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Abstract

The aim of this paper is to design and evaluate calf braces that are equipped
with Electrical Muscle Stimulation (EMS) modules. These braces are intended to
alleviate calf pain in PARA Taekwondo athletes. The paper also seeks to assess
the effects of different textile electrode designs. PARA Taekwondo participants
are at a heightened risk of injuries and pain due to the nature of this exercise,
which is designed for individuals with disabilities. Additionally, there is a
significant risk of strain on the lower limb muscles in PARA Taekwondo
compared to regular Taekwondo. To address this issue, calf taping methods are
commonly used. In this study, we develop calf EMS protective gear and aim to
examine the effects of different textile electrode designs inspired by taping
methods. We evaluate the differences in the effects of three different textile
electrode designs through visual analog scale (VAS) and range of motion
(ROM) measurements. The results show that EMS protective gear has the
potential to reduce calf pain among PARA Taekwondo athletes, with electrode
designs inspired by kinesiology taping providing the most effective pain relief.
This research suggests that these findings may be applicable to other sports
disciplines, body areas, and everyday pain relief scenarios.
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Figure 1. Scene from Para Taekwondo Competitions
(taken by authors)
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Figure 2. Examples of Poomsae Movement Differences Between Athletes with Disabilities and Non-disabled Athletes
(Top left to bottom right: Left Downward Kick/Left Front Stance, Right Front Body Kick/Cat Stance,
Right Hand Boady Block, Side Kick)
(taken by authors)
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Table 1. Types of Foot Techniques and Hand Techniques in Taekwondo

Foot techniques

Hand Techniques

Front Kick (2kxt7
Back Kick (§I2k7])
Side Kick (Z2t7])
Turning Kick (S24217))
Downward Kick (LH242}7])
Crescent Kick (BFta}7))
Swing Kick (£242}7])
Jumping Kick (%£[012}7])

Punch (R[£7])
Strike (217])
Push (271)
Block (27])

Table 2. Scoring of Taekwondo Techniques

Taekwondo

PARA Taekwondo A

Attacking the torso with a front kick

Attacking the torso with a front kick

Awarding 2 points

Attacking the head with a back kick

Attacking the torso with a back kick

Awarding 3 or more points

Attacking the head with a kick that
includes a spinning motion

Attacking the torso with a kick that
includes a spinning motion

Awarding 4 or more points

Attacking with hand techniques

Generally awarding 1 point
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Figure 3. Taping Therapy for Pain Relief
(drawn by authors)
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Figure 4, The Structure of EMS
(drawn by authors)

(H) V)
Horizontal Vertical Gastrocnemius muscle
Direction Direction Direction

Figure 5. FMS Calf Brace
(taken by authors)
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Textile electrode
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Inside

Textile electrode
(E-textile)
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Magnetic snap

Conductive thread

Outside

Conductive thread

Magnetic snap

Figure 6. FMS Sleeve Design Diagram(H)
(drawn by authors)

Figure 7. £ms Moaule
(taken by authors)
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Figure 8. Structure of Conaductive Fabric
(Taken by authors)
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Figure 9. Fabric Flectrode Design Diagram
(drawn by authors)
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|-\“‘\‘\ .‘-

_+ EMS module

Conductive yarn

sleeve

"+ Textile electrode(inside)

Figure 10. Wearing an EMS Sleeve
(drawn by authors)

Table 3. VAS Question

VAS Index

VAS Question

The degree of calf pain when no movement is made.

The degree of pain experienced during repetitive calf movements.

The degree of pain when the ankle is flexed backward.

The degree of pain when getting up from a seated position.

The

degree of pain during jumping.

The

degree of pain during walking.

