fat mass 
(kg) 

Gyorugi 8.76±2.40 
2.682 0.096  Poomsae 12.84±5.04 

Demonstration 9.27±2.76 

BMI 
(kg/m2) 

Gyorugi 22.77±1.94 
0.938 0.409  Poomsae 23.34±2.57 

Demonstration 21.93±0.98 

%fat 
(%) 

Gyorugi 11.29±2.03 
3.473 0.042 b>a* Poomsae 17.60±5.47 

Demonstration 14.64±5.13 

BMR 
(Kcal) 

Gyorugi 1819.43±124.58 
10.264 0.001 

0.018 
a>c** 
a>b* Poomsae 1638.00±56.80 

Demonstration 1556.00±135.77 

Abdominal %fat  
(%) 

Gyorugi 0.78±0.01 
8.479 0.003 

0.012 
b>a** 
b>c* Poomsae 0.84±0.04 

Demonstration 0.79±0.02 
a - Gyorugi (sparring), b - Poomsae (forms), c - Demonstration, BMR - Basal metabolic rate, *: p<0.05, **: p<0.01, 
***: p<0.001 
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RESULTS 
 
Body composition 

All subjects’ height, weight, lean mass, fat mass, percentage of body fat, and Basal metabolic 
rate (BMR) were measured to determine their body composition. Table 2 contains the results of the 
analysis of body composition between the gyorugi, poomsae, and demonstration groups. 

 
Physical fitness factors  
 Table 3 includes the results of the physical fitness tests (e.g., back strength, sit up, repeated 
jump, and SLJT) performed by the 21 male gyorugi, poomsae, and demonstration athletes. 
 
Isokinetic muscle strength of the knee joint (60°/sec) 

Table 4 contains the results of the knee joint isokinetic muscle strength tests (i.e., right and 
left extensor as well as flexor in bodyweight percentage and newton-metre) performed by the gyorugi, 
poomsae, and demonstration athletes. 

 
 

Table 3. Physical fitness factors analysis results 
Items Group Means±SD F p post-hoc 

Back strength (kg) 
Gyorugi 152.07±21.51 

10.204 0.003 
0.003 

a>c** 
a>b** Poomsae 117.94±12.89 

Demonstration 118.29±12.74 

Sit ups (reps) 
Gyorugi 54.57±6.83 

4.505 0.035 a>b* Poomsae 45.14±5.27 
Demonstration 53.57±7.11 

Repeated jump 
(reps) 

Gyorugi 55.29±3.99 
8.482 0.041 

0.002 
a>c* 

a>b** Poomsae 45.00±6.40 
Demonstration 48.57±3.26 

SLJT (cm) 
Gyorugi 249.57±8.08 

3.290 0.061  Poomsae 231.63±15.92 
Demonstration 243.50±14.59 

Response to sound 
stimulus (seconds) 

Gyorugi 0.252±0.039 
2.332 0.126  Poomsae 0.272±0.019 

Demonstration 0.240±0.025 

Response to light 
stimulus (seconds) 

Gyorugi 0.280±0.049 
1.074 0.363  Poomsae 0.293±0.024 

Demonstration 0.264±0.034 

Sidestep (reps) 
Gyorugi 53.71±3.20 

5.532 0.012 a>b* Poomsae 46.00±5.63 
Demonstration 51.57±4.28 

Balance test 
(seconds) 

Gyorugi 42.11±32.99 
2.061 0.156  Poomsae 95.67±61.67 

Demonstration 82.09±54.86 

Trunk flexion (cm) 
Gyorugi 18.17±4.86 

8.064 0.008 
0.007 

b>a** 
b>c** Poomsae 28.66±2.07 

Demonstration 17.93±8.35 

Trunk extension 
(cm) 

Gyorugi 62.43±7.62 
1.876   Poomsae 60.03±8.88 

Demonstration 55.06±4.62 
a - Gyorugi (sparring), b - Poomsae (forms), c - Demonstration, SLJT - standing long jump test, * p<0.05, **p<0.01 
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Table 4. Analysis result of knee joint isokinetic muscle strength (60°/sec) 
Items Group Means±SD F p post-hoc 

Right extensor 
(%BW) 

