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Lima LRC. Avaliacdo da efetividade de cimentos resinosos auto-adesivos aplicados
sob diferentes pré-tratamentos da dentina radicular na resisténcia adesiva de pinos
de fibra de vidro [Tese de Doutorado]. Araraquara: Faculdade de Odontologia da

Unesp; 2013.

RESUMO

A retencéo de pinos pré-fabricados de fibra de vidro utilizados na restauracao
de dentes com tratamento endodéntico é baseada na sua unido as superficies das
paredes do canal radicular por meio dos agentes de fixacao resinosos. Os cimentos
resinosos auto-adesivos surgiram recentemente com o objetivo de simplificar o
procedimento de cimentacao, porém seu desempenho clinico ainda é controverso na
literatura. Assim, o proposito desse trabalho é avaliar a efetividade de cimentos auto-
adesivos sob diferentes condicbes de tratamento da dentina na resisténcia a
extrusdo de pinos de fibra de vidro cimentados intrarradicularmente. Foi avaliada a
resisténcia adesiva (push-out) de pinos de fibra de vidro utilizando cimentos
resinosos auto-adesivos e, diferentes substancias para o tratamento dentinario
(acido poliacrilico 11,5%; EDTA 17% e hipoclorito de sodio) previamente ao
procedimento de cimentacdo. Foi avaliado também o tipo de falha entre o
pino/cimento/dentina através de microscopia optica. Foram utilizados 216 unidades
experimentais, em forma de discos com aproximadamente 1 mm de espessura,
retirados de 72 raizes bovinas restauradas com retenc¢des intra-radiculares. Foi
utiizada uma maquina de ensaios universais MTS 810 Material Test System, a

velocidade de 0,5 mm/min™, com célula de carga de 50 Kg, para avaliacdo da



resisténcia push-out nos diferentes tercos de cada corpo-de-prova. Os valores de
resisténcia em kgf, foram convertidos para Mpa. Os dados foram submetidos ao
teste kruskall wallis com post-hoc com teste dunn, com nivel de significancia de 5%.
Os resultados mostraram que o pré-tratamento dentinario ndo influenciou na
resisténcia adesiva, e que o cimento auto-adesivo RelyX U100 parece ser uma

opcéao viavel na cimentacéo de pinos de fibra.

Palavras chave: Cimentos de resina; cimentos dentarios; pinos dentarios.



Abstract



Lima LRC. Evaluation of the effectiveness of self-adhesive resin cements applied
under different pre-treatment of root dentin on the bond strength of fiber posts [Tese

de Doutorado]. Araraquara: Faculdade de Odontologia da Unesp; 2013.

ABSTRACT

The retention of prefabricated fiberglass posts used in the restoration of
endodontically treated teeth is dependent on their bond between the surface of the
post and the root canal walls by means of resin cements. The self-adhesive resin
cements have recently introduced to simplify the procedure for cementing, but their
clinical performance is still controversial in the literature. Thus, the objective of this
study is to evaluate the effectiveness of self-adhesive cements under different pre-
treatment of dentin in the resistance to extrusion of fiberglass posts. Prior to
cementing procedure, the pre-treatment of dentin was performed with 11.5%
polyacrylic acid, 17% EDTA or sodium hypochlorite. The type of failure between the
post/cement/dentin was evaluated by steriomicroscopy. Two hundred and sixteen
bovine dentin discs were used. The disks had approximately 1 mm of thickness and
they were taken from 72 bovine roots restored with intraradicular retentions. It was
employed a universal testing machine MTS 810 Material Test System at a speed of
0.5 mm/min-1 with a load cell of 50 kg to evaluate the push-out resistance in different
thirds of each sample . The values of resistance in kgf were converted to Mpa. Data
were submitted to Kruskal-Wallis test with Dunn post-hoc test with significance level

of 5%. The results showed that pre-treatment had no effect on dentin bond strength,



and that the self-adhesive cement RelyX U100 appears to be a viable option in the

cementation of fiber post.

Key-words: Resin Cements; dental cements; dental pins.
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1 INTRODUCAO

O tratamento restaurador de dentes tratados endodonticamente e com grande
destruicdo deve ser realizado por meio de procedimentos que os protejam de cargas
mastigatorias, devolvendo a funcao e a estética.

DestruicOes extensas devido a lesdes cariosas, fraturas, acesso endodontico
incorreto, substituicbes de restauracdes ou reabsor¢cbes internas levam a
necessidade, normalmente, da utilizacdo de pinos intrarradiculares e nucleos de
preenchimento para reter a restauracéo final*®.

Os pinos ndo metalicos surgiram com a principal vantagem de permitir uma
adesdo a dentina através de cimentos resinosos. Inicialmente surgiram os pinos
ceramicos, posteriormente, os pinos de fibra, os quais apresentam propriedades
mecanicas proximas as da estrutura dentaria, especialmente o modulo de
elasticidade semelhante ao da dentina, possibilitando uma melhor distribuicdo das
forcas ao remanescente dentario®™. Os pinos de fibra de vidro se destacam por sua
translucidez natural e proporcionar um excelente resultado estético®?°.

Devido as caracteristicas de rigidez semelhante a dentina, os pinos de fibra
de vidro absorvem as tensdes geradas pelas forcas mastigatorias e protegem o
remanescente radicular. Também possibilitam a construcdo de uma unidade
mecanicamente homogénea, devido aos materiais que compdem esse conjunto
(estrutura dental, agente de fixacéo e pino)™**.

Existem diferentes parametros a serem considerados para correta selecao
dos pinos que podem influenciar na sua retencdo®*, uma vez que sua resisténcia,

capacidade de adesdo ao cimento®, formato®®, comprimento e diametro*?, estrutura
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superficial, material e tratamento superficial sdo fatores que afetam diretamente
nessa retencdo™’.

Para a obtencéo de sucesso na fixacdo dos pinos intrarradiculares estéticos,
a selecdo do agente cimentante é fundamental. Segundo os fabricantes, a
cimentacdo dos pinos de fibra de vidro deve ser adesiva, jA que sua nhatureza
quimica é semelhante ao Bis-GMA, comumente presente nos materiais resinosos,
ndo necessitando, dessa forma, tratamento prévio a cimentacdo'®%. Entretanto,
apesar das vantagens da cimentacdo adesiva, muitos fatores podem interferir na
formacdo da camada hibrida ao longo das paredes do canal radicular e na real
polimerizacdo do agente cimentante, o que pode determinar o fracasso do
tratamento restaurador pela soltura do pino por falta de retencdo. Dentre os fatores
que interferem na cimentacdo adesiva, pode-se citar: morfologia da dentina intra-
radicular, sistema adesivo, cimento resinoso e forma de polimerizacdo do cimento

5

resinoso®?°, |19

Roberts et al.”” também ressaltam a dificuldade de acesso da luz
fotoativadora nas areas mais apicais do conduto radicular.

