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RESUMO

Introducido: A terapia fotodinadmica (TFD) € utilizada como coadjuvante ao tratamento
endodontico para potencializar a redu¢do microbiana no sistema de canais radiculares. No
entanto, a literatura carece de estudos sobre as consequéncias da TFD na resisténcia de unido
do cimento obturador a dentina intrarradicular. O objetivo deste estudo foi avaliar a influéncia
da TFD com azul de metileno na resisténcia de unido do cimento obturador (MTA Fillapex)
utilizando o teste de push-out, analisar o padrao de fratura das amostras representativas por
microscopia eletronica de varredura (MEV) e a morfologia da interface adesiva intrarradicular
pela microscopia confocal de fluorescéncia (MCF). Material e Métodos: Cinquenta e cinco
dentes bovinos foram utilizados para simular o tratamento endodontico. O preparo biomecanico
foi realizado em todos os canais radiculares e os espécimes foram distribuidos em 5 grupos:
controle (dgua deionizada); azul de metileno 50 mg/L (AMS50SL); azul de metileno 100 mg/L
(AM100SL); azul de metileno 50 mg/L + laser vermelho 660nm (AMS50L) (TFD); e de azul de
metileno 100 mg/L + laser vermelho 660nm (AMI100L) (TFD). A resisténcia de unido do
cimento obturador a dentina foi mensurada usando uma maquina de teste universal (n=8) e as
amostra representativas analisadas em MEV. A morfologia da interface adesiva intrarradicular
foi analisada pela MCF. Os dados de resisténcia de unido foram submetidos ao teste de Kruskal-
Wallis para comparacdo entre grupos e ao teste de Friedman para comparacdo entre ter¢os
(0=.05). Resultados: Houve diferenca estatistica significante para o grupo azul de metileno
100 mg/L + laser vermelho 660nm (TFD) quando comparando os tercos radiculares, onde o
terco apical apresentou maiores valores de resisténcia de unido em relacdo ao ter¢o médio
(P=.0302). Nos demais grupos e tercos nao houve diferenca estatistica significante (P>.05).
Quanto a morfologia da interface adesiva foi possivel observar uma menor penetracdo do
cimento obturador no grupo AM100L. Conclusao: Pode-se concluir que o uso de TFD com o
fotossensibilizador azul de metileno na concentracdo de 50 mg/L ndo alterou negativamente a

resisténcia de unido do cimento obturador MTA Fillapex na dentina intrarradicular.

Palavras-chaves: Fotoquimioterapia, Resisténcia ao cisalhamento, Cimentos dentdrios,

Materiais restauradores do canal radicular.
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ABSTRACT

Introduction: Photodynamic therapy (PDT) is used as an adjunct to endodontic treatment to
enhance microbial reduction in the root canal system. However, studies are lacking on the
consequences of the application of the application of PDT on the bond strength of the root canal
sealer. Therefore, the objective of this study was to evaluate the influence of photodynamic
therapy with methylene blue on the bond strength the root canal sealer using a push-out test, to
analyze the fracture pattern of representative samples using scanning electron microscopy
(SEM) and the morphology of the adhesive interface of the intraradicular dentin using Confocal
Laser Scanning Microscopy (CLSM). Material and Methods: Fifty-five bovine teeth were
used to simulate experimental endodontic treatments. Biomechanical instrumentation was
performed for all root canals, and the teeth were distributed into 5 groups: control deionized
water; methylene blue 50 mg/L (MB50WL); methylene blue 100 mg/L (MB100WL); methylene
blue 50 mg/L + red laser 660nm (MB50L) (PDT); and methylene blue 100 mg/L + red laser
660nm (MB100L) (PDT). The push-out bond strength of the root sealer to dentin was measured
using a universal testing machine (n=8), representative scanning electron microscopy images
were obtained. Images of the morphology of the adhesive interface were obtained using CLSM
(n=3). Bond strength data were submitted to the non-parametric Kruskal-Wallis test for
comparison between groups and the Friedman test for comparison between thirds (a=.05).
Results: Comparing the root thirds, for the methylene blue group with the higher concentration
activated by Red Laser, there was significant difference, the apical third presented higher values
of bond strength in relation to the middle third (P=.0302). In the other groups and thirds there
was no statistically significant difference (P>.05). As for the morphology of the adhesive
interface, it was possible to observe a lower penetration of the sealer in the MB100L group.
Conclusion: The application of PDT with the photosensitizer methylene blue at a concentration
of 50 mg/L, regardless of the activation by red laser, did not alter negatively the bond strength

of the MTA Fillapex sealer to intraradicular dentin.

Keywords: Photodynamic therapy, Bond Strength, Root Canal Filling, Endodontic Sealer.



