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RESUMO

Objetivo: Avaliar a influéncia do tipo de agente fotossensibilizador e 0 nimero de sessdes
realizadas na terapia fotodinamica (PDT) quanto a resisténcia de unido adesiva de pinos de
fibra de vidro cimentados no canal radicular. Método: Cinquenta incisivos deciduos bovinos
foram divididos aleatoriamente em cinco grupos experimentais, de acordo com o tipo de
agente fotossensibilizador e 0 nimero de sessdes realizadas na PDT: GC - sem PDT (contro-
le); GF1M - PDT (1 sessdao) com azul de metileno; GF2M - PDT (2 sess6es) com azul de me-
tileno; GF1T - PDT (1 sessdo) com azul de toluidina; GF2T - PDT (2 sessdes) com azul de
toluidina. Pinos de fibra de vidro Exacto® foram cimentados com RelyX U200® dentro do
canal radicular, permanecendo 15 dias em &gua destilada. Os corpos de prova foram seccio-
nados com média de 1.56 mm de espessura em cada um dos tercos radiculares (cervical, mé-
dio e apical) e submetidos ao teste de push-out. Apos a realizacdo do teste, as amostras fratu-
radas foram analisadas em estereomicroscopio para determinacdo do padrdo de fratura. Os
dados obtidos foram tratados pelo teste one-way ANOVA (a = 0.05). Resultados: N&o houve
diferenca estatistica comparando os tratamentos propostos e os tercos radiculares analisados
(P>0.05). Conclusédo: O tipo de agente fotossensibilizador utilizado e o numero de sessdes
realizadas na PDT ndo influencia na resisténcia de unido adesiva de pinos de fibra de vidro

cimentados intrarradicular.

Palavras-chave: Adesividade. Farmacos Fotossensibilizantes. NUmero de sessdes. Pinos

Dentérios. Terapia Fotodinamica.



ABSTRACT

Aim: The aim of this study was to evaluate the influence of the type of photosensitizing agent
and the number of photodynamic therapy (PDT) sessions on the resistance of cemented fi-
berglass posts to displacement within the root canal. Methodology: Fifty bovine primary in-
cisors were randomly divided into five experimental groups according to the type of photo-
sensitizing agent and to the number of PDT sessions: CG - without PDT (control); GF1M -
one PDT session with methylene blue; GF2M - two PDT sessions with methylene blue; GF1T
- one PDT session with toluidine blue; and GF2T - two PDT sessions with toluidine blue.
Exacto® fiberglass posts were cemented with RelyX U200® in the root canal and kept for 15
days in distilled water. The specimens were sectioned with an average thickness of 1.56 mm
at the cervical, middle, and apical root thirds and subjected to the push-out test. After the test,
the fractured specimens were analyzed under a stereomicroscope to determine the fracture
pattern. The data obtained were treated by one-way ANOVA (a = 0.05). Results: There was
no statistical difference in the comparison of the proposed treatments and the analyzed root
thirds (P> 0.05). Conclusions: The type of photosensitizing agent used and the number of
PDT sessions do not influence the resistance of cemented intraradicular fiberglass posts to

displacement.

Keywords: Adhesiveness. Photosensitizing Drugs. Number of Sessions. Dental Posts. Photo-
dynamic Therapy.
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1. INTRODUCAO

Apo6s o término de um tratamento endodontico, € necessario realizar a restauragdo do
dente em questdo, a fim de restituir sua funcéo e estética. Muitas vezes, dentes tratados en-
dodonticamente sofreram grande perda tecidual, necessitando de reforgo adicional a estrutura
remanescente. Nesse contexto, a insercdo de pinos de fibra intrarradiculares apresenta-se co-
mo importante protocolo restaurador (Dibaji et al., 2017; Dikbas; Tanalp, 2013).

O sucesso do tratamento citado acima depende de fatores relacionados a morfologia da
dentina, aos materiais utilizados durante o tratamento endodéntico, as técnicas da cimentacao
adesiva do pino intrarradicular e as caracteristicas do espaco do canal radicular. Grande parte
das falhas existentes neste procedimento reabilitador ocorre na adesdo entre as paredes do
canal radicular e o cimento resinoso, uma vez que existem limitacGes nesse processo de unido
(Maroulakos et al., 2018).

