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ABSTRACT

Introduction The skin undergoes morphological and
physiological changes with the advancing age of an
individual. These changes may be caused by intrinsic and
extrinsic factors that contribute to cellular ageing and
consequent skin ageing. The term photoageing is used

to characterise the ageing of the skin caused by solar
radiation. Clinically, the skin becomes more flaccid, thicker
and hyperpigmented, while there is an early appearance
of wrinkles and other skin changes, such as skin cancer.
Nowadays, there are numerous treatments for ageing skin,
and one of them is with the use of phototherapy, which
uses light-emitting diodes (LEDs). The objective of this
study will be to evaluate the percentages of reduction in
the volume of periocular wrinkles when treated with red
and amber LEDs.

Methods and analysis All of the participants will

receive photobiomodulation to treat their periocular
wrinkles. They will be using red and amber LEDs, with

one colour being used on each hemiface. The facial side
to be treated with each colour will be randomised. After

an interval of 180 days, the participants will receive a
cross-treatment. The primary variable of the study is the
volume of periocular wrinkles (crow’s feet), which will

be measured by a VisioFace equipment. The secondary
variables are elasticity (measured by Cutometer) and
hydration (measured by Corneometer). Quality of life and
self-assessment of the participants will be measured
using the adapted Melasma Quality of Life scale - Brazilian
Portuguese adaption (MelasQoL-BP) and Skindex-29
questionnaires. All of the variables will be measured before
and after a group of 10 sessions.

Ethics and dissemination This protocol was approved
by the Research Ethics Committee of the Nove de Julho
University (acceptance number: 2.550.732). This trial

has been registered in the Registro Brasileiro de Ensaios
Clinicos (Brazilian Clinical Trials Registry) (REBEC number:
RBR-6YFCBM). This study is not recruiting yet.

Trial registration number RBRG6YFCBM; Pre-results.

Strengths and limitations of this study
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» Each woman participating in this study will be eval-
uated before and after the treatment, and the reduc-
tion in wrinkles will be measured.

» There is no control or placebo group and all of the
participants will be treated; in this sense, each par-
ticipant is in both the treatment group and the con-
trol group.

» This split-face study will eliminate the individu-
al factors of each participant that affect treatment
outcomes.

» The VisioFace equipment will standardise the pa-
rameters in acquiring photographs, such as light
exposure, and it will minimise bias.

» The habits of the participants may affect the results,
as a consequence of their diet, their use of cosmet-
ics and their exposure to the sun.

of an organism, presenting roles such as
defence, thermoregulation and sensory
awareness. Maintenance of healthy skin and
integrity is extremely important." Exposure
to the sun speeds up the intrinsic ageing of
the skin, due to the formation of free radi-
cals and reactive oxygen species, as a result of
ultraviolet (UV) radiation.! Once UVA radi-
ation penetrates deeper into the dermis, the
resulting oxidative stress causes damage to
the elastin fibres and collagen. In addition,
there may occur a decrement in physiological
antioxidant reserves and/or in the protective
capacity of the skin.” The changes that are
caused by ageing modify the physical proper-
ties of the skin, leaving visible signs such as
epidermal hyperplasia, irregular pigmenta-
tion, telangiectasia, sagging tissues, a reduc-
tion of collagen and elastin fibres, as well as a

Correspondence to INTRODl.JCTION . decrement in the natuljal moisturising factor.
Dr Christiane Pavani; The skin covers the body and has essential ~These changes result in the appearance of
chrispavani@gmail.com functions in maintaining the homeostasis  expression lines and creases.” *
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Recent data from the Brazilian Institute of Geography
and Statistics (IBGE) have shown that the average life
expectancy of the Brazilian population has increased
from 66 years in 1991 to 75 years in 2016. This is similar
to the increase that has been verified on worldwide popu-
lation. The challenge faced by science in the last few years
has been the development of procedures and technolo-
gies that aim to delay the signs of ageing and increase
the quality of life of elderly people, by achieving a healthy
skin.” Nowadays, the procedures in use aim to promote
a cosmetic benefit and an improvement in the quality of
the skin, increasing self-esteem, with a reduction in skin
infections. As a result, these procedures can contribute
to a longer and healthier life. Among the technologies
being used to promote skin repair are dermocosmetics, as
well as equipment such as radiofrequency, phototherapy
(intense pulsed light, laser and light-emitting diodes
(LEDs)) and microneedles.®”

