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Abstract

The authors aimed to conduct a systematic review to assess data from the current literature on the effectiveness of low-level
laser therapy (LLLT) in preventing tooth sensitivity (TS) after tooth whitening (DB). PRISMA guidelines for systematic
reviews were followed. Clinical trials evaluating the treatment of LLLT in patients with sensitivity after tooth whitening
were selected. A full bibliographic search was performed on May 4, 2021, in the following databases: Embase, MEDLINE
via PubMed, SciELO, VHL Regional Portal, Web of Science, Gray Literature, Scopus, ClinicalTrials.gov and Cochrane
Library. This study followed Cochrane’s recommendations for analyzing risk of bias. A total of 1054 studies were found (255
studies were excluded because they were duplicates and 785 because of titles and abstracts). Only 14 articles were selected
for analysis, of which eight were excluded because they had one or more exclusion criteria, resulting in six articles included
in this systematic review, the vast majority being classified as low risk of bias. The studies reviewed indicated that LLLT
showed promise in preventing TS after TB. However, evidence is limited and more clinical trials with low risk of bias are

needed to reach a definitive conclusion on the action of LLLT in pain control after TB.
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Introduction

The mechanism of dental bleaching (DB) involves the deg-
radation of the extracellular matrix and the oxidation of
chromophores located precisely in dentin and enamel [1,
2], breaking one or more double bonds of organic chemical
dyes that stain teeth [1, 3, 4]. Colour-producing stains within
tooth structures are often organic compounds that contain
conjugated double bonds. In this way, stain molecules are
oxidized into colourless [4], lighter-coloured compounds
[1]. It should be taken into account that the time of treat-
ment required to reach the saturation point of DB depends
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on the exposure time and the concentration of the bleaching
compound [1].

However, like any procedure, there are risks that require
care. Tooth sensitivity (TS) is the most common clinical
consequence resulting from in-office DB [1, 5-8] performed
with 35% H202 [8]. This TS usually occurs at the time of
treatment and can last for several days [1], followed by
mild gingival irritation [1, 5]. Bleaching agents can release
substances that lead to changes in cell metabolism and/or
inflammation of the dental pulp [2]. Inflammatory media-
tors released by the penetration of bleaching agents into
dental tissues can sensitize nociceptors, leading to TS [9].
The degrees of these side effects are directly related to the
concentrations of peroxide, the duration of treatment and the
composition of the products used [1].

Recent studies have indicated treatments intended to
reduce these effects caused by TS [7, 10-13]. Likewise,
laser therapy has recently been presented as a treatment
method for reducing TS after DB [3]. Low-level laser ther-
apy (LLLT) has been increasingly used in various areas
of dentistry and medicine [2, 8, 14, 15] for pain reduc-
tion [8, 14], due to its analgesic, anti-inflammatory and
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biostimulant effects [8]. These excellent properties sug-
gest that LLLT may be able to attenuate the damage and
inflammation caused in pulp tissue by in-office bleaching
agents. Also, it can possibly reduce the risk and intensity
of TS due to DB [8], restoring the integrity of the dental
pulp after the procedure and promoting, in this way, the
regeneration of the injured tissues, mainly for the control
of the postoperative symptoms [2].

A previous systematic review assessed the effects of
LLLT on dentin hypersensitivity [16]; however, no review
was performed addressing TS after DB. Therefore, the pre-
sent review condensed the existing evidence in order to
clarify this important issue. Thus, the goal of the present
study was to perform a systematic review in order to assess
the effectiveness of LLLT in preventing TS after DB.

Materials and methods
Protocol and registration

The registration protocol for the present study was obtained
from the International Prospective Register of Systematic
Reviews (PROSPERO 2020, CRD42020206317). The
study also followed the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA), stated in the systematic reviews report
[17].

Eligibility criteria

In the search strategy, the terms, synonyms and free terms
(keywords) of the Medical Subject Heading (MeSH) were
defined using the PICO guidelines [18]:

1. Population (P): Patients who underwent DB.

2. Intervention (I): Low-level laser therapy/photobiomodu-
lation.

3. Comparison (C): Control, placebo, or other treatment.

4. Outcomes (O): Primary outcomes: Relief of TS after
bleaching; Secondary outcomes: Relief of TS after
bleaching over time.

This systematic review only included randomized con-
trolled trials (RCTs) to observe the clinical efficacy of LLLT
in preventing ST in permanent teeth of adult patients (men
and women) undergoing BD, compared to other desensitiza-
tion treatments or placebo. In vitro studies, cohort studies,
editorial letters, historical reviews and pilot studies, obser-
vational studies and descriptive studies such as case reports
and case series were excluded.

@ Springer

Information sources

The electronic search was performed to find the articles that
would be included in the present review. In order to find all

studies published in the area, the search was performed on 4th
May 2021 (with an alert requesting recently published articles)
in the following databases: Embase; MEDLINE database via
PubMed; SciELO; VHL Regional Portal; Web of Science;
Gray Literature; Scopus; ClinicalTrials.gov and Cochrane

Library. There were no restrictions regarding language or
publication dates.

Search strategy

Search strategies were precisely designed for each database
(Table 1). The search strategy was reviewed by colleagues
experienced in developing and conducting systematic reviews.

The identified studies were imported into a reference man-
agement software (EndNoteWeb) for automatic removal of
duplicates.

Selection process

Titles and abstracts of all studies identified by the search strat-
egy were independently read and reviewed by two authors
(AMPC and RPO) to locate eligible studies, and disagreements
were resolved by discussion or involving the third reviewer
(CMA). The search resulted in full-text versions of studies
eligible for evaluation and data extraction. Subsequently,
a manual search was performed in the reference lists of the
included articles to detect additional relevant studies that had
not been found during the searches in the databases. If the arti-
cles were found in more than one database, that is, duplicates,
they were excluded from one of the databases, so that only one
article remained, without repetition. In cases where the same
study had different follow-up periods in relation to outcome
assessments, only the most recent versions were accepted.
Eligible studies were read in full, as well as those that did
not contain sufficient information in the titles and abstracts,
in order to make a final decision on whether or not to include
these studies.

