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Currently, many resources are used to attenuate and treat localized 
adiposity, including invasive (e.g., liposuction) and noninvasive procedures 
(e.g., carboxytherapy, endermotherapy, cryolipolysis, ultrasound, 
ultracavitation, radiofrequency). Ultracavitation (UCV) and radiofrequency 
(RF) are highlights among noninvasive procedures, as they have been shown 
to yield good aesthetic treatment results in clinical practice.1–3

Ultracavitation refers to a piece of equipment that emits sound waves of 
varied frequency and high intensity. These ultrasonic waves promote the 
formation of gas or vapor microbubbles that are subject to the considerable 
negative or positive pressure that is generated in the ultrasonic � eld. With 
the same way it occurs with microbubbles, the subcutaneous tissue will 
also respond to the ultrasound frequency, and through unstable cavitation, 
after the implosion of the microbubbles, the adipocyte membrane may be 
ruptured, promoting extravasation of the fat. The elimination of this fat 
occurs through physiological pathways; the triglycerides of fat cells that 
have been cavitated are eliminated in the interstitial � uid where they are 
successively taken through the lymphatic or venous system to the liver, where 
they are metabolized again.4

The radiofrequency uses high-frequency electromagnetic waves to 
produce heat at the cutaneous and the subcutaneous levels. The mechanism 

of action, through the vibration of water molecules, transforms the 
electromagnetic energy into thermal. The heat generated by conversion 
occurs under 30 kHz to 300 MHz, and the most frequently used frequency is 
set between 0.5 and 1.5 MHz.5 The RF mechanism of fat reduction occurs by 
the generation of thermal stimulation of adipocyte metabolism, occurring 
through enzymatic degradation by lipase-mediated triglycerides, apoptosis, 
and adipocyte rupture.6

The application of the two therapeutic modalities at the same time and 
in the same area is called ultrafrequency. It is suggested that the e� ects of 
the two intervention modalities overlap.7 Thus, the potentiation of these 
combined techniques may favor the reduction of localized adiposity through 
mechanical waves. Furthermore, radiofrequency modulates the � broblasts 
and collagen functions, and consequently, minimizes � accidity.8

In the present study, we sought to investigate possible advantages in 
the of ultracavitation combined with radiofrequency for the treatment of 
localized adiposity. The literature on this combination is still scarce, which 
requires consistent analysis of the e� ects of this combination therapy. 

METHODS
This was a prospective, randomized clinical trial. The study population 
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of this study consisted of women with localized 
adiposity in the subcutaneous infraumbilical 
region. The sample consisted of 45 women aged 
20 to 40 years.

The inclusion criteria included body mass 
index (BMI) between 18.5 and 29.99 (normal to 
overweight); infraumbilical localized fat thickness 
greater than 1cm and smaller than 4cm (identi� ed 
by ultrasonographic image); nulliparous women; 
no use of drugs of lipolytic and/or thermogenic 
e� ects up to a week before treatment; subjects 
not a� ected by severe metabolic diseases. 
The exclusion criteria included the following: 
participants who did not carry out the proposed 
evaluations, missed consecutive treatment 
sessions, with excessive weight increase during 
the research, or who presented severe dermal 
reactions and decreased sensitivity.

This study was submitted to the Research Ethics 
Committee and approved by the Research Ethics 
Committee of Universidade Potiguar. Participants 
were instructed on the procedures that would be 
performed and signed an informed consent form. 

The instruments that were used to collect 
data included the following: an ultrasound 
imaging device for analysis and measurement 
of adipose tissue (MSLPU35 Linear Wireless 
Probe Ultrasound Scanner 10 MHz; Guangzhou 
Medsinglong Medical Equipment, Co™ South 
Korea), a retractable tape measure (Fibe™), a 
plicometer (Sanny™); a digital scale (Glicomed™). 
Skin temperature was measured and/or controlled 
through thermographic imaging.

The ultrafrequency device used for the 
procedures was the NARNIAH™ (Medical San™, 
Brasil) for a 4-MHz ultracavitation with a power of 
90 W (5.6 W/cm2), bipolar, multi-frequency (650, 
1200, and 2400 kHz) resistive radiofrequency with 
a power of 120 W.

