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Abstract

The purpose of this study was to investigate how wearing calf support and
applying of electronic muscle simulation(EMS) affected the ability to balance. In
this study, the one leg standing test for static balance and the Y balance test
for dynamic balance were used to assess balance. At this time, the pressure of
the calf support was different to produce two supporters, and a difference
between wearing the support before, after, and after applying EMS was
evaluated. Seven men in their 20s with healthy bodies were measured five
times each with a five-minute break, taking into account muscle fatigue, and
the difference between each variable was analyzed through a follow-up test
using nonparametric statistical analysis. Studies have shown more difference
from supporter B with a more appropriate pressure (mmgh) for increasing
balance capability than from supporter A. In addition, it was confirmed that
the use of EMS electrostimulation and support before measuring the balance
capability resulted in a greater difference. The proper pressure (mmgh)
supporters and EMS can increase the ability to balance, and these results can
be expected to improve the balance ability of ordinary people in their daily
lives.
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1. M2
e 2o] AF5e AAEY, HPL sl e sy o
P& =l S Fastet ot 7@ Al Folx
g4 2271 (base of support)tloll E2 ZA4](center

of gravity)2 GA5= 58 © & (Nichols, Miller, Colby, &

Pease, 1996) 449 ¢HgAT SRS Qo Zag A4
58 F siugA gutdor AHA H(static balance)d}
] #¥(dynamic balance)o® FEHCE FA H4FS A
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Table 1. Physical Characteristics

variable MeantSD
Height(cm) 172.3314.22

Age(years old) 25.67+2.1
Weight(kg) 72.50+9.46
Leg Length(cm) 86.17+3.06

Figure 1. Anterior Tibial Muscle, Soleus Muscle,
Gastrocnemius Muscle in Order
(www.sedaily.com)
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Figure 2. Calf Supporter Taping Design
(Front and Back)
(taken by author)

29| B A5A30] B Hﬂ% o Table 25 H@ A
= B AF4L 9l
35% 20%2 =Tt <Al Rl
Holthy e A mEe] A7 wr|
ki S Z 5 9w, Aol el Az nqaﬂ—
o] AL A Zgo] ofHetE AL A Ago]
ok, £ Aol Fobd Amel: Aelzo] obd M4t
Al S T=A st z]— Qe sl A|AHS 3
245} shee
g BARI
Ut ojFar)

go]3 quo E+~J+ z
H"H onﬂ-aio]] ;q-o]E =1

= A Adsdt. e

ol

tHFigure 2)
20mmhg HZE



42 OjHH| 2L A 25 12

ol QlE= o8 Fore] HF AEE Y] el H
5 20~30mmhgel™ (Do & Kim, 2012) AZH Ax 9
13cm, oFf 8.5cm, =o| 28cmz AJASIIT A ZE] B:
9 11.5cm, oFl 8cm o] 27cmz AZ = AckFigure 4, 5).
A & Fole r AMREe HFAIA AT L (Korea
Apparel Testing & Research Institute, KATRD®| 2]}
HEE S Sokginh. Bkl ARgE e 9ESF 547
(TNB-300, AMI Tech)& ARgsto] 2 A AU (EBE
Walk—in, ESPEC)OIA XY Gict. SA4E Fota] ot A
E]9] oharel2 o33t Zrh(Table 3).

Table 2. Differences Between the Types of Calf Supporters

2) Foke] AxElet EMS 2E A%

Fole] AxE EMS BEE AZsh] dof A AdE
AwA Ag vi=Astd i (Figure 8), £ofg] A2y &
Hol M UchFigure 100 @ ZHAI|E o] gste] A
Zstck. oln, EMS RES FAR AES o]gsict
(Figure 9). E&o] 24 Alal AxA A T2y HEA
dAkS 5o EMS ARE Mt e AR 2g2
b3t Zoh(Figure 11).