Data collection process

Data from the included articles were independently recorded
and recorded in duplicate by two researchers (AMPC and
RPO). Reviewers must enter the data in an Excel format
spreadsheet (Microsoft Corporation, Redmond, WA, USA).
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Table 1 Appropriately defined search strategies for each database

Embase #1 AND #2

#LCCCCCCeeeeerr - dentin’ fexp OR dentin) AND (‘sensitivity’/exp OR sensitivity) OR ‘dentin’/exp OR dentin) AND hypersensi-
tivit* OR ‘dentine’/exp OR dentine) AND hypersensitivit* OR dentin*) AND sensitivit* OR sensitivit*,) AND (‘tooth’/exp OR tooth) OR
hypersensitivit* OR ‘dentin’/exp OR dentin OR ‘tooth’/exp OR tooth) AND (‘bleaching’/exp OR bleaching) OR bleaching,) AND (‘tooth’/exp
OR tooth) OR ‘teeth’/exp OR teeth) AND whitening OR whitening,) AND (‘teeth’/exp OR teeth) OR ‘tooth’/exp OR tooth) AND whitening
OR whitening,) AND (‘tooth’/exp OR tooth) OR ‘teeth’/exp OR teeth) AND (‘bleaching’/exp OR bleaching) OR bleaching,) AND (‘teeth’/
exp OR teeth) OR ‘tooth’/exp OR tooth) AND (‘bleaching’/exp OR bleaching) AND agents OR agents,) AND (‘tooth’/exp OR tooth) AND
(‘bleaching’/exp OR bleaching) OR ‘bleaching’/exp OR bleaching) AND agents, AND (‘tooth’/exp OR tooth) OR ‘teeth’/exp OR teeth) AND
whitening AND agents OR agents,) AND (‘teeth’/exp OR teeth) AND whitening OR whitening) AND agents, AND (‘teeth’/exp OR teeth) OR
‘tooth’/exp OR tooth) AND whitening AND agents OR agents,) AND (‘tooth’/exp OR tooth) AND whitening OR whitening) AND agents,
AND (‘tooth’/exp OR tooth) OR ‘teeth’/exp OR teeth) AND (‘bleaching’/exp OR bleaching) AND agents OR agents,) AND (‘teeth’/exp OR
teeth) AND (‘bleaching’/exp OR bleaching) OR ‘bleaching’/exp OR bleaching) AND agents, AND (‘teeth’/exp OR teeth) OR ‘carbamide’/exp
OR carbamide) AND (‘peroxide’/exp OR peroxide) OR ‘hydrogen’/exp OR hydrogen) AND (‘peroxide’/exp OR peroxide)

#2 ‘low level” AND (‘light’/exp OR light) AND (‘therapy’/exp OR therapy) OR ‘light’/exp OR light) AND therapies, AND ‘low level’ OR
‘light’/exp OR light) AND therapy, AND ‘low level’ OR low) AND level AND (‘light’/exp OR light) AND (‘therapy’/exp OR therapy) OR
‘low level’) AND (‘light’/exp OR light) AND therapies OR ‘photobiomodulation’/exp OR photobiomodulation) AND (‘therapy’/exp OR
therapy) OR ‘photobiomodulation’/exp OR photobiomodulation) AND therapies OR 111t

PubMed #1 AND #2

#1 “dentin sensitivity”[MeSH Terms] OR “dentin hypersensitivit*”[Title/Abstract] OR “dentine hypersensitivit*”[Title/Abstract] OR “den-
tin sensitivit*”[Title/Abstract] OR (“sensitivit*”’[All Fields] AND “Tooth”[Title/Abstract]) OR (“hypersensitivit*”’[All Fields] AND
“Dentin”’[Title/Abstract]) OR (“hypersensitivit*”’[All Fields] AND “Dentine”[Title/Abstract]) OR “tooth bleaching”[MeSH Terms] OR
“bleaching tooth”[Title/Abstract] OR “teeth whitening”[Title/Abstract] OR “whitening teeth”’[Title/Abstract] OR “tooth whitening”’[ Title/
Abstract] OR “whitening tooth”[Title/Abstract] OR “teeth bleaching”’[Title/Abstract] OR “bleaching teeth”[Title/Abstract]

#2 “low level light therapy”[MeSH Terms] OR ((“Light”’[MeSH Terms] OR “Light”[All Fields] OR “lighted”[All Fields] OR “lights”[All
Fields] OR “lighting”’[MeSH Terms] OR “lighting”[All Fields] OR “lightings”[All Fields] OR “lightness”[All Fields] OR “lightnesses”[All
Fields]) AND “therapies low level”[Title/Abstract]) OR “light therapy low level”[Title/Abstract] OR “low level light therapy”[Title/Abstract]
OR “low level light therapies”[Title/Abstract] OR ((“therapeutics”’[MeSH Terms] OR “therapeutics”[All Fields] OR “Therapies”[All Fields]
OR “Therapy”[MeSH Subheading] OR “Therapy”[All Fields] OR “therapy s”’[All Fields] OR “therapys”[All Fields]) AND “low level
light”[Title/Abstract]) OR “therapy low level light”[Title/Abstract] OR “photobiomodulation therapy”[Title/Abstract] OR “photobiomodula-
tion therapies”[Title/Abstract] OR “therapies photobiomodulation”[Title/Abstract] OR “therapy photobiomodulation”[Title/Abstract] OR
“LLLT”[Title/Abstract]

Scielo #1 AND #2

#1 ( dentin AND sensitivity) OR ( dentin AND hypersensitivit*) OR ( dentine AND hypersensitivit*) OR ( dentin* AND sensitivit*) OR (
dental AND pain) OR ( dental AND sensitivity) AND ( tooth AND bleaching) OR ( teeth AND whitening) OR ( tooth AND whitening) OR
( teeth AND bleaching) OR ( bleaching) OR ( whitening) OR ( tooth AND bleaching AND agents) OR ( teeth AND whitening AND agents)
OR ( tooth AND whitening AND agents) OR ( teeth AND bleaching AND agents) OR ( urea AND hydrogen AND peroxide) OR ( urea AND
peroxide) OR ( perhydrol AND urea) OR ( hydroperoxide) OR ( superoxol) OR ( oxydol) OR ( perhydrol) OR ( carbamide AND peroxide) OR
( hydrogen AND peroxide)

