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ABSTRACT

Introduction The search for non-invasive procedures to
reduce localised adiposity in aesthetics clinics has recently
been increasing. In this context, procedures, such as
cryolipolysis, ultracavitation, photobiomodulation (PBM)
and other techniques have been proposed. Some studies
have shown that PBM can be used in body contouring.
However, there is no standardisation of the protocol. More
than that, as in other techniques for reducing adipose
tissue, the availability of triacylglycerol may affect the lipid
profile in the blood, bringing consequences to the general
health of an individual. This work will aim to compare the
light wavelengths when using PBM as a technique for
reducing the abdominal waist circumference, while also
evaluating the efficacy of the method. Changes in the lipid
profile in the blood, with a long-term follow-up, will also be
appraised.

Methods and analysis This will be a controlled,
randomised, double-blind, single-centred clinical trial. 174
patients will be recruited at the Nove de Julho University,
Brazil, and then divided into three groups: Group A—RED
PBM; Group B—INFRARED PBM; Group C—PLACEBO
(Sham) treatment. The treatments will consist of eight
sessions, two times a week, for 4 weeks. At each session,
the participants will receive 30 minutes PBM (using a
radiant exposure of 127 J/cm?), with an abdominal strap
containing 4 LED clusters, with 72 devices each, following
the indication of randomisation. All of the groups will
receive 30 min of Aussie Current, at 4 kHz, modulated

at 10 Hz, 40-60 mA. The main outcome of this study

will be waist circumference reduction. The secondary
variables will be anthropometric data, lipid profile, liver
function and adipose tissue thickness, changes in the
local microcirculation, and the quality of life and self-
esteem. The analyses will be performed at four stages

of the research, DO, end of the eighth session (D30),

15 days after the last session (FU15), 90 days after the
last session (FU90) and 180 days after the last session
(FU180).

Ethics and dissemination The Ethics Committee of the
Nove de Julho University, Brazil, approved the modified
version of this project under No. 3414146 on 26 June
2019. This study is not yet recruiting. The results obtained

Strengths and limitations of this study

» The use of the same dosimetry at different wave-
lengths will allow for a real comparison between red
and infrared as being the most suitable wavelength
for body contouring.

» Analyses of body contouring will be performed by
non-invasive methods.

» The waist circumference measurement will not
discriminate the factors underlying the volume
modifications.

» The habits of the participants, such as diet and exer-
cise routines, may affect the results.

» Gender may affect the results and be dependent on
the number of participants of each gender. These
differences may not be considered by the statistical
analysis.

will be published in a peer-reviewed journal in the related
field.

Trial registration number Brazilian Registry of Clinical
Trials—ReBec (RBR-9bwxcx).

INTRODUCTION
Fat storage is intended to protect the human
body in cases of prolonged fasting, intense
physical activity and temperature regula-
tion. Once freed from these situations, fat is
stored unnecessarily, putting the individual
at the risk of health problems, together with
a greater propensity for pathologies, such
as systemic arterial hypertension, diabetes
mellitus, metabolic syndrome and even some
types of neoplasms.'™

Another type of negative impact that is
related to excessive fat storage is body dissat-
isfaction. This naturally leads to a decrease
in the individual’s self-esteem.’ ° Studies
have shown that aesthetic treatments signifi-
cantly increase a patient’s quality of life. They
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are associated with improved self-esteem.” There are
some traditional surgical methods for the reduction of
abdominal adiposity. However, the methods are invasive
techniques, which may present a high number of compli-
cations, such as bruising, seroma, pain, perforated organs
and viscera, as well as with an increased risk of deep vein
thrombosis.'""" The demand for minimally invasive
procedures that are aimed at reducing abdominal fat has
increased by about 137%, while the demand for surgical
procedures has decreased by around 16%."*

Among the minimally invasive techniques, one can
mention low-level laser therapy, which has recently also
been called photobiomodulation (PBM). PBM has many
novel advantages when compared with traditional tech-
niques, such as surgical procedures, since it can guar-
antee the preservation of the noble adjacent structures,
such as the nerves, the blood vessels and the skin.'> PBM
has been widely studied for several applications, due to
its important biochemical cellular consequences and its
few side effects.'® '’ Some manuscripts have described
erythema and oedema as the main side effects of PBM,
but importantly, these side effects may have been higher
as a result of the patient using any drug that increased
photosensitivity.

