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Abstract

The aims of the current study were first, to evaluate whether there were differences in the
front kicking kinematics executed by professional Taekwondo and Karate athletics. Second,
biomechanical evaluations aimed to determine the kinematic variables of effective front kicking
performance between different training strategies. Sixteen elite Taekwondo and fourteen Karate
athletics performed front kick. Kinematics and kinetics were recorded using a ten high-speed
camera and two force plates. Taekwondo and karate groups present significant kinematic and
repeatability differences, which significant differences observed in the range of motion, angular
velocity, and peak values of lower limb angular positions and velocities. Although, the movement
pattern of a front kick in group was similar. Based on our results, different training strategies for
one movement (front kick) can change neuromuscular, motor control, and kicking efficacy.
Analyzing this kind of research and comparison between two different groups that executes the
same action with two different learning methods can improve the knowledge of athletics and
coaches to better performance in training and learning strategies. In addition, this type of study of
training strategy and motor control can reduce sports mistakes in coaching, particularly in the
primary period of athletics training, and decrease injury probability.
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Introduction

Martial arts are recognized as traditions of combat practiced for several reasons (H.
Barnamehei, Razaghi, et al. 2018; Barnamei and Kharazi 2015; Kim, Kim, and Im 2011)(Gavagan
and Sayers 2017). Martial arts training can develop physical and mental health benefits in a wide
range of ages and abilities (Pozo, Bastien, and Dierick 2011b). Two common and popular martial
arts are Karate and Taekwondo that widely practiced forms of martial arts (Azizi et al. 2015).
Taekwondo has been an Olympic sport since 2000 and recently Karate has been an Olympic event
and it will be at the 2020 Olympic games (H. Barnamehei, Ghomsheh, et al. 2018). In these martial
arts, athletics train stances and ways to punch, kick, and block an opponent in the fighting
(Barnamehei and Safaei 2017b). The Karate fighting emphasizes punch (hand) techniques and uses
kicks (leg) as a backup in different positions of fighting. Although, Taekwondo includes more
kicking (leg) techniques than Karate. Taekwondo athletics emphasis kicks (leg) and uses hands as
backup and they use a wide range of high-speed kick movements, including jumping kicks and
spinning (Barnamei and Kharazi 2015)(Golfeshan, M. Barnamehei, et al. 2020). Both Taekwondo
and Karate competitions have specific guidelines and rules that control athletics (Barnamehei and
Safaei 2017a). In a competition, Taekwondo includes higher points to kicks, so players execute
more Kicking in taekwondo tournaments (Barnamehei and Safaei 2017c¢). On the other hand,
Karate basically gives points equally for both kicks and punches in Karate competitions.

The front kick is a popular kick in martial arts performed by lifting the knee straight forward,
while keeping the foot hanging freely or pulled to the hip joint, and then straightening the leg in
front of the practitioner and striking the target (Robertson et al. 2002). The front kick is one of the
basic techniques of martial arts can also be described mainly as a straightforward kick directly to
the front side of the opponent or target. The front kick has a different name in different martial art
sports; for example, the name of the front kick in Taekwondo is Ap Chagi and the name of a front
kick in Karate is Mae Geri (Gavagan and Sayers 2017). These names came from the original
language of these sports which Karate came from Japan and Taekwondo came from Korea (Wasik
and Gora 2016a). The Ap Chagi and Mae Geri are Korean and Japanese words respectively which
consist of two words; Ap and Mae mean front and Chagi and Geri mean kick in Korean and
Japanese language respectively (Barnamehei 2018). The front kick consists of many movements
in different directions during the front kick cycle whose goal is to create high velocities motions
of the segments and joints. According to the linear relationship between circumference and radius,
kicking segment length calculates the radius of the rotational motion of the human body,
consequently affecting the linear velocity of the kicking segment.

Previous research analyzed front kick with different methods and approaches. Some studies
analyzed front kick separately in Taekwondo and Karate (S@ rensen et al. 1996) (Robertson et al.
2002; Wasik1 ABCDE et al. n.d.).The majority of the previous studies of front kick evaluated the
lower extremity joints (hip, knee, and ankle) (Andrzejewski and Elbaum 2005; Btaszczyszyn et al.
2019; Cynarski et al. 2018; Doke and Kuo 2005; Gordon, Robertson, and Carlos Fernando n.d.;
Jacek Wasik 2015; Kim 1998; Pozo, Bastien, and Dierick 2011a; Pozo et al. 2011b; Robertson et
al. 2002; S@ rensen et al. 1996; Sorensen et al. 1996; VencesBrito et al. 2014; Wasik and Gora
2016a). The biomechanical studies of front kick consist of kinematics (Wasik1 ABCDE et al. n.d.),
kinetics, and electromyographic researches (Sorensen et al. 1996). Some previous studies
compared front kick between athletics groups (Btaszczyszyn et al. 2019; Pozo et al. 20113;
VencesBrito et al. 2014). Some previous studies compared the different kicking tasks such as
roundhouse kick, front kick, side kick, hook kick, and axe kick in different combat sports (Gavagan
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and Sayers 2017) (Zetaruk et al. 2005). Some other researchers compared the different skill levels
of athletics to fine motor training strategies (Hamidreza Barnamehei et al. 2018; Blaszczyszyn et
al. 2019; Matsunaga and Kaneoka 2018). Many of research in combat sports include analyzing the
roundhouse kick motion because this kick is very popular and have more application in fighting in
different sports such as Taekwondo, Karate, Mui Thai, Kickboxing, and Kong FU (VencesBrito
et al. 2014) (Romanenko et al. 2018) (H. Barnamehei, Razaghi, et al. 2018; Barnamei and Kharazi
2015; Falco et al. 2009; Gavagan and Sayers 2017; Quinzi et al. 2013). The risk of injury may
depend on motor learning and training strategy which may differ in Karate and Taekwondo
(Alizadeh, Shirzad, and Sedaghati 2012; Birrer and Birrer 1983; Pieter 2005; Zetaruk et al. 2005).
In recent years many researchers focused on the kinematics coordination variabilities and muscle
synergy studies (H. Barnamehei, Razaghi, et al. 2018; Barnamei and Kharazi 2015; Bianchi et al.
1998; Cowley and Gates 2017)(Kim et al. 2011)(Quinzi et al. 2014).

