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Abstract

This study aimed to design a knee brace with dry electrode EMS (Electrical
Muscle Stimulation) for elite badminton players suffering from knee pain and
assess its effectiveness in relieving pain and improving mobility. The assessment
measured knee joint range of motion (ROM), Sargent jump height, and pain
perception using a visual analog scale (VAS). Four experimental groups were
established: stability, pain induction after 100 squats, muscle soreness induction
with a regular knee brace, and muscle soreness induction with the EMS knee
brace. The most suitable knee brace was selected from four samples to design
the EMS knee brace. The conductive fabric was integrated into the inner
surface of the knee brace to enhance EMS conductivity for the quadriceps
muscles. Tensile strength tests showed that the dry electrode did not
significantly affect the physical functionality of the knee brace.Regarding knee
joint ROM and Sargent jump height, the EMS knee brace outperformed muscle
soreness induction with a regular knee brace and wearing a standard knee
brace. VAS measurements demonstrated that the EMS braces effectively
alleviated pain perception in most cases. The results indicate the potential for
developing EMS braces to alleviate pain and prevent injuries for athletes across
various sports.
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Figure 1. MES(Microcurrent Electrical Stimulation) Characteristics
(Ryu et al., 2008)
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Table 1. Physical Characteristics and Badminton Career of Research Subjects

(M+SD)
Variables Group
Age 218+ 27
Badminton Career (year) 123+ 21
Height (cm) 1775+ 23
Weight (kg) 702 + 43
Table 2. 7he Process of Measurement Methods in Research
Performing 100 squats for 3 sets
| | |
. ) wearing ) wearing EMS protective
baseline — 1-hour — protective gear — 1-hour — gear (after 25 minutes
measurement rest rest .
only of EMS application)
l l |
Measurement

Sargent Jump

Range of Motion (ROM) of joints

Pain Perception Assessment(Using
VAS)
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9 F= Folle 602 5 F4= 7K F, EMS Hed T8AL Lee(1993)9] oA SQI=d=d, ©] d++ 3
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£ 283 AHE 5YS S Adsiainh [ dYE A4E ddeE AWd AtiA|(standing
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Figure 2. /n The Context of Squatting Movements, The Frontal and Posterior Views of Flexion and Extension Actions

Figure 3. Sargent Jump Measurement Procedure,
a) Appearance of the Measurement Tool, b) Measurement Preparation Posture, ¢) Measurement,
d) How Sargent Jump is Applied During Badminton Matches
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9 AN RT} 65.72m/s o 54.26m/sE E=A ZAEo] uf AEAE ARSsHA] g gt T&%ﬁbﬂ TS 13 9%
THl"oA 42 HIE (Sargent Jump)7’t EQsITHe AL g & =4S AYPon, FEjt 2L ) dER, R e
ERIAA FUck 9%, Fola] YAE oz AP 339 =4 F 1
223. 55 ¥4 #99 54 ROM) S5t At T SAge s A9t

T2 #de gz HY ROME 4P| 94, 7= 224, &5 A= AAL (VAS)

DA FYL B AR AN St A7 oy
=] EZS LA on A5

55 ol 8 5
o, FFo] WA e 2w WSlolA 33l BH =

3 ck(Figure 4).

AZAA ofdR1 Ak (VASE
k. o] Ak 559 A=E

Agstel B3 H=E ¥

WRE 109 ATA e,

(b)

Figure 4. Measurement of Knee Joint Range of Motion (ROM) Angles, a) Flexion and b) Extension.

Table 3. Content about VAS Questions

VAS
Number

Survey Questions

1

How much pain do you feel in the knee when it is at rest and not engaged in any movement or

activity?

How much pain do you experience during repetitive knee movements or activities?

How much pain do you feel when the knee is flexed backward?

How much pain do you experience when the knee is extended forward?

How much pain do you feel when transitioning from a seated to a standing position?

How much pain do you experience during jumping movements?

How much pain do you feel while walking?

How much pain do you experience when running or sprinting?

O |0 | N | || w N

How much pain do you feel during routine daily activities?

o

How much pain do you experience during physical exercise or sports participation?

083 ofxx °}°>TE1
SAENS ROz Uire] 2R3 % 12700 B4 5
11HEE 12‘?1_77}
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7] wizolet. webd TR 20 gt RotE A4St
et

A A=o] "olx|x] oh2 HxE dEol Sl 471
MESe AAsH AF1BAD, AF2AZAY, AF3EAD
a8 AZ4grhE A R A AR 2ol s
Table 49} 70w Figure 59 YEMRITh E3F Ato] ==
HAARES] Bt AA 23E st} LAolz® FUst
et

Teozs Helt Zggor QI §2te] golghs B
7fote] 2% EMS 75 Hod A& fet dvt 5 B
ool A4e AAstEnh 284 ¥rhe Hien

At HotfE A=) Qs #iERIA A5 107<] A
AApA 47H2] Al 75 B d|(Figure 58 F29I=2 #
SAZ F & A9 284S Brkskth 53 37k

_ﬁr_
ol A7) & @o| ARRSH= 3714 EYA(footwork), T
Al(lunge), 131 HAZ(Gump) 7|9re] 52 B 93| A
o]

