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Ramos ATPR. Efeito da terapia fotodindmica sobre a resisténcia de unido e a
penetrabilidade dentinaria de diferentes protocolos de cimentacédo de pinos de fibra
de vidro [Dissertagdo de Mestrado]. Araraquara: Faculdade de Odontologia da
UNESP; 2017.

RESUMO

Essa pesquisa avaliou o efeito da Terapia Fotodinamica (PDT) sobre diferentes
protocolos de cimentagdo de pinos de fibra de vidro com cimentos resinosos
convencionais ou autoadesivos, assim como os cimentos ionomeéricos, através da
resisténcia de unido e penetrabilidade dentinaria por meio de ensaio mecanico
“‘push-out”, andlise do padrao de fratura e microscopia confocal a laser. Foram
utilizados dentes humanos, com raizes padronizadas em 15mm e tratados
endodonticamente com o sistema ProTaper (Dentsply, Ballaigues, SW), irrigados
com hipoclorito de sédio a 2,5% e obturados pela técnica do cone unico com
cimento endodontico contendo resina epoxi (AH Plus; Dentsply DeTrey GmbH,
Konstanz, Germany). Ap6s armazenamento em estufa com umidade a 37°C por 7
dias, foi preparado o espaco e instalado o pino de fibra de vidro com o sistema White
Post DC 2 (FGM, Joinville, SC, BR). De forma aleatdria, as raizes foram divididas
em 6 grupos (n=10) de acordo com o sistema de cimentacgéo e a utilizagdo da PDT.
Os grupos que fazem parte da utilizacdo da PDT tiveram seu canal radicular irrigado
com soro fisioldgico, seco, preenchido com fotossensibilizador (azul de metileno),
permaneceu em repouso por 5 minutos e irradiado por uma fibra 6tica adaptada em
fonte de emisséo, entdo foi removido o corante e seguido o protocolo de cimentagéo
do pino conforme o fabricante recomenda tanto para o tratamento do pino, quanto
para o tratamento da dentina radicular e manipulagdo do cimento. Nessa etapa foi
adicionado rodamina B a cimentacdo para permitir avaliagdo em microscopia
confocal a laser. Apos insergdo das raizes verticalmente em matrizes plasticas e
completa polimerizagdo dos cimentos, o conjunto foi seccionado em 3 fatias de
acordo com os tercos radiculares. Os pinos de fibra de vidro foram submetidos ao
teste de push-out, determinado o padrédo de fratura e avaliacdo da penetrabilidade
dentinaria do cimento. A analise estatistica foi feita através do teste ANOVA e pos-
teste Tukey, com nivel de significancia de 5%. A utilizacdo da PDT exerce efeito
negativo sobre a resisténcia de unido do sistema de cimentacdo RelyX ARC na
dentina cervical, e sobre a penetragdo dentinaria do sistema RelyX ARC, no terco
apical e cervical radicular. A PDT exerce efeito negativo sobre a resisténcia de uniao
quando utilizado CIV no tergo cervical, contudo nao influenciou sobre a penetragao
dentinaria.

Palavras-chave: Fotoquimioterapia. Cimentos de resina. Espécies de oxigénio
reativas. Pinos dentarios.



Ramos ATPR. Effect of photodynamic therapy on the bond strength and dentinal
penetrability using different glass-fiber post cementation systems [Dissertacdo de
Mestrado]. Araraquara: Faculdade de Odontologia da UNESP; 2017.

ABSTRACT

The aim of this study was to evaluate the effects of photodynamic therapy (PDT) on
the glass-fiber post cementation protocols using conventional or self-adhesive resin
cements and a glass ionomer cement (GIC) on the bond strength and dentinal
penetrability. The specimens were submitted to the push-out test, failure mode and
laser confocal microscopy evaluation. Human canine roots standardized in 15mm
were endodontically-treated using ProTaper (Dentsply, Ballaigues, SW) system,
irrigated with 2.5% sodium hypochlorite and obturated with single cone technique
and epoxi-based sealer (AH Plus; Dentsply DeTrey GmbH, Konstanz, Germany).
The specimens were stored under 100% relative humidity, at 37°C for 7 days.
Afterwards, the intracanal prosthetic space was prepared and the glass-fiber post
(White Post DC 2, FGM, Joinville, SC, BR) was placed. The roots were randomly
divided into 6 groups (n = 10) according to the cementation system and PDT use.
The groups that used PDT were irrigated with saline, dried, filled with photosensitizer
(methylene blue), left untouched for 5min and irradiated using a laser emission
source. The pigment was removed, the post cementation protocol was handled
according to the manufacturer’s recommendations. Rhodamine B was added in the
cementation system to facilitate the evaluation of confocal laser microscopy. The
roots were vertically placed inside plastic matrices and filled with polyester resin.
After 24h, the set was sectioned in 3 slices according to the root thirds. The glass-
fiber posts were subjected to the push-out test, the failure mode and dentinal
penetrability analysis. The data were submitted to ANOVA and Tukey post-tests, at
5% significance level. PDT presented a negative effect on the bond strength of RelyX
ARC cementation system to the cervical dentin and on the dentinal penetrability of
RelyX ARC system in the apical and cervical thirds. Moreover, PDT showed a
negative effect on the bond strength of GIC to the cervical third; however, it did not
influence the dentinal penetrability.

Keywords: Photochemotherapy. Resin Cements. Reactive oxygen species. Dental
pins.
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1 INTRODUGAO

O preparo do espaco protético para a colocagdo de um pino de fibra de vidro
implica na remocao parcial da obturacdo do canal radicular, nos tercos cervical e
meédio, expondo a superficie dentinaria ao meio bucal. Em situagbes em que o
preparo estrategicamente ndo tenha sido realizado com isolamento absoluto do
campo operatorio podera ocorrer a contaminagdo microbiana do local durante os
procedimentos, comprometendo o sucesso do tratamento (Bitter, Kielbassa®, 2007;
Cheung®, 2005).

Visando controlar essa contaminagdo microbiana, alguns recursos tém sido
preconizados para a antissepsia do espaco protético, previamente a cimentagao dos
pinos de fibra de vidro, tais como a irrigagdo com solugdo de hipoclorito de sodio e
digluconato de clorexidina (Lima et al.'®, 2015). Entretanto, os compostos halégenos
tendem a interferir negativamente sobre a resisténcia de unido dos cimentos
resinosos a dentina radicular (Martinho et al."*, 2015; Saraiva et al.'®, 2013).

A solugédo de hipoclorito de sodio origina acido hipocloroso e hidroxido de
sodio (Kuga et al.'?, 2011). Por sua vez, a degradacdo quimica do acido hipocloroso
ocasiona a liberagdo de cloro livre e oxigénio singlet (Estrela et al.®, 2002; Guida'®,
2006). A presenca destes radicais livres tende a interferir sobre as cadeias aminas
dos cimentos resinosos, comprometendo o processo de polimerizagdo e a
integridade do procedimento de cimentagdo dos pinos de fibra (Bitter et al.*, 2013).
Similar situacdo também pode ocorrer com as solugdes de clorexidina, uma vez que
também produzem produtos residuais contendo radicais livres oxidativos (Bitter et
al.®, 2014).

