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RESUMO

Para o tratamento restaurador de dentes tratados endodonticamente, muitas vezes faz-se necessario
o uso de retentores intrarradiculares, como os refor¢ados por fibra de vidro. Novos materiais tém
sido indicados para essas situagdes, como ¢ o caso dos cimento endoddnticos bioceramicos para
obturacao dos canais radiculares, considerado um cimento ideal, e o cimento resinoso universal para
fixagdo dos retentores, que promete melhor adesdo. Assim, o objetivo deste estudo foi comparar por
meio a resisténcia de unido de pinos de fibra de vidro a dentina de canais obturados com diferentes
cimentos endodonticos, sendo os retentores fixados com cimentos resinosos distintos, apds processo
de limpeza convencional ou adicional poés-alivio. Para isso, 80 incisivos bovinos foram
instrumentados com limas manuais e divididos de acordo com: tipo de cimento endodontico, a base
de hidréxido de céalcio (HC) ou bioceramico (BC); método de limpeza, convencional (CN) ou com
sistema Easy Clean (EC); e tipo de material de fixag¢do, cimento resinoso autoadesivo RelyX U200
(R2) ou cimento resinoso universal RelyX Universal (RU). Os espécimes foram seccionados,
resultando em duas fatias (1,0 mm) para cada tergo radicular, e os valores de resisténcia de unido
foram verificados por teste de micro-push out e os modos de falhas analisados. Os dados foram
verificados utilizando anélise de variancia de trés fatores em medidas repetidas seguido de teste de
Tukey HSD(p<0,05). O fator método de limpeza afetou os valores de resisténcia de unido
(p=0,007), com melhores resultados para os grupos submetidos a limpeza adicional (EC). Em
relagdo a variavel cimento endodontico, os grupos obturados com cimento bioceramico (BC)
apresentaram os maiores valores de resisténcia de unido (p<0,001). Nao houve interagdo
significativa entre os cimentos resinosos (p=0,359), e nem diferencas significativas na resisténcia
de unido para os diferentes tercos radiculares (p>0,005), independentemente do cimento
endoddntico. O cimento bioceramico obteve valores superiores de resisténcia de unido, os
protocolos de limpeza por meio da agitacdo das solugdes com limas easy clean influenciaram
positivamente na adesdo dos pinos de fibra de vidro, o novo cimento resinoso RelyX Universal foi

capaz de obter resultados de resisténcia de unido semelhantes ao padrao-ouro RelyX U200.

Palavras-chave: cimento bioceramico, cimento resinoso, dentina, pinos de fibra, resisténcia de
unido.



ABSTRACT

For the restorative treatment of endodontically treated teeth, it is often necessary to use
intraradicular retainers, such as those reinforced by fiberglass. Different materials have been
recommended for these situations, such as bioceramic endodontic cement for filling root canals,
considered an ideal cement, and universal resin cement for fixing retainers, which promises better
adhesion. Thus, the objective of this study was to compare the bond strength of fiberglass posts to
the dentin of canals filled with different endodontic cements, with the retainers being fixed with
different resin cements, after a conventional or additional post-relief cleaning process. For this, 80
bovine incisors were instrumented with manual files and divided according to: type of endodontic
cement, based on calcium hydroxide (HC) or bioceramic (BC); cleaning method, conventional (CN)
or with Easy Clean system (EC); and type of fixation material, self-adhesive resin cement RelyX
U200 (R2) or universal resin cement RelyX Universal (RU). The specimens were sectioned,
resulting in two slices (1.0 mm) for each root third, and the values of bond strength were verified by
micro-push out test and failure modes analyzed. Data were verified using three-way analysis of
variance in repeated measures followed by Tukey HSD test (p<0.05). The cleaning method factor
affected the bond strength values (p=0.007), with better results for the groups subjected to
additional cleaning (EC). Regarding the endodontic cement variable, the groups filled with
bioceramic cement (BC) presented the highest bond strength values (p<0.001). There was no
significant interaction between resin cements (p=0.359) and no significant differences in bond
strength for the different root thirds (p>0.005), regardless of the endodontic cement. The bioceramic
cement achieved superior bond strength values, the cleaning protocols by agitating the solutions with
easy clean files positively influenced the adhesion of the fiberglass posts, the new RelyX Universal

resin cement was able to obtain results of bond strengths similar to the gold standard RelyX U200.

