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Abstract

Comparison of EMG Activity for Pectoralis Major Muscle During Shoulder
Movement With Various Abduction Angle and Rotation Position

Doh-heon Jung, B.H.Sc., P.T.
Won-hwee Lee, M.Sc., P.T.
Dept. of Rehabilitation Therapy, The Graduate School, Yonsei University
Jae-seop Oh, Ph.D., P.T.
Dept. of Physical Therapy, College of Biomedical Sciences & Engineering, Inje University

The purpose of this study was to compare EMG activity for pectoralis major muscle during shoulder
movement with various abduction angle and rotation position in supine position. Fifteen healthy subjects
were recruited for this study. All subjects performed shoulder horizontal adduction holding a 2 kg dumb-
bell in shoulder abduction 40°, 70°, 90°, 130°, 160° with shoulder neutral, internal rotation (IR), and ex-
ternal rotation (ER). Surface EMG activity was recorded from pectoralis major clavicle part and pectoralis
major sternum part for 5 seconds and EMG activity was normalized to the value of maximal voluntary
isometric contraction (%MVIC). Dependent variables were examined with 3 (Neutral, IR, ER) x 5 (40°
70°, 90°, 130°, 160°) analysis of variance with repeated measures. The EMG activity of pectoralis major
muscle was significantly different between shoulder abduction angles and between shoulder rotation posi-—
tions (p<.05). The highest value of EMG activity of pectoralis major clavicle part among shoulder abduc-
tion angles was in 70° and, 90° in that order. The highest value of EMG activity of pectoralis major
sternum part among shoulder abduction angles was in 130° and, 90° in that order. According to the rota-
tion degree, shoulder ER showed the highest value and IR showed the lowest value in both muscle parts.
These results suggest that shoulder abduction 70°, 90°, 130° will be effective during manual muscle test—
ing (MMT) and strengthening exercise for pectoralis major muscle. It is also supposed that shoulder ER
is the efficient posture for strengthening of pectoralis major muscle.
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1) MP100WSW, BIOPAC System Inc., Santa Barbara, CA, U.S.A.

2) Bagnoli EMG System, Delsys Inc., Boston, MA, U.S.A.

_3_



g AEEe A Res| A A 174 A 15

PTK Vol 17 No. 1  2010.
. A
HA R s 52 viESY tz H}i 2 214

(supine)& FAIBFES stk oA}t 72 “HE HE=
Qoll A} T MERD Folg W ”HE% BoE
a7 9ol AERs FAUTE oA FE4 P
@ w, B ol 2UE Uwelas) 29 Folr) 4
o] HEE mE FolE AT tidAte] debddd
1} Ztego] = Z/ﬂx% jg]_ﬂ q0° %o] Q___];G/\ﬂo] IxeE A
HEE 0° A AR F GHAo] BtFoAH xS

A7, B AP sl A AR R
FEE ST 2). APt =388t 2 AAeh 7t
S A%E 1A 40°, 70°, 0°, 130°, 160°019aL. 7 4=
vlth 2pME AWE FH(neutral), WA T]a 93
Aol A AldEtaiTh ol tiE 7 o] 73 fix¢}
2-go we} st om, it 3wt 2p
e F29] A4 (random orden) 2 A 3SFAT

A% A o)ty Ueksie] 9 3R
A9ES 5 WASES AGAAT EE Kendal
(2005)%] MMT *H3} o] TRx|E ehds] Adgk 4
Blolld Azdo] aldst 2I31d ke e A7
ok £ A3 o2 e 2 ke o}ES a1 7 ApAnit}
5314 WS 331w, 2} 24 Zheeh 511 AH(tia)
vtk Fw3E F2 ARES o] HR2E o Sk

A

o[rl

9 AusA45E oAE A5 d 24
WD) AEREY FEEAR) BEAYE 995
o

%A 7 289 SRS SRS e 29 4
Ash Exko] BRAE AT FEN MMTE k=

Kendall -5(2000)2] W& ©l-889ith. 52 &t A=
e RMS A8 3 F A3 vpAY 125 #9332

] W ZHE ASFE 10006MVICE ARS8t

A
ATA ] A A9} oA Zwol] wWE tlEg YR
T FEEEe] SRS vush] S vESHE
0129l EAHEA(two-way ANOVA) WS olgsle] B4
3, ASEA wPHeE Bonferroni $53(Bonferroni’s
correction)el]  oJgt FAES BT A4 SPSS
ver. 1205 AMESIAAL, o] 77 =062 3T

l‘

m. 43

1. = ¢ AAd WE tF
FAE vHw
2t} XMM] w}e e HTRE TR

FlJ
é‘.é.

