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| Abstract |

PURPOSE: The purpose of this study was to determine the
effect of shoulder external rotation on muscle activities of the
scapular upward rotators during arm elevation.

METHODS: Nineteen healthy subjects with no medical
history of shoulder pain or upper extremity disorders were
recruited for this study. Electromyography (EMG) was used
to measure the muscle activities of the serratus anterior (SA),
upper trapezius (UP), lower trapezius (LT) and infraspinatus
(IS) muscles during arm elevation. The EMG activities were
recorded while the subjects performed 90° arm elevation with
three different arm positions; palm down (PD), neutral
position (NP), and palm up (PU). While seated in a chair, the
subject was asked to raise the upper extremity in the sagittal

plane in random order. Subjects performed 90° arm elevations
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in three trials at each arm position. The mean EMG activity
normalized by the maximal voluntary isometric contraction
was analyzed across three arm positions. Repeated measures
one-way ANOVA and the post hoc Bonferroni tests were used
to determine the differences in muscle activities among the
three arm positions.

RESULTS: The EMG activities of the SA and IS were
significantly greater in the PU condition than in the other
conditions during arm elevation. No significant difference
was noted between the NP and PD conditions during arm
elevation.

CONCLUSION: These results suggest that shoulder
external rotation (palm up position) can be used to activate the
SA. Therefore, we recommend a scapular protraction exercise

in the palm up position for strengthening the SA.

Key Words: Eelectromyography, Shoulder External
Rotation, Scapular Upward Rotator, Serratus Anterior
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I.AE

2 (humerus) S Y& 0.2 180° 27| 9lsir =
1o 7 ¥4 (glenohumeral joint)l A 120°9] =&
(flexion)o] oL}l sAJol o Zjme] 60° 91%=H
(upward rotation)©] ¥ojLteF FHH(Inman &, 1944). 17}
i 9] 9)&-E-2 95U serratus anterior) G- AlE
Hupper trapezius), ¢}l E(lower trapezius)2] T+

of eJsf o]FoiA|m, 9’]%%5 Aol EtEo] °]7%
L} o7 ] 9iEEglo] FEstk A9l offe] 71

7 (shoulder dysfunctlon)olb]— & %% 7 (impingement
syndrome), -5°]“d(scapular dyskinesis) 52 412 7}4|
TAIEe] AT 4= 2 thHallstrom¥} Karrholm, 2006;
Lukasiewicz 5, 1999; McClure -, 2006; Warner &,
1992).

o7 YEEHIE Alolo] B & Shiy
O] 2 BAE Aot o]F B Sl e Al
o & BYE F7FE YR (Cools 5, 2004; Cools
5, 2005; Ludewig 5, 1996), o]&|gt A4S s ds}7]
9kl @& A "é— oA SFEUEe LS kAT
7] 98 S5 ES ek thDecker 5, 1999;
Hardwick %, 2006; Lear®} Gross, 1998; Ludewig -5,
2004; McClure -5, 2004; Moseley &, 1992). ¥51-9 25
(push-up exercise)Z} F4-¢ &2 5 (push-up plus
Sy &+ GAEE T ST
Z 7 e s HOE BHAE Sl Decker 5, 199,
Ludewig 5, 2004), B 2AUts09] &2]7|(wall slide
exercise), & $F0 = 7| (forward reach) 52| +5HH
T U] s A o Qe WHO R A
%] A CHHardwick 5, 2006; Jung 5, 2013). =3+ 94kl
M o] AllA & SRS TTHIA F e
o AvlE A SEolu F2 FTtellA
283 4 ol & ko7 7] 9 58 Bol &
G|

