Original article
DOI: 10.14529/hsm220211

THE EFFECTS OF WEARABLE RESISTANCE LOADING ON KINEMATIC
OF FRONT KICK AMONG ELITE TAEKWONDO ATHLETES

A.M. Nadzalan, ali.nadzalan@fsskj.upsi.edu.my, https://orcid.org/0000-0002-0621-2245
M. Janep, mandrajanep@yahoo.com, https://orcid.org/0000-0001-7846-0347

A.A.M. Jahizi, agilmohamadjahizi@gmail.com, https://orcid.org/0000-0001-6135-9904
N.I. Mohamad, nur.ikhwan@fsskj.upsi.edu.my, https://orcid.org/0000-0001-8392-8274
N.A. Rahim, norhazira@fsskj.upsi.edu.my, https://orcid.org/0000-0003-3235-0155
N.A.A.M. Shalan, aijratul@fsskj.upsi.edu.my, https://orcid.org/0000-0002-6133-3138
F.F. Zainudin, fairus.fz@fsskj.upsi.edu.my, https://orcid.org/0000-0001-9969-8573

University Pendidikan Sultan Idris, Tanjung Malim, Malaysia

Abstract. Aim. This study aimed to determine the acute effects of WR on Taekwondo front kick kine-
matics. Methodology. 24 elite taekwondo athletes were recruited and were required to perform front kick in
four conditions; 1) WR with 3% of body mass (3WR), 2) WR with 5% of body mass (5WR), 3) WR with 8%
of body mass (BWR) and 4) without WR (OWR). Movement kinematics (foot velocity, knee velocity and peak
height) were analyzed during the movement in both dominant and non-dominant leg. Cameras attached to mo-
tion analysis systems were used to record participant’s kicking kinematics. The kinematics data obtained were
compared between each conditions. Results. Results showed that only wearing WR of 3% body mass did not
changed the knee velocity and kicking peak height as without WR. The foot velocities were found to be signi-
ficantly different between each loadings with velocities become lower as loading increased. Conclusion.
Wearing WR of 3% body mass were found to be suitable for athletes during training session as they can main-
tain their technical effectiveness while also increase stimulus for body to adapt in long term. Chronic studies
need to be conducted to determine the long term effects of WR loadings on the kicking techniques.
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Obpa3zosamernbHbili yHUsepcumem CynmaHa Mdpuca, TaHOxyHe Manum, Manad3us

Annomayusn. Hean. Lenbio uccienoBanus ObLIO ONpeaeicHAE MIHOBEHHOTO 3(ddekra oT HOmeHHS
YTSOKENUTENeH Ha KUHEMATHKY MPSMOTO yjapa HOTOH B TXOKBOHI0. MarTepuajibl M MeToabl. B uccienosa-
HHUM y4acTBOBAIH 24 3NUTHBIX TXIKBOHAKCTA. CHOPTCMEHAM TMPECTOSIIO BBITOIHUTH HPSAMOI yaap HOroi
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B ueThIpex ycnoBusx; 1) Homienue yrsoxenurens (WR) Becom 3 % ot maccel Tena (3WR), 2) HomeHue yra-
xenuTelst BecoM 5 % oT maccsl Tena (SWR), 3) Homenue yTspkenurens BecoM 8 % ot Maccel Tena (SWR) u
4) 6e3 yrsoxenutens (OWR). Kunemaruky aBuxkeHuil (CKOPOCTh CTOIBI, CKOPOCTh KOJICHA M MaKCUMaJlbHAst
BBICOTA yJapa HOTOW) aHANM3WPOBAIA BO BpeMs JABIDKCHHH KaK BeAyllel, Tak W HEBeAyIIeHd HOTH.
KaMepbl, TMOAKIIOYCHHBIC K CUCTEMAaM aHalin3a ABUKCHUS, UCIIOJIb30BaJIN JIA 3allTUC KUHEMATUKHU Y1apOB
Horamu. [lonmy4yeHHbIe TaHHBIE KHHEMATHKU CPAaBHUBAIM JIJISI PA3HBIX YCIIOBHI BBHIIOIHEHHS yaapoB. Pe3yin-
Tathl. [lo pesynbTaTtaM HCCIIeIOBaHUsI YCTAHOBMIIM, YTO TOJIKO HOILEHHE yTsDKenuTened BecoM 3 % oT
MAacCCHI TeJla He TIOBJIISUIO Ha CKOPOCTh KOJIEHA W MaKCHMAIBHYIO BEICOTY yAapa Horoi. OOHapy»KeHO, 9TO
CKOPOCTB CTOIIbI 3HAYUTCIIbHO MECHACTCSA 110/ BO3}1€I710TBHCM HarpyskKu, CHUXKasiCh IpU KaXXJI0M €€ YBEJINYC-
HUH. 3aKJI04eHHe. Y CTaHOBIICHO, YTO HOIICHHUE YTSHKEIHUTENeH BecoM 3 % OT Macchl Tela MOAXOANT A
TPEHUPOBKU TX3KBOHJUCTOB, IIOCKOJIbKY IIPDH JAHHON HAarpy3ke CIOPTCMEHBI COXPAHSIOT CBOIO TEXHUYE-
CKYI0 3 (EKTHBHOCTD, CTUMYJIHPYS IIPU 3TOM aJalTAAI0 OpTaHU3Ma B JOJITOCPOYHOM mepcneKkTuBe. Tpe-
OyeTcs POBEICHHE JOJITOCPOUHBIX HCCIICIOBAHUM, YTOOBI ONPEICIUTh BIUSHHUE JJIUTEIHHOTO HOIICHHS
YTSDKEIUTEIEH Ha TEXHUKY MTPSIMOTO YAapa HOTOM.

