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Resumo

O objetivo deste estudo foi avaliar a resisténcia de unido a micro tragdo de dois
sistemas de cimentagdo resinosa (auto adesivo e convencional) na dentina corondria humana
com diferentes métodos de preparo. Coroas de dentes humanos, pré-molares e molares recém
extraidos, tiveram o ter¢o oclusal seccionado com disco diamantado para expor a dentina
subjacente. Em seguida os dentes foram divididos em quatro grupos (n=30) de acordo com o
instrumental utilizado para o preparo da dentina, sendo o primeiro grupo preparado com ponta
diamantada de granulacdo fina, o segundo grupo com ponta diamantada de granulagdo grossa,
o terceiro grupo com broca multi laminada e o quarto grupo com ponta diamantada CVD
acoplada ao ultrassom. Os preparos foram realizados pelo mesmo operador. Cada grupo de
dentina tratada foi dividido em dois subgrupos (n=15) conforme o cimento utilizado para a
cimentagdo de blocos de resina pré-confeccionados sobre a dentina: Subgrupo 1 cimentagdo
feita com o cimento auto adesivo e sub grupo 2 cimento convencional associado a adesivo
para cimentacdo. Apds 24h de armazenamento em agua destilada a 37° C os espécimes foram
seccionados nos sentidos mésio/distal e vestibulo/lingual para produzir palitos com area
transversal de 1,0 mm x 1,0 mm. Estes foram submetidos ao ensaio de micro tracdo em uma
maquina de ensaios universal com célula de carga de 50 kg. A falha foi registrada pelo
software (M test) e a resisténcia de unido foi calculada em mega Pascal utilizando a 4rea
transversa de cada palito. Os resultados originais foram submetidos ao teste de normalidade
de Lilliefors. Para estatistica inferencial adotou-se o teste Kruskal-Wallis ndo paramétrico (o=
0,05). Os resultados do teste determinaram diferengas significantes sendo aplicado o teste post
hoc de Dunn. Dois espécimes adicionais para cada grupo foram preparados para analise das
caracteristicas da smear layer e da camada hibrida. O modo de preparo ndo influenciou a
resisténcia de unido. Entretanto o cimento resinoso convencional mostrou valores de
resisténcia de unido maiores comparados ao cimento auto adesivo. A microscopia eletronica
de varredura mostrou caracteristicas diferentes tanto para smear layer quanto para camada

hibrida.

Descritores: Cimentos de Resina, Lama Dentinaria, Hibridizagao Dentinaria.



Abstract

The aim of this in vitro study was to evaluate the micro tensile bond strength of two
resin cements (conventional and self adhesive) on coronal human dentin under different mode
of preparation. One hundred twenty sound human teeth (pre molars and molars) had the
occlusal third removed to exposure the subjacent dentin. Following, the teeth were divided
into four groups (n=30) in agreement of the dentin preparation mode used: 1 —fine grains
diamond bur; 2 —coarse grains diamond bur; 3 —multi laminate carbide steel bur and 4 —
ultrasonic CVDentus bur. The same operator carried out all preparation. Resin composite
blocks (4mmX4mmX3mm) were fabricated. Each treated dentin group was divided into two
sub-groups (n=15) according to the resin cement: Subgroup 1 self adhesive resin cement and
subgroup 2 conventional resin cement associate adhesive. The resin blocks were cemented on
the dentin with the resin cements following the manufacturer’s instruction. A Gilmore needle
(bigger) was loaded over the resin composite block for 10 minutes, and the cement excess
removed, and after stored in distilled water at 37° C for 24 hours. After, the restored teeth
were cut to obtain beams of about 1.0 mm? in area. The beams were tested in a universal
testing machine with a load cell of 50 kgf. The data obtained were transformed in MPa and
statistically analyzed. Two additional teeth for each sub-group were prepared to analyze the
hybrid layer and smear layer characteristics in SEM (scanning Electron Microscope). The data
were submitted to the non-parametric Kruskal-Wallis test and the post hoc Dunn (p<0.05).
The type of instrument (mode of preparation) did not influence the bond strength within each
resin cement group. However, for all type of instrument the conventional resin cement
showed higher values compared to self adhesive. The SEM showed different characteristics of

both smear layer and hybrid layer.

