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BACKGROUND: High-intensity stationary therapeutic ultrasound (HITU) technology is gaining popularity as an attractive modality for treating
different conditions, but little is known about its application in aesthetics. OBJECTIVE: To analyze the effects of stationary unfocused ultrasound
(HITU technology) in treating localized fat in women'’s abdominal region. METHODS: The sample consisted of 43 women with localized abdominal
adiposity, assessed pre and post-treatment by assessment protocols, adversity analysis questionnaires, ultrasound exams, and serum level exams.
The volunteers were randomly divided into three subgroups: G-1, who used the device off, G-2 received therapy with the device once a week for two
months (Parameters: Pulsed - 100Hz - 50% - 4.0 W/cm? - 20 minutes) and the G-3 who used the device on twice a week for a month (Parameters:
Pulsed - 100Hz - 50% - 3.2W/cm? - 30 minutes). All groups received eight sessions in total. RESULTS: There was a significant reduction for G-3 in
the plicometry of the lower right region (p=0.01) in the comparison between the final and initial moments. In the comparison among the three
research groups, there was a significant reduction in plicometry in the lower right (p=0.03) and left (p=0.02) regions in G3. Via ultrasound, a
reduction in the fat layers average was observed in all groups. In G-3, there were significant differences in the left infraumbilical region (p=0.02)
and right (p=0.04). In the group comparison, the right infraumbilical region showed significant differences (p=0.04) for the G-3. No differences
were found for weight, BMI, body fat percentage and supra, infra and umbilical perimetry (p>0.05). The adverse reactions reported were: Mild
hyperaemia (75%) and sensation of shock (21%), there were also reports of improvement in fluid retention in 93.7 percent of the volunteers, and
most were satisfied with the result. CONCLUSION: Both treatment protocols for the reduction of localized adiposity were effective compared to
the placebo group, with a significant reduction in the use of ultrasound and plicometry in the concentration of fat in the lower abdominal region.
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[trasound is one of the treatment methods most used for Ultrasonic vibrations cause tissue compressions and expansions
U intervention in the mechanical properties of injured tissues, at the same frequency emitted by the device. The mechanical effect
among other applications in aesthetics. The effects of is also called micro-massage and consists of the tissues’ mechanical
ultrasound depend on its application parameters, the amount of energy  reaction due to the ultrasonic wave pressure. The effect of unstable
it will reach a specific location, and the characteristics of ultrasound, cavitation can occur under high intensities, suggesting that cavitation

i.e., the frequency, mode the wave will be generated, intensity, and its is the physical mechanism responsible for cellular changes. Changes in
direct influence on the production of thermal and non-thermal effects.”  the membrane and consequent destruction of different types of cells
The increased tissue temperature observed in continuous ultrasound,  submitted to ultrasound treatment are evidenced in the literature?
causes an increase in local blood flow, membrane permeability, and the The effectiveness of ultrasound has already been demonstrated in
distensibility of collagen fibers, increasing the regeneration capacity of ~ several studies, mainly associated with other therapies. Its application
injured tissues and tissue elasticity. In the pulsed form, non-thermal or  requires the operator to perform mechanical and repetitive movements
mechanical effects predominate—stable cavitation, acoustic microflow  so that the entire area is treated equally. However, this can lead to
and radiation force.2 fatigue and consequent loss of therapy efficiency. The development of
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stationary ultrasound (High-Intensity Therapy
Ultrasound - HITU technology) arose from the
need to use technologies that guarantee the
potentiation and practicality of treatments,
allowing the optimization of time associated
with efficient dosimetry thus providing
a simultaneous treatment of large body
areas.*>

However, little is known about the effects
of stationary ultrasound technology on
localized adiposity. Moreover, it is necessary to
demonstrate the behavior of serum levels after
using these chosen parameters to guarantee
their safety. Thus, the purpose of the present
study was to analyze the effects of non-
focused stationary ultrasound in the treatment
of localized fat in the abdominal region of
women.