Gyorugi 316.43±32.38 
1.887 0.180  Poomsae 272.43±40.91 

Demonstration 299.43±52.51 

Left extensor 
(%BW) 

Gyorugi 298.00±30.00 
1.409 0.270  Poomsae 296.43±38.50 

Demonstration 301.57±47.35 

Right extensor 
(Nm) 

Gyorugi 238.86±23.48 
9.166 0.005 

0.004 
a>c** 
a>b** Poomsae 192.86±13.32 

Demonstration 194.86±28.64 

Left extensor 
(Nm) 

Gyorugi 225.29±25.65 
4.241 0.035 a>b* Poomsae 190.71±14.80 

Demonstration 196.85±28.42 

Left/right extensor 
(deficit) 

Gyorugi 5.75±3.63 
1.775 0.035  Poomsae 4.96±3.18 

Demonstration 9.72±7.33 

Right flexor (%BW) 
Gyorugi 163.57±22.01 

1.904 0.198  Poomsae 141.43±23.09 
Demonstration 165.14±30.37 

Left flexor (%BW) 
Gyorugi 162.71±20.41 

2.515 0.178  Poomsae 133.00±30.32 
Demonstration 156.57±26.80 

Right flexor (Nm) 
Gyorugi 123.43±16.49 

4.383 0.025 a>b* Poomsae 100.00±9.61 
Demonstration 107.57±17.91 

Left flexor (Nm) 
Gyorugi 123.00±16.96 

5.533 0.012 a>b* Poomsae 93.86±16.19 
Demonstration 102.43±17.37 

Left/right flexor 
(deficit) 

Gyorugi 8.04±3.88 
0.062 0.012  Poomsae 9.47±11.71 

Demonstration 8.04±9.02 

Flexor/extensor left 
ratio (%) 

Gyorugi 54.71±5.44 
0.691 0.941  Poomsae 49.14±6.96 

Demonstration 53.00±13.01 

Flexor/extensor 
right ratio (%) 

Gyorugi 52.00±6.61 
0.619 0.541  Poomsae 52.00±4.65 

Demonstration 55.57±8.89 
a - Gyorugi (sparring), b - Poomsae (forms), c - Demonstration, %BW - body weight percentage, Nm - newton-
metre, * p<0.05, ** p<0.01 
 
Isokinetic muscle power of the knee joint (180°/sec) 

Table 5 includes the results of the isokinetic muscle power test (i.e., right and left extensor as 
well as flexor in %BW and Nm).  
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Table 5. Analysis result of knee joint isokinetic muscle power (180°/sec) 
Items Group (n) Means±SD F p post-hoc 

Right extensor 
(%BW) 

Gyorugi 204.57±15.91 
2.034 0.160  Poomsae 184.14±22.70 

Demonstration 208.71±31.91 

Left extensor 
(%BW) 

Gyorugi 200.86±16.77 
4.182 0.031 c>b* Poomsae 179.00±17.32 

Demonstration 208.71±24.68 

Right extensor 
(Nm) 

Gyorugi 154.71±11.21 
6.828 0.038 

0.006 
a>c* 

a>b** Poomsae 130.29±7.20 
Demonstration 136.14±17.96 

Left extensor 
(Nm) 

Gyorugi 151.86±17.99 
6.240 0.007 a>b** Poomsae 127.57±6.02 

Demonstration 136.14±12.28 

Left/right extensor 
(deficit) 

Gyorugi 6.26±4.21 
0.932 0.412  Poomsae 4.39±3.59 

Demonstration 7.22±4.01 

Right flexor (%BW) 
Gyorugi 133.57±25.72 

2.475 0.112  Poomsae 109.14±14.87 
Demonstration 125.43±20.74 

Left flexor (%BW) 
Gyorugi 131.43±17.95 

1.509 0.248  Poomsae 112.14±17.72 
Demonstration 126.71±27.76 

Right flexor (Nm) 
Gyorugi 100.43±17.57 

5.711 0.013 a>b* Poomsae 77.43±6.16 
Demonstration 82.14±14.01 

Left flexor (Nm) 
Gyorugi 99.43±14.92 

4.018 0.042 a>b* Poomsae 79.71±8.88 
Demonstration 82.86±16.88 

Left/right flexor 
(deficit) 

