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RESUMO

O uso da terapia fotodinamica (PDT) na endodontia visa complementar a desinfeccao
do sistema de canais radiculares apos o preparo quimico-mecéanico com a utilizacao
de um agente fotossensibilizante ativado por uma fonte de luz com comprimento de
onda especifico. Entretanto, ainda ha uma escassez de evidéncias solidas quanto a
eficcia dessa técnica nos principais desfechos clinicos. Assim, os objetivos desse
trabalho foram: 1) mapear sistematicamente a literatura existente nesse escopo,
sintetizar as principais evidencias de alto impacto disponiveis, e apontar direcbes
futuras para pesquisa; 2) avaliar através de uma revisao sistematica de ensaios
clinicos se a complementacdo com PDT é eficaz na redugdo microbiana na
pulpectomia de dentes deciduos; e 3) avaliar através de uma reviséo sistematica de
estudos in vitro se a PDT pode causa alteracdo de cor em dentes tratados
endodoénticamente. Os resultados dos estudos mostraram que: 1) a maior parte da
evidencia existente € laboratorial (74,5%), os principais desfechos clinicos
investigados foram a reducdo da carga microbiana e dor pés-operatoria, o periddico
Photodiagnosis and Photodynamic Therapy foi o que mais publicou sobre o assunto e
houve um crescimento exponencial na publicacdo destes estudos na ultima década;
2) Apenas um estudo mostrou que a complementacdo com PDT na pulpectomia de
dentes deciduos diminui significativamente a carga microbiana, os demais discutiram
0s possiveis beneficios porém sem observar diferenca estatistica nesse desfecho; e
3) todos os agentes fotossensibilizantes tem o potencial de pigmentacdo dentaria e
nenhum método se provou eficaz na remoc¢ao desses agentes. Dentro das limitacbes
da metodologia empregada, pode-se concluir que a quantidade de evidencias de alta
qualidade sobre PDT na endodontia ainda é escassa e futuros estudos clinicos devem
focar em investigar os efeitos dessa terapia a longo prazo no reparo periradicular, na
taxa de sobrevivéncia, e no impacto estético e social de uma possivel pigmentacao

dentaria como efeito colateral.

Palavras-chave: Terapia fotodindmica, Endodontia, Reviséo sistematica



ABSTRACT

Photodynamic therapy (PDT) in endodontics aims to supplement the disinfection of the
root canal system after chemo-mechanical preparation by using a photosensitizing
agent activated by a light source with a specific wavelength. However, there is still a
lack of solid evidence regarding the effectiveness of this technique on major clinical
outcomes. Thus, the objectives of this work were: 1) to systematically map the existing
literature in this scope, synthesize the main high-impact evidence, and point future
directions for research; 2) to evaluate, through a systematic review of clinical trials,
whether supplementation with PDT is effective in reducing microbial load in
pulpectomy of primary teeth; and 3) to evaluate, through a systematic review of in vitro
studies, whether PDT can cause discoloration in endodontically treated teeth. The
results of the studies showed that: 1) most of the existing evidence is laboratory-based
(74.5%), the main clinical outcomes investigated were the reduction of the microbial
load and postoperative pain, the journal Photodiagnosis and Photodynamic Therapy
was the one which most published on the subject, and there was an exponential growth
in the publication of these studies in the last decade; 2) Only one study showed that
supplementation with PDT in pulpectomy of primary teeth significantly decreases the
microbial load, the others discussed its benefits but without observing a statistical
difference in this outcome; and 3) all photosensitizing agents have the potential to stain
teeth and no method has proven to be effective in removing these agents. Within the
limitations of the methods employed, it can be concluded that the amount of high-
quality evidence on PDT in endodontics is still scarce, and future clinical trials should
focus on investigating the long-term effects of this therapy on periradicular repair,
survival rate, and the aesthetic and social impact of tooth staining as a side effect.

Keywords: Photodynamic therapy, Endodontics, Systematic review
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1 INTRODUCAO

O objetivo primério do tratamento endodéntico € prevenir e tratar patologias
pulpares e perirradiculares através da remogdo quimico-mecénica de tecidos
organicos inflamados e/ou infectados do interior do sistema de canais radiculares, e
assim, preservar a denticdo natural em funcao (American Association of Endodontists
2018)

As patologias perirradiculares tem a colonizagdo microbiana de dentes
necrosados como principal fator etiolégico (Siqueira & RoOc¢as 2022). Estudos
classicos demonstraram a influéncia das bactérias na progressao da necrose pulpar
e desenvolvimento de periodontite apical através da organizacdo de espécies
bacterianas em biofilme aderido as paredes dos canais radiculares (Kakehashi et al.
1965; Moller et al. 1981; Sundqvist et al. 1998). A remocéo eficaz desse biofilme &
realizada através do preparo quimico-mecanico em toda a extensado do sistema de
canais radiculares (Martinho & Gomes 2008; Gomes et al. 2022).

Diversos métodos suplementares ao preparo quimico-mecanico para a
desinfeccdo do sistema de canais radiculares foram propostos com a finalidade de
melhorar os desfechos clinicos do tratamento endodontico através da reducédo da
carga microbiana remanescente (Meire et al. 2022). Entre eles, a terapia fotodinamica
(PDT) se apresenta como uma alternativa eficaz na redugéo dessa carga microbiana
intracanal sem efeitos colaterais reportados (Pourhajibagher & Bahador 2019). O
mecanismo de acdo da terapia fotodinamica consiste em uma reacao fotoquimica
induzida pela fotoativacdo de um agente fotossensibilizante (Plaetzer et al. 2009).
Uma fonte de luz com um comprimento de onda apropriado € emitida em um agente
fotossensibilizante com capacidade de absorver energia dessa luz, e em combinagéo
com o oxigénio livre presente, essa interacdo formara espécies reativas de oxigénio
como o oxigénio singleto, sendo essa eficaz na inativagcao e morte celular de bactérias,
fungos e virus (Wainwright 1998).

Os principais agentes fotossensibilizantes utilizados para realizar a PDT na
endodontia sdo os do grupo dos corantes fenotiazinicos como o azul de metileno
(Plotino et al. 2019). Esse grupo de agentes fotossensibilizantes tem o seu pico de
absorcdo de energia na regiao de luz vermelha (i.e., 610 — 660 nm) e por iSso séo

comumente associados a um laser de baixa poténcia configurado neste comprimento
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de onda para a realizar a fotoativacdo. Atualmente existem diversos protocolos de
fotosensibilizacéo e isso varia de acordo com o tipo de fotossensibilizante empregado.

A pesar de existirem evidéncias provenientes de ensaios clinicos randomizados
que observam uma maior taxa de reparo periapical e menor dor pds-operatdria
guando a suplementacdo do preparo quimico-mecanico € realizada com a PDT (de
Miranda & Colombo 2018; Alves-Silva et al. 2022), ainda ha uma escassez de estudos
de alto impacto que possam validar essa técnica. Portanto, o objetivo do presente
estudo foi de realizar uma coletanea de revisdes sistematicas no campo da terapia
fotodindmica em endodontia visando sintetizar as evidéncias de alto impacto
disponiveis, assim como identificar os principais pesquisadores e suas linhas de
pesquisa da area e apontar as lacunas do conhecimento a serem investigadas em

futuros estudos.
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Global research trends on photodynamic therapy in endodontics: a bibliometric

analysis
Running title: Photodynamic therapy in endodontics and bibliometric analysis
Abstract

Background: Photodynamic therapy (PDT) is an adjunctive treatment that aims to
inactivate microorganisms through an oxidative reaction produced by irradiating a
photosensitizing agent. The never-ending quest for root canal disinfection predictability
has always sought supplementary methods when performing chemomechanical
procedures. From this perspective, PDT protocols were proposed as an auxiliary
approach in endodontics. Thus, the aim of this study was to investigate publication
metrics and research trends related to this scope. Methods: This review is reported in
accordance with the PRISMA 2020 recommendations. Two blinded and independent
reviewers systematically searched five electronic databases until December 2021. The
acquired bibliometric parameters were analyzed through descriptive statistics and
graphical mappings with VOSViewer software. Results: The search retrieved 342
studies from 84 journals originating from 33 countries. About 85% of the included
studies were published over the last decade. Most of the available evidence is
laboratory-based (74.5%), and the main clinical outcomes evaluated were
microbiological load reduction and postoperative pain. Mayram Pourhajibagher is the
researcher with the most publications as the first author (n = 16). Tehran University of
Medical Sciences carried out the highest number of studies (n = 29), and
Photodiagnosis and Photodynamic Therapy is the journal that most published on the
theme (n = 111). Conclusions: This bibliometric analysis mapped and discussed the
scientific progress and publication metrics in PDT in endodontic research. Additionally,
future perspectives were highlighted and should focus on discovering new
photosensitizer agents, standardizing optimal photoactivation protocols, and

conducting more clinical-oriented research.

Keywords: Photodynamic Therapy, Endodontics, Root Canal Preparation,

Bibliometrics, Review
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1 Introduction

Photodynamic therapy (PDT) is an adjunctive treatment modality that aims to
inactivate cells, microorganisms, or molecules through an oxidative reaction produced
by irradiating a photosensitizing agent with a light of an appropriate resonant
wavelength (1). Even though this approach has been investigated since the 1960s, it
was not until the late 1990s that it gained adequate attention from medical specialties
(2,3). In endodontics, the never-ending quest for root canal disinfection predictability
has always sought supplementary methods when performing chemomechanical
procedures. From this perspective, PDT protocols were proposed as an auxiliary
approach for conventional root canal chemomechanical preparation in an attempt to
reduce any residual bacteria on the root canal systems to the lowest possible level (4).

Several characteristics related to the effects of PDT on root canal treatment
have been investigated in recent years; for instance, the intracanal bacteria reduction
(5), tooth color change (6,7), and the bond strength of root canal sealers or glass-fiber
post adhesiveness on radicular dentin previously treated with PDT (8,9). Although
clinical trials are still scarce, there is evidence that PDT with phenothiazine salts light
activated with a low-level laser decreases postoperative pain through its
photobiomodulation effect (10,11) and may result in better periapical healing in a six-

month time frame (12).

Bibliometric analysis is a widely used systematic method to evaluate research
developments, publication trends, and their scientific impact in a specific area of
knowledge over time (13). This type of study outlines the state of the art of a
determined area, helps researchers understand literature gaps in underinvestigated
topics, and highlights the most prominent authors, research institutions, and countries
where major contributions have been made to the field. Furthermore, bibliometric
analysis had already been explored in different scopes of endodontics (14-19), yet
none investigated the publication metrics related to PDT. Thus, this study aims to
conduct a bibliometric analysis to benefit both clinical and academic researchers by
analyzing the past and understanding the present in this field to help develop further

high-impact investigations on the use of PDT in endodontic therapies.
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2 Materials and Methods
2.1 Protocol registration

This bibliometric review is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA 2020) recommendations
(20). The study protocol was registered in the Open Science Framework due to the
nature of the study design (e.g., bibliometric analysis), and it can be accessed through

the following link: https://osf.io/3uzhf

2.2 Eligibility and exclusion criteria

Studies that investigated the different applications of photodynamic therapy in
endodontics were included in this analysis; however, only studies written in the English
language were considered. The publication period was limited up to the year 2021, and
no study design restriction was applied. Exclusion criteria were studies that did not use
any intracanal photosensitizing agent to perform PDT.

2.3 Search strategy

A comprehensive and systematic search strategy was adopted to yield the
publication records related to PDT in endodontics from five different electronic
databases: PubMed/MEDLINE, The Cochrane Library, SciVerse Scopus, EMBASE,
and the Web of Science. The search descriptors used to carry out the search were
selected based on the MEDLINE MeSH (Medical Subject Headings) terms, and they
were adapted for the other databases (Supplementary file 1). All relevant studies
retrieved by the search strategy were imported into Mendeley software (Elsevier,
Amsterdam, NE) to remove duplicate records. Additionally, the pool of studies was
improved by searching the references cited by the included studies, and those were
hand examined for any further eligible study. Additionally, if the full article was
unavailable through the database, the corresponding author of the included study was
contacted via e-mail to retrieve the study. A second reminder e-mail was sent after two
weeks in case of no response, and the study was excluded from the analysis if it could

not be retrieved.


https://osf.io/3uzhf
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2.4 Selection process

Initially, a calibration exercise was performed through a discussion of the
eligibility criteria with all reviewers. Then, the remaining articles were exported into the
Rayyan web application (Qatar Computing Research Institute, Doha, QA) (21) to be
screened by title and abstract by two blinded and independent reviewers (LPA and
LBG). The articles that clearly met the eligibility criteria and those that were considered
uncertain were obtained and selected for full-text analysis. If any disagreement
between the two reviewers was observed, then consensus was achieved through
discussion with a third reviewer with more experience in the field (CCRF).

