The Change of The Effect on The Subcutaneous Fat Area
and Visceral Fat Area by The Functional Electrical

Stimulation and Aerobic Exercise

Oh, Sung-tae, P.T., M.S.
Department of Physical Therapy, Jangsu Oriental Hospital
Lee, Mun-hwan, P.T., M.S.
Major in Physical Therapy, Department of Rehabilitation Science, Graduate school,
Daegu University
Park, Rae-Joon

Department of Physical Therapy, College of Rehabilitation Science, Daegu University

(Abstract)

Back ground : Subcutaneous fat area is the main factor involved in
replacement disease and arteriosclerosis. Simple weight control is the
appropriate medical treatment. It’s understood that weight reduction does not
only reduce the fat concentrations in blood but also reduces blood pressure,
improves glucose levels in diabetes patients and reduces incidents of heart
disease. there are several methods for reducing fat in the abdominal region
but their effectiveness is not folly understood. one method is electrical
stimulation of the problem areas.

Method @ From May 1st 2002 to October 31st., The 15 subjects who received



medical examination were aged between 25 and 53 and were of mixed gender.

The subjects were divided into two groups one to received functional
electrical stimulation and the other a control group. Using Broca’s criterion
for judging fat grades. I analysed the differences between the two groups
before and after the treatment. Subjects received functional electrical
stimulation on the abdominal muscle intensity 50Hz.

They received this treatment 4 days a week for 40 minutes a day.

In the case of aerobic exercise, at the Treadmill, we used it with the
intensity of 75% maximum heart rate (220-age).

Result

1)After functional electrical stimulation in the case of male subjects, the
weight was reduced 1.93kg, obesity 2.60%, fat mass 2,73kg, Percent body fat
4 40%, waist circumference 6.53cm, circumference of hips 5.53cm. On the other
side, the quality of muscle was increased at the rate of 1.03kg,

but it’s not attentional level. The subcutaneous fat area was reduced by 26.63

cm2

, the visceral fat area was reduced by 43.00ai’, In the female subjects, we
can see the reduction of fat grade by 26.63cm, the quantity of body fat by 1.5kg,
percent body fat by 1.77%, circumference of waist by 4.02cm, circumference of hips
by 3.67cm, weight by 1.40kg but was increased 0.72kg at the quantity of muscles.

We can see the reduction also in the subcutaneous fat area 24.03cm, the
visceral fat area by 25.36cn.

2)After aerobic exercise, on the male subjects, we can see reduction of weight
by 3.36kg, obesity by 4.00%, fat mass by 2.83kg and we can see increase at the
soft lean mass by 2.96kg, but we can see reduction, the percent body fat by
3.03%, fat distribution by 0.023%, circumference of waist by 3.10cm,
circumference of hips by 2.23cm,

The female subjects show a reduction in the weight by 2.48kg, percent body fat
by 2.20%, show an increase in the soft lean mass by 1.54kg.

We can see a reduction in the quantity of fat mass by 2.32kg, the percent body
fat by 2.80%, the circumference of waist by 2.16cm, the circumference of hips
by 2.68cm, the fat distribution by 0.016%, the subcutaneous fat area by 15.25

o the visceral fat area by 11.52cm.



After aerobic exercise, we can’t see the attentional change at the total
cholesterol, triglyceride, high density lipoprotein cholesterol, low density
lipoprotein cholesterol,

3)After the application of functional electrical stimulation and aerobic
exercise, in result of measurement on the body ingredient, we could see the
weight reduction and increase the quantity of muscle with the male group who
exercised aerobic.

We can see the attentional rate on the electrical stimulation about abdominal
fat rate, circumference of waist, circumference of hips.

The other hand, I couldn’t see the attentional differences between the two
groups in the rate of fatness and quantity of body fat and the rate of body fat.
There isn’ t any attentional difference in the area of fat under skin, on the
contrary, There is attentional difference in the fat in the internal organs area
at the electrical stimulation site. We can’t see the attentional change of
total cholesterol, triglyceride, high density lipoprotein cholesterol, low
density lipoprotein cholesterol between electrical stimulation and aerobic
exercise,

4)After execution of functional electrical stimulation and aerobic exercise, in
result of measurement on change of body ingredient among female objects, We
could see weight reduction, increase at muscle quantity in the aerobic exercise
group,

We could see the attentional differences in the rate of fatness, the rate of
abdominal region, the circumference which received electrical stimulation,

But, we couldn’t see the attentional differences between two groups in the
quantity of body fatness, the circumference of hips.

The subcutaneous fat area doesn’t show the attentional differences.