Gyorugi 7.70±7.06 
1.135 0.343  Poomsae 4.50±5.41 

Demonstration 8.92±4.15 

Flexor/extensor left 
ratio (%) 

Gyorugi 65.71±8.92 
0.500 0.614  Poomsae 62.43±5.68 

Demonstration 61.00±11.55 

Flexor/extensor 
right ratio (%) 

Gyorugi 64.71±8.30 
0.772 0.477  Poomsae 59.43±2.88 

Demonstration 61.00±11.11 
a - Gyorugi (sparring), b - Poomsae (forms), c - Demonstration, %BW - body weight percentage, Nm - newton-
metre, * p<0.05, ** p<0.01 
 
 
Anaerobic exercise capacity analysis result  

Table 6 contains the analysis results of anaerobic exercise ability in the gyorugi, poomsae, and 
demonstration groups. 
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Table 6. Anaerobic exercise ability analysis result 
Items Group Means±SD F p post-hoc 

Peak power (W) 
Gyorugi 701.53±114.06 

4.657 0.03 a>c* Poomsae 603.04±39.90 
Demonstration 589.13±48.29 

Peak power (W/kg) 
Gyorugi 9.18±0.67 

2.14 0.147  Poomsae 8.45±0.49 
Demonstration 9.03±0.87 

Average power (W) 
Gyorugi 519.97±77.51 

4.787 0.022 a>c* Poomsae 456.92±40.04 
Demonstration 437.57±23.13 

Total energy (J) 
Gyorugi 14425.71±2093.09 

3.071 0.71  Poomsae 13164.71±1088.93 
Demonstration 10508.04±4667.53 

Fatigue index (%) 
Gyorugi 62.11±6.27 

4.311 0.024 a>b* Poomsae 51.43±5.03 
Demonstration 55.57±8.76 

a - Gyorugi (sparring), b - Poomsae (forms), c - Demonstration, W - watt, J – Jules, * p<0.05 
 
DISCUSSION 
 

The present study measured and compared isokinetic muscle function and anaerobic exercise 
capacity of the knee joint according to Taekwondo competition type (poomsae, gyorugi, and 
demonstration). Basic physical fitness factors as well as the characteristics of subjects’ anaerobic 
athletic ability and knee joint isokinetic muscle function required for each competition type were 
measured. The results of this research could be used to create optimized training programs for 
athletes specializing in each competition type based on their individual needs. In body composition, 
this study found the height of the gyorugi athletes were significantly different compared to their 
poomsae (p<0.05) and demonstration counterparts (p<0.001). 
 The present study’s results were consistent with the results of a prior study by Tak et al. [30], who 
reported tall gyorugi athletes had a tactical advantage during competition due to their longer legs. The 
results from the present study were unsurprising since gyorugi athletes’ increased height can affect 
the athletes' performance due to recent rule changes that emphasized kicking to the head made by 
World Taekwondo (WT), the International Olympic Committee’s (IOC) international federation for 
Taekwondo competition. 

Muscle mass, fat mass, and BMR of the gyorugi athletes were significantly different from the 
poomsae (p<0.05) and demonstration athletes (p<0.01). For the body fat ratio, the gyorugi athletes 
were significantly lower than the poomsae athletes (p<0.05). Given the energy consumption and other 
gyorugi event characteristics, the results of this study can be explained again by recent WT gyorugi 
rule changes that include points being awarded when an opponent is pushed out of the ring. This act 
and the other physical demands placed on the body during gyorugi competition require a large 
amount of strength and energy. Since muscle mass, fat mass, and BMR are closely related to each other 
[31-32], the results of the current study on athletes’ muscle mass, fat mass, and basal metabolic mass 
are equally unsurprising. 

Gyorugi competitors’ back muscle strength was significantly stronger than the poomsae and 
demonstration athletes (p<0.01). For sit-ups, the gyorugi athletes were significantly different 
compared to the poomsae athletes (p<0.05), but no significant difference was found between the 
gyorugi and demonstration athletes. These results can be attributed to the poomsae athletes' training 
that prioritizes stability and equilibrium, whereas gyorugi athletes require quick movements using 
various steps and demonstration athletes perform various types of rotational movements with high 
jumps and acrobatic movements. Two qualitative studies, Cha who reported the differences in lower 
limb muscle, trunk muscle, balance, and proprioceptive sensibility [33] and Rho who reported the 
differences in movements and the common physical fitness factors of poomsae, gyorugi, and 
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demonstration athletes in a study designed to improve poomsae competition performance [34], 
support the present study’s results.  

