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among all angle comparisons(p<.05). PM showed

Abstract

Background: The purpose of this study was to in- greater activation as the angle increased(p<.05),

vestigate the influence of gravity on muscle activa—-
tion according to different shoulder abduction
angles. Specifically, the study aimed to examine
how varying angles of the arm affect activation
patterns of The Serratus Anterior(SA), Pectoralis
Major(PM), and Upper Trapezius(UT) muscles during
exercise.

Design: Cross—sectional research design

Methods: The participants of this study were com-
prised of healthy individuals in their twenties.
Muscle activation of SA, PM, and UT muscles was
compared at three different shoulder abduction an-
gles (0°, 20°, and 40°). Data were analyzed using a
repeated—-measures ANOVA, with the Bonferroni
method applied for post hoc comparisons. The
Friedman test and Wilcoxon signed-rank test (for
post hoc analysis) were applied to data that did not
follow a normal distribution or satisfy sphericity.
Statistical significance was defined as p< .05.
Results: SA showed a progressive decrease with in-
creasing angles(p<.05), with significant differences
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post-hoc analysis revealed no significant difference
between 0° and 20°(0>.05), but significant differ-
ences were found between 0°-40° and 20°-
40°(p<.05). UT showed a gradual decrease at higher
angles(p<05), post-hoc analysis revealed no sig-
nificant difference between 0° and 20°(p>.05), but
significant differences were found between 0°-40°
and 20° —40° (p<.05).

Conclusion: These findings suggest that shoulder
abduction angle has a significant effect on muscle
activation patterns. Proper selection of exercise an—
gle may enhance the efficiency of training, allowing
for targeted strengthening of The SA, PM, and UT
according to specific rehabilitation or performance
goals.

Key words: Scapular protraction, Shoulder joint,
Shoulder stability
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. A&

O =& Hi(shoulder complex)= Ot (scapula), FIZ H#(humerus), SZHH(sternum & ribs), Y& (cla—
vicle)2 AE Ul il A4S H&E ZEZ0IC 0] 2E 22 HIH2E(glenohumeral joint), HIHIFS2E (scapu-
lothoracic joint), 82l &2 & (acromioclavicular joint), S&8I&2E (sternoclavicular joint) S0 204, &
g5t AXl 25 HRE MSSCHNeumann, 2017). 01248t &= 2HE EHLE E0 Sel= 52 S&E S3Y
O M0l MSIED| #2 SAZ JHEICH Wetd KN et SHscapular stabilization)=
ot &4 ool Z2X0ICHKibler, 1998).
2201 2hELIE(serratus anterior)2 HIHHE S20 D& AZXSE
protraction)E S=0t0 HIZE Sl J|=E EHStCHEscamilla &, 2009). fIS
A

lEHEMNIE2Z2(ower trapezius)2 2SLI2D &M H&(force couple)2 010 I

ol

0Q
ol

Ol HEsE &
t

(upward rotation) 2

o I
fon
18
14
e

—

DI:I

H
M2Z(upper trapezius)

=1
o

o !IZEHE 511, 2It&2pectoralis major)2 =2 HH2E2| ==& WA (horizontal adduction)2t 2=(flex—
ion)0il 2t04BHCE 24U O 25 Al 22 2+ 84 HISC| 228 0| L5, YEL|20| MEIRA 24351t (UKD
O SS50| HEE &

QCHWickham &, 2010).
o=

OIHZAC] OHNSIE 2lol, 2SLIZ Ldt= Z40104, THst &8 HRSUHM 200 X2 UCHL FAIG A
(push-up plus)= ITHEHLHY R2H0IA YSLIZ BHTIE IS S0t HEXQ! MEiX 245 2502 AN UCH
(Ekstrom &, 2003), REUD| BHEOIL} BAH HECZ H0|SE ZZEolH AlEHs £ QUCH CHOILY 1 (dy-
namic hug)= EFZEHICLE HOISS 0IEdH ZS del MH0IA CotFs SECZ, 20I52 MYs X AS6IHA
ASLIZ2 E435ol= Ol 2E0ICHLudewig S, 2004). 1211, & £2l0|S(wall dslide)= HE 0IE6 22 912
OlNeHE2|HA Ot 212 S22 FE6t0 2SLI2U OlHSHIZ2E 8 238 & JUCHHardwick S, 2006)
LS JIHE ASTF0! MI2HHES AFZSH, UINHULIE 2SS Al 26HE SH &S == J0 =I| ME0ILE =I0A
MEoiH, dsL2 d8dE =2 = UCHCools S, 2007).

