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ABSTRACT
EMG Analysis for Investigation Muscle-Collaborated Relationship during Golf Swing

Shim, Tae-Yong* - Shin, Seong-Hyu - Oh, Seung-ll, Mun, Jung-Hwan
(Sungkyunkwan University)

T. Y. SHIM, S. H. SHIN, S. L. OH, J. H. MUN. EMG Analysis for Investigation Muscle-Collaborated
Relationship during Golf Swing. Korean Journal of Sport Biomechanics, Vol. 14, No. 3, pp. 177-189,
2004. Kinematic and kinetic analysis using 3D Motion Capture system are common, yet there is little in
the literature that discuss the relationship and coactivity between muscles during the golf swing. The
purpose of this study was to describe the relationship between the employed 16 muscles during golf
swing. We could observe 3 muscle patterns such as ‘Line’ shape, 'L’ shape, and 'Loop’ shape for the
golf swing activity. The "Line’ shape indicates that two muscles act almost perfectly in phase, and the
"L’ shape represents that two muscles act in a reciprocating manner(When one is active, the other is
quiescent and vice versa). And the "Loop’ shape indicates that two muscles act sequently(After one is
active, the other act). In these results, we knew the muscle patterns during golf swing is similar to the
patterns during gait. And we presented it was possible to show the consistence of golf swing through
the frequency analysis of muscle patterns. We believe that the results potentially useful for the golf
players and coaches to analyze their performance.

KEY WORDS : GOLF SWING, ELECTROMYOGRAPHY, MUSCLE, COACTIVITY
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th#E Carlsoo.(1967)9} Williams(1967)¢] o)) 2319 B4 2A4L E3) F 3 = I thCarlsoo, 5.1967;
Williams, D.,1967). 12\t Cooper, Bates, Bedi$} Scheuchenzuber(1973)= F= ~9 F3te) &4
A 7A€ HiMe 349 EA¥ol "asittn &3 Cooper, ] M,Bates B. T, Bedi, J. &
Scheuchenzuber, J197)9) mhet X 2ge] B 3494 A77h Adgel BAAA Be 77}
FRHAG 20 FX A9 2359 B AFE AHEY 0dY AL Y o EMGE
o83 AN 25 AFE NHom Aol GHE FY BE AY 49 EMGE olgdd 233
2 249 977k $993 Uk Carlsoo(1967)e 1Y (chamnel)e] EMGE AHE3le] B 294
79 AT F8L £48ArHCarlsoo, 51967). 271 Pink, Jobes} Perry(19%0)= o7 2
<A =Z(Marilyn Pink, Frank W. Jobe & Jaquelin Perry,1990), Pink, Perry$} Jobe(1993)= &
DA 3 37)9 2 (Erector spinea), 2]EA}lZ(Abdominal oblique)e] ®¥H3-g2 EMGS} Z¥E47A
(MMT, Manual Muscle Test)y& ©]83le] WE&2 X UehithMarilyn Pink, Jaquelin Perry &
Frank W. Jobe1993). Kao, Pink, Jobe9} Perry(1995)= & 294} EMGS 2 E57AE o &3}
o ZA4E FH9 255 A g BEE2M Yo EAggfohn T. Kao, Marilyn
Pink, Frank W. Jobe & Jaquelin Perry,1995), Bechler, Jobe, Pink, Perry%} Ruwe(199%5)e @37
TAEe 25 FEd g 2AEE EMGE olfsle A9 IuME ENsgu(effery R
Bechler, Frank W. Jobe, Marilyn Pink, Jacquelin Perry & Patrick A. Ruwe,1995). 2N E 719
T(1989)2 AT 4799 258 4 MY EMGE 248 $UA9 visdEAl] g vim #
RAN(HEF1989), =Hts], 047], W4 D PFL(1997)0] AHHF(Triceps brachii),
(Trapezius), “¢<+o]5(Biceps brachii), th§Z(Pectoralis major), ™% 2 (Rectus femoris),
¥|% 2 (Gastrocnemius)o] ¥ $@AS} v& AR TAEE vw BAFAHRRE, 247,
=, AFE1997). 283 FFES aE2A001)0] A2 datd 2AE £, 24T FHRE
& % 2k Fohgd diste] TS ATHARS, ¥E2,2000).
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o550 Y G s K Al T Aol FR3T F, YHEA] S
2 458 ARl AAE U ARd 449 s Feete 4o, $5E A4 98
283 gedl olzAAA AAe 2880 KgHoR AT A8del BT £, Mamnd)
Hagy(1980), Jorgensen(1998)c €419} & 258 Hspl ol® Aol & ¥ 538 wrict W
O ARG HAE 25 045 kgB o 936 kg m/solr, T2 EAE B 29 FAK o
300 kg - m/s] A& BadHA Hed, o] 9 Ade oF 144 kgl /S ULEF 34 dux

