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Objective: The purpose of this study is to compare the muscle activity by electrode location in
the biceps brachii during the arm curl isometric exercise and to provide the basic data needed to
develop the proper electrode location of the biceps brachii based on the study results comparing
the muscle activity by the angle of the elbow joint.

Method: 17 adult males (Age: 21.50+4.63 yrs, height: 175.29+5.97 cm, weight: 63.79+15.31 kg,
upper-arm length: 30.10+1.22 cm) participated in the study. In the arm curls isometric exercise,
the experiment was divided into 1st and 2nd steps to compare muscle activity according to
electrode location in the biceps brachii and muscle activity according to elbow angle change. In
the first experiment, the surface electrode was attached at one-third point on the line from medial
acromion to cubital fossa, according to the measurement method indicated by SENIAM. The
elbow angle was set to 90°. In the second experiment, according to the proposed method of this
study, the electrodes were separated at one finger's width in the left and right direction at one-
third point on the line from medial acromion to cubital fossa, attached at the long head and short
head. From the long head electrode, in about a width of two fingers in proximal direction, a total
of three electrodes were attached at the myotendinal junction of the long head. The elbow angles
were setas 70°,90°, and 110°, and the isometric exercise (100% MVC) for 5 seconds was maintained
with keeping the forearm and the rope to be 90° for the first and second experiments.

Results: During the arm curl isometric exercise, there was no significant difference in SH and
SENIAM proposition location proposed by this researcher. LH was shown to be lower than the
muscle activity of the location proposed by SENIAM and there were significant (p<.01) differences.
M] appeared lower than the muscle activity of the location proposed by SENIAM and there were
significant (p<.001) differences. The muscle activity by the elbow joint angle of SH in the biceps
brachii was shown in large order of 70°<90°<110°, but there was no significant difference. The
muscle activity by the elbow joint angle of LH was shown in large order of 90°<70°<110°, but
there was no significant difference. The muscle activity by the elbow joint angle of MJ was
shown in large order of 110°<90°<70°, but there was no significant difference.

Conclusion: During the arm curl isometric exercise of the biceps brachii, it is judged appropriate
to attach surface electrodes to the location proposed by SENIAM.
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(Arm Curl Machine)=
TEREM HE0|F2
7| 7+0|Ch(Vella, 2012).

A
T
frgoz W7l EFEAI(Fusiform

=2EX
(Biceps Brachii)

=
=
Mio|g2e 2R

muscle) 22 &S (Long head: LH)2} THF(Short head: SH), &
ZeE 7t 2R0|0H AN 2d HOEY|, LR
A I R7|et AXXME HE, =R, 47| S0AM

0] 288 BO| A8olict 252 #52 278 = (Electromyo-
graphy: EMGE 0|83t %
| HI7tE Qo E7EM =2 F &
2EX 20| IRt ol AHEOIMM AL UL 2
E&= HHET 3% (Needle Electromyography: NEMG)IF B 7
='H(Surface Electromyography: SEMG)O| =0 H#H &
7H HIEEH 80|deE Qs 2a9e A0 42 FEA
ArEE| ACE

HYE 2= F 1o M2 o 2|00 #5310 2d&
os met FrEle 28 23T fI(Motor Unit Action
Potential: MUAP)E AtE 5& 2|2 = 240[7|(Jeong &
Sin, 2005) 20 Hot X0 HiX|=l= 20| T2
SlCHGanesh, 2012). #H 22X &= M3 (X0 Cioh M3 A
S0f|A Bilodeau, Cincera, Arsenault & Gravel (1997)2 tHE €|
0 =S =2 HiX|3IY I Orizio, Gobbo, Diemont, Esposito &
Veicsteinas (2003)2 == (Muscle of Belly) 20 H{X|5I2H
Lange, Weerden & Hoeven (2002)2 MZEZ1nt 29| BE
ALOJ0l 2w Lkt HASHA HiX[St= & STAMS0CE ™
=9| }X|E Ct2A| HiX|Sta ARUCE O|HA Ciet M= &
X|of chet BESHE QIS FE0IAM SENIAM (Surface Electro-
myography for the Non-Invasive Assessment of Muscle) A2t
S0 Z2ME AFE THS AN ATYNK| B2 AFXE

o
o R

O SENIAM O|A HMAISHE 2T E MY YWHES 20 QUCH

SENIAM EZ2ME A (Hermens, Freriks, Disselhorst-klug &
Rau, 2000)0f 2™ SEMG EH 39| HiX| e Ay Cf
MRt AP BT YUKIS MBS 2R + UL |