Some other studies have shown that PBM can be used
in body contouring."™ Sadly, there is no standardi-
sation of the protocol. The treatments vary in terms of
the number of sessions (6-28), their frequency (1-3
times per week) and wavelength (532 nm, 635 nm, 660
nm, 1060 nm), while other dosimetry information, such
as irradiance (W/cm?) and radiant exposure (]/CmQ),
are frequently not mentioned. Recently, Croghan and
coworkers showed that two times a week was the best
frequency when compared with one or three times a
week. This was in terms of improving the patients’ quality
of life and body satisfaction, as well as their weight, waist
circumference, body mass index (BMI) and body fat mass
reduction.'® However, more studies are needed, in order
to standardise the wavelength, the dosimetry and the
application time, as well as the durability of the results
achieved.

One of the proposed mechanisms for a PBM effect
in adipose tissue is the formation of transient pores in
the adipocyte membranes, thus allowing for the lipids
to escape.'” Adipocyte apoptosis activation has also been
proposed. The production of reactive oxygen species
is also possible, due to the action of PBM, and this is
related to the mitochondrial activation, on account of
the radiation absorption by the cytochrome c¢ oxidase
molecules. This is followed by an increased ATP synthesis
and with an increased cyclic adenosine monophosphate
messenger, which can trigger the activation of the lipases
that perform the hydrolysis of the triglycerides into fatty
acids and glycerol.”

Some reports have affirmed that the results obtained
by the use of PBM for reducing waist circumference
are modest and that the reduction is temporary, which
deserves much greater attention from researchers for

a better understanding of this factor. These effects may
be associated with the mechanisms of action and the
dosimetric parameters being used.** When taken to the
tissues, the free fatty acids are used as an energy source
during beta-oxidation for the production of ATP. In
some literature reports, PBM is associated with aerobic or
resistance exercise, while other reports have mentioned
waist and arm circumference reductions with the use of
PBM, displaying an absence of diet restrictions or exer-
cise requirements.”* It is also reported that the amount
of fat mobilised during a PBM session is similar to the
amount that is consumed during a meal, in such a way that
it can be absorbed by normal body energy requirements
(and/or exercise routine), while at the same time, the
risk of atherosclerosis is not increased by the treatment.”
On the other hand, if not consumed, these fatty acids may
be re-esterified and redistributed throughout the body,”
causing no final changes in waist circumference. Since
neuromuscular electrical stimulation increases energy
expenditure in a similar way to that associated with exer-
cise, the protocol will be complemented with the Aussie
current application.”

As for other techniques for reducing the adipose tissue,
the availability of triacylglycerol may affect the lipid profile
in the blood, bringing consequences for the general
health of the individual. Some studies have shown that
these important treatments may affect the serum lipid
levels, while others affirm that there are no changes in
the serum lipid levels.”” Given these scenarios, this work
will aim to compare the different light wavelengths when
using PBM as a technique for the reduction of abdominal
waist circumference, while at the same time, evaluating
the efficacy of the method, and by following the changes
in the lipid profile in the blood, as well as with reviewing
the long-term follow-up.