#2 (low-level AND light AND therapy) OR ( lasers) OR ( low AND level AND light AND therapy) OR ( low-level AND light AND therapies)
OR ( photobiomodulation AND therapy) OR ( photobiomodulation AND therapies) OR ( 1lIt) OR ( low-level AND laser AND therapies) OR
( low-power AND laser AND therapy) OR (low AND power AND laser AND therapy) OR ( low-power AND laser AND therapies) OR (
low-level AND laser AND therapy) OR (low AND level AND laser AND therapy) OR ( low-power AND laser AND irradiation) OR ( low
AND power AND laser AND irradiation) OR ( laser AND biostimulation) OR ( laser AND phototherapy) OR ( semiconductor AND laser)
OR ( semiconductor AND lasers) OR ( semiconductor AND diode AND lasers) OR ( semiconductor AND diode AND laser) OR ( diode AND
lasers) OR ( diode AND laser) OR ( quantum AND cascade AND lasers) OR (quantum AND cascade AND laser) OR ( gallium AND alu-
minum AND arsenide AND lasers) OR ( gaalas AND lasers) OR ( gaalas AND laser) OR ( gallium AND arsenide AND lasers) OR ( gallium
AND arsenide AND laser) OR ( gaas AND lasers) OR ( gaas AND laser) OR ( g-switched AND lasers) OR ( ¢ AND switched AND lasers)
OR ( g-switched AND laser) OR ( pulsed AND lasers) OR ( pulsed AND laser) OR ( continuous AND wave AND lasers) OR ( continuous
AND wave AND laser) OR ( masers) OR ( maser) OR ( laser*) OR ( nerve AND desensitization) OR ( 660 nm) OR ( 790 nm) OR ( 780 nm)

BVS #1 AND #2
#1 dentin sensitivity OR dentin hypersensitivit* OR dentine hypersensitivit* OR dentin* sensitivit* OR tooth bleaching OR Teeth Whitening

OR Tooth Whitening OR OR tooth bleaching agents OR Teeth Whitening Agents OR Tooth Whitening Agents OR Teeth Bleaching Agents
OR carbamide peroxide OR hydrogen peroxide

#2 Low-Level Light Therapy OR Low-Level Light Therapies OR Photobiomodulation Therapy OR Photobiomodulation Therapies OR LLLT
OR Low-Level Laser Therapies OR Low-Power Laser Therapy OR Low Power Laser Therapy OR Low-Power Laser Therapies OR Low-Level
Laser Therapy OR Low Level Laser Therapy OR Low-Power Laser Irradiation OR Low Power Laser Irradiation OR Semiconductor Laser OR
Semiconductor Lasers OR Laser OR lasers
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Table 1 (continued)

Embase #1 AND #2

Web of Science #1 AND #2

#1 TS = (dentin sensitivity) OR TS =(dentin hypersensitivit*) OR TS =(dentine hypersensitivit*) OR TS =(dentin* sensitivit¥) OR TS = (Sensi-
tivit*, Tooth) OR TS = (Hypersensitivit*, Dentin) OR TS = (Hypersensitivit*, Dentine) OR TS = (tooth bleaching) OR TS = (Bleaching, Tooth)
OR TS =(Teeth Whitening) OR TS =(Whitening, Teeth) OR TS = (Tooth Whitening) OR TS =(Whitening, Tooth) OR TS = (Teeth Bleaching)
OR TS = (Bleaching, Teeth)

#2 TS = (Low-Level Light Therapy) OR TS = (Light Therapies, Low-Level) OR TS = (Light Therapy, Low-Level) OR TS =(Low Level Light
Therapy) OR TS =(Low-Level Light Therapies) OR TS =(Therapies, Low-Level Light) OR TS = (Therapy, Low-Level Light) OR TS =Pho-
tobiomodulation Therapy) OR TS = (Photobiomodulation Therapies) OR TS = (Therapies, Photobiomodulation) OR TS = (Therapy, Photobio-
modulation) OR TS =(LLLT)

Open Grey

#1 (dentin sensitivity OR dentin hypersensitivit¥* OR dentine hypersensitivit* OR dentin* sensitivit* OR Sensitivit*, Tooth OR Hypersensi-
tivit*, Dentin OR Hypersensitivit*, Dentine OR tooth bleaching OR Bleaching, Tooth OR Teeth Whitening OR Whitening, Teeth OR Tooth
Whitening OR Whitening, Tooth OR Teeth Bleaching OR Bleaching, Teeth OR tooth bleaching agents OR Agents, Tooth Bleaching OR
Bleaching Agents, Tooth OR Teeth Whitening Agents OR Agents, Teeth Whitening OR Whitening Agents, Teeth OR Tooth Whitening Agents
OR Agents, Tooth Whitening OR Whitening Agents, Tooth OR Teeth Bleaching Agents OR Agents, Teeth Bleaching OR Bleaching Agents,
Teeth OR carbamide peroxide OR Urea Hydrogen Peroxide OR Hydrogen Peroxide, Urea OR Urea Peroxide OR Perhydrol Urea OR hydrogen
peroxide OR Peroxide, Hydrogen OR Hydrogen Peroxide (H202) OR Hydroperoxide OR Superoxol OR Oxydol OR Perhydrol)