=
Al7|2 SRty XHE 28 = AENM 255 E(end-
o
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0 TEXE 90°2 PR $ HE HZ(Medial acromion)FE
223 (Cubital fossa)7tX|2| M&0IM 1/3 X|EO| |X|5HOF B
CH RUCE J2fL O| A2 HY A Y & 2hdE|X| U A

2 XA 273t0 H7|Mo2 HLE0{of St SHRALCE
2t ™= HiX|of mE Mot A7 SIZHE E[0{ofF BiCh

CESH sk ol fEoAM B 2HE 2t ol Hot= X3
(lever arm)2| ZO0|Qt 2]2| ZO|E BZtA|7| 1 O|2{ot H
+=ZHG HIAZICHAN, Kaufman & Chao, 1989). O
A35l0] Baltzopoulos & Brodie (1989)= A1M|Q| Z+ 2HE
Mol d&tX O|FO| U BE ZE7t EXC
Kim et al. (2005)= otX| =2 Zt=0f| & 2
ZMVIQ) Al ZHEE Hlust HF0A 2HEQl 2t
met 2|2 gz WLt stom XTjol &
2 YdA7le EF 22 4k A
Sil= 20| 2L HE AF0M 7HY RMHe=2
X{Of oot SHRALCE

Kang (2013)2 F&E ZI: B3t
G0 0|X|l= Fgs LOotE X} o
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Table 1. Characteristics or the subjects
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Height (cm) Weight (kg) Age (year) Upper arm length (cm)
M % SD (n=17) 175.29+5.97 63.79+15.31 21.50+2.63 30.10+1.22
2 MEET
AdH SHY 23 Al HAOIFIZ0M H= Ko @E
= 4S8 Hlush| ot #HEQl FH|= (Table 2)2t 2T

Table 2. Experimental equipment

Experimental

Equipment equipment Manufacturer
EMG Telemyo DTS Noraxon

Arm curl machine Arm curl machine Cybex
3. dEYd

2Z WS 0|88t SHY 25 Al JAOIFZOA H
3 olxlet R 2= Wo| M2 2 BYEES @)
QI3 1xtet 2%tz Lh+of sttt 28 E 58 © TgXt
So Dlat) EMAS YD FH 252 AN 3 289 &
g 2RE YA517| 3 2 UEV|Z NSt €32 &
o= cropLyQict

SRAOIFZOAML T= X Hotof| THE = EE= A0l
£ YOLE7| I8H SENIAMOIM HMAlSt= 53 -0 mat A
2 USRE 2 IR Mo 1/3 A0 E B3
Dual Electrodes, Noraxon)g H=2 SyeTn 1*} A2

I'ﬁ

UL o] W FaES| == 7*Ei 0= MY
g2 2 AR MAISe Yo met HE WERE E
REMA| Mol 1/3 X|HOM ZHRE2 &2 17 HHZ &
FEQ ChREO| RAStD HE X 0f

&7t2k 270 HH|Z2 =0 FEFol 2! JE*—.—(Myotendlnal
Junction: M)l TS =02 BASIQUCE T BAF QX

[A |
+ (Figure 2)2+ ZC}.

_0,+
32
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=

M2 a9l wrsto

H'I.IQ

FoE

£ gotR7| Qo FRE =& 70°, 90°, 110°2 MY
0 AR 29 25 AMEES HOfsH7| fleh 2F T{Alof
262 Y&SID 9kt =0|E HYAOICE k2 7(0| A 4
Mol MH XtME (Figure 1)1 ZCh 1, 24} Mg B & 2
Ao 2ZE &F0| Zot Metat 2Zt 9077t E =2 1Y
3l S0 £|CHE(100% MVO)LE BEIZE FOIEI|= SHNM 2
S2 5% 2 |XSHIACH

Figure 2. EMG Electrode placement

4. XAIREM

2 gdF0M= o2Z
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HE(Full-Wave Rectification)®+ CHS O
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2 4= HRE 28l independent ttestt HHEEFHEA

(ANOVA with repeated measure)2 AHESIRILCE F2|X}0[of| [T}
E M2 E82 T MR AT S HAGRoH ZE SHKS