By comparing kinematics differences of a same kick in different training strategy may lead
to better biomechanical results to understand the significance of lower limb kinematic variables,
exclusion of errors in the training program, determination of weak points of training protocols in
order to improve training programs, and prevention of probable injuries that happen during
competitions or training (Macan, Bundalo-Vrbanac, and Romi¢ 2006; Pappas 2007; Picerno 2017;
Pieter 2005; Zetaruk et al. 2005). Therefore, this study will be addressed how coaches and players
can design the training in both taekwondo and karate according to kinematics information. As well,
this study is important and needed because there are many motor control variables between
taekwondo and karate front kick, and after finding these differences coaches and players can
enhance their skills and performances. Consequently, the goal of the current study was to compare
the lower extremity kinematic differences of a front kick in Taekwondo and Karate martial arts.
The specific objects of the current effort were: (1) to determinate the lower limb kinematics of hip,
knee, and ankle joints during a front kick executed by professional Taekwondo and Karate players
in three-dimensional space; (2) to compare differences between Taekwondo front kick (Ap Chagi)
and Karate front kick (Mae Geri) movement patterns in medial-lateral, anterior-posterior, and
superior-inferior directions. We hypothesized that the Taekwondo group perform the front kick in
a shorter time, with a higher range of motion in lower extremity joints, and Karate group perform
the front kick with higher repeatability of lower extremity kinematics than Taekwondo group.

Methods and materials

Subjects

Sixteen elite Taekwondo athletics and fourteen elite Karate athletics participated in the
current experimental research. All of the participants in each group have more than ten years of
experience. Anthropometrics and experiences information of each group represented in Table 1.
All Taekwondo and Karate participants were excluded if they had any injury or comorbidity
affecting kicking such as orthopedic surgery, previous musculoskeletal injuries or a history of
pathologic or neurologic disorders. Written informed consent was obtained from all Taekwondo
and Karate volunteers. The current study protocols were in accordance with Washington State
University and the Declaration of Helsinki

Table 1. Anthropometrics and experience information for Taekwondo and Karate groups

Taekwondo (n=16) Karate (n=14)
Mean (z SD) Mean (z SD)
Gender M=9/F=7 M=8/F=6

50



International Journal of Martial Arts Volume 6/ Pages 48-65/ 2020

Age (years) 24.50 (7.50) 26.50 (5.50)
Weight (kg) 68.35 (7.18) 71.00 (8.82)
Height (cm) 166 (6.40) 165 (5.90)
Experience (years) 14 (3.50) 12 (1.50)

Experimental Setup

Figure 1 shows the experimental equipment, which included ten high-speed motion cameras
(VICON, Vicon Motion Analysis Systems Ltd., Oxford, UK) with sampling frequency 200 Hz
were placed around the athletics to record subjects’ motion during Ap Chagi and Mae Geri (front
kicks) and two force platform fixed in the floor (Kistler Instrumente AG, Winterthur, Switzerland,
sampling rate 2000 Hz) in order to distinguish of onset and offset of front kicks (Bagheri,
Barnamehei, et al. 2020; H Barnamehei, Shamloo, et al. 2020)

Vicon Motion Capture

Video Camera *

Force Plates
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Figure 1: Motion analysis lab for kinematics and kinetics measurements in biomedical and rehabilitation engineering
laboratory center at the Movafaghian (Sharif University of Technology) consist of ten high-speed motion capture
(VICON, Vicon Motion Analysis Systems Ltd., Oxford, UK) with sampling frequency 200 Hz and two force plate
fixed in the floor of lab (Kistler Instrumente AG, Winterthur, Switzerland, sampling rate 2000 Hz) and one video
camera (Hamidreza Barnamehei et al. 2018, 2020).

Experimental procedures

Before preparing the motion analysis lab and before experiments, subjects performed a 15
min standard individual warm-up consist of running on the treadmill and stretching exercises.
Subjects were instructed to perform five front kick in front of their chests in the air (without target
pad or opponent) using their dominant kicking leg. In order to decrease the effect of fatigue on the
performance of athletics, a 1 min rest period between each trial was instructed.

As shown in figure 2, 39 reflective passive surface markers were installed on the body
landmarks base on the full body plug-in gait markers arrangements (Vicon Documentation)
(Kharazi et al. 2015). The players segments were simulated as rigid bodies that constructed
interconnected chain during the front kick. All biomechanical data recorded in the Movafaghian
(Sharif University of Technology) (H. Barnamehei, Alimadad, et al. 2018). All the surface
reflective markers were attached on the skin of athletics at the end of the warm-up training and the
stretching exercises.

- -

S i i
Figure 2: marker placement on the body of athletics in the three different viewpoints: medial-lateral, anterior,
and posterior (39 reflective passive markers were installed on the body landmarks base on the full body plug-in gait
markers arrangements).

Martial arts masters (coaches) often teach the front kick to the athletics by step by step
teaching methods because martial arts techniques are difficult and include many important details,
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therefore athletics need to learn step by step and slowly during several times. Therefore, they
divide the martial arts techniques into several phases to easier learning. According to martial arts
principles, front kick divided to five phases. Figure 3 presents front kicks that were divided into
five phases: (A) preparation, (B) extension, (C) recoil, (D) flexion, and (E) return to the initial
position. It is important to learn these different phases to athletics because with this learning
method they can distinguish their motions characteristics.

Figure 2: schematics of different phases of a front kick in different viewpoints: (A) preparation, (B) extension, (C)
recoil, (D) flexion, and (E) return to the initial position.

Data Analysis
The motion data were recorded for each group with biomechanical motion analysis system.
In order to data analysis Mokka software, Nexus 2.6.1 (Vicon-Nexus, Vicon Motion Analysis
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Systems Ltd., Oxford, UK), the Microsoft Excel 2019 (Version 16.33), and MATLAB 2019b with
the BTK (Biomechanics Tool Kit) library were used to analyze the biomechanical data (H
Barnamehei, Karimidastjerdi, et al. 2020). The recognition of the onset/offset of front kick trials
was determined by the evaluation of kinetics values and kinematics location of the lower extremity
with Mokka software (visualization of tracked markers) (Hamidreza Barnamehei et al. 2020).
There are five phases of front kicking: kicking heel off from the ground, flexion of kicking knee
and hip joints, full extension of the kicking knee joint and full flexion of the kicking hip joint (peak
kick), flexion of the kicking knee joint and joint extension of the kicking hip, joint extension of
the knee and hip and putting the heel on the ground (heel strike of the kicking leg). Peak kick
events (contact points) are achieved from the separate kinematics data of front kick for a maximum
value of the reflective marker (Figure 2, C).