Nos procedimentos de cimentacdo de pinos intrarradiculares, cimentos
resinosos de ativacdo dupla vém sendo utilizados em substituicdo aos de ativacao
exclusivamente quimica por possibilitar um maior tempo de trabalho®. Idealmente, o
cimento resinoso de dupla ativacdo deve ser capaz de obter um grau de
polimerizacdo, por meio somente da sua ativacao quimica, similar a alcancada pela
sua dupla ativacdo. Porém, nas regifes mais apicais do canal radicular, a luz do

aparelho fotoativador pode nédo ser efetiva para desencadear a porcao de ativacao

fisica da reacéo de polimerizacao.
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Estudos recentes tém demonstrado que o principal mecanismo de retencao
dos pinos ao canal radicular ndo é adesivo, mas de natureza friccional”*°. Uma boa
retencdo dos pinos de fibra de vidro parece ser dependente do grau de conversao
do cimento resinoso, 0 que ira influenciar nas suas propriedades mecanicas e na
sua interacdo com o sistema adesivo utilizado. Porém, nos ultimos anos, tém surgido
novas formulagcdes de cimentos resinosos com capacidade auto-adesiva. Esses
cimentos apresentam a vantagem de ndo necessitar da etapa de condicionamento
acido e sistema adesivo, convencionalmente utilizados, facilitando o procedimento e
eliminando a possibilidade de falhas durante a aplicacdo do sistema adesivo. Essas
simplificacdo da técnica torna esse tipo de cimento uma alternativa vantajosa para
utilizacao clinica. Porém, a literatura ainda é controvérsia com relacao a resisténcia
adesiva dos cimentos auto-adesivos comparados aos convencionais duais no
processo de cimentacao de pinos intrarradiculares.

Radovic et al.*®

mostraram que RelyX Unicem é o cimento mais estudado de
cimento auto-adesivo na literatura publicada e as suas caracteristicas sao
amplamente descritas pelo fabricante.

A deposicao de restos de tecido dentinario provenientes do preparo do
conduto radicular para receber o retentor contribui para a formacao de uma estrutura
amorfa, aderida as paredes do canal radicular, denominada lama dentinaria (smear
layer). Quando esse material € depositado no interior dos canaliculos, recebe a
denominacéo de smear plug, que pode dificultar a adesividade de alguns materiais.

Os cimentos resinosos auto-adesivos apresentam acidos fracos em sua

composicdo, ndo sendo efetivos em dissolver completamente a camada de lama

dentinaria nas paredes do canal (smear layer) como os acidos fosforicos usados
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convencionalmente em cimentos resinosos duais, tendo como conseqiéncia menor
resisténcia adesiva'®*'.

A literatura mostra que a camada de smear layer pode ser removida de varias
maneiras, como a utilizagéo de agentes quelantes como o EDTA ou a utilizacédo de
acidos, como o poliacrilico e o fosférico®. Dependendo do tempo e concentracdo
dessas substancias, ocorre a remocao total ou parcial da smear layer. Apesar dos
fabricantes da maioria dos cimentos auto-adesivos ndo recomendarem a remocao
prévia da smear layer, este procedimento pode ser vantajoso para uma melhor forca
de adesao destes cimentos.

Além disso, com o crescente uso dos pinos estéticos e 0 surgimento destes
novos sistemas resinosos de cimentacdo com capacidade auto-adesiva, torna-se

necessario avaliar técnicas de limpeza prévia do canal radicular para proporcionar

um melhor desempenho de todo o sistema de retencao.



2 Objeti\/o
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2 OBJETIVO

1 Objetivo Geral
O propésito desta pesquisa foi avaliar efetividade de cimentos resinosos auto-
adesivos sob diferentes condi¢cfes de tratamento prévio da dentina na resisténcia a

extrusdo de pinos de fibra de vidro cimentados intrarradicularmente.

2 Objetivos especificos:

a. Avaliar a influéncia de diferentes pré-tratamentos da dentina radicular
previamente a aplicacdo de cimentos resinosos auto-adesivos na resisténcia
a extrusdo de pinos de fibra de vidro, nos diferentes tercos da raiz (cervical,

meédio e apical)

b. Avaliar o tipo de fratura na interface pino/cimento/dentina com microscopia

Optica.

c. Fazer uma revisdo atualizada da utilizacdo de cimentos resinosos auto-

adesivos na cimentacao de pinos de fibra de vidro.



% Capitulos
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3 CAPITULOS

3.1 Capitulo 1

Influence of different root dentin pretreatment in self-adhesive cements to fiber

posts

Luiz Rafael Calixto, DDS, MSc, Matheus C. Bandeca, DDS, MSc, PhD, Matheus
Tonetto, DDS, MSc, Osmir Batista O. Junior, DDS, MSc, PhD Edson Alves de
Campos, DDS, MSc, PhD and Marcelo F. Andrade, DDS, MSc, PhD

From the Department of Restorative Dentistry, Araraquara Dental School, Séo

Paulo State University, SP, Brazil;

Address requests for reprint to Luiz Rafael Calixto, Araraquara Dental School,
Department of Restorative Dentistry, Rua Humaita 1680, Centro, Zip Code 14801-
903 Araraquara, SP, Brazil. Phone Number: 16 3301-6388. e-mail address:

Ircalixto@hotmail.com.
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ABSTRACT

The self-adhesive resin cements have recently introduced to simplify the
procedure for cementing. The objective of this study is to evaluate the effectiveness
of self-adhesive cements under different pre-treatment of dentin in the resistance to
extrusion of fiberglass posts. Prior to cementing procedure, the pre-treatment of
dentin was performed with 11.5% polyacrylic acid, 17% EDTA or sodium
hypochlorite. The type of failure between the post/cement/dentin was evaluated by
steriomicroscopy. Two hundred and sixteen bovine dentin discs were used. The
disks had approximately 1 mm of thickness and they were taken from 72 bovine roots
restored with intraradicular retentions. The values of push-out resistance in kgf were
converted to Mpa. Data were submitted to Kruskal-Wallis test with Dunn post-hoc
test with significance level of 5%. The results showed that pre-treatment had no
effect on dentin bond strength, and that the self-adhesive cement RelyX U100

appears to be a viable option in the cementation of fiber post.

Key-words: Resin Cement; fiber post; adhesive strength.

INTRODUCTION

Posts and core are frequently used in endodontically treated teeth that
suffered excessive loss of coronal tooth structure 3. According to manufacturer, the
fiber posts luting must be adhesive, as it have already BisGMA in its composition +*.

Some factors as root canal dentin morphology, bond system, luting cement, and its
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cure may interfere in the hybrid layer formation along the root canal walls, affecting

the post retention.

Various luting agents have been proposed for bonding FRC (fiber reinforced
composite) posts to root canal dentin. According to the adhesive strategy, the
currently available resin-based cements and accompanying bonding systems can be

classified as etch-and-rinse, self-etch, and self-adhesive luting agents’.

Self-adhesive cement does not require rinsing, decreasing the problem of
substrate moisture control, thus simplifying the clinical procedure. No dentin
pretreatment is indicated in this one-step technique. This simplification allowed by

self-adhesive resin cements is attractive to clinicians.

Radovic et al.® showed that RelyX Unicem is the most investigated self-
adhesive cement in the published literature and its features are by far the most

extensively explained by the manufacturer

Although several studies have indicated that the bond-strength values of self-
adhesive cements are comparable to, or even higher than, those of conventional
luting strategies, their limited etching capability in the presence of the compact smear

layer created within the endodontic space is a matter of concern®.