Keywords: bioceramic cement, bond strenght, dentin, fiber posts, resin cement



1. INTRODUCAO E REFERENCIAL TEORICO

A reabilitagdo de dentes tratados endodonticamente ¢ um tema de amplo estudo e se torna
um desafio, principalmente nos casos de elementos que possuem perda corondria avangada causada
por caries, traumas ou pelo acesso endodontico (Marchionatti, A. M. E, et al., 2019; Thakur A, et
al., 2019). Retentores refor¢ados por fibra de vidro s3o uma alternativa para esses casos € com base
nas evidéncias de trabalhos cientificos, possuem maior longevidade a médio prazo (3 a 7 anos)
comparados aos pinos metalicos, além de menores indices de falhas irreversiveis (Soares et al.

2012).

O sucesso do tratamento restaurador com pinos de fibra de vidro depende de uma adesao
efetiva entre o retentor intra-radicular, a dentina e o agente de fixa¢do. Todavia, insucessos como
fratura da raiz ou falta de adesdo entre o cimento resinoso e a dentina e/ou pino sdo relatados na
literatura (Oliveira et al., 2016). A presenca de residuos de tecidos no canal radicular e de cimentos
obturadores endodonticos, que podem afetar a polimerizagao dos cimentos resinosos e gerar areas
de enfraquecimento na interface adesiva,, estdo entre os principais fatores relatados nos insucessos

restauradores desses elementos (Suzuki et al., 2015).

Materiais mais recentes tém sido indicados para uso no tratamento endoddntico, como € o
caso do cimento biocerdmico, um obturador endoddntico com propriedades como
biocompatibilidade, bioatividade, reparacdo dos tecidos radiculares, capacidade osteogénica e de
formacao de hidroxiapatita de célcio (Donnermeyer D, et al., 2019). Porém, alguns estudos
demonstram que os remanescentes dos obturadores bioceramicos sdo mais dificeis de serem
removidos da parede radicular (Cesario F, et al., 2018), tornando a desobturacao um processo critico

(Rosatto et al., 2020), por isso, novos protocolos de limpeza estdo sendo propostos na literatura.

A irrigacao dos condutos pos-alivio para obtengdo do espago do retentor € frequentemente
indicada com solu¢des de limpeza, como ¢ o caso do hipoclorito de sodio (NaOCl), irrigante
antimicrobiano e de baixo custo que remove a camada organica de "smear layer” do conduto
radicular (Tonini R, et al 2022) e o 4cido etilenodiamino tetra-acético (EDTA), agente quelante
utilizado para a remocao da camada de smear layer, que age com os ions calcio na dentina
formando quelatos de célcio soluveis e promovendo descalcificagdo na dentina (Agarwal S, et al.,
2020). Os protocolos de irrigagdo podem ser potencializados quando ativados por irrigacao
ultrassonica passiva (PUI) ou sistema rotatorio (Easy Clean (EC), Easy Dental Equipment, Belo

Horizonte, MG, Brasil), sendo a EC, uma alternativa mais simples e vantajosa em relagdo ao PUI



(Rosatto, et al., 2021.) A literatura (Rosatto CMP, et al., 2021) evidenciou melhores efeitos na
remocao de residuos obturadores quando EC ¢ associada as solu¢des de EDTA e NaOCI, porém
evidéncias sobre a influéncia desses protocolos na resisténcia de unido dos pinos de fibra de vidro a

dentina radicular empregando diferentes agentes de fixacao resinosos, ainda se fazem necessarias.

