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Abstract
Introduction   Non-invasive focused low-frequency ultrasonic waves that reduce the circumference
and volumes of areas with localized fat have become more popular. This study aimed to determine the
effectiveness and safety of focused low-frequency ultrasonic waves in reducing localized abdominal
fat deposits.
Methods  This was a randomized, double-blind, placebo-controlled trial.   Included in the study were
Filipino adults with localized abdominal fat deposits. The primary outcome measure was mean change
in abdominal circumference after 4 weeks of treatment, and secondary outcome measures were mean
change in abdominal fat thickness, weight, serum lipid profile, as well as frequency of adverse
events.
Results  There was a significant reduction in the mean abdominal circumference and fat thickness
among patients who received focused low-frequency ultrasonic waves compared to those in the
placebo group. There were no significant differences in weight, total cholesterol, HDL, LDL,
triglycerides, VLDL levels, and adverse events between the two groups.
Conclusion Focused low-frequency ultrasonic waves are effective in reducing abdominal
circumference and fat thickness.
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 xisting    non-invasive      and    minimally-invasive
       technologies for improving the appearance of  skin
and subcutaneous fat appearance have gained popularity
due to minimal downtime, relative safety and temporary
cosmetic benefits. One of  the US FDA-approved devices
is an ultrasound waves-emitting device.1 There is
extensive discussion about the possible medical
application of  focused ultrasound in the minimally
invasive treatment of  a variety of  disorders and diseases,
one of  which is lipolysis. This new technique is of  great
interest especially for those patients who do not intend
to undergo invasive treatment for localized fat
accumulation.1

E Ultrasound waves induce both thermal and non-
thermal physical effects in tissues. Non-thermal effects
are said to be more important in treatment of  soft tissue
lesions. These non-thermal effects include cavitation
which is the formation of  tiny gas bubbles in the tissues
as the result of  ultrasound vibration.2 This cavitation
phenomenon occurs once the ultrasound sound waves
propagate through the medium: the characteristic
compression and rarefaction cause microscopic gas
bubbles in the tissue fluid to contract and expand forming
a “microexplosion”.3 Effects of  cavitation that have been
demonstrated in-vitro include stimulation of fibroblast
repair, collagen synthesis, tissue regeneration, bone
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healing and lipolysis in adipose tissues.4 The lipolytic
effect is said to be due to increasing secretion of plasma
free fatty acid, epinephrine and norepinephrine
concentration of  adipose tissue.5

Low frequency ultrasound when applied directly to
tissue delivers a physical force with a pressure of  over
100 kg/cm2 into the adipocytes and interstitial body
fluid. These shockwaves and a micro jet of  water emitted
are capable of  selectively damaging the membranes of
fat cells causing lipolysis.2 There have been numbers of
studies showing that focused ultrasonic waves reduce
circumference and volumes of  areas with localized fat2,6,7

and there was a significant relation between increase in
lipid level and low-frequency ultrasound used. Most of
these were open label and not randomized and blinded,
making the results biased.2,6,7 This study aimed to
determine the efficacy and safety of  low-frequency
ultrasound waves in reducing abdominal fat
circumference and volume compared to placebo.

The objectives of  this study were to determine the
difference of  focused low-frequency focused ultrasound
waves with placebo on the following: 1) abdominal
circumference, 2) abdominal fat thickness, 3) weight, and
4) lipid profile.

Methods
This was a randomized, double-blind, placebo-controlled
trial comparing focused low-frequency ultrasonic waves
(FLFUW) with placebo in reducing abdominal fat in
adults conducted at the Section of  Dermatology of  the
Out-Patient Department of  a tertiary hospital in Quezon
City.

Healthy Filipino adults 20 to 50 years old, with
localized abdominal fat deposits and with a body mass
index (BMI) of  18.5 to 29.9 kg/m2 were eligible to join
the study. Those with any of  the following were
excluded: 1) pregnancy, 2) breastfeeding, 3) loose
abdominal skin, 4) weak abdominal muscles, 5) scarring
or active infection of  the abdominal area, 6) history of
keloid formation 7) use of  medications known to induce
photosensitivity (i.e., doxycycline, anti-malarials etc.),
8) metal implant and/or pacemaker, 9) tinnitus and
migraine, 10) systemic illness (e.g., hypertension,
diabetes mellitus, coagulation disorders, cancer),
11) l ipid, hepatic and renal dysfunction, and
12) previous focused ultrasound wave or similar treatment
or  knowledge of how the procedure is performed.