Uma vez que estas substancias podem comprometer a integridade da adesao
dos cimentos resinosos a dentina, outras alternativas tém sido sugeridas (Arslan et
al.?, 2015; Bitter et al.®, 2014). A utilizagdo de métodos mecanicos, tais como o
ultrassom, proporcionam satisfatéria limpeza da parede dentinaria do canal radicular,
porém necessitam estar associada a alguma solugdo antisséptica para exercerem
uma adequada atividade antimicrobiana (Aranda-Garcia et al.”, 2013; Jiang et al."”,
2011).

Por sua vez, a \utilizagdo da terapia fotodindmica (PDT) com
fotossensibilizantes especificos n&o téxicos, tais como o azul de metileno, pode ser

uma alternativa interessante para suplementar as deficiéncias demonstradas pelos
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demais recursos (Gergova et al.®, 2016). Tal afirmagéo é fundamentada no fato de
que a irrigagao dos canais radiculares com hipoclorito de sodio a 5,25% associado a
terapia fotodinamica demonstra ser o método mais efetivo para reduzir a
contaminagdo microbiana em canais radiculares instrumentados pela técnica do
instrumento unico (de Oliveira et al.”, 2015).

O mecanismo de acao do PDT consiste em utilizar um comprimento de onda
especifico para ativar um corante ndo téxico (fotossensibilizante), levando a
formacéao de radicais livres oxidativos, que danificam as proteinas, membrana celular
e acidos nucleicos microbianos, promovendo a morte bacteriana (Singh et al.’,
2015). Uma vez que a dinédmica do uso do PDT também envolve a liberagcdo de
radicais livres, tais como oxigénio singlet, similar ao que ocorre nas solugdes
halogenadas, sdo desconhecidos os efeitos que este método poderia exercer sobre
a resisténcia de unido dos sistemas de cimentagdo de pino de fibra na dentina
radicular.

Adicionalmente, o cimento de ionbmero de vidro € um promissor agente de
cimentagdo de pino de fibra, apresentando satisfatérios valores de resisténcia de
unido & dentina radicular (Pereira et al.”, 2014). Como o seu mecanismo de acdo e
adesao sao diferentes dos cimentos resinosos, ha o questionamento se os radicais
livres liberados tanto pelas substéncias halogenadas como pelo PDT poderiam
interferir na cimentagao dos pinos de vidro (Sidhu, Watson'’, 1995).

Sendo assim, torna-se pertinente avaliar a solugédo de hipoclorito de sodio e a
PDT sobre os sistemas de cimentacdo de pinos de fibra com cimentos resinosos

convencionais ou autoadesivos, bem como como os cimentos ionomeéricos.
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2 PROPOSIGAO
2.1 Proposigao Geral

O presente estudo tem por objetivo geral avaliar o efeito da terapia
fotodindmica sobre a resisténcia de unido e a penetrabilidade dentinaria de
diferentes protocolos de cimentacao de pinos de fibra de vidro.

2.2 Proposigao Especifica

O objetivo do presente estudo sera avaliar:

1. A resisténcia de unido do sistema de adesao de pinos de fibra de vidro na
dentina radicular, utilizando o sistema adesivo “condiciona e lava” (Adper
Scotchbond Multiuso Plus) com o cimento resinoso (RelyX ARC) comparado a um
cimento resinoso autocondicionante (RelyX U200) na dentina radicular ou um
cimento ionomérico (GC Gold Label 1 C), apds a utilizagdo da terapia fotodinamica
associada ao fotossensibilizante azul de metileno (0,005%);

2. A penetrabilidade intradentinaria dos sistemas de adesdo apds a utilizagao
dos métodos de cimentacgao citados e a utilizagao da terapia fotodinamica.

3. Avaliar o padrao de fratura encontrado apds a cimentagdo com os métodos

supracitados e a utilizacdo da terapia fotodinamica.
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Abstract

Introduction: The aim of this study was to evaluate the effects of photodynamic
therapy (PDT) on the bond strength and dentinal penetrability of cementation
protocols using conventional resin cement (Relyx ARC) or self -adhesive (Relyx
U200), after the glass-fiber post cementation . Methods: Forty human canine roots
were endodontically-treated and prepared for fiber post. The roots were divided into
four groups, according to the cementation protocol and PDT use: G1, Relyx ARC;
G2, Relyx U200 cement; G3, PDT + Relyx ARC; and G4, PDT + Relyx U200. After
the fiber posts cementation, the roots were cross-sectioned and then, specimens
from the cervical, middle and apical thirds of the prosthetic space were obtained. The
specimens were submitted to the push-out test and dentinal penetration evaluation of
the cementation protocol using laser confocal microscopy. Results: G3 presented
the lowest bond strength to root dentin in the cervical third (P < 0.05). In the middle
and apical thirds, all groups presented similar bond strength (P > 0.05). G3
presented the lowest dentinal penetration of the adhesive system in the cervical and
apical thirds (P < 0.05). Conclusions: PDT presented negative effects on the bond
strength to dentin in cervical third after cementation using Relyx ARC, and on the
dentinal penetrability of the etch-and-rinse adhesive system in the cervical and apical
thirds of the prosthetic space.

Key Words: bond strength, fiber posts, photodynamic therapy, push-out bond
strength, self-adhesive cement.
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Introduction

The intracanal preparation of prosthetic space for fiber post requires a partial
removal of the root canal obturation. During this procedure, a local contamination
may occur, which compromises the success of endodontic and / or restorative
treatments (1, 2). Sodium hypochlorite or chlorhexidine digluconate have been
recommended for the prosthetic space irrigation, but they have shown negative
effects on the bond strength of the resin cements to root dentin (3-5).

Free radicals participate in the polymerization process of resinous compounds
inducing chemical reactions in the methacrylates structure (6). Thus, the degree of
conversion and the adhesion of resinous materials to the dentin are compromised by
the substances that interact with these free radicals, such as sodium hypochlorite,
which degrades in sodium hydroxide and hypochlorous acid, and consequently leads
to the singlet oxygen formation (7-9). Moreover, the oxygen presence can also work
as a barrier in the adhesive interface, which hampers the hybrid layer formation in
dentin (10).

Since the sodium hypochlorite may cause those undesirable effects, other
alternatives have been sought to perform the prosthetic space antisepsis.
Henceforth, the photodynamic therapy (PDT) with specific photosensitizers, such as
0.005% or 0.01% methylene blue, has been an interesting option (11) owing to its
satisfactory antimicrobial activity in contaminated root canals (12).

The mechanism of action of PDT occurs when a photosensitizing substance
absorbs the photons from the irradiation source and their electrons enter an
excitation state. Then, the energy is transferred to a specific substrate, forming the
reactive oxygen species (ROS), mainly singlet oxygen, which irreversibly oxidize the
cellular components causing bacterial death (11, 13, 14). However, it is still unknown
whether those free radicals, from the ROS release, affect the adhesive interface
between the dentin and fiber post cement, after different cementation protocols,
similarly to those decontamination protocols using sodium hypochlorite.

