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Resumo



Lima LRC. Influéncia do sistema de cimentacdo adesiva e da fonte de luz
fotoativadora na resisténcia a extrusdo de pinos de fibra de vidro [dissertacao

mestrado]. Araraquara: Faculdade de Odontologia da UNESP; 2009.

RESUMO

A retencdo de pinos pré-fabricados de fibra de vidro, utilizados na
restauracéo de dentes com tratamento endodéntico, é baseada na sua unido as
superficies das paredes do canal radicular, por meio dos agentes de fixagao
resinosos. O tipo de pino utilizado, assim como a fonte de luz fotoativadora do
cimento, também pode influenciar nessa retencéo, principalmente nas regides
mais criticas do canal, como o terco apical, onde ha uma grande dificuldade de
acesso dessa luz ativadora. Assim, o propésito deste trabalho foi avaliar
comparativamente a influéncia de diferentes sistemas de cimentacdo (quimico
convencional; dual convencional, quimico com adesivo auto-condicionante, dual
com adesivo auto-condicionante e cimento dual auto-adesivo), na resisténcia a
extrusdo (push-out) de pinos de fibra de vidro, nos diferentes tercos do canal
(cervical, médio, aplical). Foi avaliada também a influéncia do tipo de fonte de luz
fotoativadora do cimento: luz halégena (Optilux 501) e LED (Ultraled). O tipo de
falha foi avaliado através de microscopia. Foram utilizadas 240 unidades

experimentais, em forma de discos, com aproximadamente 1 mm de espessura,



retirados de 80 raizes bovinas, restauradas com retentores intraradiculares. Foi
utilizada 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 e analisados por meio de Analise
de Variancia e teste de Tukey, com nivel de significancia de 5%. Os resultados
mostraram baixos valores de retencdo para os grupos com os cimentos auto-
adesivos, independente da fonte de luz utilizada. Os cimentos de condicionamento
acido total e os de adesivos auto-condicionantes parecem ser opg¢des viaveis no
processo de cimentacao de pinos de fibra de vidro, fotoativados tanto com luz

Halégena, quanto com os LEDs.

Palavras-chave: Pinos dentarios; técnica para retentor intra-radicular; cimentos de

resina.



Abstract



Lima LRC. Influéncia do sistema de cimentacdo adesiva e da fonte de luz
fotoativadora na resisténcia a extrusdo de pinos de fibra de vidro [dissertacao

mestrado]. Araraquara: Faculdade de Odontologia da UNESP; 2009.

ABSTRACT

The retention of prefabricated glass fiber posts, used for the restoration
of endodontically-treated teeth, is based on adhesive systems and resin luting
cements. The type of posts used, as well as the type of activation of the cement
can also influence this retention, mainly in more critical areas of the radicular
dentin, such as the apical root segments, where there is a great difficult access of
the light curing units. Thus, the purpose of this study was to evaluate the influence
of different resin cements (Chemical-cure total-etch; dual-cure total-etch; chemical-
cure and self-etch bonding system, dual-cured and self-etch bonding system; and
dual-cure self-adhesive cement) on the bond strength (push-out) of glass fiber
posts on the different thirds of the root (cervical, middle and apical). The influence
of the light curing unit was evaluated by halogen LCU (Optilux 501) and by LED
LCU (LEC 1l 470) use. The failure mode was evaluated by stereoscopic
microscope. Disks of the samples (n=240) were used, with approximately 1 mm of
thickness of 80 bovine roots restored with glass fiber posts. A universal testing
machine (MTS 810 Material Test System) was used with a 1 mm diameter steel

rod at cross-head speed of 0,5 mm/min until post extrusion, with load cell of 50 kg,



for evaluation of the push-out strength in different thirds of each sample. The push-
out strength values in kgf were converted to MPa and analyzed through Analysis of
Variance and Tukey’s test, with significant level of 5%. The results of the present
study showed that the self-adhesive cements group resulted in low retention
values, in every light source utilized. The total-etch cements and the self-etch
bonding systems seem to be a viable alternative in the glass fiber posts

cementation process, with either halogen light or LEDs.

Key-Words: Dental pins; post and core technique; resin cements
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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 mastigatérias, devolvendo-lhes a fungéo e a estética.

Destruicbes extensas devido a lesdes cariosas, fraturas, acesso
endodéntico incorreto, substituicbes de restauragdes ou reabsorgdes internas
levam, normalmente, a necessidade da utilizacao de pinos intra-radiculares e de
nucleos de preenchimento para reter a restauracéo final® '2.

Ao longo dos anos, a composicdo dos materiais utilizados nos retentores
intra-radiculares mudou de materiais de alto médulo de elasticidade como ouro,
aco inoxidavel e didxido de zircOnia para materiais que possuem caracteristicas
mecanicas mais semelhantes a dentina como a resina composta e a fibra de
carbono™ 7.

Associado a esse fato, veio a evolugdo da Odontologia Estética, surgindo
novos pinos no mercado, como 0s pinos ceramicos, os de fibras de quartzo, os de
fibras de carbono revestidas por quartzo e os de fibras de vidro. Os pinos de fibra
de vidro destacam-se por apresentarem médulo de elasticidade semelhante ao da
dentina, translucidez natural e excelente resultado estético >*

Devido as caracteristicas de rigidez semelhante a dentina, os pinos de fibra

de vidro absorvem as tensdes geradas pelas forcas mastigatérias e protegem o
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remanescente radicular, pois possibilitam a construgdo de uma unidade
: A 3,4,7

mecanicamente homogénea :
Diversos estudos demonstraram a influéncia dos pinos intra-radiculares na

retencdo’'® '°

, € existem diferentes parametros a serem considerados para sua
correta selecdo, uma vez que resisténcia, capacidade de adesdo ao cimento,
formato>®, comprimento e diametro'®, estrutura superficial, material e tratamento
superficial sdo fatores que afetam diretamente sua retengao™.

Para a obtencdo de sucesso na fixacdo dos pinos intra-radiculares
estéticos, a selecado do agente cimentante é fundamental. Segundo os fabricantes,
a cimentacao dos pinos de fibra de vidro deve ser adesiva, ja que sua natureza
quimica é semelhante ao Bis-GMA (comumente presente nos materiais
resinosos), ndo necessitando, dessa forma, de tratamento prévio a cimentagéo®
%2 Entretanto, apesar das vantagens da cimentacdo adesiva, muitos fatores
podem interferir na formagdo da camada hibrida ao longo das paredes do canal
radicular e na real polimerizagdo do agente cimentante, o que pode determinar o
fracasso do tratamento restaurador pela soltura do pino, por falta de retencao.
Dentre os fatores que interferem na cimentacao adesiva, pode-se citar: morfologia
da dentina intra-radicular, sistema adesivo, cimento resinoso e forma de
polimerizacdo do cimento resinoso'® *®. Roberts et al.?” (2004) também ressaltam
a dificuldade de acesso da luz fotoativadora nas areas mais apicais do conduto
radicular.

A incompatibilidade de alguns sistemas adesivos convencionais de 2

passos (acido + adesivo mono-componente) e auto-condicionantes de passo unico
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com cimentos resinosos de polimerizacdo quimica ou dual tem sido relatada®’.
Segundo os autores, essa incompatibilidade deve-se a presenca de monémeros
resinosos acidos residuais na camada adesiva nao polimerizada pela inibicao do
oxigénio, que reagiriam com a amina terciaria do cimento resinoso. Com isso, a
amina seria neutralizada, ndo podendo assim reduzir o peréxido de benzoila na
reacdo redox, responsavel pela polimerizacgdo do compésito. Essa
incompatibilidade ndo ocorre nos adesivos convencionais de 3 passos (acido +
primer + adesivo) e auto-condicionantes de 2 passos (primer-acido + adesivo).

Nos procedimentos de cimentagcdo de pinos intra-radiculares, cimentos
resinosos de ativagao dupla vém sendo utilizados em detrimento aos de ativacéo
exclusivamente quimica, por possibilitarem um maior tempo de trabalho®.
Idealmente, o cimento resinoso de dupla ativagdo deve ser capaz de obter grau de
polimerizagdo, por meio da ativacdo quimica, similar a alcangcada pela dupla
ativagdo. Porém, nas regides mais apicais do canal radicular, a luz do aparelho
fotoativador pode néo ser efetiva em desencadear a porcao de ativacéo fisica da
reacéo de polimerizagao.