Phototherapy is a non-invasive procedure that has been
used for tissue repair and healing.'” "' The treatment
is based on the use of a light-emitting device, and the
resulting photons are absorbed by the biological tissues,
promoting photochemical, photophysical and photobi-
ological actions. Phototherapy is not ablative, nor does
it promote thermal effects, since the devices that are
used in phototherapy are low-powered lasers and LEDs;
that is, there is no cutaneous damage and no need for
any recovery time.'” The LED devices are produced in a
wide range of wavelengths, from UV through the visible
to infrared spectrum (247-1300nm). When compared
with laser, the LED devices have lower cost and have
being used in instruments that can illuminate larger
surfaces. Studies have shown that LEDs can be used in
therapeutic procedures with excellent results.'” * '* The
use of LEDs in clinical practice has increased significantly,
and their main use has been in wound healing, tissue
repair and rejuvenation since they do not cause trauma
or tissue destruction.”” Some findings have suggested
that if suitable parameters are used, the light acts on skin
regeneration by modulating cellular activity and collagen
expression, with a decrease in matrix metalloprotein-
ases.'® Usually, the wavelengths are chosen by the func-
tion that is needed for the purpose of the therapy. The
wavelengths in the blue range (400-470nm) are mainly
used in the treatment of acne.'” The wavelengths in the
green range (500-570nm) have shown their ability to
induce proliferation of fibroblasts, as well as production
and maturation of the collagen fibres."® ' The infrared
range (700-1200nm) accelerates the healing process of
lesions in the skin, increases proliferation of cell differen-
tiation, as well as contributes to an increase in the extra-
cellular matrix.”*'

Many in vitro, in vivo and clinical studies have demon-
strated the anti-inflammatory, repair, skin rejuvenation
and healing effects that are promoted by red light."' **
For an amber light, a study that was published by Smith*
in 2005 showed that it is absorbed by keratinocytes, mela-
nocytes, as well as for the cells of Merkel and Langerhans,

which are all of extreme importance in the maintenance
of the epidermis. Both of these wavelengths are absorbed
by cytochrome c oxidase; however, itis considered that the
red light penetrates deeper into the skin than the amber
light due to the presence of melanin.*** Given this back-
ground, this work will aim to evaluate the percentages
of reduction in the volume of periocular wrinkles when
treated with red and amber LEDs.

METHODS AND ANALYSIS
Study design
This will be a controlled, randomised, double-blind, split-
face, cross-over and unicentric clinical trial. This protocol
has been written based on the guidelines of the Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT). The study will be performed in the
ambulatory of the Nove de Julho University (UNINOVE),
Sao Paulo, Brazil. Dissemination and registration for
participation in the study will be conducted through
the UNINOVE website, and the recruited participants
will mainly be residents of the city of Sao Paulo. The
participants will be informed about the research, proce-
dures, risks and benefits, and they will sign the informed
consent form. Only those participants who have read and
have agreed to sign the informed consent form will be
included in the study. The study will last for 2 years, with
a start date of May 2018. The study is not recruiting yet.
After recruitment, the researcher will check if the
patient meets the inclusion/exclusion criteria based on
anamnesis and skin evaluation. Anamnesis is an interview
performed by the health professional to know patients’
medical and aesthetics treatment history, as well as daily
personal and social habits, which may have an influence
on treatment outcome. Regarding the daily personal and
social habits, anamnesis will include information on sun
exposure, smoking and drinking frequency, sleep quality,
dietary habits, water intake, professional aesthetics treat-
ment on the face and homecare cosmetics use. Anam-
nesis was not validated since it is not an instrument to
measure patient outcome.?” Skin evaluation, which will
be performed by a medical doctor (IdSD), includes skin
phototype and degree of severity of the wrinkles. Patients
will receive information on the importance of the use of
sunscreen on skin health, preventing skin cancer and
wrinkles.