71 9]0 SHEUES WIS o f1EEHI 50
o GAE G U]él T = oy 7HA 8]lEel
&k AR UATE A A5l w2, of 7w
ANEFHTEY F Y EE HE|ef Fof Aol ujat

exercise)<
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A FEFE e 02 ZAME =, A Ak
(forward head posture)E F3FH Z HA A (neutral
position)l] B3] AFUe] & AT} sl
Eﬂﬂﬁ AeAmZe & 51’“4]} 7k AR
HTHWeon 5, 2010). B3}, o 7pf A= A2
H"E 319 Lol webA = OVH 79 2559 < 24
Tt 9FS wethes Balk 9l THAntony 9} Keir,
2010).
3IA 9 o7 4 (shoulder joint)e] & (rotation)Z}
Fs]o] o7l EEHIES <+ S HskE =
}L A= fldith A8 ATEs AR, R4S
& Erjto] ol & FFetA stu R ofzf o] ¢F
%%ﬂ(mtemal rotation)0| L} SHAAE FHA HE
EolaL, ¥ ArEo] &2]7] -5 AR Hag
FH4 (elbow joint)S 53] 2 o} Z(forearm)> Bl &
ol Ao B2 o7 FE S 715E (external rotation)
Sh= ApAolnt, HgE S ko= ml= FolL Y=
50 &l et ATelA FHAMAE F
slal 3ith(ung 5, 2013; Ha 5, 2012; Ludewig 5, 2004;
Park 5, 2013). o] ¢} 2Fo] o7} EEH IS 7hshA|
717] & SEHE SR oA o] A= QEE
o} YA, Z& 7EEY o7 T3 A
F 3} = ofal 9lom, o]ef gk AP el M E AL
Aol
oj7fm 9% EHIES] LEsE s she
IS M=oY VIS EH AME Heks
7iAlobe T4 = (otator cuff)H o] 7HA]
(deltoid) S H]E3H of7llw) 912 S (scapulohumeral
muscle) 59 o+ {IYEE WHalA ste= fjZolzj a4
o] 5ol FEFs mE Aolar, o] gk FEF ofZfu
ANEFHLES] o SAEA7HA] o]ojd Floft}. 1Y
L AA7HA] SFEURES BIE o B SRS
o] & 5“353 ST A SEHES &
A=A ﬂ-‘” 5 o] s 5%
OE AHE AT F fle A5 ALstaes iy
AMHES SHAAZE FHA a3k ddellA ¢
s AstA7) HOH A AR AL Q)= B
719} #o] $-59] A5l % oS b7l SHA
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AL 22 Z(cross-amed) AHAE =S o 9] 3. A
of o]lge] o] mE o]m fixEU L5 & ol el B4 Aol e o $jEEU LS
o] walo] vat A7} AlFE Aotk meby o] 2 BHES SAG] A EUL AR
B QAT ool B9 AAG] HE ol 2 olgEAlmie], Teln SR EUne] & PR
dmEdss splclgle] & AR MHE & Z4a7] a4 Alolele] AR A AgAedl

[

o}y 1A} T} surface electrodes)S F-23}Sit), -2 Ao w|g] F-2

AT TP vt 2ok A, Sy & 5915 st 43E Fo2 & g Fo A5S
o L= o] =1 Aol wet #ofg 2T Sk A5S A= of 7919
ztol& B Zlolr}h. &4, 7FA okl (infraspinatus) 2] W25 T(latissimus dorsi) & F-E-of| A of 7 o] o}
o L= o] =1 Aol wt Fofg 2l ZK(inferior angle)?} 742 o] 2}% OFEL Lo I
2tolE B Aot} gol] F-2Febolar, el H=E TH B o)

I E7] 9} o) 7 o] ﬁ % 71%: ‘5-5-2](posterolateral
acromion) AFo]] &7+ 2| He 53} ahsHA| F-2}