On the Contrary, we could see lots of differences in the visceral fat area of
the electrical stimulation group.,

Conclusion

The results show that functional electrical stimulation and aerobic exercise
have insignificant differences when if comes to total cholesterol, triglyceride,

high density lipoprotein cholesterol, low density lipoprotein cholesterol.
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Though there is affirmative change in body ingredient after both electrical
stimulation and aerobic exercise. Functional electrical stimulation is more
effective on the subcutaneous fat area and in changing visceral fat area.

There fore. It is concluded that the physical therapy is more effective in the

treatment of abdéminal fatness.
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<Table II. 1> General physical characteristics of subjects for group(N=15)

FES Group Exercise Group
M F M F
Age(years) 35.00£9.16 4475585 39.33+2.30 47.4+8.35
Height(cm) 174.80+0.91 157.1742.23 169.36+1.81 156.02+2.74
Weight(kg) 82.0£1.00 65.42+3.43 82.93+6.61 63.84+6.43
Obesity (%) 122.0+2.0 131.00+6.05 134.66+7.76 129.80+16.54

SBP(mmHg)  126.66+11.54 125.00+10.00 126.66+15.27 122.00+8.36

DBP(mmHg) 83.33+5.77 80.00+8.16 83.33+11.54 78.36+8.36
Each value represents the meanS.D. M : Male, F : Female
SBP : Systolic blood pressure DBP : Diastolic blood pressure
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(1) g3 =t

A ddAe 71%d ANAST A - Fo AAMAR d3E A A, AFol
1.93+0.40kg, ¥V = 2.66+057%7)F 2282 tHp<.05).

b & Eke 103:0.65kgo]l FIEgd et Ao R o3 £ ol
g AALEE 273£1.02kg, AAYES 4.40£0.30%, HFALES 0.04+0.01%7}

a3 (p<6), BREYE 663:090m, AWoledlE 553:058em7t A

(p<.01)<Table II. 1>.

<Table M. 1> Comparison of the body composition pre and post FES

for the male subjects

Group pre-FES post-FES

Variables M=SD M=SD tvalue P
Weight(kg) 82.0+1.00 80.0+0.92 8.28 014=
Obesity (%) 122.0+2.0 119.33+1.52 8.00 015
Soft lean mass(kg) 57.30£2.93 58.33£2.88 -2.75 302
Fat mass(kg) 20.26+3.02 1753255 4.61 044+
Percent body fat(%) 25.13+3.76 20.73£3.71 25.40 002x
Fat distribution(%) 0.9024.04E-02 0.86+3.00E-02 7.00 020+
Wiaist circumference(cm)  90.30+1.96 83.67+1.52 12.74 006
Hip circumference(cm)  100.20+1.64 94.66+2.08 16.35 004

* p < 05 ** p < .01

(2) A=}

o gdatel 7eA AZAS A - Fo] AALE WUstE 42, Aol 140113k

Proaslar RS 07240 8kge] Zvpsloa ) o oi S-o] B S8 ojL]glv) wkbiA ]
nhe = 525+2219%, AAERe 150£077kg AAWELS 1.77£0.9% H 23193 2(p<.05),
HER2MELS 0035+£0.005%, BHEH= 4.02:067cm, AW EHUE 367+0.89cm7t 7



23ke] BAM oz $248 YehlTHp<0l<Table 1. 2>.

<Table HI. 2> Comparison of the body composition pre and post FES

for the female subjects

Group pre-FES post-FES
. t-value P
Variables M=SD M#SD

Weight(kg) 65.42+3.43 64.02+3.38 2.46 091
Obesity (%) 131.00+6.05 125.75+5.31 4.73 018*
Soft lean mass(kg) 42.1+1.47 42.82+1.16 -1.63 200
Fat mass(kg) 20.32+3.95 18.82+4.53 3.87 030
Percent body fat(%) 31.12+£5.02 29.35+598 3.56 038+
Fat distribution(%) 0.89+2.64E-02 0.86+2.44E-02 1212 001 =
Waist circumference(cm)  89.15+4.37 85.12+3.75 12.01 001
Hip circumference(cm) 97.65+2.95 93.97+2.20 8.20 00453

* p < .05 *x p < .01
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<Table WM. 3> Comparison of the blood components pre and post FES

for the male subjects

Group pre-FES post-FES
. t-value p
Variables M+SD MzSD
Total Cholesterol(mg/dl) 199.33£14.97 179.00+23.51 2.16 163
HDL~-Cholesterol(mg/dl) 47.66+12.58 50.33£9.29 -0.294 796
LDL-Cholesterol(mg/dl) 128.33£17.03 113.33+40.27 0.667 573
Triglyceride(mg/d}) 117.33£51.39 88.33+21.07 1.37 302

HDL : High Density Lipoprotein
ILDL : Low Density Lipoprotein

(2) o4 &=

oPURLh BN Aus AWE A EmE fo@ £Eel WEE uelx

C}<Table M. 4>.

