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ABSTRACT
Background: Among the techniques used in clinical practice to reduce localized adiposity, cryolipolysis has been highlighted, which is 
a non-invasive method capable of reducing the thickness of the adipose tissue without damage to the surrounding tissues. However, 
several associations of techniques suggest an intensification of the results, associating cryolipolysis with other treatments, and the most 
common is ultracavitation (UCV) or radiofrequency (RF) and massage. Objective: To investigate the effects of cryolipolysis associated 
with UCV and RF on localized adiposity. Methods: This is a blinded and controlled clinical trial. The sample was composed of 30 females 
divided into 2 groups of 15: one group received cryolipolysis application in the abdominal region, and performed 1 session of drainage 
weekly; while another group performed the cryolipolysis and then 8 applications of UCV associated with RF and modeling massage 
(protocol named Advanced Redux Method – ARM), once a week. The parameters used in cryolipolysis were: temperature: -7ºC; suction 
pressure: 30 kpa; and application time: 50 min. For the UCV, the parameters were time of 8 minutes, 30w of potency and intensity of 
10 w/cm2. After cryolipolysis, a follow-up of 2 months was performed to verify the changes related to weight, perimeter and thickness of 
the adipose tissue, measured by ultrasonography. The reassessments were performed 30 and 60 days after the cryolipolysis. Results: It 
was observed that the ARM promoted a greater reduction of adiposity located in the abdominal region, in the plicometry, perimetry 
and ultrasonography variables (p<0.05). In the analysis of the questionnaires the ARM group showed lower edema, pain, ecchymosis 
after application when compared to the group associated only with the drainage. The percentage of satisfaction was also higher in 
the ARM group. Conclusion: Therefore, it can be observed that the association of UCV, RF and modeling massage through the ARM 
promoted a higher reduction in adiposity than the group that exclusively performed the cryolipolysis treatment with lymphatic drainage. 
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INTRODUCTION
Cryolipolysis is one of the most commonly used techniques 

for the treatment of localized adiposity in clinical practice. 
Its effects are already widely reported in the literature, and 
it is observed that lipid-rich tissues are more susceptible 
to injury by the cold. Thus, thermal modulation promotes 
selective lesions on the adipocytes of the subcutaneous region, 
avoiding damage to the epidermis and dermis, providing an 
effective way of treating excess localized adipose tissue(1,2). 
This technique promotes different responses in the adipose 
tissue, generating systemic responses in the organism, 
interfering in the thermal equilibrium and activating the 
mechanisms of thermoregulation. Tests made with adipocytes 
in vitro, in order to know the behavior of them in relation 
to the cold, showed that temperatures below zero would 
cause apoptosis in these cells. This suggests that cryolipolysis 
produces an apoptotic death in adipose tissue after exposing 

the tissue to cold for a period of 30 to 60 minutes. In addition, 
the subsequent inflammatory response caused additional 
damage to adipocytes not immediately affected by the 
exposure to the cold(2,3). Following the genetic program, it is 
observed that the death of the frozen cells triggers a controlled 
autodigestion process, followed by removal of the damaged 
cells without alteration of the cellular microenvironment(4,5). 
In the search for intensification of these adiposity reduction 
responses using cryolipolysis, new treatment associations 
are emerging in the market, among which ultracavitation 
(UCV) is one of the frequently used noninvasive techniques. 
UCV consists of a high-intensity ultrasonic wave-emitting 
apparatus, which selectively induces the formation of bubbles 
in fat cells. These  bubbles expand and compress (cavitation) 
due to pressure changes in tissue fluids, promoting shock 
between adipocytes and rupture of their membranes 
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(lipolysis). In addition, this technique is associated with 
radiofrequency (tissue heating) and modeling massage(6-8). 
Another resource used to treat adiposity is radiofrequency 
(RF), a technique that uses a high-frequency electromagnetic 
field, which promotes vibration of the molecules and heating 
of tissues. It is suggested that the RF favors the increase 
of adipose tissue metabolism, as well as the destruction 
of the cellular plasma membrane. In clinical practice has 
been observed a frequent association of cryolipolysis with 
RF, however, few studies verify its effects(9-11). In addition, it 
is suggested that the association with manual massage is a 
resource that contributes to the improvement of the clinical 
outcome of the cryolipolysis procedure. The reperfusion of 
the tissue contributes to the tissue reorganization during the 
inflammatory response after cryolipolysis(12,13).

