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Background: The purpose of this study was to investigate the effects of conscious abdominal contraction during push-up plus
exercise, abdominal contraction through verbal encouragement.

Design: A cross-sectional study.

Methods: Muscle activity was measured by dividing push-up plus exercise into 4 conditions in 23 healthy adult men and women.
The four conditions were push-up plus exercise without abdominal contraction, push-up plus exercise with conscious abdominal
contraction, push-up plus exercise with abdominal contraction with verbal encouragement, and consciously relax the abdomen
during push-up plus exercise combined with abdominal contraction techniques for 30 seconds.

Results: When performing the basic movement of the push-up plus exercise without abdominal contraction, significantly higher
muscle activity was shown in the serratus anterior muscle than when both conscious abdominal contraction and abdominal
contraction through verbal encouragement were performed (p < 0.05), and the external and internal oblique muscles showed the
highest muscle activity during abdominal contraction through verbal encouragement (p<0.05). When the abdomen was
consciously relaxed during the push-up plus exercise combined with the abdominal contraction technique for 30 seconds, the
muscle activity of the serratus anterior muscle was significantly higher than when the abdominal contraction technique was
combined (p < 0.05).

Conclusions: Through this study, it was confirmed that the contraction of the abdominal muscles was not involved in the increase
in the muscle activity of the serratus anterior muscle, but rather increased when the abdomen was relaxed. Based on these results,
it will be possible to suggest an appropriate exercise method when applying the push-up plus exercise in clinical practice.
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(A)

©)
Figure 1. The Push Up Plus Exercise (A) the subject places their hands shoulder-width apart and their feet are

placed on the mat with their knees at a distance from their hands equal to 75% of their height. When asked to

assume the warm-up position, the subject will raise their knees off the floor, extend their legs, and assume a

push-up position with their elbows fully extended.When you signal the start of the exercise, the subject should

immediately push off the floor with their palms, keeping their shoulder blades as far back as possible.
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External Oblique

Upper Trapezius

Figure 2. The Placements of Electromyography Electrode Attachment
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Table 1. General Characteristics of Participants (n=23)
Characteristics Male Female
Sex 8 15
Age (years) 28.25 +2.66" 28.47+3.50
Height (cm) 173.75 +£4.77 161.87 £5.25
Weight (kg) 73.75+6.99 53.53+£5.29
BMI (kg/m?) 24.43 +2.22 20.49 +2.38
BMI=body mass index.
*Mean £ SD.
Table 2. Compare muscle activity between abdominal contraction methods (n=23)
e iy o e e,
UT 6.94 + 8.14* 5.77+7.02 7.52 £ 8.60 2.5111(0.093)
SA 50.03 £17.25 40.58 £ 15.02 42.54 +13.38 12.646(0.001) A|B|C
EO 2473 £ 12.87 44.34 + 14.06 50.96 £ 15.32 47.592(0.001) A|B|C
10 22.54 + 14.58 49.68 £21.96 58.20+24.71 37.745(0.001) A|B|IC

UT =upper trapezius, SA =serratus anterior, EO =external oblique, IO =internal oblique. A =Default behavior, B=
Conscious Abdominal contractions, C=Verbal Encouragement Abdominal contractions=% maximal voluntary

isometric contraction.
"Mean £ SD.
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Table 3. Compare muscle activity with abdominal contraction and relaxation during isometric holding (n=23)
%MVIC Combine abdominal contraction techniques Conscious abdominal relaxation F(p)
uT 6.26 +7.55° 5.53+5.55 2.308(0.143)
SA 41.36 £ 18.13 45.12 + 18.81 10.565(0.004)
EO 4470 £ 16.34 30.91 +£12.33 16.402(0.001)
10 53.28 £21.38 25.07 £15.18 55.311(0.001)

UT =upper trapezius, SA =serratus anterior, EO =external oblique, IO =internal oblique.=% maximal voluntary

isometric contraction.
*Mean £ SD.
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