IO A" % ATk ot T AR Mt of o] o}z ol A
550 Zte 2 QX 250 b el FAbeRslaL
1. A=k 7iAlobelte] =2 7HA o}l @ E(infraspinatus fossa)
 AT] bRk oot gharel] A gk 2l 1999 A A 52 FgetA F2B8HSITHCram 5,
A7 AodAds der St Hy dAHe 2011; Criswell 2010).
2337£2.64410] 031, Hat 2172 168.6448.59 em, 1t AYLS T 5] SAA o) o] Foxirt & W
AT 58914104501t} BE oSS A% 2= AFEE 223561900, U 3 9L uldale
fAFES 7 AL lofA ARS ek A7t et AR RS 2dalnl F He] S8k AY
Stom, AA 715A A AFHE gldek I ghe] o] BE HAES & sAekaL slen, S-S
U 5% 59 Z=AA AZE QoA A Aol ek Aol Fofgk BE tidatEe] Age] Aol gt
= = 7 Ae e AdA AR e oS53} oJn|E ¢A] Jebes sigin gk tidAlEol
A=Al AE e HAE 2 ddsialon, didat A7) Aapel ARl o)A w5 ApA|gH A ¥} 3
S ApRA o g ARle] Fofslgit). Edt Al ES oF 3371 ofn] A3s AA 3?91‘4.
ng] AHdl & FoA e ~aE AHEkglth SAE OB Aol A AAEkG om, o] o bt
Eol] vjg] AAE 24 (plumb hne)oﬂ o] Ao
2. A=A AR =5 Sl A ES ehe APl A &)
2kge] TS 53l SAA Aol wet A
1) W 27 = (Surface Electromyography) (sagittal plane)oll A w|2] SAH 90°9] =o]71X] H&
7 2559 & YYEE SAE] Al aHTHE 5L 533 AR BlQith SA-S Euleto] ofef
Noraxon TeleMyo 2400 system (Noraxon Inc, Scottsdale, £ 8} Palm Down (PD) AHA|9} 5 HAFAIQ] Neutral

AZ, USA)= AH&-3F3ith. B3+ Noraxon MyoResearch Position (NP) A4, “12] L =njeto] 9]E &5l Palm
106 XP 2T EGJ01S o] &ale] 7 2550 & BT Up (PU) A9 Al 7HA] Aol A 22} 3314 A6k
& sl BT 2R Als e R FEES ChFig. 1). HlolE] 43S 98] Zh7te) Zanjt} 524
1000Hz2 AA8ldan, e s~ DEE 10~450H22, 33 S4T F, 53
w4 HEE 60Hz9F 120Hz=2 Z17F ATk 5t
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Fig. 1. Three arm positions during 90° arm elevation.

(A) Palm up position. (B) Neutral position. (C) Palm down position.

7} 2 Ajold] 284e] FANE Fo TR ol
shgitk. BE S By Fol of 1087ke] F4L

o}
F5la, b 6 el B9 il
7] 918l Kendall 5-(2005)0] A A3+
et ZF 559 Aol oA %ﬁ*é ?%(maximal
voluntary isometric contraction; MVIC) Al &+ 4%
Z4egT: BE 2 :
RMS)2. 2 A2 gk %, JW T«]’“ SEAR 5 Al
ol gk MEE= Allkete] A8kl

£ Ao W o 9155

5 7Aele] o S Aol S mlusl] s
A iR L8Rl 4B (one-way repeated ANOVA)
S ARSI AL, R4S a=0052 F3ILE o] AES
S A o= Fof gt Aot HHHIE W

H2Y -7 24 (paired-sample t tests with Bonferroni
correction) S ©]-8-3t0] AFSAT S AAIBIG oM, o]

wo] §-o]ES a=0.017(0.05/3)= aF3iTh

Table 17} Fig. 2 ol|A Z& 90° £ &8 FA8l=

Table 1. Means values of EMG activities (%MVIC) of scapular upward rotators during arm elevation

Arm position
Muscles F-value p-value
PD NP PU
SA 35.88+£9.26 * 32.98+ 9.01 49.85+12.02 14.91 .000%*
UP 25.67+14.80 24.46+13.10 31.10£13.65 1.29 284
LT 48.69+19.87 49.89+20.18 51.51422.82 .09 918
IS 32.99+11.25 31.24+ 9.90 47.67+17.04 9.02 .000%*
*meantstandard deviation
**p<.05

Abbreviation: MVIC, maximum voluntary isometric contraction; SA, serratus anterior; IS, infraspinatus; PD, palm down; NP,

neutral position; PU, palm up.
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Fig. 2. Three arm positions during 90° arm elevation.
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(A) Palm up position. (B) Neutral position. (C) Palm down position.
Abbreviation: SA, serratus anterior; IS, infraspinatus; PD, pa Im down; NP, neutral position; PU, palm up. *p<0.017