Diversos cimentos resinosos estdo disponiveis no mercado atualmente, ¢ os agentes de
fixagdo autoadesivos tém sido comercializados com proposta de simplificar os procedimentos
adesivos na rotina clinica. O cimento resinoso RelyX universal foi recentemente introduzido com a
premissa de ser simples e versatil ao poder ser utilizado em varias situagdes clinicas, tanto em
restauragdes indiretas, quanto na cimentacdo de pinos de fibra de vidro (3M ESPE Deutschland
GmbH, Neuss, Germany.). Entretanto, estudos sobre sua interagdo com outros materiais

restauradores e influéncia na resisténcia de unido dos pinos de fibra de vidro se fazem necessarios.

Diante deste contexto, o objetivo deste trabalho foi comparar a resisténcia de unido de pinos
de fibra de vidro a dentina radicular de canais obturados com diferentes cimentos endoddnticos
(BIO C Sealer ou Sealer 26), sendo os retentores fixados com cimentos resinosos distintos (RelyX
U200 e RelyX Universal), apos processo de limpeza convencional ou adicional pds-alivio. A
hipotese nula gerada ¢ que a resisténcia de unido dos retentores reforcados por fibra ndo ¢
influenciada pelo método de limpeza, ou obturador endodontico quando fixados com diferentes

cimentos resinosos.
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Abstract: For the restorative treatment of endodontically treated teeth, it is often necessary to
use intraradicular retainers, such as those reinforced by fiberglass. Different materials have
been recommended for these situations, such as bioceramic endodontic cement for filling root
canals, considered an ideal cement, and universal resin cement for fixing retainers, which
promises better adhesion. Thus, the aim of this study was to compare the bond strength of
fiberglass posts to the dentin of canals filled with different endodontic cements, with the
retainers being fixed with different resin cements, after a conventional or additional post-
relief cleaning process. For this, 80 bovine incisors were instrumented with manual files and
divided according to: type of endodontic cement, based on calcium hydroxide (HC) or
bioceramic (BC); cleaning method, conventional (CN) or with Easy Clean system (EC); and
type of fixation material, self-adhesive resin cement RelyX U200 (R2) or universal resin
cement RelyX Universal (RU). The specimens were sectioned, resulting in two slices (1.0
mm) for each root third, and the values of bond strength were verified by micro-push out test
and failure modes analyzed. Data were verified using three-way analysis of variance in
repeated measures followed by Tukey HSD test (p<0.05). The cleaning method factor
affected the bond strength values (p=0.007), with better results for the groups subjected to
additional cleaning (EC). Regarding the endodontic cement variable, the groups filled with
bioceramic cement (BC) presented the highest bond strength values (p<0.001). There was no
significant interaction between resin cements (p=0.359) and no significant differences in bond
strength for the different root thirds (p>0.005), regardless of the endodontic cement. The
bioceramic cement achieved superior bond strength values, the cleaning protocols by agitating
the solutions with easy clean files positively influenced the adhesion of the fiberglass posts,
the new RelyX Universal resin cement was able to obtain results of bond strengths similar to

the gold standard RelyX U200.

Keywords: Bioceramic Cement; Bond Strength; Dentin; Fiberglass posts; Resin Cement.



Introduction

Fiberglass-reinforced retainers are an alternative in cases of endodontically-treated
teeth with extensive coronal destruction due to caries, fractures, or access methods for
endodontic treatment.! Based on scientific evidence, fiberglass posts have higher medium-
term (3 to 7 years) overall survival rates than metal posts.2

The success of restorative treatment using fiberglass posts depends on the effective
adhesion between the intraradicular post, dentin, and cement.3 However, failures such as root
fractures or lack of adhesion between the resin cement and dentin or between the resin cement
and the post have been reported.4 Different factors, including residual tooth tissue and
endodontic filling cement, negatively affect the bonding interface and hence the bond
strength.