AT EE3}HHMann, RA, & Hagy, ], 1980, Theodore P. Jorgensen1998). 121} 2§50 Y4A3|
EHEA X3 FeA 2FHA HE 144 kg opdel ZHo] ookt & Holw, of29] AA o
L g REAN 144 kgo AFEhe 2HE dede AL Wiwdith 2gng 2X 299 de
& yvia 2552 EE, REE, A So2RE 2 gow ¢ @ Aotk

B 249 4§ 5%, Mannd} Hagy(1980)= B4 o= & 250 Agste ¢ de & 2
2 82 HFe Z Qe AHE AN om(Mann, RA, & Hagy, J,1980), ©] Inman,
Ralston} Todd(1981), Procter®} Paul(1982)d] ¢J8] HZH¢cHInman, V. T, Ralston, H J. &
Todd, F.,1981;Procter, P. & Paul, ].1982). Z18J2 Vaughan, Davis$} O'Connor(1992) R3] &
59 4% 288 24357 98te] Winter(1987)7F A 83§ dloje](Winter, D.A,1987)E ulgtoz 2
579 S A4 Loopd, LAELE F73te #4351 tHChristopher L. Vaughan, Brian L.
Davis, & Jeremy C. O'Connor,1992). A4 ¥& HajA] 2o gyog ugde F T4% 474 x5
3 y3ol RS $AT Fe2A % 712718 2 A4 FoE Gehin. 2el3 Loopde]
BAE T 24 03 A GE 289) W0l S e AT W MEIE ALA A

H 2R vehich LA39) Yot @ 280] H8E F ThE T80) wesE A9 vehie
oA WA WEHE 288 yael, uFd B3AE 2HE a3 AN T 249 43
B4 BN LAY BPE Uehdch o)sh 2& 47 HE ofd & Tgol gF BE 259
AU FAse WHoE $34 250 BA0] ReAL, T e APoz weHE RS
ke o) ohg A< Pyolch 122 Mamsh Hagy(1980) 259 43 032 ¥4
e RS By B ¥ oh]e £5o YoIME $2E 2270 RIHYTHMamn, RA, & Hagy,
J,1980)
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ANSER 1 2Ho] YTT B 4 Atk EBF, O Uopt AR 289 $HY wSAAE
259 £49¢ BAHY TUR ¢ ohyel 2RAY WANE BT $HT & Y= ASE A
AstaA B,

1-1. g2l Mgy

i. dA Z71F9 A T3] F4o] ohn} PN P 2¥5Hez APIPn
EMG 259 FR02 Farte f3oed 1o A% wkch

ii. 28A F9L 74 ofo|dE AHgslgch

i Ao g A F 39t

Age G JFBgstad A% Foln FANEAZY BA 39 gz AR, AYe
£ 7d olgolgion el gl 4¥8 2HE gaoz dn. AT FAg 2 JUA
& <E D3 2ok

E 1 omgxte] =4
Age(yr) Career(yr) He Sex Height(cm})  Weight(kg)
Subject 1 23 8 0 male 185 753
Subject 2 pal 7 0 male 1724 74
Subject 3 23 7 0 male 179 70
2-2 A3z

A AHEE A8 AHEE 289 -8 2HEZA 233 Motion Lab SystemAle] EMG
A 2E(MA300, 16channel)?} 29 3 BA3)7) 93 MCam2 74 6u), 245 NF9} A
53 dlo]Ee ¢ %7)3}Synchronization)E $]3 VICON460 A]AH o] L=t EMG A|2HL 16
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-
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ALRA 16709 P=(electrode) 2.2 RE 16 F99 249 W FAo Y & T, 6l
MCam2 7tejehs 24 Fhdetld e 2
ga 7t AS02RE Je 259 33¢ 3

Ao} A SHHU <O e 4y Aad 2ARo, 23 1-6& Fvzte] WEE
9 r) gt

EMG

490 A8 2T 2Ye PingAte] 74 ololde AMEHAET 7H ojeldle e o)
A= A3 2XE 4%, s=y B4 WA A4 ololdF 370 AREY FuAY A3 @
Aglel @A Foe) AR AH oolAF 7H o}olAY B FU] ANFA e 71T ool

[
HEs

N

-3.