O processo de desinfeccdo do sistema de canais radiculares esta vinculado ao preparo
qguimico mecanico, ao protocolo de irrigacdo e aspiracdo e ao uso de uma medicacao intraca-
nal. Porém, esses procedimentos ndo garantem a completa erradicacdo de microrganismos e
seus subprodutos do sistema de canais radiculares (Vera et al., 2012; Siqueira Jr. et al., 2014).
Frenta a isso, outras modalidades terapéuticas tem sido constantemente investigadas com a
intencdo de auxiliar no tratamento de infeccdes endoddnticas.

A terapia fotodindmica (PDT) aparece, entdo, como um eficiente recurso auxiliar no
tratamento endoddntico para eliminagdo destes microrganismos (Pourhajibagher; Bahador,
2018).

A acdo da PDT envolve agentes fotossensibilizantes que absorvem os fotons da fonte
de irradiacdo, que € a energia luminosa, e conduzem seus elétrons a um estado excitatorio. Na

presenca de oxigénio, o fotossensibilizador transfere a energia a um substrato especifico, for-
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mando moléculas de oxigénios reagentes, que afetam apenas as células alvos e microrganis-
mos através de oxidacao irreversivel (Ramos et al., 2018; Sahyon et al., 2018).

O efeito fotodindmico depende do tipo, dose, periodo de incubagdo e localizagdo do
fotossensibilizante, bem como da disponibilidade de oxigénio, do comprimento de onda da
luz e da densidade de poténcia da luz. Estudos tém sido feitos utilizando os fotossensibiliza-
dores azul de metileno e azul de toluidina, em diferentes concentragdes. A escolha do com-
primento de onda da luz utilizada esta diretamente relacionada com as caracteristicas de ab-
sorcédo do agente fotossensibilizador (Pourhajibagher; Bahador, 2018; Sahyon et al., 2018).

A PDT empregada na endodontia tem apresentado resultados satisfatdrios, pois tem
potencializado o poder de descontaminacgéo do sistema de canais radiculares. Estudos in vitro
(Yildirim et al., 2013; Shrestha; Kishen, 2014) e in vivo (Silva et al., 2012; Asnaashari et al.,
2016) comprovam que o uso da PDT tem auxiliado no processo de desinfec¢do do canal radi-
cular, tanto na auséncia quanto na presenca da medicacéo intracanal. Por outro lado, néo se
sabe ainda com clareza se a utilizacdo do laser e de agentes fotossensibilizadores dentro do
canal radicular promove alguma alteracdo na estrutura dentinaria intracanal a fim de influen-
ciar ou ndo na capacidade de adesao de retentores intrarradiculares.

Dessa forma, o presente estudo teve como objetivo avaliar se ha influéncia na unido
adesiva dos pinos de fibra de vidro em dentes submetidos a terapia fotodinamica, consideran-

do o numero de sessdes e o tipo de agente sensibilizante utilizado.
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2. OBJETIVOS

2.1 Objetivo geral
O objetivo do estudo foi avaliar a resisténcia de uni&o adesiva de pinos de fibra de

vidro no interior do canal radicular, ap6s a utilizacdo ou ndo da terapia fotodindmica.

2.2 Objetivos especificos

- Avaliar se ha influéncia na unido adesiva dos pinos, nos diferentes tercos radiculares, em
dentes submetidos a terapia fotodinamica;

- Avaliar se ha influéncia na unido adesiva dos pinos, nos diferentes tercos radiculares, quanto
ao numero de sessdes da terapia fotodinamica; e,

- Avaliar se ha influéncia na unido adesiva dos pinos, nos diferentes tercos radiculares, quanto

ao tipo de agente sensibilizante empregado na terapia fotodindmica.
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3. ARTIGO CIENTIFICO

O presente estudo foi submetido a apreciacdo e aprovacdo na Comissdo de Pesquisa
(COMPESQ) da Faculdade de Odontologia da Universidade Federal do Rio Grande do Sul
(UFRGS) (Anexo 1).

O artigo gerado no trabalho de conclusdo de curso foi traduzido para o idioma inglés
(Anexo 2) e submetido a publicagdo no periddico Giornale Italiano di Endodonzia, elSSN

1121-4171.

