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RESUMO

O objetivo deste estudo in vitro foi investigar o efeito de doses cumulativas de radiacao
na resisténcia de unido push-out de um cimento resinoso universal utilizados nos modos
autocondicionante (AC) e autoadesivo (AA) a dentina intrarradicular. Quarenta e oito dentes
humanos unirradiculares foram distribuidos em 3 grupos (n = 16), de acordo com a dose de
radioterapia (RT): NoRT (sem radioterapia); 70RT (70 Gy); e 70+70RT (70 Gy+70 Gy). Ap6s
o tratamento endoddntico, os dentes foram redistribuidos em dois subgrupos (n = 8), de acordo
com a abordagem adesiva para a cimentagdo de pinos de fibra de vidro: AC (NoRT-AC; 70RT-
AC; e 70+70RT-AC) e AA (NoRT- AA; 70RT-AA; e 70+70RT-AA). As raizes foram
seccionadas transversalmente em discos de dentina, que foram submetidos ao teste de
resisténcia de unido push-out em maquina universal de ensaios. Os padrao de falha foi avaliado
em estereomicroscopio € microscopio eletronico de varredura (MEV). Os dados foram
comparados estatisticamente (push-out - ANOVA e teste post hoc de Tukey; padrao de falha -
teste exato de Fisher - a = 0,05). No modo AC, a resisténcia de unido foi significativamente
maior nos dentes nao irradiados em comparagao com os grupos 70RT e 70+70RT (p < 0,0001).
Nao houve diferengas significativas entre os modos AC e AA em dentes nao irradiados (p =
0,14). No grupo 70RT, o modo AC aumentou a resisténcia de unido em relagdo ao modo AA
(p <0,0001). A maioria dos espécimes apresentou falhas adesivas no modo AA. No modo AC,
observou-se maior incidéncia de falhas mistas. O cimento resinoso universal no modo AC
apresentou maior resisténcia de unido a dentina intrarradicular irradiada. Quando os dentes
foram re-irradiados, o cimento resinoso universal teve desempenho semelhante em termos de

resisténcia de unido push-out, independentemente da abordagem adesiva.

Palavras-chave: radioterapia, tratamento endodontico, cancer de cabega e pescogo,

cimento resinoso, resisténcia de unido.
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1 INTRODUCAO

Os canceres que atingem a regido de cabega e o pescoco (CCP) estdo hoje entre os de
segunda maior incidéncia em homens brasileiros acima dos 40 anos segundo o Instituto
Nacional do Cancer “Jos¢ Alencar Gomes da Silva” (INCA, 2022). Somente no ano de 2019,
foram registradas 20.722 mortes por CCP (INCA, 2022). O carcinoma de células escamosas ¢
o tipo histologico predominante, e aproximadamente 40% dos pacientes terdo a doenca
diagnosticada em estagio avancado (III e/ou IV) quando avaliados pela primeira vez (INCA,
2022)

O consumo de alcool e tabaco estd diretamente relacionado ao desenvolvimento de
CCP (MYERS et al., 2003). A interagdo entre esses dois fatores etiologicos possui efeito
multiplicativo, elevando consideravelmente as chances de surgimento destes tipos de canceres,
principalmente os da cavidade oral e faringe (HASHIBE et al., 2009). Segundo o INCA (2022),
0 alcool e o tabaco sao responsaveis por 70% dos casos de CCP. Além desses principais fatores,
a exposi¢do a radiagdo ultravioleta tem papel fundamental no desenvolvimento de cancer de
pele na regido da face e labios (KERAWALA et al.,, 2016). Ainda, o Papiloma virus,
principalmente o tipo 16, tem se mostrado como um fator etioldgico importante no
desenvolvimento do cancer de orofaringe em pessoas mais jovens (KERAWALA et al., 2016).