The literature shows that smear layer can be removed in different ways, such
as using chelating agents - EDTA, or using acids - polyacrylic and phosphoric
acids’®. The total or partial smear layer removal occurs according to time and
concentration of these substances. Although the most self-adhesive cements
manufacturers do not recommend the prior smear layer removal, this procedure may

be advantageous for a better adhesion strength of these cements.
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Thus, after preparation of root canal for placement of a intraradicular retainer,
there is necessity of cleaning root canal walls. Therefore, it is convenient to evaluate

the optimal solution for cleaning root canals in cases of using self-adhesive cements.

MATERIALS AND METHODS

Freshly extracted bovine incisors (216) with mature apices and without root
curvature were obtained for this study. A digital pachymeter was employed to
measure the teeth in three root regions: cervical (RC), middle (RM) and apical (RA),
in mesion—distal (RMD) and buccolingual (RBL) direction, in all root length (RT). After
this analysis, an average of the root dimensions was determinated and 56 teeth were
selected.

For the endodontic treatment, a step-back preparation technique was used
with stainless steel K-files and Gates-Glidden (Moyco Union Broach, York, PA) (drills
#2 to #4). All enlargement procedures were followed by irrigation with 1% sodium
hypochlorite. Afterwards, the prepared root canals were obturated with gutta-percha
cones by using the lateral condensation technique and AH Plus resin sealer
(Dentsply). Subsequently, the filled roots were stored in distilled water at 37° for 48
hours.

After the storage period, the root canals were prepared to ensure a
standardized space for post insertion. The canal space of each root was firstly
enlarged with Gates-Glidden #3, permiting access for #3 post drill with a low-speed

hand piece, to a depth of 11mm.
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Double conicity glass fiber translucent posts (#3 White post DC, FGM) and
different resins cements systems were utilized in this study, originating 9

experimental groups (n=8) (table 1).

Tabela 1: Groups and composition of the luting agents by the manufactures.

RESIN COLOR COMPOSITION MANUFACTURE
CEMENT
Variolink® Il Transparent BisGMA, UEDMA, TEGDMA, ytterbium Ivoclar/Vivadent

trifluoride, Benzoyl Peroxide, initiators,
inorganic particles

Relyx™ U100 Translucent Phosphoric acid methacrylate ester, TEGDMA, 3M / Espe
silica, glass, calcium hydroxide, sodium
Toluenosulfinato, sodium persulfate

Maxcem Elite™ Clear Resin matrix (glycerol dimethacrylate), co- Kerr
methacrylate monomers, photoinitiators,
particularly inorganic

In all groups, the posts were cleaned with 35% phosphoric acid for 60 seconds
followed by water rinsing and air drying. Then, a silane coupling agent (Ceramic
Primer — 3M/Espe) was applied in a single layer on the posts surface for 60 seconds
and then, dried with air. One coat of bond (Scotch bond Multi- Purpose - 3M/Espe)
was also applied, when necessary (group 1). The root canal pre-treatment was
performed de according with the different groups.

For the etch-and-rinse resin cements (group 1) the root canal dentine was
etched with 35% phosphoric acid for 15 seconds and rinsed for 30 seconds with
water. After removing the water excess from the root canal with paper points, one
layer of the primer (SBMP — 3M Espe) was applied with a microbrush and gently air-
dried for 5 seconds. Subsequently, the bond (SBMP — 3M Espe) was applied and
dried with paper points to remove the excess, and light-cured for 40 seconds by a

LED light-curing unit Elipar Freelight Il (3M/Espe), with 900mW/cm? intensity.
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For the cementation of glass fiber posts, equal amounts of resin cements
agents, base and catalyst, were mixed and applied onto the posts surface and into
the roots canal with a periodontal probe. Then, the post was inserted and cemented
into the root canal with light finger pressure, and the luting material excess was
immediately removed.

The cement was light cured for 40 seconds with the tip positioned parallel to

the pin (at its base) and over 40 seconds at 45° with the long axis of the pin.

For the self-adhesive resin cements groups (2, 3, 4, 5, 6, 7, 8 and 9), the pin
was cleaned with phosphoric acid followed by silane application, according to the
protocol described for group GL1. It was not necessary adhesive application. The root
canal preparation was performed according to the different groups, with their

respective dentine pretreatments, as mentioned in table 2.

Tabela 2: Resin cement and the pre-treatment of root canal

GROUPS RESIN CEMENT DENTIN PRETREATMENT
Gl Variolink® 11 Fosforic acid — 35%
G2 Relyx ™ U100 distilled water
G3 Relyx™ U100 EDTA 17% for 1 minute
G4 Relyx™ U100 Poliacrilic acid 11,5% for 30 seconds
G5 Relyx™ U100 Nacl for 1 minute
G6 Maxcem Elite™™ distilled water
G7 Maxcem Elite ™ EDTA 17% for 1 minute
G8 Maxcem Elite™ Poliacrilic acid 11,5% for 30 seconds

G9 Maxcem Elite ™ NacCl for 1 minute
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Different types of dentine pre-treatment were employed in order to remove or
modify the smear layer. For Groups 2 and 6 the root dentine surface was irrigated
with distilled water (no treatment groups). Prior to the resin cement application, for
groups G3 and G7, 17% EDTA (ethylenediaminetetraacetic acid) solution was
applied for a time of 1 minute and followed by rinsing with water for 1 minute. In the
groups G4 and G8, 11.5% polyacrylic acid was applied for 1 minute, followed by
rinsing with water at the same time. Sodium hypochlorite (NaCl) was used for groups

G5 and G9 during 1 minute, followed by rinsing with water.

The self-adhesive cements manipulation and pin insertion was similar to that

described for group 1.

After all cementation procedures, the specimens were stored in distilled water
for 24 hours at 37°C.

After the storage period, the specimens were sectioned by Isomet 1000 cutting
digital machine (Buehler UK LTD). The roots were divided in three parts, 1mm from
cervical surface. Three 1mm thick precise slabs, separated by 3mm space each,
were obtained per root and they were identified as cervical, middle and apical
specimens. The thickness of each slab was measured by the digital machine cutting
disc position along the root.

Immediately after the slabs were obtained, they were positioned on the push-
out jig (Lmm diameter), which was placed on the Universal Testing Machine (MTS
810 Material Test System) with a cell load of 50Kg, at a crosshead speed of 0.5
mm/min until the post was dislodged.

The retentive strength of the post segment was expressed in MPa, by dividing

the load at failure (Newtons) by the area of the post fragment (S.), by the formula S, =
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T (R + 1) [(h? + (R-r)?]°°. Data were analyzed by using analysis of variance (ANOVA)
with GraphPad Prism 5 for Windows (GhaphPad Software Inc) statistical software,
followed by tukey test at 5% of significance (p<0.05).

After the push-out testing, the specimens were analyzed by stereoscopic
microscope to determine the failure mode [Perdigdo et al. *]: type 1, adhesive
between post and resin cement (no resin cement visible around the post); type 2,
mixed with resin cement covering 0-50% of the post diameter; type 3, mixed with
resin cement covering between 50 and 100% of post surface; type 4, adhesive
between resin cement and root canal (post enveloped by resin cement); type 5,

cohesive in dentin.

RESULTS

Push-out test: The analysis of variance showed statistically significant
difference to resin cements evaluated (p<0 .05) and different thirds of root (p<0.05).
The results of the tukey test are displayed in table 2.