LELIZS Lstols 2322 JHEA MEE & U= L2 K LY 2(shoulder protraction)0l RUCH
O] HHS YSLIZES HHFHOZ SIS &+ U= HHEAQ YHOZ, &1 Al&(closed—chain)dt 28! Al&(op-
en—chain) 8t 2F0A HEECHPark S, 2013). Z&! AlE 28 & IE252(supine) XMIUIAMLl LIZS 2ASLI
= 240 SuEel Ao BOEACMHKImD Park, 2019), Sol O S& 20 et 2&84 E0l Letkle
2102 22 UL JIE HIRES2 F2 0°, 30°, 60°, 90°2 &2 H2 2HA9 25 4F6I0 AsLI2- 252
N2Z 84S HIwEHCE DLt 28 2501 HESS 2ol 22 Z40| £EOZ 0/SotH, &2 E30t sind &=

2 0 =
Off HIAIGHH SIt522(Hall, 2021), 2015201 8 24 22 oA ASLIZS AUE &4 HIg0| 248

Itsd0l ACHHall, 2021).
|

£0l, 2=0| 25t B 45° 0lAQ HE AS= O HA Al SEQRSH 201582 el 2RE RNE s
= ACH, Ol= H48LIZ2 =+ 43l dollstlh [eth, S22 = zlazlotl) 2ELI22 H8N SES
SEoP| floiME €8 2ES 20 MY 23S 2RIt JUCHKImDt Park, 2019)

MetAl, = SFH0ME BI2+2 XMA0A S350 2A8tEE=E O W 855 =dotddl & M, 0°, 20°, 40°2
=8 98 AT0A ESLIZ, 2ote2, FSHN222 228 E Hluolt, 0 JIs Mot XE <fliet eH&otl
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1. A200A
2 A= KUl e =01 Hshl p6HE (HAICZ AAIBIRCH 2= HAKle 2 HP0A galic=s 2=
DEO oHAl S=26t 8HE €10 0loligt &, ANEXHOZ AP ZH00 Sl HAKIES HACZ AAIGHSCE CHANR
HE JIES2 OIS 20H R, 2& D18 TAINIA LI SA0] 8= XL M, =2 618 Ol sLIZ2=2
LEHs O = 25 25 JE0| 2= AL AT, O S0 OIA0| = X YRl 22X 2&0f| 0lAt0] gl=
X2 mMgtetiCHBadamKhorl S, 2019).

2 0 2= YOI HIZ &2 KM Algick= O LI 2= Al 02l =& (flexion)t €2 (abduction)
2EE =Xo| ot 2E 2ZTHE AIZOIRUCH DLIQHIENS ah L HARUA 2E9| JF%‘%—CH(range of mo-
tion, ROM)E &A&ok= D1 LBHE0|D AR =2 T2, K 2& 2= O g2l AF=C D JCHHayes S.
2001)

2) EH 1% (Surface Electromyography, sEMG)

OITH LHY 2= Al LIEHU=E 28 ASE =&ob)| {6t B8 28 E(surface EMG)E AI2oIRLE &= 2=t
&, 22 220 HESt Mg FAS Iot0 I8 MEts ZAstols | AES AIMGIRCH 2HESZ, Y 2212
MI2E HESH £, Dl AMEE 0|20 ZEAS2 MHHOIKSH, A58 L3RS £22 Y 422 KON &=
I8 2o 8= Nas ZAARICH 28Y 8= 22 22/= S1

f
90° Z&!st AMIUIA 4~ 218 2F IR OFeH=2t(inferior angle)Ol Bt

ASLIZ(serratus anterior): M
Li= XIES AHEZH0|(axillary) &
| Xl

Z(latissimus dorsi) % FA0 2=6IQACH 2IHSZ2(pectoralis
otet 2 4~5cm KB WM HEZO0| F=E(axillary fold)S JI=C2

major, clavicular portion): Ao*HtH(clav icle |
= Al E551H S&5= 2=(pelly)2 8018 & 25T |ISA
7

e)
Ot% 2cm 22101l IXIAA2H, ol 2212 %=
D2 (upper trapezius): M7H St JH\IEJI(
=2t XE SASIACHKendall S, 1994).