Therefore, the aim of this study was to evaluate the effects of photodynamic
therapy using 0.005% methylene blue in the intracanal prosthetic space on the bond
strength and intra-dentinal penetrability using conventional (Relyx ARC) or self-
adhesive (Relyx U200) resin cements, in different root thirds, after the fiber post
cementation protocols. The null hypothesis was that photodynamic therapy does not
affect the adhesion and the dentinal penetration of fiber posts cements.
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Materials and Methods

The study was approved by the Research Ethics Committee of FOAr-UNESP
(1.603.859) (attachment). Forty human canines with similar root anatomy and
absence of structural alterations were selected and kept in 0.1% thymol solution at
4°C.

The dental crowns were removed about 15mm from the root apex. Then, the
chemical-mechanical preparation and root canal obturation were carried out
according to Aranda-Garcia et al (15). After the vertical condensation obturation, the
cervical opening was sealed using temporary cement (Coltosol, Coltene, Rio de
Janeiro, Brazil) and the roots were stored under 100% relative humidity, at 37°C for 7
days.

The preparation of the intracanal prosthetic space was performed using #2 bur
(White Post DC System; FGM, Joinville, SC, Brazil), 11mm length. Then, it was
irrigated using 10mL of distilled water and dried with absorbent paper points. The
specimens were randomly divided into four groups (n=10), according to the
cementation protocol and PDT application in the prosthetic space: G1, conventional
cement (Relyx ARC); G2, self-adhesive cement (Relyx U200); G3, photodynamic
therapy and conventional cement (PDT + Relyx ARC) and G4, photodynamic therapy
and self-adhesive cement (PDT + Relyx U200).

The fiber post surface was cleansed using 95% ethanol, etched with 37%
phosphoric acid (Power Etching, BM4, Palhoga, SC, Brazil) for 1 minute, then the
silane (Prosil; FGM, Joinville, BR) and dentin adhesive (Adper Scotchbond Multiuso
Plus; 3M ESPE, St. Paul, MN, USA) were applied throughout its length. Afterwards,
the whole set was light-cured for 60s (Bluephase; Ivoclar Vivadent, Barueri, SP,
Brazil) (appendage).

PDT was carried out in G3 and G4. Initially, the prosthetic space was filled with
1000pL of 0.005% methylene blue (Chimiolux; DMC, S&o Carlos, SP, Brazil), and the
root cervical face was covered with laminated paper and left untouched for 5
minutes. After that, an optical fiber (Twin Flex Evolution, MMO Opto-Electronic
Equipment, Sdo Carlos, SP, Brazil) was inserted into the entire prosthetic space, in
at static position and the prosthetic space irradiated for 30s using a laser emission
source (Twin Flex Evolution, MMO Opto-Electronic Equipment, Sdo Carlos, SP,
Brazil), output power 30 J/cm?.

Afterwards, the methylene blue was aspirated and the prosthetic space was
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irrigated with 3mL of saline solution and dried with absorbent paper points. Prior to
the fiber posts cementation, 0.01% (by mass) of Rhodamine B isothiocyanate was
added to the primer of the adhesive system (Adper Scotchbond Multiuso Plus; 3M
ESPE, St. Paul, MN, USA) and used in G1 and G3. Rhodamine B isothiocyanate was
also added to the cements and used in G2 and G4. All specimens were subjected to
laser confocal microscopy evaluation.

G1 and G3 were acid etched (Power Etching; BM4, Palhoga, SC, Brazil) for
15s, irrigated with distilled water for 30s and dried with absorbent paper points. The
adhesive system (Adper Scotchbond Multiuso Plus, 3M ESPE, St. Paul, MN, USA)
was applied throughout the prosthetic space and light-cured for 20s (Bluephase;
Ivoclar Vivadent, Barueri, SP, Brazil).

The cements were handled according to the manufacturers' recommendations
and are described in Table 1. Immediately after the cementation of #2 (FGM,
Joinville, SC, BR) fiber posts, the roots were vertically centralized inside a PVC
matrix (16.5 diameter x 15.0mm length) and checked using parallelogram (BioArt B2,
Sao Carlos, SP, BR). The matrices were filled with polyester resin (Maxi Rubber,
Diadema, SP, Brazil), leaving 1.0mm of the root cervical outside the inclusion. The
whole set was left undisturbed for 24 hours. Then, the specimens were removed from
the matrices and were sectioned perpendicular to their long axis with a diamond disk
using hard tissues cutting machine (Isomet, Buehler Ltd, Lake Bluff, IL, USA) under
running water-cooling. Three sections were performed with  2.0mm + 0.1mm
thickness from the apical, middle and cervical thirds of the prosthetic space. The
cervical, medial and apical sections were carried out respectively from 1.0mm,
5.0mm and 8.0mm from the root cervical face. The sections irregularities were
removed using #1200 (Norton, S&o Paulo, SP, Brazil) sandpaper.

The specimens of each root third were submitted to a push-out test using an
electromechanical test machine (EMIC, Sdo José dos Pinhais, PR, Brazil), at
0.5mm/min speed using 5kN load cell, until the complete displacement of all root
canal walls. The force required to the displacement occurs was obtained in N
(Newton) and it was transformed into bond strength (MPa), as according to Magro et
al (16). Subsequently, each specimen was assessed using a stereomicroscope, at
20X magnification to determine the failure mode. The failure mode was classified as:
type 1 (Adhesive): when it ocurred between the fiber post and the cement; Type 2

(Adhesive): between dentin and cement; Type 3 (Cohesive) within the cement and
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type 4 (Mixed) when both types of failure were combined, as according to Elnaghy
(17).

The sections were analyzed using a laser confocal microscope at 100X
magnification to determine the root canal perimeter with the materials penetration
within the dentinal tubules. The images were evaluated using Image J software. The
perimeter of the root canal and the cement penetration in dentin were measured, and

the material penetration in the dentinal tubules percentage was obtained.

Statistical Analysis

The data were submitted to ANOVA and Tukey tests at 5% significance level.

Results

Regarding the bond strength of the fiber post cements to root dentin, all
groups presented similar results in the middle and apical thirds of the prosthetic
space (P > 0.05). G3 was the only group that presented the lowest value in the
cervical third (P < 0.05). Table 2 shows the mean and standard deviation of bond
strength (in MPa) of each third according to the PDT use in the prosthetic space.

In relation to the dentinal penetration of the fiber post cementation protocols,
all groups presented similar results in the middle third (P > 0.05). In the cervical and
apical thirds, G3 presented the lowest dentinal penetration (P < 0.05). Table 3 shows
the mean and standard deviation of the dentinal penetration (%) of the fiber posts
cementation protocols in all thirds of the prosthetic space, according to the
cementation protocol and PDT use. Figure 1 shows the dentinal penetration pattern
of the groups.