- 9
5 249 o]l BAHEole Aot ApAollA F
E 3 main effect)7} YATZ(P<.05), AFEe A 4%
o} AA 7+ A5 AE(interaction)S YIATHP>.05)(E
4). *}‘7 ;ﬁ% 53 )3 w]nl(pairwise compar-
ZpA 9} FH A ET £33 ZpAell
A v«]?ﬂ' 3%1@591 S7PF AL (p<05)(2E 3),

E ZEAEE 0°6A 7P & 284EE
p_g’iz, 4009} 160°, 70°9F 90°E A3 E ZHeoA
ol & 2ol & Lﬂ<p<.05 (29 4).

X 3. FHAAS} AT mE g2 SRy 2= (N=15)
40° 70° 90° 130° 160°
=¥ 22.91+6.32° 25.24+8.20 21.57+7.07 16.97+5.48 16.39+6.77
PlE=E) 19.14+3.61 24.72+6.03 21.8746.52 16.08+5.15 18.09+12.76
<351 d 24.05+9.61 31.33+11.24 30.10£11.31 22.36+9.25 18.96+8.25
Y FLEFAAL
X 4. JAAAG} AT 2 gFT ASHEE AR BESAE olagl ARy
TR RERA A= g o F D
2LA| 1296.463 1.156 1121.091 6.559 018
Zt e 2801.141 4.000 700.260 20.986 <.001
AF A xZ = 407.321 3.700 110.091 2.237 082




A=A EEe A5 A A 174 A 15
PTK Vol. 17 No. 1  2010.

X 5 AAM9} Zxd mE g F5IFEY FEAHZ(%MVIC) (N=15)
40 70 90 130 160
¥ 13.58+6.74 19.80+6.81 25.23+6.98 31.8649.32 22.45+9.43
3 14.01+6.71 14.95+7.05 20.68+7.00 24.11+7.59 18.32+6.17
213 20.83+9.86 26.81+9.77 35.00+13.39 42.59+18.79 32.15£12.70
‘PR HA}
% 6. A9 dxo) E U F5SHE 28T S o]lagl EHEA
= gt A= B o F p
ZFA 6675.685 2 3337.843 35.353 <.001
75 7252.134 4 1813.034 47632 <.001
ApA x 2 = 587.711 8 73.464 3.115 003

2 =8t AAd wE dFE FESEEY
28T Y

FHmain effect)7} YJIL(p<06), APl 4 ztwg}
A7 A5 AL (interaction) = F-2FTHE 6). AL 7
AL 53 ¥ vlul(pairwise comparison)olA ]3]
A S WA A A2 Fod 8= Z7)
ARLP<B)N(1H 5), =] e FEHTE 130°9014
7 2 28T E B9, 009 16008 At BE
ZYol A f2l3lk 2po]2 RATHPp<06)(21H 6).

V. 23

A digZel AdE= MMT Ao 2=
Kendall 5(2005)0] &$t ZwXE A1z A)Zl 2defolA
g2 AR F5SHE0E U] Akl W
M7 Clarkson(2000)0] 23t FEAE W0° 23 A7 3
goA g AEHES F5IH
o] &3] AFgE ok e o] AAL A}
U =7t 24 AeEa ok T3 digel i
AT AL FESE A o]7] wfite] of
L Axe] Axg ZYE HAshke glo] 48A A &

FE UPro] ARRSHA] @)% Stk aE7) wjiel] ok}
d 252 AdsAliEa & o adFolal A9l 2

4FAL skt ool T el

& Awd 94
=]
»