In repeated jumps, the gyorugi athletes were significantly different compared to the poomsae 
(p<0.01) and demonstration athletes (p<0.05). For the sidestep test, gyorugi athletes were statistically 
significantly different compared to the poomsae athletes (p<0.05), but no significant difference was 
found between the gyorugi and demonstration athletes. These results are consistent with the results of 
prior studies [35-37]. 
 During competition, gyorugi athletes must remain nimble to deliver attacks and counterattacks, 
which require very fast footwork that facilitate various fast kicking techniques. This study 
substantiated this in that the gyorugi athletes scores were significantly different compared to the 
poomsae and demonstration athletes in the repeated jump and sidestep tests that were used to 
determine athletes’ muscle endurance and agility, respectfully. However, the isokinetic muscle 
function test showed poomsae athletes were significantly different in knee forward flexion as 
compared to the gyorugi and demonstration athletes (p<0.01). This was statistically consistent with 
the Kwon, Cho, and Eo’s [38] results. These studies’ results reflect the characteristics of the poomsae 
event, which demands athletes possess high levels of flexibility and stability. Tak et al. [30] reported 
that gyorugi athletes were more agile and muscular, while poomsae athletes had excellent balance and 
flexibility, which also supports the findings of the present study. 

The knee joint isokinetic force strength test (angle speed 60°/sec) showed gyorugi athletes 
were significantly different in the case of right flexor (p<0.01) from their poomsae and demonstration 
counterparts. In the case of the left flexor, gyorugi athletes were significantly different as compared to 
poomsae athletes (p<0.05). In the case of left and right flexor, gyorugi athletes were significantly 
different to poomsae athletes (p<0.05). In the present study’s knee isokinetic muscle power test (angle 
speed 180°/sec), gyorugi athletes were significantly different (p<0.05) in their left flexor strength per 
weight among poomsae and demonstration athletes. Gyorugi athletes’ right flexor strength was also 
significantly different as compared to the poomsae (p<0.01) and demonstration athletes (p<0.05). 
Likewise, their left flexor was significantly different in respect compared to poomsae athletes (p<0.01), 
and their left and right flexor strength were significantly different compared to poomsae athletes 
(p<0.05). These results were consistent with Kim [39], who reported on the difference between 
cardiopulmonary and isokinetic muscle functions of Taekwondo athletes; Kim et al. [7], who reported 
on the isokinetic muscle strength of Taekwondo practitioners and athletes; as well as Kim and Park 
[40], who reported on the difference in knee and ankle strength of Taekwondo gyorugi and poomsae 
athletes.  

For maximum knee joint strength (angular velocity 60°/sec) and flexion/extension strength at 
an angular velocity of 180°/sec, this study’s gyorugi athletes’ results were significantly different 
compared to poomsae athletes. These results were consistent with Kim and Park [40]. Moreover, the 
results of our subjects’ isokinetic weight ratio flexion and extension muscle strength of the knee joint 
(measured at an angular velocity of 60°/sec) were consistent Kim, Oh, Cha, and Yun’s results [9], who 
reported that there was no significant difference between gyorugi and poomsae athletes and general 
Taekwondo practitioners with 5 years Taekwondo training. However, the current research’s 
demonstration athletes’ left extensor strength (measured at an angular velocity of 60°/sec) was 
significantly different from that of the gyorugi athletes whereas Oh and Cha [41] reported that their 
gyorugi group’s flexion strength was significantly different compared to that of Korean national 
gyorugi team athletes. Thus, there was a slight difference in left extensor strength results from the 
present study and previous researches. In addition, Oh and Cha [41] reported a significant difference 
between gyorugi athletes and demonstration athletes in the left flexion strength (measured at an 
angular velocity of 180°/sec), which is another difference to the current study’s findings. 