Influence of photosensitizing agent and number of photodynamic therapy sessions on

resistance of fiberglass posts to displacement within the canal

Abstract

Aim: The aim of this study was to evaluate the influence of the type of photosensitizing agent
and the number of photodynamic therapy (PDT) sessions on the resistance of cemented fi-
berglass posts to displacement within the root canal. Methodology: Fifty bovine primary in-
cisors were randomly divided into five experimental groups according to the type of photo-
sensitizing agent and to the number of PDT sessions: GC - without PDT (control); GF1M -
one PDT session with methylene blue; GF2M - two PDT sessions with methylene blue; GF1T
- one PDT session with toluidine blue; and GF2T - two PDT sessions with toluidine blue.
Exacto® fiberglass posts were cemented with RelyX U200® in the root canal and kept for 15
days in distilled water. The specimens were sectioned with an average thickness of 1.56 mm
at the cervical, middle, and apical root thirds and subjected to the push-out test. After the test,

the fractured specimens were analyzed under a stereomicroscope to determine the fracture
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pattern. The data obtained were treated by one-way ANOVA (a = 0.05). Results: There was
no statistical difference in the comparison of the proposed treatments and the analyzed root
thirds (P> 0.05). Conclusions: The type of photosensitizing agent used and the number of
PDT sessions do not influence the resistance of cemented intraradicular fiberglass posts to

displacement.

Keywords: Adhesiveness, Dental Posts, Number of Sessions, Photodynamic Therapy, Photo-

sensitizing Drugs.

Introduction

Two objectives are essential for achieving clinical success in endodontic treatment:
control over root canal disinfection and placement of long-lasting restorations. The correct
planning of the restorative treatment has provided high survival and restoration success rates
of approximately 85% (1,2). According to the degree of impairment of the dental crown struc-
ture, fiberglass posts have shown to be commonly used in direct restorative treatment, provi-
ding adequate support and retention for the restorations (3). However, the success of this pro-
cedure depends on dentin morphology, on the materials used during endodontic treatment,
and on the adhesive cementation of intraradicular posts. Most of the failures occur in the ad-
hesion between the root canal walls and the resin cement (4).

An attempt is usually made at eradicating bacteria from the root canal using chemo-
mechanical preparation (5) associated with intracanal medication (6). However, these proce-
dures cannot guarantee complete disinfection since the complex anatomy of the root canal
system and the organization of microorganisms in highly complex biofilms contribute a lot to
the persistence of the infectious process, with regions not accessible to instrumentation and

irrigation (7). Thus, changes in therapeutic approaches with the associated use of other auxili-
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ary resources (e.g., photodynamic therapy (PDT)) have been tested to improve the treatment
of endodontic infections.

PDT is performed with the aid of a low power laser at a wavelength between 630 and
980 nm and of a non-toxic photosensitizing agent that can eliminate endodontic pathogens
through the formation of reactive oxygen species (8). Photosensitizers are heterocyclic light-
absorbing molecules. They must have a resonant absorption band with the wavelength of the
light source to be used (9). Photosensitizers derived from phenothiazines are the most widely
used in PDT (10). Phenothiazines are tricyclic heteroaromatic compounds, such as toluidine
blue and methylene blue.

Photosensitizing agents absorb photons from the radiation source and conduct their
electrons to an excitatory state. In the presence of oxygen, the energy transfer from the photo-
sensitizing agent generates reactive oxygen molecules, such as singlet oxygen and free radi-
cals, which cab damage cellular components such as lipids and nucleic acids through irrever-
sible oxidation, causing bacterial death (11). PDT has shown to be a promising auxiliary re-
source for eradication of oral pathogenic bacteria that cause endodontic diseases, and perio-
dontitis (12). On the other hand, as photosensitizing agents are viscous substances used in
aqueous solutions, they can adhere to the root canal walls and dentinal tubules, forming a
chemical smear layer, as described by Souza et al (13), which could influence the bond stren-
gth of intraradicular posts. It creates a favorable environment for microbial microleakage and
inadequate adhesion of the root filling material to root canal dentin (14). According to Lima et
al (15) and Akman et al (16), the photosensitizing chemical agents present a negative effect
on the hybrid layer formation and on the adhesive interface between the fiber post cementa-
tion system and root dentin.

Therefore, the present study aims to assess whether the type of photosensitizing agent

and the number of PDT sessions influences the resistance of cemented intraradicular fi-
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berglass posts to displacement. The null hypothesis is that photosensitizers and the number of
PDT sessions do not cause changes in the bond strength of fiberglass posts within the intrara-

dicular dentin.

Materials and Methods
Sample selection and preparation

Fifty primary bovine incisors were selected and standardized to the initial apical dia-
meter of the root canal, equivalent to a K-type #20 endodontic instrument (Dentsply/Maillefer
Instruments S.A., Ballaigues, Switzerland). The root canals had circular sections. After clea-
ning, the dental crowns were sectioned at the cementoenamel junction with the aid of a low-
speed silicon carbide disc. The length of the root remnant was standardized to 17 mm and the
working length (WL) was 1 mm below this standardized measurement (WL = 16 mm).