For the best biomechanical comparison of the front kick between the Taekwondo and Karate
groups, time was normalized to percentages for the kinematics comparison and evaluation results.
Normalized time zero percentage (0%) corresponded to the beginning of (preparation phase) the
first phase and a hundred percentage (100%) to the end of the fifth phase (return to the initial
position phase) (Golfeshan, S. Fatemigarakani, et al. 2020). In order to the calculation time
normalization for each trial, after the onset/offset Interp syntax of MATLAB software was used to
time normalization (Bagheri, Barnamehei, et al. 2020; Bagheri, Rostami, and Shojaei 2020).

In a 3-D motion analysis, to determine the joint angular velocity, the joint angular position is
simply differentiated with respect to time. The derivative of the angular positions of lower limb
joints (hip, knee, and ankle) was utilized to evaluate the lower extremity angular velocity during a
front kick in each group (Taekwondo and Karate). The joint angular velocity at the ith frame (®_1)
was determined as

" = Oiv1—0i1
! 2At

where 01 is the joint angle at the ith frame and At is the time interval between two frames. In
addition, peaks angular velocities of lower limb joints were analyzed in order to compare
Taekwondo and Karate group's differences (H Barnamehei, Derakhshan, et al. 2020).

Statistical analysis

The statistics analysis was determined for the kinematics of lower extremity signals with
kinetics variables for subjects and each Taekwondo and Karate groups (Aminishahsavarani et al.
2020). The results are present at average values and standard deviation (SD) with a confidence
level of 95%. The Shapiro-Wilk and Levene test was used in order to a normal distribution
(assumptions of normality) and equal variances (homoscedasticity) calculations, respectively
(Bagheri, Barnamehei, et al. 2020). The significance of differences between the two Taekwondo
and Karate groups was calculated by the use of Student’s t-tests. The significant values were set
to p-values below 0.05. All statistical analyses and calculations were calculated by MATLAB
2019b (Golfeshan, H. Barnamehei, et al. 2020).

Results

The current study shows a kinematic comparison of the front kick between Taekwondo and
Karate martial art sports executed by elite Taekwondo and Karate athletics. Typical dynamics
motion of hip, knee, and ankle joint angular position are represented as a function of percentage
time of front kick trial in Figure 4. Our results show angular positions of the lower extremity of
Taekwondo and Karate players are different significantly in knee extension-flexion amplitude in
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an extreme range of motion during front kick. Taekwondo group shows more knee extension
related to the Karate group.

Taekwondo and Karate hip extension-flexion and abduction-adduction present no significant
differences. On the other hand, hip rotation represents different patterns of variation between
Taekwondo and Karate groups. In addition, the general pattern of hip kinematics between the two
groups is the same except for internal-external rotation. Figure 4 shows two angular positions of
ankle peaks of plantar flexion and two of dorsiflexion for the ankle joint, in addition, two angle
peaks of extension and two of flexion can be noticed for the hip angular position during execution
of front kick by Taekwondo and Karate Players. However, figure 4, presents three angular position
peaks of extension and three flexions for the knee angular position during the front kick. None of
the times of incidence of those angular positions in hip, knee, and ankle joint peaks were
significantly different between the groups in all of the anatomical planes. Significant results for
the times of incidence of those angular positions were observed in hip extension flexion and ankle
plantarflexion dorsiflexion (P<0.05). In addition, figure 4 shows the lowest knee flexion/extension
angular position in Taekwondo athletics was less than that in Karate athletics. Though, the largest
knee adduction/abduction in the Taekwondo group was higher than the Karate group. Therefore,
it is noticeable that Taekwondo athletics performed large knee flexion more than the Karate group.
More knee flexion diminished the radius gyration of the kicking leg and therefore the rotational
inertia decreased. This happening can make faster kicking performance in the same muscle
strengths.

Frontal Transverse

Taekwondo (Sold ling)
Kar_ate [Dash?dm ling) =

=

Knee Angular Position (deg) Hip Angular Position (deg)

Ankle Angular Position (deg)

&0 80 100
Time (%)

" ok L "
€0 80 100 0 20 40

. . " J ! " "
1] 20 40 80 80 100 1] 20 40 8
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Figure 4. Mean and standard deviation typical dynamics motion of lower extremity joints (hip, knee, and ankle joint)
angular position of kicking leg is represented as a function of percentage time of front kick trial (%) in different
anatomical directions for Taekwondo (solid line) and Karate (dash-dot line) groups. A comparison of the angular
position between Taekwondo and Karate athlete is represented by the mean and standard deviation of participants.
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A comparative evaluation was determined to the minimum, maximum, and mean values of
lower limb angular position in the important joint of martial arts athletics: ankle, knee, and hip.
Table 2 presents a comparative analysis of Taekwondo and Karate athletes based on lower limb
joints (Hip, Knee, and Ankle) angular position include meaning, standard deviation, and p-value
of each anatomical direction, joints, and martial arts types. In the hip joint (Table 2), Taekwondo
and Karate group shows statistically significant differences in an average angular position in
abduction-adduction and internal-external rotation movements (P<0.05). In the knee joint (Table
2), based on statistical results from table 2, significant differences between Taekwondo and Karate
athletics in the mean value of the angular position in different anatomical directions were detected
(P<0.05). In the ankle joint (Table 2), differences between Taekwondo and Karate groups in the
average value of the angular position in dorsiflexion-plantarflexion and internal-external rotation
were statistically significant (P<0.05).

Results for the angular amplitude of the peaks are presented in table 3. In addition, table 3,
represent comparative analysis of Taekwondo and Karate athletes based on lower limb range of
motion for elective lower extremity joints (Hip, Knee, and Ankle) and Figure 4, shows ANOVA
table results of comparative analysis of Taekwondo and Karate athletes based on lower and upper
range of motion limit include p-value of comparison between Taekwondo and Karate groups and
also comparison among range of motion of joint type motion and comparison among interaction
between Taekwondo and Karate.