Key words: Resin Cements; Smear Layer; Hybrid Layer.
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INTRODUCAO

Mudangas na odontologia restauradora sdo resultado do desenvolvimento de técnicas
adesivas (SAMPAIO et al., 2013), sendo a adesdo a dentina uma das questdes importantes nos
estudos dos materiais adesivos (ALI et al., 2013). O desenvolvimento das técnicas adesivas
permitiu que restauragdes estéticas fossem aprimoradas e hoje estdo sendo amplamente

empregadas.

Dentre as restauragdes estéticas as ceramicas estdo se tornando mais atraentes devido
as propriedades fisicas e mecanicas, como mimetizagdo, biocompatibilidade, resisténcia ao
desgaste e a alteragdo de cor (ANUSAVICE, 2012). Diante da necessidade de fixagdo de
restauragdes deste material, tornou-se necessario que cimentos fossem desenvolvidos para

garantir o sucesso tanto na estabilidade quanto na estética (SOUZA et al., 2011).

Os agentes de cimentacdo resinosos sdo os cimentos de escolha para restauragdes
estética e estdo em constante desenvolvimento (BADINI et al., 2008). Eles apresentam
importantes propriedades, como baixa solubilidade no meio bucal, alta resisténcia e diferentes
cores (STAMATACOS; SIMON, 2013). Outros tipos de cimentos como os fosfato de zinco,
ionomero de vidro e 6xido de zinco e eugenol ndo fornecem propriedades semelhantes as dos

cimentos resinosos.

Atualmente, de acordo com a técnica de cimentacdo, os agentes de cimentagdo
resinosos podem ser divididos em dois grupos: os convencionais € os auto adesivos. Os
convencionais foram os primeiros cimentos resinosos a serem desenvolvidos. Este sistema
requer a realizagdo de algumas etapas. Dentre os passos envolvidos ¢ necessario realizar um
tratamento prévio do elemento dental a ser reabilitado. O condicionamento acido ou um
primer auto condicionante sdo empregados, seguidos pela aplicacdo do sistema adesivo
selecionado apds o qual realiza-se a manipulagdo e aplicacdo do cimento (COSTA et al.,
2014). Portanto, o protocolo de cimentacdo com cimento resinoso convencional requer

multiplos passos, tendo como consequéncia o aumentado tempo clinico.

Além disso, quando se utiliza o condicionamento acido ocorre a remocao da smear
layer (SL) o que aumenta a sensibilidade pds-operatéria. Sendo assim, essa técnica de

cimentacao ¢ sensivel e torna a cimentagao susceptivel ao erro devido as etapas envolvidas.
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Diante disso os fabricantes desenvolveram os agentes de cimentagdo resinosos auto adesivos

sendo estes introduzidos no mercado em 2002 (RADOVIC, 2008).

Os agentes de cimentacdo resinosos auto adesivos apresentam uma técnica
simplificada, bastando manipular as pastas e aplica-las na restauracao e no dente envolvidos
(SAMPAIO et al.,, 2013). De acordo com os fabricantes, estes cimentos ndo requerem
tratamento prévio da superficie dentdria e sua aplicacdo ¢ realizada usando um curto tempo
clinico (dos SANTOS et al., 2014). Portanto, os agentes de cimenta¢do auto adesivos nao
requerem a remogdo da smear layer e agem modificando-a, o que colabora para auséncia de

sensibilidade pos-operatoria (RADOVIC, 2008).

Os agentes de cimentagdo resinosos auto adesivos apresentam estética, Otima
propriedade mecanica, estabilidade dimensional e unido micromecanica, semelhante aos

agentes de cimentagdo resinosos convencionais (RADOVIC, 2008).