The apical foramina were previously sealed with composite resin to prevent leakage of
the irrigating and photosensitizing agents. The restorative procedure was performed with the
use of 37% phosphoric acid (FGM, Joinville, SC, Brazil) for 20 seconds, air-water spray
cleaning for 20 seconds, and air drying for 5 seconds. Then, the Single Bond Universal® ad-
hesive system (3M ESPE, St Paul, MN, USA) was applied and light curing for 20 seconds,
with later placement of Filtek Z250® composite resin (3M ESPE, St Paul, MN, USA). Photo-
activation was performed with the aid of an EC450 device (ECEL, Ribeirdo Preto, SP, Bra-

zil).

Experimental groups
The teeth were divided into five experimental groups (Table 1) by the simple random

sampling using Excel (Microsoft Excel, Microsoft, USA).
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Table 1 - Experimental groups.

Group n Photodynamic therapy

GC 10 Without PDT
GF1M 10 One PDT session + methylene blue
GF2M 10 Two PDT sessions + methylene blue
GF1T 10 One PDT session + toluidine blue
GF2T 10 Two PDT sessions + toluidine blue

Endodontic preparation of samples

All samples were prepared manually with first and second series K-type stainless steel
endodontic instruments (Dentsply/Maillefer Instruments S.A., Ballaigues, Switzerland). Che-
momechanical preparation was carried out in the following sequence of K-type instruments:
#20, #25, #30, #35, #40, and #45 (Dentsply/Maillefer Instruments S.A., Ballaigues, Switzer-
land). All instruments were used along the WL.

At each instrument change, the canals were irrigated with the aid of a plastic syringe
(BD Solumed, Séo Paulo, SP, Brazil) and 25-mm 30-gauge NaviTip needles (Ultradent, In-
daiatuba, SP, Brazil), containing 2.5% sodium hypochlorite (lodontec Industria e Comércio
de Produtos Odontoldgicas Ltda., Porto Alegre, RS, Brazil) in a standard amount of 2 mL.

After the preparation, the final toilet was made with 17% trisodium EDTA
(Biodinamica, Ibipord, PR, Brazil) for three minutes and with agitation of #45 instrument.
The canals were then washed with distilled water (lodontosul - Industrial Odontolégica do Sul
LTDA, Porto Alegre, RS, Brazil) and dried with absorbent paper points (Tanari Industria
Ltda., Manaus, AM, Brazil).

For the endodontic filling, the canals were filled with gutta-percha cones and AH
Plus® epoxy resin-based cement (Dentsply/Maillefer Instruments SA, Ballaigues,
Switzerland), using Tagger’s hybrid technique and #60 McSpadden® compactor

(Dentsply/Maillefer Instruments SA, Ballaigues, Switzerland).
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After filling, all samples were provisionally restored with Cimpat® restorative materi-
al (Septodont - Saint Maur des Fosses, France) and immersed for two days in a flask contai-
ning distilled water, at 37°C and 100% relative humidity, for complete setting of the endodon-
tic sealer.

After that, the canals were cleared to prepare the space needed for the post to be
cemented. The root canal filling was removed along 13 mm with the bur provided with the
post kit and which corresponds to the diameter of the used post, leaving 3 mm of apical

sealing.

Photodynamic therapy (PDT)

A flexible optical fiber with a diameter of 500 um (MMOptics Ltda., Sao Carlos, SP,
Brazil) coupled to the Duo® laser device (MMOptics Ltda., Sdo Carlos, SP, Brazil) was used
for PDT.

Initially, the dry canals were filled with the photosensitizing agent. The
photosensitizing agents used were aqueous solutions of 0.01% methylene blue (Sigma-
Aldrich, Sigma-Aldrich Brazil, SP, Brazil) (0.1 mg/mL) (Groups GF1M and GF2M) and
toluidine blue (Sigma-Aldrich, Sigma-Aldrich Brazil, SP, Brazil) at 0.01% (0.1 mg/mL)
(Groups GF1T and GF2T). The teeth were filled with the photosensitizing agent, which was
kept in the canal for 5 minutes (pre-irradiation period).

