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Purpose: This study was designed to measure the effects of weight, abdominal girth, body fat, abdominal fat and
cholesterol levels in combination with electrical stimulation, ultrasound and aerobic exercise on obesity and local lipolysis.

Methods: Subjects were 30 obese adults who volunteered to take part in the experiment and had no physical diseases. They
were randomly divided into three groups: (1) an aerobic exercise group (n=10), (2) an electrical stimulation group with
aerobic exercise (n=10), and (3) an ultrasound stimulation group with aerobic exercise (n=10). Each experimental group
went through 8 weeks of training.

Results: All measured items including weight, girth of the abdomen, body fat, and cholesterol levels showed significant
differences among groups. All three groups showed decreases for all items. The electrical stimulation + aerobic exercise
group (group 1) showed greater effects than the aerobic exercise group (group I) and the ultrasound stimulation group
with aerobic exercise (group IIl).

Conclusion: Electrical stimulation + aerobic exercise and ultrasound stimulation + aerobic exercise cause decreases in
weight, girth of the abdomen, body fat and cholesterol level compared to aerobic exercise alone. These methods can be
considered to be effective adjuvants to aerobic exercise in obese adults.
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I. Introduction normal range. Obesity progresses to chronic metabolic disease

by environmental factors such as a lack of physical activity,

As life environments have become increasingly convenient,
including transportation options in modern society, physical
activity has been rapidly reduced and eating increased and the
rate of obesity has been sharply increased due to excessive intake
of high-calorie foods. Indeed, it is widely known that lack of
physical activity and excessive energy intake are accompanied by
a higher risk of obesity, diabetes, coronary heart disease,
hypertension and hyperlipemia, and musculoskeletal disease,
and morbidity from obesity has been rapidly increasing for the
last 100 years." Obesity is a pathological factor causing many
complications. It is significantly increased in advanced countries
and directly related to national health.” Obesity is defined as a

state of excessive accumulation of body fat that exceeds the

excessive calorie intake, stress, etc. Obesity is also an aggravating

factor in other diseases. For example, obesity causes
cardiovascular disease, joint disease, behavioral disorders,
psychological depression, and a lower quality of life.”

Weight control cannot be achieved in a short time and
requires continuous effort. Also as obese people's will, faith and
attitude are important in weight control, efforts to make
behavioral changes through more active and positive activities
are required.” There are many methods to control weight
including diet, behavior modification, drugs and surgery, but
exercise therapy —which has few side effects, no yo-yo effect, and
is not harmful to health-is generally recommended and

extensively used.>®
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Existing studies indicate that medical treatment for obesity
in long- and short-term evaluations should be combined with a
physical activity program, measurements of weight control, and
psychological support.” In general, a frequently used method for
obesity control is aerobic exercise. Aerobic exercise refers to
exercise that involves or improves oxygen consumption by the
body. It promotes maximum oxygen into the body, improves the
functioning of heart and lung, and leads to strong blood vessel
tissues. It also assists in synthesizing ATP using fat and glycogen
secreted by long-term activities. In addition, it has been reported
that aerobic exercise activates fat metabolism and has positive
influences on total cholesterol, neutral fat, and blood lipids
(high density lipoprotein cholesterol and low density lipoprotein
cholesterol).”®

Obese body shapes are divided into a centrally obese type,
which is characterized by a bigger waist than hip circumference,
and a peripherally obese type, which shows bigger hip than waist
circumferences. It has been reported that central obesity and a
protruded abdomen has worse effects on health.” In Korea,
although obesity is not high, there are many cases of excess
central body fat distribution. This may be a partial reason for the
higher morbidity and mortality of adult diseases that are due to
increased abdominal obesity.'® Influences of obesity on health
are huge. In particular, abdominal obesity has closer relations to
diseases compared to obesity in other parts of the body, and
successful methods for management and prevention of
abdominal obesity are urgently needed.

Electrical stimulation to muscle has been mainly used for
those for whom physical activity is limited. Its effects have been
proven.u‘13 In electrical stimulation, muscles are stimulated at a
low frequency to induce a change in the form of the muscular
fibers and the method is effective in maximizing energy use.'*"
But, clear evidence is lacking for the ability of electrical
stimulation, when applied regularly and over the long term, to
induce a loss of weight, a decrease of body fat, and a change of
body composition. Lunde et al'® reported that fat around
muscles that were contracted by electrical stimulation were
converted to energy, which consumed calories. The energy was
released by a wrenching effect due to the contraction and
relaxation of muscles, and to improved physical purification
(discharging wastes and humors to the kidney through
circulatory system).