Quando diagnosticado em seu estagio inicial, o CCP pode ser tratado apenas com
cirurgia e/ou quimioterapia (BRAAKHUIS et al., 2012). Nestes casos, tais modalidades de
tratamento podem aumentar as chances de sobrevida dos pacientes entre 70% e 90% (MOORE
etal., 2012; CHOW, 2020). Por outro lado, quando diagnosticado em estagio avangado, o CCP
apresenta alto risco de recorréncia local, variando entre 15% a 40%, ¢ metastase a distancia,
com prognostico desfavoravel (BRAAKHUIS et al., 2012)

Para estes casos mais avangados, as opgoes de tratamento tradicionalmente incluem
cirurgia seguida de radioterapia adjuvante (utilizada para controlar a doenca apos resseccao
cirirgica, com a intencdo de eliminar tumor residual) ou quimiorradioterapia adjuvante
(BRANA et al., 2012). A quimiorradioterapia ¢ preconizada principalmente em casos em que
esta contraindicada a interveng¢ao cirurgica e onde ndo ha a possibilidade de cura, atuando como
tratamento paliativo para controlar o crescimento do tumor e reduzir os efeitos colaterais da
doencga (CHOW, 2020).

A radiacdo ionizante liberada durante o tratamento radioterdpico age principalmente
em estruturas criticas das células, causando a quebra da molécula de DNA, resultando na morte
celular (LOPES et al., 2013). As células que apresentam alta atividade mitotica, como as células

tumorais, tendem a ser mais afetadas pela radia¢do, devido a constante replicacdo de seu



contetido genético (LOPES et al., 2013). Apesar de ser altamente eficaz no tratamento do CCP,
a radiacdo ionizante ndo atinge apenas a massa tumoral, se estendendo também para os tecidos
adjacentes (LOPES et al., 2013), promovendo reagdes adversas (RAY-CHAUDHURI et al.,
2013).

Desta forma, um planejamento minucioso da dose de radiacdo entregue aos tecidos
alvo e adjacentes deve ser realizado, levando em consideragdo a localizagdo ¢ o tamanho da
massa tumoral (PARAHYBA etal., 2016). Para o tratamento de CCP, a dose padrao varia entre
55 e 70 Gy, sendo fracionada em doses de 1,5 a 2 Gy didrios, por 5 dias consecutivos, até atingir
a dose total preconizada (ZACKRISSON et al., 2003; REED et al., 2015). A aplicagdo desse
protocolo de doses visa permitir que as células saudaveis se recuperem, além de permitir que a
radiacdo atinja as cé€lulas tumorais em diferentes estagios de divisao celular (JHAM & DA
SILVA FREIRE, 2006). O progndstico do tratamento com radioterapia depende de algumas
variaveis, incluindo a radiossensibilidade da massa tumoral alvo ¢ a radiossensibilidade dos
tecidos normais circundantes (JHAM & DA SILVA FREIRE, 2006).

Apesar do relativo sucesso obtido no tratamento de pacientes portadores de CCP, a
recidiva locorregional ¢ comum em casos mais avangados, € menos da metade dos pacientes,
neste caso, podem ser submetidos a nova cirurgia (YAMAZAKI et al., 2017; BAHL et al.,
2018). A Radioterapia de Intensidade Modulada (IMRT) e seus refinamentos adicionais, como
a radioterapia guiada por imagem (IGRT), permitem a re-irradiagdo destes pacientes, uma vez
que ¢ possivel direcionar a radia¢do ionizante para a area tumoral, limitando seus efeitos
colaterais nos tecidos adjacentes (YAMAZAKI et al., 2017; BAHL et al., 2018). Ainda assim,
efeitos colaterais como a mucosite, hiposalivagao, xerostomia e osteorradionecrose sao comuns
(RAY-CHAUDHURI et al., 2013). Diversas evidéncias cientificas também indicam alteragdes
significativas nas estruturas dentdrias (JERVOE 1970; SOARES et al., 2010; DE MELLARA
et al., 2014).

A quebra das moléculas de 4gua promovida pela radia¢do ionizante leva a formagao
de radicais livres reativos, que, ao interagir com biomoléculas, resultam em danos estruturais
(COLE & SILVER, 1963), principalmente na dentina, que possui estrutura altamente organica
(NAVES et al., 2012). Estes radicais livres promovem a desnaturacdo dos componentes
orgéanicos, como o coldgeno do tipo I, e a sua proteodlise tem impacto direto na integridade
estrutural deste tecido (PIOCH et al.,1992).

