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Objective: This Study aimed to examine the changes in muscle activity of trunk muscles by performing three squat exercises on
normal adults.

Design: cross-sectional study

Methods: Thirty-two adult subjects participated in this study. General squat, overhead squat, and overhead squat combined with
abdominal stabilization were randomly performed for 5 seconds, 3 times, to calculate the average muscle activation. Muscle
activation was normalized using electrodes on the rectus abdominis, external oblique, internal oblique, and erector spinae muscles
to measure maximum voluntary isometric contraction (MVIC) for 5 seconds, repeated 3 times each.

Results: There was a significant difference in the mean and maximal muscle activity of the bilateral erector spinae (ES) when
comparing the squat to the overhead squat (p <0.05). There was a significant difference (p<0.05) in the mean and maximal
muscle activity of the bilateral external oblique (EO) when comparing the overhead squat to the overhead squat combined with the
abdominal stabilization technique. When comparing the squat to the overhead squat with abdominal stabilization, there was a
significant difference in the mean and maximum muscle activity of the bilateral RA, EO, and left Internal oblique (I0) (p < 0.05),
and there was a significant difference in the maximum muscle activity of the bilateral erector spinae (ES) (p < 0.05). Post hoc tests
showed significant differences between squatting methods for the RA, EO, 10, and ES (p<0.017).

Conclusion: The results of this study showed that squats combined with abdominal stabilization were more effective at activating
core muscles than squats or overhead squats alone.
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Mean (SD)
Sex (male/female) 19/13
Age (y) 30.16 (4.39)
Height (cm) 170.81 (6.66)
Weight (kg) 68.94 (14.57)

Dominant (Lt/Rt)

0/32
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figure 1. Experimental diagram
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Figure 2. Three squat exercise method
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muscle attachment

Rectus abdominis

Rectus abdominis

external oblique
abdominal

) i
internal oblique
abdominal

Erector spinae

] &

erector spinae

waist

A point about 2 cm above the navel, parallel to the muscle fibers.

On the outer surface of the latissimus dorsi, just above the upper anterior hip spine.

The border of the furcation ligament, the outer corners of the umbilicus, and the midpoint of the
triangle that joins the upper anterior hip spine and the navel.

Bend over and place your hands on your knees to support your body weight, 2 cm from the 3rd
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Table 3. Muscle activity according to exercise method
type of squat
(:;:;svcll(; General squat Overhead squat 0:;:1]:):&:(11::1:;?;:? Fe) post hoe
Mean Peak Mean Peak Mean Peak Mean Peak Mean  Peak
R.RA 15.68(9.28)  16.38(8.56) 17.47(10.90) 18.58(9.99) 22.01(10.76) 23.61(11.80)  6.350(0.006)  9.464(0.001) AlC AlC

LRA  18.14(10.64)

17.75(7.85)  20.26(12.13) 20.48(13.00) 26.28(13.62) 27.55(15.78) 6.575(0.012)

6.545(0.009) A|C  A|C

REO  2320(17.19) 28.95(29.57) 26.52(22.69) 29.38(25.15) 50.07(23.98) 57.33(27.79) 20.745(0.000) 14.907(0.000) A,B|C A,B|C
LEO  2320(17.19) 22.99(14.51) 26.52(22.69) 23.65(15.92) 50.07(23.98) 52.84(28.56) 20.745(0.000) 25.574(0.000) A,B|C A,B|C

RIO  14.09(15.90) 13.60(13.78) 16.52(20.00) 16.06(15.41) 22.77(23.45) 32.64(49.93) 3.283(0.067)
14.86(16.52) 14.79(15.85) 24.09(18.87) 27.02(19.48)  6.659(0.006)
RES  43.92(19.75) 46.59(20.18) 5843(25.88) 63.11(29.18) 64.25(50.53) 65.83(28.42) 4.113(0.041)
LES 4536(1542) 46.59(20.18) 58.86(25.74) 63.11(29.18) 60.99(37.75) 65.83(28.42) 4.837(0.022)

LIO  1241(10.16) 12.63(8.14)

3.833(0.056)

9.944(0.001) A|C  A|C
9.5920.001) A|B A|B,C
9.592(0.001) A|B A|B,C

MVIC =Maximum voluntary Isomeric Contraction, R.RA =Right rectus abdominis, L.RA =Left rectus abdominis, R.EO =Right External Oblique, L.EO=
Left External Oblique, R.IO =Right Internal Oblique, L.IO =Left Internal Oblique, R.ES =Right Erector Spinae, L.ES =Left, Erector Spinae
The values present mean (standard deviation). Post hoc tests were performed using the Bonferroni test.

p<0.05
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