£ Bo] B we obiw SEER 25 7}
Aolelze] 2R R WalE AN, AT A,
LI} Fplokele] & FHEANA FI% Aol

g nglov) AFEA A3} Euehe 912 Fool 5
S PU AR S 3 w7} O F Aol B
2312 W) ur} Fol5h B 2 BHES e
ok FHAANDSE S ol ol sk A
(BD) AboJol= 5915k Aol 7} ikt eksie 9154
B} ol SARze) 2 BYEE Be B A}
olol frol WahE wolx ke,

Y447} owﬂmﬂ %%—fgg SE e 2
| g2 Blﬂ%ﬂ o] 134 9

—r—‘

) 1A eI, A7 A o
g2 Aplelelze) & %v i e 544 0
2 frofat ol 3 uglw, SEAEDT oS AL
o] frof3t Aol 2 wolx] ekk. HEU ol
o] = B dvleto] 912 FelAl a1 PU AV
oA e T ARG R frolabl A ekt
oHEe] 1 BT A oo YEEUS

FEoH ot o) FETFIS 4o AY o]”HH‘ﬂ
) d(scapular winging)= SHIAI 71 529 o7 755
Z(shoulder dysfinction)S ¥o7]+= 8 Yelojt}h
(Lehman -, 2006; I_opes 5, 2015). $EU e <E o]
okt -9, L 7ls s B $1ste] HeAlEol
254 (hyperactivity) = HOIA| H1, &5 59 €9
Qlo] ¥7]|% ghr}, 2=7] witel] B AFAlEo] o
wHZY 2EE FTH7P7] fg Sss s st
(Ellenbecker, 2006; Hardwick -, 2006; Jungs, 2013;
Ludewig -5, 1996; McClure -5, 2004).

AT Y AL 5 EHIEY 94
Lol wx|= Gkl tiel A3 ALt AFoR TS
Al 7HA EHAAR 90° 50] &1 Aol A o 7
AEEHLEN 7PrloklE] & GAEE 47 574,
vl uslnh A A3 S 7EEEYshE PU AR
s 59 S35 w7 2o B EYS =8k PD
ARAILE NP 2Rl v] &l St 7hxjofef o] &
GAET} ol w2 Ao E YT Shsud
o+ S ETE 73 Aol E HR o= T 2ol
A 4 9ok

A Aol 42 F7(length-tension relationship)= 2
g3t 4= Q)tiRack¥} Westbury, 1969). PU AFAll A
= 59 Sl Bt o] M ERS A
a17] 91al 7HAjofelto] 58| B al 1= Qe &
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oj7jd ] 520l AgtE o] tE F ZRAIINP AHA,
PD A} ET} o} 7)1 €] o}2| ZK(nferior angle)©] T
o) A] Al (protraction) 1T} A3}A 0 =2 PU ZRAol| A SHE
e g8 F AR o w59 S (shortened
range)°ll XIS Ho] ¥ #& & SAEE Bl Zle
2 A7HET Xavier 5(2015)2] A7+l ©51H Empty-
can <& A|E.T} Full-can &5 Aol o] 7w o] 91%=9
o] ¥ F7ksh= AR e Xavier 5(2015)>
Empty-can &2} Full-can 65 dh= 5 o] 7w &}
oA 54 AT, Empty-can &
514 Fullcan &0l A BT} &5 91719 9
+57d0] 5713kl Full-can 541 Bmpty-can &
SH o o] g5, = o7 9 1EEHe] Tt
Sk Zlo® HAEglt) o]9f o] o7 e] 71EEd
< oS QHEEEE SlSls v o) 7w o f1%=
Hol Z7hstar & Qe $hsuS PU AHAlolA H
5E Rl AJslslS Aotk E thE Rl e
ThAlobel2 o] F 0 Qg fjFolf e 9 ThsAd
Ago] Z& o= ool g AFdoE AEPs
Fede & 7 Utk 7RAoh2Y 2 2ARRE Fo
g 2tolE Bl 28 d o) 7okeio] 715
=3 9] 2h8-TH(agonist) O] 22 Ho] ¥ AAof| welA
PU AAleA 7P 52 & SRS Kol ¥ 3
o Az A7FEE 4= QIT) Lee 51(2014)2 Empty-can
-6 Fullcan &5 A9 < SRS 2AFISIET,
159] Aol A 7Haokel2e] & 2% 5 7
FEHHE Abolol o8 Zpol 7} vEhA] ehokrt
AT Ayet v dnE Hied, a4e
Full-can 55 ob= %t S1Zo|7jvbde] A7t &
Aol M PU AHA| 9} th27] w2 Zl o]t} Full-can
&AM Bt pU ARAlell A fZolzlebdo] B 7=
d 2AE FHohA "ok 2= Qlal] & Aol 7R
ofe2e] 2 BT ol gk AfolE HlE Aot
2 ATl AR 2 SAeE B E9at
Aol wheh o] gk 2po] & HolA| ek, o] AL 7}
AloFllEE FHA 5 ke 2o PU A7 of 7
o] o] Wsthtl= ofgfzte] W o B2 AlolE