A literatura® "% 17 2> 2837 tam demonstrado que apenas a ativacdo quimica
ndo é capaz de determinar valores maximos de microdureza ou grau de
conversao, sendo, portanto, necessaria a fotoativacdo para que isso aconteca.
Nesse contexto, a utilizagdo de pinos translicidos poderia aumentar o grau de
conversao dos cimentos duais, através da transmissao de luz a essas regioes,

melhorando as propriedades mecanicas desses materiais.
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Geralmente, a fotoativacdo desses cimentos, quando necessaria, é
realizada por dispositivos fotoativadores com lampada halégena, onde a luz é
produzida por filamento de tungsténio. Entretanto, outras tecnologias estéo
disponiveis e, dentre elas, estdo os aparelhos em que a luz é produzida por diodos
emissores de luz — LED' ?* %, Esse sistema esta tornando-se cada vez mais
difundido e utilizado. Contudo, muitas duvidas permanecem a respeito da
efetividade da fotoativagdo indireta desses aparelhos e do seu efeito nas
propriedades finais dos cimentos resinosos, irradiados de diferentes formas
através da estrutura dentaria e de diferentes materiais restauradores no interior do
canal radicular ap6s a cimentacao de retentores intra-radiculares.

Os aparelhos LEDs apresentam espectro de emisséo estreito, com pico de
emissao frequentemente em 470nm, muito préoximo do pico maximo de absorgéo
da canforoquinona, que é o fotoiniciador encontrado na maioria dos cimentos
resinosos ativados por luz'*'®. Além disso, os LEDs apresentam vantagens em
relacdo aos aparelhos de luz halégena como: menor aquecimento, baixo consumo
de energia, ndo utilizacado de filtros, vida util mais longa, além de serem leves e
portateis.

Assim, uma boa retencdo dos pinos de fibra de vidro parece ser
dependente do grau de conversdo do cimento resinoso, o que ira influenciar nas
suas propriedades mecanicas e na sua interagdo com o sistema adesivo utilizado.
Porém, estudos recentes tém demonstrado que o principal mecanismo de

retencdo dos pinos ao canal radicular ndo é adesivo, mas de natureza friccional®

15, 26
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Nos ultimos anos, tém surgido novas formulagbes de cimentos resinosos
com capacidade auto-adesiva. Esses cimentos apresentam a vantagem de nao
necessitar da etapa de condicionamento acido e do sistema adesivo,
convencionalmente utilizado, facilitando o procedimento e eliminando a
possibilidade de falhas durante a aplicagédo do sistema adesivo.

Assim, com o crescente uso dos pinos estéticos e o surgimento de novos
sistemas resinosos de cimentacdo, bem como de diferentes fontes de luz
fotoativadoras, torna-se necessario buscar técnicas e materiais ideais que
proporcionem reabilitacbes estéticas e funcionais, por meio da melhora das

propriedades fisicas e mecanicas de todo o sistema de retencéo.
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2 OBJETIVO

2.1 Objetivo Geral

O proposito desta pesquisa € avaliar a influéncia de diferentes sistemas de

cimentacdo adesiva e de fontes de luz fotoativadoras do cimento resinoso na

resisténcia a extrusao de pinos de fibra de vidro cimentados intrarradicularmente.

2.2 Objetivos especificos

a.

b.

Avaliar a influéncia de diferentes sistemas de cimentacdo (quimico
convencional; dual convencional; quimico com adesivo auto-
condicionante; dual com adesivo auto-condicionante e cimento dual
auto-adesivo) na resisténcia a extrusdo de pinos de fibra de vidro, nos
diferentes tercos da raiz (cervical, médio e apical), verificando também o

tipo de falha através de microscopia oOptica.

Avaliar a influéncia de diferentes fontes de luz fotoativadora do cimento
resinoso (halégena e LED) na resisténcia a extrusao de pinos de fibra de

vidro, nos diferentes tercos da raiz (cervical, médio e apical).
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3 CAPITULOS

3.1 Capitulo 1

Comparison of different adhesive resin cements for bonding fiber posts into

a root canal.

Luiz Rafael Calixto, DDS, MSc,* Matheus C. Bandeca, DDS, MSc,* Fernanda B. Silva,
DDS,* Victor Clavijo, DDS, MSc,* Luis Geraldo Vaz, DDS, MSc, PhD' and Marcelo F.
Andrade, DDS, MSc, PhD*

From the * Department of Restorative Dentistry, Araraquara Dental School,
Sado Paulo State University, SP, Brazil; ‘Department of Dental Materials and
Prosthetic Dentistry, Araraquara Dental School, S&do 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.

Submitted in: Journal of Endodontics
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ABSTRACT

This study tested the hypothesis that there are no differences of luted glass
fiber posts with different cements systems into a root canal. Post spaces were
bonded with a translucent glass fiber post, using five different adhesive resin
cements (Chemical-cure total-etch; dual-cure total-etch; chemical-cure and self-
etch bonding system, dual-cured and self-etch bonding system; and dual-cure self-
adhesive system). The bond strength (push-out test) in the different thirds of the
root (cervical, middle and apical) was evaluated. 56 roots were randomly assigned
into 7 different resin cements groups. Root Slabs (1mm thickness) of the samples
(n=168) were used and the interface resinous cements/posts was analysed
through estereoscopy. The results showed that self-adhesive resin cements had
lower values of retention. The total-etch and self-adhesive system resin cements

seem to be a possible alternative for glass fiber posts cementation.

Key-Words: Resin cement, fiber posts, bond strength.

INTRODUCTION

Posts and core are frequently used in endodontically treated teeth that
suffered excessive loss of coronal tooth structure (1-3).The choice of materials

used in these cases has changed from rigid materials, as gold and zircon dioxide,
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to materials which have mechanical characteristics that more closely resemble
dentin, as fiber posts and composite resins (4,5). The use of these materials
decrease radicular fracture possibility, since when it fails, it occurs particullary in
the post, what permits the tooth recovery (6).

The bonding performance of resin cements is dependent on the quality of
the hybrid layer (7-9). Some factors as root canal dentin morphology, bond system,
luting cement, and its cure may interfere in the hybrid layer formation along the root
canal walls, affecting the post retention (10, 11). This hybridization is critical in the
apical third, because of the difficulty of the adhesive process in this area.

According to manufacturer, the glass fiber posts luting must be adhesive, as
it already have BisGMA in its composition (5, 10, 12). Various luting agents have
been proposed for bonding FRC (fiber reinforced composite) posts to root canal
dentin, such as self-etching adhesives and etch-and-rise systems (13, 14). In
recent years, new resin cements formulas have been developed with self-adhesive
capacity. These cements have the advantage of not requiring any pretreatment of
dentin (15).

Thus, the aim of this study was to compare 5 different resin cement systems
(Chemical-cure total-etch; dual-cure total-etch; chemical-cure and self-etch
bonding system, dual-cured and self-etch bonding system; and dual-cure self-
adhesive cement) for bonding glass fiber post. The null hypotheses tested were: 1-
there is no retention strength difference among the thirds of root canal, 2- there are

no differences of luted glass fiber posts with different cement systems.
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MATERIALS AND METHODS

224 freshly extracted bovine incisors 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 mesiodistal (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 Industria e Comércio Itda, Petrépolis, RJ, Brasil). 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.

Double conicity glass fiber posts (#3 White post DC, FGM) and different
resin cement systems were utilized in this study, originating 7 experimental groups
(n=8): group 1: C&B Cement (Bisco); group 2: Rely-X ARC (3M/Espe); group 3:

Variolink I (lvoclar/Vivadent); group 4: Multilink (lvoclar/Vivadent); group 5:
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Panavia F 2.0 (Kuraray); group 6: Rely- X U100 (3M/Espe) and group 7: Biscem

(Bisco) (table 1).

Table 1: Groups and composition of the luting agents and manufactures.