FOUF=FEE p<.052 HHSIALL

RESULTS
2 g7s 42 SHY 28 Al &=A0|F229 SENIAMO|A
HAlStE Ma YAX[Q & 8Eet 2 ATXIL MAlste H
= K9 2 2H¥EE Hlustn 2 ARXZE HAsHE ©3
Xlo FoE ZEH 2 SHEE HWSIAUCEL F 2%(9| HH
CIOIHE 7K1 SEHE A8 LA BHE5EE St
Of Hlu FAMBIRALCE
1. THE Z= 90°0|M SHet SENIAMS| & EHE
AH SHY 25 Al SHeF SENIAMS| & SHHEE AHE
& (Table 3, Figure 3)1t ZC} SHeF SENIAMS| 2 &=+
649.94+25345 uV et 62082+17823 pVZ SHO| & &M gt

Table 3. Muscle activity of SH and SENIAM at 90° of elbow
joint (unit: pV)

SH SENIAM t p
90°  649.94+25345 620.82+17823 -387  .701

*p<.05, *p<.01, **p<.001
SH: Short Head, SENIAM: electrode location by SENIAM

Unit: uV

1000

900
800 -
700
600

500
400 -
300 -
200 -
100

SH SENIAM

Figure 3. Muscle activity of SH and SENIAM at 90° of elbow
joint
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Of &2 A0|2 LtEHteLt, fofojgh Xtol= QALY

2. FUHE Ztz 90°0f|A| LH2 SENIAMS| 2 &M=
AA SHY 25 Al LH2F SENIAMS| 2 HHEEE

(Table 4, Figure 4)1t ZrCh LH2t SENIAMS| 2 ZHE =& 649.94

+25345 pV el 620.82+178.23 pVE {2|gt Xl0|2 ERC}

(p<.01).

Table 4. Muscle activity of LH and SENIAM at 90° of elbow
joint (unit: pV)

LH SENIAM t p
90°  443.00+18570 620.82+17823 2484 008"

*p<.05, *p<.01, **p<.001
LH: Long Head, SENIAM: electrode location by SENIAM

Unit: Vv

1000 |
*%

900 | —'
800 |

700 |
600 |
500 |
400 |
300 |
200 |
100 |

LH SENIAM

Figure 4. Muscle activity of LH and SENIAM at 90° of elbow
joint

3. FoH

Zte 90°0|AM MJRF SENIAMS| 2 M

& SHY 25 Al M2 SENIAMS| 2 EHEE AT
™ (Table 5, Figure 5)3t ZCt MJQL SENIAM2| 2 &HE =
283.79+13401 pVvel 620.82+17823 uvVZ {ost X0|E
S CHp<.001).

HCorr H
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Table 5. Muscle activity of MJ and SENIAM at 90° of elbow
joint (unit: pV)

MJ SENIAM t p

90°  283.79+13401 620.82+17823 6232 .000™

*p<.05, **p<.01, ***p<.001
MJ: Myotendinal Junction, SENIAM: electrode location by
SENIAM

Unit: pV

1000

*%k%k
900 ‘
800
700
600
500

300
200 | |
100 I ‘

MJ SENIAM

Figure 5. Muscle activity of MJ and SENIAM at 90° of elbow
joint

Ko M2 2 Y2 4HEH (Table 6, Figure 6)2+ ZLCt.
L= 70°<90°<110° &2 2 3A| LIEHG
X2t Qolojst ktol& QIQALE LHO| =Y 2 EYEE 90

sololst xtole iRAct

110°<90°<70° &2 2 3A| LIELG:

0x 0x

=
sHol Zt=d 2 @

o

<70°<110° &2 & 3A LIEFGHX| 2t
Mol Ztzd 2 =

X2 Felojgh Xt

0x
H
rir

i=]
rir
£Q
3Q
inl

Unit: uVv

1000

900
800
700 T
600 T
500 | - T :
400 T
300 B T
200
100 |
0 |

70° 90° 110° 70° 90° 110° 70° 90° 110°
SH LH MJ

Figure 6. Muscle activity with varying elbow joint angles

o 255 E(end-plate)d| MEEH 25t 25 ?I(Motor
Unit Action Potential: MUAP)7} 2E{%ES M2t ek HA
0|T01KIEr(Lee 2018). O[0f w2} SENIAMS| X7 (Hermens et

, 20000 MEXMo2 BEH M2 'E(arge) MZE 7|5
°£ 7= U= 2E(Muscle Belly) E= 255 E(end-plate) Y
/ol BHXIZIACE 2L} s 255 E FH0| SEMG 4=
o| ZIZ0o| 2 FeS OXICtD SR 0(Blok & Stegeman, 1997),
Mathiassen & Hagg (1997)2 2df2l 20| gatez M3 ¢
x|ojct FIZ O qezm Eini=[iu

