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| Abstract |

PURPOSE: This study was to determine the effect of the
plane of movement (sagittal plane vs. scapular plane) and
shoulder flexion angle (90° vs. 130°) during scapular
protraction exercises in healthy subjects by investigating the
elecromyographic (EMG) activities of the serratus anterior
(SA), upper trapezius (UT), and pectoralis major (PM).
METHODS: Twenty-one healthy subjects participated in
this study. Subjects performed maximal scapular protraction
at the 90° or 130° shoulder flexion angles in the sagittal or
scapular planes. Surface EMG was recorded from the SA and
UT, and PM muscles. Dependent variables were examined by
2 (plane) x 2 (angle) repeated measures of analysis of variance
(ANOVA).

RESULTS: Significantly increased EMG activities in the
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SA and UT were found during scapular protraction exercise
at the 130° shoulder flexion angle in the sagittal and scapular
plane. Also, EMG activity of the PM significantly decreased
at the 130° shoulder flexion angle in the sagittal plane and the
90° and 130° shoulder flexion in the scapular plane.

CONCLUSION: we recommend scapular protraction
exercise at the 90° shoulder flexion in the sagittal plane to
selectively strengthen the SA muscle with limitation of upper
trapezius activity and at the 130° shoulder flexion in the
scapular plane to selectively strengthen the SA muscle with

limitation of pectoralis major activity.
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o 7w (scapula) 9] $1% =9 F(upward rotator) S 2]
B32 o] 79 7|55 H(shoulder dysfunction)Z} %
Z9] 9 ¢9lo|tiLehman 5, 2006; Lukasiewicz 5,
1999). of7iu o] 91% E-2 $hgUK(serratus anterior) 2}
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S AI = Z(upper trapezius), ©}5-A|EZ(lower trapezius)
o] 4% sl o}of e, o}l 1 1S (saplohumera
thythm) o] Qlejo] wie} M S0 1800 Seke 5
oF ol Mol A 60°9] 9% o] o] o] It Levangie
5, 2011). 71 FollA e Yol of7fm o] 1% =7
of F83F TS GIRIth= AL ofn ofg] AFE
23| gh3] & AP o]tk Cools 5, 2004; Cools &, 2005;
Lehman 5, 2006).

e 50 e B oS 9% F-o] RE3t
A 9% EHIEY 28T RS olFA] FSt
= AL oEEZ35 Himpingement syndrome)S H]
3} thofst o]7f Fgke] f¢lo] El= &% o] AKscapular
dyskinesis)©] QFAIE 4= Q] cHHallstrdm 2} Kérrholm, 2006;
Lehman 5, 2006; MacDonellZ} Keir, 2005; Warner %,
1992). 91% =9IE9Y E0rFS oAl U2 2
S =0 Akt YAl SB8AE SUkE YE
U, ISR 28T SV dEUSY 2
A= AstE Bt 913k Aeg A THCools 5,
2004; Cools 5, 2005; Ludewig 5, 1996).

aeu g, ope] FlsRdolt $58 Hast] 9
3 ARIAAE FEURY 2L A A
o] &9 A o] FotHDecker 5, 1999; Kamkar
5 1993; Ludewig 5, 1996; McClure 5, 2004; Moseley
Ir 5, 1992). dEYLY 2ZAHEE Adeizor 27}
Al717] 13t of2] 714 &5 WSl AFEHUY F
-9 S5 (push-up exercise)> FEY Lo TS
FosHAl S7HAZ 4= Sl &5 e HuEgl
(Ludewig 5, 1996), £41-9 &2 -5 (push-up plus
exercise) = FFYTLL SHHAEE IA FIHATI=