Group

Material

Composition

Manufactures

G1

G2

G3

G4

G5

G6

G7

C&B Cement

Rely-X ARC

Variolink Il

Multilink

Panavia F 2.0

Rely-X U100

Biscem

Bisphenol A diglycidylmethacrylate Ethoxylated Bisphenol A
Dimethacrylate Silica Glass Frit, Bisphenol A diglycidylmethacrylate
Triethyl- eneglycoldimethacrylate

silane treated ceramic, triethylene glycol dimethacrylate (tegdma),
bisphenol a diglycidyl ether methacrylate (bisgma), silane treated
silica, functionalized dimethacrylate polymer.

Paste of dimethacrylates, inorganic fillers, ytterbiumtrifluoride,
initiators, stabilizers and pigments, Bis-GMA, Triethylene glycol-
dimethacrylate, Urethanedimethacrylate, Benzoyl-peroxide

Pastes of dimethacrylates, hydroxyethyl methacrylate (HEMA),
inorganic fillers, ytterbiumtrifluoride, initiators, stabilizers and
pigments, Dimethacrylates, HEMA, Benzoylperoxide

Hydrophobic aromatic  dimethacrylate, Hydrophobic  aliphatic
dimethacrylate, Hydrophilic aliphatic dimethacrylate, Silanated barium
glass filler, Catalysts, Accelerators, Pigments, Others, sodium fluoride

glass powder, methacrylated phosphoric acid esters, triethylene glycol
dimethacrylate (tegdma), silane treatead silica, sodium persulfate.
glass powder, substituted dimethacrylate, sialane treatead silica,
sodium p-toluenesulfinate, calcium hydroxide

Bis (Hydroxyethyl methacrylate) phosphate Tetraethylene glycol
dimethacrylate dental glass

Bisco

3M/Espe

Ivoclar/Vivadent

Ivoclar/Vivadent

Kuraray

3M/Espe

Bisco

In all groups, the posts were cleaned with 37% 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 air dried. One coat of bond (Scotch bond Multi- Purpose —

SBMP - 3M/Espe) was also applied, when necessary (groups 1, 2 and 3). The root
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canal pretreatment was performed in each resin cement as recommended by the
manufacturer’s instructions.

For the total-etch resin cements in groups 1, 2 and 3, the root canal dentin
was etched with 37% 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 20
seconds by a halogen light-curing unit Optilux 501 (Demetron/Kerr), with
600mW/cm? intensity.

For the cementation of glass fiber posts, equal amounts of resin cement
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.

For the self-cured C&B cement, 7 minutes was taken for its complete
polymerization. As for the dual-cured cements rely-X and Variolink 1lI, light
activation was performed through the cervical portion of the root for 40 seconds at
the buccal and lingual surfaces, totaling 80 seconds of light exposure.

The self-etch bonding system resin cements were used in groups 4 and 5.
The self-etching and self-curing primer A and B were mixed and applied in the root
canal dentin for 15 seconds (Multilink) or 30 seconds (Panavia F 2.0) and dried

with paper points. The cement base and catalyst were then, mixed in a 1:1 ratio
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and the same cementation procedure, as already described in groups 1, 2 and 3,
was performed in groups 4 and 5. For the self-cured Multilink, 7 minutes was
taken for its total cure.

Finally, in the self-adhesive resin cement groups (groups 6 and 7), the
dentin pretreatment is not necessary. Therefore, the cementation procedures were
directly done as mentioned in groups 1, 2, 3, 4 and 5.

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, 1
mm from cervical surface. Three 1 mm thick precise slabs, separated by 3 mm
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 (1Tmm 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;= m (R + r) [(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).
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After the push-out test, the specimens were analyzed by stereoscopic
microscope to determine the failure mode [Perdigéo et al. (22)]: type |, adhesive
between post and resin cement (no resin cement visible around the post); type I,
mixed with resin cement covering 0-50% of the post diameter; type Ill, mixed with
resin cement covering between 50 and 100% of post surface; type IV, adhesive
between resin cement and root canal (post enveloped by resin cement); type V,

cohesive in dentin.

RESULTS

Push-out test: The analysis of variance showed statistically significant
difference among the different cements (p<0.05) and the root canal thirds (p<0.05).
The Tukey test results are displayed in table 2.

There was no bond strength significant difference among groups G1 to G5.
The G6 and G7 groups had statistically lower results than the others on the
different thirds evaluated. G2 and G3 demonstrated statistically lower resistance
values of the apical than the cervical third. G5 had lower values on the apical third
when compared to the middle third. The G1, G4, G6 and G7 had no significant
differences along the root thirds.

The failure modes of groups and root level are displayed in table 3. No

cohesive failure in dentin (type V) was observed. Higher incidence of failure type IV
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(50.5%) and type Ill (25%) was observed in comparison to the failure type | (7%).

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

Table 2: Means (standard deviation) of Push-out Bond Strength in MegaPascal (MPa)

Third
Material
Cervical Middle Apical
C&B Cement (G1) 9.5 (1.5)° 8.6 (2.7)° 7.7 (1.1)°
Rely-X ARC (G2) 11.8 (2.6)° 9.2(1.5)*® 7.7 (1.6)°
Variolink 1l (G3) 10.5 (2.2)° 8.8 (0.7)® 6.8 (1.4)°
Multilink (G4) 8.7 (2.0) 8.3 (1.3)° 8.2 (0.8)°
Panavia F 2.0 (G5) 8.3 (0.7)® 10.2 (1.8)° 6.7 (1.3)°
Rely-X U100 (G6) 6.7 (1.2)° 6.6 (1.1)° 5.7 (2.7)
Biscem (G7) 6.8 (1.7)° 7.0 (1.4) 5.3 (2.2)°

*Different letters (comparison among columns in the same rows) indicate statistical difference (p<0
.05).

Table 3: Failure Modes of groups and level of the root canal after the push-out tests

Group and third Type1 Type2 Type3d Typed Typeb

- G1 Coronal
- G1 Middle
- G1 Apical

- G2 Coronal
- G2 Middle
- G2 Apical

- G3 Coronal
- G3 Middle
- G3 Apical

- G4 Coronal
- G4 Middle
- G4 Apical

- G5 Coronal
- G5 Middle
- G5 Apical

- G6 Coronal
- G6 Middle
- G6 Apical

- G7 Coronal
- G7 Middle
- G7 Apical
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DISCUSSION

Microtensile, pull-out and push-out tests have been traditionally used to
assess the retention of endodontic posts in the root canal (3). The push-out test is
based on the shear stress at the interface between dentin and cement as well as
between post and cement, and seems to be the most accurate and reliable
technique to measure the bond of fiber post to root dentin (16). The push-out test
was performed 24 hours after the adhesive cementation procedure, as after this
period, there is an increase in the bond strength predominantly, contributed by
frictional retention (17).

The silane coupling agent was applied on the surface of the translucent
glass fiber posts as some researches (18-20) have shown an increase of their
bond strength to the resin cement and due to manufacturer recommendation. In
contrast, some recent studies demonstrated that the silane utilization does not
contribute to bond strength increase (14, 21-23). On the other hand, this procedure
does not seem to affect post bond strength, since the findings of this investigation
indicated that the most fiber posts cementation failures are more likely to be
between root canal walls and resin-based luting cement, agreeding to Mannocci et
al. (24).

Shear bond strengths depend on the degree and stability of interfacial
micromechanical interlocking and chemical adhesion between the root canal
dentin, dentin bonding agent/resin-based luting cement/silane coupling agent, and

fiber post (25).
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The first null hypothesis that there is no retention strength difference among
the thirds has to be rejected. The current results demonstrated that the cements
Rely-X ARC and Variolink Il dual-cured cements had lower values on the apical
than on the cervical region. This could possibly be explained by light limited access
to this region, leading to a defective polymerization of these cements (16, 26, 27).
Previous studies have shown that the use of translucent glass fiber posts may
minimize this problem (28, 29). However, an increase of light transmission capacity
is insignificant to obtain an appropriate degree of conversion of the cement,
particularly on the apical region (1, 2, 29).