Os danos causados a matriz orgdnica da dentina tém interferéncia direta nos
procedimentos adesivos, levando a falhas na formagao de uma camada hibrida adequada e sua

longevidade (YADAV & YADAYV, 2013). As fibrilas de colageno presentes na dentina de



dentes irradiados apresentaram alto grau de desorganizagdo e fragmentacdo, dificultando a
penetragdo de agentes adesivos e a formagao da camada hibrida. (GONCALVES et al., 2014).
Nesses casos, ainda ¢ possivel observar fissuras e obliteragdo dos tubulos dentinarios
(GONCALVES et al., 2014).

Em pacientes submetidos a radioterapia, a extragdo de dentes com grande perda
coronaria deve ser evitada, devido a elevada probabilidade de osteorradionecrose (BUGLIONE
et al., 2016). Desta forma, a reabilitagdao destes dentes com pinos de fibra fixados adesivamente
¢ altamente recomendada (FARIA E SILVA et al., 2007).

Durante o processo de adesdo dos pinos a dentina intrarradicular, a retencdo
micromecanica promovida por cimentos resinosos ¢ considerada um dos fatores mais
importantes (PERDIGAO et al., 2013). A retengdo ocorre quando os mondmeros hidréfilos que
compdem os adesivos dentinarios interpenetram a rede de fibrilas colagenas expostas,
formando uma estrutura mista com fibrilas envolvidas por componentes resinosos e cristais de
hidroxiapatita (PERDIGAO et al., 2013). Quando a rede de fibrilas coldgenas esta colapsada
pela radioterapia ha uma deficiéncia na formacao da camada hibrida (RODRIGUES et al.,
2017).

Cimentos resinosos universais estdo entre as mais recentes evolugdes nos tratamentos
adesivos (JOSIC et al., 2022; CARDENARO et al., 2023; MARAVIC et al., 2023). Podem ser
utilizados em combinagdo com seu sistema adesivo proprio, ou no modo autoadesivo,
dependendo da conduta clinica adotada (JOSIC et al., 2022; CARDENARO et al., 2023;
MARAVIC et al., 2023). Breschi et al. (2023) reportaram em um estudo laboratorial resultados
promissores quanto ao uso de cimentos resinosos universais, principalmente quando combinado
ao seu sistema adesivo especifico. Entretanto, ndo descartaram seu uso no modo autoadesivo,
especialmente em casos em que a sensibilidade de uma técnica de multiplos passos pode
comprometer o resultado clinico final.

Alteragdes nas propriedades da dentina irradiada sdo comprovadas por diversos
estudos (DE MELLARA et al., 2014; REED et al., 2015). Entretanto, ndo existem achados
cientificos que correlacionam o efeito de doses cumulativas de radioterapia, como nos casos de
pacientes com recidiva locorregional, sobre a resisténcia de unido do cimento resinoso a dentina
intrarradicular (NOVALIS et al., 2016). Ainda, avangos recentes nas estratégias adesivas, como
o uso de cimentos resinosos universais, podem melhorar significativamente a qualidade de vida
de pacientes oncoldgicos submetidos a radioterapia que necessitem de reabilitacdo com pinos

de fibra de vidro.






2 OBJETIVOS
2.1 OBJETIVO GERAL
- Avaliar o efeito de doses cumulativas de radioterapia na resisténcia de unido de um

cimento resinoso universal a dentina intrarradicular.

2.2 OBJETIVO ESPECIFICO
- Avaliar a resisténcia de unido de um cimento resinoso universal nos modos

autocondicionante € autoadesivo a dentina intrarradicular irradiada e re-irradiada.

2.3 HIPOTESES NULAS

- As doses cumulativas de radioterapia nao afetardo a resisténcia de unido do cimento
resinoso universal a dentina intrarradicular.

- Os diferentes modos de cimentacdao (autocondicionante e autoadesivo) nado
apresentardo diferenga na resisténcia de unido do cimento resinoso a dentina intrarradicular