However, there is still a need for more scientific evidence 
to verify the effects of this association of cryolipolysis with 
UCV, as well as with RF and modeling massage. The use 
of this association of techniques and physical agents as a 
treatment after the application of cryolipolysis has received 
in clinical practice the name of Advanced Redux Method 
(ARM), therefore, this study aims to describe the response 
of cryolipolysis associated with UCV, and RF and modeling 
massage to reduce localized adiposity.

METHODS
This is a blinded, randomized and controlled trial. 

This study was submitted to the Research Ethics Committee 
of the Universidade Potiguar - UnP (CEP-UNP), protocol 
number 2.530.976. The present research followed the ethical 
aspects of the Resolution 453/2012 of the National Health 
Council, and the Declaration of Helsinki. All volunteers agreed 
to participate in the study and signed the Informed Consent 
Form, which presented the information about the purposes, 
risks and benefits of the research. The 30 volunteers, who were 
treated with an application of cryolipolysis in the abdominal 
region, were selected by non-probabilistic convenience. 
The inclusion criteria were: female; 25 to 45 years old; 
sedentary and presenting abdominal localized adiposity; with 
body mass index (BMI) between 18.5 and 29.99 (Normal to 
Overweight); with localized fat in the infraumbilical region 
greater than 15 mm (identified by ultrasound); and who 
were not taking medicines with lipolytic and/or thermogenic 
effects until 1 week before the start of the study. All subjects 
who presented allergic reaction prior to cold, peripheral 
circulatory diseases and Raynaud’s syndrome were excluded 
from the study. Two volunteers dropped out the research. 
The sample was recruited in a non-probabilistic way through 
the website “www.randomization.com”, and randomly 
distributed in two groups color coded. The researchers were 
also divided into 2 groups: the researchers in group 1 were 
responsible for the evaluation and those in group 2 were 

responsible for the intervention. The coding was under the 
responsibility of the Researcher Group 1 so they did not know 
which procedure they were submitted. The intervention 
protocols were performed by the Researcher Group 2 to 
guarantee the study blindness.

The instrument to collect data for this research was 
the Physiotherapeutic Evaluation Protocol for Localized 
Adiposity(14) (PAFAL), validated by Meyer et al (2008)(15), in 
which the following topics were addressed: identification; 
anamnesis; smoking; physical examination; and measures 
and tests such as: weight, height, BMI, skinfolds and 
measures of circumference. It was used the ultrasound 
device MSLPU35 Linear Wireless Probe Ultrasound Scanner 
(10MHZ), manufactured by Guangzhou Medsinglong 
Medical Equipment Co., and which analyzes and measures 
adipose tissue. After the volunteers signed the Form, 
they were submitted to the PAFAL for the data collection 
and anthropometric data evaluation. Perimetry was 
performed using a Fiber tape and making the circumference 
measurement 5 cm below the umbilical scar. The plicometry 
was performed with a Sanny plicometer (American Medical 
do Brasil Ltda, São Paulo, Brazil) that has a measurement 
range of 0 to 65 mm. The skinfold was measure three times 
in the left infraumbilical region, and the result was based on 
the mean of these values. Subsequently, they were submitted 
to the ultrasound examination that was performed by a 
medical specialist. The volunteer was in the dorsal position 
and the transducer was positioned in the pendent form, 
perpendicular to the cutaneous tissue, without pressure 
on the skin in order to avoid influences on the result. 
The examination was performed on the infraumbilical region, 
in an area of 10 cm2 located 2 cm below the umbilical scar. 
Photos were taken from the front, left profile and right 
profile of the volunteers in standing position. Neutral color 
background was used to obtain standardized images. It was 
used a Galaxy J5 Prime camera, manufactured by Samsung. 
The body weight was measured with the volunteer standing 
on the scale, wearing underwear. It was used a Sanny digital 
scale.