On the other hand, there are evidences that a low degree of conversion
does not necessarily reduce post retention (30). The C-factor (ratio of bonded to
unbounded surface areas of cavities), according to Feilzer et al. (31), is critical
when higher than 5. Additionally, in a root canal it is always critical (32, 33) and it
contributes to increase the polymerization stress of resin based materials along the
root canal walls, particularly on the light-cured resin cements, affecting the
retention of fiber post. Depending on the diameter and length of the canal, this
factor can range from 20 to 100 (34), may even exceed 200 (32), representing an
unfavorable clinical situation. The shrinkage stresses in the confinement of the
intact root canal exceed the cement-dentin bond strength, causing debonding (32).
On the canal apical levels, a lower conversion degree polymerization may be an
advantage as it provides a lower shrinkage stress, reducing the C-factor

inconvenience (35). This can explain the similar results of the dual-cured cements
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(Rely-X, Variolink and Panavia) and the self-cured (C&B Cement and Multilink),
which revealed a low shrinkage stress (19, 32).

Other factors as moisture control on apical region (36-38), presence of
residual gutta-percha and the deficient dentin hybridization (39, 40) may also result
in deficient sealing of the resin cement-dentin interface on apical third. The total-
etch adhesives low bond strength values in this study might be associated with the
facts that these adhesives require more complex procedures and that the moisture
control on apical third is compromised.

Regarding self-adhesive cements used in the present study (Rely-X U100
and Biscem), they had lower statistical significance than the other cements. A
possible dentin deficient hybridization along the root canal walls may explain the
lower value results for the self-adhesives cements in all thirds. Thus, the second
null hypothesis that different cements systems have no effects on the retention of
glass fiber posts in root dentin was rejected.

As for the Rely-X U100 cement, it has a limited etching potential compared
with the etch-and-rinse and self-etching adhesive systems (13, 41). This could
possibly be explained by the methacrylated phosphoric esters presented in these
adhesive systems which are not as effective as phosphoric acid in dissolving the
thick smear layer in the root canal walls during the post space preparation (16, 41).
Additionally, this cement exhibited a low degree of conversion even after light
curing (42). In a previous study Mazziteli et al. (15) also reported few

polymerization areas when Biscem cement was used.
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The convencional three-step adhesive use for total-etch cements in this
study, was carried out, due to the simplified adhesives (conventional two-step and
one-step self-etch) incompatibility with the self-etch or dual-cure resin cements.
This occur by the acid resin monomers presence in the non polymerized adhesive
residual layer caused by the oxygen inhibition of the simplified adhesives, that
reacted with the resin cement tertiary amine (8, 9). Moreover, these adhesives
promote a permeable hybrid layer, allowing water diffusion from the dentine,
forming water droplets along the adhesive resin cement interface (43). The same
authors, in accordance with Faria e Silva et al., (44) affirm that an additional coat of
a more hydrophobic resin (bond) may minimize this inconvenience.

The one-step self-etch adhesive was used for Multilink and Panavia resin
cements, since they belong to the cements system. Nevertheless, the results of
these cements did not differ statistically from the etch-and-rinse ones. For Panavia
resin cement, this may be justified by the fact that it has sodium benzene sulfonate
in its composition (Primer B), a chemical initiator compound, which hinders that the
cement tertiary amines are consumed by the simplified adhesives residual acid
monomers. The similar findings for Multilink cement, can be explained by the
chemical curing system, that reduces the shrinkage stress, and consequently,
decreases adhesive layer injuries (19, 32).

Although studies have reported that the mean retention mechanism of posts
to root canal is not adhesive but frictional (17, 37, 44-46), this factor does not seem

to have affected retention values, due to an excellent post adaptation to canal walls
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in all regions of the root. This appropriated post adaptation reduces resin cements

coating that also contributes to minimize the effects of polymerization shrinkage.

In summary, the use of resin cements to bonding glass fiber posts is an
attractive clinical concept. Stresses caused by polymerization shrinkage and
problems with access of light to the root canal may complicate the formation of
adequate hybrid layer. The results of this study indicate that the self-adhesive resin
cements exhibited the lowest bond strength to human dentin of all the cements
tested. Within the limitations of this in vitro study, it may be concluded that the use
of total-etch cements and self-etching adhesive systems seem to be a viable
alternative in the glass fiber posts cementation process. However, other
researches employing different techniques must be studied, in order to improve the

bond strength of self-adhesive cements to root dentin.
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ABSTRACT

The purpose of this study was to evaluate the effectiveness of LED in light-
curing different dual-cured resin cements (dual-cure total-etch; dual-cured and self-
etch bonding system; and dual-cure self-adhesive cements), on the bond strength
(push-out) of glass fiber posts in the different thirds of the root (cervical, middle and
apical). Disks of the samples (n=144) were used, with approximately 1 mm of
thickness of 48 bovine roots restored with glass fiber posts, that were luted with
resin cements photoactivated by a halogen light-curing unit - QTH (Optilux 501),
with approximately 600mW/cm? intensity, or light emmiting diode (LED Ultraled),
with approximately 550mW/cm? intensity. A universal testing machine (MTS 810
Material Test System) was used with a 1 mm diameter steel rod at cross-head
speed of 0,5 mm/min until post extrusion, with load cell of 50 kg, for evaluation of
the push-out strength in the different thirds of each sample. The push-out strength
values in kgf were converted to MPa and analyzed through Analysis of Variance
and Tukey’s test, at significance level of 5%. The results showed that there were
no statistical differences between the QTH and LED light-curing units used for

luting fiber posts.

Key words: LEDs; bonding strength; resin cements

PACs: 81.70.Bt; 82.35.Gh
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INTRODUCTION

Glass fiber 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. Since glass fiber posts have similar rigidness characteristics to dentin,
these posts absorb masticatory strength and protect the radicular remnant, as they
enable the formation of a homogenized mechanical unit [1, 2, 3].

According to manufacturer, glass fiber posts luting must be adhesive as it
already have BisGMA in its composition [1, 2, 4]. However, despite the advantages
related to adhesive cementation, there are several factors which may interfere with
the hybrid layer constitution along radicular canal walls and with the luting agent
curing. Some factors, such as root dentin morphology, adhesive system, resin
cement and polymerization source [4, 5], can lead to an unsuccessful restoring
treatment, due to post release. Additionally, Roberts et al. [6] have reported curing
light difficulty in reach the most apical areas of root canals, and may also cause
restoration failures.

Currently, there has been an increasing use of dual-curing resin cements
during restoration cementation procedures, once this type of cements allows a
higher working time than the exclusively chemical curing ones. [7]

Light-curing unit sources as laser, plasma arch, and LED have been used in
the photoactivation process of the resin-based materials [8, 9, 10, 11]. The blue

light emitted by a halogen (QTH) curing unit is produced by heating tungsten
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filaments of a quartz bulb that contains a halogen gas. Further, it also produces
large quantities of heat during the polymerization cycles, which eventually results in
degradation of bulbs, reflectors and filters, probably resulting in inadequate
polymerization [12, 13].

The LED LCUs have a narrow spectral range with a peak around 470 nm,
which matches the optimum absorption wavelength for the activation of the
camphoroquinone photoinitiator present in light-activated dental resins [12, 14, 15,
16]. The semiconductors used for light emission instead of hot metal filaments
found in halogen bulbs generate less heat and undergo little degradation over time.
Moreover, these units consume a little power and do not require filters [17].
Furthermore, this device has an accessible cost and is easy to handle [18].

This system has been becoming more diffused and employed, however the
effectiveness of these devices is still questionable. In addition, there are also many
doubts related to the final properties of resin cements, when irradiated by different
forms through the dentinary structure, and especially inside the radicular canal
afterwards fiber posts cementation.

Various luting agents, as self- etching adhesives and etch-and-rise systems
have been proposed for bonding FRC (fiber reinforced composite) posts into root
canal dentin [19, 20]. In recent years, new resin cement formulas have been
developed with self-adhesive capacity. These cements have the advantage of not
requiring any pretreatment of dentin.

Therefore, the aim of this study was to evaluate the effectiveness of LED in

light-curing different dual-cured resin cements (dual-cure total-etch; dual-cured and
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self-etch bonding system; and dual-cure self-adhesive cements). The null
hypothesis was that there is no difference on bond strength of glass fiber post to
root dentin, when dual-cured resin cements are photoactivated by LED or QTH

LCUs.