#2 (Low-Level Light Therapy OR Light Therapies, Low-Level OR Light Therapy, Low-Level OR Low Level Light Therapy OR Low-Level
Light Therapies OR Therapies, Low-Level Light OR Therapy, Low-Level Light OR Photobiomodulation Therapy OR Photobiomodulation
Therapies OR Therapies, Photobiomodulation OR Therapy, Photobiomodulation OR LLLT OR Laser Therapy, Low-Level OR Laser Thera-
pies, Low-Level OR Laser Therapy, Low Level OR Low-Level Laser Therapies OR Laser Irradiation, Low-Power OR Irradiation, Low-Power
Laser OR Laser Irradiation, Low Power OR Low-Power Laser Therapy OR Low Power Laser Therapy OR Laser Therapy, Low-Power OR
Laser Therapies, Low-Power OR Laser Therapy, Low Power OR Low-Power Laser Therapies OR Low-Level Laser Therapy OR Low Level
Laser Therapy OR Low-Power Laser Irradiation OR Low Power Laser Irradiation OR Laser Biostimulation OR Biostimulation, Laser OR
Laser Phototherapy OR Phototherapy, Laser OR Lasers, Semiconductor OR Laser, Semiconductor OR Semiconductor Laser OR Semiconduc-
tor Lasers OR Semiconductor Diode Lasers OR Diode Laser, Semiconductor OR Diode Lasers, Semiconductor OR Laser, Semiconductor
Diode OR Lasers, Semiconductor Diode OR Semiconductor Diode Laser OR Diode Lasers OR Diode Laser OR Laser, Diode OR Lasers,
Diode OR Quantum Cascade Lasers OR Laser, Quantum Cascade OR Quantum Cascade Laser OR Lasers, Quantum Cascade OR Gallium
Aluminum Arsenide Lasers OR Lasers, GaAlAs OR Lasers, Gallium Aluminum Arsenide OR GaAlAs Lasers OR GaAlAs Laser OR Laser,
GaAlAs OR Gallium Arsenide Lasers OR Arsenide Laser, Gallium OR Arsenide Lasers, Gallium OR Gallium Arsenide Laser OR Laser,
Gallium Arsenide OR Lasers, GaAs OR Lasers, Gallium Arsenide OR GaAs Lasers OR GaAs Laser OR Laser, GaAs OR lasers OR Laser OR
Q-Switched Lasers OR Laser, Q-Switched OR Lasers, Q-Switched OR Q Switched Lasers OR Q-Switched Laser OR Pulsed Lasers OR Laser,
Pulsed OR Lasers, Pulsed OR Pulsed Laser OR Continuous Wave Lasers OR Continuous Wave Laser OR Laser, Continuous Wave OR Lasers,
Continuous Wave OR Masers OR Maser)

Scopus #1 AND #2

#1 TITLE-ABS-KEY ( dentin AND sensitivity) OR TITLE-ABS-KEY ( dentin AND hypersensitivit*) OR TITLE-ABS-KEY ( dentine AND
hypersensitivit*) OR TITLE-ABS-KEY ( dentin* AND sensitivit*) OR TITLE-ABS-KEY ( dental AND pain) OR TITLE-ABS-KEY ( dental
AND sensitivity) AND TITLE-ABS-KEY ( tooth AND bleaching) OR TITLE-ABS-KEY ( teeth AND whitening) OR TITLE-ABS-KEY (
tooth AND whitening) OR TITLE-ABS-KEY ( teeth AND bleaching) OR TITLE-ABS-KEY ( bleaching) OR TITLE-ABS-KEY ( whitening)
OR TITLE-ABS-KEY ( tooth AND bleaching AND agents) OR TITLE-ABS-KEY ( teeth AND whitening AND agents) OR TITLE-ABS-
KEY ( tooth AND whitening AND agents) OR TITLE-ABS-KEY ( teeth AND bleaching AND agents) OR TITLE-ABS-KEY (urea AND
hydrogen AND peroxide) OR TITLE-ABS-KEY (urea AND peroxide) OR TITLE-ABS-KEY ( perhydrol AND urea) OR TITLE-ABS-KEY (
hydroperoxide) OR TITLE-ABS-KEY ( superoxol) OR TITLE-ABS-KEY ( oxydol) OR TITLE-ABS-KEY ( perhydrol) OR TITLE-ABS-KEY
( carbamide AND peroxide) OR TITLE-ABS-KEY ( hydrogen AND peroxide)
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Table 1 (continued)

Embase #1 AND #2

#2 TITLE-ABS-KEY (low-level AND light AND therapy) OR TITLE-ABS-KEY ( lasers) OR TITLE-ABS-KEY (low AND level AND light
AND therapy) OR TITLE-ABS-KEY ( low-level AND light AND therapies) OR TITLE-ABS-KEY ( photobiomodulation AND therapy) OR
TITLE-ABS-KEY ( photobiomodulation AND therapies) OR TITLE-ABS-KEY (11it) OR TITLE-ABS-KEY ( low-level AND laser AND
therapies) OR TITLE-ABS-KEY ( low-power AND laser AND therapy) OR TITLE-ABS-KEY (low AND power AND laser AND therapy)
OR TITLE-ABS-KEY ( low-power AND laser AND therapies) OR TITLE-ABS-KEY ( low-level AND laser AND therapy) OR TITLE-ABS-
KEY (low AND level AND laser AND therapy) OR TITLE-ABS-KEY ( low-power AND laser AND irradiation) OR TITLE-ABS-KEY ( low
AND power AND laser AND irradiation) OR TITLE-ABS-KEY ( laser AND biostimulation) OR TITLE-ABS-KEY ( laser AND photo-
therapy) OR TITLE-ABS-KEY ( semiconductor AND laser) OR TITLE-ABS-KEY ( semiconductor AND lasers) OR TITLE-ABS-KEY (
semiconductor AND diode AND lasers) OR TITLE-ABS-KEY ( semiconductor AND diode AND laser) OR TITLE-ABS-KEY ( diode AND
lasers) OR TITLE-ABS-KEY ( diode AND laser) OR TITLE-ABS-KEY ( quantum AND cascade AND lasers) OR TITLE-ABS-KEY (quan-
tum AND cascade AND laser) OR TITLE-ABS-KEY ( gallium AND aluminum AND arsenide AND lasers) OR TITLE-ABS-KEY (gaalas
AND lasers) OR TITLE-ABS-KEY ( gaalas AND laser) OR TITLE-ABS-KEY ( gallium AND arsenide AND lasers) OR TITLE-ABS-KEY (
gallium AND arsenide AND laser) OR TITLE-ABS-KEY ( gaas AND lasers) OR TITLE-ABS-KEY (gaas AND laser) OR TITLE-ABS-KEY
( g-switched AND lasers) OR TITLE-ABS-KEY ( q AND switched AND lasers) OR TITLE-ABS-KEY ( g-switched AND laser) OR TITLE-
ABS-KEY ( pulsed AND lasers) OR TITLE-ABS-KEY ( pulsed AND laser) OR TITLE-ABS-KEY (continuous AND wave AND lasers) OR
TITLE-ABS-KEY ( continuous AND wave AND laser) OR TITLE-ABS-KEY (masers) OR TITLE-ABS-KEY ( maser) OR TITLE-ABS-
KEY (laser*) OR TITLE-ABS-KEY ( nerve AND desensitization) OR TITLE-ABS-KEY (660 nm) OR TITLE-ABS-KEY (790 nm) OR
TITLE-ABS-KEY ( 780 nm)