After the pre-irradiation period, the photosensitizing agent was activated by red visible
light at 660 nm, 18J of energy, for 3 minutes, with the aid of a flexible optical fiber, advanced
2 mm below the WL. The fiber was introduced in helical movements in the apical-cervical
direction for uniform diffusion of light along the root canal length. The movements were
repeated approximately 10 times/minute. Immediately after PDT, the root canals were finally

irrigated with 10 mL of deionized water to remove the photosensitizing agent and
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subsequently dried with an aspiration cannula and absorbent paper points. The root canals
were slightly humidified. In groups GF1M and GF1T, PDT was performed in a single session.
This session took place after the final rinse and before the endodontic filling procedure. In
specimens from groups GF2M and GF2T, PDT was performed in two sessions. The second

session was carried out after unblocking and preparing the canal for post cementation.

Post cementation and specimen preparation

After the canals were cleared, the placement of Exacto® #1 or 2 fiberglass posts (An-
gelus, Londrina, PR, Brazil) followed the cementation protocol and the manufacturer’s ins-
tructions. The posts were disinfected with 70% alcohol (Icarai, Sdo Paulo, SP, Brazil) prior to
use and subsequently dried. Single Bond Universal® adhesive was applied for 20 seconds and
then dried with air jets for 5 seconds.

The posts were luted with self-adhesive cement (RelyX U200®, 3M ESPE, St. Paul,
MN, USA). The resin cement was applied to the root canal with the aid of a centrix syringe
(DFL, Rio de Janeiro, RJ, Brazil) with a fine metal tip. The post was inserted into the root
canal and filled with cement to the most coronal portion to hermetically seal the entrance and
photoactivated with the aid of an EC450 device, with light intensity greater than 400
mW/cm?, for 20 seconds, and chemical polymerization for 6 minutes.

After 15 days of cementation and storage in distilled water, the roots were sectioned
perpendicularly to the long axis, and three 1.56 mm + 0.37 mm thick slices were obtained
with the aid of a cutting machine (Labcut 1010, Extec Corp., Enfield, CT, USA). The slices
were obtained in a standardized manner at 4 mm (cervical third), 8 mm (middle third), and 12
mm (apical third) away from the cervical edge of the root (Figure 1), identified, and stored in

an oven at 37°C and 100% relative humidity for 7 days.
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Figure 1 - Schematic diagram of root slices.

Push-out test

The specimens were placed on a stainless steel metal support with a 2-mm central ho-
le. Given the conical shape of the posts, the load was applied in the apical-cervical direction
from the apical surface, so that the post could be pushed towards the widest portion of the root
canal.

The load was applied only on the post surface with a tip of approximately 1 mm in di-
ameter coupled to the EZ-SX (Shimadzu Corp., Kyoto, Kyoto, Japan) universal testing ma-
chine. The selected load cell was 500 kg (50N) and the loading speed was 0.5 mm/min. The
values were recorded in N and displacement resistance in MPa.

To measure the area of the canal and calculate resistance, the diameter of the upper
and lower circle of the canal and the thickness of the section (area of a cone trunk) were mea-
sured. After the push-out test, the fractured specimens were analyzed under an X20 stereomi-
croscope (Stemi 2000 - Karl Zeiss, Germany) to determine the adhesive, cohesive, or mixed

failure pattern.
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Statistical analysis

The Shapiro-Wilk test was used to assess the normality of the data. One-way ANOVA
was used to assess bond strength. The level of significance was set at 5% (P < 0.05). Statisti-
cal analysis was performed using GraphPad Prism 7 (GraphPad Software Inc., San Diego,

CA, USA).

Results

The means of displacement resistance (MPa) for the different experimental groups in
different regions of the canal are shown in Table 2. There was no statistical difference
between the groups regarding the different root positions analyzed, that is, the number of PDT
sessions and the type of photosensitizing agent used did not influence the bonding of the in-

traradicular post.

Table 2 - Bond strength in root segments in the push-out test.

_ Root thirds
Experimental : i i
Cervical Middle Apical
Group P
MPa (+SD) MPa (+SD) MPa (+SD)

GC 8.617%+ (4.32) | 7.53%+(5,23) | 6.874%+(4.30) | P=0.707
GF1M 10.39%% + (7.68) | 8.96"%+(7.17) | 7.15%+(5.21) | P=0.574
GF2M 11.07%% + (4.92) | 9.39"%+(3.27) | 8.27%%+(3,56) | P =0.302
GF1T 10.524% + (5.22) | 9.83%%+(5.78) | 6.96"*+(2.90) | P=0.230
GF2T 14.04%% + (5.32) | 9.67°%+(5.65) | 8.52%+(7.05) | P=0.117

P P=0.311 P =0.890 P =0.901

Means followed by different uppercase letters in the row and means followed by different lowercase letters in the
column differ significantly in the analysis of variance at the 5% significance level.
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Graph 1 shows a homogeneous distribution of fracture patterns among the experimen-
tal groups in the different regions analyzed, with a higher rate for the adhesive pattern in the

most apical region of the root canal.