Different materials for the rehabilitation of endodontically treated teeth are available
on the market, such as calcium silicate-based cementsS- These bioactive materials have been
successfully applied due to their properties, such as biocompatibility, bioactivity, root tissue
repair, osteogenic capacity, and formation of calcium hydroxyapatite.> However, previous
investigations have shown that bioceramic remnants are challenging to remove from the root
wall, making the canal cleaning process difficult and negatively influencing the bond strength
of fiberglass posts6.7.

Cleaning protocols have been proposed for post-space irrigation after the intraradicular
post-space preparation, using sodium hypochlorite (NaOCl) and ethylenediaminetetraacetic
acid (EDTA). These irrigants are enhanced when activated by passive ultrasonic irrigation
(PUI) or rotary systems (Easy Clean system — EC) (Easy Dental Equipment, Belo Horizonte,
MG, Brazil). The EC system employs a plastic acrylonitrile butadiene styrene instrument, size
25/0.04, with a cross-sectional shape resembling an aircraft wing. It is designed to be used in
both reciprocating and continuous rotation movements.8 Therefore, EC is a simpler and more
advantageous alternative compared to PUIL, as the literature has shown better effects in
removing filling residues when this technique is associated with EDTA or NaOCl solutions.?
Nevertheless, evidence of the influence of these protocols on the bond strength of fiberglass
posts to root dentin using different resin luting agents is still needed.

Several resin cements are currently available on the market, and self-adhesive luting
agents have been commercialized to simplify adhesive procedures in clinical routine. RelyX

Universal resin cement, an evolution of the gold standard self-adhesive resin cement RelyX



U200, was recently developed and emerged with the purpose of being simple and versatile.
The resin cement is indicated in several clinical situations, reducing the need for stocks of
varied materials. These agents can be used in both direct and indirect restorations and also in
fiberglass post cementation (3M ESPE Deutschland GmbH, Neuss, Germany.). However,
investigations on its interaction with other restorative materials and the effect on the bond
strength of fiberglass posts are still required.

Thus, this study aimed to compare the bond strength of fiberglass posts to the dentin of
canals filled with different endodontic cements (BIO C Sealer or Sealer 26), with the retainers
being fixed with different resin cements (RelyX U200 and RelyX Universal), after a
conventional or additional post-relief cleaning process. The null hypothesis of our study is
that the bond strength of fiber-reinforced retainers is not affected by the cleaning method or

endodontic sealer when fixed with different resin cements.

Methodology

A pilot study was conducted using 24 bovine incisors to standardize, define, and refine

the different laboratory techniques, in addition to calibrating the operators involved.

Specimen preparation

After sample calculation, a total of 80 bovine incisor teeth were selected and stored in
deionized water solution. The selection criterion adopted was the similarity of the external
and internal anatomical morphology, with an apical canal diameter corresponding to a #30
Kerr file, an apex with complete rhizogenesis, and without resorption. The teeth were
debrided with scalpel blades and periodontal curettes, and the coronal part was removed with
a double-sided diamond disc, under refrigeration, through a cut perpendicular to the long axis
of the tooth, resulting in a 15 mm root remnant from the apical region of each root.

The teeth were instrumented and the pulp was removed using endodontic files under
abundant irrigation with 2.5% NaOCI to suspend organic matter. The working length was
determined with a #10 Kerr file (Dentsply Sirona, Rio de Janeiro, Brazil), introduced until its
tip was visible at the apical foramen. The roots were instrumented 1.0 mm from the apex
using Gates-Glidden burs (Angelus, Londrina, PR, Brazil), numbers 3 and 4, with diameters
0f 0.9 and 1.1 mm, respectively. The canals had a diameter of 1.1 mm in the cervical third and

0.9 mm in the middle and apical thirds. The apical third was instrumented with Kerr files