2.5 Data collection process

Data of interest from the included studies were tabulated and interpreted by two
independent reviewers (LPA and LBG) in an Excel spreadsheet (Microsoft
Corporation, Redmond, WA, USA), and another reviewer (CCRF) double-checked it.
In case of any missing information, the corresponding author of the included study was
contacted via e-mail to retrieve any missing data. The parameters of interest included
the year of publication, frequency of authorship, institutional affiliations, country of
origin, journal of publication and its impact factor, citation count, level of evidence
(LoE), and study design. Additionally, additional parameters were retrieved from the
studies with the highest LoE (i.e., systematic reviews and randomized clinical trials),
and those were the photosensitizing agent used, the light source, and the study’s main

findings.

The LoE of each study was determined based on a previous study that
discussed the hierarchy of evidence in endodontics research (22). The institution and
country of origin of the articles were identified through the first author’s institutional
affiliation, and the citation metrics were retrieved from the Google Scholar database.
Moreover, the impact factors of journals with the highest number of publications on
PDT in endodontics were extracted from the 2020 Journal Citation Reports™ (JCRSs)
(Clarivate Analytics, Philadelphia, PA, USA).
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2.6 Bibliometric analysis

Bibliometric network maps were developed by importing the included studies
into the Visualization of Similarities Viewer software (VOSViewer 1.6.8, Center for
Science and Technology Studies, Leiden University, Leiden, NL). The software creates
a distance-based map by performing bibliographic coauthorship and keyword
cooccurrence analysis. The terms are arranged into clusters shown as colored circles,
and the smaller the distance between the circles is, the stronger the collaborative
relationship between them, while the thickness of the cluster indicates the strength of

the links represented by the cluster.

The VOSViewer software was calibrated through van Eck and Waltman (2010)
recommendations (23) by using a resolution value of ‘1.00’ and a minimum cluster size
value of ‘1’. Additionally, the minimum set of published articles was defined as ‘3’ to
allow a thorough examination of the bibliometric relationships between the authors;

also, the minimum set of keyword co-occurrences was defined as ‘10’

3 Results

3.1 Search strategy

The search strategy (last conducted on December 31st, 2021) retrieved 1434
potentially relevant records. Figure 1 is a schematic flowchart that delineates the
selection process in accordance with the PRISMA 2020 statement (20). After removing
the duplicate records, 1080 studies remained for the title and abstract screening using
the web application Rayyan (Qatar Computing Research Institute). In the next phase,
655 studies were excluded because they did not clearly meet the inclusion criteria,
leaving 425 studies for full-text analysis. Of these, 83 were excluded because 14 were
trial protocols, 11 records were meeting abstracts, 43 were not related to endodontic
procedures, 5 papers were written in languages other than English, 2 were book
chapters, and 8 studies did not use any photosensitizing agent to perform PDT. The
remaining 342 studies were in accordance with the inclusion criteria and were included

in this bibliometric analysis.
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Figure 1. Flowchart showing search strategy based on the PRISMA 2020 statement.
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3.2 Study characteristics

Of the total 342 included studies, 255 were laboratory assays, 32 were narrative
reviews (LOE = 5), 17 were case reports (LoE = 5), 5 were case series (LOE = 4), 2
were observational studies (LOE = 3), 21 were randomized clinical trials (LoE = 2), and
10 were systematic reviews classified with the highest level of evidence (LoE = 1).
Table 1 and Table 2 summarizes the main findings of the highest LoE studies and
additional data regarding the PDT procedures. There is a consensus among the
highest LoE studies that the most investigated photosensitizing agents are
phenothiazine salts, such as methylene blue and toluidine blue, with absorption
wavelengths of 600-660 nm, and the light source commonly used to activate these
photosensitizing agents is a low-level diode. Other substances were also investigated
as photosensitizers, including porphyrins, indocyanine green, rose bengal, curcumin,
erythrosine, and polyethyleneimine-chlorin €6. Each class of photosensitizing agents

has a specific photoactivation protocol according to their wavelength sensitivity.
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Table 1. Main findings and additional data of the highest LoE studies

Author and Year

Outcomes
evaluated

Photosensitizing
agents

Light
source

Main findings

Systematic Review and Meta-Analysis

Pourhajibagher et
al., 2019

In vivo microbial
reduction

Methylene blue,
toluidine blue,
indium gallium
aluminum
phosphide,
polyethyleneimine-
chlorin e6, and
phenothiazinium
chloride

Low-level
diode laser

Although the PDT parameters may vary
from one randomized clinical trial to the
next, all studies found a significant
reduction in microbial load with adjunctive
use of PDT.

Systematic Review without Meta-Analysis

Fransson et al.,
2012

Siddiqui et al.,
2013

Arneiro et al.,
2014

Chrepa et al.,
2014

Abdelaziz Ali et
al., 2018

Anagnostaki et
al., 2020

In vivo microbial
reduction

In vitro microbial
reduction

In vitro microbial
reduction

In vivo microbial
reduction

In vitro microbial
reduction

Post-operative
pain, periapical
healing, and in
vivo microbial
reduction

Polyethyleneimine-
chlorin e6, and
tolonium chloride

Methylene blue
and toluidine blue

Methylene blue,
toluidine blue, and
phenothiazinium
chloride

Polyethyleneimine-
chlorin e6, and
tolonium chloride

Methylene blue,
toluidine blue, rose
bengal,
indocyanine
green,
polyethyleneimine-
chlorin e6, and
porphyrin
Methylene blue,
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diode laser
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diode laser
and LED
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All included studies were assessed as
having low quality, which means that no
conclusions can be drawn regarding the
efficacy of laser as an adjunct to
conventional chemo-mechanical
treatment of infected root canals.

The efficacy of PDT in eliminating E.
faecalis from infected root canals remains
guestionable. Further well-designed
studies are needed to investigate the role
of PDT as a valid approach in treating
infected root canals.

PDT was effective in reducing E. faecalis
inside root canals. Therefore, the use of
PDT as adjunctive therapy to current
endodontic disinfection techniques is
recommended.

Limited clinical information is currently
available on the use of PDT in root canal
disinfection. If supported by future clinical
research, PDT may have efficacy for
additional root canal disinfection,
especially in the presence of multidrug-
resistant bacteria.

Conventional root canal debridement
using sodium hypochlorite irrigant can be
enhanced by light activation of
photosensitizer agents.

The use of laser photonic energy of
appropriate delivered parameters can be
proposed as a useful adjunctive when
considering optimal treatment modalities
in endodontics.
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The combination of PDT with
antimicrobial irrigants could provide a
synergetic effect and can be considered
as an alternative to the conventional
disinfection methods for persistent root
canal infections.

PDT reduced bacterial counts in most
studies, especially when used as an
adjunct to the conventional endodontic
technique to treat refractory infections.

Scoping Review

Betancourt et al.,

2021

In vitro microbial

reduction

Methylene blue,
toluidine blue,
indocyanine
green, chitosan,
rose bengal,
erythrosine.
Different
nanoparticles
encapsulated
those
photosensitizing
agents

High and
low-level
diode laser,
LED, and
halogen
lamp

The use of functionalized nanopatrticles
with photosensitizer agents in PDT has
been shown to be effective in reducing
the bacteria count, making it a promising
alternative in endodontic disinfection.




Table 2. Characteristics of the included randomized clinical trials and their main findings.
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Sample characteristics

Intervention characteristics

Author Number  Tooth group Pulpal and Light Photosensitizer Photoactivation Main findings
and year of perirradicular source agent parameters
patients diagnosis
Bonsor et 64 Mostly molars Irreversible Low-level  Toluidine blue O 12J cm? light fluency, Photodynamic therapy has been shown to be as
al., 2006 pulpitis or diode laser 100mW output power,  effective as conventional chemomechanical
perirradicular and 635nm wavelength  techniques but is more biocompatible and could
periodontitis applied for 120s potentially decrease the time spent disinfecting
the root canal system.
Johns et 60 Single-rooted Perirradicular Low-level  Toluidine blue O Parameters were not The study concluded that the PDT group was the
al., 2014 anterior teeth periodontitis diode laser reported most effective root canal disinfectant and aided in
the healing of periapical lesions.
Asnaashari 27 Single-rooted Perirradicular Low-level 0,005% mg/L of 9J cm? light fluency, 1W Regarding the elimination of intraradicular
etal., 2016 endodontically periodontitis diode laser  methylene blue output power, 660nm microbiota, additional PDT may increase the
treated teeth wavelength applied for  effectiveness of conventional chemomechanical
240s preparation in previously root-filled teeth
accompanied by perirradicular periodontitis
Ahangari et 20 Endodontically  Perirradicular Ga-Al-As 0,005% mg/L of 200mW output power,  PDT and calcium hydroxide intracanal dressing
al., 2020 treated single- periodontitis diode laser  methylene blue  and 810nm wavelength  therapy showed the same antimicrobial efficacy.
rooted applied for 10s
mandibular
premolars
Asnaashari 20 Endodontically  Perirradicular Low-level 0,005% mg/L of 4J cm2 light fluency, LED photodynamic therapy is a better
etal., 2017 treated molars periodontitis diode laser  methylene blue 200mW output power,  disinfectant strategy than calcium hydroxide
and 660nm wavelength  therapy. It can be concluded that PDT is capable
applied for 60s of disinfecting the root canals in a single-visit root
canal treatment.
Rabello et 24 Single-rooted Perirradicular Low-level 0,010% mg/L of 60mW output power, The photodynamic therapy optimized the
al., 2017 teeth periodontitis diode laser  methylene blue and 660nm wavelength  disinfection of bacteria from root canals in one-
applied for 120s visit but not for two-visit treatment modality with
the accomplishment of calcium hydroxide
medication.
da Silva 10 Single-rooted Perirradicular Gal-Al-As 0,010% mg/L of 4J cm2 light fluency, PDT may be used as an effective adjunct therapy
CCetal., teeth periodontitis diode laser  methylene blue 100mW output power,  in the endodontic treatment of permanent teeth,
2018 and 660nm wavelength  resulting in a significant reduction in the incidence

applied for 40s

of E. faecalis before root canal obturation
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PDT resulted in better healing at 6-month follow-
up compared to conventional endodontic
treatment alone

The results of the study did not show any
difference in pain symptoms between the groups
at24 h, 72 h, and 1 week.

Within the limitations of this study, it can be
concluded that PDT was efficient in reducing
postoperative pain in single-visit root canal
treatment of teeth with necrotic pulps.

The photodynamic therapy did not have
advantages in controlling postoperative pain in
endodontic treatments of asymptomatic teeth
with apical periodontitis, since both groups
showed low levels of pain in all patients
evaluated.

It was concluded that PDT, and Clotrimazole
disinfection protocols for infected root canals of
primary teeth are equally effective as an adjunct
to standard irrigation protocol with no significant
difference in the postoperative CFU of C.
albicans.

The present findings demonstrated that the
microbiological results achieved with
conventional endodontic treatment combined
with PDT using parameters employed in this
study on primary teeth with a diagnosis of pulp
necrosis were similar to those achieved with
conventional treatment alone.

The use of PDT in endodontic retreatment led to
a significant reduction of the remaining bacterial
species. So, PDT can be used for routine
endodontic disinfection in failed root canal cases.
The disinfection with NaOCI has a stronger
antimicrobial effect compared to PDT.

PDT had no significant effect on postoperative
pain, tenderness, edema, and the use of
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analgesics after root canal treatment with
foraminal enlargement in single-rooted teeth with
asymptomatic apical periodontitis in a single visit.
PDT did not promote better results in endodontic
treatment, being similar to conventional
treatment.

Apical limit of instrumentation and PDT have no
influence on the postoperative pain of lower
molars with asymptomatic apical periodontitis.

The findings of the present study led to the
conclusion that PDT is efficient in decreasing
postoperative pain in teeth presenting with
symptomatic apical periodontitis. However, the
pain perception was similar to the control group
after 72 hours.

Both PUI and laser disinfection are equally
effective in reducing postoperative pain and
discomfort after single visit root canal treatment.

The findings of this study reported that
photodynamic therapy had a significant effect on
decreasing post-endodontic treatment pain in
teeth with necrotic pulp and asymptomatic
periapical lesions.
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All primary outcomes investigated in the LoE 1 studies were regarding microbial
reduction (5,24-32); however, a few studies also evaluated postoperative pain and
periapical healing as secondary outcomes regardless of the data limitation. The main
findings of the majority of these studies reported that PDT could have a synergic effect
when used as an adjunctive treatment since it significantly reduced the microbial load
from infected root canals. On the other hand, there is still very limited clinical evidence

that this approach could lead to a more favorable outcome of periapical repair.