METHODS

Research characterization. This
experimental study compared “before and
after” treatment results. The research was
approved by the Research Ethics Committee
(code: 5.231.138) and was conducted under
the recommendations of the Consolidated
Standards of Reporting Trials - CONSORT
(CONSORT TRANSPARENT REPORTING OF
TRIALS, 2010). All volunteers signed the
free and informed consent form before the
beginning of the study, and the treatment was
carried out from August 2021 to November
2021.

Population, sample and criteria. The
sample consisted of 48 volunteers who had
localized adiposity. Inclusion criteria were
women aged 25 to 50 years, who had a
body mass index (BMI) between 18.5 and
29.99 (Normal to Overweight), and who had
localized supraumbilical and infraumbilical
fat with thicker than 30mm (identified via
ultrasound imaging). The volunteers were
evenly and randomly distributed into three
subgroups, G-1, G-2, and G-3. During the
treatment, five volunteers were discontinued,
and the study ended with 43 participants (G-1
with 15 volunteers, G-2 with 14 volunteers,
and G-3 with 14 volunteers).

Data collection instrument. All
participants underwent evaluation
of anthropometric and ultrasound
measurements, performed pre-treatment and
one week after the final session. An ultrasound
device (Eco palm Wi-Fi, 10MHZ, China), a semi-
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TABLE 1. Anthropometric data of the volunteers.

G-1 G-2 G-3
STATUS AVERAGE+DP AVERAGE+DP AVERAGE+DP
Initial 73.7£11.5 784122 76.9+12.5
Final 73.0£11.1 76.5+12.0 79.5+12.5
BM Initial 26.8+10.3 29.449.9 28.5+9.3
Final 27.1£10.2 28.449.8 28.749.5
Initial 4.0+24 44.8+34 43.4+3.8
Final 42.0£5.0 441442 42.8+33
. . Initial 90.0+2.3 92.4+2.38 92.5+23
Supraumbilical Perimetry )
Final 89.7+2.4 92.0+2.5 90.1+2.5
Initial 101.3£2.0 100.4+2.1 104.0+2.1
Final 100.0+£2.2 99.6+2.3 103.3£2.3
- ) Initial 96.6+8.4 98.7+7.4 96.5+10.2
Umbilical Perimetry )
Final 94.3+7.91 95.4+8.0 98.0+10.6
Initial 3.6+0.3 3.9+0.4 3.7+0.4
Final 3.7+0.4 4103 3.79+0.5
o Initial 3.8+0.4 3.9+0.3 3.9+0.4
Sup. Right Plicometry i
Final 4.0+0.4 3.8+0.6 3.5+0.4
Initial 3.9+1.5 3.9+1.6 42+1.6
Final 3.9+1.7 3.8+1.1 3.4+1.1
o Initial 41+0.8 43+0.3 4.8+0.3
Low. Right Plicometry i
Final 3.9+0.4 42404 3.3+0.4

Sup: superior; Low: lower

Left Infroumbilical Ultrascound

Right Infroumbilical Ultrasound

388 152

FIGURE 1. Average ultrasound values of the left (a) and right (b) infraumbilical region.

professional camera (Canon, SX530 HS, Japan),
a tape measure (Fibre Glass Tape, China), and
an adipometer (Sanny, Sao Paulo, Brazil) were
used, a bioimpedance balance (Omron, Japan)
and an Ultraplace™ stationary unfocused
ultrasound device with 64cm? (infraumbilical)
and 32cm? (supraumbilical) transducers
manufactured by Medical San™, (Rio Grande
do Sul, Brazil).