A0 2 e thDecker 5, 1999). E3F F4-4 &5A
o o= A Sl £5 Sl ¥ 44
2-5(wall push-up exercise)o|L} & O 2 =7 (shoulder
¥ ArEo0] 2] 7(wall slide exercise),
o 9Fo & d7|(forward reach) 51} o] A Z}A|of| A
3t 4 Qe &% W E T AJA % chEllenbecker, 2006;
Ludewig 5, 1996; McCann 5, 1993). £3] A Z}A|of| A
2o FRANE 23 Fbsstm, Eat
| 4= Aok RS 7L Qi

forward flexion),

[e)
—

<= ynerglstS)«l %%*JEE A 7V A
9IT}. Weon S(2011)& T Qrog B 9EQ
Felsit, U] 2HA=e) Z71h B 9]
SAlB0] FRYER ofsh] F7loke Ao v
skoick =3 F4- &olu o7l W 2-5(shoulder
53k 2o 258 she 59k PEY
220) FIHET} B AT BA0] 27kse]
BAE oA folabl F7HEE AoR 2AEYUG
(Kim Z, 2010). Decker 5(1999)2 0}7}¢] LEEC 3
402 $EA77) ANE FEUDT F 054
Wt ol GA RS ST ST ATt F
Aol SIEHEZe] 2HHES W Aol Bas)
2 FAeg
FEUDO) ZHHES 2AT A APEL A
B, &0 vigg A1 Y= 2] A W (push-up position)
- ARA, QRS ARA, A ARA] 59 of e ZER] AZRAeflA
A3, 2o 22 9lo] BhEH &= W (movement
plane)I} IS Eo] 28+ H% ZT(shoulder flexion
angle) = THOFSHA A2 Atk A|AFH(sagittal plane)of]
A B SEIES B A7} 7 BT Weon 5, 200
Weon 3, 2011), of® Atofx= of 7§ H(scapular
plang)ol ] L So] L= 5.0 ml(Antony®} Keir,
2010; Ebaugh 5, 2005), 29| &3 Z=x t}esl/
AEE U B3 TE 50 &Y &5 o 5=
FE2e WA QS FAGE BIE Yot
(Roberts S, 2002).
ole} o] kB el AlEH ZBE SfFt ATEL
Chye A% o] B el ofel ) 28-S
of BHES AT, 22te] &5 PS5
oA FEUL AR, okfeAl RS, E7HE
2 o pmymel el ATt A 95
wolu o7l 3 Ztwol nh2 of | 9% Byase)
TE = Hsto] diste] A|A Aoz AR At ¢l
4
i

protraction exercise)

om, Rgdeso 284S 7“\‘1713’-
<9 ZBAHEE STHITIE &+ Ee o

e AN Eoiedck arebq 2 _%101]*1—5 o}
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WY &% Aol FEUZ ASHRD, 2
2YE7} LFAB o)) A FY 2wl e
ofH #o|E Ho|tn| tobriA} shct.

Fo] 7hge Theat ek 3, o U 8%
A SHEUTO) SRR S5 HolL offe] 33 2
el e} 47 Aol 2 Aol S, ol i

4o rl-]I e
re

% A SIEAEY SRS SEHo| o
1 Zmel et fog Aol 1Y Holth. A,
o W £5A 715 REAEE SF ol

ol7fe] Fa Zheol ket $olg Aol B Aol

ARG 23

Bat A2 59.79+11.20kg0] §ict. thAAHES BF
A GRS 7RI Ao, Aol 71sH e
Aol f1gict. 0177HE B2 2| of - F9jof 4173

1) 3 24 =(Surface Electromyography)
2 2REY 2WYRE S ) wERAE
Noraxon TeleMyo 2400 system (Noraxon Inc, Scottsdale,

AZ, 1]=0)E AME-5}% 3L, Noraxon MyoResearch 1.06 XP
/\JEoﬂoiE o]‘g_—g]_o% 7L :LO :4 :LSZJ—HEE ”‘;S

B =0
2 BAsgIE 2HE AT B 2280 1000HzE
aholaL, W w2 e 10~450122 BFgom, 3]

AL
2| (notch filter)l= 60Hz9} 120Hz2 A A3}k

3. g gy

ol i 5 Ao RS 2457 SlaA
FEUTH ASARE s SHE A
(Ag/AgCl surface electrodes) -2+ F-9| & o|g] A &3}l
AL HOog Z F2 Fof A5E Fas S5
Yo HF2 Axs ofgff £99] b2 5 (latissimus
dorsi) 9F& oAl o 7w o] ofelf ZKinferior angle)}
2 Foldl 9t HEUTY Bae] Hasidn
SEAEI AF T Zwe] FHAS ]9 ol Am el
| &-7}1%& B9 (posterolateral acromion) A}o]&] Z7t
Aol 223 WA BRI Bohae) 43
o A FE(axillary fold) 9F2 2cm 2| Fo H215}HS]
1I(Cram -5, 2011; Criswell, 2010) HA] A =(ground
electrode)> A3 3= ég] 12} T]oﬂ 1:'7\1-0}0&.:},