3.3 Bibliometric analysis

The included studies were published in 84 different scientific journals over a
period of 19 years (2002-2021), with 46 (272 studies) of those journals with impact
factors available at the 2020 JCR. The remaining 38 journals (70 studies) were not
listed in any internationally recognized scientometric index that evaluates impact
factors. Therefore, they were classified separately and are available in Supplementary
file 2. The journal that had the most publications on the theme is Photodiagnosis and
Photodynamic Therapy (n = 111), followed by Journal of Endodontics (n = 26), Lasers
in Medical Science (n = 20), Photomedicine and Laser Surgery (n = 19), and the
International Endodontic Journal (n = 15). Table 3 shows all the journals, number of

published articles, impact factors, and journal categories according to the 2020 JCR.
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Table 3. The top journals based on the number of publications, impact factor (IF), as well as
the subject category and ranking in the 2020 Journal Citation Reports (Clarivate Analytics).

Journal Articles (n)  JCR® IF 2020 Journal category
(ranking)
Photodiagnosis and Photodynamic Therapy 111 3.631 Oncology (145/242)
(Q3)
Journal of Endodontics 26 4171 Dentistry, Oral Surgery
& Medicine (16/92)
(Q1)
Lasers in Medical Science 20 3.161 Engineering,
Biomedical Sciences
(46/89) (Q3)
International Endodontic Journal 15 5.264 Dentistry, Oral Surgery
& Medicine (10/92)
(Q1)
Photomedicine and Laser Surgery 15 2.796 Surgery (83/211) (Q2)
Photochemistry and Photobiology 9 3.421 Biochemistry &
Molecular Biology
(179/295) (Q3)
Journal of Dentistry 7 4.379 Dentistry, Oral Surgery
& Medicine (14/92)
(Q1)
Lasers in Surgery and Medicine 6 4.025 Dermatology (17/69)
(Q1)
Clinical Oral Investigations 5 3.573 Dentistry, Oral Surgery
& Medicine (21/91)
(Q1)
Australian Endodontic Journal 5 1.659 Dentistry, Oral Surgery
& Medicine
Journal of Photochemistry and Photobiology B- 4 6.252 Biochemistry &
Biology Molecular Biology
(61/295) (Q1)
Journal of Oral Science 4 1.556 Dentistry, Oral Surgery
& Medicine (82/92)
(Q4)
Frontiers in Microbiology 3 5.640 Microbiology (28/136)
Antibiotics 3 4.639 Infectious Diseases
(34/118) (Q2)
Photobiomodulation, Photomedicine, and Lasel 3 2.222 Surgery (118/211) (Q3)
Surgery
Journal of Biophotonics 2 3.207 Biophysics (33/71)
(Q2)
Applied Sciences 2 2.679 Chemistry,
Multidisciplinary
Sciences (101/178)
(Q3)
Acta Odontologica Scandinavica 2 2.331 Dentistry, Oral Surgery
& Medicine (53/92)
(Q3)
Brazilian Oral Research 2 2.303 Dentistry, Oral Surgery
& Medicine (54/92)
(Q3)
Oral Surgery, Oral Medicine, Oral Pathology, Or: 2 1.221 Not available
Radiology, and Endodontology (discontinued)
Journal of Biomedical Optics 1 3.170 Biochemical Research

Methods (39/78) (Q2)



Photochemical and Photobiological Sciences
Australian Dental Journal
International Journal of Artificial Organs
Nanomedicine: Nanotechnology, Biology, and
Medicine

BMC Oral Health

Nigerian Journal of Clinical Practice
PloS One

Advances in Clinical and Experimental Medicine

Journal of Inorganic Biochemistry

Saudi Journal of Biological Sciences
Laser Physics
Odontology

Journal of Applied Oral Science

IN VIVO

Infection and Drug Resistance
Materials

Journal of Prosthetic Dentistry

International Journal of Oral Science

International Journal of Nanomedicine

Quintessence International

Polymers

BioMed Research International

International Journal of Molecular Sciences
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Biochemistry &
Molecular Biology
(142/295) (Q2)
Dentistry, Oral Surgery
& Medicine (55/92)
(Q3)
Engineering,
Biomedical Sciences
(75/89) (Q4)
Medicine, Research
and Experimental
(28/140)
Dentistry, Oral Surgery
& Medicine (35/92)
(Q2)
Medicine, General &
Internal (136/167) (Q4)
Multidisciplinary
Sciences (26/72) (Q2)
Medicine, Research &
Experimental
(118/140) (Q4)
Biochemistry &
Molecular Biology
(129/295) (Q2)
Biology (24/93) (Q2)
Optics (78/99) (Q4)
Dentistry, Oral Surgery
& Medicine (41/92)
(Q2)
Dentistry, Oral Surgery
& Medicine (38/92)
(Q2)
Medicine, Research &
Experimental
(113/140) (Q4)
Infectious Diseases
(35/93) (Q2)
Chemistry, Physical
Science (75/168) (Q2)
Dentistry, Oral Surgery
& Medicine (25/92)
(Q2)
Dentistry, Oral Surgery
& Medicine (4/92) (Q1)
Nanoscience &
Nanotechnology
(37/106) (Q2)
Dentistry, Oral Surgery
& Medicine (77/92)
(Q4)

Polymer Science
(18/90)
Biotechnology &
Applied Microbiology
(70/159) (Q2)
Biochemistry &
Molecular Biology
(67/295) (Q1)
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Journal of Applied Biomaterials 1 1.075 Engineering,
Biomedical Sciences
(14/41) (Q2)
International Journal of Pharmaceutics 1 3.061 Pharmacology &
Pharmacy (68/219)

Q2

Number of documents

The first scientific publication related to the use of PDT in endodontics was an
in vitro microbiological study conducted by Seal et al. (33) in 2002, and it was published
in the International Endodontic Journal. Since then, a positive trend on the publication
metrics has been seen, with an expressive cumulative growth beginning as of 2012
onward (Figure 2). The citation analysis demonstrated that the study with a higher
citation count was published in 2004 by Wilson (34), and it had 420 citations with a
mean of 24,7 citations per year. This classical study is one of the first to describe the
general applications of PDT in the treatment of oral infections. Table 4 is a ranking with
the top 10 cited studies, and they originated from 4 countries, namely, Brazil (n = 4),
the United States of America (n = 3), the United Kingdom (n = 2), and Turkey (n = 1),
with Aguinaldo Silva Garcez being the author with the most studies published on this

ranking (n = 3).

Cumulative number of published articles about PDT in Endodontics (2004-2021)
400

350 m Laboratory assays m Observational studies Randomized Clinical Trial

300 Systematic Review = Narrative Review m Case Report I

250 I

m Case Series I
200 .

150
100

50 _—

2002 2004 2006 2007 2008 2009 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year of publication

Figure 2. Cumulative number of published articles on PDT in endodontics in the
period of 2004-2021.
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Table 4. Top 10 articles regarding total citations and citations per year.

Rank Article Author's Citations Citations
country per year

1 Wilson M. Lethal photosensitisation of oral bacteria and its potential UK 420 24,70
application in the photodynamic therapy of oral infections. Photochem
Photobiol Sci. 2004 May;3(5):412-8.

2 Soukos NS, Chen PSY, Morris JT, Ruggiero K, Abernethy AD, Som S, et USA 388 25,86
al. Photodynamic Therapy for Endodontic Disinfection. J Endod.
2006;32(10):979-84.

3 Garcez AS, Ribeiro MS, Tegos GP, Nunez SC, Jorge AOC, Hamblin MR. Brazil 337 24,07
Antimicrobial photodynamic therapy combined with conventional
endodontic treatment to eliminate root canal biofilm infection. Lasers Surg
Med. 2007;39(1):59-66.

4 Garcez AS, Nunez SC, Hamblin MR, Ribeiro MS. Antimicrobial Effects of Brazil 336 25,84
Photodynamic Therapy on Patients with Necrotic Pulps and Periapical
Lesion. J Endod. 2008 Feb;34(2):138-42.

5 Fimple JL, Fontana CR, Foschi F, Ruggiero K, Song X, Pagonis TC, et al. USA 311 23,92
Photodynamic Treatment of Endodontic Polymicrobial Infection In Vitro. J
Endod. 2008;34(6):728-34.

6 Gursoy H, Ozcakir-Tomruk C, Tanalp J, Yilmaz S. Photodynamic therapy Turkey 289 36,15
in dentistry: A literature review. Clin Oral Investig. 2013 May;17(4):1113—
25.

7 Pagonis TC, Chen J, Fontana CR, Devalapally H, Ruggiero K, Song X, et USA 251 22,81
al. Nanoparticle-based Endodontic Antimicrobial Photodynamic Therapy. J
Endod. 2010 Feb;36(2):322-8.

8 Garcez AS, Nunez SC, Hamblin MR, Suzuki H, Ribeiro MS. Brazil 244 22,18
Photodynamic therapy associated with conventional endodontic treatment
in patients with antibiotic-resistant microflora: A preliminary report. J
Endod. 2010 Sep;36(9):1463-6.

9 Bonsor SJ, Nichol R, Reid TMS, Pearson GJ. Microbiological evaluation of UK 241 16,06
photo-activated disinfection in endodontics (An in vivo study). Br Dent J.
2006 Mar;200(6):337-41.

10  Souza LC, Brito PRR, Machado de Oliveira JC, Alves FRF, Moreira EJL, Brazil 225 20,45
Sampaio-Filho HR, et al. Photodynamic Therapy with Two Different
Photosensitizers as a Supplement to Instrumentation/Irrigation
Procedures in Promoting Intracanal Reduction of Enterococcus faecalis. J
Endod. 2010 Feb;36(2):292—6.
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Regarding demographic data, Brazil has the highest number of publications
globally (n = 104), followed by Iran (n = 60), Saudi Arabia (n = 19), India (n = 19), and
Germany (n = 13). A worldwide map chart of the countries involved in researching PDT
applied to endodontics is shown in Figure 3. The institution that led the scientific
knowledge growth on the theme is the Tehran University of Medical Sciences (n = 29),
followed by S&o Paulo State University (n = 20), Shahid Beheshti University of Medical
Sciences (n = 13), and the University of Passo Fundo (n = 10). Figure 4 is a graphical
top 10 ranking of the most productive institutions on PDT in endodontics.