The calculated sample size was 20, assuming a
difference in means between treatment and control of
3.0 cm, a standard deviation (SD) of  1 cm, 80% power
to detect a statistical significant difference, and level of
significance at 0.05. To compensate for possible drop-

outs or loss to follow-up of 20%, two additional patients
per group or 12 patients per group, for a total of  24 subjects
were recruited. Subjects were randomly assigned to the
treatment group or placebo group using a computer-
generated list of  random numbers (www. random.org).

All patients underwent screening procedures
including physical examination, CBC, liver function and
serum lipid determination. Baseline demographic data,
weight, height and BMI were recorded. Baseline
photographs of  the abdominal region were taken using
a digital camera (Canon S90™) with the subjects standing
at rotating angles, using constant lighting and focal
distance. Abdominal circumference was measured at level
of  the umbilicus using a standard measuring tape.
Abdominal fat thickness was measured at a standard area
midway between the umbilicus and iliac crest using a
caliper (recorded to the nearest millimeter).

Patients were then randomized into either FLFUW
or placebo group. Patients in the FLFUW group received
20 minutes of  focused low-frequency ultrasound waves
of  44 kHz at power of  70% (~1.8 W/cm²) on the
abdomen per treatment session. Patients in the placebo
group received 20 minutes massage using the transducer
of  the device but with no ultrasound waves delivered on
the abdomen per treatment session. A 10% (~0.25 W/
cm²) power was used just to maintain a ringing sound.
The apparatus used was LipoSlim™ which emits low
frequency ultrasound waves 32 to 43 KHz through a 63
mm diameter transducer at a power of  50 to 100 watts/
cm2. A conductive gel was used (Medigel™) on all
patients.

All patients underwent four treatment sessions at one
week intervals and were followed up until a week after
the last treatment. At the end of each treatment session,
patients were photographed under the same controlled
conditions and settings. Abdominal circumference, fat
thickness and weight measurements were taken using
the standard methods described.  Each patient was
instructed to record and report any adverse event that
might arise during the course of  the study. All
measurements and photographs were taken by a person
blinded to the treatment allocation. Serial serum lipid
determinations were obtained 24 hours before the
beginning of  the first session, immediately after, after
96 hours, and on the fifth week after the first session.

The patients were instructed not to undergo other
slimming procedures (mesotherapy, endermologie,
radiofrequency, etc.), nor take any oral slimming
medications, and to maintain baseline food intake and
frequency of  physical activities for the duration of  study.
They were also instructed to follow up four weeks after
the last treatment for measurements and photographs.
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 The primary outcome was the mean change in
abdominal circumference from baseline to week 4
between the treatment and control groups. The
secondary outcomes were: 1) mean change in abdominal
fat thickness, 2) weight from baseline to week 4, 3) mean
change in serum lipids from baseline to just before the
1st treatment, right after, 96th hour after and 5th week after
the 1st treatment, and 4) adverse events.

The T-test was used to compare the mean change in
abdominal circumference, abdominal fat thickness and
weight between groups. A paired T-test was used to
compare the mean change in serial serum lipid levels
within groups. Fisher’s exact test was used to determine
the difference in frequency of  adverse effects between
groups.

The study was approved by the Institutional Review
Board.

Results
Twenty-four subjects were recruited to the study. As
shown in Table 1, there was no difference in the mean
age, sex distribution, BMI, weight,  abdominal
circumference and abdominal fat thickness of the
FLFUW and control groups. Thus, the groups were
comparable.

There was a decrease in the abdominal
circumference of  the patients in both groups four weeks
into the study. The mean difference between week 4 and
baseline measurements among the patients in the LFUW
group was -5.67 cm compared with -1.38 cm in the
control group. The difference between groups was
significant up to week 4 but not at week 8. There was a
decrease in the abdominal fat thickness of the patients
in both groups, four weeks into the study. Specifically,

the mean difference between week 4 and baseline
measurements among the patients in the LFUW group
was -5.92 mm compared with -1.17 mm in the control
group. The difference between groups was significant
(P = 0.001, Fisher’s exact test). There was a minimal
decrease in the mean weight of  the patients as study
progressed, regardless of  the treatment that was given
(P > 0.05, T-test).  These results are shown in Table 2.