irradiada.
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ABSTRACT
Objectives: To investigate the effect of cumulative doses of radiation on the push-out bond
strength of a universal resin cement used in the self-etch (SE) and self-adhesive (SA) modes to
the intraradicular dentin.
Materials and methods: Forty-eight single-rooted human teeth were distributed into 3 groups
(n = 16) according to the radiation therapy dose (RT): NoRT (no-radiotherapy); 70RT (70 Gy);
and 70+70RT (70 Gy+70 Gy). After endodontic treatment, the teeth were further redistributed
into two subgroups (n = 8), according to the adhesive approach for fiberglass posts luting: SE
(NoRT-SE; 70RT-SE; and 70+70RT-SE) and SA (NoRT-SA; 70RT-SA; and 70+70RT-SA).
The roots were sectioned and submitted to the push-out bond strength test. Failure modes were
classified under a stereomicroscope and a Scanning Electron Microscope (SEM). Data were
statistically compared (push-out - ANOVA and Tukey's post hoc test; failure mode - Fisher's
exact test - a = 0.05).
Results: In the SA mode, bond strength was significantly higher in the non-irradiated teeth
compared to 70RT and 70+70RT groups (p < 0.0001). There were no significant differences
between the SE and SA modes in non-irradiated teeth (p = 0.14). In the 70RT group, the SE
mode increased the bond strength compared to the SA mode (p < 0.0001). Most specimens had
adhesive failures in the SA mode. In the SE mode, a higher incidence of mixed failures was
observed.
Conclusions: The universal resin cement in the SE mode had greater bond strength to the
irradiated intraradicular dentin. When teeth were re-irradiated, the universal resin cement had
similar performance in terms of push-out bond strength, regardless of the adhesive approach.
Clinical significance: No studies so far have correlated the effect of cumulative doses of
radiotherapy and the use of a universal resin cement used in both, self-etch and self-adhesive

modes, on the bond strength to intraradicular dentin.

KEYWORDS

radiotherapy, universal resin cement, bond strength, adhesive approaches.



1 I INTRODUCTION

When diagnosed at an early stage, the different types of head and neck cancer (HNC)
may be treated only with surgery and/or chemotherapy.' In these cases, such treatment protocols
may increase the chances of patient survival between 70% and 90%.% Conversely, when
diagnosed at an advanced stage, HNC has a high risk of local recurrence, ranging from 15% to
40%, and metastasis, with an unfavorable prognosis.!

In advanced cases, the treatment options for HNC traditionally include surgery
followed by adjuvant radiotherapy (used to control the disease after surgical resection, to
eliminate residual tumor) or adjuvant chemoradiotherapy.* Chemoradiotherapy is especially
recommended when surgery is contraindicated, and there is no possibility of cure.’® It is a
palliative treatment to control tumor growth and reduce the side effects of the disease.’

The ionizing radiation released during radiotherapy acts on critical cell structures,
leading to DNA breakage, and resulting in cell death.? Despite being highly effective in the
HNC treatment, ionizing radiation does not only reach the tumor area but also extends to
adjacent tissues,’ promoting adverse reactions.’

For the HNC treatment, the standard dose of ionizing radiation ranges from 55 to 70
Gy, divided into doses of 1.5 to 2 Gy daily, for 5 consecutive days, until reaching the
recommended total dose.®’ Despite the relative success obtained in the HNC treatment,
locoregional recurrence is common in more advanced cases, and less than half of the patients,
in this case, may be submitted to a new surgery.®® The Intensity Modulated Radiotherapy
Technique (IMRT) and its additional refinements, such as Image-Guided Radiotherapy (IGRT),
allow the re-irradiation of these patients, as it is possible to direct the ionizing radiation to the
tumor area, limiting the side effects in the adjacent tissues.®® Even so, side effects such as
mucositis, hyposalivation, xerostomia, and osteoradionecrosis are common.’ Scientific
evidence also indicate significant changes in the dental structures.!*!?

The breakdown of water molecules by ionizing radiation leads to reactive free radicals
formation.'® The free radicals, when interacting with biomolecules, promote structural damage
to dentin,'* which has a high organic content."* The denaturation of the organic content, such
as type I collagen, and its proteolysis has a direct impact on the structural integrity of dentin. '

The damage caused to the organic matrix of dentin directly interferes with the adhesive
procedures, leading to failures in the hybrid layer and its longevity.'® The collagen fibrils of
irradiated teeth showed higher levels of disorganization and fragmentation, hindering the
adhesive agent's infiltration and the formation of a proper hybrid layer.!” In these cases, it is

still possible to observe fissures and obliteration of the dentinal tubules.'’
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In patients undergoing radiotherapy, teeth extraction should be avoided due to the high
risk of osteoradionecrosis.'® Therefore, rehabilitation of teeth with great coronal destruction
using luted fiber posts is highly recommended. '’

During fiberglass posts luting, the micromechanical retention promoted by resin
cement to the intraradicular dentin is considered one of the most important factors.?’ Posts’
retention occurs when the hydrophilic monomers from adhesive agents infiltrate the exposed
collagen fibrils network, forming a structure containing fibrils surrounded by resinous
components and hydroxyapatite crystals.”> When the collagen fibrils network is collapsed by
radiotherapy, the hybrid layer formation is compromised.?!