RUSSIA

CANADA ~
-

~~~~~~~

Total number of articles pe
country

W 104

AUSTRALIA

— N W >N

=S NEEEC

Created with mapchart.net

Figure 3. Geographic distribution for the countries undertaken PDT studies in

endodontics
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Top 10 most productive institutions on PDT in
Endodontics
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University of Toronto
University of S80 Paulo s
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King Saud University
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Shahid Beheshti University of Medical Sciences mSmmm
S30 Paulo State University s
Tehran University of Medical Sciences I
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[=1

m Mumber of documents

Figure 4. Top 10 most productive institutions on PDT in endodontic research.
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A total of 1317 researchers appeared as authors or coauthors in the included

studies. Table 5 is a top 5 ranking of researchers that collaborated with the highest

number of articles on the theme. It is also important to acknowledge that Mayram

Pourhajibagher is the researcher that had the most publications as first author (n = 16),

followed by Aguinaldo Silva Garcez (n = 10) and Matheus Albino Souza (n = 8). In the

coauthorship network map analysis (Figure 5), it was observed that Mayram

Pourhajibagher was also the author with the highest number of links (n = 54), followed
by Abbas Bahador (n = 52), Nasim Chiniforush (n = 42), Matheus Albino Souza (n =

30), Luciano Tavares Angelo Cintra and Gustavo Sivieri-Araujo (n = 29 each).

Table 5. Top 5 ranking of researchers on PDT in Endodontics.

Rank Author —_— Total As the first
Institution Country .
articles author
1 Pourhajibagher M Tehran Umvgrsny of Medical Iran 26 16
Sciences
Bahador A Tehran University of Medical
) Iran 26 0
Sciences
2 Chiniforush N Tehran University of Medical
) Iran 21 3
Sciences
3 Anil K University of Toronto Canada 13 0
4 Asnaashari M Shahid Beheshti University of Medical
. Iran 11 7
Sciences
5 Garcez AS Séao Leopoldo Mandic University Brazil 10 10
Souza MA University of Passo Fundo Brazil 10 8
Sivieri-Araujo G Séao Paulo State University Brazil 10 1
Cintra LTA Séao Paulo State University Brazil 10 0
Hamblin MR University of Johannesburg South 10 0

Africa
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Figure 5. Co-authorship network map analysis.

The keyword co-occurrence analysis of the total included studies resulted in 850
keywords, a minimum of at least 10 occurrences was applied in this analysis, and 37
keywords met the threshold. The keyword co-occurrence network map (Figure 6)
shows the existing links between them, and the central keywords are those with more
occurrences and higher total link strength. The term “photodynamic therapy” appeared
161 times and had 313 total links, followed by “Enterococcus faecalis” with 95

occurrences and 282 links and “endodontics” with 53 occurrences and 132 links.
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Figure 6. Density map of the most commonly used keywords based on co-occurrence

analysis

4 Discussion

This bibliometric analysis presented a systematic overview of photodynamic
therapy in endodontic research. In the last decade, there has been a significant worldwide
interest growth in researching this topic. The steady scientific progress throughout time
shows that PDT has a promising clinical approach that should be better investigated.
Although the bulk of the available evidence was gathered in a laboratory environment
(74.5% of the included studies), it is in the natural order of sound scientific knowledge
construction to first exhaust fundamental laboratory assays and then slowly and gradually
translate this knowledge to clinical applications through in vivo studies and clinical trials
aiming to improve patient-care clinical protocols (35).

Even though the available laboratory studies were almost unanimous regarding
the numerous benefits that PDT has on root canal disinfection, the limited clinical
evidence showed conflicting datasets when adopting this approach as a supplementary
method after conventional root canal preparation. The highest LoE study showed that

PDT has an in vivo optimizing effect on intracanal bacterial load reduction (24); however,
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there are a few clinical trials that did not find any difference in the treatment outcome
(36,37).

Most of the included clinical trials evaluated microbiological samples before and
after the PDT procedure. Although endodontic infection is composed of a polymicrobial
community, Enterococcus faecalis is the most common and prevalent pathogen in
endodontic failures due to its resistance to conventional root canal preparation (38).
Thus, most PDT studies in endodontic research focus on this bacterial species. Another
clinical trial evaluated the Enterococcus faecalis reduction after single-visit root canal
treatment associated with PDT compared to conventional two-visit treatments using
calcium hydroxide intracanal dressing. The authors found that these two approaches
were effective in root canal disinfection; however, in the single-visit/PDT group, the
microbiological load was significantly lower (39).

Moreover, postoperative pain is another outcome that has been investigated due
to the photobiomodulation effect caused by the low-level diode laser activation. However,
there is no clear consensus, with a few studies arguing that PDT did not have advantages
in controlling postoperative pain (40-43), while other trials found significant differences
in pain modulation after PDT, especially in the first 8 to 72 hours (10,11,44,45). Also, no
adverse side effects related to PDT in endodontics have been reported to date.

The main clinical outcome of interest in endodontics is periapical repair and tooth
survival (46,47). In this context, PDT in endodontics has much to explore since there are
only three randomized clinical trials evaluating periapical repair. One of them (37)
performed a radiographic evaluation at 60 days posttreatment, showing no difference
when compared to the control group; the other trial (12) also evaluated this outcome with
a radiographic follow-up six months posttreatment, presenting a better healing score than
the control group. Although the randomized clinical trial with the longest clinical and
radiographic follow-up period (48) observed a statistically significant difference in the
periapical index score between the PDT group and the control group at 18 months follow-
up, special considerations have to be made regarding the methodological quality of this
finding since in this study a low sample was used, and no sample size calculation was
performed. For an intervention effect to be properly measured, the sample needs to be
large enough to detect true differences (49), especially when it is trying to provide
paradigm-shift results when compared to a very well-established outcome in the literature
(e.g., the success rate in conventional root canal treatment). Moreover, it is feasible to

say that the short-frame timeline presented in the other trials underestimates the dynamic
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rate of the periapical healing process, and long-term observation periods are crucial to
determine posttreatment periapical health (50). From that standpoint, a recent
retrospective study based on the analysis of clinical records (51) retrieved data regarding
214 teeth that underwent root canal treatment with or without supplementary PDT, and
the findings of this study showed that even though PDT resulted in a shorter mean healing
period for both primary infection and retreatments, the difference was not significant.

All the included clinical trials reported using phenothiazine salts, such as
methylene blue (n = 18) and toluidine blue (n = 3) as photosensitizer agents. These
agents have been extensively investigated regarding their ability to produce singlet
oxygen, and they also present low cytotoxicity, chemical stability, and are approved for
human use (52,53). Another significant issue related to PDT in endodontics is the
photoactivation parameters and the currently available photosensitizer agents. A recent
scoping review discussed that conventional photosensitizer agents have several
setbacks regarding clinical performance, such as poor water solubility, uncontrollable
drug-delivery systems, and poor microbial target selectivity (32). Additionally, this study
highlighted that these agents could be engineered and encapsulated in nanostructured
carriers to increase the photosensitizer penetrability in tubular dentin and allow a
controlled release of this substance, thus possibly increasing its clinical applicability.
Nevertheless, each photosensitizer agent requires a specific photoactivation protocol
based on its wavelength absorption and energy fluency sensitivity. PDT is particularly
dependent on optimal dosimetric parameters to predict its effectiveness in producing
reactive oxygen species (54,55). Hence, different photoactivation protocols have been
proposed to optimize these agents (56); however, no in vivo clinical evidence has
determined the ideal parameters for each photosensitizer agent, and so far, there are
highly variable parameters protocols in existing clinical trials (Table 2), which could be
underestimating the antimicrobial effect of PDT on the microbiome of the root canal
system of infected teeth.

Based on the number of articles published, the Photodiagnosis and Photodynamic
Therapy journal published 34,5% of the included studies. It is also important to
acknowledge that this journal has an impact factor of 3.631, which is higher than the
mean impact factors of the journals included in Table 3 (mean IF = 3.275). The impact
factor metric has been used to rank journals and, by extension, the authors that publish
in these journals, so based on this assumption, high-quality studies can be expected in

journals with higher impact factors due to this competitive selectivity (57).
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Although most bibliometric studies retrieved data regarding the corresponding
author of each study, we opted to classify these data through the first author since the
authorship order usually signals the researcher’s relative contribution to the work, and
thus fair accreditation should be acknowledged to them (58,59). Furthermore, Mayram
Pourhajibagher from the Tehran University of Medical Sciences is the researcher who
contributed the most to this field, and thereby, it is highly expected that her research
center is on the edge of world-class expertise in PDT in endodontic research. Additionally,
special acknowledgments should be granted to Aguinaldo Silva Garcez for being the
author with the most highly cited published studies.

Publication trends show that this field has rapidly developed since 2012, and a
positive trend was observed in the last few years. However, this knowledge development
has been concentrated mainly in Brazil and Iran, and therefore, other research centers
throughout the world should be encouraged to further develop this line of research. PDT
has numerous aspects that could be further explored in future studies, such as
developing new photosensitizer agents with better drug delivery systems and optimizing
the rate of singlet oxygen production. Additionally, light activation parameters such as the
light source, light fluency, output power, wavelength, and irradiation time need to be
better evaluated since there is no clear consensus regarding the most recommended
activation protocol. Last, high-quality randomized clinical trials should be conducted to
investigate the effects of PDT on periapical healing and tooth survival with more extended
periods of follow-up.

5 Conclusions

This bibliometric analysis mapped and discussed the scientific progress and
publication metrics in PDT in endodontic research. This study can help clinicians and
researchers familiarize themselves with impactful research in the field, journals of
publication, and recurring authors. Additionally, a critical perspective was highlighted
regarding the future steps necessary to develop this line of research, which should
focus on discovering new photosensitizer agents, standardizing photoactivation

protocols, and performing more clinical trials with longer observation periods.
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Supplementary table 1 — Search strategies

Search Terms

Pubmed

#3

#2

#1

Search #1 AND #2

Seach (Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic) OR
(Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic
Therapy) OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR
(PDT) OR (Photobiomodulation)

Search (Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth, Devitalized) OR
(Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth, Pulpless) OR (Pulpless
Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth, Nonvital) OR (Nonvital Teeth)
OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated Teeth) OR (Teeth,
Endodontically Treated) OR (Tooth, Endodontically-Treated) OR (Endodontically-Treated Tooth)
OR (Tooth, Endodontically Treated) OR (Root canal therapy) OR (Canal Therapies, Root) OR
(Canal Therapy, Root) OR (Root Canal Therapies) OR (Therapies, Root Canal) OR
(Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR (Endodontology)

Embase

#3

#2

#1

Search #1 AND #2

Seach (Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic) OR
(Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic Therapy)
OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR (PDT) OR
(Photobiomodulation)

Search (Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth, Devitalized) OR
(Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth, Pulpless) OR (Pulpless
Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth, Nonvital) OR (Nonvital Teeth)
OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated Teeth) OR (Teeth,
Endodontically Treated) OR (Tooth, Endodontically-Treated) OR (Endodontically-Treated Tooth)
OR (Tooth, Endodontically Treated) OR (Root canal therapy) OR (Canal Therapies, Root) OR
(Canal Therapy, Root) OR (Root Canal Therapies) OR (Therapies, Root Canal) OR
(Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR (Endodontology)

Web of Science

#3

Search #1 AND #2
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#2 TS=((Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic) OR
(Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic Therapy)
OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR (PDT) OR
(Photobiomodulation))

#1 TS=((Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth, Devitalized) OR
(Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth, Pulpless) OR (Pulpless
Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth, Nonvital) OR (Nonvital Teeth)
OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated Teeth) OR (Teeth,
Endodontically Treated) OR (Tooth, Endodontically-Treated) OR (Endodontically-Treated Tooth)
OR (Tooth, Endodontically Treated) OR (Root Canal Therapy) OR (Canal Therapies, Root) OR
(Canal Therapy, Root) OR (Root Canal Therapies) OR (Therapies, Root Canal) OR
(Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR (Endodontology))

SciVerse Scopus

#3 Search #1 AND #2

#2 TITLE-ABS-KEY ( (“Photochemotherapies”) OR (“Photodynamic Therapy”) OR (“Therapy,
Photodynamic”) OR (“Photodynamic Therapies”) OR (“Therapies, Photodynamic”) OR (“Antimicrobial
Photodynamic Therapy”) OR (“Photodynamic Inactivation”) OR (“Photosensitization”) OR
(“Photosensitizer”) OR (“PDT”) OR (“Photobiomodulation”) )

#1 TITLE-ABS-KEY ( (“Tooth, Nonvital”) OR (“Tooth, nonvital’) OR (“Nonvital Tooth”) OR (“Tooth,
Devitalized”) OR (“Devitalized Tooth”) OR (“Tooth, Pulpless”) OR (“Pulpless Tooth”) OR (“Teeth,
Pulpless”) OR (“Pulpless Teeth”) OR (“Teeth, Devitalized”) OR (“Devitalized Teeth”) OR (“Teeth,
Nonvital’) OR (“Nonvital Teeth”) OR (“Teeth, Endodontically-Treated”) OR (“Endodontically-
Treated Teeth”) OR (“Teeth, Endodontically Treated”) OR (“Tooth, Endodontically-Treated”) OR
(“Endodontically-Treated Tooth”) OR (“Tooth, Endodontically Treated”) or (“Root Canal Therapy”)
OR (“Canal Therapies, Root”) OR (“Canal Therapy, Root”) OR (“Root Canal Therapies”) OR
(“Therapies, Root Canal”’) OR (“Therapy, Root Canal’) OR (“Endodontics”) OR (“Endodontics”)
OR (“Endodontology”) )

The Cochrane Library

#3 Search #1 AND #2

#2 TITLE-ABS-KEY (Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic)
OR (Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic
Therapy) OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR (PDT)
OR (Photobiomodulation)

#1 TITLE-ABS-KEY (Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth,
Devitalized) OR (Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth,
Pulpless) OR (Pulpless Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth,
Nonvital) OR (Nonvital Teeth) OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated
Teeth) OR (Teeth, Endodontically Treated) OR (Tooth, Endodontically-Treated) OR
(Endodontically-Treated Tooth) OR (Tooth, Endodontically Treated) OR (Root canal therapy) OR
(Canal Therapies, Root) OR (Canal Therapy, Root) OR (Root Canal Therapies) OR
(Therapies, Root Canal) OR (Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR
(Endodontology)




Supplementary table 2. Journals not listed on the 2020 Journal Citation
Reports (Clarivate Analytics).

Journal Articles (n)

Journal of Lasers in Medical Science 10
Dental and medical problems
Journal of Conservative Dentistry
Journal of Contemporary Dental Practice
Journal of IMAB
Journal of Clinical & Diagnostic Research
Journal of Clinical and Experimental
Dentistry
International Journal of Dentistry
Iranian Endodontic Journal
Dentistry Journal
European Journal of Dentistry
Giornale Italiano di Endodonzia
Pesquisa Brasileira em Odontopediatria e
Clinica Integrada
Romanian Journal of Oral Rehabilitation
Mechanisms for Low-Light Therapy Il
ISRN Dentistry
Dental Research Journal
Journal of Dental Research, Dental Clinics,
Dental Prospects
Dental Update
Acta Stomatologica Croatica
Brazilian Dental Journal
Acta Odontologica Latinoamericana
Laser Therapy
Journal of Investigative and Clinical Dentistry
European Endodontic Journal
Meandros Medical and Dental Journal
Brazilian Dental Science
Journal of Functional Biomaterials
Indian Journal of Public Health Research and
Development
F1000 Research
Journal of Indian Society of Pedodontics and
Preventive Dentistry
Balneo Research Journal
Journal of Advanced Oral Research
Brazilian Journal of Oral Sciences
International Journal of Dentistry and Oral
Science
Journal of Dentistry Shiraz
International Journal of Burns and Trauma
Reviews and Research in Medical
Microbiology
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Photodynamic therapy in the root canal treatment of primary teeth: a systematic

review of clinical trials
Running title: Photodynamic therapy and primary teeth infections
Abstract

Dental caries is the most common oral disease worldwide, and it is estimated to affect
2.3 billion people, with at least 530 million of them being schoolchildren with decayed
primary teeth. This condition can rapidly evolve into irreversible pulp inflammation and
pulp necrosis and thus requiring endodontic intervention. Photodynamic therapy (PDT)
is a supplementary method to conventional pulpectomy and is used to improve the
disinfection protocol. Thus, the main objective of this study is to evaluate through a
systematic review the efficacy of supplementary PDT on the pulpectomy of primary
teeth. This review was registered a priori on the PROSPERO database
(CRD42022310581). Two independent and blinded reviewers carried out a
comprehensive search in five databases: PubMed, Cochrane, Scopus, Embase, and
Web of Science. Eligible studies were randomized and nonrandomized clinical trials
that evaluated in vivo microbiological load or clinical outcomes after using
supplementary PDT in infected primary teeth. After the selection process, four studies
met the inclusion criteria and were included in this study. Data regarding the sample
characteristics and PDT protocols were retrieved. All included trials used
phenothiazinium salts as photosensitizer agents. Only one study observed a significant
difference in the in vivo microbiological load reduction outcome when performing PDT
on primary teeth. The remaining studies all discussed the possible benefits of this
intervention; however, none observed a significant difference in this outcome. In this
systematic review, moderate to low certainty of the available evidence was observed,

and thus, no significant conclusions can be drawn from the findings.

Keywords: Photodynamic Therapy, Endodontics, Root Canal Preparation, Primary

Teeth, Systematic Review
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1 Introduction

Dental caries is the most common oral disease worldwide, and it is estimated to
affect 2.3 billion people, with at least 530 million of them being schoolchildren with
decayed primary teeth 1. When this condition is left untreated, it can rapidly evolve into
more severe dental conditions, such as irreversible pulp inflammation and pulp
necrosis 2. In primary teeth, the transition from irreversible pulpitis to pulp necrosis is
usually faster and symptomless than in the permanent dentition 3. According to the
American Academy of Pediatric Dentistry (AAPD) clinical practice guideline, the gold

standard treatment choice in this situation is to perform a pulpectomy procedure 4.

Root canal treatment in children needs special consideration regarding the
children's acceptance to receive the treatment °. Multiple visits may compromise the
children’s ability to stay calm and cooperate throughout this lengthy procedure, and
thus, single-visit protocols should be preferred to avoid repeated mechanical trauma
(e.g., local anesthesia and rubber dam isolation) and chemical trauma 6. The overall
microbiota composition of infected primary teeth is very similar to permanent teeth
infections 7 and should be treated in the same perspective to achieve the objective of
maintaining the tooth and restoring periradicular health by eliminating intracanal

microbiota and their byproducts through cleaning and shaping of the root canal system
8

Photodynamic therapy (PDT) is a supplementary method that uses a light
source to induce the inactivation of microorganisms °. This approach involves exciting
a nontoxic photosensitizer agent through light activation of a specific wavelength to
produce highly reactive oxygen species and induce cell damage to the surrounding
bacteria 1°. In endodontics, the optimization of root canal disinfection protocols has
always been of significant concern among clinicians and scientists alike, and thus, PDT
has been widely investigated in this specialty as a supplementary approach to

conventional root canal preparation that could optimize the disinfection process **.

A recent meta-analysis of randomized clinical trials evaluated the effects of PDT
after conventional root canal preparation in the permanent infected dentition 2, and it
was observed that every included study found a significant reduction in the intracanal
microbial load after the use of PDT, suggesting that this approach may be valid in

further controlling the endodontic infection. However, there is no systematic review to
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date addressing the same issue regarding primary teeth. Hence, the purpose of this
systematic review was to critically analyze and answer whether PDT could be a valid
supplementary method to reduce the microbial load in primary tooth infections when

compared to conventional root canal preparation alone.

2 Materials and Methods

2.1. Protocol registration

The present review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA 2020) recommendations
13 and the study protocol was registered a priori at the PROSPERO database
(CRD42022310581). The guiding question was formulated based on the PICO
framework (Population (P), Intervention (I), Comparison (C), and Outcome (O)) and
aimed to answer the following question: "Can supplementary PDT () reduce the
microbial load (O) in primary teeth infections (P) over conventional root canal

preparation alone (C)?"

2.2. Eligibility and exclusion criteria

Eligible studies were randomized and nonrandomized clinical trials that
complied with our PICO question and investigated the effects of PDT on reducing the
microbial load of primary teeth in vivo after conventional root canal preparation. The
gender and age of the participants enrolled in the trials were not excluding factors as
long as primary teeth were the intervention target. There were no restrictions regarding

language or date of publication.

Exclusion criteria were case reports and case series, in vitro and ex vivo studies,
animal studies, gray literature, narrative literature reviews, short commentaries, letters

to the editor, and congress abstracts.
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2.3. Information sources and search strategy

The search strategy was elaborated based on our PICO question and aimed to
identify and retrieve studies related to PDT in root canal treatment of primary teeth.
Our strategy was based on combined MeSH terms related to the theme, and they were
adapted for the other databases, respecting their rules of syntax (Table 1). The initial
search was performed on December 31t of 2021 on the following databases:
Cochrane, Web of Science, Scopus, EMBASE and PubMed. The duplicate records of
the retrieved studies were deleted using the Mendeley software software (Elsevier,
Amsterdam, NE). Additionally, to improve the pool of included studies, a manual
search was performed in the reference list of the included studies to retrieve any
additional publication.

— Search strategies

Search Terms

Pubmed

#3

#2

#1

Search #1 AND #2

Seach (Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic) OR
(Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic
Therapy) OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR
(PDT) OR (Photobiomodulation)

Search (Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth, Devitalized) OR
(Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth, Pulpless) OR (Pulpless
Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth, Nonvital) OR (Nonvital Teeth)
OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated Teeth) OR (Teeth,
Endodontically Treated) OR (Tooth, Endodontically-Treated) OR (Endodontically-Treated Tooth)
OR (Tooth, Endodontically Treated) OR (Root canal therapy) OR (Canal Therapies, Root) OR
(Canal Therapy, Root) OR (Root Canal Therapies) OR (Therapies, Root Canal) OR
(Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR (Endodontology)

Embase

#3

#2

#1

Search #1 AND #2

Seach (Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic) OR
(Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic Therapy)
OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR (PDT) OR
(Photobiomodulation)

Search (Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth, Devitalized) OR
(Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth, Pulpless) OR (Pulpless
Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth, Nonvital) OR (Nonvital Teeth)
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OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated Teeth) OR (Teeth,
Endodontically Treated) OR (Tooth, Endodontically-Treated) OR (Endodontically-Treated Tooth)
OR (Tooth, Endodontically Treated) OR (Root canal therapy) OR (Canal Therapies, Root) OR
(Canal Therapy, Root) OR (Root Canal Therapies) OR (Therapies, Root Canal) OR
(Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR (Endodontology)

Web of Science

#3 Search #1 AND #2

#2 TS=((Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic) OR
(Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic Therapy)
OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR (PDT) OR
(Photobiomodulation))

#1 TS=((Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth, Devitalized) OR
(Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth, Pulpless) OR (Pulpless
Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth, Nonvital) OR (Nonvital Teeth)
OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated Teeth) OR (Teeth,
Endodontically Treated) OR (Tooth, Endodontically-Treated) OR (Endodontically-Treated Tooth)
OR (Tooth, Endodontically Treated) OR (Root Canal Therapy) OR (Canal Therapies, Root) OR
(Canal Therapy, Root) OR (Root Canal Therapies) OR (Therapies, Root Canal) OR
(Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR (Endodontology))

SciVerse Scopus

#3 Search #1 AND #2

#2 TITLE-ABS-KEY ( (“Photochemotherapies”) OR (“Photodynamic Therapy”) OR (“Therapy,
Photodynamic”) OR (“Photodynamic Therapies”) OR (“Therapies, Photodynamic”) OR (“Antimicrobial
Photodynamic Therapy”) OR (“Photodynamic Inactivation”) OR (“Photosensitization”) OR
(“Photosensitizer”’) OR (“PDT”) OR (“Photobiomodulation”) )

#1 TITLE-ABS-KEY ( (“Tooth, Nonvital”) OR (“Tooth, nonvital’) OR (“Nonvital Tooth”) OR (“Tooth,
Devitalized”) OR (“Devitalized Tooth”) OR (“Tooth, Pulpless”) OR (“Pulpless Tooth”) OR (“Teeth,
Pulpless”) OR (“Pulpless Teeth”) OR (“Teeth, Devitalized”) OR (“Devitalized Teeth”) OR (“Teeth,
Nonvital’) OR (“Nonvital Teeth”) OR (“Teeth, Endodontically-Treated”) OR (“Endodontically-
Treated Teeth”) OR (“Teeth, Endodontically Treated”) OR (“Tooth, Endodontically-Treated”) OR
(“Endodontically-Treated Tooth”) OR (“Tooth, Endodontically Treated”) or (“Root Canal Therapy”)
OR (“Canal Therapies, Root”) OR (“Canal Therapy, Root”) OR (“Root Canal Therapies”) OR
(“Therapies, Root Canal”’) OR (“Therapy, Root Canal’) OR (“Endodontics”) OR (“Endodontics”)
OR (“Endodontology”) )

The Cochrane Library

#3 Search #1 AND #2

#2 TITLE-ABS-KEY (Photochemotherapies) OR (Photodynamic Therapy) OR (Therapy, Photodynamic)
OR (Photodynamic Therapies) OR (Therapies, Photodynamic) OR (Antimicrobial Photodynamic
Therapy) OR (Photodynamic Inactivation) OR (Photosensitization) OR (Photosensitizer) OR (PDT)
OR (Photobiomodulation)

#1 TITLE-ABS-KEY (Tooth, Nonvital) OR (Tooth, nonvital) OR (Nonvital Tooth) OR (Tooth,
Devitalized) OR (Devitalized Tooth) OR (Tooth, Pulpless) OR (Pulpless Tooth) OR (Teeth,
Pulpless) OR (Pulpless Teeth) OR (Teeth, Devitalized) OR (Devitalized Teeth) OR (Teeth,
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Nonvital) OR (Nonvital Teeth) OR (Teeth, Endodontically-Treated) OR (Endodontically-Treated