Table 2. Comparative analysis of Taekwondo and Karate athletes based on lower limb joints (Hip, Knee, and Ankle)
angular position

Taekwondo karate P
value
Mean SD Mean SD
Hip Flexion-Extension 39.439 32.785 44.663 27.355 0.223
Abduction-Adduction - 13.097 - 6.896 0.002
16.869 12.093
Internal-External Rotation 24.252 3.980 21.154 3.950 0.000
Knee Flexion-Extension 41.241 37.941 65.235 35.454 0.000
Abduction-Adduction 28.536 15.458 23.527 12.394 0.012
Internal-External Rotation - 24.008 5.557 17.069 0.000
12.138
Ankle Dorsiflexion- - 15.317 -1.540 7.242 0.000
Plantarflexion 13.884
Abduction-Adduction 4055 2.098 3.787 0.894 0.243
Internal-External Rotation - 8.808 - 3.677 0.013
19.518 17.126

None of the results for the times of incidence, some lower limb angular position peaks were
significantly different between Taekwondo and Karate groups. Regarding the angular amplitude
of the peaks, Taekwondo and Karate groups differed by a significant amount for some joints in
different directions. Statistically, range of motion comparison between Taekwondo and Karate
group (Table 3) presents statistically significant values for the lower limit (minimum) range of
motions (p=0.027) although our result represents no statistically significant differences between
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Taekwondo and Karate group for an upper limit (maximum) range of motions (p=0.287). Based
on our results, in the frontal anatomical plane (medial-lateral kicking motion) significant
differences in the hip joint (p=0.002) and knee joint (p=0.012) for angular motion values were
observed. In the frontal anatomical plane (medial-lateral kicking motion) significant differences
in the hip (p=0.002) and knee (p=0.012) joint for angular motion values were observed. In addition,
significant differences in external-internal motion were observed in the lower limb joints (hip,
knee, and ankle). However, in the sagittal anatomical plane (extension-flexion kicking motion)
significant differences just in ankle and knee joints were found. Besides, absolute values of the
range of motion (ROM) defined upper limit minus lower limit are significant (p<0.05). The higher
value of the upper limit (maximum) range of motion of the hip joint was observed among the
Taekwondo group in extension-flexion, internal-external rotation, and abduction-adduction
movement. Although, a higher value of the upper limit (maximum) range of motion of knee joint
angular position was found among Karate group in internal-external rotation and extension-flexion
motion, though the higher value of knee abduction-adduction movement observed in Taekwondo
players. Also, the higher value of the maximum range of motion of ankle angle was found among
Taekwondo athletics in internal-external rotation and abduction-adduction motion, although
higher value in extension-flexion movement observed in Karate athletics. On the other hand, the
lower value of the lower limit (minimum) range of motion of hip joint was found among the
Taekwondo group in extension-flexion and abduction-adduction movement and it observed in the
Karate group in internal-external rotation. Though, lower value of lower limit (minimum) range
of motion of knee joint angular position were observed among the Taekwondo group in internal-
external rotation and extension-flexion motion, although the higher value of knee abduction-
adduction movement found in Karate players. Besides, the lower value of the minimum range of
motion of ankle angle was observed among Taekwondo athletics in all of the directions of motions

Table 3. Comparative analysis of mean Taekwondo and Karate athletes based on the upper and lower limit of the
range of motion and mean values of the range of motion (ROM) of lower limb joints (Hip joint, Knee joint, and Ankle
joint) angular position with their standard deviations (SD)

Taekwon Karate Taekwondo Karate Taekwo Karate

do ndo
Upper SD Upper SD Lower SD Lowe SD RO SD RO SD
limit limit limit r limit M M
Hip  Flexion- 87 32. 76.17 21. -2.32 2.60 0.89 6.8 89. 29. 75. 15.
Extension 6 17 86 1 98 57 28 05
6
AbductionA 0. 12. -2.00 11. -39.76 0.71 - 1.3 39. 11. 20. 10.
dduction 06 25 43 2218 1 81 54 18 12
Internal- 30. 89 2519 9.0 1658 057 1050 20 13. 84 14. 69
External 02 g4 3 5 44 » 69 g
Rotation
Kn Flexion- 10 43. 120.0 38. -4.27 0.84 1253 46 113 43. 107 34.
pe EXtension 9 g5 6 71 1 47 o1 53 11
20
AbductionA  49. 18. 38.00 23. 555 1.31 295 1.0 43. 17. 35 22
dduction 29 o4 79 1 74 63 05 78
Internal- 32. 27. 3329 35 -46.98 210 - 20. 79. 24. 53. 15,
External 25 (3 92 2040 84 23 93 68 08
Rotation
An Dorsiflexion 10. 14, 1351 18. -3861 096 -1470 14 48. 13. 28. 16.

Plantarflexion 22

kle 53 20 5 84 57 21 75
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AbductionA 9, 29 5.62 51 0.20 0.22 1.63 05 92 27 39 45

dduction 49 g 2 9 9 7 8 3
Internal- - 12. -7.88 20. -3949 117 ~-2449 23 37. 11. 16. 18
Exter_nal 20 77 55 1 43 0 61 24
Rotation 7

Mean angular velocities of the hip, knee, and ankle joints are represented as a function of
normalization time (%) in Figure 5 for Taekwondo and Karate groups with their standard
deviations. As shown in figure 5, in all of the lower limb joints (hip, knee, and ankle) peak values
of angular velocity during a front kick in the Taekwondo group were higher than the Karate group.
Four peaks in absolute angular velocity in hip abduction-adduction and two absolute peaks in hip
extension-flexion can be observed, whereas knee and ankle angular velocity peaks in different
directions weren’t detectable certainly. Without notice to the times of happening of lower limb
joints, angular velocity peaks were significantly different between the Taekwondo and Karate
groups, except for the hip joint in flexion/extension and adduction/abduction angular velocity and
also knee joint in flexion/extension and adduction/abduction angular velocity (P<0.05). Angular
velocity of all lower limb joints (hip, knee, and ankle) in the Taekwondo group, was faster than
that in the Karate group in all three anatomical planes (Figure 5).

Sagittal Frontal Transverse
. v ~ . 1500 . . F . - -

Taskwondo (Solid line)
e | Karate (Dash-dot line)

Hip Angular Velocity (deg/s)

aaaaaa

Knee Angular Velocity (deg/s)

Ankle Angular Velocty (deq/s)

a0 &0 a0 & @ &
Time (26) Time (96) Time (26)

Figure 5. Mean and standard deviation of angular velocity of hip, knee, and ankle joint angular position for kicking
leg is represented as a function of normalization time of front kick (%) in different anatomical directions for
Taekwondo (solid line) and Karate (dash-dot line) groups. A comparison of the angular position between Taekwondo
and Karate athlete is represented by the mean and standard deviation of participants

Discussion

The current study investigated lower body motor training in kicking task (front kick) by
comparing kinematic variables between Taekwondo (Ap Chagi) and Karate (Mea Geri) athletics
groups. Often Taekwondo and Karate athletics and their coaches call front kick in Taekwondo
(Korean) language and Karate (Japanese) language; Ap Chagi and Mae Geri respectively.
Although both of the two techniques are the same. The main goals of the current study were to 1)
analyze the motor learning and motor control of two different leaning methods in the same action
and 2) compare the lower extremity kinematics of front kick between Taekwondo (Ap Chagi) and
Karate (Mae Geri) groups. In the current study, we analyzed and compared the kinematics
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variables include angular positions, angular velocities, range of motions and their statistical values
in different anatomical planes between Taekwondo and Karate groups.