Knrwouesble cnosa: cuinopas TPEHUPOBKA, OTATOLICHUC, CHCI_[I/I(bI/I‘{HOCTI), TPECHUPOBKA C OTATOIICHUEM,

TPEHUPOBOYHBIC HAIPY3KU

Bnazooapnocms. ABTOPBI X0TEnW OBl BBIPA3UTh 0JarogapHOCTh MUHHUCTEPCTBY BBICIIETO 00pa3oBa-
HuUst Manaii3un 3a OAEPIKKY UCCIEIOBAHUS B paMKax MPOrpaMMbl TPaHTOBOTrO (hMHAHCHpOBaHUs (DyHIA-
MenTtanbHbIX uccaenoBannii (Kox rpanra: RACER/1/2019/SKK06/UPSI//2). Beipaxaem ocobyro Oiaro-
JapHOCTH YHUBepcuTeTy uMeHn Cynrana Mapuca 3a mpeaocTaBlIeHHYIO JIa00paTOpuio u 000pyI0BaHHUE.

Jna yumuposanusa: The effects of wearable resistance loading on kinematic of front kick among elite
tackwondo athletes / A.M. Nadzalan, M. Janep, A.A.M. Jahizi et al. // Henosex. Criopt. Memummna. 2022,

T.22, Ne 2. C. 92-99. DOI: 10.14529/hsm220211

Introduction

Originated from Korea in 1940s, Tackwondo
has been improved in terms of the technical and
tactical features by various masters from Korean
army during 1950s [14]. Tackwondo involves
kicking and punches as the main strike tech-
niques. 98 % of scoring in Taekwondo has been
shown to be produced by kicking [17]. Athlete’s
ability to produce a good kicking is measured by
the velocity and force of the kick. Ability to pro-
duce fast and powerful kick will result in oppo-
nents have less time to react and are more likely
to concede points because of the forces produced.

Many aspects of Tackwondo have been scien-
tifically investigated such as speed of kicking
foot and movement time [4, 10, 11, 13, 25], im-
pact force of participants of distinct level of ex-
pertise [26] and nutritional aspects [27]. Some
authors have focused in the kinematics and ki-
netics of the lower extremity and pelvis [2, 5, 6].
Throughout many researches that had been con-
ducted, it is obvious that kicking ability will affect
the match outcomes, thus, explosive kick should
be a principle focus of Taeckwondo training, and
training with resistance is recommended to fulfil
the need [3, 7, 12, 24].

Resistance training is a kind of training that
involve any kinds of equipment/tools to become
the resistance. The traditional methods of resis-
tance training involved individuals to go to the
gym and lift weights. This is due to the mounting

evidences that had shown the effectiveness of
gym training to improve maximal strength by
increasing muscle contraction velocity [8, 29,
30]. However, until now, the issue of transfera-
bility of strength gains achieved from traditional
resistance training methods to sport-specific per-
formance is still debated among strength and
conditioning coaches, practitioners and athletes
[1, 8, 22]. Several strength and conditioning re-
searchers have argued that a better training trans-
fer can be achieved from exercises that display
mechanical specificity to the movement per-
formed in competition [16, 23] and specificity of
velocity of movement [15].