The study participants were submitted to three 
evaluations throughout the treatment: initial 
evaluation (before treatment), intermediate (after 
two weeks of treatment), and � nal (after the 
end of the study) using perimetry, plicometry, 
and body weight measurement. Ultrasound 
analysis was performed at the initial and the 
� nal evaluations only. The participants were 
divided into three distinct groups, composed 
of 15 volunteers each group: control group; 
ultracavitation (UCV); and ultracavitation and 
radiofrequency (UCV+RF).

The perimetry was performed with the 
participants standing, with the tape measure 
positioned 5cm above and 5cm below the 

navel. The plicometry was performed with the 
participants standing, with the manual "pinch" 
fold being performed on the left and right lateral 
region of the navel; the bodyweight measurement 
was performed with the participants standing 
on the digital scale. The ultrasonography was 
performed on the central infra-umbilical region 
at two di� erent spots, and the distance between 
these spots was approximately 7cm. The marking 

of the points of analysis and the accomplishment 
of the ultrasonography were done with the 
participants in dorsal decubitus, and the 
measurements were collected from participants. 
The Global Aesthetic Improvement Scale (GAIS) 
questionnaire from Narins9 and the Adapted 
Satisfaction Questionnaire from Segot-Chicq et al10

were also applied. The subjects from the treated 
groups had their infra-umbilical area treated 

TABLE 1. Mean and standard deviation of the anthropometric variables and thickness of the adipose layer in 
ultrasound for the control, UCV, and UCV+RF groups
 VARIABLES CONTROL UC UC+RF

Starting Weight 65.6±6.56 65.31±8.8 66.82±10.6

 Weight 15 days 65.7±6.22 64.7±8.0 66.44±10.5

Weight 30 days 66.44±8.78 64.97±7.8 66.44±10.7

Initial Right Plicometry 2.76±0.53 2.8±0.65 2.7±0.53

Right Plicometry 15 Days 2.68±0.89 2.5±0.63 2.6±0.52

Right Plicometry 30 Days 2.7±0.53 2.0±0.65 1.6±0.5

Initial Left Plicometry 2.88±0.13 2.83±0.16 2.79±0.1

Left Plicometry, 15 days 2.87±0.52 2.78±0.63 2.87±0.52

Left Plicometry, 30 days 2.7±0.8 2.00±0.79 1.7±0.82

Initial Perimetry 88.44±5.5 88.56±4.9 87.48±5.3

Perimetry 15 days 86.3±5.5 86.1±5.9 85.9±6.1

Perimetry 30 days 86.1±5.1 80.0±4.8 78.0±5.9

US Initial Left 2.3±0.67 2.0±0.68 1.9±0.73

US Final Left 2.1±0.69 1.78±0.7 1.5±0.7

US Initial Right 2.2±0.73 2.2±0.68 2.2±0.73

US Final Right 1.9±0.65 1.7±0.71 1.6±0.64

UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency; US: ultrasound

FIGURE 1: Right side plicometry analysis. 
*There was some di� erence between the UC and the control group (0.04), the UCV+RF and The control group (0.02). 
*There was some di� erence between the UCV+RF group and the UCV group (0.001). 
UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency
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with UCV and UCV+RF, one application each 
week for four weeks. The treated region received 
appropriate marking to delimit the speci� c site of 
the application.

Each volunteer underwent a 15-minute session 
of each therapeutic resource as follows: the UCV 
group received intervention with ultracavitation 
only; the UCV+RF group received intervention 
using ultracavitation and radiofrequency 
simultaneously. The control group received a 
simulated session simulation of the treatment 
application, using the equipment o�  in the 

application region.
The applied ultracavitation dosimetry 

modulation parameters were 4 MHz wave 
frequency and 5 W/cm2, both for the UCV group 
and in the RF+UCV group. The radiofrequency was 
adjusted at a 650 kHz with the dosimetry required 
to produce intense heat on the skin surface within 
the range of 40 to 43° C, according to the of 
treated subjects’ tolerance levels, with the use of a 
digital thermometer and a thermographic camera.

After reaching the therapeutic temperature of 
40ºC, the radiofrequency device was used for 15 

minutes, while the temperature was controlled 
with the aid of a digital thermometer. The same 
length of time was used for ultracavitation.

