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RESUMO

O objetivo deste estudo foi investigar a resisténcia de uniao entre pinos de
fibra de vidro/dentina radicular através de “push-out” e nanoinfiltragcdo, e ainda, a
influéncia da solugéo irrigadora do canal radicular - clorexidina 2% - na qualidade
da adesao de cimentos auto-adesivos. Método: Para o desenvolvimento deste
estudo foram realizados dois experimentos. Noventa e oito raizes bovinas foram
utilizadas no teste de push-out (n=10) e dezoito raizes foram separadas para a
andlise da nanoinfiltragéo (n=3) na interface de pinos de fibra de vidro cimentados
com diferentes materiais, que foram divididas em 6 grupos: RelyX Unicem (UNC);
RelyX U100 (UCE); Scothbond Multiuso Plus ativagdo quimica + RelyX CRA
(ASR); Scothbond Multiuso Plus ativacéo fisica + RelyX CRA (SBR); Clearfil SE
Bond/ED Prime + Panavia F 2.0 (CEP); Clearfil SE Bond + Panavia F 2.0 (CFP).
Os pinos foram cimentados no canal radicular de acordo com as recomendacoes
de cada fabricante. Para o ensaio de push-out, foram obtidas fatias com 1,0 mm
de espessura dos tercos cervical, médio e apical de cada raiz, e o teste foi
conduzido em maquina de ensaio universal na velocidade de 0,5 mm por minuto.
Para a analise da nanoinfiltracao, as fatias foram imersas em solucéo de nitrato de
prata amoniacal (AgNOj) para a microscopia eletrénica de varredura (MEV).
Posteriormente, para a analise da influéncia do digluconato de clorexidine 2% na
resisténcia a unido e nanoinfiltracao de cimentos auto-adesivos, foram formados 4
grupos: RelyX Unicem (UNC); RelyX U100 (UCE); Clorexidine 2% + RelyX Unicem
(UNX); Clorexidine 2% + RelyX U100 (UCX). Os resultados foram analisados
através de andlise de variancia com parcela subdividida (p<0,05). Resultados:
Sistemas de fixacao: Entre as técnicas de cimentagéo, no tergo médio, o ASR
mostrou a maior resisténcia com diferenca estatistica para os sistemas CEP, CFP
e UNC. Somente o grupo CFP apresentou diferenga estatistica significativa entre
os tercos radiculares, com menor resultado no tergco apical quando comparado ao
tergco cervical. No tergo cervical, a menor média foi do grupo SBR apresentando
diferenca estatistica significativa para o grupo ASR. Nanoinfiltracao: No terco
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apical o CFP apresentou a maior nanoinfitracdo com diferenga estatistica
significativa para os tercos médio e cervical, e também para os outros sistemas.
Clorexidina: O uso da clorexidina como solugcao irrigadora do canal radicular
diminuiu significativamente a resisténcia adesiva dos cimentos auto-adesivos. Em
todos os grupos houve a presenca de nanoinfiltracdo e na interface adesiva e nao
foi observada a formacdo de camada hibrida. Conclusao: O uso de sistemas
adesivos que empregam prévio condicionamento acido e possuem ativacao
qguimica possibilitou melhores resultados de resisténcia a unido e melhor qualidade
da camada hibrida. O uso de ativador quimico para o sistema adesivo
autocondicionante, permitiu melhora significativa da unido na regido mais profunda
da raiz. A irrigacdo prévia do canal radicular com clorexidine 2% influenciou

negativamente a resisténcia adesiva dos cimentos auto-adesivos.

Palavras-chave: dentina, cimentacao, microscopia eletrénica de varredura, pinos

dentarios.
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ABSTRACT

The aim of this study was to investigate the bond interface between glass
fiber post/root dentin by means of push-out and nanoleakage tests, as well as the
influence of the root canal irrigant solution - 2% chlorhexidine — on the bond quality
of self-adhesive cements. Methods: In order to develop this study two analysis
were performed. Bovine roots were used in the push-out test (n=10) and eighteen
roots were separated for analysis of nanoleakage (n=3) at the interface of glass
fiber posts cemented with different adhesive techniques, which were divided into
six groups: RelyX Unicem (UNC); RelyX U100 (UCE); Scotchbond Multipurpose
chemical activation + RelyX ARC (ASR); Scotchbond Multipurpose physical
activation + RelyX ARC (SBR); Clearfil SE Bond / ED Prime + Panavia F 2.0
(CEP); Clearfil SE Bond + Panavia F 2.0 (CFP). The posts were cemented in the
root canal in accordance with the recommendations of each manufacturer. For the
push-out test 1.0 mm thick slices were obtained of the cervical, middle and apical
thirds of each root, and the test was conducted in a universal test machine at a
speed of 0.5 mm per minute. To analyze nanoleakage, the disc-shaped specimens
were immersed in ammoniacal silver nitrate solution (AgNOg) for scanning electron
microscopy (SEM). Subsequently, to analyze the influence of 2% chlorhexidine
digluconate in bond strength and nanoleakage of the self-adhesive cements, were
formed four groups: RelyX Unicem (UNC); RelyX U100 (UCE); 2% Chlorhexidine +
RelyX Unicem (UNX); 2% Chlorhexidine + RelyX U100 (UCX). The results were
analyzed using analysis of variance with subdivided parcel (p<0.05). Results:
Fixation Systems: Among the cementation techniques in the middle third, ASR
showed the highest bond strength with statistical difference from the CEP, CFP
and UNC systems. Only CFP presented statistically significant difference between
the roots thirds, with the lower result in the apical third compared with the cervical
third. In the other groups there was no significant difference among the different
root thirds. In the cervical third, the lowest mean was obtained by SBR presenting
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statistically significant difference from ASR. Nanoleakage: In the apical third CFP
presented the greatest nanoleakage with statistically significant difference from the
middle and cervical thirds, and also from the other systems. Chlorhexidine: The
use of chlorhexidine as root canal irrigant solution significantly reduced the bond
strength of the self-adhesive cements. There was nanoleakage at the adhesive
interface and hybrid layer formation was not observed, in all groups. Conclusions:
The use of adhesive systems that use previous acid etching and are chemical
setting enables better adhesive bond strength and better hybrid layer quality to be
obtained. The use of chemical activator for the self-etching system allowed a
significant improvement of the bond in the deepest region of the root. Prior root
canal irrigation with 2% chlorhexidine negatively influenced the bond strength of

self-adhesive cements.

Key Words: dentin, cementation, microscopy electron scanning, dental pins.
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INTRODUCAO

Nas situagdes clinicas em que ha grande perda da estrutura corondria do
dente, recomenda-se o uso de pino intrarradicular para restauracdo de dentes
tratados endodonticamente (Dietschi et al., 2008). No entanto, os pinos nao sao
capazes de reforgar a estrutura dentaria, uma vez que a dentina removida durante
o preparo do conduto para a fixagdo do pino determina uma reducdo na
resisténcia da raiz, que ndo é recuperada com a cimentacdo da retencao
intrarradicular (Dietschi et al., 2008).

Assim sendo, diante da auséncia de remanescente dental que confira
resisténcia e retencao a restauracdo ha a necessidade de se instalar um retentor
intrarradicular. Nestes casos, os pinos de fibra de vidro devem ser os materiais de
eleicdo, pois apresentam modulo de elasticidade mais préximo ao da dentina
(Monticelli et al., 2003; Dietschi et al., 2006), e permitem, quando fixados com
cimento resinoso, uma distribuicdo mais homogénea das for¢as que incidem sobre
o dente (Eskitascioglu et al., 2002). Porém, o tipo de falha mais comum desta
técnica € a ruptura da unido adesiva com consequente deslocamento do pino do
canal radicular, principalmente na etapa de remocgéo de restauracbes provisorias
(Ferrari et al., 2007).