The highest values were found for the groups G3, G4 and G5, and there was
no bond strength significant difference to group G2. The G6 and G9 groups showed
the lowest values and had no statistically differences to G7 and G8. G1 had no
significant difference to G2. G1 and G5 demonstrated statistically lower resistence
values of the apical than the cervical third. G5 had lower values on the apical third
when compared to the middle third. The groups G2, G3, G4, G6, G7, G8 and G9 had

no significant differences along the root thirds.
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The failure modes of groups and level of the root are displayed in table 3. No

cohesive failure in dentin (type V) was observed. Higher incidence of failure type IV

(46,7%) and type Il (29,9%) was observed in comparison to the failure type | (6,4%).

The failure type Il occured in 17% of the cases.

Table 3: Means (standard deviation) of Push-out Bond Strength in MegaPascal (MPa)

Groups Third
Cervical Middle Apical
G1 11.51 (1.6) 10,49 (2.5) 8.46 (2.7)
G2 10.38 (2.2) 11.06 (1.7) 8.30 (2.4)
G3 10.80 (2.0) 10.40 (1.2) 9.28 (2.1)
G4 11.46 (2.5) 10.93 (1.4) 9.61 (1.9)
G5 12.61 (1.9) 12.02 (1.5) 8.25 (1.7)
G6 8.16 (1.4) 8.29 (2.0) 6.82 (2.1)
G7 9.94 (2.9) 9.35 (1.7) 8.11 (1.6)
G8 8.69 (1.5) 8.06 (1.3) 7.74 (2.8)
G9 7.03 (1.6) 6.85 (2.1) 6.41 (1.7)
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Table 4: Failure Modes of groups and level of the root canal after the push-out tests

Group and third Typel Type2 Type3d Typed Typeb5

- G1 Coronal 1 3 2 2 08
- G1 Middle 0 1 1 6 08
- G1 Apical 1 3 0 4 08
- G2 Coronal 0 1 3 4 08
- G2 Middle 1 0 4 3 08
- G2 Apical 0 2 2 4 08
- G3 Coronal 1 2 3 1 07
- G3 Middle 0 0 4 3 07
- G3 Apical 1 3 2 2 08
- G4 Coronal 0 1 1 5 07
- G4 Middle 0 1 2 4 07
- G4 Apical 0 1 4 3 08
- G5 Coronal 0 0 0 6 06
- G5 Middle 0 1 3 3 07
- G5 Apical 1 0 1 6 08
- G6 Coronal 1 0 2 5 08
- G6 Middle 0 2 2 3 07
- G6 Apical 0 1 4 2 07
- G7 Coronal
- G7 Middle . : : : o
- G7 Apical

1 2 1 3 07
- G8 Coronal
- G8 Middle 0 2 3 S o
- G8 Apical 1 1 2 a 08
- G9 Coronal 0 2 3 3 08
- G9 Middle 1 1 2 2 06
- G9 Apical 0 0 4 4 08
Total 13 34 60 94 00

DISCUSSION

The bovine dentine was used in this investigation due the limited availability
and the inhomogeneity of extracted human teeth. Moreover, the bioethical concerns
make it difficult to collect and use human teeth for researches™.

In the present study, the push-out test was performed 24 hours after
adhesive cementation procedures because bond strength can increase during this
period™.

The self-adhesive resin cement present a deficient hybridization of dentin
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along the root canal walls***®. The application of RelyX Unicem and Maxcem to root
dentin does not result in the formation of hybrid layer or resin tags and inability to
etch through the smear layer formed in the root canal*’. But, the self-adhesive resin
cements to root canal dentin seems to be related more to the friction along the canal
walls than to the adhesive bonding to root dentin'®*®. The manufacturer of RelyX
U100 claims that the bonding mechanism of this self-adhesive cement is based on
micromechanical retention and chemical adhesion to hydroxyapatite. A recent study
showed an intense chemical interaction of RelyX U100 with hydroxyapatite®.

Rely-X U100 has limited etching potential when compared with etch-and-
rinse and self-etching adhesive systems. This could possibly be explained by the
methacrylated phosphoric esters present in this cement, which are not as effective as
phosphoric acid in dissolving the thick smear layer in the root canal walls during post
space preparation®*?3. The information of the MaxCem cement is low in the literature.

The use of irrigants such as EDTA has been recommended as extremely
effectively in cleaning the root canal after post preparation and, as a result, improved
the bond strength in each regions of the root dentin®*.

Another irrigant used to clean the root dentin is NaOCI because it has the
ability to remove the smear layer, which is created on the dentin surface during the
post space preparation®. The irrigation of root dentin with 5% NaOCI reduce the
bond strength of resin cements to dentin. This could be explained by an oxygen-
enriched dentin surface after application of NaOCI, which could act as a
polymerization inhibitor of resin materials®®. The polyacrylic acid used as a
pretreatment in glass ionomer cements also has the ability to remove the smear layer

and can use as the root dentin cleaning agent.
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It is likely that phosphoric acid etching is more effective in highly tubular
areas of the coronal root dentin because it removes the thick surfaces smear layer
and the smear plug in dentinal tubules formed during post space preparation to allow
more effective micromechanical retention of resin cements29

In general, the root dentin should be irrigated with CHX or sterile saline
solution before post cementation in order to eliminate the negative effect of NaOCl on
the adhesive bond to dentine®’. But, the study protocol followed the manufacturers’
instructions of RelyX Unicem (3M ESPE, Seefeld, Germany), which recommend the
irrigation of the root dentin with NaOCI followed by water.

The use of ultrasonic instrumentation in association with EDTA has been
suggested for a careful debridement of the post space walls improving performed
prior to cementation®.

Clinical investigations have reported that the most common cause of failure is
debonding of the fiber posts’?"*"Adhesive failure between the dentine and cement
was the main failure mode*®32.In our results, the most samples had failures located
at the cement-dentin interface

The bond strengths were significantly affected by the root canal region, but
not for the self- adhesive resin cement'® 3% 3% According with our results. The
moisture tolerance is probably the factor responsible for the homogeneous bond
strength values of RelyX U100 in all root dentin regions®. Another aspect of the self-
adhesive cements bond strengths to root dentin seem to be related more to the area
of solid dentin than to the density of dentinal tubules®’3*3°,

The results of this study showed the RelyX U100 showed the best

performance among the tested cements. Variolink Il showed similar results to RelyX
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U100 without pretreatment of the dentin. Other studies show the superiority of self-
adhesive cements regarding etch-and-rinse cements” & % 23 30.3%. 36 The mgost of
these tests was performed with the self-adhesive cement (RelyX Unicem). Some
authors speculated that the moisture tolerance of the self-adhesive cement may
explain its favourable adhesion in root dentin®>*’. Other studies revealed lower bond-
strength values for the self-adhesive resin cement RelyX Unicem compare to etch-
and-rinse cement’ 1% 32 38 3% The hond strength obtained for RelyX Unicem was in
the same range with that of Variolink 11*°.

The Maxcem Elite self-adhesive resin cement showed the lowest results of
bond strength, regardless of the type of pre-treatment performed on root dentin
before cementation of the fiberglass post. Other studies show the low performance of
Maxcem compared to RelyX Unicem'® %3, Soares et al., (2012) show in their studies
bubbles in the cement Maxcem, irrespective of the location, and the cement primarily
in the apical area did not appear to have polymerized*?.