Ad2
ofaf o]FojFltk gt WOl ZAA = AHFEHE 246
A, ohE o B oA A AR S 24
Aot F o S AR e AEE F A
skl Qlglom, ST Ao Fofet BE At
0] AE 9| Aol gt |5} SJuE YA KolEE
SFRIT] ERE tidAEe] A Axpel ARl ol&sA]
T8 AARE A 13]9] ofju] AHE AASHTH

4L digAEo] vlE] AAE 422 4(plumb line)o]]
5ol S0l AAEZE A Ao A AAJEIALt &
Fo| g o gzqu AL WAE7] 95}o]
FE9 o7 WAE BT ZF 2ol whek AlgHoY

ol 7w (A O A 30° =3 K)ol A] 90° -2 130°
2 29 3, AU o) Y £5& 4SS st
(Fig 1) 3 <ol E3] QYR 452 93t of
ol AEEE o7l F1 90°0} FEUE 714
aF o2 ZAISIA7]= 130°(Hislopx} Montqomery,
W02 o1 3 Az ARSI 42 4z
o2 olE T T, 492 AEE T % o]z
2l A2 et doly +4S 918 27kl
vk 524 38) 243 5, 57032 5] 2AE
S I8l BEUE Tehc 29 E4E R
92 Aok, N2 g
o see] FANLE Pk wE asaoﬂw 2t

F_EL
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HE 240 By Fof oF 108719 FAIE F4UIL
olo}d ztze] 2AA £HE 2EEY LY
A3#ekst7] $13) Kendall 52003)0] AIAI3t 2
el w7k 2859 A 5o 57

(MVIO) A 2AEES Z4sk9ch 249
HEE HRPYIRMS)OZ e 7, 2t 289 2
A8 2R Y S8 FAY 45 A DA

of thel WlEg= Ailsto] EA519

O

=

4. 24
FA EA4L 95t SPSS version 12.0 T2 IS
GBI EAT obl FY el w2 SRR
3} PSR, BsTe] TR ol g o
7] 918 wh 2 AR ) o] 8.9] BAHELHrepeated
measures ANOVA with 2 x 2 within-subject factors)<
ARSI 7 7HA] 8918 S (AL, o 7fu )
T} o7 el ZF(90°, 130°0)93L, 4709] =22 X 2)°
2 RS §O5Ee as0052 shork

oz
o g

¢

I, g+ Za

Table 12 o}7f W¥ %5 Al &5H} o7 73
Zrzo mE YU fISAIRD, 2715 =
otk FEUL, eAEIT k5] 28T B
T &Y o B A= A5 A anrt Vet
A gkoteh e U YoMl S8 EE &5
Afolofli= BATHH O & [-o51A] ghgrot o7l &
Ao Me Fo3t Ao| & Btk 275 2
T U ol H3] ZtollA] BAHORE {2

AtolE K GItHTable 2).

ox o g

o

v,

[

AT o) W 25 Alo] YU SR
Sk 2R SERI o) B FY
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Fig. 1. Scapular protraction on sagittal and
scapular plane

Table 1. EMG activity of three muscles on movement
plane and sholudler flexion angle during
scapular protraction

Sagittal plane scapular plane

Shoulder  Shoulder Shoulder  Shoulder

Muscles
flexion flexion flexion flexion
90° 130° 90° 130°

SeImatus ) 241590% 60.71413.76 49.37412.90 68.81413.77
anterior

UPPET 15 6610.13 341242761 21.32419.81 33.65417.73
trapezius
Pectoralis

. 30.33+13.58 18.03£11.84 11.95+8.25 7.43+2.94
major

*Zd) 49 5HA FFMVIC), Hd+EFHA}

Table 2. Significance of EMG activity of three muscles
on movement plane and shoulder flexion angle