Deste modo, o sucesso de restauragdes retidas com pinos de fibra de vidro
depende sobremaneira da eficiéncia e da longevidade da cimentacao adesiva do
pino intrarradicular a dentina do canal (Goracci et al., 2004; Mallmann et al., 2007).
Assim, varias técnicas de cimentagdo adesiva tém sido propostas e ha uma
grande variedade de sistemas adesivos e cimentos indicados para o procedimento
de fixacao de pinos (Radovic et al., 2007; Zhang et al., 2008). Além da seleg¢éao do
sistema de fixagdo, alguns fatores devem ser considerados, na cimentagdo do
pino de fibra de vidro, como qualidade do substrato; fator de configuracao cavitaria
(Fator-C), contracao de polimerizacdo do cimento resinoso; técnica de tratamento

do substrato dentinario e cimento.



A dentina radicular é formada essencialmente por dentina intertubular, e a
quantidade de seus tubulos diminui em direcao apical (Ferrai et al., 2000). Mesmo
desvitalizada, a dentina possui ainda certa umidade intrinseca, requerendo os
mesmos cuidados de um dente vitalizado durante os procedimentos adesivos
(Dietschi et al., 2008). Ha na regido cervical da raiz melhor visibilidade e melhor
acesso a luz de fotoativacdo do que no terco médio e apical da raiz (Yodas et al.,
2005), o que pode propiciar melhor comportamento adesivo. Ja nas regides mais
profundas do canal radicular ocorre diminuicdo do numero, densidade e diametros
dos tubulos por milimetro quadrado, podendo em alguns pontos nao haver
presenca de tubulos dentinarios, o que resultaria em reducdo significativa da
espessura da camada hibrida e da formacao de prolongamentos (tags) de resina
(Mjér et al., 2001; Mannocci et al., 2004).

Outro fator importante a se considerar na cimentacéo de pinos de fibra de
vidro € o fator de configuracao cavitaria (Fator-C). Este pode ser definido como a
razdo da area de superficie aderida sobre a area de superficie ndo aderida
(Bouillaguet et al., 2003), podendo alcancar o valor de aproximadamente 954 (Tay
et al., 2005). Um Fator-C extremamente alto pode gerar grandes tensbes de
contracdo de polimerizacdo na interface cimento resinoso/sistema adesivo
(Schwartz et al., 2006).

Somado ao cimento resinoso, o tipo de sistema adesivo empregado para
fixacdo de pinos de fibra de vidro também pode influenciar a longevidade da
restauracdo com pinos intrarradiculares (Radovic et al., 2008). A técnica
convencional utiliza o condicionamento acido do substrato dental e aplicagdo do
sistema adesivo. Nesta técnica, o controle da umidade € fundamental para a
formacao da camada hibrida (Mazzoni et al., 2009; Viotti et al., 2009). Contudo,
estes sistemas podem nao preencher totalmente os espacos interfibrilares abertos
pelo condicionamento acido, resultando em redugdo da resisténcia adesiva
(Pashley et al., 2011). Como alternativa, existe a possibilidade do uso de sistemas
adesivos autocondicionantes, que teriam a vantagem de toda dentina

desmineralizada ser infiltrada pelo sistema adesivo, porém estes sistemas



adesivos formam uma camada hibrida menos espessa (Van Meerbeek et al.,
2011).

Recentemente, outros materiais, visando uma técnica operatoéria mais
simplificada, tém sido indicados para cimentagao de pinos de fibra de vidro. Sao
cimentos que possuem a caracteristica de serem auto-adesivos, ndo havendo a
necessidade de condicionamento acido e lavagem, uma vez que sao capazes de
desmineralizar e penetrar a estrutura dental, gragas a sua acidez inicial (pH=2).
Além disso, sua afinidade inicial pela agua e posterior hidrofobia permitem melhor
interacdo com a umidade dentro do canal radicular (Zicari et al. 2008).

No entanto, estes cimentos possuem um mecanismo de unidao a estrutura
dentaria através de uma interacdo superficial com a dentina, realizando uma
reacdo de quelacédo dos ions de calcio da hidroxiapatita pelos grupos acidicos do
cimento, ocorrendo uma adesdo quimica com a estrutura dental (Gerth, et al.
2006). Assim sendo o uso de qualquer substancia no interior do canal radicular
que possua efeito sobre o substrato pode interferir no mecanismo de adeséo
destes cimentos com a dentina radicular. Exemplo desta situagao seria 0 uso de
solugdes irrigadoras durante o tratamento endodéntico visando facilitar a remogao
de detritos e descontaminacao, permitindo uma diminuicdo das bactérias viaveis
dentro do canal (Schwartz, et al. 2006). Neste contexto, varios agentes de
irrigacdo tém sido utilizados para a desinfecgéo do canal.

O irrigante mais comumente utilizado é o hipoclorito de sédio (NaOCI) em
concentracdes que variam de 0.5% a 6% (Basrani et al. 2009). Esta substancia em
altas concentracdes é téxica e pode causar reacao inflamatéria (Kuruvilla et al.
1998). Entretanto, em baixa concentracao seu efeito antimicrobiano fica reduzido
(Leonardo et al. 1999). Por estas razées, outro agente antimicrobiano de amplo
espectro, o gluconato de Clorexidina (CHX) tem sido defendido para a desinfeccao
do canal radicular (Ercan et al. 2004). Se utilizado como solucdo irrigadora ou
medicacdo intra-canal sua eficacia antibacteriana é comparavel aquela do NaOCI
(Heling & Chandler 1998). Além disso, tém sido demonstrado que a Clorexidina
possui uma substantividade antimicrobiana dentro da dentina radicular por até 12



semanas (Rosenthal et al. 2004). Nao é dificil encontrar na literatura relatos
recomendando a associagdo do NaOCl e a CHX para a irrigagdo do canal
radicular, no intuito de se alcancar um aumento das propriedades antibacterianas
destas duas substancias (Valera et al. 2010). No entanto, quando a associac¢ao
destas duas substancias (NaOCl e CHX) é empregada no tratamento endoddntico
ocorre a formacdo de wum precipitado de coloragdo marrom/escura
(Paracloroanilina), conhecido como PCA, em quantidade diretamente relacionada
a concentracdo de NaOCI utilizado (Basrani et al. 2007; Krishnamurthy et al.
2010). Alguns estudos tém demonstrado que este precipitado, além de ser
citotéxico, tende a deixar obstruida a entrada dos tubulos dentinarios na dentina
radicular (Bui et al. 2008). Tal efeito é persistente e pode comprometer o
selamento do canal radicular obturado, pois este precipitado ndo € removido pela
lavagem final do canal com agua destilada (Vivacqua et al. 2002).

Ainda a respeito dos efeitos da clorexidina sobre o substrato dentinario,
alguns pesquisadores tém relatado que esta substancia também pode influenciar a
qualidade da unido dos cimentos auto-adesivos a estrutura dental coronaria
(Hiraishi et al. 2009), havendo necessidade de se investigar os efeitos desta
substancia na dentina intrarradicular.

Portanto, a selecao correta dos materiais, a serem empregados na fixacao de
pinos de fibra de vidro, é fundamental para o sucesso das restauragdes em dentes
tratados endodonticamente devido a dificuldade de se obter uma retencédo segura

destes pinos no canal radicular.



CAPITULO UNICO

Techniques for cementing of fiberglass post: Evaluation of bond
strength, nanoleakage and chlorhexidine.