Ultrasound is used at a frequency higher than 20,000 Hz - it

is a sound wave that cannot be heard by human ears. The effects

of ultrasound include a thermotherapy effect and a
micromassage effect. The micromassage effect, which is a result
of the mechanics of the ultrasound, is accompanied by biological
effects such as afriction effect, promotion of diffusion through
cell membranes, an intercellular massage effect, reversible
decreases in viscosity of colloidal substances, and effects on
nerves and on circulatory mechanisms.!”!® Therefore, when
ultrasound is applied to the abdomen, fat is converted to a state
in which it is easily dissolved by the warming and the vibration
of ultrasound. The flow of blood and lymph is fostered, and
excretion of fatty acids into the blood is promoted."

Some studies reported recently thatelectrical and ultrasound
stimulation with diet or exercise were effective in controlling
abdominal obesity, but research on which is more effective,
electrical stimulation or ultrasound, is insufficient. Therefore,
this study was designed to determine whether ultrasound or
electrical stimulation is more effective when applied to local
obesity, in particular abdominal obesity. We wanted to show
whether either method has the capacity to dissolve fat, and
whether one or the other is more effective. We hoped that the
study results would suggest an efficient method for controlling

abdominal obesity.

I, Methods

1. Subjects

This study was designed to examine the effects of electrical
stimulation and ultrasound on local lipolysis. We recruited
subjects from groupsof male and female students at C college.
We selected 30 subjects who had no special diseases, had no
physical or mental disorders, and had a body fat ratio over 20%
for men and over 30% for woman. They all agreed to take part
in the research. This study was a randomized controlled trial. All
subjects were divided into three groups. The first group (group
I) was anaerobic exercise group (n=10, age=20.422.07, weight=
64.08+8.67, height=163.4£8.47). The second group (group II)
received electrical stimulation + aerobic exercise (n=10, age=
22.8+7.00, weight=63.84+9.57, height=165.2+8.44). The third
group (group III) received ultrasound stimulation + aerobic
exercise (n=10, age=20.4+13.84, weight=64.78+7.83, height=
164.4+7.83). All three groups attended meetings three times a
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week for a total of 8 weeks. They did this netweem May 7 and
Jun. 30, 2010.

2. Experimental process

Group I was applied to ultrasound for 20 min. and performed
aerobic exercise for 50 min, group II had electrical stimulation
for 20 min. and performed aerobic exercise for 50 min. and
group III performed aerobic exercise only for 50 min. Each
group had analysis of body composition, girth of the abdomen

and blood analytes before and after the experiment.

3. Measurement

1) Analysis of body composition

Whole fat, body fat, weight and abdominal fat ratio were
measured with a body composition analyzer (InBody 3.0,
Biospace, Korea) before the experiment and 8 weeks after the
experiment. Meals and beverage were prohibited from 5 hours
before measurement. Subjects input their age, height and sex.
They were asked to stand barefoot on the place indicated on the
body composition analyzer without wearing an accessory that
can affect measurement. They were measured in a position in

which the ears and eyes were at the same level.

2) Girth of abdomen

Waist (in cm) was measured at the lower part of the lowest rib
and at the middle period of the top of the iliac crest while in an
upright position. In that state, the subject breathes out using a
Tapeline SECA-200 (SECA, Germany) after every experiment.
That is, waist circumference was measured 3 cm above the

anterior superior iliac spine.

3) Blood analysis

Blood samples were taken between 8 and 9 AM after an
overnight fast. A blood sample of 5 ml was taken from the
antecubital vein using a disposable syringe. Blood was taken
twice — before beginning the experiment and 8 weeks later. The
blood sample was put into 5 ml Vacutainer SST tubes and
centrifuged at 2500~3000 rpm for 10~15 min. Serum was
separated and immediately tested by means of a blood analyzer
(EKTACHEM DT60 II, Kodak, USA). Measured items were
TG and TC.
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4) Electrical stimulation

Electrical stimulation was conducted using a Dynatens 301
(BEST, Korea). Electrical stimulation was applied at a frequency
of 50 Hz, which was reported to be suitable for improving the
functional capacity of skeletal muscle, and at a fixed pulse
duration of 250 £S. For a short circuit time of 4 sec, 4 electrical
pads were attached to four parts of the body based on the navel.
The stimulation intensity was adjusted by the controller so as

not to cause pain. Stimulation was done for 20 min.