Os cimentos resinosos auto adesivos contém um mondmero adesivo acido que é
responsavel pela propriedade auto adesiva. O mondmero estabiliza ao se integrar com a
matriz dentinaria (COSTA et al., 2014). Agentes de cimentacdo resinosos auto adesivos se
destacam por simplificar o procedimento clinico e superar a sensibilidade da técnica dos

sistemas de cimentagdo de multiplos passos (ACAR et al., 2014).

Na pratica os agentes de cimenta¢do resinosos auto adesivos estdo ganhando
popularidade (dos SANTOS et al., 2014). Isso se deve ao fato do uso dos agentes de
cimentacao resinosos convencionais ser complexo e a técnica sensivel (ALI et al., 2013). A
técnica de cimentagdo tem importancia no sucesso da reabilitacdo, j4 que € responsavel por
manter as restauracdes indiretas em contato com os elementos dentais preparados
(RADOVIC, 2008). A escolha do material cimentante deve ser baseada no tipo de restauragao
e preparo (dos SANTOS et al., 2014).

E importante lembrar que o cimento sera aplicado sobre o dente preparado e devera
promover a interagao entre a estrutura dentdria e o cimento. Fatores podem afetar a unido dos
sistemas adesivos a estrutura dental como a smear layer (BORGES et al., 2011). A smear
layer ¢ uma camada de esfregaco formada quando tecidos duros (esmalte e dentina) sdo

cortados com instrumentais manuais ou rotatorios (PASHLEY, 1992).

Essa camada resulta de remanescentes do substrato seccionado (hidroxiapatita e

remanescentes do processo odontoblastico como tiibulos dentinario), sangue, saliva, bactérias,
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fragmentos do abrasivo e 6leo, que se ligam a dentina intertubular e penetram nos tubulos
dentinarios permanecendo depositada na superficie dental. A SL apresenta uma aparéncia
irregular e amorfa, dificultando a unido com a dentina. O tratamento da SL ¢ assunto de
interesse na dentistica adesiva quando se discute a unido com a dentina (BORGES, 2011). A
SL produzida apo6s preparo dentario pode ser considerada um obstidculo na realiza¢do de
adesdo dentinaria confidvel. A adesdo ¢ aprimorada quando a SL é completamente removida

ou modificada (TRIVEDI et al., 2014).

Diferentes tratamentos sdo sugeridos para remover ou modificar esta camada. O
condicionamento acido tem sido empregado para remover a SL. O condicionamento acido
elimina o conteudo mineral na zona superficial (3 a 8um) e reduz o teor de hidroxiapatita nas
camadas subjacentes, ampliando o didmetro dos tibulos dentinarios, aumentando a
permeabilidade da dentina e a pressdo intra pulpar, expondo um tecido conjuntivo frouxo rico

em fibrilas de colageno.

Sistemas auto condicionantes apresentam menor sensibilidade que sistemas que usam
acidos com enxague em etapas separadas, porque ndo ha risco de colabacdo das fibras
colagenas durante a adequacao de umidade com ar e nao ha discrepancia entre a profundidade
de desmineralizacdo e de infiltragdo da resina. A smear layer modificada ¢ desmineralizada e

impregnada com mondémeros ao mesmo tempo (BORGES et al., 2011).

Para que ocorra uma adequada remog¢do ou modificagdo da SL, solugdes acidas
devem propagar e infiltrar junto a SL. A espessura ou resisténcia da SL podem dificultar a

penetracao das solugdes acidas comprometendo a qualidade da adesdo (ROCHA et al., 2006).

Caracteristicas especificas da SL mudam de acordo com a condi¢do de preparo (AL-
OMARI et al., 2001). Tem sido demostrado que fatores podem influenciar a espessura da SL
como os instrumentais usados (ponta diamantada, broca carbide, lasers, jatos abrasivos,
instrumental manual de corte), a pressdo exercida pelo operador, o uso de resfriamento e o

tamanho e forma do preparo cavitario (SEMERARO, 2006).