Teeth) OR (Teeth, Endodontically Treated) OR (Tooth, Endodontically-Treated) OR
(Endodontically-Treated Tooth) OR (Tooth, Endodontically Treated) OR (Root canal therapy) OR
(Canal Therapies, Root) OR (Canal Therapy, Root) OR (Root Canal Therapies) OR
(Therapies, Root Canal) OR (Therapy, Root Canal) OR (Endodontics) OR (Endodontics) OR
(Endodontology)

2.4. Selection process

The selection process was performed using the Rayyan web application (Qatar
Computing Research Institute, Doha, QA) 4. An initial calibration exercise was
proposed for two reviewers (LPA and LBG) to discuss the eligibility criteria and apply
them to a sample of 10% of the retrieved studies to determine the interexaminer
agreement through Cohen's kappa coefficient. After a proper coefficient was achieved
(k = 0.86), the same two reviewers were blinded and performed a systematic screening
of the studies by title and abstract. The eligibility criteria were applied and the records
that were in accordance with the inclusion criteria and those that were considered
uncertain were selected for full-text analysis. If any disagreement was observed, a third

reviewer (CCRF) was consulted to achieve consensus and make a final decision.

2.5. Data collection process

Data of interest from the included studies, such as demographic data (author,
year, country, institution where the research was conducted, and funding sources),
sample characteristics (number of patients, gender, age range, tooth group, and
preoperative pulpal diagnoses), intervention characteristics (photoactivation protocol
parameters, type of light source, photosensitizer agent) and details of the reported
outcomes, including the assessment methods, were extracted in an Excel spreadsheet
(Microsoft Corporation, Redmond, WA, USA) and the obtained data were interpreted
by two reviewers (LPA and LBG), and another reviewer (TSA) double-checked the

accuracy of the data extraction.

2.6. Study risk of bias assessment

Two reviewers (LPA and LBG) independently used the Cochrane's Risk of Bias

tool for randomized trials (ROB 2) and for nonrandomized studies of interventions



54

(ROBINS-I) to assess the methodological quality of the included trials *°. Each tool
consists of evaluating different sets of domains; the ROB 2 tool compromises judging
five domains: (d1) bias arising from the randomization process; (d2) bias due to
deviations from intended interventions; (d3) bias due to missing outcome data; (d4)
bias in the measurement of the outcome; and (d5) bias in the selection of the reported
result, while the ROBINS-I tool embraces seven domains: (dl) bias due to
confounding; (d2) bias in the selection of participants into the study; (d3) bias in
classification of interventions; (d4) bias due to deviations from intended interventions;
(d5) bias due to missing data; (d6) bias in the measurement of outcomes; and (d7) bias
in the selection of the reported result. Each of the signaling questions was judged
according to the degree of risk of bias. Because of the nature of the intervention (laser
application), blinding of personnel and patients was not considered to increase the risk

of bias of the included trials.

2.7. Certainty assessment

To appraise the certainty of the body of evidence summarized from this study,
two reviewers (LPA and LBG) used the Grading of Recommendations, Assessment,
Development, and Evaluation approach (GRADEpro GDT; McMaster University,
Ontario, CA) to rate the quality of the outcome analysis through the five GRADE
domains: (d1) risk of bias, (d2) inconsistency, (d3) indirectness, (d4) imprecision and
(d5) publication bias.

3 Results

3.1. Search strategy

The proposed search strategy (last updated on May 20%", 2022) yielded 1545
studies from all target databases (Figure 1). Subsequent to the removal of duplicate
records, a total of 1152 studies were screened by title and abstract. Of these, 1139
were excluded for not meeting the review scope, and 13 were deemed relevant and
were fully assessed for eligibility by two reviewers (LPA and LBG). After that, nine

studies were excluded for having different study designs or evaluating other outcomes,
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and four studies met all the eligibility criteria and were included in this systematic

review. A complete list of the excluded records is outlined in Supplementary file 1.

|dentification of studies via databases and reqgisters

- Records identified from: Records removed before screening:
:g PubMed (n = 503) Duplicate records removed (n=393)
Web of Science (n = 338) > Records marked as ineligible by
b= Scopus (n = 183) automation tools (n=0)
E Embase (n = 453) Records remowved for other reasons (n =
= Cochrane Library (n=&7) )
Records screened » Records excluded
{n=1152) (n=1139)
Reports sought for retrieval Repaorts not refrieved
@ (n=13) " =0
g
: '
@
Reports assessed for eligibility Ret}ffﬁﬁgmi‘jﬁ'ﬁ‘ _a)
(n=13) Case reports and case seres (n = 4)
Different outcome (n= 1)

Studies included in review
(n=4)

Included

Figure 1. Flowchart showing search strategy based on the PRISMA 2020 Statement.

3.2. Study characteristics

A detailed overview of the methodology and main findings of the four clinical
studies included in this review is described in Table 2. A total of 72 children were
reported to have received the intervention, and the age range of the sample was 2-8
years old. All assessed primary teeth had a diagnosis of necrotic pulp, with two studies

evaluating the microbiological load after PDT in primary anterior teeth 1817, while the
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other two included studies evaluated the same outcome in primary molar teeth 819,
Three studies measured the intervention outcome on total viable bacteria in colony-
forming units 15-8 whereas one study measured the viable fungal colony-forming units
of Candida albicans *°. Every study evaluated the viable colony-forming units through
different cultivation methods. Additionally, the included studies differed regarding the
study design, with only one study being a randomized clinical trial 1/, while the

remaining studies were nonrandomized clinical trials.

The photosensitizer agents used to perform PDT were phenothiazinium salts
(i.e., methylene blue and toluidine blue O). One study *° used a higher concentration
of methylene blue dye (0,010% mg/L), and two studies 67 used it at a lower
concentration (0,005% mg/L). The remaining study *® used toluidine blue O at a
0,005% mg/L concentration. All studies reported having employed a pre-irradiation

time of 3 minutes for the photosensitizer agents to diffuse inside the root canal system.

Regarding the light source and photoactivation parameters, every included
study used a low-level diode laser. However, two different configuration settings were
observed: three studies 15~ used the laser at a 660 nm wavelength, 100 mW output
power, and 4 J cm? setting for 40 seconds, while the other study 1° used it at a 940 nm
wavelength, 200 mW output power, and 2 J cm? applied in three cycles of 10 seconds
each. Only two studies reported having used intracanal optical fibers coupled to the

diode lasers to activate the photosensitizer agents 1619,

Just one study '8 found a statistically significant difference in the in vivo
microbiological load reduction outcome when performing PDT on primary teeth. The
remaining studies 161719 all discussed the possible benefits of this intervention;
however, none observed a significant difference in microbiological load reduction when

compared to the control sample (i.e., conventional root canal preparation).
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Intervention characteristics

Photoactivation
parameters

Assessment
measure

Main findings

Sample characteristics |
Author Number  Age- Tooth Pulpal Light Photosensitizer
and year of range group diagnosis source agent
patients
Pinheiro et 10 4-7 Primary  Necrotic Low-level  0,005% mg/L of
al., 2008 years  molars pulp diode laser toluidine blue O
Anand et 20 5-8 Primary  Necrotic Low-level 0,010% mg/L of
al., 2020 years  molars pulp diode laser  methylene blue
Okamoto et 32 2-5 Primary  Necrotic Low-level 0,005% mg/L of
al., 2020 years anterior pulp diode laser  methylene blue
teeth
Fernandes 10 3-5 Primary Nerotic Low-level 0,005% mg/L of
et al., 2020 years  anterior pulp diode laser  methylene blue
teeth

4J cm? light fluency,
100mW output
power, and 660nm
wavelength applied
for 40s

2J cm? light fluency,
200mW output
power, 940nm
wavelength applied
in three cycles of
10s each
4J cm2 light fluency,
100mW output
power, and 660nm
wavelength applied
for 40s
4J cm2 light fluency,
100mW output
power, and 660nm
wavelength applied
for 40s

Assessment of
viable bacteria in
colony-forming
units (CFUs/mL)

Assessment of
viable fungal in
colony-forming
units of Candida
albicans
(CFUs/mL)
Assessment of
viable bacteria in
colony forming
units (CFUs/mL)

Assessment of
viable bacteria in
colony forming
units
(CFUs/25mL)

Photodynamic therapy may be an
additional resource for microbial
reduction in primary teeth with necrotic
pulp since, in this study, there was a
significant difference of an additional
15.78% reduction in the total number of
bacteria.

Postoperative CFUs values show no
significant difference, which shows that
all the protocols used for disinfection of
root canals of primary teeth in this study
were equally effective.

The reduction in bacterial load was 93%
in the control group and 99% in the PDT
group, with no statistically significant
difference.

No significant reduction in CFUs was
observed using PDT after the
conventional chemo-mechanical
preparation of the root canal system
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Figure 2 shows the ROB 2 tool applied to the included randomized clinical trial

17 indicating a low risk of bias in all domains. Moreover, Table 3 summarizes the risk

of bias in the nonrandomized studies. Of these, two studies 1618 showed an overall low

risk of bias, and in one study 1° a moderate risk of bias was detected in the

classification of interventions domain for not thoroughly describing the intervention

groups, and a serious risk was detected in the selection of the reported result domain

since this study had not made a preclinical research protocol and there are suspicions

that the reported outcome was selected based on a subset of the overall

microbiological analysis.

Study ID Experimental Comparator Outcome Weight D1 D2
Okamoto (2020)  Photodynamic therapy Conventional treatment CFUs/mL 1 + +

03

Da D5 Overall
* + (%)

D1

D2

D3

D4

D5

Low risk
Some concerns

High risk

Randomization process

Deviations from the intended interventions
Missing outcome data

Measurement of the outcome

Selection of the reported result

Figure 2. Risk of Bias assessment of the included randomized clinical trial

Table 3. Risk of bias in included trials based on Cochrane’s ROBINS-I tool.

Pinheiro et al., Arnand et al., Fernandes et al.,
2008 2020 2020

Bias due to confounding Low risk Low risk Low risk

Bias in selection of participants into the study Low risk Low risk Low risk

Bias in classification of interventions Low risk Moderate risk Low risk

Bias due to deviations from intended interventions  Low risk Low risk Low risk

Bias due to missing data Low risk Low risk Low risk

Bias in measurement of outcomes Low risk Low risk Low risk

Bias in selection of the reported result Low risk Serious risk Low risk

Overall risk of bias Low risk Serious risk Low risk
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Since the data from the included studies could not be standardized and pooled
together, a quantitative meta-analysis was contraindicated. The GRADE approach was
carefully modified following specific recommendations to rate the certainty of the
evidence 9. The overall summary of evidence showed moderate certainty for the
included randomized clinical trial and very low certainty for the nonrandomized trials
(Table 4). A serious risk was observed in both categories in the 'publication bias'
domain because all studies consisted of small samples, and thus, the intervention
effect may be over- or underestimated ?*. In the nonrandomized trials category, serious

risks were also observed in the 'risk of bias' and 'inconsistency' domains.
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Table 4. Certainty of the available evidence based on the GRADEpro GDT tool.

Certainty assessment Effect Certainty
Number of Risk of bias Inconsistency Indirectness Imprecision Publication bias
studies

Randomized clinical trial
Outcome: Microbiological load reduction (in CFUs/mL)

1 Not serious Not serious Not serious Not serious  Serious No significant difference was 1o11@)
observed in the primary outcome Moderate

Non-randomized clinical trial

Outcome: Microbiological load reduction (in CFUs/mL)

3 Serious Serious Not serious Not serious  Serious Most studies did not observe o000
significant differences in the Very low
primary outcome
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4 Discussion

Root canal treatment in infected primary teeth is an essential step toward
maintaining the teeth in the oral cavity until physiological exfoliation occurs, avoiding
malocclusions, phonetic alterations, reduced masticatory force, and esthetic problems
22 However, this type of treatment can be a challenging task for the clinician since
primary teeth present physiological, morphological, and behavioral aspects such as
root resorptions, complex root anatomy, and difficult patient management 22, From this
perspective, different supplementary methods for improving root canal disinfection in
primary teeth have been investigated 24, and PDT has shown significantly positive in
vitro results on microbiological load reduction 2°-27, Additionally, case reports on PDT
application in primary teeth infections discussed some possible benefits, such as
improving the outcome of traumatized primary teeth 282° and potentially reducing
microbiological load, thus improving the therapy prognosis 3031, It is noteworthy that
case reports represent the lowest evidence possible and should not be used to justify
the use of an experimental intervention; however, they are helpful in developing a

hypothesis to further investigate through controlled analytical studies 2.

The overall findings of this review were in contrast to a previous study that
evaluated the outcome of PDT in reducing the microbiological load on infected
permanent teeth 12, Of the included trials, only one *2 reported a significant effect on
this outcome; however, the sample size used in this study consists of a fundamental
methodological limitation (only ten patients). The same limitation can be described for
the remaining trials since none performed a sample size calculation and used small
samples. Sample size underestimation may lead the intervention to be statistically
nonsignificant or may overestimate the effect of the intervention 3. It is also important
to point out that all trials have activated the photosensitizer agents with an under-
optimal irradiation time (10 - 40s), and in one trial 1°, an incorrect wavelength was
irradiated to methylene blue (940nm). Phenothiazinium salts have an optimal light