The instruments for data collection
throughout this research were the
Physiotherapeutic Assessment Protocol in

Localized Adiposity (PAFAL)7, an instrument
used to obtain information such as
identification, anamnesis, lifestyle habits,
physical examination, with measurements
and tests such as weight, height, BMI, skin
folds, and waist circumference. The skinfolds
of the infraumbilical region were measured
three times, verified 2cm beside the umbilical
scar, with a result based on the average values
obtained in the measurements. The abdominal
circumference measurement was performed in
the infraumbilical region, verified 5¢cm below
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the umbilical scar. Bioimpedance was also
performed, where body weight, BMI and fat
percentage were monitored.

The photos were recorded in anterior and
lateral orthostatism views (right and left).
Subsequently, the volunteers underwent
ultrasound examination, which was performed
in the infraumbilical region, in a demarcated
area of 10cm?, with the volunteer in the
supine position. This method made it possible
to evaluate the thickness of the fat layer in
centimeters of the infraumbilical region before
the beginning of the procedures and after the
proposed treatment.

The volunteers underwent laboratory tests
(lipid profile) before and up to three days after
the last treatment session to analyze serum
levels regarding triglycerides, total cholesterol,
HDL-cholesterol, LDL and VLDL.

Upon completing the established protocol,
the volunteers answered the Segot-chicq et
al® patient satisfaction analysis questionnaires
and the Global Aesthetic Improvement Scale —
GAIS, by Narins®, which is used to classify the
treatment response, allowing a comparative
assessment at different times after the
therapeutic intervention.

Procedures. The G-1 group received a
stationary ultrasound session with the device
turned off and positioned in the target area
for 20 minutes, while the G-2 group received
a weekly session for two months, using the
following modulation parameters: Pulsed,
frequency of 100Hz, a duty cycle of 50 percent,
and intensity of 4.0W/cm?, for 20 minutes; and
finally, the G-3 received two weekly sessions
for one month and using the modulation
parameters: frequency of 100Hz, a duty cycle
of 50 percent, and intensity of 3.2W/cm?, for
30 minutes).

The volunteers were instructed to carry out
their tasks normally, without interrupting
their daily activities. In the end, volunteers
were reassessed by PAFAL, and the proposed
questionnaires were applied.

Data analysis. Statistical analysis was
performed using the Statistical Package for
the Social Sciences (SPSS) software version
24.0 for Windows, following the principles of
intention-to-treat analysis. In the descriptive
analysis, the mean was used to measure
central tendency, the standard deviation as a
measure of dispersion, and the distribution of
absolute and relative frequency in qualitative

TABLE 2. Average of the lipid profile values

Before 193 mg/dL 89 mg/dL
After 179 mg/dL 79 mg/dL
o Before 145 mg/dL 58 mg/dL
After 143 mg/dL 101 mg/dL
Before 178 mg/dL 119 mg/dL
After 214 mg/dL 82 mg/dL

Sup: superior; Low: lower.

HDL LDL
CHOLESTEROL | TRIGLYCERIDES CHOLESTEROL | CHOLESTEROL

VLDL
CHOLESTEROL
66 mg/dL 109.2 mg/dL 17.8 mg/dL
53 mg/dL 110 mg/dL 15.8 mg/dL
30 mg/dL 103.4 mg/dL 11.6 mg/dL
40 mg/dL 82.8 mg/dL 20.2 mg/dL
43 mg/dL 111.2 mg/dL 23.8 mg/dL
62 mg/dL 135.6 mg/dL 16.4 mg/dL

J |

FIGURE 2. Initial and final photographic analysis of the volunteers in the G-1 group. Note that there was no decrease in the

“treated” region with the equipment turned off.

3

E

FIGURE 3. Initial and final photographic analysis of the volunteers in the G-2 group. One weekly application, intensity of

4.0 W/cm?, for 20 minutes.

variables. The Levene test was applied for
variance homogeneity analysis. The W.
Mauchly test of sphericity was applied, and,
when violated, a technical correction of the
Greenhouse-Geisser test was used. The Tukey
post hoc was applied for an F of F test. A
significance level of 5 percent (p<0.05) was
adopted, and a mixed model ANOVA was used
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for multiple comparisons.