Patient and public involvement statement
Patients and/or the public were not involved in the
design, recruitment to and conduct of the study.

Inclusion criteria

This study will be conducted in women (40-65 years old)
with skin phototypes II, IIl and IV on the Fitzpatrick Scale,
and with signs of ageing III and IV on the Glogau Scale.

Exclusion criteria
This study will exclude the following participants:

2

Rocha Mota L, et al. BMJ Open 2018;8:€021419. doi:10.1136/bmjopen-2017-021419

"1ybuAdoo Ag paroslold 1sanb Aq 720z ‘2T AInc uo ywod fwg uadolway/:dny wouy papeojumoq "8T0Z AN TE U0 6THT2Z0-2T02Z-uadolwag/9eTT 0T Se paysignd isiiy :uado NG


http://bmjopen.bmj.com/

8 Open Access

» With thyroid disorders (hyperthyroidism or hypothy-
roidism) and who are not undertaking the due treat-
ment, or those who have been taking the medications
for less than 1year.

» Who have received a facial filling in the last 12 months.

Who are doing any facial aesthetic procedure.

» Who are using retinoic acid or any vitamin A deriva-
tive (tretinoin or isotretinoin, topical or oral).

» Who are using cosmetics or medications that may
increase the photosensitivity of the skin.

» Who present any pathology of the skin, such as acne,
psoriasis, vitiligo and so forth.

» Who present big laterality of skin ageing.

» Professional drivers.

» Who have undergone bariatric surgery or who are
confined to a strict diet.

» Who are using any supplement (topic or oral) for the
improvement of their skin condition.

» Who are pregnant or lactating.

» Who are not regular attendees of treatments.

v

Sample size calculation

A pilot study with 10 patients was performed to generate
the data for the sample size calculation. All of the partici-
pants of this pilot study signed the informed consent form.
The largest and the smallest values of the percentages of
reduction in the volume of the wrinkles for each treat-
ment were obtained, as well as for the Standard deviation
(SD) of the measurements. The worst-case scenarios were
used for this calculation. The smallest and the largest
values were 95 and b5, respectively; the highest SD was 29
and the number of treatment groups was 2. These values
were used for the calculation of the effect size, as follows:

A = largestfsm;zllest _ 95_52 - 0.214
SO )

By using the effect size value as calculated above, t-tests
were used to evaluate the differences between the two
dependent means (matched pairs); the test power was
80% and the one-tailed test was at 5%; and the sample

size calculated by the G¥Power software (V.3.1.9.2, Dussel-
dorf, Germany) was 137.

Randomisation

The equalrandomisation will be performed by aresearcher
(ACRTH) who is not directly involved in the treatment
of the participants. It will be generated on Excel 2013
software (Microsoft, USA). The opaque envelopes will be
marked and identified by sequential numbers, and each
envelope will have a paper containing the information
on which particular treatment will be performed on the
right hemiface of the participant, in accordance with the
draw. These envelopes will be sealed and securely stored
in a safe place, with utmost confidentiality, by the same
researcher who generated the randomisation. Immedi-
ately before the treatments, the researcher responsible
for the treatment will receive the envelope, in sequence,
and will then perform the indicated procedure.

Interventions

All of the participants will have their faces cleaned with
a neutral cleansing soap and receive eye protection,
followed by the LED application. The participants will
have their eyes protected by goggles, in order to safely
allow the illumination of their periocular region. This
will also make the study blind, so that they do not know
which wavelength is being applied to each hemiface. The
application of phototherapy and the measurement of
the parameters will be performed by ICSSR. Thus, this
protocol will be a double-blind study.