The present study’s anaerobic exercise test results show that gyorugi athletes were 
significantly different comparted to demonstration athletes in peak power and average power 
(p<0.05). Kwon, Cho, and Eo [38] argued that Taekwondo demonstration athletes must continuously 
perform complex movements accompanied by translational and rotational movements, and poomsae 
athletes must perform highly accurate movements. In addition, Cha and Oh [41] also reported a 
significant difference in left flexural muscle (measured at the angular velocity of 180°/sec) between 
gyorugi athletes and demonstration athletes, which contradicts the results of the present study.  
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There was a significant difference (p<0.05) in fatigue index (FI) between gyorugi and 
poomsae athletes, but no significant difference between these groups and the demonstration athletes. 
During gyorugi competition, athletes can control the intensity of their sparring matches by deciding 
how aggressive to be. On the other hand, poomsae competitors must exert continuous maximum 
strength until the end of the match (i.e., they finish performing their poomsae) at a relatively moderate 
and rhythmic pace. Also different are demonstration athletes who must perform a variety of complex 
and rapid hand and foot movements continuously that require large amounts of strength, dexterity, 
and balance. Thus, the FI results reflect the physical strength and game characteristics required for the 
competitions of gyorugi, poomsae, and demonstration athletes. The fact that this study’s FI results 
were dissimilar with those of previous studies may be a reflection of physical strength conditioning 
and training methods used in the subjects’ region or university. 
 
CONCLUSIONS  
 

In the present study, male Kukki Taekwondo gyorugi athletes showed better results than their 
poomsae and demonstration counterparts in almost every metric, including body composition, 
physical fitness factors, isokinetic muscle function (60°/sec), muscle power (180°/sec), and anaerobic 
exercise capacity. Gyorugi athletes were taller and showed higher muscle mass, strength, muscular 
endurance, and agility. Poomsae athletes alternatively showed a higher level of flexibility, which is 
another important fitness factor.  

This study furthermore found isokinetic muscle function and anaerobic exercise capacity of 
the knee joint to be most important to gyorugi athletes and then demonstration and poomsae athletes 
in that order. Today’s gyorugi athletes execute numerous types of kicks during competition. Previous 
WT competition rules encouraged athletes to execute only a couple of types of kicks, which promoted 
repetitions of the same kicking techniques and thus less dynamic and exciting competition to watch. 
The newer competition rules, which award points for more jumping and spinning kicks to the head, 
encourage athletes to use a diversity array of kicks to attack their opponents. Similarly, Taekwondo 
demonstration athletes must perform a lot of flexion and extension of the knee, because they kick 
multiple targets at various heights. Finally, poomsae athletes utilize their knees differently from the 
other two style of Taekwondo competition. Kicks in most Taekwondo poomsae divisions are typically 
performed in a symmetrical sequence in combination with hand techniques in which the left and right 
sides of the body are used equally. Very rarely are two kicks performed consecutively (the only time 
the latter occurs frequently is during freestyle poomsae divisions), and the kicks are almost always 
performed at the extreme limits of human flexibility.  
 The results of this study can provide useful information for understanding the physical 
characteristics of Taekwondo gyorugi, poomsae, and demonstration athletes. As such, our findings are 
expected to provide important basic data for creating future specialized systematic training programs 
for the three types of Taekwondo competitions. The limitations of this research include the absence of 
female subjects, a small sample size, our subjects’ limited age range, and that all subjects came from 
the same region of Korea. Moreover, the above results only pertain to Kukki Taekwondo athletes, since 
the subjects were trained on in that Taekwondo style. If ITF Taekwondo practitioners had been 
included in this study, different results may have been obtained since the two Taekwondo styles 
require basic techniques to be performed dissimilarly. 

To confirm this study’s conclusions, future studies should therefore include wider 
demographic ranges that include female subjects and a more diverse aged population, especially since 
WT poomsae competitions now have age categories ranging from cadet (12-14 years old) to an “Over 
65 Division (66-years old and above) (WT, p. 9) [6]. In addition, comparative studies between Kukki 
and ITF Taekwondo styles could determine if the differences in kick executions in the two styles affect 
practitioners’ isokinetic muscle function and anaerobic exercise capacity. 