Regarding the irrigation solutions, the use of different products for partial
removal of smear layer does not influence on the bond strength of the self-adhesive
resin cements compared with the control distilled water. The RelyX U100 associated

with pretreatment with sodium hypochlorite (recommendation of the manufacturer)

showed the best results.
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ABSTRACT

The self-adhesive resin cements have been introduced to simplify the procedure for
cementing, however their clinical performance to cementation of fiberglass posts is
still controversial in the literature. Over the years, several studies were made to
evaluate bond strength tests with push-out, pull-out and microtensile. The objective
of this paper is to review the self-adhesive cements and fiber posts, the main tests for
bond strength and the microscopic characteristics of the adhesive interface.

Key-words: Resin Cement; fiber post; self-adhesive cements.

INTRODUCION

Fibe-reinforced composite posts (FRC posts) have been commonly used in
endodontically treated teeth and in cases with great loss of dental structure, in order
to provide adequate support and retention, and re-establish aesthetic and function for
the final restoration. The fiber posts have similar rigidness characteristics to dentin
that absorb mastigatory strength and protect the radicular remnant. According to
manufactures, the cementation of fiber posts shall be adhesive, since its chemical
nature is similar to the Bis-GMA, usually found in the resinous material*™.

The adhesive strategy recommended for the bonding of fiber posts, the
currently available resin-based cements and accompanying bonding systems can be
classified as etch- and-rinse, self-etch, and self-adhesive luting agents®.

Each-and-rinse cements require the separate use of phosphoric acid followed
by multi or two step each-and-rinse adhesives before the application of the resin
cement. Self-etch resin cements use an acidic primer, which without rinsing can alter

tooth structure before bonding. Therefore, the clinical steps are simpler than those
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with a etch-and-rinse systems®. Self-adhesive cements do not require any
pretreatment of the tooth substrate: once the cement is mixed, application is
accomplished through a single clinical step®. The simplification allowed by self-
adhesive resin cements is attractive to clinicians’®. This lack of pretreatment reduces
technique and operator sensitivity®.

The first self-adhesive cement was RelyX Unicem, which was launched into
the market in 2002. Since then, new products have been constantly introduced”®.
These materials were designed with the purpose of overcoming some limits of both
conventional and resin cements. RelyX Unicem is the most investigated self-
adhesive cement in the current literature published in Medline cited journals®*.

The retentive ability of adhesive posts has been assessed in numerous
laboratory studies over the last years. Microtensile, post-pull-out and push-out tests
have been performed in order to estimate the retention of luted posts or, selectively,
the strength at the post-cement or cement- dentin interfaces. Small-sized specimens
designs, such as the microtensile and thin-slice push-out tests, favour stress
uniformity, allow to discriminate regional differences and to limit the number of teeth
needed for data collection™*.

The comparisons among the results from different in vitro studies may be
inappropriate because of the dependence of the collected data upon laboratory set-
ups and experimental conditions*’. Therefore, the aim of this article is to review the
current use of self-adhesive resin cements in the retention of fiber posts using the

main bond tests and microscopic evaluation.
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PUSH-OUT TESTS

Bond strength has been measured through the push-out test, conventional
tensile test on external root dentin'?, or on the endodontic surface with the pull-out**
8 However, the in vitro performance of self-adhesive cements in fiber post
cementation is frequently investigated using the push-out strength test'’.

A variant of this method known to materials scientists as the “thin-slice” push-
out test. The modification involve sectioning the posted root into a series of 1 mm
thick slices, and compressively loading the post-section within each slice with an
adequately sized plunger, until bond failure®®. It has been shown to be more reliable
than the microtensile technique for measuring the adhesion of fiber posts. Another
advantage of using the push-out test method is the small standard deviation of the
mean obtained for each root canal site®.

It was suggested that a highly non-uniform stress may be developed at the
adhesive interface when the push-out test is performed on thick root sections.This
may explain the relatively low levels of bond strength that have been reported when
applying this method of adhesion testing.

Several studies evaluated the immediate adhesive strength and/or 24h after
cementation of fiber post, through push-out tests, a self-adhesive cement, with
results quite controversial. Studies show the superiority of this cement in compare to

etch-and-rinse resin cements®%’

, (etch and rinse) and the self-adhesive resin
cements®*?®. The most of these studies were performed with the self-adhesive
cement called RelyX Unicem.

Other studies revealed lower bond-strength values for the self-adhesive resin

cement (RelyX Unicem) compare to eatch-and-rinse resin cement?3*,
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Moreover Zicari et al.“" in contrast, the push-out strength of Variolink Il was

equal to the self-adhesive composite cement, according to another studies®*®

Radovic et al.?

also tested an etch-and-rinse approach, a self-etch approach,
and a self-adhesive luting approach, and concluded that the self-etch approach may
offer less favourable adhesion to root dentin in comparison with etch-and-rinse and
the self-adhesive approaches

Bitter et al.’®

investigated the effects of luting agent and thermocycling on
bond strengths (push-out test) to root dentin using six luting agents: Panavia F,
Multilink, Variolink 1, PermaFlo DC, RelyX Unicem and Clearfil Core. Their results
showed that the self-adhesive resin cement RelyX Unicem obtained a better
performance after thermocycling compare to others cements. An increase in bond
strengths after thermocycling for RelyX Unicem was also observed in other
studies®*¥’,

The self-adhesive resin cements contain multifunctional hydrophilic monomers
with phosphoric acid groups, which can react with the hydroxyapatite and also
penetrate and modify the smear layer***°. The chemical interaction between the
acidic monomers and hydroxyapatite ensures the adhesion of the self-adhesive
cements into dentin®.

RelyX Unicem has a limited etching potential compared with the etch-and-
rinse and self-etching adhesives****. RelyX Unicem exhibit an etching potential
insufficient to dissolve the thick smear layers created in post-space preparation with
burs***®. The consequent opening of interfacial gaps may account for the relatively

low push-out strengths recorded for and for RelyX Unicem as compared with the

results obtained with the use of the total- etch system®’.
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The self- adhesive simplified resin cement appears to have poor adhesion to
dentin in dry and aging conditions*®*°.However, RelyX Unicem exhibits a moisture
tolerance because of water forming during the neutralization reaction of phosphoric-
acid methacrylate, basic fillers and hydroxy apatite (data provided by the
manufacturer). This could be an explanation for the good performance of the RelyX
Unicem, because moisture content after rinsing the root canal is difficult to control
because of the poor visibility™°.

However, the methacrylated phosphoric esters in the RelyX Unicem probably
can not penetrate adequately through the retained partly dissolved smear layer on

the root canal walls, resulting in interfacial gaps and lower bond strengths in vitro®".

MICROTENSILE

The microtensile method was originally developed for ultimate tensile strength
testing of dental tissues, and later applied to bond strength measurements on crown
dentin and enamel®’.

This method has already been applied to evaluate bond strength to root canals
that were treated with different irrigants and cement systems. However, laboratory
studies comparing bond tests of fiber posts using Variolink Il cements and RelyX
Unicem self-adhesive found the almost specimens prepared through this method
failed prematurely during the cutting phase'’, because of the lower bond strength
values with this substrate’”*2. The results showed greater adhesion to Variolink II,
agreeing with the other studies**"*3,

The displacement resistance value for self-adhesive resin luting cement

system is significantly higher than it is for chemical-curing self-etch luting system
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(Multilink)®2.