Durante os procedimentos operatdrios a espessura da SL pode variar entre 0,9 a 2,6
um, em funcdo do instrumento rotatério empregado e do substrato preparado (TANI;
FINGER, 2002). Camadas espessas desse esfregaco sdo criadas quando o procedimento de
corte ou abrasdo ¢ realizado sem refrigeracdo, ou quando pontas de diamante sdo utilizadas ao

invés de instrumentos rotatorios de aco ou carbeto de tungsténio (PASHLEY, 1984). O
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tamanho dos graos dos abrasivos interferem na espessura da SL. Graos aumentados resultam

em uma SL mais grossa.

O sistema Cvdentus ¢ uma inovacdo do método de preparacdo dental. Essas pontas
diamantadas sdo preparadas pela deposicao de vapor quimico de um filme de diamante sobre
uma haste de molibdénio (LIMA et al., 2006), com uma alta aderéncia dos diamantes na
superficie metalica, formando uma ponta ativa com excelente performace abrasiva. Essa
tecnologia permite a deposi¢do de diamantes com varias granulacdes em diferentes formas de

substrato (CARDOSO et al., 2008).

As pontas diamantadas Cvdentus sdo adaptadas para pecas de mao de aparelhos de
ultrassom e permitem a realizagdo de preparos cavitarios, preservando o maximo da estrutura
dental. As vantagens deste método de preparo sdo ruido reduzido, minimo perigo para tecido
gengival, estendida durabilidade da ponta, melhor acesso em cavidades proximais, reduzido
risco de encostar aos dentes vizinhos ao preparo resultado do alto angulo de inclinagdo e

minimo risco para o paciente de contaminagdo por metal (NOGUEIRA et al., 2012).

O objetivo do presente estudo in vitro, foi avaliar a resisténcia de unido por micro
tracdo de dois cimentos resinosos a dentina coronaria humana preparada com instrumentos
distintos (Capitulo 1). Os cimentos resinosos testados foram um auto condicionante (RelyX
U200) e um convencional (RelyX ARC) associado a um sistema adesivo (Single Bond
Universal). Também verificar, através de microscopia eletronica de varredura, a espessura da
smear layer formada apds o preparo da dentina com pontas diamantadas (granulagdes grossa e
fina), broca multi laminada acopladas a peca de mao e ponta diamantada CVD acoplada a

aparelho ultrassom e a formagao da camada hibrida.

A hipdtese nula testada ¢ que o modo de preparo e o tipo de cimento resinoso nao
interferem na resisténcia de unido, nem nas caracteristicas da smear layer ¢ da camada

hibrida.
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CAPITULO 1

Effect of dentin preparation mode on the bond strength between human dentin and

different resin cement

Artigo sera submetido para publicagdo na revista Operative Dentistry.
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SUMMARY

The aim of this in vitro study was to evaluate the micro tensile bond strength of two resin
cements (Rely X U200 and Rely X ARC) on coronal human dentin under different mode of
preparation. One hundred twenty sound human teeth (pre molars and molars) had the occlusal
third removed to exposure the subjacent dentin. Following, the teeth were divided into four
groups (n=30) in agreement of the dentin preparation mode used: 1 —fine grains diamond bur
#3098 F (KG Sorensen, Barueri, Brazil); 2 —coarse grains diamond bur #3098 (KG Sorensen,
Barueri, Brazil); 3 —multi laminate carbide steel bur #284 (JET Carbide Burs, Morrisburg,
Canadd) and 4 — ultrasonic CVDentus bur (CVDentus, Sdo José dos Campos, Brazil). The
same operator carried out all preparation. Resin composite blocks (4mmX4mmX3mm) Tetric
Ceram (Ivoclar-Vivadent) were fabricated. Each treated dentin group was divided into two
sub-groups (n=15) according to the resin cement: Subgroup 1 Rely U200 and subgroup 2 Rely
X ARC + Single Bond Universal + OPC bio activator. The resin blocks were cemented on
the dentin with the resin cements following the manufacturer’s instruction. A Gilmore needle
(bigger) was loaded over the resin composite block for 10 minutes, and the cement excess
removed, and after stored in distilled water at 37° C for 24 hours. After, the restored teeth
were cut to obtain beams of about 1.0 mm? in area. The beams were tested in a universal
testing machine (EMIC, DL 3000) with a load cell of 50 kgf at a 0.5 mm cross speed. The
data obtained were transformed in MPa and statistically analyzed. Two additional teeth for
each sub-group were prepared to analyze the hybrid layer and smear layer characteristics in
SEM (scanning Electron Microscope). The data were submitted to the non-parametric
Kruskal-Wallis test and the post hoc Dunn (p<0.05). The type of instrument (mode of
preparation) did not influence the bond strength within each resin cement group. However, for
all type of instrument the Rely X ARC resin cement showed higher values compared to Rely
X U200. The SEM showed different characteristics of both smear layer and hybrid layer.