~N | OO W N

The

degree of pain during running.
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Figure 11. Calf Raise Posture for Inducing Pain
(drawn by authors)

ROM angle

Dorsiflexion

Figure 12. Measurement Methods for Ankle ROM
(drawn by authors)

Table 4. /Information on Participants in The Experiment

Plantar flexion

(M+SD, n=10)
Variables Group
Age 268 £ 39
Height (cm) 1765+ 42
Weight (kg) 67.2 +6.2
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Table 5. The Process

of Measurement Methods in Research

Performing Standing calf raise 100 times

| | | |
wearing 1% wearing 2™ wearing 3"
baseline 2H EMS sleeve 2H EMS sleeve 2H EMS sleeve
measurem — — after — — after — — after
ent rest rest rest
(1 min) (1 min) (1 min)
| | | |
Measurement Pain Perception Assessment (VAS)
Range of Motion of ankle (ROM)
é m ‘ ‘ § ] ‘“ ‘
- ‘ d | “ | ‘i k - “' H ‘ ’ H ‘ \
oo 1 0 500 1000 ime 1500 2000 2500
(A) (B)
Figure 13. Resistance Changes of EMS FElectrodes
(A Before attaching the electrode, B: After attaching the electrode)
(drawn by authors)
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significant difference)g Aottt BE SARAY {2 A= HiXE QIeE o4 WilR 55 4%k ave glva
22(a)e 0052 A S BUS FAF 5 Aol EF HF F A3 A4
2 Figure 149} Zom 2 B0z UTME Fal 9%
of wg HolE =A% A Hi 2270004 A
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Table 6. Compared Of VAS Records
After Perform calf Perfor.m calf Perform calf
. Standing calf . raises . raises . raises post-
Variable raise |mme<.i|ately aftsr |mmefl|ately aftnir |mmefl|ately aftsr verification p
@) wearing the 1 wearing the 2 wearing the 3
EMS sleeve (b) EMS sleeve (c) EMS sleeve (d)

Vas 1 20+04 15+03 1.1+03 08+0.2 d<{bc<a .000%**

Vas 2 27 0.7 24 +03 18+06 15+03 d<c<ab .000%**

Vas 3 3.0+0.7 26+03 19+05 1.7 £ 05 cd<b<a .000%**

Vas 4 35+03 34 +£0.3 32204 31203 - .381

Vas 5 35+03 33+£0.2 26105 27 05 cd<ab .003**

Vas 6 2804 24 £03 13202 1.1+£03 ¢d<b<a .000%***

Vas 7 35+ 05 32104 1804 1.7 +£05 c¢d<{b<a .000%***
*%x0< 001, **xp< 01
2. VAS 2% 2z & 7Kt 180l folF % g BYch AL

o TAele] Mol HAEH EMS SeHE 487 d 1

AQR T FEEY olF VAS 54 Avhks Table 67 Fo A 7P WE2 55 RS R 2% 299 Ae
Zoo) Bg 41S A RE VAS Zgel MBE % ab IFL 4% 5% A= Byon olntt ¢ 17
olugt Aoz UERHTHp0.05). & 199 3¢ offd o 22 55 ATE Ut T3 d 280l 7P W2
g 28057 g2 AHelA A= 7Y allFol 7K EZ Ans et £ 3, 6, 799 A9 4 OFHE
59 Art A vgten, Ztedke] A= tarle] & b 80|, bAEETt ¢, d 180] T 2 BZ HLE e
ozt EMS &2BE 8 © A= VR bIF ¥ A= yiolon, ofxjeto 2 2} 5ol A9 ab IFET ¢d 1
drge] 45 Oaielo] Solzk EMS £¥HE A § A3 Bol f £ Aws Bee & & otk 3, BehEe o
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Table 7. Compared of ROM Records

After Perform calf Perform calf Perform calf
Standing calf raises pRises post-
Variable . immediately after immediately after immediately after e p
raise . " . nd . d verification
@ wearing the 1 wearing the 2 wearing the 3
EMS sleeve (b) EMS sleeve (c) EMS sleeve (d)

Dorsiflexion 42.9+12.8 459199 51,914 3 52.3t45 ab<cd L000**=*
Plantar 20.70.7 21.1:0.8 23.7+1.8 25.845.1 adb<c<d .000%x*
flexion