Moreover, difficulties in conveying sufficient amount of primer-adhesive
solution to the apical region of canals and manipulation problems arising from
inadequate root canal access are the reasons for lower apical bond strength values
in each-and-rinse cements compared to self-adhesive ones®?.

RelyX U100 and RelyX Unicem are highly adapted to the substrate and can
optimize physical interactions such as van der Waals forces, hydrogen bridges and
charge transfer, which enhance micromechanical retention and chemical bonding®’.

Continuity of dentin/cement interface is necessary to promote sliding friction,
which according to many authors is the main factor for adhesive resistance in the
fiber post/resin cements system and for micromechanical interlocking®*.

Some studies used the self-adhesive resin cement called MaxCem. This
cement contains several hydrophilic adhesive monomers of low molecular weight,
such as the glycerol phosphate dimethacrylate (GPDM), which provide the necessary
wettability for adhesion to dentin substrate. The cement is purportedly anhydrous
prior to mixing. The manufacturer does not specify which monomer is initially
hydrolyzed, the initial pH or the proprietary redox activator system*’. This self-
adhesive cement generally have a performed poorly*”° Provavelmente porque
despite the excellence of Maxcem monomers as bonding agents of good
compatibility with the humid dentin substrate, they do not provide an effective
cementation in deep areas of high humidity.

The fiber posts cemented with MaxCem Eite presented the lowest bond
strength values (push-out tests) compare to RelyX Unicem, with significant

decreases in the middle and apical third. Moreover, SEM investigation found bubbles
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mainly in the middle and apical third from the root canal®.

SEM ANALYSIS

As the ultrastructure of the interface between root dentin and simplified resin
cements was generally not suggestive of a solid micromechanical interlocking,
knowing that chemical reactions are marginally involved in the adhesion mechanism
of resin-based cements, the hypothesis may be raised that a contribution to fiber
post-retention is provided also by sliding friction between cement and dentin along
the canal walls'**®. The use of a flexible root-canal-shaped application aid reduces
the number of imperfections within the self-adhesive cement interface compared to
the conventional application technique™®.

self-adhesive resin luting cement a recent laboratory study reported that self-
adhesive resin luting cement was unable to dissolve the smear layer completely*®**
SEM analysis revealed many air bubbles at the cement—dentin interface, which must
be ascribed to a poor adaptation to the root-canal walls rather than the mixing
process”.

When using RelyX Unicem no distinct hybrid layer was seen. The cement
interacted only superficially with the smear layer, that was substantially retained
along with smear plugs. Gaps were visible between the smear layer and the
underlying intact dentin''. RelyX Unicem was found to result in a significantly lower
number of penetrated dentinal tubules compared with all other materials (etch-and-
rinse or self-etching cements)®®.

Hybridization of dentin was only detected sporadically for the material RelyX

Unicem. This finding corroborates the results of investigations conducted previously
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that also described a superficial morphological interaction®***.

The self-adhesive cement Maxcem formed a discontinuous interface with
many gaps. However, the interfacial continuity produced by U100 self-adhesive
cement was as satisfactory as that formed by the dual-cure cements’.

A visualization of stress distribution among the root canals can be performed
using several finite element analysis (FEA) studies. Among them, the analyses using

three-dimensional (3-D) models are considered more reliable’.
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4 CONSIDERACOES FINAIS

Os dentes bovinos foram utilizados neste estudo devido a grande dificuldade
em se obter incisivos humanos higidos. Além disso, a utilizacao de incisivos bovinos
permite uma maior padronizacdo das amostras, além de uma homogeneidade da
dentina radicular, devido a estes dentes serem da mesma idade, evitando uma

interferéncia da morfologia dentinaria nos resultados entre os diferentes grupos.

Para os ensaios de resisténcia adesiva dos pinos as paredes do canal
radicular, foi utilizado o teste push-out nos diferentes tercos da raiz, pois segundo
Gorraci et al.'°, este parece ser o teste que mais se aproxima da situac&o clinica na

cavidade oral, além de ser um teste que apresenta uma confiabilidade satisfatoria.

A utilizacdo do silano foi justificada devido a recomendacdo do fabricante

1315 mostrarem um aumento na

tanto do cimento como do pino e, alguns estudos
forca de retencdo de pinos de fibra ao cimento quando utilizado o silano. Entretanto,
ha relatos de que a utilizagdo do mesmo ndo aumenta essa retencéo*?%°. Porém,
isso ndo parece ser de grande relevancia neste procedimento, pois os resultados
mostraram que o maior indice de falhas na cimentacdo dos pinos de fibra parece
estar na interface cimento resinoso - dentina radicular, corroborando com os

resultados de Sadek et al.?°.

A limpeza do conduto radicular consiste em retirar do mesmo a smear layer

ou lama dentinaria, a qual é gerada quando se tem a instrumentacdo do conduto
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radicular pelas limas endoddnticas. Sabe-se que essa camada de lama dentinaria
interfere na permeabilidade da dentina e, consequentemente, na adesédo de

materiais restauradores.

Para remocao ou modificacdo da smear layer, diferentes substancias foram
analisadas, dentre elas acido poliacrilico 11,5% por 30 segundos; solucdo de acido
etilenodiaminotetracetico — EDTA a 17% por 1 minuto e, um Hipoclorito de sédio

(NaCl) a 1% por 1 minuto.

Os presentes resultados atestam que a qualidade final da adeséao
intrarradicular proporcionada pelos cimentos auto-adesivos nao foi influenciada
pelos tratamentos na dentina intrarradicular realizados previamente a cimentagao

dos pinos intracanais.

Os resultados mostraram que o cimentos resinoso auto-adesivo RelyX U100
obteve os melhores resultados de resisténcia adesiva, independente do pré-
tratamento dentinario realizado. Apesar da capacidade do EDTA e do acido
poliacrilico de modificar a smear layer, podendo melhorar o desempenho destes
cimentos, os resultados mostraram que ndo houve diferenca estatistica comparado

com o NaOCl, independente do cimento utilizado.

O cimento resinoso auto-adesivo Maxcem Elite apresentou resultados
inferiores de resisténcia push-out, sendo necessario novos estudos para verificar

sua viabilidade na cimentacao de pinos intrarradiculares.
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Outros estudos tém demonstrado que o principal mecanismo de
retencdo dos pinos ao canal radicular ndo é adesivo, mas de natureza
friccional’'>%°. Esse fator parece contribuir com os resultados encontrados para o

cimento RelyX U100, comparado com o cimento convencional Variolink .