Key words: Resin cements; smear layer; hybrid layer.
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INTRODUCTION

Cement agents are among the dental materials that have developed and changed
more through dental progress. They are required to retain restorations, post and cores,
appliances in position in the oral environment, and when adequately indicated and applied,
should allow these indirect devices stable as long as they are required to. The retention of an
indirect restoration with cement could be chemical, macro-mechanical, micro- mechanical or
a combination of them, depending of the type of cement used 2. There are two chemical
different groups of permanent dental cements available, one is called acid based reactions that
include zinc phosphate and glass ionomer cement and another called resin cement 34 The acid
based has been used for long time and has many advantages, however, they do not adhere to
dental substrate and have high solubility behavior in mouth °. In the last decades, the resin
cements are becoming more popular and reliable, and because of that, they have been
extensively studied. Its evolution has resulted in different kind of materials that vary mostly in
the manner that is applied, as well as some differences in composition °. Thus, the literature

classifies them in different ways.

One of the simplest and more accepted manner to classify the resin cements is
dividing them in resin cements that require adhesive system application prior it's use and they
are known as conventional resin cements, and those that do not require any material before
using that are known as self-adhesives ones >’

Self-adhesive cements have been used in a large range for all kind of indirect
restoration. It has been published that they contain acidic monomers that remove partially the
smear layer resulting micro-mechanical retention to the tooth structure. Furthermore, it has
been defended that there is a reaction between phosphoric acid monomers and hydroxyapatite
of the dental hard tissues. The main benefits of these cements are the facility of application,
low postoperative sensitivity, and good tolerance to moisture ¥ In contrast, conventional resin
cements require surface pretreatment with etching followed by application of a bonding
system to form an interlocking structure known as hybrid layer between luting resins and

dentin °.

For the conventional resin cements there are studies showing their hybrid layer
formation, as well as good bonding and longevity '°. However, in spite of being extensively

used nowadays, the self-adhesive resin cements are still progressing and only one brand has
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been studied more extensively °. Furthermore, the hybrid layer formation is not the same and
some results show that the bond strength is not the same compared to the conventional ones
10 Thus, more studies would bring more information regarding its reliability to be applied

clinically, especially in some situation.

Smear layer is created by the cutting process of tooth structures with any kind of
dental instrument and is considered as a very important barrier against fluid diffusion of oral
or dental materials substances to the dental pulp ''. The strategies to create a stable bond has
changed and progressed considerably in the last decades '%, and the way the dentin surface is
prepared and finished has an important role on the bond strength, as well as in its stability and
reliability '*. It has been shown that the dentin surface regularity is dependent of the
instrument used, and that the fit of an indirect restoration is also influenced by this '*. The
dentist uses high-speed instruments to remove great quantity of dental tissue, but low speed to
finish the preparation before taking an impression, because a smoothest surface would be

easier to copy and the final fitting of the restoration would be better ™.