RESULTS

The analysis of body weight, BMI, and
percentage of body fat showed no significant
changes after the final assessment. Similarly,
there was no significant difference in
supraumbilical, infraumbilical, and umbilical
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FIGURE 4. Initial and final photographic analysis of the volunteers in the G-3 group. Two weekly applications, intensity of
3.2W/cm?, for 30 minutes.

perimetry (p>0.05).

For the intragroup analysis of the plicometry
data, there was a significant reduction for
G-3 in the lower right region (p=0.01) in
the comparison between the final and initial
moments. Furthermore, in the comparison
between groups, there was a significant
reduction in the lower right (p=0.03) and
left plicometry (p=0.02). As a result, it was
observed that there was a significant reduction
in the concentration of fat in the lower
region, more pronounced in the group two
applications in the week.

Concerning the ultrasound values, a
reduction in the averages of the fat layers
was observed in all groups, more expressively
in G-3 (Figure 1). In the intragroup analysis,
there was no significant difference in the
measurements of the supraumbilical region
(p<0.05), however, for the G-3 group,
significant differences were obtained in the
left (p=0.02) and right infraumbilical region
(p=0.04). In the group comparison, the right
infraumbilical region showed significant
differences (p=0.04) for the G-3.

The lipid profile values before and after the
sessions generally showed a reduction in the
control group and an increase in the group
treated once a week, except for HDL, which
showed the opposite behavior. G-3 showed
an increase in some variables and a reduction
in triglycerides and VLDL cholesterol levels.
However, none of the results exceeded the risk
reference values of the lipid profile exams.

The photographs taken prior to the
intervention were taken eight sessions after
the beginning of the protocol. Figures 2 to 4
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show the physical changes in the institutions
of each group, making it possible to observe
the reduction of abdominal fat, mainly in the
infraumbilical region in groups G-2 and G-3.

At the end of the treatment sessions, a
questionnaire was applied to assess adverse
reactions. The reactions reported by the
volunteers were mild hyperaemia, which was
present in 75 percent of the volunteers, and
a sensation of shock in 21 percent. The other
reactions, such as burning, numbness, tingling,
hematoma, hypersensitivity, blistering,
presence of skin tags or sensation of shock,
were not observed by the volunteers during
the treatment. Other analyzed variables
showed that 93.7 percent of the volunteers
reported an improvement in liquid retention,
86 percent reported that the clothes were
loose, and most volunteers (62.5%) reported
being very satisfied with the results.

DISCUSSION

The term “therapeutic ultrasound”
encompasses many existing and potential
clinical applications. Although HIFU (High-
Intensity Focused Ultrasound) is perhaps
the resource receiving the most clinical
attention, many collimated, non-focusing
high-intensity ultrasound equipment is also
being considered." High-intensity stationary
ultrasound (HITU) technology is gaining
popularity as an attractive modality for
treating uterus, liver, prostate tumors, etc.”
However, literature on its application for
aesthetic purposes is scarce, and this study is a
pioneer in this area.

For some authors™™ in high-intensity
therapeutic ultrasound, which can also be

characterized as high-intensity focused
ultrasound (HIFU), the high-power beams are
generated from sources outside the body. They
are designed to allow rapid heating of a target
tissue volume, leaving tissue in the ultrasound
propagation path relatively unaffected.
Therefore, acoustic field characterization is
essential for accurately predicting ultrasound-
induced biological effects on tissue.

Initially, when treating with this technology
(stationary focused ultrasound), it is necessary
to observe the specifics of the transducer.
Transducers designed to be used in external
applications, mainly in abdominal organs,
are located relatively far from the treatment
area. The ultrasound must generally pass
through an intermediate medium that must be
protected before reaching the target area. For
this, most external treatments are performed
at a frequency close to 1 MHz, so the acoustic
intensity provided by external transducers can
reach a certain amount of W/cm? at the point
to be treated.™ " Given these characteristics,
these research parameters were chosen to
reach the subcutaneous tissue without causing
adverse effects on the volunteers.