Regarding the failure mode, G3 and G4 presented higher incidence of type 2
failure. G1 presented higher incidence of type 1 failure. G2 presented higher
incidence of type 4. Figure 2 displays the failure mode distribution.

Discussion

PDT negatively affected the bond strength of the Relyx ARC system to cervical
third of the prosthetic space. In addition, the dentinal penetration of this cementation
system was compromised in the cervical and apical thirds of the intracanal prosthetic
space. Thus, the null hypothesis was rejected.

The presence of oxygen affects the adhesive interface of resinous compounds
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in dentin (18) owing to the competition the free radicals responsible for the
polymerization reactions of methacrylates. Moreover, the accumulation of ROS in
dentin hampers the hybrid layer formation (19). Since PDT releases ROS, it is
assumed that it also affects the adhesion of fiber-posts cementation protocols (13).

However, the bond strength reduction was only observed in the cervical third of
the prosthetic space after the conventional cement (Relyx ARC) use. Prior to this
resin cement use, the etch-and-rinse (Adper Scotchbond Multi-Purpose Plus)
adhesive system was applied, therefore, it is possible that products from the
photoactivation of 1% methylene blue, mainly the singlet oxygen, competed with the
free radicals, which reacts in the chemical reaction of camphorquinone and aliphatic
amines. It negatively affected the polymerization and adhesion of the adhesive
system in dentin (20, 21).

Futhermore, Garcez et al. (11) have reported that the light distribution and
oxygen formation was uniform when the optical fiber was used in spiral movements
for approximately 10 minutes. These steps may have influenced the results, since
this study used an optical fiber in at static position for 30 seconds, consequently, the
irradiation may have been concentrated mainly in the radicular cervical third.

PDT did not present effect on the interface when Relyx U200 cement was
used. The mechanism of adhesion of this cement is mainly based in the chemical
interaction between the acidic monomers and the hydroxyapatite and it does not only
depend of mechanical micro-retention in root dentin (6), thus the ROS interference
on the adhesion of this cement to root dentin was null, in accordance to Barreto et al
(22).

Laser confocal microscopy has been used to evaluate the materials’s
penetrability and adaptation in root dentin (23). G3 presented lower dentinal
penetrability in the cervical and apical thirds. It can be associated to the high
concentration of oxygen, which worked as mechanical barrier and hampered the
adhesive systems penetration in the dentinal tubules (10). Moreover, Grandini et al.
(24) have observed that higher incidence of gaps and cementation failures occurred
in the apical third of the prosthetic space, similarly to G3, due to the presence of
oxygen.

G3 and G4 presented the highest incidence of the failure mode between the
root dentin and the cementation protocol, owing to the ROS release in the adhesive
interface. On the other hand, the protocol using etch-and-rinse adhesive system is
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considered as reference standard in fiber post cementation, which favored type 2
failure mode occurrence (6, 25). G2 showed mixed failure mode, which agreed with
previous studies that used this cement (6, 26, 27).

Despite of PDT performs the prosthetic space antisepsis, it releases ROS,
mainly the singlet oxygen. The present study has shown that PDT affects the fiber
post cementation protocols, however, further studies should be carried out to
evaluate the interaction of PDT with other photosensitizing substances and new
protocols for fiber posts cementation, such as ionomeric cements (28).

In conclusion, PDT with 0.005% methylene blue presented negative effects- on
the bond strength of the cementation protocol using conventional cement (Relyx
ARC) in cervical third, and - on the dentinal penetrability of the etch-and-rinse

adhesive system in the cervical and apical thirds of the prosthetic space.
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Table 1. Materials, manufacturers, origin and chemical composition of materials and

groups
Material Composition Groups
Relyx ARC Paste A: BisGMA, TEGDMA, zirconia silica, pigments,
(3M ESPE, amine and photoinitiator system. G1 and
St. Paul, Paste B: BisGMA, TEGDMA, zirconia silica, benzoyl G3
MN, USA) peroxide
Base paste: glass powder treated silane, 2-propenoic
acid, 2-metil 1,1’-[1-(hydroxymetil)-1,2- ethanodlyl] ester,
triethylene dimethylacrylate with silane, glass fiber,
sodium persulfate and t-butyl per-3,5,5-trimethyl-
Relyx U200
hexanoate.
(3M ESPE, . _
St. Paul Catalyst paste: silane-treated glass powder, substituted G2  and
. Paul,
dimethacrylate, silanated silica, sodium p-toluene G4
MN, USA) . _ .
sulfonate, 1-benzyl-5-phenyl-baric acid, calcium salts,
1,12-dodecane dimethacrylate, calcium hydroxide and
titanium dioxide
Adper
Scotchbond _ ) .
Multi Primer: 2-hydroxyethyl methacrylate in aqueous solution
ulti
(HEMA) and polyalkanoic acid copolymer.
Purpose _ . S . . G1 and
Adhesive: Bisphenol diglycidyl dimethacrylate solution
(3M ESPE, _ G3
St. Paul (Bis-GMA), 2-hydroxyethyl methacrylate (HEMA) and
. Paul,

MN, USA)

camphorquinone
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Table 2. Mean and standard deviation of bond strength (in MPa), in the root thirds of

the prosthetic space according to the PDT use in the prosthetic space

Groups Cervical Middle Apical
G1 - Relyx ARC 4.21+1.062 3.56+1.13°% 3.96+1.96°
G2 - Relyx U200 6.09 + 1.66° 4.38+222° 3.51+1.54%
G3 - PDT + Relyx ARC 2.45+0.78° 3.27+1.56° 3.65+1.52°
G4 - PDT + Relyx U200 455+ 1572 4.71+£1.06° 4.66 +1.37°2

3 Different letters in the same column indicate significant differences (P < 0.05).

Table 3. Mean and standard deviation of the penetration (%) of the fiber post cement
in root dentin in all thirds of the prosthetic space, according to the cementation
protocol and PDT use.

Groups Cervical Middle Apical
G1 - Relyx ARC 34.85+6.60° 39.14 +19.80° 16.01 £ 1.46°
G2 - Relyx U200 42.89+12.44° 49.29 + 19.33 2 19.56 + 5.18 2
G3 - PDT + Relyx ARC 11.82+3.02° 26.52 + 16.08 @ 6.36 +3.18°
G4 - PDT + Relyx U200 41.28 £+16.10 2 41.76 £ 23.78 @ 18.19+3.21°

3 Different letters in the same column indicate significant differences (P < 0.05).
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Figure 1. Representative image of the dentinal penetrability in the groups evaluated.
(A, B and C) G1, cervical, middle and apical third, respectively; (D, E and F) G2,
cervical, middle and apical third, respectively; (G, H and |) G3, cervical, middle and
apical third, respectively; and (J, K and L) G4, cervical, middle and apical third,
respectively. G1, Relyx ARC; G2, Relyx U200; G3, PDT + Relyx ARC and G4, PDT +
Relyx U200.
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Abstract