MATERIALS AND METHODS

224 freshly extracted bovine incisors 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), medium (RM) and apical
(RA), in mesiodistal (RMD) and buccolingual (RBL) direction, in all root length (RT).
After this analysis, an average of the root dimensions was determinated and 48
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 Industria e Comércio Itda, Petrépolis, RJ, Brasil). Subsequently,

the filled roots were stored in distilled water at 37° for 48 hours.
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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.

Double conicity translucent glass fiber posts (#3 White post DC, FGM) and
different resin cements systems were utilized in this study, originating 6

experimental groups (n=8 / table 1).

Table 1: Experimental groups.

Group Material Light Curing Units Manufactures
G1 Rely-X ARC QTH 3M/Espe
G2 Panavia F 2.0 QTH Kuraray
G3 Rely-X U100 QTH 3M/Espe
G4 Rely-X ARC LED 3M/Espe
G5 Panavia F 2.0 LED Kuraray
G6 Rely-X U100 LED 3M/Espe

Groups G1, G2 e G3 were polymerized by a halogen light-curing unit - QTH
(Optilux 501 - Demetron/Kerr), with approximately 600mW/cm? intensity, and G4,

G5 and G6 by a light emitting diode (LED Ultraled — Dabi Atlante), with
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approximately 550mW/cm? intensity. The respective light intensities were
measured with a radiometer previously calibrated.

In all groups, the posts were cleaned with 37% 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 (groups 1, 2 and 3). The root canal
pretreatment was performed in each resin cement as recommended by the
manufacturer’s instructions.

For the total-etch resin cement (RelyX ARC - groups 1 and 4), the root canal
dentine was etched with 37% 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 20 seconds by a halogen light-curing unit for G1 and by a LED for G4.

For the cementation of glass fiber posts, equal amounts of resin cement
agents, base and catalyst, were mixed and applied onto the posts surface and into
the root canals 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.
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Light activation was performed by the halogen light for G1 and a LED for
G4, on the cervical portion of the root for 40 seconds at the buccal and lingual
surfaces, totaling 80 seconds of light exposure.

The resin cement self-etch adhesive (Panavia F 2.0) was used in groups 2
and 5. The self-etching and self-curing primer A and B were mixed and applied in
the root canal dentin for 30 and dried with paper points. The cement base and
catalyst were then, mixed in a 1:1 ratio and the same cementation procedure, as
already described in groups 1 and 4, was performed in groups 2 and 5,
respectively.

Finally, in self-adhesive resin cement (RelyX U100-in groups 3 and 6), the
dentine pretreatment is not necessary. Therefore, the cementation procedures
were directly done as mentioned in groups 1 and 4, respectively.

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, 1
mm from cervical surface. Three 1 mm thick precise slabs, separated by 3 mm
space each, were obtained per root and they were identified as cervical, medium
and apical specimens. The thickness of each slab was measured by the digital
machine cutting disc position along the roots.

Immediately after the slabs were obtained, they were positioned on the

push-out jig (1 mm diameter), which was placed on the Universal Testing Machine
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(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;= m (R + r) [(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).

RESULTS

Push-out test: The analysis of variance showed no statistically significant
difference among the different LCUs (p>0.05)(Table 2 and Graph 1). The Tukey
test results are displayed in table 2.

There was no bond strength significant difference between groups G1 and
G4, G2 and G5, G3 and G6. The G3 and G6 groups had statistically lower results
than the other on the different thirds evaluated. G1 demonstrated statistically lower
resistance values on the apical than the cervical third. G2 and G5 had lower values
on the apical third when compared to the middle third. The G3, G4, and G6 had no

significant differences along the root thirds.

Table 2: Means (standard deviation) of Push-out Bond Strength in MegaPascal
(MPa)

Third
Cervical Middle Apical

Material
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RelyX ARC QTH (G1) 11.8 (2.6)° 9.2(1.5)™ 7.7 (1.6
Panavia F2.0 QTH (G2) 8.3 (0.7)® 10.2 (1.8)° 6.7 (1.3)°
RelyX U100 QTH (G3) 6.7 (1.2)° 6.6 (1.1)° 5.7 (2.7)°
RelyX ARC LED (G4) 10.0 (1.3)° 8.7 (1.7)° 7.6 (1.4)°
Panavia F 2.0 LED (G5) 8.3 (1.4)® 9.7 (1.9)° 6.5 (2.0)°
Rely-X U100 LED (G6) 6.9 (1.5)° 6.9 (1.2)° 5.2 (1.2)°

*Different letters (comparison among columns in the same rows) indicate statistical difference (p<0
.05).

Graph 1: Means of Push-out Bond Strength in MegaPascal (MPa)



56

DISCUSSION

In the literature, there have been studies evaluating the degree of
polymerization and the resin cements adhesive resistance to dentin through
ceramic discs [21, 22]. However, the effectiveness of resin cements
polymerization, when cured with LEDs in the cementation process of fiber posts
into radicular canal, is still lacking.

In the current study, the push-out tests were used to assess the retention of
endodontic posts in the root canal, because this test seems to be the most
accurate and reliable technique to measure the bond of fiber post to root dentin
[23]. The push-out test was performed 24 hours after the adhesive cementation
procedure, as after this period, there is an increase in the bond strength [24].

A comparison of light-curing systems, LED versus halogen light, needs to
consider curing unit power, LED number and exposure time. According to
Asmussen et al. [25], only powerful LEDs can be compared with halogen light. The
first generation of LEDs presented inferior light intensity to 150 mW/cm2, which
was insufficient for an appropriate polymerization. Other investigations comparing
a low-light intensity LED with high-intensity halogen lamps, had inferior results for
LEDs [26, 27, 28]. In this study, similar light intensity halogen light and LED, were
compared. Researchers showed that the QTH and LED light-curing units, which
presented the same light intensity, promoted similar values in the curing depth of

the composite resins [29].
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As for light activation of dual-cured resin-based materials, it is necessary to
maximize strength and rigidity [30]. Some studies have also reported that the
optimum results cannot be obtained through autopolymerization alone [7, 31, 32,
33, 34, 35, 36, 37]. In addition, maximum bond strength of dual-cured cements is
achieved only when light activation is properly done [38, 39, 40].

The null hyphotesis tested in the present study is confirmed. The results
indicated that there were no statistical differences in posts adhesive resistance to
radicular dentin, when resin cements were cured either with QTH or LED LCUs.
However, the self-adhesive resin cement RelyX U100 showed, in general, lower
values in comparison with the other evaluated cements (RelyX ARC e Panavia F
2.0), for any light source utilized. This can possibly be explained by the limited
etching potential of this cement compared with the etch-and-rinse (RelyX ARC)
and self-etching adhesive systems (Panavia F 2.0)[19, 41], resulting in a defective
hybrid layer. Moreover, according to Kumbuloglu et al. [42], the RelyX U100
exhibited a low degree of conversion, even after light curing.

The current findings also demonstrated that the dual-cured cements Rely-X
ARC and Panavia F 2.0 had lower values on the apical region. One possible
reason for these results is the LED and QTH LCUs light limited access to this
region, leading to a defective polymerization of these cements [7, 23, 32].

Some other studies comparing hardness and degree of conversion of resin
cements photoactivated with halogen light and LED, have shown similar results
among the light sources, when they are analysed within the same parameters [21,

43].
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The light sources based on LED have an emission spectrum, varying from
460 to 488 nm, with a maximum emission peak at 470 nm, almost coinciding with
the maximum peak of camphorquinone absorption [15, 29, 44, 45]. Due to this fact,
it could be expected that the LEDs activated cements had a higher degree of
conversion and, consequently, a better retention resistance. On the other hand,
according Faria e Silva et al. [46] there are evidences that a higher degree of
conversion does not necessarily improve post retention. On the canal apical levels,
a lower conversion degree polymerization may be an advantage, as it provides a
lower shrinkage stress, reducing the C-factor inconvenience [47]. Additionally,
other factors as presence of residual gutta-percha, deficient dentin hybridization
[48, 49] and moisture control on apical region [50, 51, 52], may also result in low
bond strength values in the apical third.