ABSTRACT

Introduction: The aim of this study was to investigate the bond interface of fiber
posts luted with different adhesive approaches: etch-and-rinse, self-etch, and self-
adhesive, and the influence of 2% chlorhexidine (CHX) on the bond strength (BS)
of self-adhesive cements (SAC). Methods: Bovine roots were prepared for push-
out (n=10) and nanoleakage (n=3) tests and distributed into six groups: RelyX
Unicem (UNC); RelyX U100 (UCE); Scotchbond Multipurpose (SBMP) chemical
cure + RelyX ARC (ASR); SBMP physical cure + RelyX ARC (SBR); Clearfil SE
Bond (CFSB) + ED Primer, Panavia F 2.0 (CEP); and CFSB, Panavia F 2.0 (CFP).
Roots were sectioned to obtain slices (1.0 mm thick). Specimens were submitted to
a push-out test and nanoleakage evaluation. To analyze the influence of CHX in
BS and nanoleakage of the SAC, the roots were gathered into four groups: RelyX
Unicem (UNC); RelyX U100 (UCE); CHX + RelyX Unicem (UNX); and CHX +
RelyX U100 (UCX). The results were analyzed by ANOVA with subdivided parcels
(p<0.05) and Tukey’s test. Results: Only CFP presented a statistical difference
between the root thirds, with the worst result in the apical third compared to the
cervical third. In the middle third, ASR showed the highest BS with statistical
difference from the CEP, CFP, and UNC. Chlorhexidine significantly reduced the
BS of the SAC, and all specimens presented nanoleakage. There was no formation
of hybrid layer with these cements. Conclusions: Etch-and-rinse adhesive system
enables better BS and better adhesive quality. Intracanal irrigation with CHX
negatively influenced the BS of SAC.

Key Words: bond strength, nanoleakage, adhesive system, composite resin, fiber

post, root canal



INTRODUCTION

The success of restorative treatment with the use of fiberglass posts in non-
vital teeth with extensive coronal loss depends on the stability of the bond between
the post, cement, and dentin. This adhesion mainly occurs through the bond of the
adhesive system to the dentin of the root canal walls (1-4). The challenge of
bonding adhesive to root dentin is great, because the cavity configuration factor (C
Factor) is very high inside the root canal, favoring failure at the bond interface (5,
6).

In addition, the light activating polymerization reaction of the resin cement is
incapable of reaching the deeper regions of the canal, and therefore does not allow
adequate light activation of the adhesive system or resin cement used to fix the
fiber post (7, 8).

The use of adhesive systems and resin cements that have dual
polymerization allows a higher degree of monomer conversion, resulting in better
physical and mechanical characteristics (9). This is evidenced by the fact that dual-
polymerization resin materials achieve higher bond strength values inside the root
canal (10).

Traditionally, the bond to dentin has been made by performing acid etching,
washing, removing excess water, and impregnating the dentin with the adhesive
system. However, these operative steps are critical, and an error in humidity control
or incomplete impregnation of the resin in the etched substrate may negatively
affect bond stability (11, 12). Moreover, the root canal shape favors the
accumulation of water, making it difficult to control humidity in the space prepared
for the post (4, 8).

Therefore, alternative adhesive strategies such as self-etching adhesive
systems seem to be interesting possibilities to fiber posts luting, since these
adhesives may be used on dry dentin, dispensing with acid etching and washing
and thus simplifying the operative technique.



On the other hand, other materials have been suggested for cementing glass
fiber posts. The self-adhesive cements have the characteristic of chemical
adhesion to dentin, and their use involves a simpler technique that does not require
etching and washing. They are capable of demineralizing and penetrating into the
dental structure due to its low initial acidity (pH=2). In addition, their initial affinity for
water and later hydrophobia allow better interaction with the humidity within the root
canal (13). During curing of cement, the pH increases, tending toward neutrality.
This effect makes the material hydrophobic, which is a prerequisite for remaining
unaltered, without incorporating water, and without expansion or degradation of
their structural matrices in the humid environment of the root canal (9).
Nevertheless, the use of chlorhexidine as a disinfecting agent and inhibitor of
metalloproteinases may interfere with the bond quality of self-adhesive cements
(14).

Three hypotheses were tested in this study: 1) the use of chemical activators
in adhesives systems does not improve the bond strength and quality of the hybrid
layer formed between the resin cement and root dentin; 2) self-adhesive cements
present the same mechanical behavior as resin cements in the cementation of
glass fiber posts; and 3) the use of 2% chlorhexidine digluconate solution in root
canal irrigation does not interfere with bond strength and quality of the bond

interface of self-adhesive cements.

MATERIALS AND METHODS

The samples in this study were obtained from bovine incisor roots, with
completely formed apexes, without excessive root curvature, and with root canal
diameter smaller than the diameter of a Largo #5 bur, cut to the length of 17.0 mm.

The roots were endodontically instrumented with file #35 in the apical third
(Maillefer, Ballaigues, Switzerland) to a working length of 1.0 mm short of the apex.
Stainless steel K files (Union Broach, New York City, NY, USA) and Gates-Glidden
#3 to 5 burs (Union Broach) were used in root canal preparation. To avoid



interaction between the endodontic irrigant solution and cementing systems used in
this study, irrigation was performed with distilled water during root canal widening
and also after each change of file and/or bur. Afterward, the canal was washed with
distilled water, dried with paper cones (Dentsply-Maillefer, Ballaigues, Switzerland),
and filled with gutta-percha cones (Dentsply-Maillefer). To prepare space for the
post, the excess gutta-percha was removed with a sequence of Largo #4 and #5
burs. Apical sealing with 5.0 mm of gutta-percha was left in the apical third of the
root canal.

All the cements that constituted the experimental groups were inserted into
the root canal using a syringe and according the techniques described in Table 1.
The glass fiber posts (Reforpost, Angelus, Londrina, PR, Brazil), 1.5 mm in
diameter, used in all the study groups were cemented, and the cements were light
activated for 40s, using a halogen light unit (Optilux 501, Kerr/Demetron, Orange,

CA, USA), with a irradiance of 600mW/cm?.

Table 1. Composition of adhesive systems and resin cements used in the present
study.
GROUP | ADHESIVE/CEMEN APPLICATION MODE
T
Activation of cement capsule for 3s; mixture at high frequency (Capmix™; 3M
RelyX™ Unicem ESPE) for 15s; Capsule was placed on Aplicap™ device (3M/ESPE), Cement inserted
UNC (3M ESPE) in insulin syringe and afterwards in the canal and on the post; Post inserted into the
(n=10) “dual resin canal with light manual vibration; Cement light activation for 40s.
cement”
Equal portions of base paste and catalyzer were mixed for 30s with spatula #24.
RelyX™ U100 Cement was inserted in the canal with the aid of an insulin syringe. Post was covered
UCE (3M ESPE) with cement and light activated for 40s, after post insertion into the root canal.
(n=10) “dual resin
cement”
Root dentin treatment:
Scotchbond™Multi | Etching: 37% phosphoric acid (15s); washing with water (15s), drying with absorbent
-Purpose Plus paper cones; application of primer activator (5s), removal of excess with absorbent
(3M ESPE) paper cone; wait for 5s; application of primer, removal of excess with absorbent paper
“in auto cure cone; wait for 5s; application of catalyzer and removal of excess with absorbent paper
ASR mode” cone.
(n=10) Post cementation:
RelyX™ ARC Resin | The post surface was treated with catalyzer (Catalyst, 3M ESPE) immediately before
Cement cementation and after it had been cleaned with 96% ethanol and completely dried.
(3M ESPE) Equal quantities of base and catalyzer pastes of the dual resin cement were mixed
“dual resin with spatula #24, and then inserted into the root canal with the aid of an insulin syringe.
cement” After the post was inserted into the canal the cement was light activated for 40s.
. ] Root Dentin treatment:
Sc?;ﬁ:‘::::m:\f:m Etching: 37% phosphoric acid (15s); washing with water (15s), drying with absorbent
(3M ESPE) paper cones; application of primer; drying with air jet (5s) and removal of excess with
SBR “in photo- absorbent paper cone; application of adhesive (Bond); removal of excess with
photo-cure o S ;
(n=10) mode” absorbent paper cone; light activation of adhesive for 10s.