Introduction: The aim of this study was to evaluate the effects of photodynamic
therapy (PDT) on the adhesive interface between the dentin and different glass-fiber
post cementation systems using a self-adhesive resin cement (Relyx U200) and a
glass ionomer cement (Gold Label 1). Methods: Forty human canine roots were
endodontically-treated and prepared for fiber post. The roots were divided into four
groups (n = 10), according to the PDT use and cementation protocol: G1, Relyx
U200; G2, Gold Label 1; G3, PDT + Relyx U200 e G4, PDT + Gold Label 1.
Afterwards, the roots were cross-sectioned and specimens from the cervical, middle
and apical thirds of the prosthetic space were obtained and submitted to the push-out
test. After that, the dentinal penetrability of the cementation protocol was assessed
using laser confocal microscopy Results: No significant differences were found in the
bond strength values among the groups in all thirds (P > 0.05). G2 and G4 presented
lower dentinal penetrability than the other groups, only in the cervical third (P < 0.05)
Conclusions: Photodynamic therapy did present effects on the bonding interface
between root dentin and fiber post cementation systems in both Relyx U200 and

Gold Label 1, which were similar to each other.

Key Words: photodynamic therapy, fiber posts, glass-ionomer cement, self-adhesive

cement.



Introduction

The coronary restoration after the root canal obturation is a determinant fator
associated with success of the endodontic treatment (1, 2). After the root canal
obturation is completed, its recontamination must be avoided since it
compromises the periradicular repair process (3, 4). However, the contamination
can occur during the preparation of the intraradicular prosthetic space and / or in
the manipulation of restorative materials (5, 6).

Several substances have been recommended for the prosthetic space
irrigation with both purposes of dentin cleaning and also local antisepsis (7- 9).
Sodium hypochlorite is the solution most widely used for the root canal irrigation,
which degrades and releases hypochlorous acid and singlet oxygen (10, 11).
However, these byproducts from the sodium hypochlorite decomposition can
negatively affect in the adhesive interface between conventional glass fiber posts
cementation systems and root dentin (12-14).

In order to solve those problems, other alternatives have been evaluated
for the prosthetic space antisepsis without negative effects on the bonding
interface of fiber post cementation systems to root dentin. Photodynamic therapy
(PDT) is an interesting alternative to decontaminate the root canal, and,
consequently could be carried out in the prosthetic space antisepsis (15,16). PDT
action occurs when a photosensitizing substance absorbs the photons from the
irradiation source and their electrons enter an excitation state. Then, the energy is
transferred to a specific substrate, forming the reactive oxygen species (ROS),
mainly singlet oxygen, which irreversibly oxidize the cellular components causing
bacterial death (15, 17, 18). PDT is an innovation in prosthetic space
antisepsis; however, the effects of reactive oxygen specimens (ROS) are still
unknown.

Glass ionomer cement has been recently used for the fiber posts
cementation (19). Its bonding to dentin substrate is different from the
conventional resin cements. It is unknown whether the photodynamic therapy
would present any effect on the adhesive interface when the glass ionomer
cement was used (20).

Therefore, the aim of the present study was to evaluate the bond strength
and intra-dentinal penetrability using self-adhesive (Relyx U200) resin cements
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and glass ionomer cement (Gold Label 1) after PDT using 0.005% methylene blue
in the intracanal prosthetic space. The null hypothesis was that photodynamic
therapy does not affect the bonding interface of fiber post cements.

Materials and Methods

The study was approved by the Research Ethics Committee of FOAr-UNESP
(1.603.859) (attachment). Forty human canines with similar root anatomy and
absence of structural alterations were selected and kept in 0.1% thymol solution at
4°C.

Prosthetic space preparation

The roots were standardized with 15mm from the root apex. Then, chemical-
mechanical preparation and root canal obturation were carried out according to
Aranda-Garcia et al (21). After the vertical condensation obturation, the cervical
opening was sealed using temporary cement (Coltosol, Coltene, Rio de Janeiro,
Brazil) and the roots were stored under 100% relative humidity, at 37°C for 7 days.
The preparation of the intracanal prosthetic space was performed using #2 bur
(White Post DC System; FGM, Joinville, SC, Brazil), 11mm length. Then, it was
irrigated using 10mL of distilled water and dried with absorbent paper points.

PDT use

The specimens were randomly divided into four groups (n=10), according to
the glass-fiber cementation protocol and PDT application in the prosthetic space: G1,
self-adhesive (Relyx U200); G2, glass ionomer cement(Gold Label 1) ; G3, PDT
and self-adhesive (PDT + Relyx U200) and G4, PDT and glass ionomer cement
(PDT + Gold Label 1).

The photodynamic therapy was carried out in G3 and G4. Initially, the
prosthetic space was filled with 1000uL of 0.005% methylene blue (Chimiolux; DMC,
Sé&o Carlos, SP, Brazil) and left untouched for 5 minutes. After that, an optical fiber
(Twin Flex Evolution, MMO Opto-Electronic Equipment, Sdo Carlos, SP, Brazil) was
inserted into the entire prosthetic space, in at static position and the prosthetic space
irradiated for 30s using a laser emission source (Twin Flex Evolution, MMO Opto-
Electronic Equipment, Sdo Carlos, SP, Brazil), output power 30 J/cm?. Afterwards,
the methylene blue was aspirated and the prosthetic space was irrigated with 3mL of
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saline solution and dried with absorbent paper points.
Fiber posts cementation

The fiber post surface was cleansed with 95% ethanol, etched using 37%
phosphoric acid (Power Etching, BM4, Palhoga, SC, Brazil) for 1 minute, then the
silane (Prosil; FGM, Joinville, BR) and dentin adhesive (Adper Scotchbond Multiuso
Plus; 3M ESPE, St. Paul, MN, USA) were applied throughout its length. Then, the
whole set was light-cured for 60s (Bluephase; Ivoclar Vivadent, Barueri, SP, Brazil).

Prior to the fiber posts cementation, 0.01% (by mass) of Rhodamine B
isothiocyanate pigment was added to the primer of the adhesive system (Adper
Scotchbond Multiuso Plus; 3M ESPE, St. Paul, MN, USA) and used in G1 and G3.
Rhodamine B isothiocyanate was also added to the cements and used in G2 and G4.
All specimens were subjected to laser confocal microscopy evaluation.

The cements were handled according to the manufacturers' recommendations.
Immediately after the cementation of #2 (FGM, Joinville, SC, BR) fiber posts, the
roots were vertically centralized inside a PVC matrix (16.5 diameter x 15.0mm length)
and checked using parallelogram (BioArt B2, S&o Carlos, SP, BR). The matrices
were filled with polyester resin (Maxi Rubber, Diadema, SP, Brazil), leaving 1.0mm of
the root cervical outside the inclusion. The whole set was left undisturbed for 24

hours.