Carvalho et al. [53], in their investigation, agreed that the use of reliable and
powerful LED light-curing units is advisable in order to produce effective
polymerization and bond strength results, similar to those of halogen light.
Therefore, based on the analysed literature and within the limitations of this in vitro
study, it may be concluded that the LED LCUs can be applied as an alternative to
halogen light on photoactivation of dual-cured resin cements, during the fiber posts
cementation process into the radicular canal. Nevertheless, additional studies are

necessary with different light-cured resin cements formulations.
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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 utilizacdo de
incisivos bovinos permite uma maior padronizagdo 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.’® (2004), este parece ser o teste que mais se aproxima da situagdo
clinica na cavidade oral, além de ser um teste que apresenta uma confiabilidade
satisfatoria.

A utilizagdo do silano foi justificada devido a recomendacgao do fabricante

22123 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 utilizacdo do mesmo ndo aumenta essa retengéo®
24.30. 38 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.?® (2006).
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Para alguns grupos avaliados na pesquisa, ocorreram baixos valores no
terco apical, em relacdo aos outros tercos. Esses baixos podem ser explicados
principalmente pela dificuldade no procedimento adesivo nessa regido, como
controle da umidade e polimerizacdo do cimento'" 2" 2226,

Os cimentos resinosos auto-adesivos apresentaram sempre resultados
inferiores aos outros cimentos. Isto se deve principalmente aos monémeros acidos
presentes nestes cimentos, os quais tém um potencial de condicionamento
limitado do tecido dentinario, levando a formacdo de uma camada hibrida
defeituosa, e, consequentemente, menor forga de retencéo do pino.

Na comparacdo entre as fontes de luz halégena e LED, & importante
verificar se as intensidades de luz dos aparelhos s&o similares, padronizando a
avaliagao destes aparelhos. Alguns estudos comparando o grau de conversao de
materiais resinosos fotoativados com luz halégena e LED tem mostrado resultados
semelhantes entre as fontes de luz quando estas sao avalidas nos mesmo
parametros'® *. Devido aos aparelhos LED apresentarem um pico de emiss&o de
luz muito préximo ao pico de absorgéo da canforoquinona, fotoiniciador principal
destes cimentos resinosos, poderia se esperar que os cimentos ativados com esta
fonte de luz tivessem um maior grau de conversdo e, consequentemente, uma
maior resisténcia de retencdo Porém, os resultados mostraram que n&o houve

diferencas estatisticas na resisténcia adesiva dos pinos a dentina radicular com

cimentos resinosos polimerizados tanto com luz halégena como por LED. Um
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menor grau de conversao pode ser vantajoso por gerar um menor estresse de
polimerizacao, reduzindo o fator-C, prejudicial a adeséo.

Outros estudos tém demonstrado que o principal mecanismo de retencéo
dos pinos ao canal radicular ndo é adesivo, mas de natureza friccional® ™ 2°.
Porém, esse fator ndo parece ter afetado os valores de retencdo devido a
excelente adaptacéo do pino as paredes do canal em todos os tercos da raiz.

Com base nas limitagcdes deste estudo in vitro, pode-se concluir que os
cimentos resinosos de condicionamento acido total e cimentos com adesivos auto-
condicionantes parecem ser opg¢des viaveis para cimentacao de pinos de fibra de
vidro intrarradicularmente. Para os cimentos que necessitam de luz, tantos as
fontes de luz halégena quanto os LEDs podem ser utilizados para fotoativacao

destes sistemas. Os cimentos auto-adesivos necessitam de estudos adicionais, no

intuito de pesquisar técnicas para melhorar o seu desempenho clinico.
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6 ANEXOS

MATERIAL E METODO

Experimento 1:

« MATERIAL

Para confeccdo dos corpos-de-prova, foram utilizados retentores intra-
radiculares pré-fabricados de fibra de vidro (White Post DC n°® 3 / FGM). Este pino
apresenta dupla conicidade e translucidez. Para fixacdo dos retentores, foram
utilizados diferentes sistemas resinosos para cimentacdo: cimento resinoso
convencional de polimerizagdo quimica C & B Cement (Bisco), cimento resinoso
convencional de polimerizagdo dual (RelyX ARC — 3M Espe e Variolink Il — Ivoclar
Vivadent) cimento resinoso com adesivo auto-condicionante de polimerizagcao
quimica Multilink (Ivocla/Vivadent), cimento resinoso com adesivo auto-
condicionante de polimerizagdo dual Panavia F2.0 (Kuraray), cimento auto-
adesivo de polimerizagdo dual (RelyX U100 — 3M Espe e Biscem — Bisco). Foi
utilizado para o tratamento do pino o silano Ceramic Primer (3M/Espe) e, quando
necessario, foi utilizado o sistema adesivo convencional de 3 passos Scotch Bond

Multi-Purpose (3M/Espe).
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- METODO
6.1. Selegao, preparo e inclusao das raizes

Foram coletados 224 dentes incisivos bovinos recém extraidos com raizes
retas e livres de trincas, armazenados em timol a 0,5% apos limpeza com curetas
periodontais. Os dentes foram numerados, e foi realizada a mensuragcédo na sua
porcao 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
56 dentes com dimensdes mais proximas da mediana. Foi calculada também as
médias das dimensbes dos dentes, anteriormente obtidas, para verificar a
distribuicdo normal dos corpos-de-prova entre os grupos.

Em seguida, a porgao coronaria dos dentes foi removida, utilizando-se disco
diamantado (KG Sorensen), padronizando o comprimento das raizes em 16 mm
(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
numeragéo 30, sob abundante irrigagdo com hipoclorito de soédio a 1,0% para
suspensao da matéria organica. Apos esta etapa, as raizes foram numeradas,
mantendo-as imersas em agua destilada a 37° C em estufa por trés dias.

Para que todas as raizes tivessem o mesmo padréo de desgaste interno
durante o preparo intra-radicular, foram selecionadas raizes bovinas nas quais a
broca largo n°® 3, fornecida pelo fabricante do pino WhitePost DC para o preparo

do canal radicular, n&o penetrasse no interior do mesmo.
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6.2. Tratamento endodontico e preparo dos canais radiculares

Todos canais foram obturados pela técnica da compressao hidraulica.
Desta forma, a instrumentacdo dos condutos radiculares foi realizada com brocas
Gates Glidden (Maillefer-Dentsply-Brasil) numero 3 e 4 no comprimento de 15 mm,
controlado por cursor. Ap6s a instrumentacao, o canal foi irrigado com hipoclorito
de sodio a 1,0 % e secados com cones de papel absorventes. Um cone principal
de guta percha (Dentsply-Brasil) que trave na regido apical do canal foi
selecionado e as raizes foram obtudas com cimento a base de resina AH Plus
(Dentsply-Maillefer) e condensadas com broca MC’ Spadden e calcadores de
paiva. Apos o tratamento endodéntico, as raizes ficardo armazenadas em agua
destilada a 37°C por 24 horas.

O preparo dos condutos radiculares para receber o retentor foi realizado
primeiramente com uma fresa Gates Glidden n°3 abrindo acesso para
posteriomente utilizar uma fresa de Largo n°3 fornecida pelo préprio Kit,
apresentando forma e dimensdes compativeis com os pinos. A fresa foi levada em
baixa rotacdo, até a profundidade de 11 mm, distancia esta limitada por uma
marcacado especifica. Para o procedimento de cimentacdo, as raizes foram
envolvidas com uma lamina de cera rosa numero sete, ficando apenas a superficie
cervical exposta. O objetivo do envolvimento das raizes foi evitar que a luz do
aparelho fotopolimerizador pudesse passar através da dentina radicular e

modificar a polimerizacéo do adesivo ou do cimento (Figuras 1 e 2).
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Figura 1: Desobturacdo inicial do conduto Figura 2: Preparo final do conduto com a
com fresa Gates glidden n.3 no comprimento fresa referente ao pino n.3 no comprimento
de 11mm de 11mm

6.3. Divisdo dos grupos experimentais

Apds todo o tratamento das raizes, os grupos foram divididos de acordo
com o sistema de cimentagao, sendo 8 amostras para cada grupo (n=8) como

segue o quadro:

Quadro 1:
[ ouros | GMENTORESNGSO(GOR) || FABRIGANTE | FoNTEREWZ |
G1 C & B Cement (Natural) Bisco X
G2 Rely-X ARC (A3) 3M Espe Luz Halégena
G3 Variolink Il (Yellow) Ivoclar/Vivadent Luz Halégena
G4 Multilink (Yellow) Ivoclar/Vivadent X
G5 PanaviaF2.0 (Tooth Color) kuraray Luz Halégena
G6 Rely-X U100 (A2 Universal) 3M Espe Luz Halégena
G7 Biscem (Translucent) Bisco Luz Halégena

Os cimentos dos grupos G1 e G4, por serem de polimerizagdo quimica, ndo necessita de ativagédo
por luz. Ja os grupos G2, G3, G5, G6 e G7 , ap6s inseridos os pinos nos respectivos canais, teve os cimentos
fotoativados por uma fonte de luz halégena Optilux 501 (Demetron/Kerr) com intensidade de luz de
600mW/cm?.
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A fotopolimerizacdo do cimento, quando necessario, foi realizada
colocando-se a ponteira em um angulo de 45° e paralelo ao pino, cada diregdo por

um tempo de 40 segundos.