Earlier studies in martial arts on kicking executions outline the biomechanical analysis
(Abidin and Adam 2013; Buschbacher and Shay 1999; Chen et al. 1998; Fernandes et al. 2011;
Machado et al. 2010; de Moraes Fernandes et al. 2017; Polak et al. 2016; Vieten 2008; Yijie 2007).
Kinematics results demonstrate that although the kinematics of Ap Chagi and Mae Geri was
similar to each other significant differences were noticeable in different kinematics characteristics
(Table 2 and 3). Portela et al. and Jacek Wasik et al. (Portela et al. 2014; Wasik 2012) indicated
players must kick to the opponent with a wedge of the metatarsophalangeal joints in the Karate
and Taekwondo respectively. Besides, they show the athletics for performing front kick must flex
their hips first and extent knee next and finally bend ankle in plantar directions. Athletics need to
maintaining postural stability and balance control in order to perform the correct pattern of the
front kick. Therefore, in order to execute front kick with keeping stability and balance control
players need to maintain a suitable series of kinematics chains during the perform the front kick.
Therefore, athletics in addition to lower body kinematics maintenance, need to maintain the other
body joints and segments. The positioning pattern of the upper body is different case by case in a
variety of athletics which depend on motor learning parameters. Correct control and maintaining
upper body posture in a different phase of front kick guarantees not only to balance control ability
but also support body stability; although, this kind of motor control and postural stability need to
muscle coactivation and synergy of upper and lower body (Weinberg, Seabourne, and Jackson
1981) (Zago et al. 2015). Professional athletics often use specific motion patterns of upper body
segments and joints but non-elite players don’t follow certain patterns of movement of the upper
limb; although significant differences were observed head and neck kinematics during Kicks
(Btaszczyszyn et al. 2019).

In the kinematics results, significant differences in the knee and hip angular velocity in
extension/flexion and adduction/abduction motions did not found. In addition, we observed larger
values for knee extension/flexion and smaller values for hip extension/flexion. Though, larger
peaks angular velocity were observed for knee joint during the front kick in the current study.
Taekwondo and Karate professional athletics active the muscles with a large number of fast motor
units for extensor muscles during the extension phase (before contact) of front kick and for flexor
muscles during the flexion phase (after contact or return phase) of the front kick. Taekwondo
athletics presented higher peak angular velocity of the knee and they generate a larger knee angular
acceleration during the early phase of the extension phase. Although, the Karate group presents
sooner first peak values of knee and hip angular velocity related to the Taekwondo group. The
other kinematics results of the current study are similar to other studies in the front kick in
Taekwondo or Karate in some cases (Btaszczyszyn et al. 2019; Sorensen et al. 1996; VencesBrito
et al. 2014; Wasik and Gora 2016b, 2016a; WasikABCDE et al. n.d.; Zago et al. 2015).

Study in the motor learning field and comparison in the field learning and training strategy
have indicated that the human central nervous system uses muscles to produce the specific motion
according to previous repeated training. The significance of training level and kind of training can
affect the motion patterns. Although, the human central nervous system in order to control the
motion and optimize energy, it tries to modify the motor (Yoo and Ryu 2012) (d’Avella et al. 2006;
Muceli et al. 2010; Torres-Oviedo 2006). As the results, in order to optimize the human energy,
the human central nervous system instead of the utilization of all muscles and joints, only use some
limited muscles and joints and make a synergetic motion for constructed effective motion pattern
(Anon 2014; Antuvan et al. 2016; Torres-oviedo et al. 2013).
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The current study includes a few limitations. One limitation was using only elite athletics of
each Taekwondo and Karate groups. Using the different levels of professionalism of athletics
scientists can explain the reason for motor training differences.

Conclusion

In conclusion, after kinematics comparison of the front kick between Taekwondo and Karate
athletics, the Taekwondo athletics were faster than their Karate players but executed the front kick
with similar angular position patterns in lower extremity (hip, knee, and ankle joints) because the
fundamental motion patterns of martial arts are similar and all of them have the same source. In
addition, biomechanical results presented in some joints kinematics patterns are basically the same
between Taekwondo and Karate because motor control and motor learning strategy, which include
better and accurate control of the joint motions. Based on the kinematics comparison between
Taekwondo and Karate groups, our results show the type of training and learning strategies can be
changed the neuromuscular control. In addition, results of lower extremity velocity presented
martial arts athletics need to boost the neuromuscular system of their knee during the front kick in
order to acquire the maximum lower limb velocity because they need to minimize the time of the
foot takeoff during front kick movement. A current comparison study is part of the important issue
and this issue needs comprehensive analysis because several parameters can affect motor training
at the same time. Our results represented in the current study may be a part of the information for
further study in the field of motor learning and training strategies. Future studies on front kick
biomechanics will help Taekwondo and Karate athletics and coaches to use the training strategy
of each other in order to approach the specific properties of each other. Analyzing this kind of
research and comparison between two different groups that executes the same action with two
different learning methods can improve the knowledge of athletics and coaches to better
performance in training and learning strategies. In addition, this type of study of training strategy
and motor control knowledge can reduce sports mistakes in coaching, particularly in the primary
period of athletics training, and decrease injury prevention that happens during matches or training.

References

Abidin, Nahdiya Zainal, and Mohd Bakri Adam. 2013. “Prediction of Vertical Jump Height from
Anthropometric Factors in Male and Female Martial Arts Athletes.” The Malaysian
Journal of Medical Sciences: MIMS 20(1):39.

Alizadeh, Mohamad Hosein, Elham Shirzad, and Parisa Sedaghati. 2012. “Epidemiology of Head,
Neck and Torso Injuries in Tackwondo, Karate and Judo.” Feyz Journal of Kashan
University of Medical Sciences 16(4).

Aminishahsavarani, A., H. Barnamehei, F. Khazaee, E. Karimi, M. Beigi, and B. Valiollahi. 2020.
“Gait & Posture Effect of Ankle Sprain Brostrom Surgery on the Lower Extremity
Kinematics Chain during Sit-to-Stand Task.” 81:11-12.

Andrzejewski, Xenia, and Leonard Elbaum. 2005. “Biomechanical Analvsis of the Front Kick with
the Dominant and Non-Dominant Limb in the Shito-Rvu Style of Karate.” in ISBS-
Conference Proceedings Archive.