Clinical Trial

#1 dentin sensitivity AND tooth bleaching OR Bleaching OR Whitening AND #2 Low-Level Light Therapy OR Lasers, Semiconductor OR
Lasers AND Placebo Effect

Cochrane #1 AND #2

#1 (dentin sensitivity OR dentin hypersensitivit* OR dentine hypersensitivit* OR dentin* sensitivit* OR Sensitivit*, Tooth OR Hypersensi-
tivit*¥, Dentin OR Hypersensitivit*, Dentine OR tooth bleaching OR Bleaching, Tooth OR Teeth Whitening OR Whitening, Teeth OR Tooth
Whitening OR Whitening, Tooth OR Teeth Bleaching OR Bleaching, Teeth OR tooth bleaching agents OR Agents, Tooth Bleaching OR
Bleaching Agents, Tooth OR Teeth Whitening Agents OR Agents, Teeth Whitening OR Whitening Agents, Teeth OR Tooth Whitening Agents
OR Agents, Tooth Whitening OR Whitening Agents, Tooth OR Teeth Bleaching Agents OR Agents, Teeth Bleaching OR Bleaching Agents,
Teeth OR carbamide peroxide OR Urea Hydrogen Peroxide OR Hydrogen Peroxide, Urea OR Urea Peroxide OR Perhydrol Urea OR hydrogen
peroxide OR Peroxide, Hydrogen OR Hydrogen Peroxide (H202) OR Hydroperoxide OR Superoxol OR Oxydol OR Perhydrol) in TITLE-
ABS-KEY

# 2 Low-Level Light Therapy OR Light Therapies, Low-Level OR Light Therapy, Low-Level OR Low Level Light Therapy OR Low-Level
Light Therapies OR Therapies, Low-Level Light OR Therapy, Low-Level Light OR Photobiomodulation Therapy OR Photobiomodulation
Therapies OR Therapies, Photobiomodulation OR Therapy, Photobiomodulation OR LLLT OR Laser Therapy, Low-Level OR Laser Thera-
pies, Low-Level OR Laser Therapy, Low Level OR Low-Level Laser Therapies OR Laser Irradiation, Low-Power OR Irradiation, Low-Power
Laser OR Laser Irradiation, Low Power OR Low-Power Laser Therapy OR Low Power Laser Therapy OR Laser Therapy, Low-Power OR
Laser Therapies, Low-Power OR Laser Therapy, Low Power OR Low-Power Laser Therapies OR Low-Level Laser Therapy OR Low Level
Laser Therapy OR Low-Power Laser Irradiation OR Low Power Laser Irradiation OR Laser Biostimulation OR Biostimulation, Laser OR
Laser Phototherapy OR Phototherapy, Laser OR Lasers, Semiconductor OR Laser, Semiconductor OR Semiconductor Laser OR Semiconduc-
tor Lasers OR Semiconductor Diode Lasers OR Diode Laser, Semiconductor OR Diode Lasers, Semiconductor OR Laser, Semiconductor
Diode OR Lasers, Semiconductor Diode OR Semiconductor Diode Laser OR Diode Lasers OR Diode Laser OR Laser, Diode OR Lasers,
Diode OR Quantum Cascade Lasers OR Laser, Quantum Cascade OR Quantum Cascade Laser OR Lasers, Quantum Cascade OR Gallium
Aluminum Arsenide Lasers OR Lasers, GaAlAs OR Lasers, Gallium Aluminum Arsenide OR GaAlAs Lasers OR GaAlAs Laser OR Laser,
GaAlAs OR Gallium Arsenide Lasers OR Arsenide Laser, Gallium OR Arsenide Lasers, Gallium OR Gallium Arsenide Laser OR Laser,
Gallium Arsenide OR Lasers, GaAs OR Lasers, Gallium Arsenide OR GaAs Lasers OR GaAs Laser OR Laser, GaAs OR lasers OR Laser OR
Q-Switched Lasers OR Laser, Q-Switched OR Lasers, Q-Switched OR Q Switched Lasers OR Q-Switched Laser OR Pulsed Lasers OR Laser,
Pulsed OR Lasers, Pulsed OR Pulsed Laser OR Continuous Wave Lasers OR Continuous Wave Laser OR Laser, Continuous Wave OR Lasers,
Continuous Wave OR Masers OR Maser

Data items follow-up periods. When the study did not present data of
interest, the authors were contacted by e-mail.

Eligible studies were classified by first author’s name and

year of publication. Details considered important, such as
study designs, participants, interventions and outcomes,
were extracted using custom extraction forms. If there
were different follow-up periods in the same studies,
data extraction would have been performed using longer

Study risk of bias assessment
The Cochrane Collaboration tool was used by two independ-

ent reviewers (AMPC and RPO) to assess the risk of bias in
the RCTs. The following items were among the evaluation
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criteria: sequence generation; allocation concealment;
patient blindness; masking the results evaluator; incom-
plete results data and selective result report. There was no
disagreement between reviewers during data selection and
assessment of bias. However, if necessary, a third reviewer
would help reach consensus (CMA).

Scoring according to the recommendations outlined in
the Cochrane Handbook for Systematic Reviews of Inter-
ventions 5.1.0 (http://handbook.cochrane.org) was used
to assess the risk of bias for each item in the studies and
relate to their quality. All items analyzed were considered
essential to assess the risk of bias. Therefore, for each item,
we chose to record “yes” indicating low risk of bias, “no”
indicating high risk of bias and “not clear” indicating lack
of information or uncertainty about the potential for bias.
Thus, we sought to communicate with the authors in the
case of studies considered “unclear” in any of the items, in
order to obtain the necessary information for a definitive
decision on the study. When at least one of the items was
judged to be vague or at high risk of bias, the entire study
was conceptualized, respectively, as unclear or at high risk
of bias. To classify studies as being of good quality, all items
must be at low risk of bias.