in

re

Produced
Calf Supporter

A Company
Calf Supporter

B Company
Calf Supporter

Nylon 90%

Material (Base) Spandex 10%

Nylon 65%
Spandex 35%

Nylon 78%
Spandex 22%

Material Nylon 86% Silicone Silicone
(Taping Part) Spandex 14%
- Seamless Technique
- Taping Tech - Taping Tech

Technology - The effect of Taping

- 4 Way Stretch

- 4 Way Stretch

- 4 Way Stretch

Figure 3. Wearing a Calf Support (Front, Side, and Back)
(taken by authors)
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Figure 4, Figure 5. Figure 6. Figure 7.
Calf Supporter A Calf Supporter B Measuring Part 1, Measuring Part 2,
(Blue) (Red) Lateral Gastrocnemius Central Anterior Tibial Central
Measurement Point Measurement Point
(taken by authors) (taken by authors) (KATRI, 2020) (KATRI, 2020)

Table 3. Comparison of Two Types of Support Pressure

B(Red) A(Blue)
Part 1 Part 2 Part 1 Part 2

TYPE

Compressive Force(mmhg) 21.8 22.6 18.1 19.2

* measuring part 1: Lateral Gastrocnemius Central (Figure 6)
* measuring part 2: Anterior Tibial Central (Figure 7)

Figure 8. Attaching a Magnetic Snap Figure 9. EMS Module of
for the EMS Module Fcompany (Front, and Back)
(taken by authors) (taken by authors)
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Figure 10. Adhesion of Conductive Fabric
on the Inner Side of the Calf Supporter
(taken by authors)
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She Woly, dubdor HFDU} o]&HY glom, &%
At dRilEe] Edeld &g E-8HcHlin & Yan,
2011). Choi, Choi, Shin, Ko, and Kim(2018)2] Aol
of oot 544 o8 9 X FUtl EMS+Er oF
zh-go] gatal Aoz et FotE] out 2 EMS A
ZEE oty H99 &5 vEZI /s BrHe
2 4 e Heold 7ol ozt mido] Hgxo]
AcHFigure 12). BB} 7ol &= 282 8435 A4
& e 9ol EMS A71A=5 7] Sloll A=A dde]

o i
N
i
fo

o dJo
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vapglo] gleh, EMS A7) 432 B4k mel Aw
e Sig iAAR 2aRoe] AL Webd A7) Arde

A

D 54 o9 Y w3 AAKY balance test, YBT)

Y @3 AAKFigure 13)= sHA9] 28, 4A4, 174484
AL Eoke Aoz, o IR AR A vz
e A, & WS, Ea § 59 Al 7H] WEe s
W= ZAE AASHE #3 A4 B olth(Plisky, Gorman,
Butler, Kiesel, Underwood, & Elkins, 2009). AX]m]€](cm)

g HolZE olgste] Mo g rEer IFRI

Figure 11, Completed Pressure EMS
Supporter Outside
(taken by authors)

Figure 12. EMS Electrostimulation
Position
(taken by authors)
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2 At A& 49 ZA(Figure 1412 ol g A7) 4
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Al 7Fss HAatolrh, mEArE ddsty WEgh 2HeA
e A1, e Wgdor 51 SASHr ofu Hiy
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A= 53] AFPste] Hagto g sy, &4 7 580 &
Alg FHstdoh A4 20-300] A1 FHY] =2 A1 AA|
3t S A7) AAR= i 27.52 ZO|th(Vereeck, Wuyts,
Truijen, & Van de Heyning, 2008). th23 & Argo]
oW A7t =A4S& BWHTKSchlicht, Camaione, & Owen,
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o
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2001). HA, AT Ee 5
7 AR vl B A9
Sz dold A9 WA,
& 9ol

5. &8 process

Fore] ar % EMS ARE7F FF dRel HAe 4
Yotr 7] 95l g 4171 HAHone leg standing test) &
At T4 w3l vAle FFE GotRr] Hsik=

Figure 13.
Y Balance Test
(taken by authors)

A%, 54, 50 &2 o)
A, AASRE Tl A%
So} al thals} uige] @

ool

~ o

78 AAHY balance tes)E AASHILE BE FF A=
Fold] HF MEEE 8 M EMS A7) A= 7 Ate]

& W A Fote] HEH

1) 84 #YHY process

WA A thgAse] Fotel Axd A8 W A IS
= 2z
— .