Anon. 2014. “MUSCLE SYNERGIES IN DIFFERENT PHYSIOLOGICAL DEMANDS
DURING ROWING by Shazlin Shaharudin A Dissertation Submitted to the Faculty of
the University of Delaware in Partial Fulfillment of the Requirements for the Degree of

60



International Journal of Martial Arts Volume 6/ Pages 48-65/ 2020

Doctor of Philosophy in Biomechanics.”

Antuvan, Chris Wilson, Federica Bisio, Francesca Marini, Shih-cheng Yen, Erik Cambria, and
Lorenzo Masia. 2016. “Role of Muscle Synergies in Real-Time Classification of Upper
Limb Motions Using Extreme Learning Machines.” Journal of NeuroEngineering and
Rehabilitation 1-15.

Azizi, Parya, Afsaneh Sanatkaran, Ahmad Mosalmanhaghighi, and M. Mostaan. 2015.
“Comparison of Psychological Skills between Men and Women Athletes of Karate and
Taekwondo in Alborz Province.” International Research Journal of Applied and Basic
Sciences 9(4):603-11.

Bagheri, F., H. Barnamehei, M. R. Kharazi, A. Panahi, N. Golfeshan, and M. Razaghi. 2020. “Gait
& Posture Comparison of Biarticular Muscles Effects on Balance Variation between
Bare-Foot and Wearing High-Heel Shoe Conditions : Experimental and Simulation by
OpenSim.” 81:20-21.

Bagheri, F., M. Rostami, and S. Shojaei. 2020. “Gait & Posture Effect of Wearing High-Heel
Shoes on Bi-Articular Muscle Forces during Gait: Musculoskeletal Modeling by
OpenSim.” 81:22-23.

Barnamehei, H., M. Alimadad, S. Alizadeh, S. Z. Mofrad, and F. Bagheri. 2018.
“Electromyographic Activity of Selective Lower Extremity Muscles Comparison
between Ankle-Foot Orthosis and Barefoot Gait.” in 2018 25th Iranian Conference on
Biomedical Engineering and 2018 3rd International Iranian Conference on Biomedical
Engineering, ICBME 2018.

Barnamehei, H, A. Bana Derakhshan, A. Zomorrodi, and M. Mohammad Ali. 2020. “Gait &
Posture Hip Kinetics , Kinematics , and Motor Control Differences between Normal and
Leg Length Discrepancy ( LLD ) Children during Gait : Simulation and Experimental.”
81:30-31.

Barnamehei, H., F. T. Ghomsheh, A. S. Cherati, and M. Pouladian. 2018. “Upper Limb
Neuromuscular Activities and Synergies Comparison between Elite and Nonelite
Athletics in Badminton Overhead Forehand Smash.” Applied Bionics and Biomechanics
2018.

Barnamehei, H, M. Karimidastjerdi, M. Torabigoudarzi, M. R. Kharazi, and M. Barnamehei. 2020.
“Gait & Posture Simulation of Flat-Foot Gait with and without Running Shoes by
Evaluation of Hip Kinematics and Balance Control Variations via OpenSim.” 81:32—33.

Barnamehei, H., M. Razaghi, S. Panahi, M. Modabberibejandi, M. Lashgari, M. A. Safaei, and A.
Rezaei. 2018. “Identification and Quantification of Modular Control during Roundhouse
Kick Executed by Elite Tackwondo Players.” in 2018 25th Iranian Conference on
Biomedical Engineering and 2018 3rd International Iranian Conference on Biomedical
Engineering, ICBME 2018.

Barnamehei, H, P. Shamloo, N. Golfeshan, N. Naghavi, M. Barnamehei, and M. R. Kharazi. 2020.
“Gait & Posture Effect of Design of Assisting Devices on the Lower Body Muscular
Activities during Gait with Crutch Executed by Amputees.” 81:34-35.

Barnamehei, Hamidreza. 2018. “Archive of SID Neuromuscular and Motor Control Relationships
Analyses of a Taekwondo Jirugi.” (July).

Barnamehei, Hamidreza, Farhad Tabatabai Ghomsheh, Afsaneh Safar Cherati, and Majid
Pouladian. 2020. “Muscle and Joint Force Dependence of Scaling and Skill Level of
Athletes in High-Speed Overhead Task: Musculoskeletal Simulation Study.”
Informatics in Medicine Unlocked (August):100415.

61



International Journal of Martial Arts Volume 6/ Pages 48-65/ 2020

Barnamehei, Hamidreza, and Mohammad Ali Safaei. 2017a. “Dimensionless Parameters Based on
Motion and Experimental Validation of the Elite and Non-Elite Athletes and in Two
Groups of Healthy and Injured in Taekwondo Players TT - Dimensionless Parameters
Based on Motion and Experimental Validation of the Elite .” International Symposium
for Taekwondo Studies 2017(0):220-21.

Barnamehei, Hamidreza, and Mohammad Ali Safaei. 2017b. “Kinematic Comparison of Two
Common Different Guards in the Taekwondo Roundhouse Kick TT - Kinematic
Comparison of Two Common Different Guards in the Taekwondo Roundhouse Kick.”
International Symposium for Taekwondo Studies 2017(0):122-23.

Barnamehei, Hamidreza, and Mohammad Ali Safaei. 2017c. “Peak Kinetics and Kinematics
Values of Roundhouse Kick in Elite Taekwondo Players TT - Peak Kinetics and
Kinematics Values of Roundhouse Kick in Elite Tackwondo Players.” International
Symposium for Taekwondo Studies 2017(0):222-23.

Barnamehei, Hamidreza, Farhad Tabatabai Ghomsheh, Afsaneh Safar Cherati, and Majid
Pouladian. 2018. “Upper Limb Neuromuscular Activities and Synergies Comparison
between Elite and Nonelite Athletics in Badminton Overhead Forehand Smash” edited
by S. Rossi. Applied Bionics and Biomechanics 2018:6067807.

Barnamei, H. R., and M. R. Kharazi. 2015. “Roundhouse Kick’s TEAKWONDO Variability in
Kinematic Coupling Assessed by Continuous Relative Phase and Vector Coding.” Pp.
369-74 in 2015 22nd Iranian Conference on Biomedical Engineering (ICBME).

Bianchi, L., D. Angelini, G. P. Orani, and F. Lacquaniti. 1998. “Kinematic Coordination in Human
Gait: Relation to Mechanical Energy Cost.” Journal of Neurophysiology 79(4):2155-70.

Birrer, R. B., and C. D. Birrer. 1983. “Unreported Injuries in the Martial Arts.” British Journal of
Sports Medicine 17(2):131.

Blaszczyszyn, Monika, Agnieszka Szczgsna, Magdalena Pawlyta, Maciej Marszalek, and Dariusz
Karczmit. 2019. “Kinematic Analysis of Mae-Geri Kicks in Beginner and Advanced
Kyokushin Karate Athletes.” International Journal of Environmental Research and
Public Health 16(17).