The data collected during the evaluations 
were recorded in an Excel spreadsheet and then 
submitted to the descriptive statistical analysis of 
the Service Statistical Package for Social Science 
(SPSS) (version 22.0) for Windows. For the analysis 
of the obtained data, the mixed ANOVA was 
applied, along with the Tukey post hoc test. The 
level of signi� cance was 95 percent with p<0.05.

RESULTS  
The evaluation procedures were performed as 

mentioned. However, some volunteers did not 
follow guidelines, and some withdrew during 
the procedures, which led to their exclusion. A 
total of 36 volunteers remained for the duration 
of the treatment and until the end of the study. 
The sample was divided into the same three 
groups, each with 12 volunteers. Table 1 shows 
the results of the mean and standard deviation 
of variables. In the anthropometric analysis, no 
signi� cant statistical di� erence (p=0.96, p=0.91, 
p=0.87) was observed in the body weight in the 
comparison among groups.

Figure 1 shows the plicometry of the right 
lateral region, and it was veri� ed that in the 
comparison among groups, there was a signi� cant 
di� erence between the � nal evaluation in the UCV 
group (p=0.04) and the UCV+RF (p=0.02) when 
compared to control. In the comparison between 
the UCV+RF and the UCV group, a reduction in 
plicometry measurements was observed in the 
� nal evaluation (p=0.001). 

Figure 2 shows the plicometry of the left 
lateral region and found that in the comparison 
among groups, there was a signi� cant di� erence 
between the � nal evaluation in the UCV group 
(p=0.03) and UCV+RF group (p=0.01) when 
compared to control. In the comparison between 
the UCV+RF and the UCV group, a reduction in 
plicometry measurements was observed in the 
� nal evaluation (p=0.01).

Figure 3 presents the perimetry and veri� ed that 
in the comparison between the groups, there was a 
signi� cant di� erence between the � nal evaluation 
in the UCV group (p=0.02) and the UCV+RF 
(p=0.02) when compared to the control group.

Figure 4 shows the distribution of infraumbilical 
adipose tissue through ultrasonography in the 
left lateral region. Greater decrease of the adipose 
tissue was observed in the UCV+RF group when 
compared to the control (p=0.02) and when 

FIGURE 2: Left side plicometry analysis. 
*There was some di� erence between the UCV+RF groups and the UCV group (0.01). 
*There was some di� erence between the UCV and the control group (0.03), the UCV+RF and the control group (0.01).
UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency

FIGURE 3: Perimetry analysis
*Di� erence against control. There was some di� erence between the UCV group and the control group (0.02), and the 
UCV+RF and the control (0.02).
UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency
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compared to the UCV group (p=0.01).
Figure 3 presents the perimetry and veri� ed that 

in the comparison between the groups, there was a 
signi� cant di� erence between the � nal evaluation 
in the UCV group (p=0.02) and the UCV+RF 
(p=0.02) when compared to the control group.

Figure 4 shows the distribution of infraumbilical 
adipose tissue through ultrasonography in the 
left lateral region. Greater decrease of the adipose 
tissue was observed in the UCV+RF group when 
compared to the control (p=0.02) and when 
compared to the UCV group (p=0.01).

Figure 5 shows the distribution of infraumbilical 
adipose tissue through ultrasonography on the 
right side. It was observed that in the UCV+RF 
group, there was a greater decrease in the adipose 
tissue when compared to control (p=0.04) and 
when compared to the UCV group (p=0.04).

Figure 6 shows a representation of the 
ultrasonography results.

Tables 2 and 3 present the results of the 
questionnaires. The values are distributed in 
absolute frequency (AF) and relative frequency 
(RF).

Regarding the reactions immediately after 
the sessions, none of the volunteers presented 
redness, marks, and felt no shocks on the skin. In 
the control group, 100 percent of the volunteers 
reported not noticing loose clothing. In the analysis 
of the presence of loose clothing within the other 
groups, the UCV group about 75 percent of the 
volunteers presented loose clothing on the � rst 
week; however, after four weeks, only 25 percent 
of the participants reported loose clothing. Within 
the UCV+RF group, 75 percent of the volunteers 
reported their clothes seemed loose after four 
weeks.