Graph 1 - Failure patterns (%) after tested protocols.
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Discussion

Intracanal preparation prior to cementation of an intraradicular retainer requires partial
removal of the endodontic filling material. During this procedure, there could be breaches of
the aseptic field, compromising endodontic success and/or rehabilitation treatment (17). Some
substances, such as sodium hypochlorite and chlorhexidine digluconate, are used to clean and
disinfect the dentin space prepared for the retainer. However, negative effects on the bond
strength of resin cements to root dentin under these conditions have been described in the lite-
rature (15,18,19). Accordingly, the present study sought to analyze the behavior of PDT, used
as an auxiliary resource for intraradicular disinfection, in the adhesive bond strength of fi-
berglass post on the dentinal wall. In the present study, only methylene blue and toluidine
blue were tested, as they are commonly used in association with red low-intensity lasers, also
used in our study, and because these associations with PDT have antimicrobial effects that
have already been confirmed in the literature (20). The push-out test, one of the main resour-
ces for gquantification of the bond strength between different materials and structures (21),
according to the literature, was applied. A disadvantage of the push-out test is that voltage is
not distributed evenly. To overcome this problem, sections should be prepared with a thi-
ckness of approximately 1 mm (22). The push-out test is still the most reliable and reproduci-
ble method when compared to microtensile, shear, and traction tests (22).

According to the results obtained, the null hypothesis of the present study was accep-
ted, as PDT and the number of sessions did not influence the bond strength of the fiberglass
post to the dentinal wall. These findings are consistent with the study by Ramos et al (23)
who, regardless of the root third assessed, observed that PDT did not affect the bond strength
of fiberglass posts cemented with the RelyX U200® self-adhesive system. On the other hand,
in the study by Ramos et al (24), PDT negatively affected the bond strength of the cemented

post with the conventional Relyx ARC® system. According to Konopka and Goslinski (25),
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the use of PDT within the root canal promotes the release of reactive oxygen species, mainly
singlet oxygen, which have negative effects on the formation of the hybrid layer and on the
polymerization and bonding of the adhesive system on the dentin surface. It is believed that
the result obtained with RelyX U200® cement was different because of its bonding to the
dentin substrate. For Pisani-Proenca et al (26), the acidic monomers of RelyX U200® demi-
neralize and infiltrate the dentin substrate, providing micromechanical retention. Simultane-
ously, the reaction between the acidic monomers of the cement and the hydroxyapatite of the
dental substrate also leads to chemical retention. This, to some extent, explains our results.
Another factor that might have influenced the results obtained in the study by Ramos et al
(24) was the use of the optical fiber in a static position for 30 seconds; consequently, the irra-
diation might have been concentrated in only one region (cervical root third). Garcez et al
(27) reported that light distribution and oxygen formation are uniformly generated when the
optical fiber is used in spiral and non-static movements.

The type of photosensitizing agent also did not interfere with the adhesive bond stren-
gth of the posts to the root canal. According to Di Hipdlito et al (28), methylene blue is a cati-
onic substance that binds to anionic molecules, such as the phosphate present in hydroxyapati-
te. This reaction results in the formation of a precipitate that acts as a physical barrier and can
thus influence the interaction between the resin cement and the dentin surface. However, it is
believed that because methylene blue and toluidine blue are hydrophilic compounds, the type
of cement used (Relyx U220®) exhibits the same behavior which, in a way, may have led to
the favorable results obtained in our study.