The use of universal resin cement is the most recent evolution in adhesive strategies.?*"
24 They can be used in combination with their specific adhesive system (etch-and-rinse or self-
etch), or in the self-adhesive mode, depending on the clinical approach adopted.?>** Breschi et
al.?® have reported in a laboratory study promising results regarding the use of universal resin
cements, especially when combined with their specific adhesive system. However, the authors
did not discard their use in the self-adhesive mode, especially in cases where the sensitivity of
a multi-step technique could compromise the final clinical result.?

Changes in the properties of irradiated dentin are highly documented by several
studies.®” 11214 However, there is no scientific evidence correlating the effect of cumulative
doses of radiotherapy (locoregional recurrence)® on the bond strength of resin cement to
intraradicular dentin.?® Also, recent advances in adhesive strategies, such as the use of universal
resin cements, may improve the life quality of oncological patients undergoing radiotherapy
who need rehabilitation with fiberglass posts.

Therefore, this in vitro study investigated the effect of cumulative doses of radiation
therapy on the push-out bond strength of a universal resin cement used in the self-etch and self-
adhesive modes to the intraradicular dentin. The following null hypotheses were tested: 1) the
cumulative doses of radiotherapy would not affect the bond strength of the universal resin
cement to intraradicular dentin; II) the different adhesive approaches (self-etch and self-
adhesive) would not affect the bond strength of the resin cement to the irradiated intraradicular

dentin.
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2 1 MATERIALS AND METHODS
2.1 I SAMPLE SELECTION

The present study was previously approved by the Research Ethics Committee
(CAAE: 26203019.9.1001.0121) and conducted under the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.

Based on the study by de Souza et al.,’’ the sample size was calculated with the
G*Power software (version 3.1.9.6) (http://www.psycho.uni-
duesseldorf.de/abteilungen/aap/gpower3/). The calculation was performed according to the
following parameters: o = 0.05, Power (1-8 err prob) = 0.95, and effect size f = 0.80. The type
of power analysis was set a priori (compute required sample size - given a, power, and effect
size), and then, the ANOVA (fixed effects, special, main effects, and interactions) statistical
test was performed. The calculation allocated a minimum of eight specimens to each control or
experimental group.

After rigorous visual inspection under magnifying lens (x4) and radiographic
examination, 48 freshly extracted single-rooted mandibular premolars, with a single and
straight canal, and closed apex, were selected for this study. The radiographic images were also
used to calculate the dimensions of the root canal at the 2- and 5-mm cervical to the apical
foramen.”® Only teeth with a total length of 15 mm and a ratio of the buccolingual and
mesiodistal dimension <1.5 were selected.?” Teeth with caries, fractures, cracks, or signs of
calcification or internal resorption were discarded from the final sample and replaced.

The teeth were stored in 0.5% chloramine T solution for one month for disinfection
and then placed in plastic flasks containing distilled water. The flasks were stored in an oven at
37°C to avoid dehydration until the experiment was carried out. The teeth were decoronated 1
mm above the cementoenamel junction with a double-sided diamond disk (152.4 mm x 0.5 mm
x 12.7 mm) (Buehler, Lake Forest, IL, EUA) mounted on a high-precision metallographic cutter

(Isomet 1000; Buehler), under abundant water cooling.

2.2 1 RADIOTHERAPY PROTOCOL

The roots were randomly distributed (www.random.org) into 3 groups (n = 16),
according to the radiotherapy dosage delivered (Figure 1). NoRT was not submitted to
radiotherapy, being considered the control group. 70RT was submitted to a total radiation dose

of 70 Gy; and 70+70RT to cumulative doses of 70 Gy + 70 Gy.
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The irradiation of the specimens was performed at the Department of Radiotherapy of
the Oncology Research Center (CEPON - Florianopolis, SC, Brazil) under the supervision of a
physicist and a radio-oncologist. The radiotherapy equipment used was a linear accelerator
(Clinac 2100C; Varian Medical Systems, Inc., Palo Alto, CA, USA) using the Intensity
Modulated Radiotherapy Technique (IMRT) with dynamic collimators (Dynamic Multileaf
Collimator - DMLC).