RelyX™ ARC Resin
Cement

Post cementation:
The post was treated in the same manner as described for Group ASR. Base and
catalyzer pastes of the dual resin cement were mixed with spatula #24, and then

(3M ESPE) inserted into the root canal with the aid of an insulin syringe. After the post was
“dual resin inserted into the canal the cement was light activated for 40s.
cement”

Clearfil SE Bond
(KURARAY)
“photo cure

adhesive system”

Dentin treatment:

Clearfil SE Bond:
Active application of the primer for 20s and removal of excess with absorbent paper
cone; evaporation of solvent with jet of air; application of adhesive (Bond), another jet

+ of air for (3s) and removal of excess with absorbent paper cone; Light activation (10s);
ED PRIMER
(KURARAY) ED Primer:
CEP “auto cure After this, was one drop of “prime A” and one drop of “prime B” mixed and applied
(n=10) adhesive system” | over the coat of Clearfil SE Bond. Next, the excess was removed with an absorbent
paper cone.
Post cementation:
PANAVIA F 2.0 Base and catalyzer pastes of the dual resin cement Panavia™ F 2.0 were mixed with
(KURARAY) . ; h . T ;
“dual resin spatula #24, and t_hen |nse_r1ed into the root canal with the aid c_Jf an insulin syringe.
cement” After the post was inserted into the canal the cement was light activated for 40s.
Dentin treatment:
Clearfil SE Bond
(KURARAY) Clearfil SE Bond:
“photo cure Active application of the primer for 20s and removal of excess with absorbent paper
adhesive system” | cone; evaporation of solvent with jet of air; application of adhesive (Bond), another jet
of air for (3s) and removal of excess with absorbent paper cone; Light activation (10s);
CFP Post cementation:
(n=10) PANAVIA F 2.0

Base and catalyzer pastes of the dual resin cement Panavia™ F 2.0 were mixed with

("’(;:JF;;\::L) spatula #24, and then inserted into the root canal with the aid of an insulin syringe.
cement” After the post was inserted into the canal the cement was light activated for 40s.

After 24h of luting procedures, the roots were sectioned transverse to their

long axes, using a diamond disc (Isomet 1000, Buhler, Lake Bluff, IL, USA) at low
speed under constant water cooling. The first cervical slice, approximately 2.0 mm
thick, was discarded. Each slice was identified on the surface facing toward the
cervical side with an indelible marker and different colors, according to the thirds:
apical (blue), middle (red), and cervical (green). The slices were stored at 37°C for
24h in an environment with 100% relative humidity before the push-out test was
performed.

The canal diameter and thickness of all the specimens were measured using
a digital pachymeter (Starret 727 — Starret Industria e Comércio Ltda — Itu, SP,
Brazil). The apical face of each slice was placed on a platform with an orifice in the
center, attached to a universal test machine (EMIC DL 500, Sdo José dos Pinhais,
PR, Brazil). The test was conducted at a speed of 0.5 mm/min, until the post was



displaced. The maximum load was recorded in Newton (N) and converted into
Mega Pascal (MPa) by dividing the maximum load by the bond area, using the
formula: A = 27rr x thickness.

Statistical analysis of the data obtained in the push-out test was performed
according to an entirely casual split-plot design, in which the factor under study was
the cements and the parcel, the root third, and Tukey’s test was applied.

Eighteen roots, three for each group, were used to evaluate nanoleakage in
specimens prepared according to the experimental groups as described in Figure
2. Ammoniacal silver nitrate was prepared according to the protocol described by
Tay et al (15). The SEM (scanning electronic microscopy) images of the specimens
infiltrated with ammoniacal silver nitrate were analyzed using the program “Image
J” to measure the bond interface and calculate the percentage of area infiltrated by
silver nitrate.

In the “Image J” program, after the image to be analyzed was opened, the
scale was selected for use in the readout in micrometers (um). After this, the color
setting “Edit/Options/Colors” was selected, and the background color was altered to
black. After delimitation of the area to be analyzed (adhesive interface) using the
“polygon selections” tool, another tool, “Threshold,” was used to visualize only the
desired area in the image (infiltrate/nanoleakage). The next step was to analyze
this new image with the tool “Analyse particles” to quantify the percentage area of
nanoleakage. This ordinal datum is then separated and submitted to statistical
analysis. Statistical analysis of the data obtained in the nanoleakage test was
performed according to an entirely casual split-plot design, in which the factor
under study was the cements and the plot, the root third, and Tukey’s test was
applied.

To evaluate the influence of 2% chlorhexidine digluconate on bond strength
(push-out) of the self-adhesive cements used in this study, two other groups were
formed: 2% chlorhexidine + RelyX Unicem (UNX), and 2% chlorhexidine + RelyX
U100 (UCX) with 10 roots in each (n=10). The roots were prepared as previously
described, and the root canal was irrigated with 2% chlorhexidine digluconate
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solution for 1 min (9). The excess solution was completely removed with absorbent
paper cones, and the root canal was washed by 60 seconds with distilled water and
dried with absorbent paper cones. To observe the adhesive bond quality
(nanoleakage) achieved with these cements, three roots were prepared for each
group (UNX and UCX). Next, cementation of the glass fiber post was performed
with the self-adhesive resin cements. Then the bond strength (push-out) and
nanoleakage of these two groups were compared with those achieved by the UNC
and UCE groups, which did not involve the use of chlorhexidine.

RESULTS

Push-out Bond Strength

Exploratory data analysis (Proc lab of the SAS program) pointed out problems
of heterogeneity of variance and scale. Thus, the data were raised to the power of
0.4, which corrected the problems.

Analysis of variance showed that there was a statistically significant effect for
the factor cement, for the third, and for the interaction cement x plot. Therefore, the
Tukey’s test was applied for the interaction. The result is shown in Table 1.

Table 1: Result of the push-out test for the fixation systems considering the thirds of the root
(transformed data).

Cements/Cementation Techniques
Thirds | UNC UCE ASR SBR CEP CFP
C 2.46 aAB | 2.48 aAB 2.95 aA 2.21aB 2.56 aAB | 2.63 aAB
M 2.34aB | 2.66aAB 3.10 aA 2.52 aAB 2.19aB | 2.27 abB
A 2.60 aA 2.63 aA 2.78 aA 2.32aA 2.18 aA 1.68 bB

**Equal lower case letters in the column indicate statistical similarity, and equal capital letters
on the line indicate statistical similarity. UNC (Unicem); UCE (U100); ASR (Scotchbond
Multipurpose chemical cure + RelyX ARC); SBR (Scotchbond Multipurpose physical cure +
RelyX ARC); CEP (Clearfil SE Bond + ED Prime + Panavia F); CFP (Clearfil SE Bond +
Panavia F).
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The results showed that the cements presented no statistically significant
difference among the root thirds, with the exception of system CFP, in which the
apical third presented a mean with a statistically significant difference for the
cervical third. When the behavior of the fixation systems in the different root thirds
was analyzed, it was observed that in the apical third, CFP presented a lower
mean with significant difference from the cervical third. In the middle third, the
highest mean was shown for the system ASR, which differed significantly from the
systems CEP, CFP, and UNC, but did not differ significantly from the systems SBR
and UCE. In the cervical third, the lowest mean was shown for SBR with a
statistical difference from ASR, not differing from the other groups.

Push-out test for Chlorhexidine.

The results of the analysis of variance showed that only the factor
chlorhexidine was significant, and there was no statistically significant effect for the
other factors. Therefore, Tukey's test was applied for this factor and point out that
the use of chlorhexidine as an irrigant solution in the root canal reduced the push-
out strength of self-adhesive cements.

Nanoleakage Evaluation.