Meta-analysis

An attempt was made to perform a meta-analysis to assess
the effectiveness of LLLT in preventing TS after DB; how-
ever, it was not successfully performed in this systematic
review. In order to clarify the reasons, they are specified
below:

1. About the sensitivity test data, two studies [12, 19] pre-
sented mean and SD for both groups =0. In the MA soft-
ware, this finding does not produce any effect size for
the study nor lead (obviously) to any result. In addition,
another selected study [20] did not present SD.

2. For the questionnaire data, they exhibited the same
problem in the analysis of several days (mean and SD
for both groups =0), in addition to the difference in the
scales used, and also the difference in the time of laser
use between some studies.

3. Due to the high heterogeneity between the studies,
greater than 50% (12 =87%).

Results
Research-study selection
The electronic search performed in the databases (Embase,

MEDLINE database via PubMed, SciELO, VHL
Regional Portal, Web of Science, Gray Literature; Scopus,
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ClinicalTrials.gov and Cochrane Library) resulted in 1054
articles. Among these studies, 255 were excluded because
they were duplicates, and 785 were excluded after reading
the titles and abstracts, either because they used another
type of laser or because they addressed other types of treat-
ments, i.e. they did not use LLLT for treating TS after DB.
Of the 14 articles selected for analysis, eight were excluded
because they were non-randomized clinical studies, had
been recorded in Clinical Trials and the Brazilian Regis-
try of Clinical Trials (ReBEC) without the outcomes. This
way, the sample for analysis was composed of six studies.
The flowchart of the complete study process is illustrated
in Fig. 1.

Description of included studies

Table 2 presents data from the six studies selected for the
present systematic review, according to the inclusion and
exclusion criteria. In order to detail the selected articles with
respect to the type of DB, all of them used in-office DB to
assess TS [3, 8, 12, 19-21]. However, all worked with the
same product concentration (35% H202) [3, 12, 19-21],
with the exception of Moosavi et al., who used 40% H202
[8], and Dias et al., who, in addition to 35% H202, used
H202 in combination with titanium dioxide with 6% nitro-
gen (6% H202 / TiO2 with N) [20].

Another issue to describe is that some of the selected
articles used laser before DB [12, 19, 21], others after [3, 8,
20, 21], and one of the studies used it before and after DB
[21]. All studies worked with infrared laser [3, 8, 12, 19-21]
for controlling TS. However, one study compared low-level
infrared laser (LLIL) with low-level red laser (LLRL) to
determine which would be the most viable and with the most
promising effect in comparison with placebo [8]. Some stud-
ies worked with infrared spectrum laser at 808 nm, 60 J/cm?
for 16 s [3, 12, 19], and others at 780 nm, 40 mW, 10 J/cm?
for 10 s [20, 21]. Regarding the study that used both types
of lasers, the LLRL was used at 660 nm, 12 J/cm? for 15 s,
and the LLIL at 810 nm, 12 J/cm? for 15 s [8].

Regarding treatments, Alencar et al. [12] used LLLT
associated with fluoride toothpaste (5000 ppm), and com-
pared this procedure with the application of fluoride. De
Silva et al. [19] assessed the use of laser in comparison with
placebo. De Paula et al. [3] and Dias et al. [20] assessed the
laser in isolation, comparing it with a control group. In addi-
tion, the first article mentioned also used the laser associated
with KNO3 [3]. Moosavi et al. [8] used the two types of
lasers (LLRL and LLIL) alone, comparing them with each
other and with a placebo group. Finally, Calheiros et al. [21]
assessed the laser in isolation and compared the outcomes
with those of control and placebo groups.

With respect to the assessment criteria, half of the stud-
ies used the modified visual analog scale (MVAS), [3,
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Fig. 1 Flow diagram of the
study
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12, 19] some used the visual analog scale (VAS) [8, 20],
and one study worked with the verbal rating scale (VRS)
[21]. The methods of assessments varied between stud-
ies. Three studies used only a daily pain questionnaire, in
which the patients reported the intensity of the sensitivity
they felt [3, 8, 21]. In addition to the daily pain question-
naire, two studies used evaporative stimulus [12, 19], and
one study used mechanical and evaporative stimuli [20].
The studies indicated great variation with respect to the
assessment periods, i.e. one performed the assessment for
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28 days [12], others for 21 days [3, 19], 15 days [21] and
7 days [20], and another for up to 48 h after each bleach-
ing session, which totalled two [8]. Another issue was that
most studies used the split-mouth design [3, 12, 19, 20],
whereas the minority worked with parallel studies [8, 21].

All studies included were RCTs that compared LLLT
with placebo-based treatments or other treatments to treat
TS after DB. Only one study did not assess a placebo treat-
ment group [20]. None of the studies reported adverse
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effects of the treatments used. All publications were writ-
ten in English.

In this systematic review, most studies were classified as
low risk of bias [3, 8, 12, 19]. One of the articles could not
be classified due to the lack of information and the unsuc-
cessful attempt to contact the authors by email [20], and
another study was classified as high risk [21] (Figs. 2 and 3).

Outcome evaluator masking?
Incomplete outcome data?

Patient blinding?

Alencaretal 2018

Calheiros etal. 2017

DePaulaetal 2019
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® O ®|®| rnocation concealment?
000
)~ 906
00000

De Silvaetal. 2020

Dias etal 2016

B

B
OE
OE

Moosavi etal. 2016

. . . . . . Selective outcome report?

Fig.2 Bias risk assessment

Due to the high heterogeneity in terms of different types,
forms and periods of assessments, in addition to the different
moments in which lasers were used, two studies [12, 19] had
means and SD equal to zero for the groups used, which did
not produce any effect size for the studies, and did not refer
to any outcome. These two studies also presented the same
problem regarding the questionnaire data in the assessment
of several days (mean and SD =zero). Furthermore, one of
the studies [20] did not report SD, and it was not possible
to contact any of the authors for a period of 1 month by
means of weekly emails. Therefore, the performance of a
meta-analysis with the selected studies was not considered
possible.