The failure pattern was also an interesting finding. Failures (adhesive, cohesive, or
mixed) occurred homogeneously at the cervical and middle thirds. Only at the apical third did
a higher percentage of adhesive-type failures occur, regardless of the group analyzed. The

dentinal wall has a smaller amount of dentinal tubules in the most apical regions of the root
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canal when compared to the middle and cervical thirds (29), and cementation poses some
challenges in regions closer to the apex of the tooth (30). Other studies, such as that by Rengo
et al (31), found that this is due to the greater probability of cement accumulation in this area.
Another factor that may be correlated with this type of failure is the difficulty in removing the
photosensitizing agent from deeper regions of the root canal. Although deionized water was
used with the aid of a plastic syringe coupled to a 30-gauge needle to remove methylene blue
or toluidine blue from the root canal, the dentin surface still exhibited some pigmented areas
at the apical thirds. According to Lima et al (15), the pigmentation of these chemical agents
can have negative effects on the formation of a hybrid layer and on the adhesive interface
between the fiberglass post and the root dentin surface. Ethylenediaminetetraacetic acid
(EDTA) is considered the most effective chelating agent in endodontic therapy, showing the
ability to very effectively remove the inorganic component, especially in the coronal and
middle third of the canal (32). However, prolonged activity of chelating agents on the inorga-
nic dentine structure may reduced tooth microhardness (33). The use of passive ultrasonic
irrigation (PUI) instead of the traditional syringe irrigation method could be tested for more
effective removal of photosensitizing agents from the root canal. PUI consists of the activa-
tion of the irrigating chemical solution within the root canal by means of a smooth ultrasonic
tip that, when activated in a passive back-and-forth movement, respecting the WL (34), crea-
tes an acoustic flow of the irrigating solution with energy transmission through ultrasonic wa-
ves within the canal (35). This agitation of the irrigation solution by ultrasound waves impro-
ves its ability to dissolve tissues, also contributing to the removal of the smear layer (36) and
promoting antimicrobial activity as a result of the physical disruption of bacterial aggregati-
ons, such as biofilm (37).

PDT can be a good alternative for promoting root canal disinfection prior to cementa-

tion of intraradicular posts and as a substitute for sodium hypochlorite and chlorhexidine
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which, according to the literature, have still questionable and deleterious effects on the root
canal prior to the cementation of retainers (11). On the other hand, other clinical protocols
should be investigated for a more effective removal of photosensitizing agents from the root

canal.

Conclusions
The bond strength of cemented intraradicular fiberglass posts was not influenced by
the type of photosensitizing agent used and by the number of PDT sessions, regardless of the

root third assessed.

Clinical Relevance

The methylene blue and toluidine blue do not influence intraradicular posts adhesion.
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4. CONCLUSAO

O estudo conclui que a resisténcia da unido adesiva de pinos de fibra de vidro cimen-
tados intrarradicular ndo foi influenciada pelo tipo de agente fotossensibilizador utilizado e
pelo nimero de sessdes realizadas na terapia fotodindmica, independentemente do terco radi-

cular analisado.



32

REFERENCIAS

1. Asnaashari M, Godiny M, Azari-Marhabi S, Tabatabaei FS, Barati M. Comparison of the
Antibacterial Effect of 810 nm Diode Laser and Photodynamic Therapy in Reducing the Mi-
crobial Flora of Root Canal in Endodontic Retreatment in Patients With Periradicular Lesions.
J Lasers Med Sci. 2016;7:99-104.

2. Dibaji F, Mohammadi E, Farid F, Mohammadian F, Sarraf P, Kharrazifard MJ. The Effect
of BC Sealer, AH-Plus and Dorifill on Push-out Bond Strength of Fiber Post. Iran Endod J.
2017;12(4):443-448.

3. Dikbas I, Tanalp J. An overview of clinical studies on fiber post systems. Scientific World
Journal. 2013;2013:171380.

4. Ghinzelli GC, Souza MA, Cecchin D, Farina AP, de Figueiredo JA. Influence of ultrasonic
activation on photodynamic therapy over root canal system infected with Enterococcus faeca-
lis —an in vitro study. Photodiagnosis Photodyn Ther. 2014;11(4):472-8.

5. Maroulakos G, He J, Nagy WW. The Post-endodontic Adhesive Interface: Theoretical
Perspectives and Potential Flaws. J Endod. 2018;44(3):363-371.

6. Pourhajibagher M, Bahador A. An in vivo evaluation of microbial diversity before and after
the photo-activated disinfection in primary endodontic infections: Traditional phenotypic and
molecular approaches. Photodiagnosis Photodyn Ther. 2018 ;22:19-25.

7. Ramos ATPR, Belizério LG, Jorddo-Basso KCF, Shinohara AL, Kuga MC. Effects of
photodynamic therapy on the adhesive interface using two fiber posts cementation systems.
Photodiagnosis Photodyn Ther. 2018. pii: S1572-1000(18)30122-4.