Exploratory analysis of the data (Proc lab of the SAS program) pointed out no
problems. Thus, the analysis of variance test was performed. Analysis of variance
showed that there was a statistically significant effect for the factor cement and for
the interaction cement x plot. Therefore, Tukey’s test was applied. The result is
presented in Table 2.
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Table 2: Result of the nanoleakage test for the fixation systems considering the root thirds (original

— Cements/Cementation Techniques
Thirds UNC UCE ASR SBR CEP CFP
C 2326aA | 13.32aA | 17.56aA |21.85aA 17.52aA | 23.64 aA
M 21.07aA | 15.79aA | 15.49aA | 20.88 aA 24.09aA [23.02aA
A 20.43aA | 16.43aA | 1223aA |20.42aA 2265aA | 31.11bB

**Equal lower case letters in the column indicate statistical similarity, and equal capital letters on the
line indicate statistical similarity. UNC (Unicem); UCE (U100); ASR (Scotchbond Multipurpose chemical cure +
RelyX ARC); SBR (Scotchbond Multipurpose physical cure + RelyX ARC); CEP (Clearfil SE Bond + ED Prime
+ Panavia F); CFP (Clearfil SE Bond + Panavia F).

The CFP group presented greater nanoleakage in the apical third with
statistically significant difference from the middle and cervical thirds, and also for
the other systems in the apical third (Figures 1 and 2).

AEaClear +P

Figure 1: The image shows large quantity of nanoleakage (in white) which can be
observed throughout almost the entire adhesive interface (Clearfil SE Bond/apical third)
of a specimen from CFP.
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Figure 2: In the image can be observed that the hybrid layer is extensively infiltrated
by silver (H;) with the formation of extremely short resin tags.

The resin tags formed inside the dentinal tubule by this self-etching adhesive
system (Clearfil SE Bond) were short and/or not very pronounced (Figure 2). On
the other hand, a lower nanoleakage mean was achieved by the specimens in
ASR group (Scotchbond Multipurpose with activator) in the apical third (Figure 3),

which did not differ significantly from the other remaining groups.

L

Ces . P ki A P Db T b AL
Figure 3: In the SEM image (50X) low nanoleakage can be observed in the
apical third of Group ASR.
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In ASR group, it is possible to observe the extensive resin tags formation

inside the dentinal tubules (Figure 4 and 5).

Figure 4: Image at 250X approximation showing (red arrow) zone of nanoleakage by
silver (opaque stains) in the hybrid layer of a specimen from Group ASR (middle third);
FB - indicates the glass fibers from the post cut transversely; RC — dual resin cement
layer (RelyX ARC).

Figure 5: Image in SEI mode at 1000X approximation of the adhesive interface in the
middle third of a specimen from ASR; Red arrow shows presence of silver (opaque point)
within the hydbrid layer; T — formation of extensive resin tags.
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Figure 6: Image in SEI mode (3.500X) showing: H — Hybrid layer; H1 — Hybrid layer
with silver nanoleakage; T- resin tags formed by the adhesive system (ASR); RC- resin
cement RelyX ARC; D — root dentin.

In the specimens of the self-adhesive cement groups (UNC and UCE), the
scanning electron microscopy (SEM) images showed no formation of a hybrid layer
at the adhesive interface of these cements (Figure 7). When root canal irrigation
with chlorhexidine was performed (UNX and UCX), there was also no formation of
hybrid layer. In addition, all the specimens of self-adhesive cement presented
nanoleakage (Figure 8, 9 and 10).

15kU ; E 14G1lunicem

Figure 7: Image in SEI mode at 500X showing the adhesive interface in the cervical third
of a specimen from UNC (Unicem). No presence of a hybrid layer and silver deposition.
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Figure 8: Image in SEI mode at 500X of the adhesive interface in the cervical third of the
same specimen presented in figure 7 (14Glunicem), but showing another area of the
specimen; N - nanoleakage occurring throughout the adhesive interface.

Figure 9: Image showing a very low silver infiltration by the self-adhesive cements RelyX
U100 (3M/ESPEP).
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Figure 10: Image showing a very low silver infiltration by the self-adhesive cements RelyX
Unicem (3M/ESPE).

DISCUSSION

The results in this study showed that the association between root etching
and chemically activated adhesive system (ASR) achieved the highest bond
strength values. The use of chemical activator improved the bond strength
compared to those without activator (SBR). This was especially important in the
cervical third, in which these systems presented statistically significant differences
among them.

These results may be explained by the use of acid etching, separately from
the adhesive, which removes the thick smear layer from the root dentin surface and
entrances of dentinal tubules, allowing more effective micromechanical retention of
the adhesive system (16, 17), and by the capacity of these chemically activated
adhesive systems to promote a thick hybrid layer, in addition to forming long resin
tags in the tubules opened by acid etching (18, 19). A better quality of hybrid layer
can also be achieved by the results of nanoleakage that could be observed for the
group ASR and long resin tags in the dentinal tubules (Figure 4), in addition to a
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thick hybrid layer (Figure 5). Some authors have reported that there is a significant
positive correlation between the formation of resin tags and the quality of the hybrid
layer (20, 21).

The self-etching system Clearfil SE Bond in the apical third without chemical
activator (CFP) obtained the lowest bond strength and greatest nanoleakage,
differing statistically from all the other groups. These results may be attributed to
lack of polymerization of the hydrophobic layer (Bond) of Clearfil SE Bond, by the
activation light (22, 23). Thus, self-etching adhesive systems form an extremely thin
hybrid layer with short resin tags (24), as demonstrated by the scanning images
(Figure 2). This generates a large quantity of unpolymerized acidic monomers, due
to inhibition by oxygen on the surface (22). These unpolymerized monomers may
react with the amine of the chemical or dual-cured composites, inhibiting
polymerization of the resin cement (8).

Another possible explanation for the weak performance achieved with the
self-etching systems is their moderate pH (=2.0), since the intraradicular dentin
structure has more sclerosis than the tooth crown dentin; the root dentin sclerosis
and moderate pH diminished the penetration and consequently the bond of these
adhesives in the root canal (4). Another aspect to consider is that during
mechanical preparation of the root canal for the post, a thick layer of dentinal debris
is produced, which reduces the adhesive capacity of self-etching adhesive to
demineralize the subjacent dentin, resulting in lower bond strength (25, 26). The
results of CEP and CFP groups indicate the need to use a chemical catalyst for the
self-etching adhesive systems. In the apical third, in which the light had trouble
activing the adhesive, the use of chemical activator (ED Prime) allowed a higher
degree of conversion. This result is evidenced by the results of nanoleakage in the
apical third, in which use of the catalyst ED Prime resulted in lower rate
nanoleakage.

The second hypothesis of this study was partially accepted because the self-
adhesive resin cements presented significant differences only in the apical third
compared to the CFP group and in the middle third when UNC was compared to
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ASR group. The self-adhesive resin cements evaluated in this study presented no
significant difference in bond among the root thirds; in other words, the bond
occurred in a uniform manner throughout the entire extension of the canal, with
good adhesive bond strength means being obtained even in the deeper regions of
the root. This can be explained by the difference in the bond mechanism of these
cements, in which there is no hybrid layer formation, since they are not capable of
producing a demineralization/infiltration zone (16, 27, 28). Due to its moderate
acidity (pH=2.1), the smear layer does not completely dissolve (29), establishing a
mechanism of adhesion to the dentinal tissue, which occurs by means of
micromechanical interlocking and chemical adhesion to the hydroxyapatite of the
tooth (9, 30, 31). This can be confirmed by observing the images in which the
hybrid layer was not observed.

Previous studies have shown that the hybrid layer integrity of traditional
adhesive systems, pretreated with chlorhexidine before adhesive procedures, could
be preserved for a prolonged period of time (32-37). Chlorhexidine has both an
antibacterial effect and an effect of inhibiting the action of metalloproteinase
enzymes (MMP) found within dentin. These MMP’s become activated when dentin
is acid-etched and slowly degrade the hybrid layer over time (32, 37). In this
context, chlorhexidine has been recommended during adhesive procedures to
reduce the collagen degradation, such as canal irrigating solution, decreasing
considerably the microbial viability into the canal (36, 37).