METHODS

Study design

This will be a controlled, randomised, double-blind,
single-centred clinical trial, designed in accordance
with the criteria as established by the Standard Protocol
Items: Recommendations for Interventional Trials. It will
be conducted at the Nove de Julho University, located
in the city of Sao Paulo, Brazil. The recruitment will be
performed from September to November 2020 through
the university website. Thus, the selection of sites includes
urban locations, the city of Sao Paulo and its neighbour-
hoods. After verbal and written explanations regarding the
procedures, the risks and the benefits by MM (a coauthor
of this protocol), those individuals who agree to partic-
ipate in the study will sign an informed consent form.
Based on an anamnesis questionnaire, the researchers
will check if the participants meet the inclusion/exclu-
sion criteria. The anamnesis questionnaire will include
identification data, anthropometric data, clinical history
and daily living habits, especially dietary intake, physical
activity assessments and menstrual period appraisals.
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Since dietary intake and physical activity may have direct
effects on the results, at each evaluation (before the treat-
ment and the follow-up sessions), 3 days of food records
and physical activity levels will be measured. The enrol-
ment period will be extended until the sample size is
reached.

Patient and public involvement statement
The patients and/or the public will not be involved in the
design, the recruitment or in the conduct of the study.

Inclusion criteria

This study will include men and women aged 25—45 years,
with a BMI of between 18 and 29.9 kg/m” (normotrophic
and overweight), together with hyperplasia of the abdom-
inal fat tissue (abdominal skin folds higher than 20 mm).
Those who agree to participate in this research will sign an
informed consent form (see online supplementary file 1).

Exclusion criteria

The following people will be excluded from this survey:
those participants who are undergoing aesthetic treat-
ments to reduce waist circumference; those who have
been previously submitted to abdominoplasty or liposuc-
tion surgeries; those who are on a diet, in order to reduce
their measurements; those people who engage in a phys-
ical activity more than two times a week; those who are
using or have taken drugs or food supplements in last 90
days, in order to reduce their measurements and their
weight, which may affect their lipid metabolism, appetite
or nutrients absorption; those who have been submitted
previously to oophorectomy; those with signs and/or
symptoms of climacteric at the menopause; pregnant or
lactating women; those participants who are not regular
in attending the sessions; those participants who present
metabolic dysfunctions (diabetes and thyroid disorders),
cardiovascular problems (hypertension, cardiac insuffi-
ciency, arrhythmia, thrombosis, pacemaker use), respi-
ratory issues (asthma, chronic obstructive pulmonary
disease), haematological disturbances (anaemia), renal,
non-alcoholic fatty liver disease, dermatological or diges-
tive disorders (gastritis, ulcers); those with a history of
oncological pathology; those with cognitive deficits.

Sample calculation

In order to calculate the sample size, a study showing the
therapeutical effects of PBM when associated with aerobic
plus resistance training was used.”® The researchers
used the highest and the lowest abdominal circumfer-
ence values, as well as the SD of the measurements. The
highest and lowest abdominal circumference values for
the PBM group were 107.687 and 103.812, respectively,
and the highest SD of the measurements was 10.024, with
3 being the number of intervention groups in the study.
The effect size, hence, was calculated when using these
values, as described below:

A= blgger—sm;ller _ 107.687710?;812 =0.116
o 10.024
(%) ("5

When using the effect size value as calculated above,
the sample size was calculated using G*Power software
(V.3.1.9.2, Dusseldorf, Germany). Two-way Analysis of
Variance (ANOVA) was used for the interactions within
and between the groups, in order to evaluate the differ-
ences between the three groups studied, as well as for the
five evaluations during the treatments and the follow-up.
The test power was 80%, 0=0.05. The sample size was
calculated on 171 participants.