***p<'001
w2t %5 2 2L & I8L Dorsiflexion AE]Q} Plantar flexion

Axgho] vehgon] g Ao fAld
5% Aste] mapt gt 4 9leS & S ANk
2, 5¥19] Ark= Zt2Ejx|9] M= fAele ¥HEER
ofg|e] &Rl HuE ANT of 55 AHspl art
Aog yepdtt. ol ALlgt vmA] 1, 3, 6, TH &
ATl = RE EMS Hotirt 52 Asll fupt
Zog Vet v fouet A Bl BE
FollA] ZIdAlL. Ho]® tjzRle] A= EMS Esdizt 714
5% 95 st Hejgtow, WEo] 2 2 o, Hug
o, 23 2 g2)7] ©Fo FIoME AR wixle XM=
gzl foJgt Jre] 55 st mukg Bk 1|1
FAo] gl WAL vl ol A Folie
ZIAL Hloj® txple] A= wfx] W4l EMS Horgto]
P 2 S 98t 37E ESrh ol EMS ESdivb of
Ho] Ao 5 st mabrt AT B3y, gE)7] 5
7 &5 Aol Fotg] 282 AAHoR e e
EMS A= taRele] 55 gslo] o & a1tE & 4 3o
o okol Sl AddielA dolg wio] gt HGlH olf=

ETS 2 B85 #HES 2451 FES| Fote]
ZHAe]7] wEel 5 Zpel7t 37

ot uE
o 20 ol An

oo

b lo
Mo xo

o0

5 o T
30 o
ML
o
>
N
N,
=t
Mo

Ztzte] agolA ROM &% Zihe Table 73 2t &%
5 2 A% 4= JMs HeE M AHolen gl
ROM9] Hzh= fofgt Aol7t gl Aoz Uekit
(p£0.001). M=ol Al2=2 Tzl H EMS ESdi2 2=
& 5% 7dAeEH e Yo g tael H EMS Hotf

e B I ] vbs WeE seFe ENE 2o
Gt e T 4 A ER
Jefo] B¢ E=o 7h Helk EMS A=

A
[e]
2 e F AR ZRSS AT & gglon upr

2 A7 PARA HHE: ASES tiem & Fole
EMS B3] gito| thgt A5 Fasiilth. £3], EMS
Hodjo] A= taclo] 5 st nAle FFE XA
Qo Ad Adl Z|AL =l B M= gAle 7
EMS Hotj7} tg daele| His| o anxoes &5
= AeE UeHth FF 943l AE= TF
2 o] FPot= ol wet Folrh o tiEE
EMS BoE 53 A=) 55 &8t 845 7o 2
o Eo| A= #eke] A= faR] 2 7uAL Holy K
o] A= tiRle] aipAolgiet. 59] offy Yol ¢l
< ot 5 FE 29 o, 2A4 2 1 7[WAL Hel
7 B A= gARlel 55 g3l JPE aaAE]l Al
2 Ugton o o3t 4nE vehd EPlE A=
wge] A2 Ol 2o] ¥ 5% Al Aol
ROM =% A3 Dorsifilexion AHo|A= 712 Heko] A
= HARIE EMS A=0] gl et fougt ZolE
U AR A= weke] A= gael 2 7IHAL H]
ol ko] M= fzAle] EMS BHEtiE =5 7Ijt 4

Jo o Ay
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A3t B0] B G 0@ S glon, ofo] that

= )
AR SfEde O59 Axx o] FAHA

) Gge
2 % 9k webd, Folel 552 $shs)] 9Ig Aae
BT UAle AeEe] Ed 9 7] Hol Fag o
B G S gk B ohet, £F pelo] glold 45
Q1 WIS olele] kel EMS ®otle] maje) ojg Al
o Az AUt ABA A=W WA EMS BT
2 AgFoRN 55 B chpge HoE 4 glon,
ol g Ao YA ARl H BE TS Beigo
7 Aol npEroR, o @7t HAIHel EHeE
Fag 20 sasht JAeHely Bl A3 o
Ao £% gofo] S ANE HolFely), ol BT
del dacle] 5% ol Gloidl Fas Age & 4 9l
5o m@u}. 5 oy AZYA % ATASL ol

aHste] AES gl FeA7IE Hl =
i WaZt ok B, & ATE PARA A 44
S0 2 9als sk EMS Harje] AAtiRRl mato]
et Alze S2L At o Uopl, B4 13 oA
glo] 5% @alol] mAL GFS olsigoz Herhe] &