Muscles Effect F-value p-value

plane 1.013 32

iﬁg‘fgf angle 2342 00"
plane x angle 2.734 .10
plane 2.315 13

trgpfgjzjlrls angle 11.819 00%
plane x angle 323 57

plane 43.973 .00*

Pectoralis angle 14.809 00"

major
plane x angle 3.167 .08
*p<.05.
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QA7 Az} U PEAEDe 2L of
7l wae] #3 Zhwol uet o8 Aoz U,
= 9 Aol w4 gtk 27k
SER 3] Zheo] uje) Wi
ot Holg w3t
o] 218 okal= o 7w <) AKscapular winging)
S AT o e 915 BYS R2a shol
25-E ¢ u(rotator cuff) &AM

] O o]q._ @5143_94 :Leﬂo] ok%l— 76]

9 L 715E BAFE] flsto] fleAlETely S
< 59 o2 YL E0] A&-5A (hyperactivity)S B

olA HiL, & T3 dclo 1 =7 = gttt 197
o Z7}A)7)

o B AFAEe] FEUZY e
WehulA, BE 2850 B

Qe IS wASEaL Qlti(Ludewig 5, 1996;
Martins 5, 2008). Ludewig 5(1996)2> %5 F4-4 <
%(standard push-up exercise)o] HEF = F4-Y 50|
U e 3EL- —V—E(wall push-up exercise)of] H|3] 0‘514
<3 YAl RO LA O H(ratio)7F F A E S
o|RL 2% o|g}al 319 a1, Martins £(2008) %= x|
a2 g0l ¥ F4lod LEOI F82 F4-9 &5
(knee push-up exercise)o] H|df ¥EULe TSV}
WAL QAR FEAET w2 SAElA At
2l 5oletal shelet

2 Ao A kU TAR Y] T
of7f TAEO] w3l Zt&=rt 130°Y w7} 90°d whel B]s]
FoletA =tk ol2let Aub= ol WEY wEl 2
T7F130° wf 250 Zol7t ¢ Aobxl Aol 5
5t7] whiedl Ao ' Az, o WA ¥yl 7=
7 A el FBAE7 SRRt AL B Ag)
& -5 (Antony 2} Keir, 2010; Ebaugh 5, 2005; Ludewig
5, 1996; MacDonell 5, 2005)9] FA1} U A|sl+= A1}
olck. el £ e uolA U} AR
ZRHEE Aol7t glelch

Antony 2} Keir (2010)+= A]AS

oA Z& S0l

Pt of Pl g, Ak
o off 9] 245 J%WEE
A o159 ATANE FEARRS 224

3l
l 20| & Zoft}. sHA|t o7
argfste] AR F52 G371
il *l*JEEEEPE o7 Ho A o] 5ol F
(Moseley 5, 1992).
© T2 2EAERE A 2ARSH
st o7l WEO) w9l o] webs B
Hlok of 7w A o] &5 ARk
2= FoIsH £,
2% 7F 90° w7} 130° wfjxch
SO £ TRHES etk ol AS 2ok
o] $lEu(umenns) S EE] 4% ofd) o mo.
1!(adduction) &&]+=(internal rotation) 7]5= dl= &=
°]7] wiofl(Kendall 5, 2005) ]2 Kl EL} Qi) =]
= WFe s gFo] TS 2T} Woll=
o= AyzHEL,

271512 Yo7 T (glenohumeral joint) 7|55
o) f9lo] B 4 gl 2golc), ylek 2ol of)
U -(subscapularis) T} A 3}A| 3 (counterbalance)
= O FA] JrHH, 91w o] e (humeral head)7} 95
0 2 anterior gliding) =7t} A7}t (shoulder girdle)
7} 37 (depression)S}aL 0177HHB1_4 Ar%(elevation)©| o1&
AA 715A % Ak e 4= gick(Sahrmann, 2001).
237] Wge] 27kee] BHAETL U 57
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Q1 THDecker &, 1999; Hiengkaew 5, 2003; Hintermeister
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ot i 0 2 ARRE]7| % SFCKLehman 5, 2006; Uribe
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