The use of high-power stationary ultrasound
(HPPTUS) was first described in 1983. In the
technique used, the ultrasound power was first
increased to the threshold pain level (e.g., 1.5
w/cm) and then reduced to half the intensity.
Then, during the next 2 to 3 minutes, the
intensity was increased again with frequent
questions about the patient’s sensations (only
up to the original pain threshold level).'

In treatments with stationary ultrasound
applications, the temperature reached in the
tissue depends on the properties of the tissue
to be treated and on the ultrasonic parameters,
a critical parameter to maintain patient
safety. The study by Cortela et al'” used bovine
muscle tissue samples to analyze the effects
of stationary ultrasound (HITU) application.
After applying four cycles, the authors believed
that temperature had a cumulative effect
on the structures and proteins that make up
the tissue, showing a relationship with the
denaturation of proteins, which occurs in the
range of 40 to 50°C.

Although no studies were found that
directly employ stationary ultrasound
technology (HITU) to reduce localized fat,
several scientific shreds of evidence already
used the HIFU model, high-intensity focused
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ultrasound, to reduce subcutaneous fat.'®1*%?

In this study, stationary ultrasound provided
a significant difference in the reduction of
localized adiposity in the means found in
plicometry and ultrasound. Compared to the
control, the parameters used in the treated
groups proved efficient. These findings
corroborate the studies by Fatemi?', who
reported that 282 patients who underwent a
single treatment with HIFU in the abdomen
and flanks had a mean reduction of 4.7cm
in waist circumference after three months.

In addition, Teitelbaum et al? reported a
mean reduction of approximately 2cm in
the circumference of the abdomen, thighs,
or flanks and approximately 2.9mm in
subcutaneous fat thickness in 137 healthy
subjects within two weeks, which was
sustained 12 weeks after a single HIFU
treatment.

Another important point is the evaluation of
biochemical markers. The study by Guth et al™
showed that the use of HIFU did not promote
clinically significant changes in the findings
of the lipid panel or liver, pancreatic and renal
functions. Similar to what we see in this study,
after the application of stationary ultrasound,
where the lipid profile performed did not show
above the risk reference values.

The Global Aesthetic Improvement Scale
(GAIS) is commonly applied after aesthetic
procedures. Its use as a tool to assess HIFU
effectiveness has shown self-reported patient
satisfaction from 47 to 86 percent, 23 similar to
this study’s findings, and among 62.5 percent
of the volunteers were satisfied with the
results. However, although subjective scales
are essential to assess the success of cosmetic
procedures, the scores obtained cannot
constitute a highly satisfactory objective
proof of efficacy since the placebo groups
also tend to report positive results. Hence,
patients’ expectations play an important role
in evaluating treatment outcomes.?*

In the available studies, there are some
reports of adverse effects, mainly pain,
swelling, and ecchymosis, which usually
disappear in 1 to 2 weeks and, for most
patients, a limited downtime is required
after treatment.” In the present study, only
mild hyperaemia and a shock sensation
were reported, and the volunteers did not
need to interrupt their daily activities. We
also emphasize that there were reports of

improvement in fluid retention, requiring
further studies to assess this condition. Several
other studies on the effectiveness of HIFU
treatment in reducing fat have suggested

that positive results can be safely achieved
without any significant effect on blood lipid

or inflammatory markers and adverse local
effects such as burning or scarring.'8%2

CONCLUSION

A significant reduction in the analysis of
ultrasound and plicometry in the concentration
of fat in the lower region was shown, and
these results were more pronounced in the
group that received two applications a week.
Considering this, it is clear that both treatment
protocols for reducing localized adiposity were
effective, with a higher dose once a week and
a lower dose twice a week. However, further
studies using other assessment methods and a
larger sample size are needed to determine the
effects of this therapy.
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