The volunteers were assessed 3 times during the study: 
before and after 30 and 60 days; using the perimetry, 
plicometry, photographs, body weight, ultrasonographic 
analysis and satisfaction questionnaire adapted from the 
questionnaire of Segot-chicq et al, (2007)12. The volunteers 
were divided into two groups: G1, which performed 
cryolipolysis and massage immediately after for 5 minutes 
and after a week started manual lymphatic drainage (MLD) 
treatment except on the abdominal region performed once 
a week for 08 weeks; G2, which performed cryolipolysis and 
massage immediately after for 5 minutes and after that it was 
performed 08 applications of ultracavitation + radiofrequency 
+ modeling massage (ARM) once a week. The evaluations 
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were performed before the cryolipolysis procedure, after 
30 days of the procedure, and after 4 MLD sessions in the 
G1 and after 4 ARM sessions in the G2. The cryolipolysis 
was applied with the patient in dorsal decubitus position on 
a stretcher with 45° of inclination. It was used the Advice 
Cryotop redux device. The applicator was placed on the 
same place where the ultrasonography was performed and 
the parameters used were: temperature of -7°C and suction 
pressure of 30 Kpa, application time of 50 minutes. The MLD 
treatment was performed for 25 minutes in dorsal decubitus 
on lower limbs and lower back. The ARM treatment consisted 
of continuous UCV at 70% intensity for 10 minutes and 
continuous RF at 60% intensity for 10 minutes, followed by 
5 minutes of modeling massage on the infra-umbilical region 
for mobilization of connective tissue. The RF instrument 
used was the CECBRA (CEC BRA Equipamentos Eletrônicos 
para Medicina e Estética Ltda., Jaraguá do Sul, SC, Brazil) 
and the UCV was CECBRA/lipocavit (CEC BRA Equipamentos 
Eletrônicos para Medicina e Estética Ltda., Jaraguá do Sul, 
SC, Brazil).

Statistical Analysis
After the treatment and final evaluation and reassessment, 

the descriptive and inferential statistical analysis of the 
data was performed through SPSS 22.0 (Statistical Package 
for the Social Science- version 22.0, Armonk, USA). 
The normality of the data distribution was observed by the 
Kolmogorov-Smirnov test (KS). For descriptive analysis was 
used the mean as central tendency measure and the standard 

deviation as dispersion measure. For inferential statistics, the 
two-way repeated-measures analysis of variance (ANOVA) 
was used to verify differences between the groups before 
and after the interventions. In all statistical analysis it was 
assigned a significance level of 5% and a confidence interval 
of 95% (IC 95%). Qualitative data (descriptive analysis of 
the ultrasound images) were described based on medical 
reports.

RESULTS
Initially 30 volunteers were recruited, however, during the 

research procedures, there were 2 dropouts in the control 
group. Table 1 presents mean values, standard deviation and 
inferential analysis between the control and treated groups.

It was observed that the final right and left plicometry and 
final ultrasonography variables showed a significant reduction 
in the group that performed the MRA after cryolipolysis when 
compared to the group that only performed the cryolipolysis 
with MLD.

In relation to ultrasonography, the images demonstrate 
this significant difference in the ARM group as shown in 
Figures 1A, 1B and 1C, which present the results of the 
ultrasound analyzes of the pre-treatment evaluation, 
evaluation after 30 days (04 ARM sessions) and after 60 days 
(08 ARM sessions).

The volunteer of Figures 1A, B and C presented a 
significant reduction in adipose tissue mainly in the second 
evaluation. It is possible to notice the result through the 
Figure 2A and 2B. Regarding the group that used manual 

Table 1: Analysis of variables related to localized adiposity.