In the skin texture analysis, the control and the 
UC groups did not show modi� cations. Only the 
UCV+RF group showed skin alteration, whereas 
33.3 percent reported � rmer skin. However, 58.4 
percent reported that the skin appeared much 
� rmer.

Among the volunteers from the control group, 
100 percent did not report being satis� ed with 
the treatment outcome. However, 50 percent of 
the volunteers in the UCV group reported being 
satis� ed, whereas, in the UCV+RF group, there was 
100 percent satisfaction at the end of treatment. 
Regarding the evaluation of the treatment quality, 
41.7 percent of the volunteers from the UCV+RF 
group rated it as an excellent treatment.

FIGURE 4: US analysis of the left side. 
*There was some di� erence between the UCV+RF versus Control (0.02). When the UCV groups were compared to the 
UCV+RF group, it was possible to verify that *some di� erence was identi� ed (p=0.01). Greater decrease of the greasy 
contingent in the UCV+RF group was veri� ed.
UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency; US: ultrasound

FIGURE 5: Right side ultrasonographic (US) analysis. 
*There was some di� erence between the UCV+RF group and The control group (0.04). When UCV groups were compared with 
the UCV+RF groups, it was veri� ed that *there was some di� erence between these groups (p=0.01), and a more signi� cant 
decrease of the fat contingent in the UCV+RF group was identi� ed.
UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency

TABLE 2. Presentation of the results of the adverse response questionnaires

CONTROL UCV UCV+RF

AF RF AF RF AF RF

 Pain No 12 100.0 12 100.0 12 100.0

Numbness
No 12 100.0 11 91.7 12 100.0

Yes, for a few minutes 1 8.3

Hypersensitivity No 12 100.0 12 100.0 12 100.0

Edema No 12 100.0 12 100.0 12 100.0

Erythema No 12 100.0 12 100.0 12 100.0

Bruise No 12 100.0 12 100.0 12 100.0

Burn No 12 100.0 12 100.0 12 100.0

Adverse e� ects No 12 100.0 12 100.0 12 100.0

Medical care No 12 100.0 12 100.0 12 100.0

UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency; AF: absolute frequency; RF: relative frequency
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DISCUSSION
In the analysis of the anthropometric measures, 

no variation of body weight between the studied 
groups was observed, in any of the comparisons, 
which demonstrates the sample homogeneity 
and the standardisation of a localized adiposity 
analysis. Some volunteers were excluded from the 
study, as they presented excessive body weight 
variation, with a gain of adipose mass. Thus, three 
individuals from each group (control, UCV, and 
UCV+RF) were excluded to ensure volunteers-
related data reliability analysis.

In the plicometry analysis, the right and left 
sides of the umbilical line presented similar 
behaviour. On both sides, the reduction of the 
skinfold measurement was observed in the 
treatment groups when compared to control. 
However, there was a more signi� cant reduction 
in the UCV+RF group when compared to the 
group that received UCV alone.

In the perimetry evaluation, a reduction of the 
measurements in the UCV+RF and UCV groups 
was observed when compared to control, but no 
visually perceived di� erence was evidenced. 

In the ultrasound evaluation, it was observed 
that in the group that the UCV+RF group, there 
was a greater adipose tissue decrease when 
compared to control and the UCV groups.

The fat thickness reduction in the treated 
area without concomitant weight reduction 
characterises a response that is indicative of the 
treatment applied to localized adiposity. This 
behaviour is similar to the one veri� ed in this 
study, in which there was no weight reduction, 
but there was a decrease in localized adipose 
tissue (identi� ed in the measurements of 
plicometry, perimetry, and ultrasonography).11

The observed results may be justi� ed by the 
use of combination therapy, UCV+RF, suggesting 
that the combination of the two modalities favors 
di� erent physiological responses similarly, and 
which is believed to amplify the e� ect of one 
therapy on the other.7–11