Randomisation

The randomisation will be performed by DFTS, a coau-
thor of this work, who is not directly linked to the treat-
ments or the evaluation of the participants, by using the
Excel 2013 program (Microsoft, USA). The participants
will be randomised into blocks of 12 and into 3 groups
(4:4:4), designated as A, B and C. Opaque envelopes will
be identified by sequence numbers and they will receive
a paper containing the information about which treat-
ment will be performed on the participant’s abdomen,
according to the draw. The sealed envelopes will be safely
kept with the researcher who generated the randomis-
ation (DFTS). Before the beginning of the procedures,
the researcher responsible for the procedure (LRM, a
coauthor of this protocol) will receive each envelope and
proceed with the treatment as indicated, according to
its allocation group. A team of undergraduate students
(previously trained and prepared) is going to be part of
the research group and for the treatment or evaluation of
the participants. This study will be a double-blind study
since the participants will not be aware of the group in
which he/she is participating; only the researcher who
will perform the procedure will know. The data collection
and analyses will be performed by another researcher
(MM, a coauthor of this study), who will also be unaware
of the allocations.

Intervention

The abdomen of the participants will be cleaned by using
a neutral cleansing soap. They will receive eye protec-
tion, using goggles for safety. This will also help with the
blindness of the study. PBM will be applied when using
abdominal straps as developed by Cosmedical (Maud, Sao
Paulo, Brazil), following the parameters as described in
table 1. The abdomen strap will be covered with a sheet
and that will also help with the blindness of the study.
All of the participants will receive 30 min of PBM, with
an abdominal strap containing 4 LED clusters with 72
devices, following the indication of the randomisation,
being 57 per group: Group A—RED 66010 nm; Group
B—INFRARED 830+10 nm; Group C—PLACEBO. The
treatment will consist of eight sessions that will occur
two times a week, totalling 1 month of treatments. The
placebo group will use a strap with no light emission, but
it will emit the same sounds like that of the active device.
In order to increase the oxidation of the free fatty acids,
the participants will receive 30 min of Aussie Current at 4
kHz, modulated at 10 Hz, 40-60 mA, for 30 min (Tensor,
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Table 1 Dosimetry for the study
Parameter Red LED Infrared LED
Centre wavelength (nm) 660 830
Spectral width (nm) 20 20
Operating mode Continuous Continuous
Average radiant power—one 5 5
LED (mW)
Aperture diameter—one LED 0.3 0.3
(cm)
Power density at aperture 71 71
(mW/cm?)
Beam spot size at target—  0.071 0.071
one LED (cm?)
Total number of LEDs 288 288
Area irradiated (cm?) 20.4 20.4
Irradiance at target (mW/cm?) 71 71
Exposure duration (s) 1800 1800
Radiant exposure (J/cm?) 127.8 127.8
Energy density at aperture 127.8 127.8
(J/em?)
Radiant energy (kJ) 2.6 2.6
Application technique Contact Contact
Number and frequency of 2xweek fora 2xweek for a
treatment sessions month, a total month,

of 8 sessions  a total of 8

sessions

DGM Electronica, Santo André, Sao Paulo, Brazil) 38
None of the PBM devices will significantly increase the
temperature at the target area, causing no burns or skin
damage. No modifications in the intervention will be
performed for any reason. However, the participants who
withdraw their consent, or the ones who are not assiduous
to the sessions, will be removed from the study.

The dosimetric parameters thatwill be used in this protocol,
as presented in table 1, were measured and/or calculated.
The centre wavelength and the spectral width of the devices
were measured by a Spectrophotometer (USB2000+XRI,
Ocean Optics, Florida, USA). The radiant power of one LED
was measured by a Power Meter (FieldMaxII-TO, Coherent,
Santa Clara, California, USA). The abdominal straps will be
composed of 4 LED clusters, having 72 LEDs each (totalling
288 LEDs units), and distributed in a 15 cmx25 cm area (375
cm?® each, 1500 cm? total), see figure 1. The effective irradi-
ated area will be 20.4 cm® (288 times the beam spot size at
the target). The irradiance at the target was determined by
the ratio between the average radiant power (5 mW) and the
beam spot site at the target (0.071 cm?). The radiant expo-
sure was determined by multiplying the irradiance at the
target (71 mW/ cm?) by the exposure duration (1800 s). The
radiant energy was calculated by multiplying the average
radiant power of one LED (5 mW) by the total number of
LEDs (288) and by the exposure duration (1800 s).