Push-out test

After that, the specimens were removed from the matrixes and sectioned
perpendicular to their long axis using a diamond disk in a hard tissues cutting
machine (Isomet, Buehler Ltd, Lake Bluff, IL, USA) under running water-cooling.
Three sections were performed with 2.0mm + 0.1mm thickness from the apical,
middle and cervical thirds of the prosthetic space. The cervical, medial, and apical
sections were carried out respectively from 1.0mm, 5.0mm and 8.0mm from the root
cervical face. The sections irregularities were removed using #1200 (Norton, Sao
Paulo, SP, Brazil) sandpaper under running water-cooling .

The specimens of each root third were submitted to a push-out test using an
electromechanical test machine (EMIC, S&o José dos Pinhais, PR, Brazil), at
0.5mm/min speed using 5kN load cell, until the complete displacement of all root
canal walls. The force required for the displacement was obtained in N (Newton) and
it was transformed into bond strength (MPa), as according to Magro et al (16).
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Subsequently, each specimen was assessed using a stereomicroscope, at 20X
magnification to determine the failure mode. The failure mode was classified as: type
1 (Adhesive): when it occurred between the fiber post and the cement; Type 2
(Adhesive): between dentin and cement; Type 3 (Cohesive) within the cement and

type 4 (Mixed) when both types of failure were combined, according to Elnaghy (17).

Dentinal penetrability test

The sections were analyzed using a laser confocal microscope at 100X
magnification to determine the root canal perimeter with the materials penetration
within the dentinal tubules. The images were evaluated using Image J software. The
perimeter of the root canal and the cement penetration in dentin were measured, and

the material penetration in the dentinal tubules percentage was obtained.

Statistical Analysis

The data were submitted to ANOVA and Tukey tests at 5% significance level
(P =0.05).

Results

Regarding the bond strength of the fiber post cements to the root dentin, all
groups presented similar results regardless of the PDT use in the prosthetic space
(P> 0.05). Table 2 shows the mean and standard deviation of bond strength (in MPa)
of cements to root dentin and PDT application in the prosthetic space.

In relation to the dentinal penetration of the fiber post cementation protocols,
the glass ionomer cement (Gold Label 1) presented penetrability lower than the
resinous cement (Relyx U200) regardless of the PDT in the cervical third of
prosthetic space (P < 0.05). Table 3 shows the mean and standard deviation of the
dentinal penetrability (%) of the fiber posts cementation protocols. Figure 1 shows the
dentinal penetrability pattern of the cementation protocols in all thirds of the
prosthetic space.

Regarding the failure mode, type 1 failure was more frequent when ionomer
cement was used. However, types 2 and 4 were more frequent for resinous cement
(RElyx U200) with and without previous use of photodynamic therapy. Figure 2
shows the frequency of incidence of failure mode in all groups.
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Discussion

PDT did not affect the bond strength and the dentinal penetrability of fiber posts
cementation systems regardless the evaluated root third. This study has showed
that only the cervical third of the prosthetic space presented less dentinal
penetrability of glass ionomer cement (Gold Label 1) than resin cement (Relyx
U200), regardless of the PDT use. Therefore, the null hypothesis was accepted.

Oxygen from the degradation of chemicals is routinely used in Dentistry, such
as hydrogen peroxide and sodium hypochlorite, which negatively affect the bond
strength of conventional adhesive systems to dentin substrate (12, 24). PDT causes
the methylene blue photoactivation, which releases reactive oxygen species (ROS),
mainly singlet oxygen (15), it is presumed it has a negative effect on the bonding
interface between the fiber post cementation system and the root dentin (12, 24).

The present study has observed that the bond strength of the self-etching
resin cement (Relyx U200) to dentin of the prosthetic space was not affected after
PDT. The adhesion mechanism of the self-etching resin cements is more related to
chemical interactions between their chemical components and the hydroxyapatite
from the dentin substrate than only through the hybrid layer formation in dentin
surface (25). According to that property, the presence of ROS did not affect the fiber
posts cementation protocol, in accordance to Barreto et al (14).

A resisténcia de unido do cimento de iondbmero de vidro na dentina radicular
também ndo foi afetada pela terapia fotodindmica. O mecanismo de ades&o do
cimento de ion6bmero de vidro a estrutura dentaria ainda ndo esta totalmente
esclarecido, porém ha evidéncias que ocorre trocas idnicas entre o material e o
substrato mineralizado (26). Consequentemente, os efeitos dos ROS sobre a
interface de adesao foram praticamente nulos, semelhantemente ao ocorrido com o
U200. Moreover, the bond strength of the glass ionomer cement to root dentin was
not affected by PDT. Despite of the adhesion mechanism of the glass ionomer
cement to the dental structure has not been fully understood, there is evidence that
ionic exchange occurs between the material and the mineralized substrate (26).
Consequently, the effects of ROS on the adhesion interface were practically null,
similar to the U200 cement.

Although the bond strength values of glass ionomer cements to dentin were
relatively low (27), they were similar to resin cement (Relyx U200). Even though, the
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adhesive failure mode between cement and fiber post was the most frequent when
the glass ionomer cement was used, regardless of the previous use of PDT. On the
other hand, the mixed and adhesive failure modes between the cement and the
dentin were more frequent when Rylex U200 was used, regardless of the previous
use of PDT. Thus, although the bond strength values to the root dentin were similar,
the type of failure mode showed that the use of glass ionomer cement favored its
use, especially when PDT was used.

The adhesion of fiber posts cementation system to root dentin is related to
several factors (28, 29), such as the dentinal tubules penetration and the hybrid layer
formation in the dentin substrate (14, 29). This study has observed that PDT did not
present any effect on the cements penetrability in root dentin. Only the third cervical
root has showed that the glass ionomer cement presented less dentinal penetration
than the resin cement. It may have occurred since the glass ionomer presented
lower flow rate, in accordance to Sidhu (26).

In contrast, the other thirds have not showed any differences, probably
because to the fiber post had higher adaptation and compression in the prosthetic
space, since the apical and middle thirds are the places that fiber post fits better
inside the root canal (9). Since the adhesion of these cements is more related to a
chemical interaction between the dentin substrate and the cement, the dentinal
penetrability values are not correlated to the adhesion efficiency, as it was observed
in this study.

PDT may contribute to antissepsis of the intracanal prosthetic space after a
local contamination has occurred. The oxidative radical specimens (ROS) did not
affect the bond strength and dentinal penetrability of the cementation systems
evaluated in this study, and it can be a good alternative to avoid the deleterious
effects caused by sodium hypochlorite and chlorhexidine (14, 29).