EA®N(side step), AA|(lunge), AFHEHZ(squat jump)S

Table 4. Weight Thickness, Material, and Length of Knee Protectors Candlidates

Sample 1 Sample 2 Sample 3 Sample 4
Weight 105 g 300 g 95 g 180 g
Thickness 2 mm 5 mm 1 mm 6 mm
Specialized Cotton, Polyurethane, Nylon, Spandex Cotton, Polyurethane,
Material Core-Structured Nylon, Polyester, yion. ' Nylon, Polyester,
T Silicone
Microfiber Spandex Spandex
Length 28 cm 28 cm 27 cm 16 cm
Sample 1 Sample 2 Sample 3 Sample 4

Figure 5. 7he Appearance of Knee Protectors Candidates
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AAstal, “FEto] golghry, ZHgo] WY, ‘SlH7t
HokglsF, ‘B2o] Wolshy, ‘Aztolr} Wokglrp o] Bake
Hrkel=E sttt W7k mie 2E0GR), BEolt(
Ay, Ae a8 4039 diolike AAsto A

E 53 4dx= 9o stalrh. 54 B/t Rodis 2
|k 20 B9t FAE & HUME SiGloH, e Hod
g Aol 108 FAE Folstddh 5F w/t Ade
Table 59} 2t} |7} Adto| et 2gHo02 AE 10] A

=3

A =2 5 3Ee] ks

AZstart, E,‘—E—Ei“ﬂoﬂ EMS BES A4st] 9fs A4
o] Ag=E &ol7] 9 diER

(Figure 6) Rectus femorls(ﬂiﬂl—.% Vastus medialis(th&
B, Vastus lateralis(153H) 929 FE2ES <M H
o AxA YPHE Kinesio Taping(ZIUIA| o34 4])
(Figure 6)= Z-8sto] Adstal, & me|Arv|= st

Table 5. 7he Average Value of All Questions for Evaluating comfortness of Movement

Sample 1 Sample 2

Sample 3 Sample 4

4.4 2.7

37 3.2

Figure 6. (a) Aopearance of the Lower Extremity Anatomy, (b) Design Process via Kinesio Taping Technigue, (c)
Appearance of Completed EMS Knee Protector, (d) Appearance after EMS Module Assembly

Transmission of Data on Force, Length, and Resistance

Repetitive
Exercise Up and

Textile — I Down

-

Data verification

Figure 7. Schematic of Property Testing Using UTM
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Figure 8. (a)7est Results Before Textile Electrode Attachment via UTM,
(b)Test Results After Textile Electrode Attachment via UTM
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Table 6. Variation of ROM
Num Variable N=10 F?St-. p
Verification
1 Rest time flexion 1313 £ 21
2 After squatting flexion 1079 £ 3.6
.000***
3 After squatting with protective gear flexion 1093 + 3.6
4 After squatting with EMS protective gear flexion 1309 + 21
b<{<a,d
5 Rest time Extension 0708
6 After squatting Extension 58+23
L000***
7 After squatting with protective gear Extension 37+13
8 After squatting with EMS protective gear Extension 1.1+£09
9 Rest time ROM (a) 1306 + 2.8 b.c<a.d
10 After squatting ROM (b) 102.1 £ 5.7 (@>b,c
d>b,c L000***
1" After squatting with protective gear ROM (c) 105.6 £ 4.0 b<a.d
12 After squatting with EMS protective gear ROM (d) 1298 + 2.7 «<a,d)
***p<'001
Table 7. Variation of Sargent Jump
. _ Post-
Variable R Verification p
Rest time jump (a) 627+ 19
After squatting jump (b) 594+ 18
b,c<a,d .005* =
After squatting with protective gear jump (c) 60.6 + 2.3
After squatting with EMS protective gear jump (d) 625+ 16
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3.2.2. Sargent Jump W3} 3.3. VAS 441}
SHAAIRL XA 25T D ol%et It Ko g & FgAIL A9 25F AT ol VAS &4 Aite
TEE U olF, EMS Bor) g F I9F fF 0% Table 83 Atk 1 A3 29 3 9, 108 Aol mE
| — jump(cm)
135 65
130 64
129 63 i
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& 11 _ = il
= 6 /
h }/J[ 59
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a b c d o d
Group Group
Figure 9. Comparison of ROM Figure 10. Comparison of Sargent Jump
Table 8. Compared of VAS Records
Vo Rettme At RO s Pt .
(a) squatting (b) ey SRR (T (] Verification
Vas 1 01+03 22 +06 1305 03+05 a,d<c<b .000%***
Vas 2 14 +0.7 24 +05 15+£08 1.5+08 a,c,d<b .015%
Vas 3 1.1+£08 12 £04 13+£09 13+09 - 881
Vas 4 12+038 24 +05 1.7 £05 13+07 a,c,d<b 000+ =
Vas 5 14+£10 34 +05 24 +£05 16 £0.8 a,d<c<b 000+ =
Vas 6 16+ 1.1 34 +05 23+05 19+11 a,c,d<b 000+ =
Vas 7 0505 26 +0.7 19+07 0.6 + 0.5 a,d<c<b 000+ =
Vas 8 1.0+07 3.6 +06 24 +08 12+06 a,d<c<b .000%***
Vas 9 02 +06 07 +13 06+ 13 05+ 0.7 - 713
Vas 10 1.0+08 19+10 1.8 £1.1 13+09 - 152
wxxp< 001, *p<.05
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VAS 4710l Hsle fofvlgt 2oz Yepth(p<.05).
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& AA grks sl 5% WUkE oE
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