Therefore, the hypothesis that chlorhexidine would not affect the bond of self-
adhesive cements was also investigated and rejected, because the bond strength
of these cements was reduced when a 2% chlorhexidine solution was used to
irrigate the root canal. Nevertheless, although self-adhesive cements are classified
as resin cements, they have a peculiar mode of adhesion that does not depend on
the hybrid layer. These cements promote adhesion to the dentin substrate through
a chelation reaction of hydroxyapatite (31). Therefore, chlorhexidine appears to
interfere in this chemical reaction (14).
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Despite the limitations of this study, it could be established that the etch-and-
rinse adhesive cementation technique, with the use of acid etching and chemically
activated adhesive, was the most effective for luting of glass fiber posts, in spite of
taking more clinical time. However, the greatest number of clinical steps might
favor the occurrence of errors, so the self-adhesive cements can be an interesting
alternative for luting of intracanal posts, since chlorhexidine has not been used in

biomechanical preparation of root canal.

CONCLUSION

Within the limitations of this study, it was possible to conclude that:

e the best results among all the cementation techniques evaluated,
both as to bond strength and nanoleakage, were found when the conventional
adhesive system with chemical activator of the setting reaction was used;

e the self-etching adhesive system obtained the worst bond strength
and nanoleakage results in the apical third, with significant improvement when
a chemical activation agent was used;

e the self-adhesive resin cements presented uniform behavior
throughout the entire extension of the root canal, achieving good bond strength
results; and

e the use of chlorhexidine as root canal irrigant solution reduced the

bond strength of the self-adhesive cements.
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CONCLUSAO

Os dados obtidos pelo presente estudo permitiram concluir que os
melhores resultados entre todas as técnicas avaliadas, tanto para resisténcia
adesiva quanto para nanoinfiltracdo, foram encontrados quando o sistema
adesivo multi-passos foi utilizado com o ativador quimico da reacdo de presa.
Além disso, os sistemas adesivos auto-condicionantes obtiveram os menores
resultados de resisténcia adesiva e nanoinfiltragdo no terco apical da raiz, com
uma significante melhora quando o ativador quimico foi usado.

Os cimentos auto-adesivos apresentaram comportamento uniforme em
toda a extensdo do canal radicular, alcancando bons resultados de resisténcia
adesiva.

O uso da solucdo de digluconato de clorexidina 2% como solucao
irrigadora do canal reduziu a resisténcia adesiva dos cimentos auto-adesivos

analisados neste estudo.
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APENDICE 1

METODOLOGIA ILUSTRADA
1- Materiais e Métodos

Para o desenvolvimento deste estudo foram utilizados um aparelho
fotopolimerizador com lampada halégena Optilux 501/Demetron/Kerr, pinos de
fibra de vidro (Reforpost, Angelus, Londrina, PR, Brasil), os sistemas adesivos
ScothBond Multi-Uso Plus/3M-ESPE, Clearfil SE Bond/Kuraray, ED Prime/Kuraray
(figural A,B,C e D), Foi utilizado ainda, os cimentos resinosos RelyX ARC/3M-
ESPE, Panavia F 2.0/Kuraray, RelyX Unicem/3M-ESPE e RelyX U100/3M-ESPE
(figura2 A,B,C e D).

Figura 1. A - Aparelho de foto ativagdo com luz halégena Optilux
501/Demetron/Kerr; B — Pino de fibra de vidro REFORPOST ndmero 3 com 1,5mm
de didmetro; C — Sistema adesivo Scoth Bond Multi-uso Plus; D — Sistemas adesivos
Clearfil SE Bond e ED PRIMER.

31



Figura 2. A — Cimento resinoso dual Panavia F 2.0; B — Cimento resinoso dual
RelyX ARC; C - Cimento resinoso auto-adesivo RelyX Unicem; D — Cimento
resinoso auto-adesivo RelyX U100.

1.1 Delineamento Experimental

As unidades experimentais: 98 raizes de incisivos bovinos.

Os fatores em estudo foram:

Sistemas de cimentagdo em seis niveis:

ScothBond Multi-uso Plus (BM/ESPE) polimerizacdao quimica +
cimento resinoso dual RelyX ARC (BM/ESPE); ScothBond Multi-uso
Plus polimerizacao fisica + RelyX ARC; Clearfil SE Bond (Kuraray)
+ cimento resinoso dual Panavia F 2.0 (Kuraray); Clearfil SE Bond +
ED Primer (Kuraray) + Panavia F 2.0; cimento resinoso dual auto-
adesivo RelyX Unicem (3BM/ESPE); cimento resinoso dual auto-
adesivo RelyX U100 (3M/ESPE) e;

Terco radicular em trés niveis: apical, médio e cervical.

Variaveis de resposta:

Resisténcia a microcisalhamento (push-out) em MPa;
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e Nanoinfiltragdo em porcentagem (%).
2.1 Preparo das amostras

Foram selecionados 98 dentes bovinos, armazenados a 37°C em solucao
neutra de timol a 0,1%. Neste estudo as raizes selecionadas possuiam apice
completamente formado, sem curvatura radicular excessiva e didmetro do canal
menor que o didmetro da broca Largo n°5. Raizes com defeitos de reabsor¢ao e

rachaduras foram excluidas do estudo.

Figura 3. A — Raiz com diametro do canal menor que o didmetro da broca Largo
n°5; B — Broca Largo n®5 posicionada para inicio do preparo radicular.

Os dentes foram limpos e armazenados em agua destilada até o inicio da
pesquisa. Posteriormente, a coroa de cada dente foi removida abaixo da juncéo
cemento/esmalte (JCE), usando-se um disco diamantado em baixa velocidade
(lIsomet 1000, Buehler, Lake Bluff, IL, USA) sob resfriamento com agua. Para
padronizar o comprimento do canal radicular para esta pesquisa, as raizes foram

cortadas em 17.0 mm de comprimento (Figura 4A-D).
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Figura 4. A — Profilaxia dos dentes com escova de Robinson e pasta profildtica; B —
Raiz seccionada da coroa e padronizacdo do comprimento em 17,0mm; C - Desgaste
radicular com lixa de carbeto de silicio de granulagdo 600.

2.2 Preparo radicular para cimentacao dos pinos.

Em seguida, as raizes receberam instrumentagdo endoddntica com lima n°35
no terco apical (Maillefer, Ballaigues, Switzerland) para um comprimento de
trabalho de 1.0 mm aquém do apice. Limas K de aco inoxidavel (Union Broach,
New York City, NY, USA) e brocas Gates-Glidden (tamanhos de 3 a 5; Union
Broach) foram utilizadas no preparo radicular. Irrigagdo com agua destilada foi
realizada durante alargamento do canal radicular e também apds cada mudanga
de lima e/ou broca. Ao término, o canal foi lavado com agua destilada, seco com
cones de papel (Dentsply-Maillefer, Ballaigues, Switzerland), e obturado com
cones de guta-percha (Dentsply-Maillefer). Para o preparo do espaco endodéntico,
0 excesso de guta-percha foi removido com brocas Largo n°4 e n°5 (Figura 5A-D),
em sequéncia. Selamento apical minimo de 5.0 mm de guta-percha foi deixado no

terco apical do canal radicular.
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Figura 5. A — Canal endodontico obturado com guta-percha; B — Marcagdo da
profundidade (12,0 mm) de desobturacio do canal em régua milimetrada; C — Broca
Largo n°4 posicionada na entrada do canal; D — Alcance da profundidade desejada
indicada pelo posicionamento do cursor (azul) em contato com a raiz.

2.3 Procedimentos de Cimentacao

Para todos os grupos, os cimentos resinosos utilizados neste estudo, apdés
sua manipulacdo, foram inseridos no canal radicular com auxilio de uma seringa
de insulina, a qual tinha acoplada uma agulha de tamanho 19G. O uso da seringa
de insulina objetivou evitar a formacao de bolhas de ar no interior do conduto apés

o preenchimento com o cimento (Figura 6).
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Figura 6. A — Seringa de insulina (remog¢do do bisel para permitir melhor adaptacao
da agulha no conduto radicular); B - Inser¢do do cimento na seringa de insulina; C —
Adaptacdo da agulha no interior do canal; D — Insercdo do cimento dentro do canal
com auxilio da seringa para evitar a formacao de bolhas.