Drainage ARM P value

Weight 1 62.24±4.85 64.8±5.91 0.70

Weight 2 65.76±5.9 65.29±4.9 0.89

Weight 3 64.56±6.8 64.5±6.5 0.99

Plico D1 26.07±12.12 30.2±9.44 0.35

Plico D2 26.14±11.32 23 ±9.55 0.07

Plico D3 23±15.17 21.2±9.19 0.001*

Plico E2 28.64±12.2 30.66±9.55 0.41

Plico E2 29.5±12.2 31.46 ±9.63 0.27

Plico E3 26.31±16 24.31±10.3 0.001*

Peri 1 90.46±6.38 89.6±8.55 0.32

Peri 2 88.9±5.7 86.29 ±8.0 0.34

Peri 3 87.82±6.1 86.3±6.1 0.81

US 1.3±0.9 1.4±80.8 0.13

US 2 1.08±0.9 0.9 ±0.5 0.05*

Note: ARM= Advanced Redux Method; Plico= Plicometry; Peri= Perimetry; US= Ultrasound.
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lymphatic drainage, the results were not significant, as shown 
in figures 1D, 1F and 1G, which represent the ultrasonographic 
analyzes of a volunteer submitted to this technique after 
cryolipolysis. In the case of the second volunteer who 
belonged to the group of MLD after cryolipolysis, there was 
no difference in relation to the reduction of the adipose 
tissue thickness as occurred in several cases of volunteers 
submitted to the same conduct. It is not possible to notice 
this difference in figures 2C and 2D.

Table 2 presents the results of the application of the 
satisfaction questionnaire applied to volunteers.

It was observed that in the analysis of pain perception 
(mild to severe) 73.3% of the volunteers in the MRA group 
did not report pain and the same proportion reported 
dormancy. About 46.7% of the volunteers in the ARM group 
found satisfactory the treatment outcome. It was observed 
that about 80% of the volunteers in the ARM group did not 
present edema, ecchymosis and hematomas, but presented 
considerable erythema. In the aesthetic improvement scale, 
it was observed that the number of volunteers (percentage) 
in the ARM group who reported ‘greatly improvement’ and 
‘better’ was greater than in the MLD group.

Figures 1: A, B and C: Results of volunteer submitted to Advanced Redux Method after cryolipolysis, presenting adipose tissue thickness of 1.49cm (before), 1cm 
after 30 days of treatment and 0.94cm after 60 days of treatment. D, F and G: Results of volunteer submitted to manual lymphatic drainage after cryolipolysis, 
presenting adipose tissue thickness of 1.27cm (before), 1.24cm after 30 days of treatment and 1.27cm after 60 days of treatment.

Figure 2: Photographic record of the volunteers in the comparison between 
first and third evaluation.
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Table 2: Distribution of absolute and relative frequencies of the satisfaction questionnaire.

Absolute Frequencies Relative Frequencies (%)

Pain (mild to severe)

MLD

Yes 4 28.6

No 5 35.7

ARM

Yes 2 13.3

No 11 73.3

Numbness or decreased sensitivity

MLD

Yes 3 21.4

No 6 42.9

ARM

Yes 11 73.3

No 2 13.3

Local hypersensitivity

MLD

Yes 2 14.3

No 7 50.0

ARM

Yes 2 13.3

No 11 73.3

Edema/swelling/transient localized bubbles

MLD

Yes 3 21.4

No 6 42.9

ARM

Yes 1 6.7

No 12 80.0

Erythema (redness) post-session

MLD

Yes 5 35.7

No 4 28.6

ARM

Yes 1 6.7

No 12 80.0

Ecchymosis/Temporary hematoma

MLD

Yes 5 35.7

No 9 64.3

ARM

Yes 1 6.7

No 12 80
Note: MLD= manual lymphatic drainage; ARM= Advanced Redux Method.
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Absolute Frequencies Relative Frequencies (%)

Burns

MLD

Yes - -

No 14 100

ARM

Yes - -

No 15 100

Abnormal growth of fat at the treatment region

MLD

Yes - -

No 14 100

ARM

Yes - -

No 15 100

She sought medical help to solve an adversities

MLD

Yes - -

No 12 100

ARM

Yes - -

No 15 100

She was satisfied with the result obtained

MLD

Yes - -

No 12 100

ARM

Yes - -

No 15 100

Scale of aesthetic improvement

MLD

Greatly improvement 1 7.1

Much improvement 4 28.6

Better 4 28.6

ARM

Greatly improvement 4 26.7

Much improvement 2 13.3

Better 7 46.7
Note: MLD= manual lymphatic drainage; ARM= Advanced Redux Method.