(Dentsply Sirona), using the conventional and step-back techniques. The canal was irrigated
with 2.5% NaOCI throughout biomechanical preparation. After instrumentation, all
specimens, regardless of their group, were irrigated with 12 ml of 2.5% NaOCIl and 1 ml of
17% EDTA, followed by a final flush of 5 ml of 2.5% NaOCI and stirred with Easy Clean
(Easy Dental, Equipamentos, Belo Horizonte, MG, Brazil) in 3 cycles of 20 seconds for each
solution. Afterward, a final irrigation with 5 ml of distilled water without agitation was
performed, and the canals were dried with absorbent paper tips (Dentsply Sirona). Specimens
were stored in a humid environment at 37°C. After 7 days, the canals, regardless of their
group, were prepared to receive the intraradicular retainer, using Gates Glidden burs
(Angelus, Londrina, PR, Brazil), numbers 2 and 3, followed by the post system drill, leaving
5.0 mm of obturation material from the working length. Then, a new vertical condensation
was performed. The specimens from the EC groups received an additional cleaning step to
reduce remnants of obturation material by activating 2.5% NaOCl in 3 cycles of 20 seconds
and 17% EDTA in 3 cycles of 20 seconds, respectively, using the EC system. Next, a final
flush was performed with distilled water using back-and-forth movements, following a
previous protocol.® The irrigants were applied with a 30 g open-ended needle (NaviTip,
Ultradent, South Jordan, EUA). Specimens that did not undergo additional cleaning had their
ducts unobstructed and only one final irrigation with distilled water.

For fiberglass post cementation, the canals were rinsed with distilled water and dried
with absorbent paper points. The fiberglass post surface preparation (Exacto, Angelus) was
initially carried out with the application of 35% hydrogen peroxide (FGM, Joinville, Santa
Catarina, Brazil) for 1 minute using a microbrush, followed by rinsing with running water and
air drying for 1 minute.!0 Then, a silane agent (Angelus, Londrina, PR, Brazil) was applied for
I min. In all groups, the resin cements were manipulated and introduced into the canal using
automix tips, followed by fiber post insertion, held in position with digital pressure. Excess
cement was removed after 1 minute. Five minutes after insertion (chemical setting time),
photoactivation (Valo Cordless Grand) was performed for 40 seconds on the cervical face,
along the long axis of the root, and diagonally, simulating the incisal, buccal, and palatal
surfaces, totaling 120 seconds. Rely X Universal resin cement was used in its self-adhesive
mode. Lastly, the samples were stored in distilled water at 37 °C for 24 hours. The description

of the materials used to fill the canals and fix the retainers is in table 1.



Bond strength (micro push-out)

The bond strength (MPa) of the post/cement/dentin interface was verified using the
micro push-out test. The specimens were cross-sectioned into six slices, with a double-sided
diamond disc in a precision cutter (IsoMet 1000 Precision Saw, Buehler, Lake Bluff, Illinois,
USA) under water cooling. Two 1.0 mm thick discs were obtained from the cervical (CT),
middle (MT), and apical (AT) third regions. The slices were obtained with a single cut,
ensuring flat surfaces.

The specimens were positioned in a device consisting of a stainless steel metal base,
3.0 cm in diameter, with a 2.0 mm orifice in the central region and a load applicator tip 1.5
mm in diameter and 2.5 mm long for the cervical and middle thirds, and tips with a 1.0 mm
diameter and 2.0 mm base for the apical third attached to the mechanical testing machine.2?
The specimen was positioned on the test machine (EMIC, DL 2000) containing the 50 Kgf
load cell, and the discs were positioned so that the load applicator tip coincided with the metal
base orifice, then submitted to compression loading in the apex-crown direction at a speed of
0.5 mm min-! until system failure. The bond strength values were obtained in Newton and

expressed in MPa, calculated by the following equation:

A=2nrxh

where 7 is the constant 3.14, r is the post radius, and h is the specimen thickness in mm.

Failure mode

After the micro push-out test, the failure mode of all specimens was analyzed using an
optical measuring microscope (STM, Olympus Optical Co, Tokyo, Japan) at 25x
magnification. The failure modes were classified as follows: I- adhesive failure between
dentin and cement; II - adhesive failure between cement and post; III - cohesive failure in

cement; IV - cohesive failure in dentin; V - mixed failure.