5) Ultrasound stimulation

Ultrasound stimulation was conducted using a Sonotens 501
(BEST, Korea). Ultrasound stimulation used a 1 MHz pulse
based on the navel. Ultrasound was applied to four parts of, up,
down, left and right, by moving a distance of about 1 inch per
second using a circular movement. Total ultrasound time was 20
min, each of the 4 parts being treated for 5 min. Ultrasound gel

(moisture gel) was used as a base.

6) Aerobic exercise

Aerobic exercise was performed 2 hours after meals for a total
exercise time of 50 min. This included warm-up and
warm-down times (light gymnastics and stretching for 5 min
each) with the main exercise being power walking on a treadmill

at 6.5 km per hour speed for 40 min.

4. Statistical analyses

All data were analyzed using the SPSS 12.0 statistical program.
Comparisons of measured items before and after the experiment
were done using analysis of covariance (ANCOVA), followed by
a post hoc Bonferroni test. The significance level was set at «
=0.05.

111, Results

1. Changes in weight

There was a significant difference (p<0.01) in weight changes
between all groups. The acrobic exercise group showed a weight
change from 63.08+8.67 kg to 61.18+8.30 kg; the electrical
stimulation group showed a loss of weight from 64.78+7.83 kg
t0 58.92+5.66 kg; the ultrasound group showed a loss of weight
from 62.84+9.57 kg to 60.3+9.1 kg (Figure 1).
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before and after the intervention.
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I: Aerobic exercise group

II: Electrical stimulation with aerobic exercise group
II: Ultrasound stimulation with aerobic exercise group
*p<0.05

2. Changes in abdominal girth

There was a significant difference (p<0.001) between all groups
for abdominal girth. The aerobic exercise group showed a loss of
weight from 79.7+1.33 cm to 78.92+1.52 cm; the electrical
stimulation group showed a loss of weight from 76.98+5 c¢m to
74.924.92 cm; the ultrasound group showed a loss of weight
from 77.5+4.71 cm to 74.54+4.62 cm (Figure 2).

3. Changes in body fat ratio

There was a significant difference (p<0.05) between all groups
for changes in body fat ratio. The acrobic exercise group showed
a decrease in the body fat ratio from 32.58+5.69% to
31.94+4.35%; the electrical stimulation group showed a
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decrease in body fat ratio from 32.88+5.07% to 30.64+3.87%;
the ultrasound group showed a decrease in the body fat ratio

from 34.64+5.34% to 31.94+3.64% (Figure 3).

4, Changes in abdominal fat

There were significant (p<0.01) differences in abdominal fat
between the aerobic exercise group and the electrical stimulation
group. The aerobic exercise group showed a decrease in
abdominal fat from 0.83+0.04% to 0.82+0.04%; the electrical
stimulation group showed a decrease in abdominal fat from
0.83+0.06% to 0.80+0.05%; the ultrasound group showed a
decrease in abdominal fat from 0.84+0.08% to 0.80+0.07%
(Figure 4).
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5. Changes in cholesterol

There were significant differences in cholesterol between the
aerobic exercise group and the electrical stimulation group. The
aerobic exercise group showed a decrease in cholesterol from
184.40+46.53 mg/dL to 177.00£6.96 mg/dL the electrical
stimulation group showed a decrease in cholesterol from
185.00+6.36 mg/dL to 168.80+6.26 mg/dL the ultrasound
group showed a decrease in cholesterol from 184.60.40+5.02
mg/dL to 174.80+6.81 mg/dL (Figure 5).

IV. Discussion

In modern society, efforts to prevent and treat obesity have been
continuously developed based on exercise, diet, drug, aroma and
surgery, but more effective obesity control methods are
increasingly required.

Of the many obesity control methods, exercise has been a
contentious issue. Exercise is divided into aerobic and anaerobic
exercises, depending on the type of metabolism stimulated, and
many researchers have [developed calorie limitations with
exercise ?] to verify the effects of aerobic exercise.”>*" Exercise
causes an explosive increase in the speed at which weight is lost
due to increased energy use. Many studies which were designed
to decide the duration and intensity of energy use for loss of
weight indicated that short-term exercise was not effective for
losing weight, but long-term exercise was effective.?** Jakicic **
and Lindelof et al®® compared programs of (1) high exercise

intensity and short exercise time to programs of (2) low exercise

*
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intensity and long exercise time. Programs of low exercise
intensity and long exercise time — matched for the same quantity
of exercise — were more effective for weight control.