Several studies have been carried out to evaluate the type of instrument, the speed on

1620 In this sense, one of the

bond strength, and surface roughness among other properties
newest ways to prepare a crown is the use of ultrasonic instruments especially on the surfaces
that are in contact with gingiva. It has been shown that the preparation mode does not affect
the bond strength with adhesive systems and direct composite resins. On the other hand, the
influence of preparation finishing mode has not been evaluated with indirect restoration,
especially with self-adhesive resin cement. As the ultrasonic instrument has been used to
finish preparation in prosthetic dentistry and with the increasing demand for use of self-
adhesive cements, the evaluation of this interaction is important to give a better
understanding. Thus, this study aims to evaluate the micro tensile bond strength of two resin
cements (Rely X U200 and Rely X ARC) on coronal human dentin under different mode of

preparation. The null hypothesis is that the mode of preparation and resin cement type do not

interfere in the bond strength, the smear layer characteristics and hybrid layer.
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METHODS AND MATERIALS

This study was approved by the Research Ethic Committee # 27584814.2.0000.5145.
One hundred twenty intact recently extracted human molars were collected and selected. The
teeth were stored in 0.1% thymol for 1 month and stored in distilled water at 4°C until use.
The distilled water was changed every week. The occlusal enamel was sectioned
perpendicular to the tooth long axis in a low-speed diamond saw machine (Isomet 1000;
Buehler Ltd., Lake Bluff, IL, USA) to expose the subjacent dentin. Dentin was wet ground
flat with 340- and 600-grit silicon carbide paper until a uniform enamel- free dentin surface
was obtained. The root of each tooth was removed about 2 mm above the cementum-enamel
junction using the same saw machine cut parallel to the occlusal surface. Following, the teeth
were randomly divided into four groups (n = 30), according to the dentin substrate preparation
mode: multi laminate carbide steel bur (#284 JET Carbide Burs, Morrisburg, Canadd), fine
diamond bur (#3098 F KGSorensen, Barueri, Brazil), coarse diamond bur (#3098
KGSorensen, Barueri, Brazil), and CVDentus ultrassonic diamond bur E1 (CVDentus, Sao

José dos Campos, Brazil).

The teeth within each group were divided into two sub-groups (n=15) according to
the cement agent used to bond resin composite blocks (Tetric Ceram, Ivoclar-Vivadent,

Ellwangen, Germany), built up in 2-mm-thick increments and photo activated using a LED

light-curing unit at 1300 mW/cm2 (Bluphase, Ivoclar-Vivadent, Amherst, NY), the output
power was checked with digital radiometer L.E.D Radiometer by Demetron (SDS Kerr,
Middleton, WI). The cement studied were: one — Rely X U200, 3M-ESPE, St Louis, MN),
and two — Rely X ARC, 3M-ESPE, St Louis, MN). The cements were manipulated and

applied following the manufacture’s instructions as chart below.

Cement Procedures

Rely X U200 Dentin treatment: Cleaning with pumice power and water. Air dry

Equal quantities of base and catalyst paste of the resin cement were dispensed on
a paper block from the manufacturer and mixed to 10 s. Following, cement was
applied on the composite resin block surface and a Gilmore needle (bigger)

was loaded on the resin composite block placed on dentin and the cement
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excess removed. Photo activation was carried out for 20 s in each face with a LED

(Blue Phase, Ivoclar-Vivadent).

RelyX ARC | Dentin treatment: Cleaning with pumice power and water. Air dry. Phosphoric acid
+ application for 15 s, water washing for 30 s, followed by the moisture control with

Single Bond | absorbent paper. Single Bond Universal adhesive was mixed with the OPC

Universal bio activator and applied with a micro brush for 10 s. The cement mixing and
+ application were carried out the same way than U200. Photo activation was carried
OPC out for 40 s in each face with a LED (Blue Phase, Ivoclar-Vivadent).

bio activator

After cement procedures, all specimens were stored in distilled water at 37°C for 24

h. Each specimen was sectioned perpendicular to the bonding interface area to obtain beams

2
with a bonding area of approximately 1 mm using a water-cooled diamond blade (EXTEC
Corporation, Enfield, CT, USA) in a low-speed saw machine (Isomet 1000, Buehler Ltd.,
Lake Bluff, IL, USA). The cross-sectional area of the bond interface of each beam was

measured using a digital caliper (Mitutoyo Corporation, Tokyo, Japan).