All of the participants will receive photobiomodula-
tion to treat their periocular wrinkles, using red and
amber LEDs, with one colour only at each hemiface. The
facial side to be treated with each different colour will
be randomised. Group A will receive a red LED on the
right side of their face and an amber LED on the left side
of their face; group B will receive a red LED on the left
side of their face and an amber LED on the right side of
their face. For both of the groups, the session will last for
10min (3.8]/cm? at each wavelength), and the complete
treatment will be composed of 10 sessions, 2-3 sessions
per week, within 1 month. After a period of 180 days, the
cross-over treatment will be performed: the participants
in group A will receive the application of an amber LED
on their right hemiface and a red LED on their left hemi-
face, while group B participants will receive a treatment
with a red LED on their right hemiface and an amber
LED on their left hemiface. As performed in the first
part of the study, both of the groups will have 10min
of exposure per session (5.4]/cm? at each wavelength),
with a complete treatment of 10 sessions, performed 2-3
sessions per week, within 1month. All of the variables
will be measured before and after a group of 10 sessions.
This procedure will be conducted for each hemiface. This
second group of data can inform if the effects of the first
treatment would disappear after the washout period and
if the clinical response to the second treatment would
be different from the first one. The participants may
not receive any other facial aesthetic procedure or any
supplement (topic or oral) for the improvement of their
skin condition during the development of this study.

Variables of the study

The primary outcome of the study is the volume of wrin-
kles in the periocular region. The secondary outcomes
are elasticity/sagging, hydration, melanin/spots, quality
of life and self-assessment by the participants.

Volume of wrinkles in the periocular region and the melanin spots
For measurements of the primary variable, VisioFace RD
(CK Electronic, Cologne, Germany) equipment will
be used. This apparatus has a digital camera with white
diode illumination that will record a standardised photo-
graph of each participant’s face. Through a computer
program, parameters will be determined that will indicate
the volume of wrinkles in the periocular region, which is
commonly known as crow’s feet.
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Elasticity/Sagging

Other non-invasive measurements of the facial region
will also be performed. The viscoelasticity of the skin
will be evaluated in the periocular region by Cutom-
eter Dual MPA 580 (CK Electronic) instrumentation.
Cutaneous elasticity is an important parameter because
it provides indirect information on the quality and quan-
tity of collagen and elastic fibres (structural fibres) that
are degraded by the metalloproteinases. It is known
that photoaged skin presents disorganised elastin and
decreased collagen fibres.*®

Hydration

Skin hydration will be evaluated by a Corneometer CM
825 (CK Electronic) probe. This parameter is related to
the amount of water in the dermis and epidermis, which
allows for suitable skin functions.?’

Quality of life and self-assessment by the participants
The participants will respond to the quality of life and
self-assessment questionnaires. An interview of around
20 minwill be enough to getall of the participants’ answers.
In terms of the quality of life, two adapted questionnaires
will be applied. First, an adaptation of the questionnaire
for the quality of life of participants with dermatolog-
ical diseases will be used (Skindex-29).** The second is
the adapted version of the Melasma Quality of Life scale
- Brazilian Portuguese adaption (MelasQoL-BP) ques-
tionnaire.” Due to these adaptations, the questionnaires
will be evaluated in terms of reproducibility and internal
consistency. For this, 20 participants, external to the main
research, will respond to the questionnaires twice, with
an interval of 30 days between answers. Statistical analyses
will then be conducted. These particular participants will
be duly informed about the research and, if they agree
to participate in the study, they will sign the terms of free
and informed consent. The rhytidectomy outcome eval-
uation questionnaire will be performed before and after
the phototherapy treatments for the verification of the
self-assessment by participants.32

All of the measurements will be performed by LRM, who
was previously trained by the CK Electronic’s representa-
tive in Brazil. The VisioFace equipment has standardised
illumination and face positioning in order to minimise
any experimental bias. The questionnaires will be applied
by LRM. The data that will be collected from this study will
be managed only by the principal investigators (authors
of this paper). The data will be saved on the university
computer, protected by a password.