The UCV produces a signi� cant reduction 
in adipocyte size, causing a reduction in 
subcutaneous fat. The cavitation induces 
adipocyte destabilisation, causing the rupture 
of these cells and allowing the extravasation 

of triglycerides and lipids into the extracellular 
space.10 The results of adipose tissue biopsies 
in the study by Bani et al11 indicated that the 
mean size of the subcutaneous adipocytes 
was signi� cantly reduced compared to the 
placebo-treated areas.11After cell rupture, the 
content consists mainly of triglycerides that are 
dispersed in the interstitial space and transported 
through the lymphatic system to the liver. These 
triglycerides are slowly metabolized into fatty 
acids that can enter directly into muscle cells or 
adjacent adipocytes as an energy source, and 
glycerol that are used as energy fuel by muscles 
(glycogen).12,13

It is observed that the reduction of adiposity 
and modelling of the adjacent connective 
tissue promotes ameasures reduction e� ect. 
However, disorganisation of the collagen � bers 
can be noticed, which coincide with reports of 
skin � accidity after adipocyte volume loss. To 
minimize these responses, the combination of UCV 
associated with radiofrequency may potentiate 
these results, since RF favors a reorganization 
of connective tissue. RF acts on the immediate 
contraction of collagen � bers, activation of 
� broblasts and remodelling of connective tissue, 
as well as promoting an increase in metabolism 
and decrease of fat.14–16

The UCV promoted a measure reduction e� ect; 
however, the group that received the association 
with RF presented a greater reduction of the 
adipose layer. The measurement reduction and 
the adipose layer veri� cation on ultrasonography 
may have occurred due to the increment 
generated by RF in the adiposity zone. Another 
possible explanation is its ability to reach higher 
temperatures and to obtain not only e� ect on 
skin � accidity with comfort but also the e� ects 
on adipose tissue through higher and more 
comfortable temperatures for the patient.8,17,18

The combined therapy named ‘ultrafrequency’ 
promotes the reduction of adiposity through 
the cavitation mechanism generated by 
mechanical waves and by the thermal e� ect. 
The thermal e� ect is associated with the action 
of the radiofrequency, which can promote a 
lipolytic response; but in the ultrafrequency, the 
association with a response generated in the 
connective tissue is observed, modulating the 
collagen and thus reducing tissue � accidity.8

The results presented in this study, such 
as the reported loose clothing, skin texture 
improvement and skin � rmness, corroborate with 
the additional e� ects the radiofrequency would 

FIGURE 6: Ultrasonography images: Figures A, B, and C correspond to ultracavitation and radiofrequency, ultracavita-
tion, and control groups, respectively, before treatment. The values of the ultrasonography are 2.92cm, 1.30cm, and 
1.74cm. After treatment (Figures D, E, and F), the values of the ultrasonography were 2.18cm, 1.22cm, and 1.75cm.
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promote on the UCV treatment, collaborating 
with analyses of � accidity decrease in di� erent 
clinical radiofrequency use situations. Regarding 
the treatment result satisfaction, the volunteers 
submitted to the application of ultracavitation 
associated with radiofrequency indicated high 
satisfaction percentage. In addition, this group 
responded with the highest satisfaction degrees: 
“excellent", "very good treatment" and "good 
treatment". This shows an important relationship 
between positive results that were obtained 
through the collected data.

Limitations. This study had limitations 
because it did not perform immunohistochemical 
analysis of adipose tissue after the application 
of UCV+RF. It is also observed the absence of a 
follow-up analysis, to verify the permanence of 
the results.

CONCLUSION
Tt may be concluded that the simultaneous 

use of ultracavitation and the radiofrequency 
promoted greater reduction of the localized 
adiposity and cutaneous � accidity, with 
plicometry, perimetry, and ultrasonography 
measurement reductions in comparison with the 
control groups and with the isolated use of UCV.
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TABLE 3. Results of the treatment satisfaction questionnaire.
CONTROL UC UC+RF

AF RF AF RF AF RF

Satisfaction

Yes 3 25.0 3 25.0 12 100

No 9 75.0 9 75.0

Treatment Evaluation

Weak treatment 4 33.3 2 15 1 4

Good treatment 8 66.7 10 75 1 8

Very good 
treatment

5 41.7

Excellent treatment 5 41.7

Improvement in Aesthetics

Unchanged 10 83.3 3 26.7 1 8.3

Better 2 16.7 9 73.3 6 50.0

Much better 2 16.7

Very much better 3 25.0

UCV: ultracavitation; UC+RF: ultracavitation and radiofrequency; AF: absolute frequency; RF: relative frequency