The specimens were immersed in distilled and deionized water inside a plastic support
aligned to be equidistant from the center of the beam to allow a proper radiation dose rate
distribution (400 UM/min).*%3! Radiation therapy was fractionated into daily doses of 2 Gy, 5
days a week, for 7 weeks (70RT group), or 14 weeks (70+70RT group) with 6MV of energy
(photons).”30-32

The distilled and deionized water was discarded at the end of each irradiation cycle.
The specimens were kept in artificial saliva at 37°C overnight to simulate the oral conditions,
and to perform a new cycle, the artificial saliva was replaced with new distilled and deionized
water.>%3! At the end of the radiotherapy protocol (7 or 14 weeks), the specimens were stored

in artificial saliva at 37°C until the experiment.

2.3 1 ENDODONTIC PROCEDURES

On completion of the radiotherapy protocol, the specimens from the experimental and
control groups were submitted to endodontic treatment. Root canals were negotiated with a size
10 K-file (Dentsply-Maillefer, Ballaigues, Switzerland). The working length (WL) was
established at 1.0 mm short of the apical foramen. The chemomechanical preparation was
performed with the R40 (40/.06) instrument (Reciproc; VDW GmbH, Munich, Germany)
driven by an electric motor (VDW Silver Reciproc; Sirona Dental Systems GmbH, Bensheim,
Germany), in the “RECIPROC ALL” mode, according to the manufacturer's instructions.
Preparation was performed by root thirds (cervical, middle, and apical). The instrument was
gradually inserted in a slow in-and-out pecking motion, for three pecking movements. At the
end of each root third preparation, the instrument was removed from the root canal and cleaned
with sterile gauze soaked in 70% alcohol. At this moment, the root canal was irrigated with 2
mL of 2.5% sodium hypochlorite solution (Férmula e A¢do, Sao Paulo, SP, Brazil), using a 30-
gauge needle (Ultradent Products Inc., South Jordan, UT, USA) coupled to a 5-mL plastic
syringe (Ultradent Products Inc.) 2 mm shorter the WL. Apical patency was performed by
inserting a size 15 K-file through the apical foramen. Each reciprocating instrument was used

to prepare only one root canal.
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On completion of root canal preparation, each root canal was irrigated with 3 mL of
17% ethylenediamine tetra-acetic acid (EDTA) (Biodinamica, Ibipora, PR, Brazil) for 3
minutes, followed by irrigation with 2 mL of 2.5% sodium hypochlorite solution (Férmula e
Acdo) for another 3 minutes for the smear layer removal. Next, the root canals were dried by
aspiration with the aid of a Capillary Tip cannula (Ultradent Products Inc.) and R40 absorbent
paper cones (Reciproc; VDW GmbH). Root canal obturation was performed using the lateral
compaction technique, with an epoxy resin-based cement (AH Plus Jet; Dentsply, Petropolis,

RJ, Brazil) and gutta-percha cones (VDW GmbH).

2.4 I FIBERGLASS POSTS LUTING

The materials used in the adhesive procedures are described in Table 1. The specimens
were redistributed into 6 subgroups (n = 08) according to the adhesive mode of the universal
resin cement used for fiberglass posts luting: self-etch (SE) and self-adhesive (SA). Then, the
following experimental groups were formed: NoRT-SE, 70RT-SE, and 70+70RT-SE; and
NoRT-SA, 70RT-SA, and 70+70RT-SA (Figure 1).

Initially, the roots were inserted into silicone molds (Express XT; 3M, Sumaré¢, SP,
Brazil) to simulate the alveolar bone and prevent the passage of light during light-curing.?’
After a new radiographic examination, 2/3 of the filling material was removed with the aid of
Gates-Glidden burs (Dentsply-Malleifer). The endodontic space was prepared with the specific
drills of the fiberglass post system (Power Post N° 2; BM4, Maringa, PR, Brazil). The root
canals were rinsed with distilled water and aspirated. The fiberglass posts were tested inside the
root canal to ensure proper adaptation and confirm their length. Next, each post was sectioned
4 mm above the cervical limit of the root canal with a diamond bur, under abundant water
cooling. The fiberglass posts were cleaned with 70% alcohol for 30 seconds, jet air-dried for 5
seconds, and then, coated with a layer of silane bonding agent (Prosil; FGM, Joinville, SC,
Brazil). The silane was applied and rubbed on the post surface for 60 seconds, and jet air-dried

for 5 seconds.
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FIGURE 1 Experimental group distribution.