Currently, similar to most other sports,
strength training protocols for combat sports
utilize the normal available weight machines and
free weight apart from the most widely used bo-
dyweight strength training [19, 28]. It is thus
proposed here that training should utilize loading
methods that are more functional in nature, and
able to be loaded while performing the actual
combat sports movement. Therefore, loadings
that permit performer to move freely according
to sports movement is suggested.

Wearable resistance training involves an ex-
ternal load being attached to certain segments of
the body during various sporting movements, and
is an example of the application of the concept
of training specificity [9, 21]. Wearable resis-
tance is used in athletic training with the aim of
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increasing power output and performance by
enabling specific movements to occur with addi-
tional loading without adversely affecting the
technical execution of the action being performed
[20]. The new wearable resistance technologies
(e. g. the Lila TM Exogen TM exoskeleton suit)
enable much greater customisation of load magni-
tudes, orientations and locations around the body.
This kind of wearable resistance enables sport
specific actions to be performed in an overloaded
manner [20].

Compared to the traditional resistance training,
wearable resistance allow the performer to train
more specific to the main movements involved
in the sport. It is the author’s interest to find out
the effects of wearable resistance during kicking
execution. Currently, as to the authors’ know-
ledge after articles searching through several
databases, no studies had yet been conducted on
determining the effects of wearable resistance
on martial art kicking biomechanics. Thus a study
in this area will provide new knowledge on the
wearable resistance training, with also consi-
dering the loading effects.

It is the aim of this study to determine and
compare the movement kinematics (foot velocity,
knee velocity and peak height) between WR with
3% of body mass (3WR), WR with 5% of body
mass (SWR) and WR with 8% of body mass
(8WR) with without WR (OWR) during Taek-
wondo front kick.

Methodology

Participants

Twenty-four elite Tackwondo athletes were
recruited as participants in this study. Participants
should have black belt in Tackwondo and should
currently active participating in any Taekwondo
tournament at least at University level. All partici-
pants should be free of any injuries. Participants
were needed to fill in the Physical Activity Rea-
diness Questionnaire (PAR-Q) and inform con-
sent. All participants were reminded that their par-
ticipation in this study is based on volunteerism
they are free to withdraw from the study at any
time. This study has been approved by researchers’
University Human Research Ethics Committee
[Code: UPSI/PPPI/PYK/ETIKA(M)/014(164)]

Procedures

Participants were required to attend five testing
sessions. The first sessions was the briefings and
familiarization sessions. The second, third, fourth
and fifth sessions were the testing sessions sepa-
rated by 72 hours in between. Each session lasted
approximately one hour, considering the prepara-

tion of participants by the researcher and the ac-
tual testing of the protocols.

For the first session, participants were given
the briefings which include details of the study,
personal rights to withdraw, consent letter and
pre-exercise questionnaire screening. Once agreed
by participants with the participant’s signing in
the consent letter, the session continued with
introduction to all testing apparatus that will be
used, and trial of all the equipment for the pur-
pose of the study. During the other four testing
occasions, the exercise protocol were completed
with three different percentages of loads to body
mass (3, 5 and 8% of body weight) and one more,
without WR in each day. Each loading were done
in separated days as a way to minimize training
effects from other loading used. During data col-
lection sessions, as participants arrived at labora-
tory, they were given fifteen minutes to perform
general and specific warm up. After that, partici-
pants were given three trials in each dominant
and non-dominant leg sides. Each trials were se-
parated by five minutes to allowed recovery for
the participants. The best technique performed
was selected to be analyzed and compared be-
tween loading. During the four testing sessions,
while participant performed the kicks, cameras
attached to motion analysis systems were used to
record participant’s kicking kinematics (foot ve-
locity, knee velocity and peak height) in both
dominant and non-dominant leg.

Front kick procedure

Front kick begin with participant stand in
L stance (L shape) position with shoulder-widths
apart. During this position, one foot was placed
in front of the other, the front foot was face for-
ward as a supporting leg and the back foot was
turned out 90 degrees as kicking leg. With body
pointing about 45 degrees diagonal towards the
target and arm in guarding block position. Parti-
cipant then raising the knee of the kicking leg
approximately to hip level and extending the knee
towards the target with the toes. Following by
return foot back to starting position.