Figure 1

Photobiomodulation (PBM) application. PBM
device off (A) and on (B); patient receiving the experimental
protocol in dorsal decubitus; 30 min per session (C) and (D).

Outcomes

The main outcome of this study will be waist circumference
reduction. The secondary variables will be anthropometric
data, lipid profile, liver function and adipose tissue thickness
as measured by ultrasound, changes in the local microcircu-
lation, quality of life and self-esteem. The participants will be
evaluated at the same time of the day, at all times throughout
the study.

The anthropometric data that will be collected will be body
weight, height and BMI, skin-fold thickness and bioimped-
ance. Blood will be collected for analyses of the lipid profile
(total cholesterol, high-density lipoprotein (HDL), Low-
density lipoprotein (LDL), triglycerides), and liver function
(serum glutamic-oxaloacetic transaminase - SGOT, serum
glutamic pyruvic transaminase -SGPT). All of this will be
processed and analysed at SCS Medicina Diagnéstica, Sao
Caetano do Sul, Brazil (a partner laboratory). The analyses
will be performed at four stages of the research, DO, end
of the eighth session (D30), 15 days after the last session
(FU15), 90 days after the last session (FU90) and 180 days
after the last session (FU180).

Abdominal ultrasound will be performed to assess the
fat layer thickness, before and after the treatments. For
the recording of the local temperature, a technique that
is widely used is infrared thermography, using a Compact
Thermal Camera (C2, FLIR Systems, Oregon, USA). The
thermal camera, by means of infrared emission from the
body, or from the material analysed, has the ability to calcu-
late the temperature of a given surface. Itis possible through
this method that the study will infer the changes in local
microcirculation.™

The quality of life questionnaire, “The WHO Quality of
Life WHOQOL-BREF,” as well as the Body Shape Ques-
tionnaire, ‘BSQ-34 Self-Image Scale’,z6 will be used for the
participants. These questionnaires have been translated and
submitted to cross-cultural adaption into Brazilian Portu-
guese.37 % The Brazilian Portuguese version of these ques-
tionnaires will be applied by MM. The questionnaires will
take around 20 min to be completed. The quality of life and
the selfimage questionnaires will be applied at D0—and
again at the end of the last session (D30). The flow chart of
the study is presented in figure 2.

Adverse events will be collected during the treatment sessions
and they will be reported to the regulatory agency and again,
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[ Recruitment ]

Evaluated for eligibility

Elected patients (n=174)

v

Anamnesis, application of the quality of life and
self-esteem questionnaire, anthropometry, blood
collection, ultrasonography

| Randomised (n= 174) |4——

Allocation

Group A: LED with 72 devices
(660 + 10 nm) with 6.4 W/cm?

Group B: LED with 72 devices
(830 + 10 nm) with 6.4 W/cm?

Group C: Sham

\

—

Each session 30 minutes, being measured
at the end of each session: waist
circumference, and IRT
Total: 8 Sessions

[ Analysis at the end of treatment ]

Application of the quality of life and self-esteem questionnaire, anthropometry, blood collection, IRT, ultrasonography

15 days: Anthropometry and blood collection

90 days: Anthropometry and blood collection

180 days: Anthropometry, blood collection, ultrasonography

Figure 2 Flow chart describing the study design, the sample composition and the experimental protocol. IRT, infrared

thermography.

at the final publication of the results. Since the participants are
enrolled and randomised, the investigators will make efforts to
keep the participants together during the follow-up, by making
phone calls, email/WhatsApp contact with the patients and
with relevant instructions regarding healthcare and beauty.

As a strategy to improve adherence, at each session, the
participant will schedule the next visit and receive a card,
with some instructions regarding preparation for the evalua-
tion day, and the appointment date of the next visit. When a
participant misses a session, he/she will receive a phone call
in order to reschedule the missed session.