 
 
 
 



Physical Activity Review, vol. 9(2), 2021 www.physactiv.eu 
  

_____________________________________________________________________________________ 
53 

 

REFERENCES 
1. Hong HJ, Lim SJ. 태권도 품새선수의 성취목표와 내적동기가 운동몰입에 미치는 영향 [The effects of Taekwo

ndo poomsae athletes’ achievement goals and intrinsic motivation on exercise commitment]. Martial Arts Re
search 2013; 7(2): 33-48 [in Korean] 

2. Ra JH. 태권도공연 관람자의 경험적 가치에 따른 액션 플로우와 긍정적 감정, 관람만족 및 행동의도의 구조
적 관계 [The structural relationship of action flow, positive emotion, satisfaction, and behavioral intention ac
cording to heuristic value of spectators of Taekwondo performance] [dissertation]. [Seoul, Korea]: Kyung He
e University, 2014 [in Korean] 

3. Kukkiwon. Statistics and policy data. www.kukkiwon.or.kr/front/kor/information/report.action?cmd=View
&seq=227&pageNum=1&searchKey=1&searchVal (accessed 2020 Aug 5) [in Korean] 

4. Dziwenka R, Johnson JA. Philosophical perspectives of practice: Traditional martial arts Taekwondo vs. mode
rn sports Taekwondo. Journal of the International Association for Taekwondo Research 2015; 2(2): 1-8 

5. Chung BK, Johnson JA. Taekwondo poomsae competitor perceptions of the official and new competition poo
msae, field of play, and competition rules. Physical Activity Review 2019; 7: 28-39, doi: 10.16926/par.2019.0
7.04 

6. World Taekwondo (WT). World Taekwondo Poomsae Competition Rules & Interpretation. Seongnam, Korea:
 World Taekwondo Federation. www.worldtaekwondo.org/wp-content/uploads/2019/06/Poomsae_Compe
tition_Rules_and_Interpretation_In_ force_as_of_May_14_2019.pdf (accessed 11 Feb 2019); 2019: 22 

7. Kim YW, Sun WS, Yoon WS, Choi CY. 태권도 시범자와 경기자의 등속성 근력에 관한 연구 [A study on the iso
kinetic muscular strength of knee in taekwondo demonstrator and athletes]. Korean Journal of Physical Scie
nce 2001; 10(1): 489-496 [in Korean] 

8. Jung JS. 남자 태권도 대학선수와 국가대표 선수의 기초체력 및 등속성 운동능력 비교 연구 [Isokinetic streng
th capacity between elite athletes and Taekwondo player]. Learner-centered Subject Education Research 20
15; 15(5): 649-664 

9. Kim MH, Oh JG, Cha YN, Yoon JH. 태권도 품새, 겨루기 선수와 일반 수련생의 하지관절 가동범위 및 등속성 근
력의 차이 [Difference of range of motion and isokinetic strength of lower extremity among Taekwondo poo
msae, competition players and trainees. Taekwondo Journal of Kukkiwon 2017; 8(4), 435-455. doi: http://dx.
doi.org/10.24881/tjk.2017.8.4.435 [in Korean] 

10. Jung SR. 태권도 겨루기 선수와 시범 선수의 체력과 무릎관절 reciprocal H/Q ratio 비교 연구 [A comparative 
study on isokinetic knee strength between competition athletes and demonstration team players in taekwon
do] [thesis]. [Seoul, Korea]: Kyung Hee University, 2006 [in Korean] 

11. Kim KJ, Ahn ES. 무산소성 능력의 측정지표에 관한 연구 [Examination of indicators for anaerobic capacity]. K
orean Journal of Physical Education 1992; 31(1): 229-236 [in Korean] 

12. Jung HJ, Choi DJ, Kim BT, Lee SH, Kim JH, Jung JW. 태권도 선수의 발차기 수행력이 등속성 근기능과 무산소 

파워에 미치는 영향 [A study on the effect of performance of kicks in Taekwondo on isokinetic muscle functi
ons and anaerobic power]. Journal of Coaching Development 2012; 14(2): 39-49 [in Korean] 

13. Wąsik J. Kinematic analysis of the side kick in Taekwon-do. Acta of Bioengineering and Biomechanics 2011; 
13(4): 71-75 

14. Wąsik J. Kinematics and kinetics of Taekwon-do side kick. Journal of Human Kinetics 2011; 30: 13-20. doi: 10.
2478/v10078-011-0068-z 