Data Analysis

Six infra-red cameras motion analysis system
(Vicon T10s, Oxford Metrics, UK) were used
to collect kinematics data, sampled at 100 Hz.
Based on the Plug-in-Gate Marker Set, reflective
markers were attached to participant body at the
second metatarsal, lateral malleolus, calcaneus,
lateral shank, lateral femoral epicondyle, lateral
thigh and anterior superior iliac spine at both sides
of body. Analysis of data were conducted using
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Vicon Nexus Workstation software. The kine-
matic model of the lower body consisted of
the shank, thigh and pelvis of the kicking leg.
The joint displacement and movement time were
obtained through tracking the reflective makers
automatically, and then the joint velocity were
derived from the time series.

Statistical Analysis

Descriptive statistic was used to show mean
standard deviations of participants’ demographic
background and kinematics data. One way re-
peated measure analysis of variances (ANOVA)
were used to determine if significant differences
existed across different percentage of loads.
An alpha level of 0.05 were set to assess statistic-
al significance for all tests.

Results

Table 1 showed the demographic background
of participants involved in this study.

Table 1
Participants’ demographic background
Age (years old) 22.19+1.34
Height (m) 1.73 £0.08
Body mass (kg) 69.84 +4.53

Analysis of both the dominant and non-
dominant leg showed significant main effects
for all the kinematic variables investigated in all
loadings: 1) dominant leg foot velocity, F(3,69) =
=435.89; p < 0.001, 2) non-dominant leg foot
velocity, F(3,69) = 176.38; p < 0.001, 3) dominant
leg knee velocity, F(3,69) = 934.02; p < 0.001,
4) non-dominant leg knee velocity, F(3,69) =
=341.28; p <0.001, 5) dominant leg peak height,
F(3,69) = 1129.34; p < 0.001, 6) non-dominant
leg peak height, F(3,69) = 1265.52; p < 0.001.
Table 2 showed the mean and standard deviation
of foot velocity, knee velocity and peak height of
both dominant and non-dominant leg.

Pairwise comparison then was conducted to
compare specifically between all the variables
between loads. Foot velocities were different

between each of the loadings used in both domi-
nant and non-dominant legs (p < 0.05). Knee
velocities were found to be significantly different
between OWR with SWR and 8WR, 3WR with
5WR and 8WR, and 5WR and 8WR. Peak
heights were found to be significantly different
between OWR with 5SWR and 8WR, and 3WR
with 8WR.

Discussion

The purpose of this study is to determine
the acute effects of wearable resistance on Taek-
wondo front kick kinematics. Knee velocity, foot
velocity and peak height were analyzed in both
dominant and non-dominant leg and were com-
pared between four loading conditions (3% body
mass, 5% body mass, 8% body mass and without
wearing wearable resistance).

After analysis of data collected in table 2, we
can assume that the loading of WR influences
the kinematics of lower limb during front kick.
The highest velocity was recorded when there
were no WR worn by participants. The speed of
the dominant leg knee was faster than the non-
dominant one. The difference appeared in all par-
ticipants. This is in line with findings from se-
veral previous studies [32] and contrast to other
studies [18].

As like other kicks, front kick need to be per-
formed fast to enhance chances to hit the target.
Therefore, speed training is crucial to achieve
victory. As a way to enhance kicking speed,
training should include resistance to create more
challenge for adaptation. A more specific training
is recommended, to enhance the transferability of
training to sports skill. Thus, using WR is be-
lieved to be beneficial, as it allow athletes to do
their movement while carrying the loads.

A good front kick should be started with
a great knee and foot velocity. [31] in their study
found kick velocity is influenced by the knee ve-
locity. With just one component lack, the effec-
tiveness of the kicking will be affected.

Table 2
Score mean and standard deviation
Variables 0 WR 3 WR 5 WR 8 WR
Dominant leg foot velocity (m/s) 7.43£0.17° | 7.32+£039™ | 7.15+£045™ | 6.94+0.74™
Non-dominant leg foot velocity (m/s) 739+0.26™¢ | 723+047°% | 7.04+0.74™ | 6.80+0.87™
Dominant leg knee velocity (m/s) 5.09+0.19 | 5.05+0.32 | 497+0.56™ [ 4.88+0.74™
Non-dominant leg knee velocity (m/s) 5.05+0.24 | 499+0.429 | 488+0.67 | 4.79+0.86™
Dominant leg peak height (m) 1.75 £ 0.05% 1.73 + 0.08° 1.70 +0.10° 1.67 £0.11°
Non-dominant leg peak height (m) 1.73 +0.09% 1.71 +0.05° 1.68 +0.12° 1.65 + 0.09