6.4. Cimentagao dos Pinos de Fibra de Vidro

Para o tratamento do pino foi realizada uma limpeza do mesmo com acido
fosforico por 60 segundos, seguido de lavagem e secagem. Em seguida foi
aplicado sempre o mesmo silano (Ceramic Primer — 3M/Espe) e, quando
necessario, o agente adesivo (Scotch Bond Multi-Purpose — 3M/Espe). Ja o
tratamento do conduto radicular para a cimentacdo, quando necessario, foi
realizado de acordo com as recomendacgdes de cada fabricante do cimento

resinoso, variando de acordo com os diferentes grupos (Figuras 3 e 4):

G1 — Cimento Resinoso Convencional Quimico (C&B Cement)

1. Preparo do pino

Para o preparo da superficie do pino, foi feito inicialmente o condicionamento
da superficie com acido fosférico a 35% por 60 segundos visando a limpeza
superficial, seguido de lavagem abundante com agua corrente e secagem com
jatos de ar. Apds, com auxilio de um aplicador descartavel (micro-brush), foi
aplicado um silano (Ceramic Primer), sendo a superficie do pino, apés aguardado
o tempo de 1 minuto, seca com jato de ar durante 5 segundos. Posteriormente, foi

aplicado apenas do frasco 2 (Adesivo) do sistema adesivo Scotch Bond Multi-
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Purpose 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 fotoativagéo

por 20 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, através do auxilio de uma seringa
descartavel, penetrando-se a agulha no interior do canal para garantir que todo
acido foi removido. Apoés, foi removido o excesso de agua do interior do conduto
utilizando-se cones de papel absorvente, para posterior aplicacdo do sistema
adesivo Scotch Bond Multi-Purpose. Primeiramente foi aplicado o Primer (frasco
1), com um micro-brush longo, seguido da aplicacdo de leves jatos de ar, para
evaporacao do solvente. Posteriormente coloca-se o Adesivo (frasco 2)
removendo-se 0 excesso com cones de papel absorvente, realizando, entéo, a
fotoativacao por vinte segundos, com a ponta ativa posicionada a altura da

embocadura do canal radicular.

3. Manipulagéo do cimento e insergdo do pino

Para manipulacdo do cimento quimicamente ativado, foi dispensada a pasta
base e catalisadora, em iguais proporgdes, sobre um bloco de papel impermeavel,
espatulando-se este por dez a quinze segundos. O cimento manipulado foi levado

no interior do canal por meio de uma sonda periodontal e sobre a superficie do
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retentor, aplica-se uma fina camada do cimento. Posiciona-se o pino de fibra de
vidro no interior do conduto, estabilizando-o manualmente de forma a ficar
perpendicular ao longo eixo da raiz. Faz-se uma leve pressao no pino por 5 a 10
segundos. O excesso de cimento foi removido utilizando-se espatula para

compésito, e foi aguardo 7 minutos para a polimerizagao total do cimento.

G2 — Cimento Resinoso Convencional Dual (Rely-X ARC)

1. Preparo do pino

Semelhante ao preparo do pino no grupo G1.

2. Preparo do canal radicular

Semelhante ao preparo do canal no grupo G1.

3. Manipulagédo do cimento e insergdo do pino

Para manipulacdo do cimento resinoso dual, foi dispensada a pasta base e
catalisadora, em iguais propor¢cbes, sobre um bloco de papel impermeavel,
espatulando por dez segundos. O cimento manipulado foi levado no interior do
canal por meio de uma sonda periodontal e sobre a superficie do retentor, aplica-
se uma fina camada do cimento. Posiciona-se o pino de fibra de vidro no interior
do conduto, estabilizando-o manualmente de forma a ficar paralelo ao longo eixo
da raiz. Faz-se uma leve pressao no pino por 5 a 10 segundos. O excesso de
cimento foi removido utilizando-se espatula para compésito aproximadamente 3
minutos apds o assentamento do pino, e em seguida o cimento foi fotoativado por

80 segundos por uma fonte de luz halégena.
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G3 — Cimento Resinoso Convencional Dual (Variolink 1)

Todos os procedimentos sdo semelhantes ao grupo G3. Porém, nao foi
necessaria a espatulacdo do cimento, pois 0 mesmo possui uma ponta auto-
mistura, no qual a pasta base e catalizadora do produto ja sairdo da seringa

misturadas.

G4 — Cimento Resinoso Quimico com Adesivo Auto-condicionante (Multilink)

1. Preparo do pino

Semelhante ao preparo do pino no grupo G1.

2. Preparo do canal radicular

Apbs limpeza do canal, mistura-se o primer A e B do kit do cimento resino em
igual proporcéo (1:1) e com auxilio de um micro-brush longo, aplica-se no interior
do canal. Apdés um tempo de 15 segundos, foram removidos 0s excessos com
cones de papel absorvente, seguido de leves jatos de ar. Ndo é necessario
fotoativacao, ja que a mistura € autopolimerizavel.

3. Manipulagéo do cimento e insergdo do pino

O cimento possui uma ponta auto-mistura, no qual a pasta base e catalizadora
do produto ja saira da seringa misturada. O cimento foi levado no interior do canal
com uma sonda periodontal (segundo o frabricante, a fresa Iéntulo poderia causar
um polimerizacdo precoce do cimento no interior do canal, dificultando o
assentamento do pino) e sobre a superficie do retentor, aplica-se uma fina
camada do cimento. Posiciona-se o pino de fibra de vidro no interior do conduto,

estabilizando-o manualmente de forma este ficar perpendicular ao longo eixo da
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raiz. Faz-se uma leve pressao no pino por 5 a 10 segundos. O excesso de cimento
foi removido utilizando-se espatula para composito, e foi aguardado 7 minutos

para a polimerizacgéo total do cimento.

G5 — Cimento Resinoso Dual com Adesivo Auto-condicionante (Panavia F2.0)

1. Preparo do pino

Semelhante ao preparo do pino no grupo G1.

2. Preparo do canal radicular

Foram misturados o ED Primer A e B e aplicado no interior do canal,
aguardando-se 30 segundos. Apéds, foram removidos os excessos com cones de
papel absorvente.

3. Manipulagéo do cimento e inser¢g&o do pino

Para manipulagdo do cimento resinoso auto-adesivo, foi dispensada a pasta
base e catalisadora (Paste A e B), em iguais proporc¢des, sobre um bloco de papel
impermeavel, espatulando-se por dez segundos. Sobre a superficie do retentor,
aplica-se uma fina camada do cimento. Posiciona-se o pino de fibra de vidro no
interior do conduto, estabilizando-o manualmente de forma este ficar perpendicular
ao longo eixo da raiz. Faz-se uma leve presséo no pino por 5 a 10 segundos. O
excesso de cimento foi removido utilizando-se espatula para compésito, e em

seguida o cimento foi fotoativado por 80 segundos.

G6 — Cimento Resinoso Auto-adesivo Dual (Rely-X U100)

1. Preparo do pino
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Foi feita a limpeza do pino e apenas a aplicacédo do silano de acordo com o
protocolo do grupo 1 (G1). N&o foi necessario aplicacao do adesivo.

2. Preparo do canal radicular

N&o é necessario nenhum tratamento no canal radicular.