Buschbacher, Ralph M., and Tiffany Shay. 1999. “Martial Arts.” Physical Medicine and
Rehabilitation Clinics 10(1):35-47.

Chen, Chung-Yu, Chenfu Huang, Chih-Ming Lee, and Yu-Ping Lin. 1998. “THE
BIOMECHANICAL ANALYSIS OF STRAIGHT AND FLEXURAL LEG SWING OF
THE CHINESE MARTIAL ARTS JUMPING FRONT KICK.” in ISBS-Conference
Proceedings Archive.

Cowley, C., and Deanna H. Gates. 2017. “Human Movement Science Inter-Joint Coordination
Changes during and after Muscle Fatigue.” 56(December 2016):109-18.

Cynarski, Wojciech J., Jacek Wasik, Daniel Szymczyk, and de Brito Antonio Vences. 2018.
“Changes in Foot Pressure on the Ground during Mae-Geri Kekomi (Front Kick) in
Karate Athlete-Case Study.” Physical Education of Students (1):12-16.

d’Avella, A., A. Portone, L. Fernandez, and F. Lacquaniti. 2006. “Control of Fast-Reaching
Movements by Muscle Synergy Combinations.” Journal of Neuroscience 26(30):7791—
7810.

Doke, Jiro, and Arthur D. Kuo. 2005. “A Simple Mathematical Model of Karate Front Kick.” in
ISB XXTH CONGRESS-ASB 29TH ANNUAL MEETING. July.

Falco, Coral, Octavio Alvarez, Isabel Castillo, Isaac Estevan, Julio Martos, Fernando Mugarra,
and Antonio Iradi. 2009. “Influence of the Distance in a Roundhouse Kick’s Execution

62



International Journal of Martial Arts Volume 6/ Pages 48-65/ 2020

Time and Impact Force in Tackwondo.” Journal of Biomechanics 42(3):242-48.

Fernandes, F. M., R. B. Wichi, V. F. Silva, A. P. X. Ladeira, and U. F. Ervilha. 2011.
“Biomechanical Methods Applied in Martial Arts Studies.” J. Morphol. Sci 28(3):141—
44,

Gavagan, Colin J., and Mark G. L. Sayers. 2017. “A Biomechanical Analysis of the Roundhouse
Kicking Technique of Expert Practitioners: A Comparison between the Martial Arts
Disciplines of Muay Thai, Karate, and Tackwondo.” PLoS ONE 12(8):1-15.

Golfeshan, N., H. Barnamehei, M. Torabigoudarzi, M. Karimidastjerdi, and A. Panahi. 2020. “Gait
& Posture Upper Body Postures Effect on Neuromuscular Activities of the Lower Limb
during a Squat : Musculoskeletal Modeling.” Gait & Posture 81:107-8.

Golfeshan, N., M. Barnamehei, A. Rezaei, H. Barnamehei, M. R. Kharazi, and M. A. Safaei. 2020.
“Gait & Posture Muscles Kinetics Effect on the Generation of Proximal to Distal Tasks :
Simulation of the Knife Hand Block Movement via OpenSim.” Gait & Posture 81:109—
10.

Golfeshan, N., S. Fatemigarakani, F. Aflatounian, A. Fattahzadeh, and A. Maboudmanesh. 2020.
“Gait & Posture Effect of Medial-Lateral Hand Positions on Glenohumeral and
Acromioclavicular Joint Kinematics during Push-up Exercise.” Gait & Posture 81:111—
12.

Gordon, D., E. Robertson, and Michael Hart Carlos Fernando. n.d. “Francois Beaulicu.
Biomechanics of the Karate Front-Kick.” Enexmpon. Pecypc] Pesicum Hocmyny:
Http://Www. Health. Uottawa. ca/Biomech/Lab/Docs/Wcb4_gr. Pdf (30.04. 2007).

Jacek Wasik. 2015. “Kinematics of Tackwon-Do Front Kick.” Archives of Budo Sciences of
Martial Arts and Extreme Sports 11:23-29.

Kharazi, M. R., A. H. Memari, A. Shahrokhi, H. Nabavi, S. Khorami, A. H. Rasooli, H. R.
Barnamei, A. R. Jamshidian, and M. M. Mirbagheri. 2015. “Validity of Microsoft
KinectTM for Measuring Gait Parameters.” Pp. 375-79 in 2015 22nd Iranian
Conference on Biomedical Engineering (ICBME).

Kim, S. K. 1998. “A Study of the Energy Transfer between the Low Limb Segments during the
Taekwondo Front Kick.” The Korean Journal of Physical Education 37(2):213-109.

Kim, Young Kwan, Yoon Hyuk Kim, and Shin Ja Im. 2011. “Inter-Joint Coordination in Producing
Kicking Velocity of Taekwondo Kicks.” Journal of Sports Science & Medicine
10(1):31-38.

Macan, J., D. Bundalo-Vrbanac, and G. Romi¢. 2006. “Effects of the New Karate Rules on the
Incidence and Distribution of Injuries.” British Journal of Sports Medicine 40(4):326 LP
— 330.

Machado, S. M., R. A. L. Osoério, N. S. Silva, and M. Magini. 2010. “Biomechanical Analysis of
the Muscular Power of Martial Arts Athletes.” Medical & Biological Engineering &
Computing 48(6):573-77.

Matsunaga, Naoto, and Koji Kaneoka. 2018. “Comparison of Modular Control during Smash Shot
between Advanced and Beginner Badminton Players.” Applied Bionics and
Biomechanics 2018.

de Moraes Fernandes, Fernando, Rogério Brandao Wichi, Valmar Fernandes da Silva, Ana Paula
Xavier Ladeira, and Ulysses Fernandes Ervilha. 2017. “Biomechanical Methods Applied
in Martial Arts Studies.” Journal of Morphological Sciences 28(3):0.

Muceli, S., A. T. Boye, A. d’Avella, and D. Farina. 2010. “Identifying Representative Synergy
Matrices for Describing Muscular Activation Patterns During Multidirectional Reaching

63



International Journal of Martial Arts Volume 6/ Pages 48-65/ 2020

in the Horizontal Plane.” Journal of Neurophysiology 103(3):1532—42.

Pappas, Evangelos. 2007. “Boxing, Wrestling, and Martial Arts Related Injuries Treated in
Emergency Departments in the United States, 2002-2005.” Journal of Sports Science &
Medicine 6(CSSI-2):58-61.

