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Objective: The purpose of this study is to observe the change in the thickness of abdominal muscles when electrical muscle
stimulation (EMS) is applied to the abdomen during rest and abdominal muscle exercise to investigate the effect of EMS applied to
the abdomen on the superficial and deep muscles thickness.

Design: Cross sectional design.

Methods: Twenty healthy subjects participated in this study. Subjects were performed resting position, resting position with EMS,
curl-up and curl-up with EMS. The electrode of the EMS belt is attached to the abdominal wall between the 12th rib and iliac crest.
The thickness of abdominal muscles including rectus abdominis (RA), external oblique (EO), internal oblique (I0), and transverse
abdominis (TrA) were captured in each position by ultrasound image during expiration. All subjects were performed four positions
randomly. Data were analyzed using repeated ANOVA with the level of significance set at ¢« = 0.05.

Results: The muscle thickness of RA, EO, 10 and TrA were significantly different at each position (p < 0.05). The thickness of all
abdominal muscles increased significantly when curl-up than curl-up with EMS. Both RA and EO thickness were significantly
increased at resting position than resting position and EMS were combined(p < 0.05). But IO and TrA thickness were decreased at
resting position when EMS were combined.

Conclusions: The results suggest that EMS activates superficial abdominal muscles RA and EO. Therefore, abdominal strengthening
exercise combined EMS can activate abdominal muscles and can be applied to various patients and rehabilitation in clinical
practice.
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Table 1. The general characteristics of the subjects (N=20)
Male (n=9) Female (n=11) Total (N=20)

Age (year) 22.78+3.60 21.09+1.04 21.85+2.60

Height (cm) 174.394+4.59 161.40+£3.91 167.25+7.80

Weight (kg) 68.72+8.05 58.68+6.67 63.20+8.77

Body mass index (Kg/m?) 22.67£3.16 22.50+2.19 22.58+2.60

Values are presented mean+SD

Table 2. Changes in the thickness of the abdominal muscles by postures (N=20)

Rest* Curl-up® Rest+EMS® Curl-up+EMS?  F(p) post-hoc

RA(mm)  10.22+2.37 13.18+3.10 11.81£3.19 14.77+4.04 38.132(0.000) a<c<b<d

EO(mm)  5.48+1.69 6.36+2.03 6.28+1.98 7.2241.99 15.644(0.000) a<bc<d

I0(mm) 7.04+1.93 8.4242.85 6.99+2.08 8.64+2.88 5.331(0.009) ac<bd

TrA(mm) 2.85+0.57 3.14+ 0.77 2.82+0.53 3.21+£0.57 4.326(0.019) abe<d

RA : rectus abdominis, EO : external oblique, 1O : internal oblique, TrA : transverse abdominis.

Values are presented mean+SD
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