é% =Hiekshs dl 71018 ¢ Qe ot Axke Al
/] _1,]- AL Ak % ]bg}_l‘:_i 3/]}\:1 /]Eﬂ
ZQlitotel] Fa7t ofulE A, % B
QoA 8 Ze P77t Pasi

ﬂl]ﬂ m:[o

A7 9 4%

=

References

Artioli, D. P., & Bertolinii G. R. F. (2014). Kinesio
taping: Application and results on pain: systematic

Fisioterapia  E - Pesquisa,  2I(1),  94-99.
doi:10.1590/1809-2950/553210114

Bridge, C. A., Ferreira da Silva Santos, J., Chaabene, H.,
Pieter, W., & Franchini, E. (2014). Physical and
physiological profiles of tackwondo athletes. Sports

review.

medicine, 44, 713-733. doi:10.1007/540279-01-0159 -9

Campos, F. A. D., Bertuzzi, R., Dourado, A. C., Santos,
V. G. F., & Franchini, E. (2012). Energy demands in
taeckwondo  athletes  during combat  simulation.
European  journal of applied physiology, 1124),
1221-1228. doi:10.1007/s00421-011-2071-4

Casolino, E., Lupo, C., Cortis, C., Chiodo, S., Minganti,
C., Capranica, L., & Tessitore, A. (2012). Technical
and tactical analysis of youth taekwondo performance.
The Journal of Strength & Conditioning Research,
26(6), 1489-1495. doi:10.1519/]SC.0b013e318231a66d

Chiodo, S., Tessitore, A., Cortis, C., Lupo, C,
Ammendolia, A., ITona, T., & Capranica, L. (2011).
Effects of official Taekwondo competitions on all-out
performances of elite athletes. 7he Journal of Strength
&  Conditioning  Research, — 252),  334-339.
doi:10.1519/]SC.0b013¢3182027288

Davalli, A., O'Sullivan, D. M., Bella, S., & Jeong, H. S.
(2021). Types and severity of physical impairments of
para tackwondo athletes. 7he Journal of Sports
Medicine and Physical Fitness, 61(8), 1132-1136.

Estevan, I., Jandacka, D., & Falco, C. (2013). Effect of
stance position on kick performance in taekwondo.
Journal of sports sciences, 31(16), 1815-1822.
doi:10.1080/02640414.2013.803590

Fu, T. C., Wong, A. M., Pei, Y. C., Wu, K. P., Chouy,
S. W., & Lin, Y. C. (2008). Effect of Kinesio taping
on muscle strength in athletes—a pilot study. Journal
of science and medicine in sport, 11(2), 198-201.
doi:10.1016/j.jsams.2007.02.011

Hwang, S., Park, J., & Kim, J. (2021). A study on the
development of a calf supporter for improving balance
capacity. Journal of fashion business, 2X1), 39-50.
doi:10.12940/JFB.2021.25.1.39

Ivéek, K., Buljevac, M., & Leutar, Z. (2021). Para
taekwondo: Understanding the perspectives of coaches.
Hrvatska revija za rehabilitacijska istrazivanja, 3572),
47-58. doi:10.31299/hrri.57.2.3

Kim, M., & Ryu, S. (2021). The Knowledge Structure
Analysis on PARA TAEKWONDO with Keyword
Network Analysis. Kinesiology, 62), 64-74.

Kim, T. H.,, Cha, M. H., Lee, J. W, Kang, S. K, &
Kim, Y .I. (2020). Taekwondo athletes with disabilities



124 OjMH|ZLA A28 25

decide the game content. Journal of Asian Society for
Health & Exercise, A2), 55-65.

Kim, Y. K., Kim, Y. H., & Im, S. J. (2011). Inter—joint
coordination in  producing kicking velocity of
Taekwondo  kicks. Journal of sports science &
medicine, 1X1), 31.