Statistical analysis
The normality of the push-out bond strength data was tested using the Shapiro-Wilk
test. Then, a 3-way ANOVA, incorporating sealing material, cleaning method, and resin

cement as variables, with repeated measures considering the root canal region, was used for



analysis. Subsequently, Tukey post-hoc multiple comparison test was conducted. The failure
mode distribution was analyzed with qualitative description. The significance level was set at o =
0.05. Statistical analysis was carried out using JAMOVI software version 2.4 (The Jamovi

Project, Sidney, Australia).

Results

Bond strength

The mean bond strength values (MPa) and standard deviation (£) related to the
experimental groups and root thirds are depicted in Table 1. The cleaning method variable
significantly affected bond strength values (p=0.007), with better results for the groups
subjected to additional cleaning (Easy Clean). Significant differences were found for the
endodontic cement (p<0.001), with the highest bond strength values observed for the groups
filled with bioceramic cement. No significant interaction between resin cements (p=0.359)
and no significant differences in bond strength for the different root thirds (p>0.005) were

found, regardless of the cleaning method or endodontic cement.

Failure mode distribution
Figure 1 illustrates that the most prevalent failures were adhesive type 1, between dentin
and resin cement, and type 2, between resin cement and post, for all groups. Mixed and

cohesive failures in both cement and dentin were also observed, but to a lesser extent.

Discussion

The study of the adhesive interaction of restorative materials to tooth tissues has
drawn increasing attention since it is essential for the longevity of adhesive rehabilitative
treatments.!! Additional root canal dentin cleaning methods have been proposed to reduce the
residual smear layer formed while preparing the intracanal post space.!? This layer is
composed of dentin debris and remnants of endodontico sealer, which may affect the cement/
dentin adhesive interface.!3 Therefore, based on our findings, the null hypothesis was rejected,

as the additional cleaning method using the Easy Clean system positively influenced the bond



strength values of the fiberglass posts to dentin, regardless of the filling cement or resin
cement.

Easy Clean system was proposed as a cost-effective alternative to the cleaning
procedure using passive ultrasonic irrigation (PUI), as it is used in a rotary movement at low
speed. In our study, the groups subjected to the additional cleaning step post space preparation
using the Easy Clean, along with NaOCI/EDTA solutions, both highly recommended as post-
space irrigation solutions,!415 revealed better results in bond strength values compared to the
groups subjected to the conventional cleaning method, using saline solution for final
irrigation. This finding is in agreement with the literature, as it has been shown that the use of
Easy Clean, under continuous rotation, produces turbulence of the irrigating solution, favoring
debris removal, including from side channels!¢- The volume of irrigants and the number of
cycles were defined based on preliminary studies that used the Easy Clean system.!7.18

Epoxy resin-based cements, such as Sealer 26, have been well used by dentists, as they
have high radiopacity properties; dimensional stability,!9, reduced solubility, antimicrobial
activity that remains in the canal after filling, 20.21 but this properties such as high fluidity and
chemical composition, in that its epoxy rings join the groups of amino acids exposed in the
dentin collagen matrix22 This property may explain the high penetration of cement into lateral
canals and other difficult-to-access regions29, making it difficult to remove from the root canal
and its lower bond strength values.

The Bio-C Sealer endodontic sealer is a pre-mixed calcium-silicate-based sealer,
developed for root canal filling and sealing. It has valuable properties, including bioactivity
due to its ability to mineralize through calcium hydroxide formation and accelerated repair
process owing to the increase in pH, exerting antimicrobial activity.3.10 However, its high flow
property explains its greater penetration into the dentinal tubules and the difficulty in cleaning
the canal during restorations involving fiberglass posts, as previously reported,!8 and
therefore, worse bond strength results would be expected. Contrary to this hypothesis, our
findings showed that the Bio-C Sealer resulted in better bond strength values for all groups,
even those not subjected to the additional cleaning step, compared to the groups filled with
Sealer 26.