The beams were submitted to a tensile test in a universal testing machine (EMIC
DL3000, Sao José dos Pinhais, Brazil) with a load cell of 50 kgf at a cross speed of 0.5
mm/min until failure. A special device was used to fix the beams in the testing machine. Bond
strength values were calculated and the data supplied in MPa. Beams at specimen peripheries
were discarded. Each group had fifteen teeth, and each tooth generated an average of 2.58
beams for Rely X ARC generating a mean of 41 beams per group. For Rely X U200 the beam
average per tooth was 2.25 generating a mean of 33 beams per group. The microtensile bond
strength data were submitted to the non-parametric Kruskal-Wallis test and the post hoc Dunn

test (p<0.05).
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Scanning electron microscopy analysis of smear layer

Two additional teeth per group of dentin preparation mode received a grove made
with diamond blade that allowed a section in two halves. The grove was deep enough to allow
a sharp instrument (Lecron spatula) to be forced and split the crown in two parts. Each half
was cleaned in ultrasonic bath and mounted on coded brass stubs, gold coated with a sputter
coater (Balzers-SCD 050; Balzers Union Aktiengeselischaft Fu'tstentun, Liechtentein) for 180
seconds at 40 mA. They were then and examined using electron microscopy (LEO 435 VP;

Cambridge, England) operated at 20 Kv, by the same operator.
Scanning electron microscopy (SEM) analysis of hybrid layer

One additional restored tooth per cemented sub-group was vertically sectioned in 2
mm slices (about 4 slices per group), and then embedded in epoxy resin (Buehler, Lake Bluff,
IL, USA). After each storage time, the slices were wet-polished using 600, 1200 and 2000-grit
SiC papers (Norton SA, Sao Paulo, Brazil) and with decreasingly fine diamond compounds (3
um, lum, 12 um, 14 um - Metadi II, Buehler, Lake Bluff, IL, USA), after each polishing step

the specimens were ultrasonically washed for 10 min, demineralized with liquid 50% H3PO4

during 5 seconds, rinsed in distilled water, deproteinized with 2.5% NaOCI during 10 minute.
Following, they were cleaned in deionized water and placed in a hermetic recipient that
contained colloidal silica. After 24 hours the specimens were gold coated with a sputter coater
(Balzers-SCD 050; Balzers Union Aktiengeselischaft Fiistentun, Liechtentein) for 180
seconds at 40 mA and examined using scanning electron microscopy (SEM; LEO 435 VP,

Cambridge, England), operated at 20 KV by the same operator.

RESULTS

The mean micro tensile bond strength values and the respective standard deviations
are shown in table 1. As it can be seen the type of instrument (mode of preparation) did not
influence the data within each resin cement group. However, for all type of instrument the

Rely X ARC resin cement showed higher values compared to Rely X U200.
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Table 1 — Results of Kruskal-Wallis and post hoc de Dunn tests.

Statistic H = 162.4447
p value= 0.0000
Degree of freedom = 7

Kruskal-Wallis = <0.0001

Groups mean + standard deviation medium posts
U200 FD 10.6579 +4.6808 B 60.6970
U200 M 16.5391+79777 B 109.9674
U200 CD 13.8291 +6.8152 B 87.2656
U200 US 9.1913+£3.4813 B 47.0833
ARCFD 29.2456 £ 8.5950 A 203.8444
ARCM 31.9719 £ 10.0603 A 216.9306
ARC CD 27.2619 £11.3449 A 184.7872
ARC US 28.9807 +£7.5722 A 205.3148

*Different capital letters in column denote statistical differences (p<0.05)

FD: fine grain diamond bur, CD: coarse grain diamond bur, US: ultrasonic bur and M: multi

laminate bur
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The scanning electron microscopy of the smear layer for the different mode of preparation is

shown in figure 1.