The complete study timeline is presented in figure 1.

Statistical analyses and data analyses plan

The Shapiro-Wilk test will be used to test for normality of
data. If the data are non-parametric, the normalisation
will be performed by a math strategy. Student’s t-test for
dependent variables will be used for inferential analyses.
A p value <0.05will be considered statistically significant.
DdFTdS will perform all the statistical analyses.

DISCUSSION

Photobiomodulation has been extensively studied for
wound healing in the medical literature, showing good
results.””™ The effect is related to the increased prolifer-
ation of dermal fibroblasts, collagen synthesis, decrease
of the inflammatory cells and formation of granulation
tissue. The use of both LED and lasers has been consid-
ered effective.” ¥ Recently, some studies proposed the
use of phototherapy in aesthetics protocols for rejuve-
nation."” * However, it is still needed to optimise photo-
therapy parameters such as energy and the number of
sessions.”

Despite the fact that phototherapy has been proposed as
an interesting tool to reduce wrinkles, clinical trials evalu-
ating any real effects are sparse."' 4 On this subject, this
study’s protocol was designed to evaluate the reduction
of wrinkles when using red or amber LED devices. This
current work has described a study protocol for a unicen-
tric randomised clinical trial based on the comparison of
the two interventions. The study has been designed to
optimise the obtainment of results and to minimise bias.
First, the participants will be their own control, since the
measurements are going to be accomplished before and
after a series of 10 sessions of interventions. Second, by
performing a split-face study, this will eliminate the indi-
vidual factors of each participant that affect treatment
outcomes. Pre-existing systemic pathologies, personal
daily care and food intake, together with smoking and
drinking habits, may affect the results obtained, and
performing both treatments on each patient will make
these factors influence the results equally for the two
groups. In addition, if the application of phototherapy
generates some systemic effects, it will have the same
influence on the results of the two treatments. This has
been carefully considered, since some studies have shown
systemic effects of phototherapy.” ** Third, it is known
that melanin absorbs light in the visible and infrared
region of the spectra. Thus, the results of the application
of both LED, in red and amber, may be affected by the
melanin content of the skin. In this sense, skin types II,
IIT and IV were chosen as inclusion criteria to standardise
the melanin content of the participants, excluding skin
types with high melanin content (types V and VI) and
lower melanin content (type I). Fourth, a double-blind
study will reduce errors of bias due to the subconscious
influence of the volunteers as well as the researchers
on data acquisition. Finally, this randomisation will be
performed in an equal way (ie, group A=group B); then
in case of a patient’s withdrawal after the first randomi-
sation, new inscriptions and a new randomisation can
be generated, thus allowing the researchers to reach the
desired number of patients for the study.

The aesthetics of the face may have positive or negative
effects on the quality of life of patients, as well as on their
self-esteem. Despite being treated as futilities, aesthetic
treatments may have strong and important influences
on psychological and emotional levels, as well as on the
well-being of people. Some studies have already shown
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Recruitment

I Excluded: No Informed |
Consent

L—l-_—_—_—_——l

Signature of Consent Form

Assessment (Inclusion/Exclusion Criteria)

Randomisation

Baseline Assessment: volume of wrinkles,
melanin spots, elasticity, sagging, hydration,
quality of life and self-assessment questionary

Baseline Assessment: volume of wrinkles,
melanin spots, elasticity, sagging, hydration,
quality of life and self-assessment questionary

Group A Intervention: Red LED at right
hemiface and amber LED at left hemiface

hemiface and amber LED at right hemiface

Completion of 10
sessions treatment

Reassessment

L

Group B Intervention: Red LED at left

Completion of 10
sessions treatment

Reassessment

|

Washout 180 days

Assessment

|

Assessment

Group A Intervention: Red LED at left
hemiface and amber LED at right hemiface

Group B Intervention: Red LED at right
hemiface and amber LED at left hemiface

Completion of 10
sessions treatment

Reassessment

Study timeline. LED, light-emitting diode.