This finding can be explained by the fact that samples from all groups underwent an
irrigation protocol using 17% EDTA, a chelating agent commonly used to remove the smear
layer produced during canal instrumentation. A previous investigation!® found that the use of

17% EDTA can be an issue when used with bioceramic sealers, as it affects the dentinal walls



and the available Ca:P ratio. Since calcium silicate sealers react with the calcium of the dentin
for biomineralization, these changes may affect their adhesion. Donnermeyer et al.20
associated this result with the reduction of calcium at the sealer-dentin interface or a
degradation of the calcium silicate fraction in the sealer, thereby affecting the adhesion and
bond strength values between the bioceramic sealer and dentin, which could facilitate its
removal even when the additional post-space cleaning protocol (relief) for the post is not
performed. However, this study did not show disadvantages in associating the post-space
cleaning step using 17% EDTA in groups filled with bioceramic sealer.

Different types of resinous agents have been recommended for intraradicular retention,
such as conventional resin cements, which require pre-treatment of the dentin substrate with
adhesive systems, and self-adhesive resin cements, which do not require this type of
intervention. RelyX U200 is a dual-cured self-adhesive resin cement with well-established use
in the literature for fixing fiberglass posts, demonstrating adequate bond strength values.2!
Recently, the same manufacturer released RelyX Universal resin cement, which can be
conventionally used with adhesive or self-adhesive systems, with the purpose to be useful and
applicable in various clinical situations.

In our study, dual-cured self-adhesive resin cements (RelyX U200 and RelyX
Universal) were used for intraradicular retention in all groups, and no significant differences
were found in the bond values when comparing these materials. However, we expected that
the bond strength values could be compromised in deeper root regions due to the decreased
intensity of light transmission through the root thirds, as previously demonstrated.22 Contrary
to this expectation, no statistical differences were found in the bond strength values between
the different root regions (thirds). Previous investigations,2? in which fiberglass post
cementation was performed after 7 days of root canal filling, also reported equivalent bond
strength between the thirds when using dual-cured self-adhesive cement.

Therefore, the use of self-adhesive cements instead of conventional ones ensures that
the root thirds do not have statistical differences in bond strength values, as when using a
conventional cement, access and procedures such as acid etching, drying, and adhesive
application are more complicated in the apical region of root.24 This explains the difficulty to
achieve adequate adhesive strength in this region.25 Another hypothesis for this finding would
be the use of automix tips/endotips for handling and inserting the cement into the root canal.
Notably, the protocol of introducing the cement is a crucial factor in guaranteeing material

homogeneity, avoiding incorporating bubbles in the cement layer, and negatively interfering



in the dentin/resin cement/post bond, also reflecting a lower number of cohesive failures in
cement.%15

The higher incidence of adhesive failures between the resin cement and dentin for all
experimental groups of this investigation is in line with a previous study. The authors reported
the fragile interaction of the components at this interface and reinforced that the most
sensitive interface is between the dentin and the resin cement, as it is the region with the
highest stress concentration.26

This study has intrinsic limitations, such as the use of specimens that were not
subjected to thermomechanical cycling prior to the bond strength test. However, we focused
on assessing the influence of the additional cleaning method post-retention space preparation
(relief) on the bond strength of fiberglass posts fixed with two types of resin cement to the

root canal dentin previously filled with different endodontic cements.

Conclusions

It 1s concluded that, under the conditions tested in vitro, the cleaning method using
Easy Clean tips positively influenced the bond strength of fiberglass posts fixed with different
resin cements to the root dentin. Furthermore, no significant differences were found between
bond strength values considering the different root regions (thirds). The type of resin cement
used did not influence the observed bond strength values, and the bioceramic endodontic
cement resulted in better bond strength values. Further studies are necessary to better

understand the interaction of these materials in different aspects.
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Table 1. Materials used in the experimental procedures, with their respective batch number,

manufacturer, and composition.