Com base nas limitacbes deste estudo in vitro, pode-se concluir que o
cimento resinoso auto-adesivo RelyX U100 parece ser uma alternativa viavel na

cimentacao de pinos de fibra de vidro .
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MATERIAL E METODO

ARTIGO 1

MATERIAL

Para confeccdo dos corpos-de-prova, foram utilizados retentores
intrarradiculares pré-fabricados de dupla conicidade translicidos de fibra de vidro
White Post DC n°® 3 (FGM). Para fixacao dos retentores, foram utilizados diferentes
sistemas resinosos para cimentacdo: cimento resinoso de polimerizacdo dual
Variolink® 1l (lvoclar/Vivadent), e 2 cimentos resinosos auto-adesivos de
polimerizac&o dual - RelyX™ U100 (3M/Espe) e MaxCem Elite™ (Kerr) (Tabela 1).
Foi utilizado para o tratamento do pino o silano (Primer Ceramico 3M ESPE
RelyX™) e para 0s cimentos que nhao sao auto-adesivos, foi utilizado o
condicionador de acido fosférico Scotchbond™ a 35% (3M/Espe) e sistema adesivo
Adper™ Scotchbond™ Multi-Purpose Plus (3M/Espe). Para os diferentes pré-
tratamentos dentinarios foram utilizados: acido poliacrilico 11,5% (Vidrion
condicionador de dentina — SS White); solucéo de acido etilenodiaminotetracetico —
EDTA a 17% (Dentsply-Maillefer); e um Hipoclorito de sodio a 1% (Milton —

Biodinamica)
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Tabela 1 Cimentos utilizados e composicdo segundo os fabricantes.

BisGMA, UEDMA, TEGDMA, Trifluoreto de
Variolink® 11 Transparent itérbio, Peroxido de benzoila, Iniciadores, Ivoclar/Vivadent
particulas inorgénicas

Ester fosforico metacrilato 4cido, TEGDMA,
RelyX™ U100 Transldcido silica, vidro, hidréxido de célcio, Toluenosulfinato 3M / Espe
de sodio, persulfato de sodio

Matriz resinosa (glicerol dimetacrilato); co-
Maxcem Elite™ Clear monomeros metacrilato; fotoiniciadores; particular Kerr
inorganicas

METODO

Selecdao, preparo e inclusao das raizes

Foram coletados 216 dentes incisivos bovinos recém extraidos com raizes
retas e livres de trincas, armazenados em timol a 0,5% ap0s limpeza com curetas
periodontais. Os dentes foram numerados, e foi realizada a mensuracdo na sua
porcdo radicular em trés regides: cervical (RC), média (RM) e apical (RA), nos
sentidos mésio-distal (RMD) e vestibulo-lingual (RVL), e comprimento total da raiz
(RT), utilizando paquimetro digital Mitutoyo. Apds esta analise, foram selecionados
72 dentes com dimensdes mais proximas da mediana. Foi calculada também as
médias das dimensdes dos dentes, anteriormente obtidas, para verificar a
distribuicdo normal dos corpos-de-prova entre 0s grupos.

Em seguida, a porcao coronaria dos dentes foi removida, utilizando-se disco

diamantado (KG Sorensen), padronizando o comprimento das raizes em 16 mm
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(Newman et al., 2003). Para retirar o tecido pulpar dos condutos radiculares, foram
utilizadas limas endodénticas tipo K (Dentsply-Maillefer), de primeira série até a
numeracdo 30, sob abundante irrigacdo com hipoclorito de sédio a 1,0% para
suspensdo da matéria organica. ApOs esta etapa, as raizes foram numeradas,
mantendo-as imersas em agua destilada a 37° C em estufa por trés dias.

As raizes foram incluidas em cilindros de PVC com 20 mm de diametro por 25
mm de altura, fixando-se a raiz a haste de um delineador protético (BioArt) com
auxilio de broca Gates Gliden (Dentsply-Maillefer) e cera utilidade, de modo que o
canal radicular fique perpendicular a platina do delineador. Apés esta fixacéo, foi
colocado o cilindro de PVC centralizando este na base do delineador e
preenchendo-o com resina acrilica autopolimerizavel. Apds o preenchimento com
resina, a haste foi baixada até que a regido cervical radicular fique nivelada com a
superficie da resina acrilica. Apos a polimerizacao da resina acrilica, o conjunto raiz-
resina do tubo de PVC foi removido, realizando-se a numeracao do cilindro de resina

segundo a numeracao prévia da raiz.

Tratamento endodéntico e preparo dos canais radiculares

Para o tratamento endodontico, os dentes foram instrumentados
mecanicamente, com comprimento de trabalho localizado a 1 mm aquém do forame
apical e batente apical realizado com lima n°35. Aplicar-se-a a técnica escalonada
regressiva com limas de aco inoxidavel K-files (Dentsply-Maillefer) de 25 a 55 e
brocas Gates Glidden (Dentsply-Maillefer) niameros 2, 3 e 4 com irrigacdo de

hipoclorito de sédio a 2,5%. As raizes foram obturadas com guta-percha e cimento a
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base de resina AH Plus (Dentsply-Maillefer). Apés o tratamento endodontico, as
raizes ficaram armazenadas em agua destilada a 37°C por 48 horas.

O preparo dos condutos radiculares para receber o retentor foi realizado com
uma broca de Largo n°3, dando acesso a broca n.3 fornecida pelo préprio Kit,
apresentando forma e dimensfes compativeis com os pinos. A fresa foi levada em
baixa rotacdo, até a profundidade de 11 mm (Goracci et al., 2004), distancia esta

limitada por stops de borracha.

Divisdo dos grupos experimentais
Os grupos foram divididos de acordo com o sistema de cimentacdo e pré-
tratamento da dentina, sendo 8 amostras para cada grupo (n=8) de acordo com a

Tabela 2.

Tabela 2 - Cimentos resinosos e pré-tratamentos dentinarios utilizados.

G1 (Controle) Variolink® 11 Condicionamento com &cido fosférico 35%
G2 RelyX ™ U100 Agua destilada
G3 RelyX ™ U100 EDTA 17% por 1 minutos
G4 Relyxw| U100 Acido Poliacrilico 11,5% por 30 segundos
G5 RerXTM U100 Hipoclorito de Sédio por 1 min
G6 Maxcem Elite ™ Agua destilada
G7 Maxcem Elite ™ EDTA 17% por 1 minutos
G8 Maxcem Elite ™ Acido Poliacrilico 11,5% por 30 segundos
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G9 Maxcem Elite ™ Hipoclorito de Sédio por 1 min

Todos os cimentos, apos inseridos no conduto radicular, foram fotoativados
por uma fonte de luz LED Elipar Freelight 2 (3M/Espe) com intensidade de luz

aproximada de 900mW/cm?.

Pré-tratamento da dentina radicular

Para os pinos que foram cimentados com materiais auto-adesivos, foram
aplicados diferentes tipos de pré-tratamento da dentina, com o objetivo de remover
ou modificar a camada de lama dentinaria (smear layer). Nos grupos G2 e G6 nao
foi realizado nenhum tratamento na dentina radicular, apenas irrigacdo coom agua
destilada. Para os grupos G3 e G7, previamente a aplicacdo do cimento resinoso, foi
aplicado uma solucéo de EDTA 17% (acido etilenodiaminotetracético) por um tempo
de 1 minuto, seguido de lavagem com agua por 1 minuto. Nos grupos G4 e G8, foi
aplicado o acido poliacrilico a 11,5% por 1 minuto, seguido de lavagem com agua
pelo mesmo tempo. Ja para os grupos G5 e G8, foi utilizado o hipoclorito de sodio a

1% por 1 minuto, seguido de aspiracdo para remog¢do do mesmo.