TABLE 1 Materials used for the adhesive procedures.

Material Composition* Manufacturer
Brominated dimethacrylate, HEMA, 10-MDP, 2-
Propenoic acid, 2-methyl-, 3-(triethoxysilyl) propyl
ester, reaction products with silica and 3-
Scotch Bond Universal  (triethoxysilyl)-1-propanamine, ethanol, water,
Plus Synthetic amorphous silica, fumed, crystalline-free,
(adhesive system) YMPTES, Camphorquinone, Copolymer of acrylic and
itaconic acid, N,ndimethylbenzocaine, = APTES,
DEGDMA, Acetic acid, copper(2+) salt, monohydrate.

Base paste: YMPTES, reaction products with vitreous
silica, DUDMA, TEGDMA, Mixture of GPDMA, bis-
GPDMA, and tris-GPDMA, Silane treated silica, t-
Amyl  Hydroperoxide,  2,6-Di-tert-butyl-pcresol,
HEMA, Methyl Methacrylate, Acetic acid, copper(2+)
salt, monohydrate.

3M ESPE,
Sumaré, SP, Brazil

RelyX Universal
(resin cement)
Catalyst paste: Ytterbium (III) fluoride, Silane-treated
glass powder, TEGDMA, L-Ascorbic acid, 6-
hexadecanoate, hydrate (1:2) Silane treated silica,
HEMA, Titanium Dioxide, Triphenyl Phosphite.

*Composition of the materials according to the manufacturers' websites and documents. Abbreviations: 10-MDP,
10-Methacryloyloxydecyl dihydrogen phosphate; APTES, (3-aminopropyl)triethoxysilane; bis-GPDMA,
bis(gliceryldimethacrylate) phosphate; DEGDMA, Diethylene glycol dimethacrylate; DUDMA, diurethane
dimethacrylate; HEMA, 2-Hydroxymethacrylate; TEGDMA, Triethyleneglycol dimethacrylate; tris-GPDMA,
tris(glyceryldimethacrylate) phosphate; yMPTES, 2-Propenoic acid, 2-methyl-, 3-(trimethoxysilyl)propyl ester.
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In the groups where the universal resin cement was used in the SE mode, a thin
layer of adhesive (Scotch Bond Universal Plus; 3M ESPE) was applied and rubbed on the
silanized post surface for 20 seconds, and jet air-dried for 5 seconds. The posts were reserved
until use. The root canal was rinsed with distilled water, and the excess moisture was removed
with absorbent paper points. A layer of adhesive was applied and rubbed for 20 seconds on the
root canal walls. The excess adhesive was gently removed with an air jet for 5 seconds. Light-
curing of the adhesive was performed for 40 seconds (Bluephase N, Ivoclar Vivadent, Schaan,
Austria, intensity >1200 mW/cm?, wavelength 460-480 nm). In the groups where the universal
resin cement was used in the SA mode, the root canals were also previously rinsed with distilled
water, followed by the removal of moisture excess with absorbent paper points. However, no
adhesive was applied to the root canal walls.

In all groups (control and experimental), the universal resin cement (RelyX
Universal; 3M ESPE) was placed inside the root canal with a self-mixing tip. Next, a thin layer
of cement was applied on the fiberglass post, which was apically inserted into the root canal in
a rotating motion. After the resin cement excess removal, light-curing was performed for 60
seconds (Bluephase N; Ivoclar Vivadent).

After the fiberglass posts’ luting, the coronal portion was protected with composite
resin to prevent microleakage. Pre-etching of the dentin surface was performed with 37%
phosphoric acid (Fusion-Duralink; Angelus, Londrina, PR, Brazil) for 15 seconds, followed by
copious washing with distilled water for 30 seconds, and drying with absorbent paper. Two
layers of adhesive (Single Bond; 3M ESPE) were applied on the dentin surface for 20 seconds
each, and jet air-dried for 5 seconds. The adhesive was light-cured for 20 seconds. A 2.0-mm
thick increment of composite resin (Z100, 3M, Sumaré¢, SP, Brazil) was placed and light-cured

for 40 seconds.