[

o] AN AHE-H ZAEAH(EMG, Electromyography)= 16 sfdo|m #, & 7+ 83919 289
a4 oh(7 95,1989 Jeffery R. Bechler, Frank W. Jobe, Marilyn Pink, Jacquelin Perry & Patrick
A. Ruwe,1995]John T. Kao, Marilyn Pink, Frank W. Jobe & Jaquelin Perry,1995;Marilyn Pink,
Frank W. Jobe & Jaquelin Perry,19%0). A=o] 229 % 16 $H¢ F%2 <aq 2>¢] Yehix
AT 259 HAF 4 28] RIAE EMG AL <F 29 2t

2-4 BHUYS 2 2MY

i3
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1=
3

E 2 EMGRE 28 G Y EMG #d

Muscle EMG Channel(L,R)

(a) Gastrocnemius(GA) 1,2
(b) Biceps Femoris(BF) 3,4
(c} Rectus Femoris(RF) 5,6
(d) Gluteus Medius(GM) 7,8
(e) Deltoid(DT) 9,10

(f) Latissimus Dorsi(LD}) 1,12
(g) Trapezius(TP) 13, 14
(h) Brachioradialis(BR) 15,16

a8 2. EMGE 23t 2809 x|

25 U g2 259 AU e Hee B2 98 SAE EMG dojHE AAAR
(Full-wave rectification)d} &, cut-off F34* 6HzZ *<SYUE(Low pass filter)& A}&3}o(Winter,
DA1990) A3t 2811 HFA(Peak value)E #/F3HNormalization)s} % th{Hottenrott, K,
Hoos, O. & Sommer, H. M,2001). o]¢} 2& wWyo2 AHzd Hlolgs A7 x53 yZo] AAA
A% % 580 a9 ABL BARA. 24 AYA TH B 299 RAse] wRAeE U
e 8-S 27424 A9 24 Wy dig BARE <2g 3> el

EMG Raw data of Musclel . )
sveten Full-wave rectification muscle2
Y Raw data of Muscle2 _I
—
L Normalization >
Low pass filter(6Hz) — (Peak value) 4  musclel

a8 3. EMG cllolefe] Mzt
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m, Az 9 =9

2 479 %3‘.34%:- A Hdadstad At FA F7MIAEE 35S ez A4 16-‘?—%4
& FAs 493 Aok 1637919 28 Z4sA F 256714 3o
gt} 1 %oﬂf\ 2L 258 vwdhks 16714 F8S AYstd 2407119 A7 A 3, 2407}
BF TN FEIAE Z4E AP Awg A HW Egor & §3¥e F 120714 &
Adent. ofgA Add 120711 /388 BAE 23 24 3714 HHog EiHYen 1
¥ & ~ <a¥ 69 Yehhoio:

o 1 N 5 4 s ), 5. 2
W Hx E 3 SR % A& SR ¥ ¥ EX R L] T

Trapezius
(b} Line®d =&
3% 4 22 2g8A @QME o2 F 2]0Me 2HTY (H)F 20| 0[RE Lined HH

<2Y £t Liedoz § 289 o] AY ARshe Foo b EMG A9 1443 15
¥, & QA Y 2 $EI(Trapezius)& xZo] 9X)3x Qe H= $Q F P (Brachio radlahs) y
| SHEol <23 £ (e 2] 45 S92 GA9 oIF ¥EE Bol

A9 WeE A0, 42 9aELE ozds o|F 4 USS Hold
£ BX F4 3 3%(ocking)o] ARG 227 29 o]F WSS Holth} YYE Ho)
FA% L ol ot An(uncocking)ol AFHE Aol o] F 28 YUES HF
o 2 Wgo] HZ & YA Yehimz <18 59 [b)% Po] Linde HHE ol
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Latissimus dorsi

.

R T S AT DR v ST S i)

Rectus femoris

<a¥ 5 LAgeR & 28o] BEE Fol g2 28] ¥Ede A9

xZqE QA9 FF dEFZ(Rectus femoris)y ZALE, y2E 2 Py (T_ahssnnus dor31)
9 RS FAE Hdolth <a¥ 559 (a)9} Zo] WY FUAME HFo] LEZOE o=
TEEE HS YEAIL ST uheS HolA gyt §AY olF A Fo] gEoE EAH:
dgd gl wE-E Hol7] AlFEA 298 v WA A&FQ) W B wEHd $& 3
W2 WAy A AR7t QEZ0Z Mol A 9§ ulesA)