However, obesity treatments that are low cost and involve
simple and effective procedures should be developed and side
effects and complications should be prevented. Therefore, this
study involved obese adults doing aerobic exercise for 8 weeks
based on the preceding studies. It also analyzed the effects of
combining electrical stimulation and ultrasound with aerobic
exercise on body composition and hematology factors.

Oh et al* reported that a four-week aerobic exercise program
elicited a significant decrease in weight, body fat mass, body fat
ratio, abdominal fat, girth of abdomen and hip, significant
muscular mass, and decreases in subcutaneous fat area and
intestinal fat area that were not significant. Yun’ suggested that
a woman with essential hypertension without an exercise habit
should perform aerobic exercise using a treadmill at an intensity
of 50% HRmax for 16 weeks. As a result of the exercise, she
reported a significant loss of weight, an average of 3.6 kg
(5.96%) and a decrease in body fat ratio that averaged 4.4%
(14.56%).

Kim et al *® reported that aerobic exercise was performed by
obese youths for 12 weeks and there was a statistically significant
difference in losses of neutral fat. There was also decreases in
weight of 0.96 kg, in abdominal girth of 1.18 cm, in body fat
ratio of 1.04%, in abdominal fat of 0.01%, in cholesterol of 1.6
mg/dL and in TG of 23.6 mg/dL. These results indicate that a
regular 8-week aerobic exercise program fosters dissolution of
neutral fat of fat tissues, converting it into free fatty acids, which
are changed into energy by the mitochondrion, and which
provides energy for use by muscle during exercise. Exercise
increased energy consumption and prevented or decreased
obesity.”>%

Kim et al® suggested that regular electrical stimulation to the
obese group for 4 months led to significant decreases in body fat
ratio, in mass, and in body composition at one-week intervals;
there were no significant differences in weight or in whole fat
weight. Jun’' reported that electrical stimulation + aerobic
exercise elicited significant decreases in weight, body fat ratio
and mass; there were no significant differences in whole fat mass.
The results of our study showed that electrical stimulation +
aerobic exercise leads to decreases in weight (-5.86 kg), in
abdominal girth (-2.08 c¢m), in body fat ratio (-2.24%), in
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abdominal fat (-0.03%) in cholesterol (-16.2 mg/dL) and in TG
(-9.4 mg/dL). Based on the above results, it appears that regular
electrical stimulation is effective in promoting lipolysis by
stimulating fat tissue secondary to stimulating muscular
contractions.

The Ultrasound + aerobic exercise group showed decreases in
weight of 2.54 kg, girth of the abdomen of 2.96 cm, body fat
ratio of 2.70%, of abdominal fat of 0.04%, and cholesterol of
9.8 mg/dL. Simillar to the study by Huh,”* we showed
significant decreases in waist and weight with ultrasound
stimulation, presumably because it fosters secretion of fatty acids
into the blood secondary to increases in material movement and
permeability of fat cells. Therefore, it is appears that the
combination of ultrasound and electrical stimulation with
aerobic exercise enhances Ca** homeostasis within fat cells, and
activates protein kinase and lipolysis.*>*4

In conclusion, it was found that electrical stimulation and
ultrasound in combination with aerobic exercise are effective in
reducing local obesity. The most effective method was electrical
stimulation + aerobic exercise. This intervention should be
effective in decreasing weight, abdominal girth, body fat,
abdominal fat and cholesterol levels, and in improving exercise
capacity. This intervention was better than aerobic exercise
alone. In addition, this intervention can be considered as a way
to improve exercise capacity for health management and to

coach obesity exercise.

V. Conclusion

This study was designed to examine the effects of electrical
stimulation and ultrasound on local obesity in obese adults. We
arrived at the following conclusions.

There are significant between-group differences in weight
(p<0.01), abdominal girth (p<0.001), body fat ratio (p<0.05),
abdominal fat (p<0.01), and cholesterol (p<0.05).

All interventions were effective in reducing local obesity. The
most effective method was electrical stimulation + aerobic
exercise. Ultrasound and electrical stimulation are effective for

local lipolysis.
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