<Table IM. 4> Comparison of the blood components pre and post FES

for the female subjects

Group pre-FES post-FES
. t-value D
Variables M+SD M=SD
Total Cholesterol{mg/dl) 185.00+12.40 178.25+5.90 1.32 277
HDL-Cholesterol(mg/dl) 42.25+10.30 46.50+6.80 -0.60 591
LDL~-Cholesterol{mg/dl) 124501526 - 117.25£16.23 0.75 560
Triglveeride(mg/dl) 90.75+34.46 97.25+£50.38 -0.16 879
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(1) SN Ed=

NH AANAF A - e BRAgRge Ao)g AAE B3 FHNAAEY )
SRR o) BF 26637k 245
A A4 A -

2, WA R AE 43.00cr7) sk 71%
il r - 3o felgl Aol E LENIATHP<.01)<Table M. 5><Figure 4>.

o

<Table M. 5> Comparison of the VFA & SFA pre and post FES

for the male subjects

Group pre-FES post-FES
. t-value o)
Variables M+SD M+SD
SFA 203.50+66.91 176.87+59.45 4.30 .050*
VFA 195.00+32.78 152.00+37.36 16.25 004+
* p < 05 *=xp < 01
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(2) A e)dAt

7183 AVAS A -5 9 ddEe] dspAgEde] W 24087t Hsgli
(p<.05), HAALHA L 2536cn7} 43t (p<0l) 7153 A7IAF A - Fof 79
g 2ol & e Atk<Table M. 6>.

<Table 1. 6> Comparison of the VFA & SFA pre and post FES

for the female subjects

Group pre-FES post-FES
. t-value p
Variables M=SD M+SD
SFA 218.86+58.32 194.82£61.57 4.65 .019=
VFA 66.38+17.78 41.02+12.36 6.44 008+

* p < .05, *x p < .01

2. FAA £Fo) NAYEN Py P MRAPuRe] v

(1) 244

Ha AR AL % Ao AAAPR WEE 43 du, AFe
3.36+011kg, HITEE 4.00£1.00%7F AA Y2 2.83+0.20kge] A s)
THFE 29620.76kgol FIFSFATHP<.05). AAYES 303£1.02%
0.023+0.006%7F #4551, BX-Ede 310t121cm, FPolElE 2.23+051en}t 243
S Hp<.05)<Table IM. 7>.
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<Table HOl. 7> Comparison of the body composition pre and post

exercise for the male subjects

Group pre-Exercise post-Exercise
. t-value D

Variables M=SD M+SD

Weight(kg) 82.93+6.61 79.56+6.56 50.50 000
Obesity (%) 134.66+7.76 130.66+8.08 6.92 020
Soft lean mass(kg) 58.70=2.50 61.66+3.05 -6.72 021
Fat mass(kg) 20.90+4.61 18.06+4.60 23.57 002
Percent body fat(%) 25.10+3.80 22.064.67 5.14 036*

Fat distribution(%) 0.93+2.30E-02 0.91+2.08E-02 7.00 020=
Waist circumference(cm) 97.36+5.42 94.26+6.57 4.42 047+

Hip circumference(cm) 101.96+4.49 99.73£4.10 7.53 017+
* p < .05 ** p < 01

(2) of doid=t

ke $EE AN F oo ikl Al WskE
248+093kg, H|DEE 220+044%7) 7AEn TS 154+4068keg0]  Zr)ekge)
(p<OD). HAAEFL 232+1.357kg, AALES 2.80:081%7F A3t A
T FE& HEHOWH(p0B), BRAYEY] AT 0016:0015%2 SAHL
ool e} gtk BEREE = 21641.21em, JHolEde= 268+1.80cm7} 7HAs)
AHp<.05)<Table M. 8>.
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<Table IIl. 8> Comparison of the body composition pre and post exercise

for the female subjects

Group pre-Exercise post-Exercise

Variables M+SD M=SD t-value P
Weight(kg) 63.8416.43 61.36+5.63 5.95 004
Obesity (%) 129.80+16.54 127.60+16.10 11.00 000
Soft lean mass(kg) 40.70+2.78 42.24+2.84 -5.06 0075
Fat mass(kg) 20.72+4.19 18.40+3.20 3.83 019+
Percent body fat(%) 32.20+£3.34 29.40+3.43 7.67 002
Fat distribution(%6)  0.90+1517E-02  0.88+3.50E-02 2.35 078
Waist circumference(cm) 90.16+6.18 88.00+5.83 3.95 017
Hip circumference(cm) §7.34+3.34 94.66+3.74 3.31 030+
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<Table M. 9> Comparison of the blood components pre and post exercise

for the male subjects

Group pre-Exercise post-Exercise
. t-value p
Variables M=SD M=SD
Total Cholesterol(mg/dl) 202.00+15.62 177.33£2.08 2.41 137
HDL-Cholesterol{mg/dl) 40.66+16.86 37.66+7.23 0539 644