15. Sung TY. A biomechanical analysis of selected Taekwondo kicks. The Journal of Taekwondo 1987, 61: 106-11
5 

16. Pieter F, Pieter W. Speed and force of selected Taekwondo techniques. Biology of Sport 1995; 12(4): 257-266 
17. Pieter F, Pieter W, Heijmans J. Movement analysis of Taekwondo techniques. Asian Journal of Physical Educa

tion 1987, 10(3): 45-58 
18. Kinoshita M, Fujii N. A biomechanical case study of the Taekwondo roundhouse kick focused on preparatory 

motion. Journal of the International Association for Taekwondo Research 2015; 2(2):15-25 
19. Wąsik J, Czarny W, Małolepszy E, Drozdek-Małolepsza T. Kinematics of Taekwon-do front kick. Archives of B

udo Science of Martial Arts and Extreme Sports 2015; 11: 23-29. 
20. Moenig U, Kim M. A critical review of the historical formation of Olympic-style Taekwondo’s institutions and 

the resulting present-day inconsistencies. International Journal of the History of Sport 2017, 34(12): 1323-1
342, doi: 10.1080/09523367.2017.1385603 

21. Johnson JA. Taekwondo and Peace: How a killing art became a soft diplomacy vehicle for peace. The Internati
onal Journal of the History of Sport 2018; 35(15-16): 1637-1662. doi: 10.1080/09523367.2019.1618838 



Physical Activity Review, vol. 9(2), 2021 www.physactiv.eu 
  

_____________________________________________________________________________________ 
54 

 

22. Burdent RG, van Swerringen J. Reliability of isokinetic muscle endurance tests. Journal of Orthopedic & Sport
s Physical Therapy 1987; 8(10): 484-488. doi: https://www.jospt.org/doi/10.2519/jospt.1987.8.10.484 

23. Park JS, Yoon DK, Kim KJ, Kwon KR. 고교 축구선수와 태권도선수의 체력 및 하지 등속성 근 기능 특성 비교 
[Comparison of physical fitness and lower extremity isokinetic muscular functions characteristics of high sch
ool soccer players and Taekwondo players]. Journal of Coaching Development 2020; 22(1): 131-139 [in Kore
an] 

24. Johnson JA, Vitale G. Taekwondo diplomacy: New possibilities for peace on the Korean Peninsula. Physical Ac
tivity Review 2018; 6: 237-250. doi: 10.16926/par.2018.06.28 

25. Patternson C, Platzer H-P, Raschner C. The 2 Minute Loaded Repeated Jump Test: Longitudinal Anaerobic Te
sting in Elite Alpine Ski Racers. Journal of Sports Science and Medicine 2019; 18: 128-136. 

26. Byeon JE. 8주간 고유수용성감각 운동프로그램이 태권도 품새 선수들의 등속성 근기능 및 균형 능력에 미치
는 영향 [The effect of 8 weeks proprioception exercise program on isokinetic muscular function and balance 
ability in Taekwondo poomsae athletes], [thesis]. [Seoul, Korea]: Gachon University, 2019 [in Korean] 

27. Krishnan A, Sharma D, Bhatt M, Dixit A, Pradeep P. Comparison between standing broad jump test and Wing
ate test for assessing lower limb anaerobic power in elite sportsmen. Medical Journal Armed Forces India 20
17; 73(2): 140-145. doi: 10.1016/j.mjafi.2016.11.003 

28. Choi KS. 경륜선수의 무산소성 파워요인과 하지 등속성의 관련성 [The relation of the anaerobic power facto
r and the uniform velocity of legs of the keirin athletes] [thesis]. [Seoul, Korea]: Kyung Hee University, 2013 
[in Korean]  

29. Kwon CD, Lee SJ, Park JS, Johnson JA. An estimation model for anaerobic power of Taekwondo athletes based
 on field tests. Ido Movement for Culture. Journal of Martial Arts Anthropology 2019; 19(1): 34-50. doi: 10.14
589/ido.19.1.4 