Discussion

The present systematic review was performed to assess the
material provided by the literature about the effectiveness of
LLLT in preventing TS after DB. The vast majority of the
studies assessed in this qualitative analysis indicated that
there was a promising effect of LLLT to treat this condition.

After detailed research on the subject, six RCTs were
included for the analysis, given that they had assessed the
efficacy of LLLT, alone or in combination with another type
of treatment, in the prevention or control of TS caused by
the action of DB. The majority of the studies assessed (five)
indicated that LLLT had reduced or even avoided TS [3, 8,
12, 19, 20]. On the other hand, one study did not indicate
efficient outcomes [21].

LLLT therapy has been widely used to treat this condi-
tion, because it is used in many biomedical sciences to pro-
mote tissue regeneration. In recent years, many researchers
have described several important biological effects associ-
ated with LLLT [22]. The term “laser therapy” has been
widely referred to the therapeutic effects of lasers. Other
terms, such as laser biomodulation, laser bioactivation, laser
biostimulation, laser irradiation and laser photostimulation,
have often been used instead of laser therapy [15].

Fig. 3 Quality of studies
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Considering TS as a condition caused by the action of
DB, the analysis of the studies, addressing the type of DB
used, found that all of them had used in-office DB [3, 8,
12, 19-21] and worked with the same product concentra-
tion (35% H202) [3, 12, 19-21] with the exception of two
studies, one that used 40% H202 [8] and another that, in
addition to 35% H202, used H202 in combination with
titanium dioxide with 6% nitrogen (6% H202 / TiO2 with
N) [20]. Even though the literature reports that the avail-
able bleaching techniques and agents are effective and have
demonstrated similar behaviours [23], in-office DB gener-
ates greater intensity of TS [23-25].

Bleaching agents are mainly based on hydrogen perox-
ide (H202) or carbamide peroxide (PC), [1, 26, 27] the
latter being a stable complex that decomposes in contact
with water and releases H202. As PC releases H202, the
chemistry of most tooth whiteners is that of H202 [1]. Both
bleaching agents (PC and H202) can change the inherent
colour of teeth; however, different safety and efficacy fac-
tors should be taken into consideration [27]. On the other
hand, DB is a conservative approach compared to restora-
tive options when tooth discolouration is of great concern.
It is also considered to be one of the most conservative and
cost-effective dental treatments to improve a person’s smile
[27]. This way, the literature has reported DB effectiveness
in some clinical trials [23-25, 28].

Although the pain and discomfort caused by DB are gen-
erally mild and transient, in some cases they can be severe
and irritating, leading to the interruption of the bleaching
treatment [8]. A previous study concluded that peroxides
penetrate the coronal wall of the teeth and enter the pulp
chambers in significant amounts, and the greater the concen-
tration of peroxide, the greater the penetration power [26]. In
line with this finding, an in vivo study conducted with rats
demonstrated that the concentrations of H202 influenced the
effects on pulp tissue, and higher concentrations of H202
could cause necrosis in the pulp and prolonged effect on
the apoptotic process. Also, lower concentrations of H202
produced moderate inflammation, cell proliferation and
apoptosis, with reduction of these processes over time [29].
Likewise, the number of DB sessions directly influenced the
extent and intensity of pulp damage, as reported in a study
whose findings indicated necrotic tissue in the pulp horns
and underlying inflammatory changes after a DB session
[30]. After five sessions, changes included necrotic areas in
the pulp tissue, involving the second third of the root pulp,
and producing intense inflammation in the apical third of
rat teeth [30].

According to a previous study, LLLT used with specific
parameters was able to compensate for the cytotoxic effects
of the bleaching gel, which may have resulted from the main-
tenance of partial or even total cell viability, or by stimulat-
ing the proliferation of surviving cells [2]. The increase in

cell activity due to increased metabolism or proliferation in
the irradiated groups can be considered a beneficial effect of
the therapy, even if these outcomes cannot be extrapolated
to in vivo studies [2]. Regarding the moment of laser use,
in some studies, the lasers were used before the DB [12,
19, 21], others after [3, 8, 20, 21] and one of the studies
used it before and after the DB [21]. In addition, all studies
worked with infrared laser [3, 8, 12, 19-21] for controlling
TS; however, one study used LLIL and LLRL [8], also with
different wavelengths of the devices used. The literature
does not establish a standard to follow the ideal moment of
laser use, as well as the wavelength, which directly depends
on the LLLT device used. When we assessed what science
made available with respect to the type of laser, the infra-
red beam was more used to treat not only this condition
[3, 8, 12, 19-21] but also dentine hypersensitivity [31, 32].
Post-bleaching TS differs from dentine hypersensitivity for
being directly related to the penetration of bleaching gel by-
products into dentin and pulp tissue through the enamel.
This fact causes reversible pulpitis, which results in thermal
sensitivity of the teeth, not causing permanent damage to
the pulp [33].

Some therapies used did not result in sufficient effects or
evidence, as shown by some systematic reviews with meta-
analyses, regarding the administration of anti-inflammatory
drugs [9, 34] and analgesics for the prevention of TS [34]. In
addition, the incorporation of desensitizers in the bleaching
gel did not reduce the risk of TS [35]. Likewise, the use of
desensitizing gel before or after DB did not reduce the inci-
dence or intensity of TS in RCTs [7]. In opposition to these
findings, a meta-analysis indicated that potassium nitrate and
sodium fluoride had reduced TS caused by DB [36]. Along
the same lines, the application of calcium phosphate [11]
and the use of CPP-ACP paste also had a beneficial effect by
reducing TS caused by DB [37]. However, despite the range
of treatments on the market, a gold standard for treating
this condition has not yet been found. The studies assessed
used LLLT in different ways; one used LLLT associated
with 5000 ppm fluoride dentifrice and compared it with the
application only of fluoride dentifrice [12]. Another study
assessed the use of laser in comparison with placebo [19].
Two studies assessed the laser alone or in combination with
KNO3 in comparison with a control group [3, 20]. One of
the studies used two types of lasers in isolation, i.e. LLRL
and LLIL, comparing them with each other and with a pla-
cebo group [8]. One study assessed the laser in isolation in
comparison with control and placebo groups [21]. These
different methods are due to the search for the best way to
use LLLT to treat TS and determine the gold standard to
treat this condition.