The mean change in total cholesterol of  the patients
in the FLFUW group seemed to increase slightly from
24 hours before the 1st session until 96 hours after the 1st

session and decreased on the 5th week after the 1st session.
Meanwhile, the mean change in total cholesterol of  the
patients in the placebo group appeared to decrease from
24 hours before the 1st session until 96 hours after the 1st

session. This mean change in total cholesterol did not
vary significantly within groups (P > 0.05, paired T-test).
The mean change in HDL of  the patients in the FLFUW
group seemed to decrease from 24 hours before 1st session
until the 5th week after the 1st session. Meanwhile, the
mean change in HDL of  the patients in the placebo group
appeared to increase from 24 hours before the 1st session
until the 5th week after the 1st session. Changes in both
treatment arms were not statistically significant
(P > 0.05, paired T-test). Rises and dips noted in the
LDL, VLDL and triglycerides were not significant
(P > 0.05, paired T-test). The changes in the lipid profile
are shown in Table 3.

Adverse events in both the placebo and FLFUW
groups occurred at the first week into the study. Half  of
the patients in the FLFUW group experienced adverse
events: four had steatorrhea, while the other two
experienced headache and pruritus in the area treated.
One patient in the placebo group experienced transient
headache. However, the difference in the occurrence of

Table 1.  Demographic characteristics of patients in FLFUW and placebo groups.

Characteristics FLFUW Placebo P-value
(N=12) (N=12)

AGE (years)
(mean ± SD) 35.75 ± 11.7 32.92 ± 7.9 0.48a

GENDER
     Male N(%) 4 (33.3) 5 (41.6) 1.00b

     Female N(%) 8 (66.6) 7 (58.3)

BMI in kg/m2 (mean ± SD) 25.11 ± 2.6 24.12 ± 1.8 0.29a

Weight in kg (mean ± SD) 65.25 ± 10.5 63.54 ± 12.1 0.71a

Abdominal circumference in cm (mean ± SD) 92.42 ± 8.5 85.75 ± 8.8 0.07a

Caliper measurement in mm  (mean ± SD) 32.75 ± 7.4 29       ± 5.2 0.18a

aStudent T-test,  bFisher's exact test
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Table 2.  Mean change from baseline to week 4 into the study.

Primary outcome: Baseline     Week1    Week 2 Week 3   Week 4   Week 8
Mean change in
abdominal circumference

FLFUW Mean change
(N=12) from baseline

(cm) ± SD --- -3.292 ± 2.1 -3.875± 3.2 -5.083± 3.6 -5.67± 3.9 -3.917± 5.0

Placebo --- -0.75± 0.9 -1.083± 1.8 -1.292± 1.9 -1.38±  1.3 -1.125± 1.5
(N=12)

P value -0.0012 -0.0169 -0.0047 -0.0017 -0.0789

Secondary outcomes:
Mean change in abdominal fat thickness

FLFUW Mean change
(N=12) from baseline

(mm) ± SD --- -2.583± 1.9 -4.167 ± 2.2 -4.75 ± 3.2 -5.917± 4.2 -3.25± 2.5

Placebo --- -0.167± 0.3 -0.708 ± 0.9 -0.75± 1.1 -1.167 ± 1.1 -1.083 ± 1.4
(N=12)

P value --- -0.0004 -0.0001 -0.0006 -0.0010 -0.0182

Mean change in weight

FLFUW Mean change
(N=12) from baseline

(kg) ± SD --- -0.042 ± 0.1 -0.208 ± 0.7 -0.042 ± 0.6 -0.25± 0.9 -0.125± 0.7

Placebo --- -0± 0.6 -0.375± 1.1 -0.125 ± 1.2 -0.04±  1.1 -0.333 ± 0.8
(N=12)

P value --- -0.8361 -0.1413 -0.6822 -0.5177 -0.5393

T-test

adverse events between the two groups was not significant
(P = 0.07, Fisher’s exact test).

Discussion
In this clinical study, all the patients treated with FLFUW
had significant reduction in abdominal circumference and
fat thickness measurements similar to the study of
Micholvitz.2 The absence of a significant reduction in
weight is consistent with the study of  Savoai.6 The effect
of FLFUW in decreasing abdominal circumference was
not sustained beyond the 4 weeks of treatment. Thus,
additional sessions until the desired reduction is achieved
are recommended, and should be coupled with the proper
diet and exercise.

