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| Abstract |

PURPOSE: The purpose of this study was to investigate
the effects of a supplementary Ki-hap technique and verbal
encouragement on the activation of abdominal muscles
during performance of crunch exercise in healthy subjects.
METHODS: 93 subjects were randomly allocated to three
group, crunch exercise group (CG), crunch exercise with
Ki-hap group (CKG), and crunch exercise with Ki-hap and
verbal encouragement group (CKVG), with 31 subjects in
each group, respectively. The interventions were conducted

over three trials in each group, and measurements were
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performed on each subject by one examiner in three trials. The
activation of rectus abdominis (RA), external oblique (EO),
and internal oblique (I0) muscles were evaluated using
electromyography (EMG) during performance of crunch
exercise with non-Ki-hap, Ki-hap and Ki-hap combined with
verbal encouragement.

RESULTS: Our results showed a significantly greater
increase in the EMG patterns of all muscles during per-
formance of crunch exercise in the CKG (p<0.05) compared
to the CG and CKVG. The results also showed that there were
significantly greater increase in the activation of EO and 10
muscles in those of the CKVG (p<0.05) compared with the CG.
CONCLUSION: These findings demonstrated that
addition of the Ki-hap technique and verbal encouragement
during performance of crunch exercise, at the same time,
would suggest positive evidence for improving activation of

abdominal muscles.
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Assessed for eligibility
(n=98)
Excluded (n=5)
Enrollment Not meeting inclusion criteria
(n=93)
L4
Crunch exercise group Crunch exercise Crunch exercise
(n; =31) with Ki-hap group with Ki-hap and verbal encouragement
(n; =31) (n; =31)

Muscle activation measurement using EMG
(Rectus abdominis, External oblique,
Internal oblique and Transverse abdominis muscles)

A\ 4

Data analysis

Fig. 1. Procedures used in this present study.
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Table 1. Demongraphic characteristics of the subjects N = 93)
Characteristic CG (ni=31) CKG (n=31) CKVG (n3=31) x*/F p-Value
Gender (Male/Female)* 16 / 15 14/ 17 18 /13 0.08 0.62
Age (year) 25.81 + 1.48 23.62 + 2.18 2487 £ 1.13 1.14 0.23
Weight (kg) 64.54 + 9.13 65.78 + 10.11 63.29 + 8.49 0.21 0.76
Height (cm) 167.29 + 9.05 166.85 + 8.54 165.44 + 5.12 0.34 0.57
Body mass index (kg/m’) 2129 + 324 22.64 + 5.19 2044 + 481 1.18 0.21
Decibel (dB) 82.29 + 647 83.14 + 7.51 82.30 + 5.11 0.31 0.50

Values are expressed as meantstandard deviation.

CG, Crunch exercise group; CKG, Crunch exercise with Ki-hap group; CKVG, Crunch exercise with Ki-hap and verbal

encouragement group.
*Values are numbers.
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Table 2. Comparison of EMG activation to the activities to the rectus abdominis, external oblique, and internal oblique

muscles among three groups

(N=93)
Methods of Exercise
Muscle (%) F (p-Value)
CG (n=31) CKG (n,=31) CKVG (n=31)
Rectus abdominis 61.92+18.70 80.52+1431 77 63.9110.57 9.75 (0.023)"
External oblique 68.98+16.09 89.69+21.27 "7 76.70+19.53 16.28 (0.001)"
Internal oblique 74.93422.45 124.57434.51 77 92.75426.73 " 30.49 (0.000)"

Values are expressed as meantstandard deviation. *p<0.05,

"p<0.01.

CG, Crunch exercise group; CKG, Crunch exercise with Ki-hap group; CKVG, Crunch exercise with Ki-hap and verbal

encouragement group.
TSigniﬁcantly different compared to the CG.
$Signiﬁcantly different compared to the CKVG.

0.83
065

B

The ratio of muscle activation (%)

RA/IO

*

092

EQ/IO

B OcKG BCKve

Fig. 2. Comparison of the ratio of muscle activation at global muscle to that at local muscle among three
groups (CG, Crunch exercise group; CKG, Crunch exercise with Ki-hap group; CKVG, Crunch
exercise with Ki-hap and verbal encouragement group; RA. Rectus abdominis; EA, External

oblique; 10, Internal oblique).
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