2.5 1 PUSH-OUT BOND STRENGTH

On completion of fiberglass posts’ luting, the roots were removed from their silicone
molds and embedded in colorless self-curing acrylic resin (JET, Cléssico, Sao Paulo, SP, Brazil)
to form resin blocks (25.0 mm x 10.0 mm). The resin blocks were coupled to a metallographic
cutter (SYJ - 150 Digital Diamond Low-Speed Saw 4, MTI Crystal, Richmond, CA, USA), and
transversely sectioned in relation to their longitudinal axis with a double-sided diamond disk
N° 11-4243 (Buehler, Lake Bluff, IL, USA), under abundant water cooling. Two dentin slices

1.0-mm thick (+ 0.1 mm) were obtained per root third (cervical, middle, and apical). The
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thickness of the dentin slices was checked with a digital caliper (Starret 727; Starret, Itu, SP,
Brazil).

Each dentin slice was carefully positioned on a stainless-steel metallic base
containing a 2.5 mm diameter hole in its central portion. The base was coupled to the lower
portion of the universal testing machine (Model 4444; Instron, Canton, MA, USA). Metallic
cylindrical plungers with a diameter similar to the root canal/fiberglass post (0.47 mm to 1.3
mm) in each dentin slice (cervical, middle, and apical third) were fixed in the upper portion of
the machine. The metallic plunger diameter was selected according to the proportion of
0.7/1.0.* Then, a compressive force was apically applied (crosshead speed of 0.5 mm/min)
until dislodgement of the post/resin cement set.?’” The compressive force was applied from the
apical to the cervical direction of the dentin slices. The force for the material dislodgement was
measured in kiloNewtons (kN), transformed into Newtons (N), and divided by the bonding
surface area (mm?). Then, the values were converted into MPa (MegaPascal). The bonding
surface area was obtained with the formula:

n(R+1)y/h?+ (R—r)?
where, R = root canal radius in its cervical portion; r = root canal radius in its apical portion;

and h = height/thickness of the dentin slice.?’

2.6 | FAILURE MODE ANALYSIS

After the push-out bond strength test, the fractured specimens were analyzed under a
stereomicroscope (SteREO Discovery V12; Carl Zeiss, Jena, Germany) at x40 magnification,
for the failure mode classification: a) adhesive - dentin surface free of resin cement; b) cohesive
of the cement - fracture of the bonding area, with part of the intraradicular dentin covered by
cement; c) cohesive of the fiberglass post - post fracture; and d) mixed - two, or more, different
types of failure in the same specimen. The failure mode was expressed as a percentage. The
analysis was performed by a single examiner, blinded, and previously calibrated.

Representative samples of the different failure modes were taken to Scanning Electron
Microscope (SEM) (Jeol JSM 5410, Sony, Tokyo, Japan) for new image acquisition. The
samples were attached with double-sided carbon tape onto metallic stubs and sputter-coated
with a gold-palladium alloy layer (300A to 500A) under a high vacuum (Denton Vacuum, Desk
I, Moorestown, NJ, USA) for 120 seconds. SEM was operated at 15 kV. Samples were

examined at x500, x1000, and x1500 magnifications.
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2.7 I STATISTICAL ANALYSIS

The statistical analysis was performed using the IBM SPSS Statistics software (IBM
Corp., Armonk, NY, USA). The normality of the data distribution, and the equality of variances,
were confirmed by the Shapiro-Wilk and Levene tests, respectively (p > 0.05). Parametric tests
were applied. The effect of radiotherapy, the adhesive approaches, and their interaction, were
initially analyzed by the ANOVA test, and complemented by Tukey's post hoc test (p < 0.05).
The influence of the root thirds was analyzed by the ANOVA test for repeated data, and
complemented by Tukey's post hoc test (p < 0.05). The failure mode distribution within the
experimental and control groups was analyzed by Fisher's exact test (p <0.05). The significance

level was set at 5% (a = 0 .05).

31 RESULTS
3.1 IRADIATION THERAPY

Radiotherapy significantly affected the bond strength