LDL-Cholesterol(mg/dl) 134.33+£19.03 120.66++9.29 0.847 486

Triglyceride(mg/dl) 126.66+58.15 113.66+55.37 425 .051

(2) =
o thgAel fakk £ A - T FAYR WS FY A% F Folzd|E
FAAY, D9 Awy @ AUE o] kel Wake glglont §

& FEY WEE W)X BdT<Table . 10>.

<Table . 10> Comparison of the blood components pre and post exercise

for the female subjecs

Group pre-Exercise post-Exercise
t-value p

Variables M+SD M=+SD

Total Cholesterol(mg/dl) 188.20+32.19 175.80+27.37 2.66 056

HDL-Cholesterol(mg/dl) 61.80+£28.65 5.40+6.75 759 490
LDL-Cholesterol{mg/dl) 111.60+38.29 123.60+16.51 -908 415
Triglyceride(mg/dl) 76.80+21.51 69.00+14.59 1.97 119
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(D) & th’d=
B oAt {34 F A - Fo BRAUUAS AT An FsiAgu Aol
1356em7F ZHaskol i, WAASHEA L 14787t Zastd oy ARz f o

g F=FE2 oby ek <Table M. 11>.

<Table HI. 11> Comparison of the VFA & SFA pre and post exercise

for the male subjects

Group pre~Exercise post-Exercise
. t-value o)
Variables MSD M=+SD
SFA 167.18+18.93 153.61+20.67 3.45 075
VFA 200.78+35.97 186.00+32.18 1.66 237
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(2) oA =}k

o4 tigAte) ks &5 A - 5
15.25er7F 323 3L (p<01), WA AL 1152an7F HAste](p<h) %5 4 - F
o 93 AolE el AtI<Table M. 12> <Figure 5>.

N

Ede 8% A% 5 AguAol

i
o
I

<Table I 12> Comparison of the VFA & SFA pre and post exercise

for the female subjects

Group pre-Exercise post-Exercise
. t-value 5}
Variables M+SD M+SD
SFA 207.17£22.05 191.92+14.29 3.15 034
VFA 75.69£18.17 64.17+21.00 5.84 004
= p < 05 *x p < .01
3.7 2Fe NANES: QAN 2 RyAPug us

D AAAd 2 a3t

(1) g

NSAH ANAZH fAL £5L AT G4 ARz A
4@ s, FA AT AFAB ol F¥: LES AF P FA
Asgeol o A Yeldai(p<0l), 5% 71 3 T Ao Z(p<05)

deht F g $94S navh B3 2RAMEN 205 % 9QolE

K3
rolds 1+E}LH°iI:Hp<.05). s TR RS P R = U B

T <Table O. 13>.

=

T

g ol A 227 898k xpolS BHI 5= 9l

4
322

rr
n
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<Table M. 13> Comparison of the body composition FES group and

exercise group for the male subjects

Group FES Group Exercise Group
Variables M+SD M=+SD tvalue P

Weight(kg) 1.93+0.40 3.36+0.11 -5.90 0043
Obesity (%) 2.66+0.57 4.00+1.00 -2.00 116
Soft lean mass(kg) -1.03£0.65 -2.96x0.76 3.33 029
Fat mass(kg) 2.73+1.02 2.83+0.20 -0.16 377
Percent body fat(%) 4.40+0.30 3.03+1.02 2.22 .090
Fat distribution(%6)  0.046x1.15E-02  0.023+5.77E-03 313 035
Waist circurrference(cm) 6.63+0.90 3.10£1.21 4.05 015
Hip circumference(cm) 5.53+0.58 2.23+0.51 7.33 0025

= p < 05 **x p < 01

2) o:] A /\Lx].