Physical examination assessments and serial serum
total cholesterol, HDL, LDL, VLDL, triglycerides levels
throughout the study period showed no significant
changes. The adverse events experienced in the FLFUW

group appeared to be well tolerated and were not
statistically different from the control group. All patients
who experienced steatorrhea were in the FLFUW group,
suggesting that fat was released from the treated area and
possibly excreted through the bowel.

The authors conclude that FLFUW is an effective
and a well-tolerated non-invasive technique for the
reduction of abdominal circumference and fat thickness
among healthy patients, and may be considered as an
alternative to conventional liposuction, especially for
those who do not wish to undergo invasive procedures.
In a clinical setting, careful patient selection is imperative.
They recommend taking the patient’s complete history,
BMI and baseline laboratory tests such as serum liver
function and lipid profile prior to treatment to ensure
that there are no co-morbidities and ensure the patient’s
safety. They recommend a clinical trial with larger sample
size, a more controlled setting including standard diets
and physical activities.
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Table 3.  Change in serial serum lipid (mg/dL) by treatment group.

24 hrs before Right after 96 hrs after 5th week
1st session 1st session 1st session after 1st session
Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Total LFUW Mean ± SD 181.09 ± 24.9 188.36 ± 19.8 188 ± 19.6 180.73 ± 17.6
Cholesterol (N=12)

Mean change ---     7.27 ± 15.2     0.81 ± 5.5     7.63 ± 4.6

Placebo Mean ± SD 184.31 ± 11.9 180.92 ± 15.4 178.38 ± 18.2 184.31 ± 11.9
(N=12)

Mean change ---     2.15 ± 5.2     8.53 ± 5.0     4.69 ± 2.1

P value ---     0.2770     0.3167     0.5513

HDL LFUW Mean ± SD 53.45 ± 5.8 52.18 ± 5.4 52.64 ± 4.9 52.27 ± 3.5
(N=12)

Mean change ---   0.36 ± 2.8   1.18 ± 3.6  -0.9 ± 3.1

Placebo Mean ± SD 56.31 ± 4.1 57.15 ± 6.5 58.46 ± 6.4 57.85 ± 5.6
(N=12)

Mean change ---   0.61 ± 3.3 -1.76 ± 3.6  -0.69 ± 3.3

P value ---   0.8462 -0.0510  -0.6540

LDL LFUW Mean ± SD 109.82 ± 22.5 113.27 ± 18.0 111.46 ± 16.7 106.36 ± 18.6
(N=12)

Mean change ---     5.09 ± 6.5     2.09 ± 19.9     6.9 ± 2.2

Placebo Mean ± SD 112.46 ± 15.5 108.38 ± 13.4 102.92 ± 18.8   99.92 ± 21.4
(N=12)

Mean change ---     3 ± 3.9   13.07 ± 19.9     8.46 ±10.9

P value ---    0.3433     0.1921     0.1921

VLDL LFUW Mean ± SD 19.18 ± 4.8 21.64 ± 5.7 23.64 ± 7.3 24.37 ± 7.9
(N=12)

Mean change --- -0.72 ± 9.4 -0.72 ± 9.4 -0.72 ± 9.4

Placebo Mean ± SD 20 ± 9.5 17.38 ± 8.5 18.23 ± 9.7 18.69 ± 8.6
(N=12)

Mean change --- -0.46 ± 3.5 -0.46 ± 3.5 -0.46 ± 3.5

P value --- -0.9256 -0.9256 -0.9256

Triglycerides LFUW Mean ± SD 99.55 ± 30.6 107.36 ± 28.3 115.64 ± 36.6 118.18 ± 39.5
(N=12)

Mean change ---   -2.54 ± 46.6 -17.09 ± 41.6 -10.81 ± 54.8

Placebo Mean ± SD 98.38 ± 44.9 -83.08 ± 33.9 -90 ± 33.0 -97.15 ± 42.1
(N=12)

Mean change ---   -7.15 ± 25.3 -  1.84 ± 41.6 -14.07 ± 25.5

P value ---    0.7616    0.2215            0.8499

Paired T-test
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