In conclusion, this study has showed that PDT with methylene blue presented
no effect on the adhesion interface between the root dentin and the fiber posts
cementation systems, neither for the resin cement (Relyx U200) nor for the glass
ionomer cement (Gold Label 1) that were similar to each other.
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Table 1. Materials, manufacturers, origin and chemical composition of materials and

groups according to the fiber post cementation

Cement Composition Groups
Base paste: glass powder treated silane, 2-
propenoic acid, 2-metil 1,1’-[1-(hydroxymetil)-1,2-
ethanodlyl] ester, triethylene dimethylacrylate with
silane, glass fiber, sodium persulfate and t-butyl per-
3,5,5—trimethyl-hexanoate.
RelyX U200
(3M ESPE, St. Catalyst paste: silane-treated glass powder, G1and G3
Paul, MN, USA) substituted dimethacrylate, silanated silica, sodium
p-toluene sulfonate, 1-benzyl-5-phenyl-baric acid,
calcium salts, 1,12-dodecane dimethacrylate,
calcium hydroxide and titanium dioxide
GOLD LABEL Powder: fluoralumino-silicate glass (95%),
1 (GC America polyacrylic acid (5%
(GC A polyacty (5%) N G2 and G4
Inc., (Alsip, IL, Liquid: polyacrylic acid (30-40%), distilled water (50-

USA)

55%)




Table 2. Mean and standard deviation of bond strength (in MPa), in the root thirds of

the prosthetic space according to the PDT use in the prosthetic space

Groups Cervical Middle Apical
G1 - RelyX U200 4.21+1.062 3.56+1.13° 3.61+1.46°
G2 - Gold Label 1 347+1.12° 3.82+1.24° 3.60+0.66°
G3 - RelyX U200 + PDT 455+ 1.19°2 4.71+1.062 4.66 + 1.37°2
G4 - Gold Label 1 + PDT 345+0.65° 4.60 +1.78°2 3.58 +0.45°

* No statistically significant difference was found among the groups, regardless of the
root third (P < 0.05).

Table 3. Mean and standard deviation of the dentinal penetrability (%) of the fiber
post cement according to the cementation protocol and PDT use in the prosthetic
space

Groups Cervical Middle Apical
G1 - RelyX U200 42.89 +12.44% 4827 £+18.66°% 19.56+5.18°
G2 - Gold Label 1 13.35+2.06° 33.10+25.21% 15.33+4.02°
G3 - RelyX U200 + PDT 41.28 +16.10% 41.76 £23.78% 18.19+3.21°
G4 - Gold Label 1 + PDT  8.96 + 3.48° 33.40+21.63% 17.90+7.94°

2 Different letters in the same column indicate significant differences (P < 0.05).
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Figure 1. Representative image of the dentinal penetrability in the groups. (A, B and
C) G1, cervical, middle and apical third, respectively; (D, E and F) G2, cervical,
middle and apical third, respectively; (G, H and |) G3, cervical, middle and apical
third, respectively; and (J, K and L) G4, cervical, middle and apical third, respectively.
G1, Relyx U200; G2, Gold Label 1; G3, PDT + Relyx U200 and G4, PDT + Gold
Label 1.
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Figure 2. Distribution of the failure mode in each group.
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4 CONCLUSAO

A utilizacdo do PDT no espaco protético:

Exerce efeito negativo significante sobre a resisténcia de unido do
sistema de adesdo RelyX ARC na dentina cervical, ao contrario do
sistema RelyX U200 que n&o é afetado por este protocolo de
tratamento do espaco protético.

Exerce efeito negativo significante sobre a resisténcia de unido do
sistema de adesao utilizando o cimento de ionédmero de vidro (GC) na
dentina radicular cervical.

Interfere negativamente sobre a penetragdo dentinaria apenas do
sistema RelyX ARC, no tergo apical e cervical radicular.

No tergo cervical radicular, o cimento de ionémero de vidro demonstrou
menor penetracdo dentinaria que o RelyX U200, independentemente do
uso prévio do PDT.

Aumentou o padrao de fratura do tipo adesiva nos cimentos resinosos,

tanto convencional, quanto autoadesivo.
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APENDICE

MATERIAIS E METODOS

Apbs aprovacdo do Comité de Etica em Pesquisa da Faculdade de
Odontologia de Araraquara, da Universidade Estadual Paulista — parecer 1.603.859.
Setenta e dois caninos humanos recém extraidos, obtidos do Banco de Dentes da
Faculdade de Odontologia de Araraquara, da Universidade Estadual Paulista, e
mantidos em solugéo de timol a 0,1%, na temperatura de 4°C. Apds a lavagem em
agua corrente por 12 horas, os dentes foram analisados em estereomicroscoépio,
com aumento de 10x, com o objetivo de descartar e substituir aqueles que
apresentarem fissuras e/ou trincas radiculares e radiografados, no sentido vestibulo-
lingual e mésio-distal, a fim de averiguar a presenga de um unico canal radicular
principal. As raizes foram mensuradas e segmentados transversalmente na
extensao de 15mm a partir do apice radicular.

Inicialmente foi feito um estudo piloto com 12 dentes, sendo 2 representando
cada grupo. Foi feito o desenho experimental de forma rigorosamente igual aos
grupos experimentos.

Os canais radiculares inicialmente explorados com a lima K#10 (Maillefer,
Petrépolis, RJ, BR), obtido o glyde-path e realizado da paténcia apical com a lima
K#15, instrumentados e ampliados até o instrumento F5 (ProTaper; Dentsply,
Ballaigues, SW). Durante todo o preparo mecénico, os canais radiculares foram
irrigados com 5mL de solug&o de hipoclorito de sodio a 2,5% (Asfer, Sdo Caetano do
Sul, SP, BR) a cada troca de instrumento e ao final irrigados com 5mL de EDTA a
17% (Biodinamica, Ibipora, PR, BR), mantidos em seu interior por 3 minutos e, ao
final irrigados com 5mL de solugdo de hipoclorito de sodio a 2,5% para
neutralizacao.

ApGs a secagem com ponta de papel absorvente F5 (Dentsply, Petropolis, RJ,
BR), os canais radiculares foram obturados pela técnica do cone unico utilizando
ponta de guta percha F5 (Dentsply, Petrépolis, RJ, BR) e cimento endodéntico
contendo resina epoxi (AH Plus; Dentsply DeTrey GmbH, Konstanz, Germany). Apés
o corte cervical, realizacdo da condensacao vertical da obturacdo endodéntica e
vedamento da abertura cervical dos canais radiculares com cimento provisorio

(Coltosol; Coltene, Rio de Janeiro, RJ, BR), as raizes foram mantidas em estufa,
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com umidade relativa a 100%, a 37°C, por 7 dias, para aguardar a presa total do
material obturador.

O preparo do espaco para a colocacgao do pino de fibra foi confeccionado com
a broca #2 do sistema White Post DC (FGM, Joinville, SC, BR), na extensdo de
cervical para apical de 11mm. Apds a realizacdo do preparo, os canais radiculares
foram irrigados com 10mL de agua destilada e novamente secos com pontas de
papel absorvente. A partir deste momento, os espécimes foram aleatoriamente
divididos em seis grupos (n = 10), de acordo com a utilizagdo da terapia
fotodindmica no espacgo protético e o tipo de cimento empregado para a cimentagéo
dos pinos de fibra de vidro, conforme demonstrado na Tabela 1.

Tabela 1 - Grupos experimentais, de acordo com o tipo de pré-tratamento e cimento
utilizado.

Pré-tratamento Cimento

G1 - Relyx ARC
G2 - Relyx U200
G3 - CIV GC
G4 PDT Relyx ARC
G5 PDT Relyx U200
G6 PDT CIV GC

FONTE: elaboragao dos autores.

