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Pectoralis Major and Upper Trapezius EMG Activity during

Push-up Plus Exercise
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Purpose: The aim of this study is to determine the effect of glenohumeral (GH) rotation position in modified knee push-up plus exercise
(MKPUP) by examining the surface electromyography (EMG) amplitude in serratus anterior (SA), pectoralis major (PM), and upper trape-

zius (UTz) and the activity ratio of each muscle.

Methods: A total of 22 healthy subjects volunteered for the study. Each subject performed the MKPUP at 0°, 45°, and 90° of GH joint
internal rotation. EMG of the SA and PM, UTz was compared between GH rotation positions and each muscle activity ratio. EMG was
used to measure the muscle activity in terms of ratios to maximal voluntary isometric contraction (MVIC).

Results: The difference in EMG activity during the exercise in three GH joint internal rotation positions was observed with the SA and
the PM. The greater the GH joint internal rotation angle was, the lower the activity of the PM. In contrast, the SA showed higher activity.
However, the activity of UT was similar under all conditions. The ratio of the SA and the PM was considerably greater at 90° GH joint in-

ternal rotation than at 0° and 45°.

Conclusion: When excessive activation of the PM or imbalanced activation between the PM and the SA occurs, the MKPUP exercise is
most effective at 90° of GH joint internal rotation. Use of this position would be a beneficial strategy for selective strengthening of the

SA and minimizing PM activation.
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Table 1. General characteristics

Characteristics Mean SD
Gender Male 17

Dominant side Right 17

Age (year) 29.97 452
Height (cm) 175.28 457
Weight (kg) 69.75 7.96
Arm length (cm) 58.12 3.02
Upper arm length (cm) 35.59 243
Between table depth (cm) 2253 1.59

Between table depth=arm length - upper arm length.
SD: standard deviation.
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Modified knee push-up plus exercise @ GH rotation position

Figure 1. Modified knee push-up plus with glenohumeral (GH) joint
rotation.

Table 2. The mean EMG data of the SA, PM, and UTz muscles, and the SA/PM, UTz/PM, and SA/UTz ration during modified push-up plus in three

GH rotation positions

(N=17)

GH rotation position (Mean+SD)

Muscle F p
0° 45° 90°

PM (%MVIC) 35.82+1541 39.26+17.08 34.08+12.22 5.143 0.02*
SA (%MVIC) 71.91+£20.59 77.13+22.38 80.33+£22.56 3.786 0.047*
UTz (%MVIC) 18.18+5.77 17.63+£6.36 19.60+6.30 3.272 0.066
SA/PM ratio 2.16+0.17 2.12+0.16 2.53+0.20 6.061 0.012*
UTz/PM ratio 0.54+0.16 0.48£0.15 0.16+0.20 9.07 0.003"
SA/UTz ratio 421+1.48 4691167 453+2.15 7.001 0.007*

SA: serratus anterior, PM: pectoralis major, UTz: upper trapezius, GH: glenohumeral

'p<0.05.
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1. 2L STULIR|Of| K2 27522 2EEE |
ko) TRHES BAIT Al B ol 45 SR
Ao L8 E=7F0°, 90° S-SR A ZEA = Ht 7 e
THO0% 35.82 £ 1541 %MVIC; 45% 39.26 +17.08 %MVIC; 90° 34.08 +
12.22) (Table 2, Figure 2). 2534 0°9} 45° ZHR]of| A ] 7}
ST DA R G0l5k 2Fo] 7k AL LHp < 0.05) 45°2H 90°, 0°2F90°
SR A= el Rt Afo] 7 HolA] &k THp <0.05).

2. 22 9/mpHd SUYA0 T2 PELZe| M |2
HEUTY TS AR A 59T 09,45, 90° &
YoIFol He] TR 220 2 Z7HEIITHO: 71912059
%MVIC; 45°% 77.13 +22.38 %MVIC; 90 80.33 + 22.56) (Table 2, Figure 2).
QLR 009} 45°, 0°9} 90° SR AR|A Y] SEUE 2=
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Figure 2. Comparision of SA, PM and UTz EMG activity during three
GH joint rotation position. SA: serratus anterior, PM: pectoralis major,
UTz: upper trapezius, 0 45 90: GH joint rotation degree, GH: glenohu-
meral. *p<0.05, significant simple effect.

=523t 2o 7t 0K (p<0.05), 45°9} 90° =
g Ajol7} Ho|4) eskehp>005)
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Figure 3. Comparison of three ratios (SA/PM, UTz/PM, SA/UTz) during
three GH joint rotation position. rS.P: serratus anterior/pectoralis ma-
jor, rU.P: upper trapezius/pectoralis major, rS.U: serratus anterior/up-
per trapezius, 0 45 90: GH joint rotation degree, GH: glenohumeral.
*p<0.05, significant simple effect.
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