Thus, to measure TS after DB, half of the studies used
the modified VAS [3, 12, 19], followed by the VAS used
by two studies [8, 20] and the VRS [21]. The VAS offers
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the advantage of being a continuous scale, and has been
widely used in clinical studies of dentine hypersensitivity
[38—42]. However, despite being the most used method, due
to its subjective nature, there has been great variation in the
outcomes obtained. With respect to stimuli, three studies
used only a daily pain questionnaire, in which the patients
reported the intensity of the sensitivity they felt [3, 8, 21].
In addition to the daily pain questionnaire, two studies used
the evaporative stimulus [12, 19], and one used mechanical
and evaporative stimulation [20]. There are several ways to
assess patients’ pain, as indicated by some studies; however,
the most common manners were evaporative [38—43] and
mechanical [38, 39, 41-43] stimuli.

In addition, several assessment periods were found, which
ranged from a short period, corresponding to 1 week [8, 20],
to a long period of treatment [12], i.e. 28 days. However,
regardless of the time assessed, the studies found favourable
outcomes resulting from the use of LLLT [3, 8, 12, 19, 20].
The literature shows that, in general, in the first hours (24
and 48 h after DB), a lower degree of TS can be observed
when LLIL is used, in comparison with another type of laser
and placebo, indicating that LLLT should be considered an
effective strategy to alleviate the pain and discomfort caused
by in-office DB procedures [8].

With respect to study design, most of the selected stud-
ies had a split-mouth design [3, 8, 12, 20], which results
in smaller and more conservative samples. This way, oral
health researchers and statisticians should carefully consider
the implications and limitations of this study design in oral
health clinical trials, as the effect of transport will be nega-
tive on the estimated difference with respect to treatment
outcomes. One treatment may affect the response of the
other, leading to a conservative estimate of treatment effect
in one trial [44]. However, laser is an electromagnetic wave
[3, 15] with a monochromatic, coherent and collimated light
[15] and there is no consistent evidence that dental laser
therapy can produce any systemic effect [3].

Despite the impossibility of performing a meta-analysis,
we can observe that the vast majority of studies supported
the use of LLLT to treat DB-related sensitivity, even though
the number of studies on this topic was scarce. Alencar
et al. [12] assessed the efficacy of LLLT associated with
the use of 5000 ppm fluoride toothpaste for TS after DB
in teeth exposed to 35% H202 for 4 weeks. These authors
compared that efficacy with the application of the fluoride
toothpaste associated with laser simulation, using a daily
pain questionnaire for 28 days and evaporative stimula-
tion, through baseline assessment and during the four DB
sessions. In both study groups, LLLT and placebo were
used before DB, whereas toothpaste was applied after DB.
Given the outcomes obtained, the study supported the use
of therapy with LLLT in combination with the topical use
of 5000 ppm sodium fluoride in each bleaching session, as
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it demonstrated lower TS in comparison to that caused by
the other treatment.

This result is in agreement with those of other studies,
such as that conducted by De Silva et al. [19]. These authors
found that photobiomodulation was effective in preventing
TS after DB with 35% H202, in comparison with a pla-
cebo group, in which the authors performed the simulation
of laser before the DB. They assessed pain through a daily
questionnaire, but during a shorter period (21 days) and
through evaporative stimulation, with baseline assessment
during three DB sessions.

Similarly, De Paula et al. [3] also reached the same con-
clusion regarding LLLT efficacy, assessing the use of pho-
tobiomodulation with low-level laser therapy (PBM-LLLT)
combined with 5% potassium nitrate (KNO3) for TS con-
trol after in-office DB. In that study, the use of PBM-LLLT
occurred after DB, and pain was assessed only through a
daily pain questionnaire for a period of 21 days.

Also in accordance with those studies, the literature pro-
vides the studies conducted by Dias et al. [20] and Moosavi
et al. [8], who also reached the same conclusion. The first
study assessed TS by means of evaporative and tactile tests
after DB with 35% H202 (one session with two 12-min
applications) and 6% of H202 / TiO2 with N (one session
of three 12-min applications), followed by the application
of LLLT and control using the split-mouth model, with the
tests performed before DB, immediately after, 24, 48, 72 h
and 1 week after laser application [20]. The last study used
40% H202 and assessed TS after DB with the irradiation
LLRL and LLIL, making a comparison between them, and
comparing them to the placebo group, registered using a
pain questionnaire 1, 24 and 48 h after DB [8].

Contradicting the reported studies, Calheiros et al. used
laser in various situations, such as before, after, and before
and after DB with 35% H202, in addition to using a control
and a placebo groups. These authors assessed their patients
using a daily pain questionnaire for 15 days, and did not
observe any advantage in the use of laser for preventing TS
after in-office DB [21]; however, this study was classified
as having high risk of bias, which reduced the safety of the
outcomes.

Pain is subjective and varies among individuals, which
was responsible for the outcomes obtained in the studies
selected for this systematic review. Based on an overview
of the studies, in which a variety of assessment types was
found (some used a questionnaire, others different stimuli),
we could observe different periods of assessments, which
ranged from 1 week to 28 days. In addition, there were dif-
ferent times of laser use. Some worked with the laser at
the initial moment and others after DB. As a result, it was
impossible to perform a meta-analysis to better determine
the action of LLLT. This fact was a limitation of the present
study.
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Thus, this systematic review sought to assess the real
evidence of the use of LLLT for treating TS caused by DB,
since the literature did not provide any review on this sub-
ject. However, despite the fact that it was not possible to
perform a meta-analysis, the present study may have prob-
ably been able to clarify the action of LLLT in the treat-
ment of TS caused by DB, in order to prevent the discomfort
caused. Further studies on this subject should be conducted
with an assessment standard, for a better interpretation of
the outcomes, since high heterogeneity was observed in the
studies assessed.

Conclusion

The literature indicates that LLLT has a promising effect
in preventing post-bleaching sensitivity. However, evidence
is still very limited, and further clinical studies with a high
standard of methodological assessment are needed in order
to reach an adequate conclusion on the topic addressed in
the present study.
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