3. Manipulagéo do cimento e insergdo do pino

Para manipulagdo do cimento resinoso auto-adesivo, foi dispensada a pasta
base e catalisadora, em iguais proporg¢des, sobre um bloco de papel impermeavel,
espatulando-se por dez segundos. O cimento espatulado foi aplicado no pino e
levado ao interior do canal. Posiciona-se o pino de fibra de vidro no interior do
conduto, estabilizando-o manualmente de forma a ficar perpendicular ao longo
eixo da raiz. Faz-se uma leve pressao no pino por 5 a 10 segundos. O excesso de
cimento foi removido utilizando-se espatula para compésito, e em seguida o

cimento foi fotoativado por 80 segundos.

G7 — Cimento Resinoso Auto-adesivo Dual (Biscem)

4. Preparo do pino

Foi feita a limpeza do pino e aplicagédo do silano de acordo com o protocolo do
grupo 1 (G1). Nao foi necessario aplicacdo do adesivo.

5. Preparo do canal radicular

N&o é necessario nenhum tratamento no canal radicular.

6. Manipulag&o do cimento e inser¢do do pino

O cimento possui uma ponta auto-mistura, no qual a pasta base e catalizadora

do produto ja saira da seringa misturada. O cimento foi levado no interior do canal



87

por meio de fresa Lentulo e sobre a superficie do retentor, aplica-se uma fina
camada do cimento. Posiciona-se o pino de fibra de vidro no interior do conduto,
estabilizando-o manualmente de forma a ficar perpendicular ao longo eixo da raiz.
Faz-se uma leve pressao no pino por 5 a 10 segundos. O excesso de cimento foi
removido utilizando-se espatula para compésito, e em seguida o cimento foi

fotoativado por 80 segundos.

Figuras 3 e 4: Prova do pino no comprimento de trabalho e procedimento de cimentacéo
adesiva do pino de fibra de vidro. O tratamento da dentina e a fotopolimerizagdo varia de acordo

com o cimento resinoso.

6.5. Secgao das Raizes

Apdés a cimentacdo dos retentores intrarradiculares, as raizes foram
mantidas em agua destilada em estufa a 37°C por 24 horas. Foram realizados trés
demarcacgdes na superficie radicular, 1Tmm 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
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1000 (Buehler UK LTD), seccionando perpendicularmente ao longo eixo as raizes
em pontos demarcados, obtendo-se trés secgdes, referentes aos tercos cervical,
médio e apical, seccionando também o remanescente coronario do pino de fibra
de vidro. Apds a seccdo, foram numerados os segmentos de acordo com a
numeragcdo do corpos-de-prova, seguido da marcagdo referente ao terco
seccionado (C, M e A). Imediatamente apds esta etapa, as raizes foram

devidamente separadas para realizagcao dos ensaios mecanicos (Figura 5).

Esquema 1: Desenho esquematico representando a localizagdo dos cortes para a obtencao das

fatias.

Figura 5: A — Fixag&o da raiz com godiva; B — Maquina de corte Isomet 1000; C — Dente cortado
nos diferentes tercos ja com a devida dermacacéao; D — “Fatia” da raiz com 1mm de espessura com

a referente marcacgéo do terco e do lado apical da amostra.
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6.6. Ensaio Mecanico

Foi utilizada uma maquina de ensaios universais MTS 810 Material Test
System (Figura 6) com célula de carga 50Kg. Os corpos-de-prova foram
posicionados em uma base metalica com 20mm de didmetro e em seu interior um
orificio com 3mm ao centro, mantendo as seccdes invertidas, com a porgéo
cervical voltada para baixo e a regido dos retentores cimentados coincidindo com
o orificio menor.

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 (figuras

6e7)

Figuras 6 e 7: Maquina de universal de ensaios mecanicos; Detalhe da ponta ativa

posicionada sobre o pino para execug¢ao do ensaio push-out.

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 equacao (Esquema 2). Os dados foram tabulados para
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posterior realizagcdo da analise estatistica por meio da Andlise de Variancia
(utilizando o software GraphPad Prism 5), e teste de Tukey, com nivel de

significancia de 5%.

Esquema 2: formula para a transformacdo dos dados de Kgf para Mpa.

Onde:

- T = tensao de extrusédo (MPa)

- F = forga necessaria para extrusao (Kgf)
- A = area de superficie aderida (mm2)

Para o calculo da area do cone, utilizou-se a férmula abaixo:

A, = 7(R+rWh +(R-r)*

6.7. Analise do tipo de Fratura
Apds o teste push-out, os espécimes foram analisados por microscopia
Optica para determinar o tipo de falha de acordo com Perdigéo et al. (2006) em:

Tipo 1, adesiva entre o pino e o cimento resinoso (sem cimento visivel no pino);
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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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Experimento 2:

« MATERIAL

Para confecgcdo dos corpos-de-prova, foram utilizados retentores
intraradiculares pré-fabricados de dupla conicidade e lisos de fibra de vidro n°3
translucidos (WhitePost DC / FGM). Foram utilizados um cimento de polimerizagao
dual Rely-X ARC (3M/Espe), um cimento dual de adesivo auto-condicionante
Panavia F 2.0 e um cimento auto-adesivo de polimerizagdo dual Rely-X U100,
silano Ceramic Primer (3M/Espe) e sistema adesivo convencional de 3 passos
Scotch Bond Multi-Purpose (3M/Espe). Para a fotoativagdo destes, foram
utilizadas diferentes sistemas: luz halégena Optilux 501 (Demetron) com
intensidade de luz aproximada de 600mW/cm? e LED Ultraled (Dabi Atlante),

intensidade de luz aproximada de 550mW/cm?.

Selegao, preparo e inclusao das raizes

Semelhante a metodologia do experimento 1.

Tratamento endodéntico e preparo dos canais radiculares

Semelhante a metodologia do experimento 1.
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Divisdao dos grupos experimentais
Apds todo o tratamento das raizes (48 corpos-de-prova), o grupos foram
divididos de acordo com o sistema de cimentacédo e fonte de luz, sendo 8

amostras para cada grupo (n=8) como segue o quadro:

Quadro 1:
[ouros | GMENTORESNGSO(GOR) | FABRIGAWTE | FONTEREWZ |
G1 Rely-X ARC (A3) 3M Espe Luz Halégena
G2 PanaviaF2.0 (Tooth Color) kuraray Luz Halégena
G3 Rely-X U100 (A2 Universal) 3M Espe Luz Halégena
G4 Rely-X ARC (A3) 3M Espe LED
G5 PanaviaF2.0 (Tooth Color) kuraray LED
G6 Rely-X U100 (A2 Universal) 3M Espe LED

Cimentacgao dos Pinos de Fibra de Vidro

O tratamento do pino, quando necessario, foi realizado sempre com o
mesmo silano (Ceramic Primer — 3M/Espe) e/ou agente adesivo (Scotch Bond
Multi-Purpose — 3M/Espe) Ja o tratamento do conduto radicular para a
cimentacao, quando necessario, foi realizado de acordo com as recomendagdes
de cada fabricante do cimento resinoso, variando de acordo com os diferentes

grupos, como segue abaixo:
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G1 — Cimento Resinoso RelyX ARC + Luz Halbégena

Segue a mesma sequéncia detalhada no grupo 2 do experimento 1.

G2 — Cimento Resinoso Panavia F2.0 + Luz Hal6égena

Segue a mesma sequéncia detalhada no grupo 5 do experimento 1.

G3 — Cimento Resinoso RelyX U100 + Luz Halégena

Segue a mesma sequéncia detalhada no grupo 6 do experimento 1.

G4 — Cimento Resinoso RelyX ARC + LED

Segue as mesmas recomendacdes do grupo 1, porém utilizando uma fonte

de luz LED.

G5 — Cimento Resinoso Oanavia F 2.0 + LED

Segue as mesmas recomendacdes do grupo 2, porém utilizando uma fonte

de luz LED.

G6 — Cimento Resinoso RelyX U100 + LED

Segue as mesmas recomendacdes do grupo 3, porém utilizando uma fonte

de luz LED.



Secgao das Raizes

Semelhante a metodologia do experimento 1.

Ensaio Mecanico

Semelhante a metodologia do experimento 1.
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