30. Tak HK, Jang JO, Kim JW, Choi HM. 태권도 겨루기, 시범, 품새 선수 간 체력요인 비교 [A Study on the Improve
ment of Competitiveness by Comparing Physical Fitness Factors among Demonstrators in Taekwondo Comp
etition]. Taekwondo Journal of Kukkiwon 2019; 10(4): 283-299. doi: 0.24881/tjk.2019.10.4.283 [in Korean] 

31. Jung SK. 태권도 경기규칙 개정과 훈련방식의 변화탐색 [An exploration on the changes of Taekwondo rules 
and changes of training method] [thesis]. [Seoul, Korea]: Korea National Sport University, 2011 [in Korean] 

32. Kim CM, Ha IS, Lee SB. CT Scan으로 추출한 허벅지 근육량에 따른 태권도 수련자의 에너지 소모량 [Energy c
onsumption of Taekwondo practitioners due to a thigh muscle extracted by CT scan]. Journal of the Korean S
ociety of Radiology 2013; 7(3): 199-204 [in Korean]  

33. Cha YN, Oh JK. 국가대표 태권도 시범단 단원 및 겨루기 선수와 일반 수련생의 하지근력, 체간 근력, 균형능력,

 고유수용감각의 차이 [Difference of lower extremity, trunk muscle strength, balance ability and propriocept
ion among Korea national Taekwondo demonstration player, competition player and trainee]. Sport Science 
2016; 33(2): 175-184 [in Korean]  

34. Rho HS. 태권도 품새 선수들의 경기력 향상을 위한 질적 연구 [A research on training methods for enhancing
 the athletic performance of Taekwondo poomsae athletes] [thesis]. [Seoul, Korea]: Korea National Sport Uni
versity, 2010 [in Korean] 

35. Kim DK, Ji YS. 태권도 선수의 수준별 체격, 체력 및 유․무산소성 능력의 비교 [Comparison of body compositio
n, physical fitness and aerobic, anaerobic fitness according to competition level in Taekwondo athletes]. Jour
nal of the Korean Alliance on Martial Arts 2009; 11(2): 306-316 [in Korean] 

36. Ahn YS, Won YI, Kim HW, Jung WM. 중학교 태권도 겨루기 선수의 8주 복합훈련 프로그램이 체력 및 헥사곤 

스텝에 미치는 영향 [Effects of 8-week complex training program on stamina and hexagon step in middle sch
ool Taekwondo kyrugi player]. Journal of the Korean Wellness Society 2018; 13(2): 535-544 [in Korean] 

37. Park JH. 태권도 수련이 청소년의 신체형태와 체력에 미치는 영향 [Effect of the Taekwondo training on the b
ody-shape and physical-strength of the teenagers] [thesis]. [Gwangju, Korea]: Chosun University, 2015 [in Ko
rean]  

38. Kwon TW, Cho HS, Eo JS. 국가대표 태권도 시범단과 품새단의 전문체력요인 비교분석 [Comparative analysi
s of professional fitness factors of the national Taekwondo demonstration team and poomsae team]. Korean 
Journal of Physical Science 2018; 27(5), 1401-1409 [in Korean] 

39. Kim, HN. 태권도 겨루기선수와 시범선수의 심폐기능 및 등속성근기능의 차이에 관한연구 [A study on the di
fference between cardiopulmonary function and isokinetic muscle function between Taekwondo athletes an
d demonstrators]. [Thesis]. [Seongnam, Korea]: Kyungwon University, 2010 [in Korean] 



Physical Activity Review, vol. 9(2), 2021 www.physactiv.eu 
  

_____________________________________________________________________________________ 
55 

 

40. Kim WK, Park MS. 대학 태권도 겨루기와 품새 선수의 무릎과 발목관절 등속성 근력의 차이 [The difference o
f isokinetic strength of knee and ankle joint in college Taekwondo competition and poomsae athletes]. Journ
al of Sport and Leisure Studies 2010; 39(2), 615-623 [in Korean] 

41. Cha YN, Oh JG. 국가대표 태권도 시범단 단원 및 겨루기 선수와 일반 수련생의 하지근력, 체간 근력, 균형능력,

 고유수용감각의 차이 [Difference of lower extremity, trunk muscle strength, balance ability and propriocept
ion among Korea national Taekwondo demonstration player, competition player and trainee], Sports Science
 2016; 33(2), 175-184 [in Korean] 

 
 
 
 
 
 
 

  