A7) Q] Aom 58 ¢ glrk E7F o)

O

AR 2 FAE A Te] SHA el w9
gk Zpo]7F YIS 1248k o]+ Bagg?} Forrest (1986)
o] Aol A yepd AAH ofefs Aol e &
= e Qfell A T2 AREE] we] 90° B
Tl A= U Ao] & HolX| g3kd Ao= A7}
Hrk

2 AT AelA Sy & A EE 29
SHAA7EPU AAY W, TFE F 7] AR EE 9
SHAl A YEFEAIRE NP A€} PD ZJA| AboleljA]=
frolgh 2pol 7k ATk 1 Yl v o] A
% gleh. s NP AAlSl PDALA Aololi hAlol
Azl 2 BEol] ol o)} Biglth: Be B
4 ek Aplolalze] 2 YA} feld ol
o]A] FUTH= AL o7 o] 7hsAdol Zpol7} fiSiTh
= As ofnlekEE NP ApAe} PD AHA|el A1) & 2
L Apolol| & frogk Aol 7} WHANSHA] eFtth= Aot
EAEE A TAE JARYS 7 AU AT
ol A AAIgE Ao A 29 3744 AA| 9] HAL 92
oI ] EHAAME 2257 $golSitt PU A
= oA o] EEY S frEstal, PD A&
oA FEEHS NP A= SHAAE F
& Aow gk 2ot ol (forearm)oll A = &
Z(pronation)@} ¥ % (supination)©] 2HAYs}e] 912 ok
ZEHH 7IEEHS sk @9 T Pu AHA|
ol M= 2 I (elbow joint)e] T3t $1Zoi A
o] 7}EEdo] FEsHAl HASHIAITE NP A4 |<}F PD
Aol A= obedre] Sxlolut FZlo] $hA WAiste]
oAt e ERAAE A 24T = §l
o} 227] wiizoll NP ZpA9F PD ARl A o] 2=
7F rolg xfolE HolA| s Ao® Azt

2 AT Aol = AVl 2 Y =S 5
AT} ZE 5o LAY HOE 1= F(protraction
exercise)dl] et ATES AR W, APYHNA Z&
SYEE 3 AU} al(Weons, 2010; Weon &,
2011), o} 7§ H(scapular plane)ol| A Z& &2|=F gt
A7} ATHAntony 2} Keir, 2010; Ebaugh 5, 2005). L
U} Jung 5(2013)2] Aol oJsbd oHEu 3t 9%
AEe] 2 S EE e uhet fo] s Afol&
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RIsH| fIgk AoR AT ANE WA 3] $3)
ZS e A4EE 900 3 AR AAIE
Antony?} Keir(2010)2] S1to]] 2J5hd Zol| 7134 =
A A7 255 < GRS TTHIPIE AR
e 2 A tol M 2kgo] HHES AREEIS =),
oA o THE < GAEE Y TRV AF
o] AT} Weon 5(2010)2 28 28] 59t of 7 <]
EEHTE] F GRS 2R AT 2kgo] T
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