Olcfst M= 22 &2 MHATRUM HAIE JIE0 et HEIJA2H, O =H 2|2 28T = Al A2Y
L EIEN ASE HYoz 22 UCHCools S, 2007). #=&E 2ol ASE CXE AlSZ HFEGH0,
Myoresearch XP 1.08 Z2 )02 ZHIGIAULCL EEFZ(sampling data)2 1,000 Hz, 2 & (band-pass filter)
= 45~450Hz, &S(Noise) MIHE <lotd ZEf(notch filter) 60HzE 0IE5IRULCE 2FY 2 == XiMl(maximal
voluntary isometric contraction; MVIC)= Kendall £(1994)2] H22E &I5IAUCHKendall S, 1994).
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Figure 1. After instruction in the supine position with 0° as
the baseline, the experiment was conducted following angle
modifications

2 ARNA = 2692 TLEXE HACZ O LY 2= Al O &= g2 21205, 205, 405)0 2 284
0|2 H|Wasl)| oty =X 2424 (Repeated Measures ANOVA)S AAIGIRLCE X2 240l= SPSS

180(8 SS Inc., Chicago, IL, USA) 8I2T2 AZ6IRCH 24 28 ZAHYE =X CHoll A 2A(Shapiro-Wilk
A

4
test) ANBHH FREE (EE 2015t 2n, REA JFE(Mauchly’s Test of Sphericity)S 2&6ICHE AIEH

o




2= SH =82

O e 2= Al 0 =8 22 20 O ¢sLIZ, 2HE2, 9 SHE=22 2 8485
Hoze= 2HZLI Z2E(Bonferroni test)2 AIZSIECH, A4 2 PEH JIES EFolK 26k= HI0OIEE=E HIZ2
SHOI Z2|HE8F AH(Friedman test)2 AF20ID, MSEEC2= 22 259 ZA(Wilcoxon sign—
O ROUFFE2 p<0.052 EHGIFLCH

_)'\_ [« —
ed-rank test)S &AIGIQICE 2
., A2
1. ARIARIS BNl EM
2 3= & 26%ez AHAEH Mol HHoz RHLRAUCE BZRAHAPES 22+1.21AHI0ICH HE ME2
171£8.15cm01], BZ MES 68+13.72kg0ICHTable 1).
Table 1 General characteristics of subject (7=26)
Parameters Subject
Agelyears) 22+1.21°
Height(cm) 171+8.15
Weight(kg) 68+13.72
tValues are presented as Mean+standard deviation
2. O =4 9e 2T CE 288 2 245 B3
O 2= g2 2r5(0°, 20°, 40°)0 M2 2EFHTo BHlE Hlw & 245 2= (Table 2)2F 2Tt
AELIZ2(Serratus anterior)2 2SI SIIEASE 2K0| E4st= X 2A0t=s HES B/AHo<.05). 2= &
Z HIWE AIE 2EWAME 0°2F 20° AFOI, 0°2F 40° AIOI, 20°2F 40° HIWHIA 25 RI§t B} /= Aoz
LIEFGCHp <.05).
2It&2(Pectoralis major)2 2Lt HESE 28 E43l= X Sliele &2 BACHp<.05). 2 ¢
HIWst AIE Z2EUME 0°2F 20° AHOI0lE K2l XH0I1DF SiA2LHp>05), 0°2 40° AlOI, 20°2F 40° HIWOIAME=E
KOst Ha = AO=Z LIEFHCHp <.05).
ASHMI2Z2(Upper trapezius)2 2=IF SIESE 2K0| E4st= A 246k FE2 EQUCHp<.05). 2=
FARE 2F-0IME 0°2F 20° AOI0llE K28t HgE ALK p>05), 0°2F 40° AHOI, 20°2F 40° HIWOIA
FtCHp <.05)

I A= A
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Table 2 Comparison of the degree of activation of muscle groups according to angles

Angles of Shoulder Abduction

Muscle
Activation o 20° 40° F/x* p
+
Serratus 8145430397  71.60430.13m 022042199 180.963 0.000%
Anterior Sk
i +
Pectorallis 14.48+7.64 16.3047.08  O04E15.52mm 05.462 0.000+
Major Sk
Upper
+ +
oot 14.75+13.13 IBBIEIA09 ool 17.154 0.000+

*p<.05, TValues are presented as Mean+standard deviation, significant differences between three
condition; ™p<05, Post hoc test between 0° and 20° ; ™p<05, Post hoc test between 0° and 40° ;
<05, Post hoc test between 20° and 40°
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