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The Effects of Functional Electrical Stimulation on Abdominal Obesity Improvement of
Adult Women by EMG, Ultrasound and DITI
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In this study, we investigated the improvement effect of obesity by treatment with a developed low

frequency electrical stimulation system.

Thirty female in their 20's as an experiment subjects

divided 3 groups(control, commercialized device, developed device) were treated with electrical

stimulation on abdomen for 4 weeks.

The body weight, body mass index(BMl), waist-hip

ratio(WHR), muscle strength, muscle(transverse abdominis(TrA), internal obliquus abdominis(10),

external obliquus abdominis(EOQ)), fat

thickness and abdominal surface temperature were

measured by electromyogram(EMG), ultrasound and digital infrared thermal image(DITI). In the
result, the body weight and BMI were decreased. Subcutaneous abdominal fat were significantly

reduced after 4 weeks. The muscle
13.2%(p<0.05), and 35.5%, respective
(p<0.05).

strength and TrA muscle thickness was increased
ly. The fat thickness showed decrease in abdomen

Infrared measurement on abdominal surface temperature as a parameter of
improvement in blood circulation was significantly increased(p<0.05). Therefore,

the low

frequency stimulation showed positive effects on parameters of the obesity improvement.
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H| 2F), Electrical Stimulation System (™
1), Digital Infra Thermal Image(DITI) (K 2/ |

47| Xt=71), Electromyogram(EMG) (28 &),
g =37
As WRE ofyt AF gAY HEES fele
A g8 ZA FUlE B8 AAAARE
Fa% A% AMarzA FAA Ha doh! &
8l w=Rlefl Ao 574 (sarcopenia) EHF-H] THE
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Fig. 1 Low frequency electrical system and electrode site
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Table 1 Electrical stimulation mode

Table 2 General characteristics of subjects

Mode Frequency Duration On-off ratio
Circulation 80 Hz 250 us | 2:1(1 min)
50 Hz 240 ps |2:1(1 min)
Strenthening 10~55 Hz 240 ps | 3:3(1 min)
60 Hz 260 us | 2:1(1 min)
35 Hz 340 us | 2:1(1 min)
Endurance :
55 Hz 280 ps |2:1(1 min)
Alternating
Relax stimulation 100 ps | 3:3(1 min)
(2 Hzand 100 Hz)
of A% We =, Fog, WEAL BENE A
ghow zgsiel Ausdr. R avel oF
ez BE, 2550 o8 2848 we,
ovz Age me A7e 7 wE, g of
¢ BEE F b BEd we Fu WMz
(modulation)7} o]l AT}, A wAE T 3

8
A 2F Bt olFod 9l 30w eR
AT YA v)de udydk T35 (pps),
W5 7] ZF(duration), ©+4:H](on-off ratio)= Table 13}

2t

22 e X MY

MEE AFs A7) 571719 55 v A
Aads Assr] A & dFddAes A=A
Z*(BMI: body mass index)7} 25kg/m? ©]AF, 5|1}
E(WHR: waist-hip ratio)”} 0.8% ©]7<1 20t oJA
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oz ZAsY 7|EAFEL 2~120Hz, |

O M 2 AFodA Mgy =238 A
Q
(s}

A F wE A ol ¥ 37}
Qolupx] GE 4w, $FL AVl 1Y

Group I Group Il | Group III

m=10) | (@©=10) | (n=10)
Age (years) | 22.3+0.72 | 21.6+1.04 | 22.6+1.49
Height (cm) | 162.046.13 | 164.3+2.53 | 160.6+3.36
Weight (kg) | 66.944.70 | 74.542.86 | 65.4+4.46
BMI (kg/m?) | 25.8£0.91 | 27.3£134 | 26.2+1.22

WHR (%) | 0.89£0.03 | 0.87+0.03 | 0.87+0.04
Fat thickness | 1 ¢0,16.62 | 44.7544.66 | 44.40+5.92
(mm)

Table 3 Modes of commercial product using the

experiment
Parameter Value
Frequency (Hz) 2Hz~120Hz
Amplitude (mA) 0.75mA~96mA
Duration (ms) 0.180~2.72ms
Interval (ms) 7.76ms~8.76ms
Duty cycle(%) 68.5~80.1%
On-off ratio 2:1~4:1
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2.3.1 28 E(Electromyogram: EMG)
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(a) (b)
Fig. 2 (a) Posture for MVC measurement, (b) Posture

for specific action (task) measurement
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31 58 28 B4k HE|
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Table 5% 457k wj7}=, wj&ul &, wjulz
U g 2] T/ WElE BojFEo

% oA W7 RES 34.23+21.87%C1 A 4F
T 32.05+16.40%, W& 24.92+21.25%91 A
17.26£13.712%% ZtZt A7} 7F28kie). v )
P2 22 10.93£7.63%01 A 45F 15.59+17.28%,
A RS 20.50£11.29%0 A 24.27+12.23%% 247}
A7} S7vekalt.

% Lol WiZ7FR 2SS 41.92422.62%0 A 45
T 66.76+29.54% = 95 T 7Hp<0.05)3FR 21
HiEEl 28 17.77+11.93%°1 4 15.85+10.10%, HHH}
ZH 8 7.69+4.13%00 A 5.84+3.99%, A|HHS 9.97

+6.53%°N 4] 8.90+4.95% = Z+7Z} FA 7} 7FAdd .