A5t7] Yl ehe A7) HAHone leg standing test)S

£ %8 3 % 204 7
Sz gge Hasb) g9 u At
FA2 A9 T e ANES AASES Sl 4
WS

54 39 w0z ZHsHgn e o

Wik, FAel o Ada Aee sFa Ad Fvel 4

g ol T SREENE HASP] el A5 P T
WA G O 5 @ B e nZel A F 59
AAsHEd, 18] 24 5 S89) FAANRIE 3 59 19
Fok W W BV IS AL A0E FU
AEE g A A AFS WA AY, AXET G5

Figure 14.
Ong Leg Standing Test
(taken by authors)

3242 s A AEHY EMS BES 2gste] 102
Fab A7) AL BE FAAIA Hagt olF o

A AR Sl SsRIE FAskeh AFEE
ol 9l dAFe 182 ARt e o w2 Y

BlAstaL e Zpel= Foheth ojmf ZpAIZE FUAA ol

o

0 A= Wk 4E 29 et
b e @ WA RS SR FAAZ F A
=4 slo] % 59 APsiedch. ARE Hg A A 4
S WA 1Y, AT A$ST £HS 1 UA Az
of EMS mES Agstel 108 A A7) A3e Her
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FAENA A9 olF gto] AL wEste] A A

A7An} A= SPSS 260 ZEIAWL o|gste] 7 &A
Hjle] w9 BEWAE & FASth WET Ax
B, EMS+AZEE 27t Z85te o, B4 79 53
#39 8 ol ANEA 47 H2E FEo| 95

wj7]7] 945}e] Friedman Test® ARESIG, ZF & 714

=

2
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2o i, Aols

skelstr] gJs) A4

7AA o2 Wilcoxon

ATt BAH folsEe p<05

Signed—Rank Test
2 39k

nm, Zap o nzt
1. Z} &2 &2 FJ(YBT)2t A FI(0LST)2| zto]
D Zt &858 54 dJYBDL A #F(OLSD2 Apo]
o= YBT(L-2HR)(p=.001**)2} YBT (L)
(p=.002**),  OLST(LEHR)(p=.008**), OLST(YL)

(p=.026%)cl|A RE

Selulet Aolh LR, B 9]

L EMS+B ) EMS+A > B> A > #§ Hoz st
Btk 9] Zol B3| o (Table 4)(Table 5), Z+

1 7+o] QI AA

=111 O

55t tH(Table

el =
(WilcoxonSigned-Rank
6, 7,8, 9.

Az 9

Test) 02 ALE

2. A MEE| 38 W, %
(OLST)e| =}o]

£3 FY(VBNY ¥ Y

o™l —wo

D A Aze 28 d, § 54 4F(YBDS FA ¥
(OLST) 9] Apololli= YBT(R)(p=.018%), YBT(L)(p=.043%)

ofl A folgt Apol7t UEtth YBTR)E A A2H 28 A
(78.77+5.61) Bt A A XE 2
Z7tetdty. YBT(L+ A A2E 28 #(81.40+£596) B

tt A AEE g 5(85.58+7.74) 4.18%

U YBTR)® YBT(L)S AlLgt &A=

2h8 $(85.33+£7.57) 6.56%

7}3}““4. e

ol o]t

Table 4. Dynamic and Static Balance, Respectively, Rank Test Items According to Left Foot (L) Right Foot (R), Test