Composition

Batch
Material Manufacturer
number

Sealer 26 3815220 Dentsply Industria e

comércio Ltda.,

Pirassununga, SP, Brazil
RelyX 974046 3M ESPE Deutschland
Universal GmbH, Neuss,
Germany

BIO-C Sealer 67836

Produtos Odontologicos
S/A, Londrina, PR,

Brazil

RelyX U200 2113200890 30 ESPE Deutschland
GmbH, Neuss,

Germany

Angelus Industria de

Powder: bismuth trioxide, calcium hydroxide,
hexamethylenetetramine, and titanium dioxide.

Paste: bisphenol epoxy resin.

Catalytic paste: ytterbium fluoride, triethylene
glycol dimethacrylate (TEGDMA), silanized
silica, initiator, pigments, e.g. titanium dioxide,
methacrylate (HEMA).

Base paste: triethylene glycol dimethacrylate
(TEGDMA), silanized silica, urethane
dimethacrylate (UDMA), hydroperoxide.

Calcium silicate, calcium aluminate, calcium
oxide, zirconium oxide, iron oxide, silicon

dioxide, and dispersing agent.

Base Tube: silane treated glass powder, 2-
propenoic acid, 2-methyll,1 [1- (hydroxymethyl)
-1,2-ethanodlyl] ester, triethylene glycol dimethyl
acrylate, silane treated silica, fiberglass, sodium
persulfate, and t-butyl per-3,5,5-
trimethylhexanoate.

Catalyst Tube: silane-treated glass powder,
substitute dimethacrylate, silane-treated silica,
sodium p-tulenesulfonate, 1-benzyl-5-phenyl baric
acid, calcium salts, 1,12-dodecane dimethacrylate,

calcium hydroxide, and titanium dioxide.

Table 2. Mean push-out bond strength (MPa) and standard deviation (SD) of glass fiber posts

to root dentin at different root canal regions according to cleaning method, endodontic sealer,

and resin cement.



Conventional Easy Clean
Bio-C Sealer 26 Bio-C Sealer 26
U200 UNIV U200 UNIV U200 UNIV U200 UNIV
Cervical 821 (1.68) 7.60 (2.94)  7.40 (1.56) 6.56 7.99 (1.46) 9.89 (3.18) 7.02(2.33) 7.44 (2.15)
AaY AaY Aa (1.38) Aa Aa*Y Aa*Y Aa* Aa*
8.85 (2.1 10.74
Middie 796247 816(226) 7.52(292) 7.18 85 (2.11) 8.99(3.79) 8.13(2.77)
AaY AaY Aa 284)Aa | Aa*Y (2.26) Aa* Aa*
Aa*Y
Apical 269 (3:53) 879(3.40) 482 (3.03) 6.52 9.14 (2.15) 8.95(2.10) 7.16 (3.13) 9.10 (2.12)
P AaY AaY Aa (2.29) Aa Aa*Y Aa*Y Aa* Aa*

Capital letters indicate significant differences between root thirds (within columns, vertical).
Lowercase letters indicate significant differences between endodontic cements for each resin
cement (within rows, horizontal). Greek symbols (Y') indicate significant differences between
resin cements for each endodontic cement (within rows, horizontal). Symbols (*) indicate
significant differences between cleaning methods for each endodontic cement and resin

cement (within rows, horizontal). Tukey HDS test (a. = 0.05).

Table 3. Description of experimental groups

Group Cleaning protocol Endodontic sealer Resin cement
1A Conventional BIO-C SEALER RELYX U200
1B EASY CLEAN BIO-C SEALER RELYX U200
1C Conventional BIO-C SEALER RELYX

UNIVERSAL
1D EASY CLEAN BIO-C SEALER RELYX

UNIVERSAL
2A Conventional SEALER 26 RELYX U200
2B EASY CLEAN SEALER 26 RELYX U200
2C Conventional SEALER 26 RELYX

UNIVERSAL
2D EASY CLEAN SEALER 26 RELYX

UNIVERSAL
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Figure 1. Failure mode distribution of specimens

observed using optical microscopy (25x%).
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