NER A7 GoFn S5 AAS o] g7 AR WEE =

o

@ An, 4 A5 AF W 2EG WEHE §

AA B A YEHthp<0b). HittEE 754 A7|ASE AAE oA

- )
ZA A .%o Rolh AA YBLY F AF] Fo% Aol BAT(P<05)
W BRAME (05T EREUE<ODY EA A - o ole A A

N

ASE AAIE dZTAA d 2A dey F 2FR Fo4E e
b A AR, AANE R JHolEudME

.o y

23 = A< Table . 14>.

o
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<Table MI. 14> Comparison of the body composition FES group and

exercise group for the female subjects

Group FES Group Exercise Group
. t-value D
Variables M+SD M=+SD
Weight(kg) 0.98+0.89 2.48+0.93 2.44 044
Obesity (%) 5.25+2.21 2.20+0.44 ~-3.05 019+
Soft lean mass(kg) -0.2520.44 -1.54+0.68 -3.25 014
Fat mass(kg) 1.50+0.77 2.32+1.35 1.07 320
Percent body fat(%) 1.77+0.99 2.80+0.82 1.70 132
Fat distribution(%6) 4.0£0.08 1.6£1.51 -2.82 025+
Waist circumference(cm)  4.60+0.59 2.16+1.21 -3.634 008+
Hip circumference(cm) 3.67£0.89 2.68+1.80 -.997 352
* p < 05 *x p < 0]
2) gei4d s s
(1) 2 A
715A AZAST FAA 5T Alole] JagR wsle] -9 =],
dATAA F FHa2dEN AL L = F 7 A
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<Table II. 15> Comparison of the blood components FES group and

exercise group for the male subjects

Group FES Group Exercise Group
. t-value 8}
Variables M+SD M£SD
Total Cholesterol{mg/dD 20.33+16.28 24.66+17.67 -0.312 770
HDL-Cholesterol(mg/dl) -2.66+15.69 3.00+9.64 -0533 622
LDL-Cholesterol(mg/dl) 15.00+38.93 13.66+£27.93 048 964
Triglyceride(mg/dl) 29.00+36.42 13.00+5.29 .753 493

(2) g g
71ed A7IATER FAdE £5T Abole AE WSk s HTP
% AgTeN F FezEEd AT R 2EE AGdn AdE Ao 79

g Fol WSt A E A FRTh<Table ML 16>.

e

<Table IM. 16> Comparison of the blood components FES group and

exercise group for the female subjects

Group FES Group Exercise Group
. t-value P
Variables M=+SD M+SD
Total Cholesterol(mg/dl) 6.75+10.17 12.40+10.40 817 441
HDL -Cholesterol{mg/dl) 10.40+30.63 -4.25+14.17 875 410
LDL-Cholesterol(mg/dl) -12.99+29.53 7.25+19.25 -1.11 300
Triglyceride(mg/dl) 7.80£8.81 -6.50+78.41 412 693
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7154 A7) xFatel dA

<Table HII. 17> Comparison of the VFA & SFA of

S T zelE Rolx] 2 ghy

o] Zol7t AL =LA YER F

FES group and

exercise group for the male subjects

Group FES Group  Exercise Group
. t~value P
Variables M+SD M=SD
SFA 26.63+10.72 13.56£6.81 1.78 150
VFA 43.00+4.58 14.78+15.34 3.05 038
wop <05, == p < 01
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(2) oA A

94 gAel 715
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N5H A7 Aol
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ANE A% SRR e Fog Aol molx e wH ugAYAs
w

AN\ T FALLET Abols] BRIl o]

o) Aoz} He AA vep
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L
il
S
=2
Ho
o
o
2

15 B9ti<Table M. 18>.

<Table H. 18> Comparison of the VFA & SFA of FES group and

exercise group for the female subjects

Group FES Group Exercise Group
. t-value P
Variables M+SD M=+SD
SFA 24.03£10.32 15.25+7.86 1.23 257
VFA 25.36+7.86 11.52+4.40 3.36 012

= p < .05 *+ p < 01
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Z 20 A AEE = Y Jerrol & Olefsky, 1997 ; Lawrence et al., 2000).
] YA M7 vno gow 3o ARl Azgd FHHY o Bl
12t A& bjgbe] "t & AFY ¢F AT 2714 847 low HAYG 4w
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Figure 1. Umbilicus level’'s CT scan of supine position.
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Figure 2. CT scan of abdominal subcutaneous and visceral fat.
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Figure 3. X-PLAN 3R80F Area-Curvemeter
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Figure 4. Comparative images of reduced abdominal subcutaneous and

visceral fat :

A. The first image shows the male subjects abdominal region
prior to functional electrical stimulation.

B. The second image shows the same subject 4weeks after
functional electrical stimulation.

Figure 5. Comparative images of reduced abdominal subcutaneous and

visceral fat :
A. The first image shows the female subjects abdominal

region prior to aerobic exercise.
B. The second image shows the same subject 4weeks after

aerobic exercise.
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