Kordi, R., Maffulli N., Wroble, R. R., & Wallace, W.
A. (2009). Combat sports medicine. Springer Science
& Business Media.

Lee, M., Youm, C., Son, M., Kim, J., & Kim, Y. (2017).
Effects of chronic ankle instability and induced
mediolateral muscular  fatigue of the ankle on

competitive tackwondo athletes. Journal of physical

therapy  science,  2%8), 1329-1335.  doi:10.1589/
jpts.29.1329

Lopes, P., Ion, A., & Baudisch, P. (2015). Impacto:
Simulating  physical impact by combining tactile
stimulation ~ with  electrical ~muscle  stimulation.
Proceedings of the 28th annual ACM symposium on
user interface software & technology,

Lystad, R. P., Pollard, H.,, & Graham, P. L. (2009).
Epidemiology of injuries in competition tackwondo: A
meta—analysis of observational studies. Journal of
science and medicine in sport, 126), 614-621.

Mailapalli, D. R., Benton, ]., & Woodward, T. W.
(2015). Biomechanics of the taeckwondo axe kick: a
review. Journal of human sport and exercise, 1X1),
141-149. doi:10.14198/jhse.2015.101.12

Matsushigue, K. A., Hartmann, K., & Franchini, E.
(2009). Taekwondo: Physiological responses and match
analysis. 7he Journal of Strength & Conditioning
Research,  234), 1112-1117.  doi=10.1519/]SC/
0b013e3181a3¢597

Mosler, D. (2018). Application of tackwondo paralympic
rules for sparring competition in terms of special
needs physical education for reduction of challenging
behaviour. SOCIETY. INTEGRATION. EDUCATION.
Proceedings of the International Scientific Conference,

O’Sullivan, D. M., Jeong, H. S., & Won, H. J. (2022).
Functional reaction times of a simulated blocking test
among para tackwondo  athletes.  FHealthcare,

doi:10.3390/healthcare10071231

Parry, S. M., Berney, S., Granger, C. L., Koopman, R.,

El-Ansary, D., & Denehy, L. (2013). Electrical muscle
stimulation in the intensive care setting: A systematic
review. Critical care medicine, 41(10), 2406-2418.
doi:10.1097/CCM.0b013e3182923642

Pieter, F., & Pieter, W. (1995). Speed and force in
selected taekwondo techniques. Biology of sport, 12,
257-266.

Pieter, W., Fife, G. P, & OSullivan, D. M. (2012).
Competition injuries in taekwondo: A literature review
and suggestions for prevention and surveillance. British
Journal of sports medicine, 46(7), 485-491.

Pons Van Dijk, G., Lenssen, A., Leffers, P., Kingma, H.,
& Lodder, J. (2013). Taekwondo training improves
balance in volunteers over 40. Frontiers in aging
neuroscience, 5, 10. doi:10.3389/fnagi.2013.00010

Sant’Ana, J., Franchini, E., da Silva, V., & Diefenthaeler,
F. (2017). Effect of fatigue on reaction time, response

and  kick
taeckwondo roundhouse kick. Sports  biomechanics,
16(2), 201-209.

Seo, B. D, Kim, H. J, & Ju, J. Y. (2020). Effect of

by the
taeckwondo training type. Journal of the Korean
Society  of  Physical ~ Medicine,  153), 1-9.
doi:10.13066/kspm.2020.15.3.1

Xia, Z., He, H., & Wu, J. (2020). Return to Society: A
case study of the psychology impact of taekwondo

time, performance time, impact  in

muscle fatigue on the proprioception

training on the handicapped athlete. Open Journal of
Social Sciences, &3), 228-238. doi:10.4236/jss.2020.
83021

Yoshida, A., & Kahanov, L. (2007). The effect of kinesio
taping on lower trunk range of motions. Research in
sports  medicine, 15(2), 103-112.  doi:10.1080/

15438620701405206

Received (April 25, 2024)
Revised (May 17, 2024)
Accepted (May 21, 2024)