Todos os cimentos resinosos utilizados neste estudo foram misturados e
manipulados de acordo com as recomendacdes de seu respectivos fabricantes. Os
pinos de fibra de vidro (Reforpost, Angelus, Londrina, PR, Brasil) com 1.5 mm de
didmetro, utilizados em todos os grupos de estudo foram cimentados e
polimerizados por 40 s, usando-se uma unidade de luz halégena (Optilux 501,
Kerr/Demetron, Orange, CA, USA), com uma intensidade média de luz de
600mW/cm? , acompanhada pelo radidmetro do aparelho de fotopolimerizacdo
(Figura 7).
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Figura 7. A — Cimentag¢do do pino de fibra de vidro; raiz protegida por cera ,
evitando polimeriza¢do do cimento através da passagem de luz pela lateral da Raiz;
B — Remogdo dos excessos com espdtula de insercdo n°0l; C e D — Pino

posicionado no conduto (C) e polimerizagcdo do cimento por 40s.

No grupo UNC (Unicem, 3M ESPE, St Louis, Mo, USA), n=10, uma capsula
foi inserida em um dispositivo especial (Aplicap™ activator; 3M ESPE) e ativada
por 3 s. Na sequéncia, o cimento resinoso auto-adesivo (capsula) foi misturada em
uma unidade de mistura em alta frequéncia (Capmix™™; 3M ESPE) durante 15 s
(Figura 8). A capsula foi inserida em um dispositivo de aplicacéo (Aplicap™ Aplier,
3M/ESPE) e o cimento foi inserido na seringa de insulina.
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Figura 8. A — Cépsula do cimento RelyX Unicem acoplada a maquina de ativag¢@o
mecanica do material. 7B — Maquina de ativacdo mecnica (Capmix ™; 3M ESPE)
do cimento resinoso RelyX Unicem (3M/ESPE).

Posteriormente, os pinos de fibra foram parcialmente cobertos com o agente
de cimentacéao e finalmente inseridos no interior do canal radicular realizando uma
leve vibracao manual (Figura 6A-B).

No grupo UCE (U100, 3M ESPE, St Louis, Mo, USA), n=10, apds o descarte
do cimento proporcionado no primeiro “click” do dispensador, por¢gdes iguais de
pasta base e catalisadora foram dispensadas sobre uma placa de vidro e
misturadas por 30 s com auxilio de uma espatula de manipulacdo numero 24
(Figura 9). O cimento foi inserido no canal também com auxilio de uma seringa de

insulina e o pino de fibra cimentado como descrito previamente.

Figura 9: A — Proporcionamento do cimento RelyX U100 sobre placa de vidro; B —
Mistura do cimento com auxilio de espétula 24.
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No grupo ASR (Scothbond Multipurpose, SBMP, 3M/ESPE), n=10, o sistema
adesivo dentinario foi utilizado respeitando-se as recomendacbes do fabricante
para cimentacao adesiva. Apos condicionamento, com gel de acido fosférico 37%
(H3PO4) durante 15 s, lavagem com agua destilada por 15 s foi realizada e o tecido
dentinario foi gentilmente seco com cones de papel absorvente, ativador do primer
foi aplicado com microbrush por 5 s, seguido da aplicagcao do primer, secagem por
5 s, e finalmente foi realizada a aplicagdo do catalisador (Figura 10) também com

microbrush.

Figura 10. A — O sistema adesivo do grupo ASR foi o Scothbond Multipurpose
utilizado com ativador do primer (1.5), Primer (2.0) e catalizador (3.5); 9B —
Cimento usado no grupo ASR: RelyX ARC dual cement.

Em cada etapa, o excesso de material dentro do canal radicular foi removido
usando-se pontas endoddnticas de papel absorvente. Na sequéncia, o catalisador
(Catalyst, SM/ESPE) foi aplicado ao pino imediatamente antes da cimentacao e
apds o mesmo ter sido limpo com etanol (96%) e seco completamente. Apds o
descarte do cimento proporcionado no primeiro “click” do dispensador,
quantidades iguais de pasta base e pasta catalisadora, do cimento resinoso dual
(RelyX ARC, 3M/ESPE) foram misturadas com uma espatula numero 24, sobre um
bloco de papel impermeavel e inserido no canal com auxilio de uma seringa, e 0s
pinos foram cimentados no canal e fotoativados como previamente mencionado.

No grupo SBR (Scothbond Multipurpose, SBMP, 3M/ESPE), n=10:

condicionamento dentindrio com &cido fosférico 37% durante 15, lavagem com
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agua destilada por 15 s. Posteriormente o canal foi seco com cones de papel
absorvente, conduzida a aplicacdo do primer, secagem por 5 s, aplicacao do
adesivo (BOND). Fotoativacado por 20s. Em seguida o cimento RelyX ARC (3M

ESPE), foi usado do mesmo modo como no grupo anterior.

Figura 11. A — O sistema adesivo do grupo SBR foi o Scothbond Multipurpose
utilizando o primer (2.0) e Bond (3.0); 10B — Cimento usado no grupo SBR: RelyX
ARC dual cement.

Para o grupo CEP (Clearfil SE Bond, Kuraray™, Tokyo, Japan / ED Primer,
Kuraray ™, Tokyo, Japan), n=10. Inicialmente foi aplicado ativamente o “primer’ por
20 s e em seguida o excesso foi removido com cones de papel absorvente, na
sequéncia leves jatos de ar foram aplicados para a evaporacdo do solvente. Uma
camada do agente adesivo (BOND) do sistema adesivo Clearfil SE Bond (CFSB)
foi aplicada nas paredes do canal. O excesso também foi removido com cones de
papel e novo jato de ar por 3 s foi aplicado conforme recomendacéo do fabricante.
A polimerizagdo foi feita durante 10 s com uma unidade de luz halégena
(600mW/cm?). Apds, uma gota do liquido do “primer A” e uma gota do liquido do
“primer B’ do sistema ED Primer, foram misturadas e aplicadas dentro do canal
radicular. Quantidades iguais de pasta base e catalisadora do cimento resinoso
dual Panavia™ F 2.0 (Kuraray, Tokyo, Japan) (Figura 12), foram manipuladas e
inseridas na raiz usando-se seringa de insulina. O pino de fibra foi finalmente
coberto com o cimento resinoso e inserido no canal, seguido de fotoativagéo por
40 s.
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Figura. 12 No grupo CEP foram utilizados os seguintes materiais: A — Sistema
adesivo auto-condicionante fotopolimerizavel Clearfil SE Bond; B - Sistema adesivo
auto-condicionante autopolimerizdvel ED Primer (Kuraray); C — Cimento resinoso
dual Panavia F2.0 (Kuraray).

No grupo (n=10) CFP (Clearfil SE Bond, Kuraray™, Tokyo, Japan) o sistema
adesivo auto-condicionante de dois passos foi usado como no grupo anterior
(Figura 13). Porém, o sistema adesivo “ED Primer” ndo foi utilizado durante a
técnica adesiva. O cimento resinoso dual Panavia F2.0 foi usado como descrito
para o grupo CEP.

Figura 13. A — O sistema adesivo do grupo CFP foi o Clearfil SE Bond (Kuraray);
B — Cimento usado no grupo CFP: Cimento resinoso dual Panavia F2.0.
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2.4 Teste de resisténcia adesiva por “Push-out”

As raizes foram seccionadas transversalmente ao longo eixo do dente
usando-se um disco diamantado (Isomet 1000, Buhler, Lake Bluff, IL, USA) em
baixa velocidade sob constante refrigeracdo com agua (Figuras 15A-D).

A primeira fatia cervical (com aproximadamente 1.0 mm de espessura) foi
descartada para a remog¢ao da camada mais externa do cimento resinoso que

poderia ter sofrido inibicado de polimerizagao por oxigénio (Figura 14).
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Figura 14. a — Fatia do terco cervical com 1.0 mm de espessura; b - fatia do ter¢o
médio com 1,0 mm de espessura; ¢ — fatia do terco apical com 1,0 mm de espessura.