B dve oY

21w} 37 Ao et gl 42

7}
i} SR 2EAEE dohiaA) Sgith

APAAE B2 T AA(supine)ol A ol Fo1A
LAV AAs 97 Zwe] HE o Eakk

B, 2 thol 90°= vERgth ApAelA

ol

rl

i

Ho

it

o
WAy (v

1= o

=
.
SRRk

3 AL W FEA=T 7P = skan, SEAAE
W3 AT 2297 frolehAl wqkth

v 4y doke dgae dEnis

TR S A, AERES 0%

130°|4] 2 84E o] 7P =
Clarkson(2000)0] 33+ g

075 A AN, oER FEEREe A

e 135° o AR F SHAAE A

3 &= ‘?.,ﬂ
5% 23E Bk sHAT g e A
W = 7009k 0° AtolellMs FEAEE Fhel
g zpol7h QIeEE ARHS 90 oH AA diF2

ZEAAE A8 Kendall $(2005)9]

Moy oz
Mo & oAE Ar

&
Lo XN =W o e o

AP

s .
A 2 welekn AlgEch thEael FEEY

_5_



SEAEEL A 532 A 17H A 15
PTK Vol. 17 No. 1  2010.

HEZ HBE
*
30 -
* e
—— e LY E]
=234

I (EMVIC)
[~]
(=]

A AA (3] R)

35
£ —*—AL,L B 5 Y

=3 m L E) 3
= 254 =233
= 20
1 45
70 15
10+
rJ

0- i T

EEE g2
AHAd

A 130°e47F 0° ol M BT}
A ko v 2 Clarkson(2000)9] W

QFYRIA| (resting position® HE 130° 1A ZojA]
1 2 23 E B RHozm  AZAETHKisneret
Colby, 2007; Pochini Ade, 2010). Zz#iu}, ZA¥d <A
70°9F 130°HT} 40°, 160° 9 Ao Me F P2 BF

*
*
*
*®
*
e 40
— = = 70
)
= =90
= L
= o 130
H Bz 160
bl
am 10
i
' 90 130 160
=

*
X X
* |
35 * = =
AL e 40
630— L === Rrdu]
= E==190
=
i e [ 130
1 15 ez 160
To |
B 104
{4
70 90 130 160
Zre
a9 6. FE F5SHEAA A8E 9 4=
o W& ZEAE("p<.05).

RE ol WolAE AL B 5 YU hF2e 2%

B2 QA2 w]Fo] Kol AWH 40°de 282 4o
7} golAa, ABEel 160° A Al 89 Zolrt

Eolyt7] WEolgtal AZEtiDavid 5, 2000; Kronberg,

1990). 1B =2 B AFe] AxE u|Fo] Hol thF=e]

=8 A F Alells g2 dolrt AT Al U=

70°, 90°, 130° W efollA 28 A4S sfojoF rkar Azt
1=}

HEFES FE5ETES Urol A wele 4

T

to 1 o
)
AL
=

FEIHE 104 ZHee Aol M &
49) 28 2 whyolela AlmHc)
AB7e) 54 AAe] HE e FRAEE 4
FREI} FHIRE wFolA 2B D AAIA
STl AR 2 Aew Uebt. ot ol



A=A EEe A5 A A 174 A 15
PTK Vol. 17 No. 1  2010.

ATE W, WA ol s Ads) & o A
Hol &F, 93 Hol A& wf oH, AIH ZF
Z4g-o sl thgZo] &#3(force couple)S ©]FH, ol
18 (counterbalance) H&E 3t TFATIL Eo}
A Aoz AZAEHDark 5, 2007; Kronberg, 1990;
Wickham, 2010). Z18]2=2 tiFZ9 <2733} 252
AeXe tiF2e 2E8=T 7P =4 v AR
3 Al Eshe o] E&Aolgtal A7Eh
e 2 A4S B8 ey S2HAET AAS

1o

el Wy F @ ol BEAE
WA FRAAE ol FolH = $HAY FHHR
Zee ghgate AR Eol FEw A7) o
Fol o] Ao BHEE Holx] FRL Aow
A7, aEEe doze) AN B dATe 2
B8 viow BEA e AE B2A @ A7) o)F
Aok & Zolm, FHY FHUH A% 94 259
FHES £Y 5 Y= OFF Fxoln o)FoiAt
Aol WeF ROz Andt
V. 2&

TES T A ABE 70°, K°, 130° A A=A S
o] axpzloln, =S IHsivle e HEd 23]

oM 7 a8 it
3 APAE st A

Hol BT Aog AziEw, FEX|e] 7w} FHA F
A =S gl 283 A7) 2

Y
J
:

Clarkson HM. Musculoskeletal Assessment: Joint range
of motion and manual muscle strength. 2 ed
Lippincott Williams & Wilkins, Philadelphia, 2000.

