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| Abstract |

Purpose: The purpose of this study was to compare the intramuscular activation of the scapular stabilizing muscles and the upper
trapezius/middle serratus anterior (UT/MSA) ratios during shrug exercise and proprioceptive neuromuscular facilitation (PNF)
scapular pattern exercise.

Methods: The participants of this study were 13 young adult men who voluntarily consented to participate in this experiment
after listening to its purpose and methods. All participants were instructed on maximal voluntary isometric contraction and scapular
exercises. The intramuscular activation of the upper trapezius (UT), lower trapezius (LT), middle serratus anterior (MSA), and
lower serratus anterior (LSA) muscles while performing scapular exercises in a side-lying position were measured using surface
electromyography. To analyze the muscle activation and UT/MSA ratio between the two exercises, a one-way repeated ANOVA
was performed. Post-hoc analyses were conducted using Tukey’s multiple comparison and analysis.

Hamstring flexibility for each group was measured by a passive straight leg raising test.

Results: The shrug exercise showed significantly higher UT activation compared to PNF anterior elevation and posterior
elevation scapular patterns. The PNF scapular anterior elevation pattern showed significantly higher serratus anterior activation
than the shrug exercise. Additionally, the UT/MSA ratios were significantly lower in the PNF scapular anterior elevation pattern
than in the two exercises.

Conclusion: Although shrug exercise was effective for strengthening UT, the PNF scapular anterior elevation pattern may be
effective for strengthening MSA and improving the UT/MSA ratio.
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Fig. 1. Electrode positions : A) Upper trapezius, B) Lower
trapezius, C) Middle serratus anterior, D) Lower
serratus anterior.

Fig. 2. Scapular exercises

: A) Shrug exercise, B)
Anterior elevation, C) Posterior elevation.



116 | LRIIRLSEMEZETHAYL H14H H22

g B

Al

1

32 =2

b

0{
Y

oA 122 Aejst £7F 327
AMgBIT) 7F £F A nage
o, 1 RS Aw BA o]

O
=
3

o

]_

38 _ii
iu)

&3}

4, X2 B

5o g 4 2859 2EHEE Bl
_]

Ay

7]
s daql ¥rE=4 EAFLA(One-way repeated
ANOVAYS: AFgloirt, A5t o142 AAa1]
9J5te] GOl ak 0052 Agston], s 4

= =8 SPSS version 18.02 ©o]-83to] A5}
ok ALEARE A Tukeyo] Ul SLEAS AL
stol 2t 25 7holl I8 Ho]7h 9= BAlshaick

o

wol, 4, S, BMI A

. St PNFO-|7]HHH111HE19| OStME Hlw
02 o =3l PNFo /Ml 5l £9} 9JSA
<, ofef S AR, FEUE 1?43 o=
9] AT Table 13+ Z9pth QS =2 =
ZFFEL o] AT T 8031 2fo]E H o),
ol AR ofelE U] S EE 4 &F
Zboll frol @t Aol 7t UGITh AREA AT $l 5 AR
0] 2EAEE Al 71 25 Aol9] feld Aol
Hyon, FAFUDY 2= 5

3} T2 5 25 Aolo] $ol8 Aol g HATFig 3.

AR FIEEYT vEe] A3 Al &5 1t
off oIzt Ao]7} Lrebdth(Table 2). GHE-&ufjelo
< 7 ol Hsh FefsAl WAl e TthFig. 4).

Table 2. The upper trapezius/middle serratus anterior
ratios during shrug exercise and PNF scapular
patterns (N=13)

Anterior Posterior
Shrug . .
elevation elevation
UT/MSA*  15.86+8.02 1.52+1.82 7.2+5.06

*Significant difference between conditions
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Table 1. The intramuscular activations of scapular stabilizing muscles among three scapular exercises (N=13)

Shrug Anterior elevation Posterior elevation
Upper trapezius (UT)* 28.45+15.02 6.03+£13.33 13.96+12.96
Lower trapezius (LT) 6.46+5.67 5.3743.18 6.91+3.74
Middle serratus anterior (MSA)* 4.1£2.03 8.73+£2.73 4.02+1.94
Lower serratus anterior (LSA) 5.7£3.71 6.96+4.45 6.75+4.35

Unit: %MVIC; *Significant difference between conditions
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Fig. 3. The intramuscular activations of scapular stabilizing muscles among three scapular exercises.
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Fig. 4. The upper trapezius/middle serratus anterior
ratios during shrug exercise and PNF scapular
patterns.
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