Data analysis plan
The data that will be collected from this study will only be
administered by the principal investigators (the authors of

this document). Since the study will be of short duration and
with known minimal risks, this trial will not need a formal
data monitoring committee. After the data collection, the
data will be organised using Microsoft Office Excel 2007 by
DFTS (coauthor of this protocol), and then stored on ‘a
protected by password’ computer at the university. The data
will be analysed by descriptive and inferential statistics, and
then compiled into tables and/or graphs, using SPSS V.24.0.
For testing the normality of the data, the Shapiro-Wilk test will
be performed. If the data show a non-parametric behaviour, a
mathematical function will be used in order to normalise the
data. Two-way ANOVA tests, followed by the Bonferroni post-
test, will be performed, in order to compare the treatments
along with the time points being evaluated. Some parameters
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may affect the results of the therapy and they are going to
be analysed as co-variables; for example, skin phototype by
the Fitzpatrick scale; the stage of the menstrual cycle; total
cholesterol and triglycerides (altered or not). 0:<0.05 will be
considered the level of significance for all of the tests used.
Since this trial is part of a PhD thesis study, an interim analysis
will be performed for the qualification examination, and this
can be used at trial adaptations, such as for a sample size re-es-
timation, or for stopping the trial. The trial protocol and the
full study report will be fully available at the end of the study
after the manuscript of the results has been published. At the
end of the study, the participants from the placebo group
who received the treatment will experience no adverse effects
and they will have received the most effective treatment.

DISCUSSION

Studies have shown that lasers used in PBM typically operate
at powers of 100 mW or less. They can produce energy in
the visible spectrum, wavelengths 400-700 nm and near the
infrared regions, 700-1500 nm. Light penetration in the soft
tissues is known to be directly related to wavelength; that
is, the longer the wavelength, the greater the penetration.
The reports on PBM for reducing local adiposity include the
use of green (532 nm), red (635 and 660 nm) and infrared
(1060 and 2940 nm). However, there is no comparison avail-
able regarding the best wavelength for this purpose.'®****
Based on the localisation of fat tissue (more profound when
compared with epidermis and dermis), this study will choose
red and infrared light for the comparisons. The use of the
same dosimetry, at these different wavelengths, will allow
for the evaluation of the most suitable wavelength for body
contouring.

Since the waist circumference measurements will not
discriminate against the factors underlying the volume modi-
fications, a placebo group will be included. This will allow
for the measurement of the differences in waist circumfer-
ence, due to daily habits or hormonal variations, as in the
menstrual cycle of women. The measurements of the skin
folds and bioimpedance will complement the evaluation in
terms of body fat. At each evaluation (before the treatment
and the follow-up sessions), 3 days of food records and phys-
ical activity levels will be measured.

Gender may also affect the results. Sexual dimorphism
in adipogenesis is already known, as well as sex hormones
in the white adipose tissue function and in adipose metab-
olism.”*™*! If the sample consists of a huge difference in
men and women, this factor cannot be considered in the
statistical analysis.

The development of a non-invasive protocol for PBM,
together with an Aussie current for the reduction of
adiposity, may present an important novel tool, for the
reduction of health risk problems, as well as for increasing
an individual’s self-esteem.
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Clinical Trials, being first registered on 8 November 2018,
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the WHO Trial Registration Data Set. MM and DFTS will be
the data curators, with the data stored on ‘a protected by
password’ computer at the university. The results acquired
within this project will be presented in conferences and
published in a journal in the related field. The author-
ship of the results paper and the conference abstracts will
include the authors of this protocol, together with other
researchers who may contribute to the procedures or to
the analysis of the data. Any modifications of this protocol
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by the Ethics Committee of the Nove de Julho University.
The modifications will be properly reported and justified in
the manuscript for the publication of the results. The main
results obtained will be sent to the participants by mail.
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