Table 2: Continued...

DISCUSSION
It was observed that both techniques promoted the 

reduction of localized adiposity, however the use of the 
ARM promoted a greater reduction when compared to the 
group that exclusively performed the application of the MLD 

technique after cryolipolysis. Several noninvasive techniques 
have been used to reduce localized adiposity as an alternative 
to surgical procedures, among them: massage, shock waves, 
UCV and RF. However, little has been described in the literature 
on the association of cryolipolysis with these techniques(1,3,8). 
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The ARM consists of the combination of a cryolipolysis 
application with 8 sessions of UCV, RF and modeling massage, 
performed once a week for 8 weeks.

Performing the massage of connective tissue on the 
treated region promotes a reperfusion of the tissue in 
which cryolipolysis has been applied. It is suggested that 
the thermal modulation generated by the manual technique 
on the subcutaneous tissue promotes an intracellular lipid 
crystallization which favors the destruction of adipocytes. 
This rapid rise in temperature promotes a greater influx 
of inflammatory cells and mediators, leading to further 
destruction of adipose tissue cells(14,15). The association with 
UCV may have favored the reduction of localized adiposity. 
The UCV consists of the emission of mechanical waves that 
promote the phenomenon of cavitation and intensify the 
destruction of adipose tissue(16,17). It is observed that the UCV 
performed in an isolated way already presents significant 
results of the reduction of the perimetry, plicometry and in 
the analysis of the ultrasonography, being thus used in clinical 
practice(18). In addition, the analysis performed on rabbits has 
also demonstrated reduced fat cell concentration as well as 
reduced adipocyte volume(19). In clinical practice, with the 
previously association of cryolipolysis and the UCV, it was 
observed a reduction in waist circumference and suprailiac 
skin fold. The combination with RF promotes the increase in 
temperature in the deep tissues associated with vasodilatation, 
increases blood and lymphatic circulations, increases diffusion 
through the cell membrane, increases metabolism and 
enzymatic activity, among others(20). This combination may 
also be important to increase the prolonged response of 
apoptosis and destruction of adipose tissue, which favors 
the reduction of this tissue(8). Thermal damage of adipose 
tissue occurs selectively as result of the electric field with 
other methods of non-invasive fat reduction, serious adverse 
events are rarely associated with RF(21). It is observed that the 
group that associated cryolipolysis with lymphatic drainage 
did not present a reduction of the localized adiposity. 
Lymphatic drainage does not promote adiposity reduction, 
the association with cryolipolysis aims to reduce excess fluid 
in biological tissue(22,23). The combination of cryolipolysis, UCV 
and RF techniques has demonstrated a greater reduction of 
adipose tissue, since the three techniques promote biological 
responses on the fat cells with destruction of these cells 
or reduction of their concentration(24-26). In addition to the 
reduction of adiposity, ARM showed improvements in the 
analyzes performed after the intervention, such as reduction 
of edema in the application zone and increase of erythema. 
These factors may characterize a more rapid inflammatory 
process that favors the reduction of localized adiposity. On the 
other hand, the presence of hematomas and ecchymoses 
after the application was higher in the drainage group than 
the ARM, indicating a faster healing response(25-28). It was 
verified that both groups reported in the questionnaire of 

perception of aesthetic improvement high percentages of 
‘best’, ‘much improvement’ or ‘greatly improvement’, but the 
group that performed ARM had a higher percentage of these 
values compared to the group of MLD after the crilipolysis. 
This study presented as a limitation the non-accomplishment 
of a histopathological analysis of the treated adipose tissue, 
suggesting the realization of new studies that can do this 
analysis in humans or animals.

CONCLUSION
Therefore, it can be observed that the association of 

ultracavitation, radiofrequency and modeling massage through 
the Advanced Redux Method promoted a higher reduction 
in adiposity than the group that exclusively performed the 
cryolipolysis treatment with manual lymphatic drainage.
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