LISTA DE TABELAS

Table 1 - Materials, classification, composition, and batch numbers of materials... 20

Table 2 - Mean +standard deviation (MPa) values of extrusion bond strength
(push-out strength test) of intraradicular dentin as function of methylene blue in
two concentrations used in photodynamic therapy..................coooeviiiiiiint, 21



LISTA DE FIGURAS

Figure 1 - Incidence of fracture patterns (number of thirds of samples) according to
the faTlUTE LY PC. oot e

Figure 2 - A.B—Mixed failure of intraradicular dentin irrigated with deionized
water solution (control group) (original magnification x30 and x150). C,D—Mixed
failure of intraradicular dentin after treatment with methylene blue at 50 mg/L
(MB50WL x30 and x150). E,F—Mixed failure of intraradicular dentin after
treatment with methylene blue at 100 mg/L (MB100WL %30 and x150). GH—
Mixed failure of intraradicular dentin after treatment with methylene blue at 50 mg/L
activated with red Laser (MB5OL x30 and x150). IJ— Mixed failure of
intraradicular dentin after treatment with methylene blue at 100 mg/L activated with
red Laser (MB10OOL %30 and X150).....cccuuriiiiiiiiiii e

Figure 3 - 1C,1M,1A —Cervical, middle and apical slices of intraradicular dentin
irrigated with deionized water solution after obturation respectively (control group)
(original magnification x5). 2C,2M,2A —Cervical, middle and apical slices of
intraradicular dentin after treatment with methylene blue at 50 mg/L and obturation
respectively (MBSOWL x5). 3C,3M,3A—Cervical, middle and apical slices of
intraradicular dentin after treatment with methylene blue at 100 mg/L and obturation
respectively (MBI100WL x5). 4C4M 4A —Cervical, middle and apical slices of
intraradicular dentin after treatment with methylene blue at 50 mg/L activated with
red Laser and obturation respectively (MB50L x5). 5C,5M,5A —Cervical, middle
and apical slices of intraradicular dentin after treatment with methylene blue at 100
mg/L  activated with red Laser and obturation respectively (MBI10OL

23

24



LISTA DE ABREVIATURAS

CLSM - Confocal Laser Scanning Microscopy

Laser — Light Amplification by Stimulated Emission of Radiation
LED - Light Emitting Diode

MO - Microorganisms

MB - Methylene Blue

MTA — Mineral Trioxide Aggregate

PDT - Photodynamic Therapy

PS — Photosensitizer

RCS - Root Canal System

SEM - Scanning Electron Microscopy



1)

2)

3)

4)

5)

6)

7

SUMARIO

Introduction

Material and Methods

Results

Discussion

Conclusion

References

Attachment

13

14

16

17

29



Article

*This manuscript is according to the guidelines of the Journal Photodiagnosis and

Photodynamic Therapy.



Influence of photodynamic therapy on the bond strength of an MTA based root canal
sealer to intraradicular dentin and morphology of the adhesive interface
1) INTRODUCTION

The main purpose of the endodontic treatment is cleaning, shaping and sealing
hermetically the root canal system (RCS) [1,2]. In addition, in teeth with pulp necrosis the
disinfection of the RCS must be effective [3]. Different therapeutic strategies such as: root canal
biomechanical preparation [2], the use of irrigating solutions like sodium hypochlorite [2,3]
and intracanal medication of calcium hydroxide are known methods to reduce quantity of
microorganisms (MO) and their toxic products [5-6]. However, studies indicate the
ineffectiveness of these methods, particularly in cases of persistent infections [7]. Therefore,
new therapeutic strategies are constantly being investigated to eradicate the endodontic
infections.

With the development of Laser (Light Amplification by Stimulated Emission of
Radiation) and LED (Light Emitting Diode) devices, new therapeutic approaches, including
photodynamic therapy (PDT) [8,9], have been introduced to enhance disinfection in the
endodontic treatment. PDT involves the absorption of photons by a photosensitizer (PS)
activated by a light source in a specific wavelength (Laser or LED) promoting a selective
destruction at a specific site (target-cell) [10-12]. The mechanism of action of PDT resides on
the process of absorption of light by the PS stimulating the electrons from the normal state to
an excited state [13-15]. The PS in presence of oxygen, transfers the energy generated to the
substrate [16]. On the process of returning to its normal state the electron promotes formation
of highly reactive and short-lived oxygen species, called singlet oxygen, affecting the target
cells and MO through irreversible oxidation [13-17].

Studies demonstrates that PDT increases root canal disinfection because unlike

antibiotics, which have a specific mechanism of action, singlet oxygen generated from a



photodynamic reaction has a nonspecific physical-chemical mechanism of action, preventing
the development of microbial resistance [18-23]. Methylene blue (MB) has photosensitizing
characteristics, being used in PDT as a PS [24]. It has an absorption band range of 500nm to
700nm, therefore it is activated by red light [25,26]. When activated MB reacts resulting in
singlet oxygen, which could influence on the polymerization process and mechanical properties
of the root canal sealer and intrarradicular dentin, compromising directly the longevity and
success of the endodontic treatment [27].

A study by Strazzi-Sayhon et al. 2018 [27] demonstrated that PDT affected negatively
the bond strength of the resin cement (used in glass fiber-posts) to intraradicular dentin effecting
directly the longevity of the restorative procedure. Few studies investigated the influence of
PDT with MB as a PS on the bond strength of the root canal sealer to intraradicular dentin
[28,29]. It is understood that the adhesion of the filling material to intraradicular dentin is one
of the most important properties for maintaining the integrity of the obturation [30].

Knowing that the effects of PDT on the bond strength of the root canal sealer to
intraradicular dentin are still unclear, the purpose of this in vitro study was to determine the
push-out bond strength of the root canal sealer (MTA Fillapex) to intraradicular dentin after
PDT with MB as a PS. Using confocal laser scanning microscopy (CLSM) qualitative images
of the morphology of the adhesive interface were obtained in order to compare visually the
penetration of the sealer. Two null hypotheses were tested: 1) That the different concentrations
of MB, activated by laser or not, would not cause a significant difference in the intraradicular
dentin, and 2) That different thirds of the intraradicular dentin would not promote a significant

difference for the treatment with PDT.

2) MATERIAL AND METHODS

2.1) Experimental design
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