Completion of 10
sessions treatment

Reassessment
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improvements in the quality of life and self-assessments
by patients after aesthetic treatments.** * In this sense,
the aforesaid questionnaires will be used to evaluate these
aesthetic effects. Since the quality of life and the self-assess-
ment questionnaires that have been validated in Portu-
guese when related to wrinkles are sparse, we decided to
make fairly minor adaptations on some previously validated
ones. The adaptation of the quality of life questionnaire for
participants with dermatological diseases (Skindex-29)™
has involved the removal of 10 questions related to skin
diseases that are not suitable for participants with wrinkles,
resulting in a new questionnaire with 19 questions. The
adaptation of the quality of life questionnaire for partici-
pants with melasma (MelasQoL—BP)?’1 has included the
substitution of the word ‘melasma’ by the word wrinkles.
Due to these adaptations, the questionnaires will be evalu-
ated in terms of reproducibility and internal consistency, as
has been previously performed on other questionnaires.*’

When considering the importance of aesthetics of the face
on the life role of a person, the development of efficacious
treatments is essential. However, to prove that a treatment
presents efficacy, the choice of a quantitative evaluation
method is challenging. Most of the trials evaluating facial
skin that can be found in the literature are based on subjec-
tive measurements (patient satisfaction and photos), since
quantitative studies use biopsies.* *' * For this research,
non-invasive quantification methods will be used aimed
at evaluating a group of variables that may be affected or
improved by photobiomodulation therapy (volume of wrin-
kles, elasticity/sagging and hydration). Treatment and eval-
uation procedures during this study will be performed by
beauticians, since the procedures are non-invasive and they
are included in beauticians’ professional attributions. In
case the participants present any complication, IdSD will
evaluate the participant and guide the treatment.

Some studies have pointed to the efficacy of LEDs in tissue
repair, cutaneous hydration and increase in the production
of the sustentation fibres. However, there are still studies
that standardise dosimetry and the parameters of use.* */
Here, the choice of wavelengths was made from studies
that had demonstrated that an application of red light on
the skin could trigger cell proliferation, increased collagen
fibres and decreased metalloproteinases; these studies had
also demonstrated that an amber light can interact with
the epidermal cells, triggering mitosis and cell renewal, as
well as acting on the protection and the hydration of the
epidermis; all of this information is, together with clinical
trials, showing an improvement of wrinkles using photo-
therapy." ' #*' % There is no consensus in the literature
regarding the washout period for phototherapy, which
varies from 7 days to 12 weeks.”’ Due to this, a washout
of 180 days for performing the cross-over treatment was
chosen to evaluate if there were any residual effects from
the first photobiomodulation treatment performed.

The results of this clinical trial may confirm the effica-
ciousness of phototherapy in reducing periocular wrin-
kles and show improvements in certain other parameters.
Besides, the comparison between the reduction of wrinkles

achieved by each wavelength may be a valuable contribu-
tion to the aesthetics area and pave the way to developing
new treatment protocols with satisfactory results.

ETHICS AND DISSEMINATION

This protocol was approved by the Research Ethics
Committee of the Nove de Julho University (acceptance
number: 2.550.732). The trial has already been registered
in the Registro Brasileiro de Ensaios Clinicos (REBEC
number: RBR-6YFCBM) and it grants public access to the
full protocol. After publishing the protocol, the data will
be collected and the results will be presented at confer-
ences and published in a peerreviewed journal, selected
by interest area and impact factor. At the end of the study,
the main results will be disseminated to participants by
email. The authorship of the results paper will include the
authors of the protocol and others who may contribute to
the procedures or analysis of data.
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