Cimentacao dos Pinos de Fibra de Vidro

O tratamento do pino foi realizado sempre com o mesmo silano (Ceramic
Primer — 3M/Espe) e, quando necessario, agente adesivo (apenas para o grupo G1
— Frasco 2/Bond - Scotch Bond Multi-Purpose — 3M/Espe). J& o tratamento do
conduto radicular para a cimentacédo, foi realizados de acordo com os diferentes

grupos, como segue abaixo:
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G1 — Cimento Resinoso Dual Convencional - (Variolink I1)

1 Preparo do pino

Para o preparo da superficie do pino, foi feito inicialmente o condicionamento da
superficie com acido fosforico a 35% por 60 segundos visando a limpeza superficial,
seguido de lavagem abundante com agua corrente e secagem com jatos de ar.
Apo6s, com auxilio de um aplicador descartavel (micro-brush), foi aplicado um silano,
sendo a superficie do pino, apds aguardado o tempo de 1 minuto, secou-se com jato
de ar durante 5 segundos. Posteriormente, foi aplicado apenas o adesivo (bond)
com auxilio de um micro-brush. Apds, foi retirado os excessos de adesivo na
superficie do pino com um novo micro-brush seco, para posterior fotoativacao por 40

segundos.

2 Preparo do canal radicular

Foi realizado o condicionamento do conduto radicular com acido fosférico a 35%
pelo tempo de 15 segundos, seguido de lavagem do conduto com agua, pelo dobro
do tempo de condicionamento, atraves do auxilio de uma seringa descartavel,
penetrando-se a agulha no interior do canal para garantir que todo acido foi
removido. Apds, foi removido o excesso de agua do interior do conduto utilizando-se
cones de papel absorvente, para posterior aplicacdo do sistema adesivo Adper™
Scotchbond™ Multi-Purpose Plus. Primeiramente foi aplicado o Primer (frasco 1),
com um micro-brush longo, seguido da aplicacdo de leves jatos de ar, para
evaporacdo do solvente. Posteriormente colocou-se o0 Adesivo (frasco 2)

removendo-se 0 excesso com cones de papel absorvente, realizando, entdo, a
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fotoativacdo por 40 segundos, com a ponta ativa posicionada a altura da
embocadura do canal radicular.

3 Manipulacdo do cimento e insercao do pino

Para manipulacdo do cimento resinoso dual, foi dispensada a pasta base e
catalisadora, em iguais proporcdes, sobre um bloco de papel impermeavel,
espatulando-as por dez segundos. O cimento manipulado foi levado no interior do
canal por meio de uma sonda periodontal e sobre a superficie do retentor, aplicou-se
uma fina camada do cimento. Posicionou-se o pino de fibra de vidro no interior do
conduto, estabilizando-o manualmente de forma a ficar perpendicular ao longo eixo
da raiz. Fez-se uma leve pressédo no pino por 5 a 10 segundos. O excesso de
cimento foi removido utilizando-se espatula para compdsito, e em seguida o cimento
foi fotoativado por 40 segundos com a ponteira posicionada paralela ao pino (ha sua

base) e mais 40 segundo em 45° com o longo eixo do pino.

G2, G3, G4 e G5 — Cimento Resinoso Auto-adesivo (RelyX U100)

1. Preparo do pino

Foi feita a limpeza do pino com acido fosforico e aplicacdo do silano de acordo
com o protocolo do grupo G1. Nao foi necessaria aplicacdo do adesivo.

2. Preparo do canal radicular

Realizado de acordo com os diferentes grupos, com seus respectivos pré-
tratamentos dentinarios, como mencionado na tabela 2.

3. Manipulacdo do cimento e insercao do pino

Semelhante ao grupo G1
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G6, G7, G8 e G9 — Cimento Resinoso Auto-adesivo (Maxcem Elite)

1. Preparo do pino

Semelhante ao preparo do pino no grupo G2.

2. Preparo do canal radicular

Realizado de acordo com os diferentes grupos, com seus respectivos pré-
tratamentos dentinarios, como mencionado na tabela 2.

3. Manipulacdo do cimento e insercao do pino

Semelhante ao grupo G2.
Seccéo das Raizes

ApoOs a cimentacdo dos retentores intra-radiculares, as raizes foram mantidas

em agua destilada em estufa a 37°C por 24 horas. Foram realizados trés
demarcacdes na superficie radicular, Imm a partir da superficie cervical, distantes
trés milimetros entre si, ficando a Ultima medida localizada aos nove
milimetros.(Esquema 1). Os espécimes foram fixados em maquina de corte Isomet
1000 (Buehler UK LTD — Figura 1), seccionando perpendicularmente ao longo eixo
as raizes em pontos demarcados, obtendo-se trés seccdes, referentes aos tercos
cervical, médio e apical, seccionando também o remanescente coronario do pino de
fibra de vidro. Apdés a seccdo, foram numerados os segmentos de acordo com a
numeracao do corpos-de-prova, seguido da marcacéo referente ao terco seccionado

(C,Me A).



Esquema 1 Desenho esquematico
representando a localizacao dos cortes

para a obtencéo das fatias
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Ensaio Mecéanico

Foi utilizada uma maquina de ensaios universais MTS 810 Material Test
System (Figura 1) com célula de carga 50Kg. Imediatamente apds os cortes, as
amostras foram posicionados em uma base metalica com 20mm de diametro e em
seu interior um orificio com 3mm ao centro, mantendo as secc¢des invertidas, com a
porcao cervical voltada para baixo e a regido dos retentores cimentados coincidindo
com o orificio menor.

Figura 1 - Maquina de corte Isomet 1000 e Maquina de ensaios universais

MTS 810 Material Test System.

Foi fixado no mordente da maquina de ensaios uma haste metalica com ponta
ativa cilindrica com 1mm de diametro. O ensaio push-out foi realizado a velocidade
de 0,5 mm/min™ até o deslocamento do retentor intra-radicular.

Os valores de resisténcia em kgf, foram convertidos para MPa dividindo-se a
forca necessaria para o deslocamento dos retentores pela area do conduto radicular,
de acordo com a equacédo (Esquema 2). Os dados foram tabulados para posterior
realizacdo da analise estatistica, onde foram submetidos ao teste kruskall wallis com

post-hoc com teste dunn, com nivel de significancia de 5%.
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Esquema 2 - formula para a transformacdo dos dados de Kgf para Mpa.

Onde:

- T =tensédo de extrusdo (MPa)

- F = forca necesséria para extrusado (N)
- A = area de superficie aderida (mm2)

Para o céalculo da area do cone, foi utilizada a férmula abaixo:

A, = m(R+ 7')\//72 +(R-r)’

Analise do tipo de fratura

Apoés o teste push-out, as amostras foram analizadas por microscopio para
determinar o tipo de fratura, de acordo com Perdigéo et al. (2006): Tipo 1: adesiva
entre 0 pino e o0 cimento resinoso (sem cimento visivel no pino); Tipo 2: mista, com
cimento resinoso cobrindo 0-50% da superficie do pino; Tipo 3: mista, com cimento
resinoso cobrindo 50-100% da superficie do pino; Tipo 4: adesiva entre o cimento
resinoso e a dentina radicular;

Tipo 5: coesiva da dentina.
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ARTIGO 2

Foi realizado uma revisdo dos artigos na base de dados Pubmed e Scopus
relacionados a cimentacdo pinos de fibra com cimentos resinosos auto-adesivos,

assim como a metodologia para os testes de resisténcia adesiva.
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