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Comparison of Lower Extremity Muscle Activity during the
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Purpose: The purpose of this study was to investigate the effect of assistance tools such as gym balls, wedges, and straps on lower ex-
tremity muscle activity and the increase in the range of motion made possible by the use of these tools. The subjects were divided into
two groups: a group capable of deep-squatting (PS) and the second finding it impossible or having difficulty in performing such squats

(IS).

Methods: Twenty-three subjects participated in this study. Surface electromyography was used to measure the muscle activation of the
rectus femoris (RF), vastus medialis (VM), and tibialis anterior (TA) muscles during deep squats, normal squats (NS), gym ball squats (GS),
wedge squats (WS), and strap squats (SS). A motion analysis system was used to measure the range of motion of the knee joint during

each of these exercises.

Results: There was a significant difference in the RF muscle activity between the possible squat (PS) and the impossible squat (IS) groups
in the GS, and there were significant differences in the RF and TA muscle activity between the groups in the WS. Both the PS group and
the IS group showed a significant difference in the TA muscle activity depending on the tool used. There were also significant differences
in the range of motion of the knee joints between the intervention methods using NS and those using the tools.

Conclusion: In both groups, the muscle activity of the TA muscles was lower when GS, WS, and SS were performed compared to NS. In
addition, compared to NS, the range of motion of the knee joint increased when the three tools were used. This study shows that the ac-
tivity of the RF, VM, and TA muscles decreased and the range of motion of the knee joint increased during deep squats for both the PS

and IS groups when tools were used.

Keywords: Deep squat, EMG, Wedge squat, Strap squat, Ball squat
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Figure 1. The picture of squat method for each tool.
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Table 1. General characteristics of subjects (n=23)
PS (n=12) IS (n=11) p

Gender (male/female) 11/ 3/8

Age (yr) 23424 22714 0.64

Height (cm) 173.7£6.9 166.5+8.8 0.12

Weight (kg) 759+9.8 66.0+13.8 0.36

Values are mean+SD.
PS: Possible squat, IS: Impossible squat.

Strap squat (SS)

Wedge squat (WS)
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Table 2. Comparison of muscle activity between PS and IS
(Unit: %MVIC)

NS GS WS SS

RF
IS 374812382 34.08+23.99 37.62+2288 34.70116.44
PS 22.03+17.03 13.38+0.78 16.90+£10.71 243312421
t 1.80 2.71 2.83 1.19
p 0.09 0.01* 0.01* 0.25

TA
IS 50.09£29.52 1543%£1522 28401863 38.04+21.25
PS 47321718 1336+13.14  34.11+1232 33.20+£16.78
t 0.28 0.35 2.90 0.61
p 0.78 0.73 0.01* 0.55

VM
IS 48.66+29.02 464612714  51.07+26.84 47.52+17.72
PS 36.71+£11.88 34.11+£1235 3432+13.18 32.09+10.94
t 1.32 143 1.93 2.53
p 0.20 0.17 0.07 0.02*

Values are mean+SD.

NS: normal squat, GS: gym ball squat, WS: wedge squat, SS: strap squat, RF:
rectus femoris, TA: tibialis anterior, VM: vastus medialis, IS: impossible squat, PS:
possible squat.

*p<0.05.
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Table 3. Comparison of muscle activity within the PS group and the IS group

Jun Hyeon Park, et al.

(Unit: %MVIC)

NS GS WS SS F p

PS

TA 47.32+£17.18" 13.361£13.14 34.11+£12.32 33.2+16.78 13.9 0.01*

RF 22.03+17.03 13.381£0.78 16.90+£10.71 24.33+24.21 1.05 0.37

VM 36.71+11.88 34.11+12.35 34.32+13.18 32.09+10.94 0.29 0.83
IS

TA 50.09+29.52" 15.43+15.22 28.40+8.63 38.04+21.25 5.83 0.01*

RF 37.48+23.82 34.08+23.99 37.62+22.88 34.70+16.44 0.08 0.97

VM 48.66+29.02 46.46+27.14 51.07+£26.84 47.52+17.72 0.07 0.98

Values are mean=SD.

NS: normal squat, GS: gym ball squat, WS: wedge squat, SS: strap squat, RF: rectus femoris, TA: tibialis anterior, VM: vastus medialis, IS: impossible squat, PS: possible

squat.

'Significant difference between NS and GS, *Significant difference between NS and WS, ‘Significant difference between NS and SS.

*p<0.05.

Table 4. Comparison of range of motion of knee joint according to

normal squat and squat using each tool (Unit: degree)
NS t p

GS 128.16 106.17 -4.38 0.01*

WS 126.31 106.17 -2.80 0.01*

SS 119.74 106.17 -3.65 0.01*

NS: normal squat, GS: gym ball squat, WS: wedge squat, SS: strap squat.
*
p<0.05.
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