Cram JR, Kasman GS, Holtz J. Introduction to Surface
Electromyography. Maryland, Aspen Pub., 1998.

Cordasco FA, Wolfe IN, Wootten ME, et al. An
electromyographic analysis of the shoulder dur-—
ing a medicine ball rehabilitation program. Am J
Sports Med. 1996;24(3):386-392.

Dark A, Ginn KA, Halaki M. Shoulder muscle re—
cruitment patterns during commonly used rotator
cuff exercises: An electromyographic study.
Phys Ther. 2007;87(8):1039-1046.

David G, Magarey ME, Jones MA, et al. Emg and
strength correlates of selected shoulder muscles
during rotations of the glenohumeral joint. Clin
Biomech (Bristol, Avon). 2000;15(2):95-102.

DiGiovine NM, Jobe FW, Pink M, et al. An electro—
myographic analysis of the upper extremity in
pitching. Journal of Shoulder and Elbow
Surgery. 1992;1(1):15-25.

Glousman R, Jobe F, Tibone ], et al. Dynamic elec-
tromyographic analysis of the throwing shoulder
with glenohumeral instability. J Bone Joint Surg
Am. 1988;70(2):220-226.

Jenkins DB. Hollinshead’s Functional Anatomy of the
Limbs and Back. 9th ed Saunders Co,
Philadelphia, 2008.

Jobe FW, Moynes DR, Antonelli DJ. Rotator cuff
function during a golf swing. Am J Sports Med.
1986;14(5):388-392.

Kendall F, McCreary E, Provance P, et al. Muscles
Testing and Function With Posture and Pain. 5 ed.
Lippincott Williams & Wilkins, Philadelphia, 2005.



A=A EEe A5 A A 174 A 15
PTK Vol. 17 No. 1  2010.

Kinney E, Wusthoff J, Zyck A, et al. Activation of
the trapezius muscle during varied forms of
kendall exercises. Phys Ther Sport. 2008,9(1):3-8.

C, Colby LA. Therapeutic Exercise:
Foundation and techniques. 5th ed. Philadelphia,
PA, F.A. Davis Co., 2007.

Kronberg M, Nemeth G, Brostrom LA. Muscle activ-
ity and coordination in the normal shoulder. An
electromyographic study. Clin Orthop Relat Res.
1990(257):76-85.

Neumann DA. Kinesiology of the Musculoskeletal
System: Foundations for physical rehabilitation.
1st ed. St. Louis, Mosbhy, 2002.

Pink M, Perry J, Browne A, et al. The normal should—
er during freestyle swimming. An electromyo—

Kisner

graphic and cinematographic analysis of twelve

muscles. Am J Sports Med. 1991;19(6):569-576.
Pochini Ade C, Epnisman B, Andreoli CV, et al

Pectoralis major muscle rupture in athletes: A pro-

spective study. Am J Sports Med. 2010;38(1):92-93.
Ryu RK, McCormick J, Jobe FW, et al. An electro—
myographic analysis of shoulder function in ten-
nis players. Am J Sports Med. 1988;16(5):481-485.
Sahrmann SA. Diagnosis and Treatment of Movement
Impairment Syndromes. Missouri, Mosby, 2001.
Scovazzo ML, Browne A, Pink M, et al. The painful
shoulder during freestyle swimming. An electro-
myographic cinematographic analysis of twelve
muscles. Am J Sports Med. 1991;19(6):577-582.
Wickham J, Pizzari T, Stansfeld K, et al. Quantifying
‘normal’ shoulder muscle activity during abduction.
J Electromyogr Kinesiol. 2010;20(2):212-222.

=T "4 2009 12€¢ 20¢
=AML 2010 1€¥ 29¢