absorbance peak at 665nm wavelength irradiated for 90 seconds 3435, Two trials 1718
have not used an optical fiber coupled to the light source, which is crucial to properly
activate the photosensitizer agents and produce reactive oxygen species in the apical

region of the root canal system 36,

Additionally, all included trials have investigated microbiological load reduction
through different first-generation cultivation methods for bacterial and fungal detection,
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and these methods are known for having several setbacks, such as low sensitivity and
inability to detect certain species, resulting in an oversight of the overall endodontic
pathogen microbiome 37. Therefore, randomized clinical trials of PDT in primary tooth
infections that aim to investigate microbiological load reduction should focus on optimal
dosimetric light activation parameters, larger sample size, and next-generation
sequencing technologies for identifying a more precise effect of this intervention on the

endodontic microbiome.

Only one trial 17 evaluated the follow-up of the PDT intervention at 1- and 3-
month intervals; however, this timeline is insufficient to evaluate any positive outcome
related to clinical interventions in primary teeth infections. Thus, future high-quality
clinical trials should make efforts to perform long-term clinical and radiographic follow-
ups evaluating primary tooth survival and the exfoliation period when PDT is used as
an additional disinfection method to conventional pulpectomy. In this way, a clinically
significant outcome may be assessed regarding the potential benefits of PDT in root
canal treatment of primary teeth In this systematic review, moderate to low certainty
of the available evidence was observed, and thus, no significant conclusions can be
drawn from the findings. Future studies should follow trial reporting guidelines such as
the Consolidated Standards of Reporting Trials (CONSORT) 2 or the Preferred
Reporting Items for RAndomized Trials in Endodontics (PRIRATE) 2 to improve the

quality of the generated evidence.

Why this paper is important to paediatric dentists

- Even though there is still insufficient evidence to recommend the use of
photodynamic therapy on the pulpectomy of primary teeth, this review provided
clinicians with insights regarding the use of this supplementary disinfection
technique.

- Future studies should also evaluate if laser-assisted photodynamic therapy

affects children's behavior management.
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ABSTRACT

Background: A smile is considered one of the most important soft skills in social
interaction. It is known that some photosensitizer agents (PS) used in photodynamic
therapy (PDT) during root canal treatment could play a significant role in tooth color
change, and thus the main objective of this systematic review is to address whether
performing PDT can influence tooth color change and to synthesize the most effective
methods to remove PS from the root canal system. Methods: This study followed the
PRISMA 2020 statement, and the protocol was registered at the Open Science
Framework. Two blinded reviewers searched five databases up to November 20™,
2022: Web of Science, PubMed, Scopus, Embase, and the Cochrane Library. The
eligibility criteria were studies that investigated tooth color change after PDT in
endodontics. Results: A total of 1695 studies were retrieved, and 7 were included in
the qualitative analysis. All the included studies were in vitro evidence and investigated
five different PS: methylene blue, toluidine blue O, malachite green, indocyanine
green, and curcumin. Besides curcumin and indocyanine green, the remaining agents
all caused tooth color change, and no method employed was effective in fully removing
these PS from inside the root canal system. Conclusions: Even though the findings
showed that curcumin and indocyanine green did not influence tooth color change, the
present evidence should be interpreted with caution since it is based on laboratory
studies with questionable methods, and all efforts should be employed to avoid this
undesirable side effect during clinical practice.

Keywords: Endodontics, Pigmentation, Photochemotherapy, Systematic review
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1 Introduction

Apical periodontitis is an inflammatory disease that is the main consequence of
a polymicrobial infection on the decayed tooth (1). The standard treatment consists of
performing root canal therapy to chemo-mechanically remove infected and/or inflamed
pulp tissue from the root canal system. It is estimated that half the world's population
has at least one tooth with apical periodontitis (2).

Even though the success rate of primary root canal treatment is considered high
(3), the endodontics specialty community has always chased enhanced disinfection
methods to improve the treatment outcome (4). From this perspective, photodynamic
therapy (PDT) has been investigated as an effective supplementary approach to
improve the decontamination of the infected root canal system (5). Several benefits
have been observed using PDT after the conventional root canal chemo-mechanical
preparation, such as reduced intracanal bacterial load and reduced postoperative pain
(6,7).

The science of PDT follows the principles of a photochemical reaction, in which
three essential factors are required: a light source with the appropriate wavelength (8),
a non-toxic dye (i.e., photosensitizer agent) with the ability to absorb energy from this
light source and free oxygen. This photochemical reaction will produce highly reactive
oxygen species, such as singlet oxygen which is effective against bacteria, viruses,
and yeasts (9).

The photosensitizers most used in endodontics are phenothiazine salts, with no
side effects reported to date (10). However, there is uneasiness among clinicians due
to the fact that the current photosensitizer agents may have a pigmentation potential
on tooth structure.

Dental aesthetics play a significant role in the psychosocial impact of patients
undergoing oral treatments (11). And thus, tooth pigmentation caused by the current
photosensitizer agents used in PDT could negatively impact the patient's self-
awareness and self-esteem. Hence, the main goal of this systematic review is to
address this issue and answer whether PDT can cause tooth color change on
endodontically treated teeth and provide evidence regarding the optimal removal of the
photosensitizer agent from the root canal system to avoid tooth staining.

2 Methods

2.1 Registration and research question

This systematic review is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA 2020) recommendations
(12). The study protocol was registered in the Open Science Framework
(https://ost.io/gx2e6/) due to the nature of the study design (e.g., a systematic review
of in vitro studies). The main research question was formulated based on the PICO
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strategy: Can the photosensitizer agents used in photodynamic therapy during root
canal treatment cause tooth color change?

2.2 Eligibility and exclusion criteria

Considering this paper's scope, all English-written studies that investigated
tooth color change after performing PDT during root canal treatment and the methods
used to remove photosensitizer agents from the root canal system were qualified for
inclusion, all photosensitizer agents were considered, and no study design or
publication period restrictions were applied. Exclusion criteria were studies that did not
use any photosensitizing agent to perform PDT, investigated photodynamic tooth
bleaching, or evaluated antimicrobial properties.

2.3 Search strategy

Five electronic databases (i.e., PubMed/MEDLINE, The Cochrane Library,
SciVerse Scopus, EMBASE, and the Web of Science) were screened using a
systematic search strategy elaborated based on search descriptors from MEDLINE
MeSH (Medical Subject Headings) terms were used as common search descriptors
and adapted for other database syntaxes (Supplementary file 1). All pertinent articles
were imported into Mendeley software (Elsevier, Amsterdam, NE) to sort duplicate
studies. If the article was inaccessible within these databases, the study's
corresponding author was contacted via e-mail, aiming to retrieve the paper.

2.4 Selection process

Firstly, the assortment process was conducted through a discussion of all
eligibility criteria among the reviewers. Then the remaining articles were exported into
the Rayyan web application (Qatar Computing Research Institute, Doha, QA) (13) to
be assessed by two blinded and independent reviewers (ARM and LPA), who had
access to the article's information filtered by title and abstract The studies that were in
accordance with the eligibility criteria, as well as those that were considered uncertain,
were selected for a full-text analysis by the reviewers. In case of disagreement, a
consensus was achieved through discussion with a third reviewer with more
experience in the field (CCRF).

2.5 Data collection process

Data of interest from the included studies were tabulated and interpreted by two
independent reviewers (ARM and LBG) in an Excel spreadsheet (Microsoft
Corporation, Redmond, WA, USA), and another reviewer (LPA) double-checked it. In
case of any missing information, the corresponding author of the included study was
contacted via e-mail to retrieve any missing data. The parameters of interest included
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the year of publication, study design, the method used to investigate tooth color
change, tooth group, photosensitizer agent used, photoactivation protocols (light
source, energy fluency, and wavelength), the auxiliary chemical solution used,
methods for removing the photosensitizer agent, and main findings. The complete
database will be available at the Open Science Framework register.

2.6 Study risk of bias assessment

The methodological risk of bias in each included study was evaluated by two
blinded and independent reviewers (LPA and ARM) using the revised Cochrane risk of
bias tool. This tool was meticulously modified according to an adaptation made in a
previously published systematic review of in vitro studies (14). The following
parameters were used to assess the risk of bias: (1) sample size calculation, (2)
samples with similar dimensions, (3) sample groups were randomized, (4) well-
described photosensitizer activation parameters, (5) color measurement following a
standard system, (6) comprehensible reporting of the study design, (7) statistical
analysis was carried out.

3 Results
3.1 Search strategy

The proposed search strategy was lastly applied on November 20" 2022, and
retrieved a total of 1695 studies. Figure 1 is a schematic flowchart underlining the
search process according to the PRISMA 2020 guideline. After duplicate removals,
831 studies were screened by title and abstract, resulting in 10 potentially eligible
studies which were analyzed through full-text reading. Of these, 1 was excluded
because it was a randomized clinical trial that only discussed possible pigmentation
effects without showing any data, 1 was a narrative review that also did not show any
data regarding tooth pigmentation, and 1 was an in vitro study with a different outcome.
Seven studies met the criteria and were included in the present systematic review. A
complete list showing the excluded and included studies is available in Supplementary
file 2.
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Figure 1. Search flowchart according to the PRISMA 2020 Statement.
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3.2 Study characteristics

A total of five photosensitizer agents were investigated for tooth color change
after endodontic PDT. Six studies evaluated methylene blue at a 0.01% concentration
(15-20), other three studies investigated toluidine blue at a 0.01% concentration
(15,19,20), one investigated malachite green at a 0.01% concentration (19), one
evaluated indocyanine green at a 0.01% concentration (15), and two studies evaluated
curcumin at 1000mg/L and 1500mg/L concentrations (16,21).

Every included study assessed tooth color change through in vitro
spectrophotometer analysis following the CIELab color space system (22). Table 1
shows the method used, sample groups, photosensitizer agent used, and
photoactivation parameters. A total of 160 single-rooted teeth, 180 resin-based
composite discs, 30 bovine tooth enamel discs, and 60 intraradicular dentin blocks
were used to evaluate color change. As light sources, the included studies used low-
level diode lasers at two different settings to photoactivate methylene blue, toluidine
blue, malachite green, and indocyanine green, while a blue LED light curing unit was
used to photoactivate the curcumin photosensitizer.

Table 2 addresses the methods used to remove these photosensitizer agents
and the outcome on tooth structure pigmentation. The methods employed varied from
Endo-PTC cream (Asfer, Sdo Caetano do Sul, Sado Paulo, Brazil) associated with 2.5%
NaOCI (20), irrigation with 1% or 2.5% NaOCI (15,18,19), irrigation with different types
of final irrigants such as 17% EDTA, QMix (Dentsply Sirona, Charlotte, NC, USA), and
17% Glycolic acid (17,18), passive ultrasonic irrigation (18), and irrigation with saline
solution, deionized water and distilled water (16,18,21). No method was able to
completely remove the photosensitizer agents; however, two studies observed no
tooth color change when curcumin or indocyanine green was used as photosensitizer
agents (15,21). The remaining agents all caused tooth color change beyond the
clinically acceptable threshold.
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Study Desigh  Method Tooth group Photosensitizer agent Photoactivation parameters
Figueiredo et al.,, 2014  Invitro  Spectrophotometer 40 Single-rooted teeth Methylene blue and Diode laser set in 660nm wavelength at 40mwW
analysis Toluidine blue at 0.01% output power, 9J energy fluency, and irradiated
for 3 minutes.
Costa et al., 2016 Invitro  Spectrophotometer 40 Single-rooted teeth Methylene blue, Diode laser set in 660nm wavelength at 40mwW
analysis Toluidine blue, and output power, 9J energy fluency, and irradiated
Malachite green at for 2 minutes.
0.01%
Ramalho et al., 2017 Invitro  Spectrophotometer 40 Single-rooted teeth Methylene blue at Diode laser set in 660nm wavelength at 40mw
analysis 0.01% output power, 9J energy fluency, and irradiated
for 4 minutes.
Souza et al., 2021 Invitro  Spectrophotometer 40 Single-rooted teeth Methylene blue at Diode laser set in 660nm wavelength at 100mwW
analysis 0.01% output power, 9J energy fluency for 90 seconds.
Reina et al., 2021 Invitro  Spectrophotometer 60 resin-based Curcumin Blue LED at 455nm wavelength, 22mW output
analysis composite discs and 30 power, 18J energy fluency for 14 minutes.
bovine tooth enamel
Sivieri-Araujo et al., Invitro  Spectrophotometer 60 Intraradicular dentin ~ Methylene blue at Not applicable
2022 analysis blocks from single- 0.01%, Curcumin
rooted teeth 1000mg/L, and
Curcumin 1500mg/L
Ozkocak et al., 2022 Invitro  Spectrophotometer 120 resin-based Methylene blue and Diode laser set in 940nm wavelength, 1W output