Em todos os grupos, inicialmente os pinos de fibra foram limpos com etanol
95% e acido fosforico 37% (Power Etching; BM4 , Palhoga, SC, BR) por 1 minuto,
aplicado o silano (Prosil; FGM, Joinville, SC, BR) em toda a sua extensao,
aguardado 1 min e entdo seco com jato de ar para total evaporagado do solvente,
entdo aplicado o bond, do sistema adesivo (Adper Scotchbond Multiuso Plus; 3M
ESPE, St. Paul, MN, USA), e fotopolimerizado por 60s (Bluephase; Ivoclar Vivadent,
Barueri, SP, BR).

Em G1, G2 e G3, ou seja, os grupos que nao utilizaram uso da PDT o espacgo
radicular n&o foi submetido a processo de antissepsia. Enquanto os demais grupos,
0s quais utilizaram a PDT, o espaco foi preparado, irrigado com 3mL de soro
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fisiologico, seco com pontas de papel absorvente e preenchido com 1000uL de azul
de metileno (MMO Equipamentos Opto-Eletronicos, Sdo Carlos, SP, BR). Apéds
repouso por periodo de 5 minutos, coberto com papel laminado para que a luz
ambiente n&o altere o corante, o canal radicular foi irradiado com a fibra é6tica por 30
segundos (Fibras Oticas Twin Flex Evolution; MMO Equipamentos Opto-Eletrénicos,
Sé&o Carlos, SP, BR), na poténcia de 30J/cm?, adaptada na fonte de emissao (Twin
Flex Evolution — Arcada; MMO Equipamentos Opto-Eletronicos, Sdo Carlos, SP,
BR). Apos este periodo, o corante foi removido através de sucgédo e lavagem com
3mL de soro fisioldgico e seco com pontas de papel absorvente.

Os cimentos descritos na Tabela 1 foram manipulados de acordo com as
recomendacgdes dos respectivos fabricantes. Nos G1 e G4, previamente a inser¢cao
do cimento resinoso, a dentina do canal radicular foi submetida ao condicionamento
acido (Power Etching; BM4 |, Palhoga, SC, BR), por 15s, lavado com agua destilada
por 30s e seca com pontas de absorvente. Em seguida aplicado o primer do sistema
adesivo (Adper Scotchbond Multiuso Plus; 3M ESPE, St. Paul, MN, USA) aguardou-
se a evaporagao do solvente por 20seg e jato de ar, aplicagdo do bond do mesmo
sistema, remoc&o do excesso e polimerizagao por 20s (Bluephase; Ivoclar Vivadent,
Barueri, SP, BR). Nos demais grupos n&o houve preparo do conduto radicular por
nao haver necessidade, de acordo com os fabricantes. Previamente a cimentacao
dos pinos de fibra, no primer do sistema adesivo de G1 e G4 e nos cimentos dos
demais grupos foi incorporado 0,01% (em massa) de isotiocianato de Rodamina B
com o objetivo de permitir a futura avaliagdo em microscopia confocal a laser.

Imediatamente apds o processo de cimentagao, as raizes foram verticalmente
posicionadas e centralizadas em uma matriz de PVC (16,5 de diametro X 15,0 mm
de comprimento), a fim de manter a correta verticalizagado no interior das matrizes,
as mesmas tiveram seus apices radiculares fixados com cera em uma placa de vidro
e o posicionamento conferido com um paraleldbmetro (BioArt B2, Sdo Carlos, SP,
BR). Os anéis plasticos foram preenchidos com resina poliéster (Maxi Rubber,
Diadema, SP, Brasil), mantendo 1,0 mm do segmento cervical da raiz fora da
inclusdo. Todo o conjunto permaneceu intacto por 24 horas, para a que ocorresse a
completa polimerizagdo da resina. Apds a desinclusdo do conjunto das matrizes
plasticas, foram seccionadas perpendicularmente ao seu longo eixo, utilizando um
disco diamantado adaptado em maquina de corte para tecidos duros (lsomet;
Buehler Ltd, Lake Bluff, IL, USA), sob intensa refrigeracéo.
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Trés secgdes foram obtidas, com espessura de 2.0 mm + 0.1, dos tercos
apical, médio e cervical do espaco protético de cada raiz. A secc¢éo cervical, média e
apical sera obtida respectivamente a partir de 1,0 mm, 5,0 mm e 8,0 mm da face
cervical da raiz. As irregularidades das secgdes foram removidas com lixa d’agua de
granulagao 1200 (Norton, Sdo Paulo, SP, BR), limpas com pincel e jatos de ar.

Os pinos de fibra de vidro cimentados no espaco protético de cada um dos
tercos das raizes foram submetidos ao teste de push-out em maquina
eletromecanica de ensaios (EMIC, Sdo José dos Pinhais, PR, Brasil), calibrada em
uma velocidade de 0,5 mm/min, até que ocorresse o completo deslocamento do pino
de fibra das paredes do canal radicular. Os valores da forga necessaria para que
ocorresse o deslocamento foi obtido em N (Newton) e, posteriormente, transformado
em resisténcia de unido (MPa) através da férmula: MPa = F/AD. A area de adeséo
foi calculada utilizando a seguinte formula: AD = 1 - (R +r) - g, onde R = raio
cervical do canal radicular, em mm; r = raio apical do canal radicular, em mm; g =
altura relativa do cone invertido, em mm.

O diametro cervical e apical dos canais radiculares foi obtido individualmente
através de mensuragdo com auxilio de estereomicroscopio, com magnificagdo de

20X (Leica Microsystems, Wetzlar, Germany). O valor de g foi obtido a partir da

equagdo: g = ./(R-r)2+(2.0)2.

Cada espécime foi analisado em estereomicroscopia, com aumento de 20X
para determinar o padrao de fratura ocorrido, sendo classificado em quatro
categorias, conforme descrito por Elnaghy (2014):

Tipo 1 — Adesiva: entre o pino de fibra e o cimento;
Tipo 2 — Adesiva: entre a dentina e o cimento;
Tipo 3 — Coesiva: dentro do cimento;

Tipo 4 — Mista.

As seccgoes foram analisadas sob microscopio confocal a laser com aumento
de 100X para determinacédo do perimetro do canal com penetracdo do cimento nos
tubulos dentinarios. As imagens obtidas foram analisadas pelo software Image J, o
qual foi devidamente calibrado tomando-se por base a régua adaptada abaixo dos
espécimes. Foi mensurado o perimetro total do canal e o perimetro de dentina com

penetracdo de cimento nos tubulos dentinarios, calculando-se assim a porcentagem
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do perimetro do canal com penetragdo do cimento nos tubulos dentinarios em
porcentagem.

Os dados obtidos nos estudos citados foram submetidos ao teste de Shapiro-
Wilk, confirmando a distribuicdo normal da amostra. Entdo avaliados pelo teste de
ANOVA e pos-teste de Tukey, com nivel de significancia de 5%.
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