A& g ‘?}%3}47} ‘:}3"44 °“’—’¥E o] %9 :117]'01]"13" ‘%’}%% Hol %ett o] F o
2 ME A

4% 244

Blceps femoris

(b) Loon® THE
3% 6 2Z 284 (a )Hi EP% T E‘wO{IH-"—l cHZet (b)F 2]0| O|FE Logp¥ WY

2 % 289 W okle AZAE F1 WS §ote Aol vebdt A
o] %% o) o] (Biceps femoris)d] ¥H3-3 Q149 $3= AzhZ(Deltoid)d] W& 747 x&F y
L LYN F IHY AABRAE BT ddoth <a¥ 69 ()9 Zo] $5 )

o
Hol£2e g29e 1208 9%08 AF oJ¥c] ARFUA 982 Holw 33 YT
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MAgA QEZ WS pdtod Fo] LHE FANA FL ugS Holtl $& ghEo|Fod
SRR E thgagol AREEA 2 weg wold Hed y

(Transition) g o} 7118t 3
A7k AA dZogel 3AH o
$3lng <ad 6>9 (b 2

<E 3> ~ <¥ 5BeE T 294 259 AR WS 4T 74 IEAY ZFE Huuiin
<E 32 FZ 294 RYAY I3RRAE 4 & vehd Roltk o) F 120749
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X

)

X3
oA @] s gl Mo A9 BT o2 Jehde I77HA A$E dAS

=2,
X
flo ol o

Aoz FRagch EMG A% g% 289 oS e <E >F FuI
<E £E BX 294 929 234VVAT $4S 2gelnk JYA £98 9 Y
29¢ ¥4 2%, 04 09 29 BTN 3502 dshie 44 398 998 AHoz
ERIAGG EMGY 3 A3t 289 ol3L <E & Fudct
<E 5>t 2Z 234 FYA3Y 23AVWAE 4G Agelch 9] FU G4 WY
o2 BHo

3 Jehte 367149 398 948 o
2 2Radd. EMGY % Ade 249 o|8L <¥ 2%

AN mEAHE ZRATIA

ENG2 | EMG3

4 | EMGT | EMGSE

] EMSGE
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mhAre
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EMG1E I
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E 5 2 AYA AR IR 24 A
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§ P41 A3 33 A 1 AFe 2RAA 2
a+ A9 49 Lopd 48 94 %91 W BAL + 9

Aag 2 g0z ﬂo} 4@2}131-1':}“ SUAY) AAReE YEE 9E 288 e 202
BeEn 290 9P A9L vole B AYE UelA AANE FE

ket ole BT 294 Ad WSHA Yt T v WSk 245 92 Aes
AZET: 53, AA9 H2 HE2(Gastrocremivgo] BAY ABAANN QAT ADL 2
Yk ole APREY BZ MBI A% A§HA YAt ofF AL WL vehly] R
N FUe #2T 4 999 Ao HUEd,

TI 294 399 THARBAE £4 Ane de 2t

(1) 718 F28 dehdes EAL EMG 31290 #AE 25944 71 2ol Yehde LAY
sjelojct. o] 2KL UMY 3 FujZ(Latissimus dorSI)"E*i NagA L2882 AFoR
Hujed Fd 988 ste 250/t gREY Z5o] thEaYdA YHE 7|t w33t
=6 =3 o] 252 WAYu F2 2E8}7] violr,.

(2) EMG €158 250 #3 sjele)=

2]

Loop o] Bo] Yehdth o] &L AAe] 9% deF
Z(Brachioradialis) © 24 F7)(cocking)A] MA3 @t ¢ J4E
AR A ¥R g 294 BEse g2 2854 Hd g =A $3E) i
oltt. 2e]1 3FdA FEHOE Uehte Lop¥ e HHe YA 5 thH o5 (Biceps
femoris)# $-Z A7} (Deltoid)o] FAE ¥ —501]/«15 Uehged ol o 294 A7t
AAET £0A0Z WA 920 IJAF o]%, & AF(Transition) FAF) & vehde

=E 449 dde 259 AdAd g e weAx 7EEE & At Line¥Y 7
o fAA% EL%OI Ao 37 whedke A yHo AT 250 s A4
W3 Ao we} LineRe] 718717 47 FopAAY AXe HPE Holn , LAY By
xZo AAE o] FNFHOE A dde R yFel AP 2§0] FHoE AA W
€ Aol wgt 7t24dol T LA Fejg A2 A0 7 LAFH S AP vehdh 1213 Loopd HE
AYeE xZd AN 283 yZol AxF 289 B3 A=) w2} Lopd] H718 2R
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2 d7IMe L 294 EMGE o838ty 21xE 34T 23, I A29dAE E*EE’% s
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ol <59 88 BARA 4 JFAY 2499 WF dB4(Consistency)S AL F e 7}“ 730l
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