Cada fatia foi identificada sobre sua face coronal com um marcador
permanente, de acordo com os tercos (apical, médio e cervical). Apds, as fatias de
todos os grupos foram armazenados por 24h a 37°C em um ambiente com 100%
de umidade, antes da realizagao do teste de push-out.
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Figura 15. A — Raizes fixadas em placa de acrilico com cera utilidade e coberta com
cera pegajosa para fixacao na placa; B — Cortadeira metalografica utilizada nos cortes
das raizes; C — Disco diamantado posicionado durante corte das fatias; D — Fatias
representativas dos tercos cervical, médio e apical.

O diametro do canal e a espessura de todas as amostras foram medidos
usando-se um paquimetro digital (Starret 727 — Starret Industria e Comércio Ltda —
Itu, SP, Brazil) (Figuras 16). A face apical de cada fatia foi identificada e
posicionada sobre uma plataforma com um orificio no centro, em uma maquina
universal de teste (EMIC DL 500, Sao José dos Pinhais, PR, Brazil). O teste push-
out foi conduzido pela aplicagdo de carga compressiva no lado apical de cada fatia
usando-se um dispositivo cilindrico de 0.7 mm de didmetro preso a maquina teste.
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Figura 16. A — Paquimetro Digital utilizado nas medicdes das fatias; B — Fatia
posicionada para medi¢do da espessura; C — Fatia posicionada na plataforma para
inicio do teste de resisténcia adesiva (push-out); D — Conjunto preparado para o inicio
do teste push-out na maquina de teste universal EMIC DL 500.

O teste foi conduzido na velocidade de 0.5 milimetros por minuto, até a falha
adesiva ocorrer. A carga maxima foi gravada em Newton (N) e convertido em
Mega Pascal (MPa) dividindo a carga aplicada pela area de adesao (A). Esta area
de adeséo correspondia a area da parede interna do canal da fatia da raiz. Como o
preparo foi padronizado pelo didmetro da broca Largo #5, considerou-se esta area
de adeséo, como sendo a area de um cilindro reto descontando-se as areas de
sua base superior e inferior, o que pode ser traduzido através da férmula a seguir:

A = 2nr x espessura.
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2.5 Teste de Nanoinfiltracao

Dezoito raizes selecionadas para a avaliacdo da nanoinfiliragdo foram
restauradas e cortadas como previamente descrito. Trés raizes de cada grupo
experimental foram utilizadas para a analise dos padrdes de nanoinfiltracdo (n=3).
As fatias obtidas de cada raiz com o pino foram imersas em solucéo de nitrato de
prata (AGNO3z) ammoniacal a 50% (Tay et al. 2002) (Figuras 17A-D) durante 24
horas em ambiente escuro a 37°C (Figura 18A-D). Posteriormente, as amostras
foram vigorosamente lavadas com agua destilada por 2 minutos e imersas em
solucdo fotorreveladora (Kodak — Developer D-76 — Kodak Brasileira, Ind. and
Com. Ltda., Sao José dos Campos, SP, Brazil) durante 8 horas sob luz
fluorescente para reduzir ions prata em grdos metalicos de prata dentro dos
espagos vazios na interface adesiva (Figura 19).

As amostras foram incluidas em resina de poliestireno e polidas em uma
maquina (Politriz/Lixadeira Metalografica Erios PL02, ERIOS Equip. Técnicos e
Cientificos Ltda., SP, Brazil) usando-se lixa de papel (SIC) em granulacdes de
600, 1200 e 2000, respectivamente, e polidos com pasta diamantada em
granulacdo decrescente (3um, 1um and 0.25um). As amostras foram submetidas
a banhos em ultrassom (Ultrasound Ultrassom 1440 D — Odontobras Ind. and
Com. Med. Odont. Ltda, Rio Preto, SP, Brazil) por 10 minutos entre cada

procedimento de polimento, visando a remogéao de detritos.
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Figura 17. A — Cristais de Nitrato de prata P.A; B — Solubilizacdo do nitrato de prata
a 50%; C — Tamponamento da solucdo com Hidréxido de Amdnia; D — Solucdo de
nitrato de prata 50% amoniacal pronta para ser utilizada no teste de nanoinfiltracdo.

Figura 18. — Fatias imersas em solu¢do de nitrato de prata 50% amoniacal e
devidamente identificadas.
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Figura 19. — Fatias imersas em solugdo foto-reveladora por 8h sob luz fluorescente
para reduzir fons prata em grdos metdlicos de prata dentro dos espacos vazios na
interface adesiva.

As amostras foram secadas com papel absorvente, e imersas em solucao de
acido fosforico 85% por 30 s, lavados com agua destilada e imersas em hipoclorito
de sodio 10% por 10 min. A seguir, os espécimes foram submetidos a banhos em
alcool etilico na sequéncia crescente de concentracdes (25%, 50%, 75%, 90% e
100%) durante 10 min. cada. As amostras foram cobertas com carbono (Bal-Tec —
SCD 050 — Sputter Coater, MED 010, Balzers Union, Balzers, Liechtenstein) para
analise em microscopio eletrénico de varredura (MEV) (JEOL JSM - 5600 LV,
Tokyo, Japan), operando em alto vacuo a 20KV através do modo de elétrons retro
espalhados. As imagens das amostras infiltradas com nitrato de prata ammoniacal
foram analisadas usando-se o programa “Image J”, para medir a interface adesiva
e calcular a porcentagem de area infiltrada pelo nitrato de prata.

Neste programa “Image J”, apés a abertura da imagem a ser analisada,
selecionou-se a escala a ser utilizada na leitura para micrometros (um). Em
seguida, foi realizado o ajuste de cores selecionando “Edit/Options/Colors” e
alterando a cor de fundo para preto (Black). Apdés delimitacdo da area a ser
analisada (interface adesiva), com a ferramenta ‘polygon selections”, utilizou-se
outra ferramenta “Threshold” para visualizar na imagem somente a area desejada
(nanoinfiltracdo). O proximo passo foi analisar esta nova imagem com a
ferramenta “Analyse particles” para quantificar o percentual da é&rea de

nanoinfiltragdo. Esse dado ordinal foi separado e submetido a analise estatistica. A
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andlise estatistica dos dados obtidos na nanoinfiltragdo foi realizada seguindo um
delineamento inteiramente casual com parcela subdividida, em que os fatores em
estudo foram os cimentos e a parcela, o tergo radicular e foi aplicado o teste de
Tukey para comparagdes multiplas.

2.6 Clorexidina

Para avaliar a influéncia da solugcdo de Digluconato de Clorexidina 2%
(Figura 20) na resisténcia adesiva (push-out) dos cimentos resinosos auto-
adesivos utilizados neste estudo, outros dois grupos foram formados: Digluconato
de Clorexidina 2% + RelyX Unicem (UNX); Digluconato de Clorexidina 2% + RelyX
U100 (UCX) com dez raizes cada um (n=10).

orexoral 2}

Figura 20. Solucdo de desinfeccdo de canal radicular a base Digluconato de
Clorexidina 2% (Clorexoral 2%, Biodinamica, Parand, Brasil).

As raizes foram preparadas como previamente mencionado e o canal
radicular foi irrigado com a solugao de clorexidina durante 1,0 min. O excesso da
solucdo foi removida de dentro do canal com cones de papel absorvente. Em
seguida o canal foi irrigado com agua destilada e seco com cone de papel
absorvente. A seguir, a cimentacao do pino de fibra de vidro foi realizada com os
cimentos auto-adesivos da mesma forma como descrita nos outros grupos UNC e
UCE. Para a analise da nanoinfiltragdo as amostras foram obtidas da mesma

maneira como descrito anteriormente, porém a analise foi qualitativa.
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