Statistics, and Friedman Test

. Before 2
Variable Wearing EMS+A EMS+B A B X P
Dynamic Balance R 1.00 371 486 2.29 314 23771 | .000%+
(Mean rank)
Dynamic Balance L
1.43 4.00 4.29 2.14 3.14 16.457 002 **
(Mean rank)
static Balance R 129 357 414 257 343 13829 | 008+
(Mean rank)
static Balance L 143 357 4.00 2.71 329 11086 | 026+
(Mean rank)
*p<0.05, **p<0.01
Table 5. Differences in Dynamic Balance (YBT) and Static Balance (OLST) According to the Friedman Test
Aftgr Aﬁgr After After
Before Wearing Wearing Wearin Wearin
Variable Wearing EMS+A EMS+B 9 9 D& p
A Supporter B Supporter
MeantSD Supporter Supporter Mean£SD Mean£SD
MeanSD MeanzSD B B
YBT(R)% 78.77£5.61 87.0418.11 89.28+t7.74 85.33+7.57 85.8317.14 23.771 0071 **
YBT(L) % 81.4015.96 88.2618.32 88.6718.22 85.58t7.74 87.2317.40 16.457 .002**
OLSSeTC(R) 9.8119.02 26.701£22.52 28.88129.32 19.25£18.23 20.32+28.42 13.829 .008**
OLST(L) sec 997+7.77 31.55£39.18 32.33+38.80 23.51+£33.46 20.24422 .23 11.086 .026*

*p<0.05, **p<0.01
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2,

UeRt2] Qokth(Table 6). 5, A AXZE Zgoi:= &
AT 1 ol YERRSET, A AXE o
A dolMe I BE UEWA daE F 5 ol

Mo .

3. B AMEE| 8 M, ¥ SN FU(VBNL ¥ 3
(oLsT)2] o]

1) B AxH g d, & 78 FIJNBDe HH 49
(OLST)®]  AoloA= YBTR)(p=.018%),  YBT(L)
(p=.043%), OLST(R)(p=.018*%), OLST(L)(p=.028*)°A &

Al Zpol7k vrERR] oFokAIRE, B AEE AL FH Y,

A 1% BFoA ol NS & 4 Tt

4. EMS+A AMEE 22 H & S
ZA(oLsT)2| zto|

= 3(YBT)2t 43

) EMS+A Az 28 4, & 54 F(YBD} 34 &
FOLST)9]  HololAl=  YBTR)(p=.018*%), YBT(L)
(p=.028*), OLST(R)(p=.018%), OLST(L)(p=.018%) oJlA]
RE ot Apol7k yebgdth YBTR)E EMS+A AZEE

felgt ztol7k vEttt. YBT(R)E B Al2H 2hg A
(78.77+£5.61) Et} B A xE 2hE $(85.83+7.14) 7.06%
S7kkdet. YBT(L)= B A8 2H8 4(81.40£5.96) Hrh
28 5(87.23+7.40) 5.83%%75ktE. OLST(R)
S B AEH Z{ AH(9.81£9.02) Hr} B AzH g T
(20.32+28.42) 10.51% Z7}stqct. OLST(L)L
28 2(9.97+7.77) Bth B AZE ZE 5(20.24+22.23)

10.27% F716t9tHTable 7). A AZEJA = %

B AxEE] Z

B AiE

94 e

(87.04+8.11) 8.27%

(26.70£22.52) 16.89%

2Z+g A(78.77+5.61) Hr} EMS+A AMZH g F
715t YBT(L)= EMS+A A3
B 28 #(81.40+596) Er} EMS+A AxE g §
(88.26£8.32) 6.86% Z7Fottt. OLST(R)}2 EMS+A A
xe 28 #(9.81+9.02) Hrk EMS+A AXLE g F
Z7ksldt. OLST(L)S EMS+A
AME Zg H0.97+7.77) Hth EMS+A AXEE g &
(31.55£39.18) 21.58% S7tolitk(Table 8). of7]oflA A

Table 6. Differences Between Dynamic Balance (YBT) and Static Balance (OLST) Before and After the A Support was Worn,
Wilcoxon Signed-Rank Test