HAO|F2OMe H= K| Hatof ME Z BET HW A
SH = =7t SENIAM 2 B4 E=HCH A LIEFRX|TE §
o|ojgt Xtol& §ARD LHeF MIE SENIAM & M =L &
Al LIEFS D RolDfgt XHO|7L ARUACE Ol A2 =|0f S
A% Al = 2D Qo) ARH 2T A| 28D Ml
3

oot JEiZ BE AEot0] TRl o] WOl 2750 =

2 84EE B2 Ao MEHELE Yeto|R2e tHEs
DISCUSSION 23| =7|(coracoid process)OlA REE A|&SID HEe ALY
Z QA A (supraglencid) Ol Al AIZfsl], AetZo| HEt 9|
o] ==t 0|22 MAAZRH 20| 25HEE & XZ W7ozt e™Xl= RYo|ct d20|F22e HE=
Table 6. Muscle activity with varying elbow joint angles (unit: pV)
70° 90° 110° F(p) Post-hoc

SH 581.05+252.26 649.94+253.45 662.59+146.47 658 (.523) -

LH 469.06+183.62 443.00+185.70 499.47+155.18 441 (.646) -

MJ 343.47+95.24 283.79+£134.01 274.00£148.18 1472 (.240) -

*p<.05, **p<.01, ***p<.001
SH: Short Head, LH: Long Head, MJ: Myotendinal Junction

http://e-kjsb.org
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AWE BT, FOY BT, MY 29, Bo| 28 H8S o1
YL AT 2T, To| B, off LT WA Jl5S Bt

(Calais-Germain, 2009).
M2O|F 20| A SHO| FRE Z= 2 EHEE 70°<90
<110° 22 § IAA LIELX|SH folojst Xtol& gD
LHO| =ohd Zted 2 e 90°<70°<110" 22 o 3
Al LHEFRX|RE Fo|0j3t Xtol= e n Mol ZdE 2
MEE 110°<90°<70° Z4E 02 AA| LIEFGX|2H Qo|o|s
Ol gQIUCt Aoy F2E 90° 2E 1t FI A (supination)
He HE”k“oHif(PaIastanga Field & Soames, 2009) &
ot A3 CHE ZADt7F LHERGCE R2|0[g X0l SARAKX|TH
B A4eet 2 YT AOjof #AEE0| ASZS =S
Kendall & McCreary (1983)2 #HE2| 2k
ol g2 DXt FEE 219 Z0[¢

I-Jol-.-
m

i

o
st Moz O|2X 2AHE OfHULC}H 8 £ XA
ofof ttef ChESHA 22| Z|=E,
210|Y [ erg|ErC

x
H
= —
= o =
ol ZO|=Ct ot 32 0%78'11—
=]
il
ol
—

rot

[

(Z- Ilne)
7|. 0|AI-

\nI’LI
¢

n~
o

20| LAB}
O] =&3t

AN N

Frankel, 2001). [t2tA] 25 ZO|
2fstr| 2o e Zro| Hat

250 #HT £330 HE NG 'Er(KendaII &
McCreary, 1983; Kim et al, 2005). Z= 232 ZFR0l2
BE ZtE, 280 20|, BYZORRH ¥o| H8ts
2] 0| AUSO(Kim & Lee, 1996), 1 FOA =252 ZO|
= o8] =58 AF5s s Xt & £ Art
(Basmajian, 1962).
CONCLUSION

2 A7 2H ZHEE 0|8310 H&A0[FZ0AM2
HES dF YXE HMetstux 2 2Eds ABSHACE M|
7b £ ZEiQl MH0|FS CHAIC 2 SENIAMO|A H|Qtst
= X & AFAIL Mot M= /Ko 2 'dE H
weh A1), 44 XY 28 Al & AFXIE M QS SHeE
SENIAM H|Qt |X|= ®2loh Xto|7F GiRl LH, MJ2 SENIAM

OlM mMQtste X|o] 2 Bd= 80t o A LIEtRD |9
S KHO| 7} ARACHp<.01, p<.001). [HEEA ArLHO|F22
25 Al BEH M22 SENIAMO|A HQtsh= /%[0 £
tEFE[OJZICE &£ B &

Ue HHS OHESIJACHE FoM 1 9
=
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¢ 2% BR0| 2 Y4B Tofels XSHe AR W
Cho WEREICH E3 SHTO| 259 AT (IARIE Sdto]
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