Picerno, Pietro. 2017. “The Hamstrings-Injury-Mechanism Debate: Are We Close to an
Agreement?” Journal of Sport Rehabilitation 26(2):120-21.

Pieter, Willy. 2005. “Martial Arts Injuries.” Pp. 59—73 in Epidemiology of pediatric sports injuries.
Vol. 48. Karger Publishers.

Polak, Ewa, Jerzy Kulasa, Antonio VencesBrito, Maria Antdnio Castro, and Orlando Fernandes.
2016. “Motion Analysis Systems as Optimization Training Tools in Combat Sports and
Martial Arts.” Revista de Artes Marciales Asiaticas 10(2):105-23.

Portela, Bruno Sergio, Michelle Regina Barbosa, Timothy Gustavo Cavazzotto, and Marcus
Peikriszwili Tartaruga. 2014. “Kinematics Analysis of the Front Kick with and without
Impact on Traditional Karate.” Archives of Budo 10:47-51.

Pozo, Joél, Guillaume Bastien, and Frédéric Dierick. 2011a. “Execution Time, Kinetics, and
Kinematics of the Mae-Geri Kick: Comparison of National and International Standard
Karate Athletes.” Journal of Sports Sciences 29(14):1553-61.

Pozo, Joél, Guillaume Bastien, and Frédéric Dierick. 2011b. “Execution Time, Kinetics, and
Kinematics of the Mae-Geri Kick: Comparison of National and International Standard
Karate Athletes.” Journal of Sports Sciences 29(14):1553-61.

Quinzi, Federico, Valentina Camomilla, Francesco Felici, Alberto Di Mario, and Paola Sbriccoli.
2013. “Differences in Neuromuscular Control between Impact and No Impact
Roundhouse Kick in Athletes of Different Skill Levels.” Journal of Electromyography
and Kinesiology 23(1):140-50.

Quinzi, Federico, Paola Sbriccoli, Jacqueline Alderson, Alberto Di Mario, and Valentina
Camomilla. 2014. “Intra-Limb Coordination in Karate Kicking: Effect of Impacting or
Not Impacting a Target.” Human Movement Science 33:108-19.

Robertson, D. Gordon E., Carlos Fernando, Michael Hart, and Frangois Beaulieu. 2002.
“Biomechanics of the Karate Front Kick.” School of Human Mechanics, University of
Ottawa, Ottawa, Canada.

Romanenko, Vyacheslav, Leonid Podrigalo, Sergii lermakov, Olga Rovnaya, Elena Tolstoplet,
Yrui Tropin, and Valeriy Goloha. 2018. “Functional State of Martial Arts Athletes
during Implementation Process of Controlled Activity—Comparative Analysis.” Physical
Activity Review 6:87-93.

SQ@ rensen, Henrik, Morten Zacho, Erik B. Simonsen, Poul Dyhre-Poulsen, and Klaus Klausen.
1996. “Dynamics of the Martial Arts High Front Kick.” Journal of Sports Sciences
14(6):483-95.

Sorensen, H., M. Zacho, E. Simonsen, and K. Klausen. 1996. “Kinetics and Electromyography of
the Martial Arts High Front Kick.” in ISBS-Conference Proceedings Archive.
Torres-Oviedo, G. 2006. “Muscle Synergy Organization Is Robust Across a Variety of Postural

Perturbations.” Journal of Neurophysiology 96(3):1530-46.

Torres-oviedo, Gelsy, Lena H. Ting, Gelsy Torres-oviedo, and Lena H. Ting. 2013. “Subject-
Specific Muscle Synergies in Human Balance Control Are Consistent Across Different
Biomechanical Contexts Subject-Specific Muscle Synergies in Human Balance Control
Are Consistent Across Different Biomechanical Contexts.” (April 2010):3084-98.

VencesBrito, Anténio M., Marco A. Colago Branco, Renato M. Cordeiro Fernandes, Mério A.

64



International Journal of Martial Arts Volume 6/ Pages 48-65/ 2020

Rodrigues Ferreira, Orlando J. S. M. Fernandes, Abel A. Abreu Figueiredo, and Gongalo
Branco. 2014. “Characterization of Kinesiological Patterns of the Frontal Kick, Mae-
Geri, in Karate Experts and Non-Karate Practitioners.” Revista de Artes Marciales
Asiaticas 9(1):20-31.

Vieten, Manfred M. 2008. “Application of Biomechanics in Martial Art Training.” Handbook of
Biomechanics and Human Movement Science, Routledge 554-64.

Wasik, Jacek. 2012. “The Structure and Influence of Different Flying High Front Kick Techniques
on the Achieved Height on the Example of Taekwon-Do Athletes.” Arch Budo 8(1):45—
50.

Wasik, Jacek, and Tomasz Gora. 2016a. “Impact of Target Selection on Front Kick Kinematics in
Taekwondo—Pilot Study.” Physical Activity Review 4:57—61.

Wasik, Jacek, and Tomasz Gora. 2016b. “Impact of Target Selection on Front Kick Kinematics in
Taekwondo — Pilot Study.” Physical Activity Review 4:57-61.

Wasikl ABCDE, Jacek, Wojciech Czarny2 ADE, Eligiusz Malolepszy1DE, and Teresa Drozdek-
Malolepszal DE. n.d. “Kinematics of Taekwon-Do Front Kick.”

Weinberg, Robert S., Thomas G. Seabourne, and Allen Jackson. 1981. “Effects of Visuo-Motor
Behavior Rehearsal, Relaxation, and Imagery on Karate Performance.” Journal of Sport
and Exercise Psychology 3(3):228-38.

Yijie, F. A. N. 2007. “Sports Biomechanical Analysis of 353C+ 4 Difficulty Technique in New
Wushu Routine Competition Rules [J].” Journal of Chengdu Sport University 1.

Yoo, Si-Hyun, and Ji-Seon Ryu. 2012. “Comparison between the Balance of Skilled and Less-
Skilled Players during Successful and Failed Front Kick and Turning Side Kick Motions.”
Korean Journal of Sport Biomechanics 22(3):285-93.

Zago, Matteo, Andrea Mapelli, Yuri Francesca Shirai, Daniela Ciprandi, Nicola Lovecchio,
Christel Galvani, and Chiarella Sforza. 2015. “Dynamic Balance in Elite Karateka.”
Journal of Electromyography and Kinesiology 25(6):894—900.

Zetaruk, M. N., M. A. Violan, D. Zurakowski, and L. J. Micheli. 2005. “Injuries in Martial Arts:
A Comparison of Five Styles.” British Journal of Sports Medicine 39(1):29-33.

65