Variable Bef:;:a :\igiging Afi;;:,?::rg , )
- MeanzSD
YBT(R) % 787745 61 853347 57 -2.366 018+
YBT(L) % 814045 96 85 5847 74 2.028 043+
OLST(R) sec 9.8149.02 19.25+18.23 -1.859 063
OLST(L) sec 9.97+7.77 235143346 -1.183 0.237
*p<0.05

Table 7. Differences Between Dynamic Balance (YBT) and Static Balance (OLST) and After the B support was Worn,
Wilcoxon Signed-Rank Test

. After Wearing
. Before Wearing
Variable Mean£SD B Supporter z p
B Mean+SD
YBT(R) % 78.77£5.61 85.83+7.14 -2.366 018+
YBT(L) % 81.40£5.96 87.23+7.40 -2.028 .043*
OLST(R) sec 9.81+£9.02 20.32+28.42 -2.366 018+
OLST(L) sec 9.97+7.77 20.24+22 23 -2.197 028+

*p<0.05
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AT BEPYS t(Table 6)9H= th2A EMSE 8%
A MEEAMAE B4 ¢33 T @9 BT Aolg Ue
Yol EMSe] &vHE UehiT 98-S & 4 itk

5. EMS+B AMZE| %2 M, & £ FH(YBT)2}
FH(oLsT)e] 0|

1) EMS+B MEH 24 H, & 54 F(YBD} 44
F(OLST)9]  ApoleflAl=  YBT(R)(p=.018*), YBT(L)
(p=.018%), OLST(R)(p=018%), OLST(L)(p=.018*)]4 =
T o3t Aot yergth YBT(R)E EMS+B A%E 2

4 (78774561 Ktk EMS+B AEZH zg

(89.28+7.74) 10.51% Z7tstAtt. YBT(L)E EMS+B A
B & A81.40£596) Htt EMS+B AIE g

(88.67£8.22) 7.27% %7}st4irh. OLST(R)> EMS+B A]
B Zg A9.81+£9.02) Eot EMS+B AZE g

(28.88+29.32) 19.07%2 Z7letgct. OLST(L)-2 EMS+B
Az 2 H0.97+£7.77) Hrtk EMS+B MZE g &
(32.33£38.80) 22.36x Z7I5titHTable 8). B AZEHE
2ge ot Zo] EMS+B AXHE ZHE519S doz
frefgt atolg vEb et

PR

—{Oll

Table 8. Differences Between Dynamic Balance (YBT) and Static Balance (OLST) Before and After the EMS+A Support

was Worn, Wilcoxon Signed-Rank Test

Before Wearin IR eaing
Variable Mean£SD 9 EMS+A Supporter z p
B MeanzSD
YBT(R) % 78.77£5.61 87.04+8.11 -2.366 018+
YBT(L) % 81.40£5.96 88.2618.32 -2.197 028+
OLST(R) sec 9.8149.02 26.701£22.52 -2.366 018+
OLST(L) sec 9.97+7.77 31.55+39.18 -2.366 018+
#p<0.05

Table 9. Differences Between Dynamic Balance (YBT) and Static Balance (OLST) Before and After the EMS+B Support

was Worn, Wilcoxon Signed-Rank Test

Before Wearin After Wearing
Variable MeanSD 9 EMS+B Supporter z p
B MeanzSD
YBT(R) % 78.77£5.61 89.28t7.74 -2.366 018+
YBT(L) % 81.40£5.96 88.6718.22 -2.366 018+
OLST(R) sec 9.8149.02 28.881+29.32 -2.366 018«
OLST(L) sec 9.97+7.77 32.33+38.80 -2.366 018+
*p<0.05

Table 10. Comparison of Growth Rates by Test Item

Variable Growth rate after Growth rate after Grth rate after Growtﬁ rate after
wearing A wearing B wearing EMS+A wearing EMS+B
YBT(R) % 6.56 < 7.06 827 < 1051
YBT(L) % 418 < 583 6.86 < 7.27
OLST(R) sec 944 < 10.51 16.89 < 19.07
OLST(L) sec 13.54 > 10.27 2158 < 2236
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