TF MIA WT7FRE TS 63.90+11.79%A A 453
81.47+15.33% 2.5 Fo3tA F7+aH 2™ (p<0.05),
S22 19.12416.77%°1 4 30.27+14.55%% 57}
33T

g HRPZE 2 6.81+4.00%00 A 15.2445.32%
frolst Al FA7F S7Hp<0.05) sFATh. Wb Xk
o] FAE 16.86%6.67% A 453 8.69+3.93F &
o3 72 (p<0.05) 3+t

W72 2 BEo 28 F UM 4de
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Table 4 Changes in muscle strength after 4 weeks

Group [ Group 11 Group 111
Pre-test | 85.94+7.24 | 81.71x15.51 | 84.4549.60
Afterd | g4 1844.50 | 84.69£15.79 | 95.58+1.81*
weeks

Fig. 3 Changes of muscle and fat thickness after 4
weeks during active excise
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Table 5 Changes in muscle and fat thickness after 4 weeks

Fig. 4 (a) change of surface temperature after treatment
using commercial device, (b) change of surface
temperature after treatment using developed
device

33.15 £0.54= 2 F9 A 7138 th(p<0.05). T3t
2 el = AR AA A 3243:117C AR &
F Aol 4 T 34.94+0.54TE 7.74% 2 3HA
S7FeFal Tt (p<0.05).

Flegal ' u|gkgkzle] o3t Foj|7t =
o] wAlega} dgieghe] wskel winky AyA
o] tiil slth Ha 7' Aojd ALAAR
HlE 2kl QRS Hrol
arm, lower arm, palm, upper leg, lower leg, foot, upper
abdomen, lower abdomen®|A] &7 3}4], palm3} foot
A= dnikele] HIWEAHT We AELE7}

BAAR 1 29 upper arm, lower arm, upper leg,

X

[o

Adx SEE upper

lower leg, upper abdomen, lower abdomen®l| A &= Ayt
elo] Migigtlnt} ¥ AX 255 Wtk 3
th Yeo 52& Aojd MWy 2 BER w3
9o AA e dE ATl HAT
o BE A Yt wom, BMIZF 7

p

Muscle Group I Group I Group 111
Pre-test After 4 weeks Pre-test After 4 weeks Pre-test After 4 weeks
TrA 34.23+21.87 32.05+16.40 41.92+22.62 66.76+29.54* 63.90+11.79 81.47+15.33*
10 24.92+21.25 17.26£13.72 17.77£11.93 15.85+10.10 19.12+16.77 30.27+14.55
EO 10.93+7.63 15.59+17.28 7.69+4.13 5.84+3.99 6.81+4.00 15.24+5.32%*
FAT 20.50+11.29 24.27+£12.23 9.97+6.53 8.90+4.95 16.86+6.67 8.69+3.93*
*: p<0.05
Table 6 Changes in body components after 4 week
Body Group 1 Group 11 Group 111
Composition Pre-test After 4 weeks Pre-test After 4 weeks Pre-test After 4 weeks
Weight (kg) 66.88+4.70 67.32+4.14 74.53+2.86 73.00+1.43 65.40+4.46 64.78+4.82
BMI (kg/m?) 25.82+0.91 25.80+1.36 27.30+1.34 26.53+0.98 26.18+1.22 25.32+1.24
WHR (%) 0.89+0.03 0.88+0.04 0.87+0.03 0.88+0.03 0.86+0.04 0.87+0.04
£U5S AELEL ZAATD Hch shin B2
S NNARE SF s AEeshEY 717
A F SR Pelage] AT AR
W 2wk dsselna wusin

34 OsiX|Y FH Y MYZHS

AZAZ 4% ALY FANA 1F
12 40.60+6.62mmoll Al 40.20+7 44mm=, 15 1S
44.75+4.66mmol A 43.50£4.50mm o2 7FA3F9lTh
T 2F MIOASE 44.40+5.92mmoll 4] 40.60+5.57
mm= o3 Al A3 TH(p<0.05).

Table 6= 47577t2] A W3lE HoFo) A
A} =A7)|2 =A% BMI? WHR, AF ¥3l=
2% 19145 BMIZEF 25.8240.91kg/m*oll Al 25.80+
1.36kg/m’ 2 7438493l WHRES  0.89+0.03%01 A
0.88+£0.04% 2 71238k th v A F L 66.88+4.70kg
oA 67.32+4.14kgE Z7}513i T

2% 1E BMIZE 27.30+1.34kg/m*ol Al 26.53+
0.98kg/m* 2 7+48+al, WHRLS  0.87+0.03%01 A
0.88£0.03%= S 713Flth. E3k AT 74.53£2.86
kgoll A 73.00+1.43kg® 7FA 8k ok

2% IS BMIZF 26.18+1.22kg/m*dll A 2532+
1.24kg/m’%  7FA38FA 3, WHRS  0.86£0.04%01 4
0.87+0.04%= 0.46% % 7}3tSlal, AF2 65.40+4.46kg
o) A 64.78+4.82kg® 7+ 25}l Th

b4 dRbH o AREEE vk Ak AP S
Broca¥, A& &AF=HBMI), 3] A7 (skinfold)H,
AIFAUBIA), HAFH DFEICDHH T AU
th B AT E JXFAE oL HHT ¥
AW A 1w HelA fFolahA Al

=
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v AAYEA7E o] &3 AlF, BMI, HWR 49
A AE BMIE 15 1 2 25 [mod 2% 744
st oy fojshA] @oqth. wbH WHRe| W=
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