Note: * — significantly different from 0 WR; ° — significantly different from 3 WR; ¢ — significantly different

from 5 WR; ¢ — significantly different from 8 WR.
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Results showed that each loading conditions
caused the foot velocities to be significantly dif-
ferent between each other in both dominant and
non-dominant leg. It is the interest of this study
to look at how the use of wearable resistance af-
fect the kinematics during the front kick when
compared to OWR. For the dominant leg, it was
found that 3WR, 5 WR and 8WR caused 1.48%,
3.77% and 6.59% changes to the foot velocities
respectively. What can we see here is that, foot
velocities di significantly affected by just wearing
WR with 3% body mass. As the loading in-
creased, the changes become bigger. The changes
in the non-dominant leg is greater as the similar
loadings caused 2.17%, 4.74% and 7.98% changes
respectively. Thus, we can see that asymmetry
(dominant vs non-dominant) become greater as
loading increased.

Next, results showed that knee velocities to
be significantly different between OWR with SWR
and 8WR, 3WR with 5WR and 8WR, and SWR
and 8WR. This happened to both dominant and
non-dominant leg. Compared to the foot velocity,
it can be seen here that significant changes to
the knee velocity didn’t occur when wearing 3%
of body mass. This might be due to the simple
movement of knee in which the knee is just lift
upward. For the dominant leg, it was found that
3WR, 5 WR and 8WR caused 0.79%, 2.36% and
4.13% changes to the knee velocities respectively.
Compared to the foot velocity, the changes here
is lesser, again, probably due to the simple mo-
vement of knee lift. The changes in the non-
dominant leg is greater as the similar loadings
caused 1.19%, 3.37% and 5.15% changes respec-
tively. Again, asymmetry (dominant versus non-
dominant) become greater as loading increased
even the movement is simple.

Finally results showed that peak heights were
found to be significantly different between OWR
with SWR and 8WR, and 3WR with 8WR for
both dominant and non-dominant legs. As knee
velocity, again the results showed 3% of body
mass WR did not change the height of kicking.
This showed that the leg is able to lift the foot high
enough even when carrying 3% WR loading.
For the dominant leg, it was found that 3WR, SWR
and 8WR caused 1.14%, 2.86% and 4.57% changes
to the peak height respectively. The changes in
the non-dominant leg is not so much differences,

as the similar loadings caused 1.16%, 2.89% and
4.62% changes respectively. Unlike the knee
and foot velocity, it is seen here that the peak
height did not differed too much between domi-
nant and non-dominant leg. This could be pos-
sibly contributed by the facts that both legs are
similarly strong and flexible enough to move
with weights.

In terms of comparison between dominant
and non-dominant leg, pairwise comparison was
also conducted to compare specifically in all
the variables in each loads. Foot and knee velo-
cities were significantly different between domi-
nant and non-dominant during 3WR, SWR and
8WR (p < 0.05). No significant differences in
terms of peak heights between dominant and non-
dominant leg in all loading conditions. This re-
sults showed that asymmetry occur in terms of
velocity but not flexibility.

Conclusions

Until now, there are still coaches that unsure
about the effectiveness of resistance training as
how it was performed, the loads lifted and the
efforts given might cause coaches and athletes
fear to have much increment of muscle mass
that could affect their movement effectiveness.
Wearable resistance permits athletes to wear it
and move specifically according to their sport,
thus given a bigger opportunity for athletes to
train more specific and maintain the movement
effectiveness during the training session. How-
ever, it is a need to find appropriate weights to be
used during training to maintain its specificity
with the actual movement. Wearing too much
load might affect the movement effectiveness as
athletes might perform the movement slower,
while wearing too light will not give enough sti-
muli for better body adaptation. Wearing WR of
3% body mass were found to be suitable for ath-
letes during training session as they can maintain
majority of kicking kinematics data that were
studied. Thus, it is concluded that 3 % of body
mass is the preferred choice of WR loadings as
participant can move while lifting loads on their
body while at the same time could maintain their
kicking effectiveness. It is recommended for the
studies in the future to focus on other loadings to
be used, the effects of WR if used during warming
up session, and how the WR affect a more simple
or complex movement.
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