8. Shrestha A, Kishen A. Antibiofilm efficacy of photosensitizer-functionalized bioactive na-

noparticles on multispecies biofilm. J Endod. 2014;40:1604-10.



33

9. Silva LAB, Novaes AB Jr, de Oliveira RR, Nelson-Filho P, Santamaria M Jr, Silva RA.
Antimicrobial photodynamic therapy for the treatment of teeth with apical periodontitis: a
histopathological evaluation. J Endod. 2012;38:360-6.

10. Siqueira JF Jr, Rogas IN, Ricucci D, Hilsmann M. Causes and management of posttrea-
tment apical periodontitis. Br Dent J. 2014;216:305-12.

11. Strazzi Sahyon HB, Pereira da Silva P, Silva de Oliveira M, Angelo Cintra LT, Gomes-
Filho JE, Henrique Dos Santos P, Sivieri-Araujo G. Effect of photodynamic therapy on the
mechanical properties and bond strength of glass-fiberposts to endodontically treated intrara-
dicular dentin. J Prosthet Dent. 2018 ;120(2):317.e1-317.e7.

12. Vera J, Siqueira JF Jr, Ricucci D, Loghin S, Fernandez N, Flores B, Cruz AG. Oneversus
two-visit endodontic treatment of teeth with apical periodontitis: a histobacteriologic study. J
Endod. 2012;38:1040-52.

13. Yildirim C, Karaarslan ES, Ozsevik S, Zer Y, Sari T, Usumez A. Antimicrobial efficiency

of photodynamic therapy with different irradiation durations. Eur J Dent. 2013;7:469-73.



5. ANEXOS

34

Anexo 1 - Carta de aprovacao da Comissao de Pesquisa de Odontologia da UFRGS.

Dados Gerais:

Projeto N°: 36366 Titulo:

Area de Endodontia Inicio:
conhecimento:

Situacio: Projeto Concluido
Origem: Faculdade de Odentologia
Local de ndo informado
Realizag3o:

INFLUENCIA DA TERAPIA FOTODINAMICA
NA UNIAQ ADESIVA DE PINOS DE FIERA
DE VIDRO NO INTERIOR DO CANAL
RADICULAR

11/03/2019 Previsdo de 29/06/2020
conclusdo:

Térmiino: 11/03/2020

Projete Isolado com linha
tematica:Biomateriais e Técnicas
Terapéuticas em Odontologia

Mio apresenta relagdo com Patriménio Genético ou Conhecimento Tradicional Associado.

Objetivo:

Palavras Chave:

ADESIVIDADE
ENDODONTIA

FARMACOS FOTOSSENSIBILIZANTES
PINOS DENTARIOS

TERAPIA FOTODINAMICA

Equipe UFRGS:

Mome: TIAGO ANDRE FONTOURA DE MELO
Coordenador - Inicio: 11/03/2019 Término: 11/03/2020
Nome: BRUNA NEVES PORTUGAL

Técnico: Assistente de Pesquisa - Inicio: 11/03/2019 Término: 11/03/2020

Avaliacoes:

Comiss3o de Pesquisa de Odontologia - Aprovado em 01/03/201% Cligue agui para visualizaro

parecer

Anexos:

Projsto Completo
Dutrg

Quirg
Relatdrio Final

Data de Envio: 31/01/2019
Data de Envio: 14/12/2018
Data de Envio: 14/12/2018
Data de Envio: 11/03/2020

Retorna



Anexo 2 - Certificado da traducéo do artigo cientifico para o idioma inglés.

GILSOMN ANDRE FRANCA DE MATTOS
Av. da Cavalhada, 4530/904 Torre 2
CEF 21740-000

Porto Alegre / RS
Brasil

Tel: +35 (51) 993 557 271
E-mail: gafmatr@zmail.com
CPF: 493.787.750-04

CERTIFICATE

This is to certify that Gilson André Franca de Mattos, technical
translator with extensive expertise in the translation/revision of
scientific articles, has been involved in the revision of the English
language in  the manuscrpt entitted °“INFLUENCE OF
PHOTOSENSITIZING AGENT AND NUMBER OF
PHOTODYNAMIC THERAPY SESSIONS ON RESISTANCE OF
FIBERGLASS POSTS TO DISPLACEMENT WITHIN THE ROOT
CANAL"

| do not take any responsibility for changes in the manuscript
made by the authors and co-authors after my final revision without

my knowledge and approval.

P -
Lol it
I:-:.:-_?_d_-..--

e Gilson Mattos

Porto Alegre, April 21, 2020.

35