analysis composite discs Toluidine blue at power for 1 minute

0.01%, and
Indocyanine green at
0.5%
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Table 2. Photosensitizer removal methods and main findings related to tooth pigmentation caused by these agents.

Study Photosensitizer agent

Photosensitizer removal method

Main findings

Figueiredo et al., 2014  Methylene blue and Toluidine

blue at 0.01%
Costa et al., 2016 Methylene blue, Toluidine blue,
and Malachite green at 0.01%

Ramalho et al., 2017 Methylene blue at 0.01%

Souza et al., 2021 Methylene blue at 0.01%

Reina et al., 2021 Curcumin

Sivieri-Araujo et al.,
2022

Methylene blue at 0.01%,
Curcumin 1000mg/L, and
Curcumin 1500mg/L
Ozkocak et al., 2022 Methylene blue and Toluidine
blue at 0.01%, and Indocyanine
green at 0.5%

Endo-PTC cream and irrigation with

2.5% NaOCl

Irrigation with 1% NaOCI

Irrigation with saline solution, 2.5%

NaOCI, 17% EDTA, and passive
ultrasonic irrigation

Irrigation with 17% EDTA, QMix,
and 17% Glycolic acid

Irrigation with distilled water

Irrigation with deionized water

Irrigation with 2.5% NaOCI

Both photosensitizer agents cause tooth discoloration, and
Endo-PTC cream associated with 2.5% NaOCI was able to
reduce the discoloration potential.

The photosensitizers Methylene Blue, Toluidine Blue, and
Malachite Green, used in photodynamic therapy at a
concentration of 0.01%, promoted tooth color change

No removal method was completely effective in preventing
dentin staining from the root canal

No final irrigants were able to avoid the color change of the
dentin structure

Curcumin does not seem to have the potential to promote
any esthetic or mechanical changes to the surface of tooth
enamel and can be applied safely in clinical practice.
However, the results on color change obtained for
composite resins show that some negative effects can be
produced.

The effects of methylene blue and curcumin
photosensitizers on the color stability of endodontically
treated intraradicular dentin exceeded the clinical
acceptability threshold.

Methylene blue and toluidine blue caused color change on
the resin-based composite, whereas indocyanine green
was completely removed with 2.5% NaOCI and caused no
color change
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3.3 Quality assessment

Among the parameters established for the quality assessment of the included 7
in vitro studies, six of them scored poorly on ‘Sample size calculation’ (16—21), while
in 1 study, unclear risk of bias was detected on the ‘Well-described photosensitizer
activation parameters’ because the authors had not photoactivated the studied agents
(16). The explanation for this issue is that the authors aimed to investigate the
pigmentation effect of the agents themselves instead of the post-photoactivation effect.
All studies scored a low risk of bias for the remaining parameters, and thus an overall
low risk of bias can be considered for this in vitro evidence. Figure 2 shows the risk of
bias graph of the included studies.

Sample size calculation

Samples with similar dimensions

Sample groups were randamized

‘Well-described photosensitizer activation parameters
Color measurement following the CIELab system

Comprehensible reporting of the study design

Statistical analysis was carried out

0% 25% 501% 75%  100%

.an risk of bias DUnclearrisk of bias .High fisk of hias

Figure 2. Review authors’ judgments about each risk of bias item for each included in
vitro study.

4 Discussion

Tooth color change induced by endodontic materials and procedures is well-
known for the possibility of causing aesthetic issues and having a negative social
impact on patients, mainly when it occurs on anterior teeth (23). It is a consensus that
a good smile is considered to be among the most important soft skill to increase
interpersonal and employability abilities (24,25), and thus all efforts should be made to
avoid undesirable side effects on tooth color after endodontic procedures.

The findings from the present review suggest that tooth color change caused by
the current photosensitizer agents is almost unavoidable. Only two studies found that
curcumin and indocyanine green did not promote clinically-relevant color change
(15,21); however, it is important to note that these studies have investigated the effects
of photosensitizer agents on resin-based composites discs and thus may not represent
the whole complexity of color change on natural tooth structure. Tooth color change is



77

perceived by the way light penetrates and interacts by reflecting throughout tooth
structure, such as the dentin-enamel junction. In restored teeth, the color stratification
of resin-based composites is different from sound teeth and has an impact on light
transmission characteristics when compared to dentin substracts (26) and; thereby,
investigating color change only on the restorative materials is an underestimation of
clinically perceived color change.

Moreover, no clinical trial to date has evaluated tooth color change after
endodontic PDT, and thus the findings from this review are purely based on the
qualitative synthesis of in vitro assays. Even though it is expected to have similar
effects on clinical settings, the present findings should be interpreted with caution since
several clinical trials investigated other outcomes related to PDT in endodontics (27—
30), and none has described occurring tooth color changes in the patients. Also,
systematic reviews of in vitro studies are still considered extremely complex to acquire
reliable data that can be extrapolated to clinical environments, especially when there
is a heterogeneity of the available data, and there is still no quality assessment
guideline to evaluate the certainty of the generated evidence (31). Furthermore, a
guantitative meta-analysis was not performed because even though the methods used
to evaluate color change were the same, other variables, such as the investigated
structure (i.e., human tooth, bovine tooth, and resin-based composite discs), the
photosensitizer agents evaluated and the methods used to remove these agents
differed from each study, making it impossible to pool the findings into homogenous
subgroups, and thus a meta-analysis would mislead the true effect due to confounding
bias (32).

Another issue observed in the included studies is that almost none performed a
sample size calculation to determine a relevant effect of the intervention, and thus the
studies may be over or underestimating the investigated outcome. Also, the included
studies evaluated color change through spectrophotometer analysis using the CIELab
color system to express the results. However, future studies should express the results
through the CIEDE2000 formula, which is considerably more sophisticated and precise
than its predecessor (33). This way, a more clinically relevant tooth color change can
be better evaluated (34).

Regarding the photosensitizer removal methods, no method investigated by the
included studies has proved to be sufficiently efficient to avoid tooth pigmentation
(Table 2); however, it is feasible to recommend that all efforts should be made to
increase its removal. Passive ultrasonic irrigation is a technique that is noted for better
removal of debris and intracanal medicaments (35,36), and even though the only study
that evaluated this technique on the removability of photosensitizer agents has found
that it was not sufficient to completely avoid pigmentation, it was the method that
removed them the most (18). The contemporary photosensitizer agents used in
endodontics all have pigmentation side-effect; however, a recent scoping review has
shown that incorporating these agents into bioengineered nanoparticle carriers could
minimize this effect and increase its antimicrobial potential (37), favoring the clinical
application of PDT in endodontics.
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Future studies should focus on investigating the clinical effects of the current
photosensitizer agents on the color stability of endodontically treated teeth, developing
novel photosensitizer agents with reduced or none pigmentation side-effect, improving
drug-delivery strategies such as nanoparticle incorporation, and investigating other
methods to effectively remove remnants of the photosensitizer agent from the root
canal system to successively overcome the undesirable pigmentation side-effect on
clinical practice.

5 Conclusions

The available in vitro evidence indicates that the current photosensitizer agents
have pigmentation potential beyond the clinically accepted threshold, and there is still
no guaranteed method to remove these agents from inside the root canal system and
completely avoid tooth color change. Future studies should assess this outcome in
clinical settings, and efforts toward the technological development of novel
photosensitizer agents should also address reducing the pigmentation side-effect.
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3 DISCUSSAO

A desinfecc¢édo do sistema de canais radiculares € uma das etapas fundamentais
para o sucesso do tratamento endoddntico, e métodos suplementares ao preparo-
guimico mecéanico convencional sempre foi e sempre seréo investigados a fim de
melhorar os principais desfechos clinicos na endodontia (Siqueira & Récas 2011). A
terapia fotodinAmica em endodontia tem sido investigada através de estudos clinicos
desde 2006 (Bonsor et al. 2006), e mesmo havendo um crescimento exponencial na
tltima década de instituicdbes académicas e pesquisadores envolvidos em estudos
publicados nesse escopo (Artigo 1) (de Araujo et al. 2022), ainda ha uma lacuna no
conhecimento cientifico referente a taxa de sucesso do tratamento endodéntico
quando essa intervencao suplementar é aplicada, com apenas um estudo avaliando
esse desfecho (de Miranda & Colombo 2018). A maior parte das evidéncias de alto
nivel (i.e., estudos clinicos e revisdes sistematicas) dissertam sobre a significancia da
terapia fotodinamica na reducdo da carga microbiana de pacientes com dentes
permanentes (Pourhajibagher & Bahador 2019) e deciduos (Artigo 2) (Araujo et al.
2023) ou na dor pos-operatéria (Elafifi-Ebeid et al. 2020) e isso constitui como uma
limitacdo da evidéncia disponivel para estabelecer essa intervencdo como pratica
recomendavel.

Até o presente momento, ndo ha quaisquer efeitos colaterais reportados em
pacientes (Plotino et al. 2019), porém em uma sintese de estudos laboratoriais foi
observado alteracdo de cor em dentes extraidos (Artigo 3) (de Araujo et al. 2023).
Esse efeito colateral é associado ao agente fotossensibilizante utilizado, entretanto,
nenhum estudo clinico ou relato de caso observou esse achado. Outro fator que
influencia na efetividade da PDT é com relacédo ao sistema de entrega dos agentes
fotossensibilizantes. Estudos atuais demonstram que o sistema de entrega pode ser
otimizado através da incorporacdo de nanoparticulas, aumentando a acéo
antimicrobiana de forma controlada e reduzindo possiveis efeitos colaterais como

alteracao de cor e citotoxicidade (Shrestha & Kishen 2016; Diogo et al. 2019).
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CONCLUSAO

A terapia fotodinamica na endodontia € uma opc¢éao eficaz e segura na reducao
da carga microbiana intracanal. Porém, futuros estudos clinicos precisam esclarecer
se essa reducdo microbiana é relevante clinicamente, aumentando a taxa de sucesso
e sobrevivéncia dentaria ao utilizar essa intervencdo suplementar. Novos agentes
fotossensibilizantes com maior atividade antimicrobiana e fototerapéutica, e sem
efeitos colaterais como alteracdo de cor devem ser desenvolvidos e investigados

clinicamente a longo prazo para recomendar essa suplementacdo de forma rotineira.
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Abstract

Background: Dental cares 1s the most commeon oml disease worldatde, and 1L
15 esttmated bo affect 2.3 bilbon people, with at lea 530 million of them being
schoalchild ren with decaysd primarny tseth. This cosditbon can mpld by evalve inla
irmversible pulp inflammation and pulp necrosts and thus requiring emdodontic
intervention. Pholodymamic therapy (POT) i 2 sspplementary method o con-
wenbional pulpeciomy and s ued bo tmprosves the protocol wed for distniection.
Aim: The main objective of this shedy was o evalimbe through a sysiemalic ne-
wlew the eBoacy ol supplementary FIT on ke pulpectnmy of primary tectb. This
review was regisiered a prior on the PROSPERD database (CRIM2022310581 ).
Demign: Two Indepemsdent and biindsd revieaens carrded oul a compeshen-
stve seanch im fve databases: PubMed, Cochrane, Scopues, Embase, and Web of
Science. Eligible sudies wer: randomtzed and nonrmandomized chinfcal trials that
evalualed in vivo microblodogical load or clindcal culoomes afier wsing supplie-
mentary PIT in miectsd primary teeib

Results: Afier the selection process, four studies met the inchesion critera and
were included in this study. Data regarding the sample characierstics and FIT
[protncols were retreved. Al indluded triak used phenathiazintum salis s phatn.
sepsitizer apenis. Only one study cbserved a significant differsnce 1o the n vivo
microbinlogical lnad reduction swicome when performing POT on primary tesibe
The remalning studies all discussed 1be possible benefits of this nlenention;
hrweeer, mome ohaerved a significant difference in this ouboome.

Conclusion: In ks systematic review, modemte-o-low ceratnty of the aal-
able mvidence was cherrnved, and thus, no sigeificant coaclesions can be drawn
from the findings.
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ARTICLE INFO

ABSTRACT

Keywords:

Endodeatics
Pigmentation
Systemaric review
Photodynamic Therapy

Background: A smile is considered one of the most important soft skills in social interaction. And discolored teeth
may effect this. It is known that some photosensitizer agents (PS) used in photodynamic therapy (PDT) during
root canal could play a signifi role in tooth color change, and thus the main objective of this
systematic review is to address whether performing PDT can influence tooth color change and to synthesize the
most effective methods to remove PS from the root canal system.
ummm;(alamdm«pmmmzo and the pr l was regi d at the Open Science
Framework. Two blinded revie hed five datab up m ber 20th, 2022: Web of Science,
PubMed, Scopus, Embase, and the (‘ ochrnu- Library. The eligibility criteria were studies that investigated tooth
color change after PDT in endodontics.

Resulzs: A total of 1695 studies were retrieved, and 7 were included in the qualitati lysis. All the included
studies were in wro evidence and i igated five di PS: hylene blue, toluidine blue O, malachi
green, indocyanine green, and curcumin. Besides curcumin and indocyanine green, the remaining agents all
caused tooth color change, and no method employed was effective in fully removing these PS from inside the root
canal system

Conclusions: Even though the findings showed that curcumin and indocyanine green did not influence tooth color
change, the present evidence should be interpreted with caution since it is based on laboratory studies with
questicnable methods, and all efforts should be employed to avoid this undesirable side effect during clinical
practice,
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