Figure 1. SEM photomicrographs of cross-sectioned dentin surfaces prepared with CVD bur
in an ultrasonic device (UL), coarse diamond bur (DC) multi laminate steel carbide bur (ML)
and fine diamond bur (DF). A thick smear layer was produced at the bur-cut dentin surface for
DC, a thin smear layer can be seen to DF, and a thin but more regular smear layer is seen to

ML and a very thin and dense smear layer covered the dentin surface to UL.
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Bonding interfaces

The SEM characterization of the bonding interfaces for different dentin substrate mode

preparation and cement agents is presented in Figure 2 and 3.

Figure 2. SEM photomicrographs of bonding interface with Rely X ARC. Coarse diamond
bur- DC, fine diamond bur- DF, Multi laminate- ML and Ultrasonic diamond bur- UL. The
coarse diamond bur micrograph shows dentin plugs longer compared to the remaining

instruments.
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Figure 3. SEM photomicrographs of bonding interface with Rely X U200. Coarse diamond
bur- DC, fine diamond bur- DF, Multi laminate- ML and Ultrasonic diamond bur- UL. No
type of instrument showed hybrid layer and a gap can be seen between the dentin substrate

and the bottom of the resin cement to all instruments.
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DISCUSSION

The null hypothesis that the mode of preparation and resin cement type would not
interfere in the micro tensile bond strength, in the smear layer and hybrid layer characteristics
was rejected. The micro tensile bond strength of preparation mode did not show any
difference among the different instruments, but the resin cement preceded by an adhesive
system showed higher bond strength compared to the self-adhesive one independent of the
preparation mode (table 1). Moreover, the smear layer characteristics were different for all
type of instrument (figure 1). On the other hand, hybrid layer were different for all type of
mode preparation and resin cement (figures 2 and 3). The resin cement that requires acid and
adhesive application prior its use resulted in a hybrid layer clearly visible in the micrographs,
but the self-adhesive resin cement not only did not show a clear hybrid layer, but also showed
always a gap between the resin cement and the dentin surface. These differences could be
explained by the lack of hybrid layer to the self-adhesive resin cement that did not have
enough strength to resist the stresses created by the specimen preparation with epoxy resin
shrinkage and the vacuum formed in the sputter as well as in the scanning electron

microscope chamber.

It has been shown that the quantity and quality of smear layers vary widely,
depending upon whether the dentin is cut wet or dry, and the type of instrument employed *'.
All preparations were carried with abundant refrigeration as it is done in a clinical situation. It
was planned to create a condition that even was laboratorial, the results could be well related
to the clinic. The smear layer was thicker when the preparation was done with the coarse
diamond rotary instrument compared to the remaining modes (figure 1). These finds
corroborate with those of ** that found that coarse diamond burs tend to produce thicker smear
layers. The present results show that no correlation was found comparing the thickness of the
smear layer, the characteristics of the hybrid layer and the bond strength. It can be observed in
tablel and figures 1 to 3. In this sense some studies have shown similar results . However,

225 recommend the use of multi laminate carbide bur to finish because they

some others
found that this type of bur produce a thinner smear layer as well as a smoother surface and

these would facilitate the etching and hybrid layer formation.

The SEM images showed the dentinal smear layer to be a uniform, amorphous
structure that appeared to occlude completely the orifices of all dentinal tubules to all

preparation instrument (Figure 1). However, the characteristic of ultrasonic bur is pretty
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different from the others being denser with an obliteration thicker compared to the remaining.
The images show clearly that the coarse diamond bur produced a more irregular surface with
groves, and the fine diamond bur the groves are smaller and shallower. On the other hand, the
multi laminate instrument produced a more uniform smear layer. If the images were clear to
show the differences, what would be the advice to the clinician to finish the preparation?
Taking the present result into consideration the multi laminate bur tended to have higher bond
strength for both cements, even though it was not statistically different from the others (table
1). Of coarse that statistical analysis is essential to give a fullness answer, and thus within the
limitation of the present study the advice would be that the practitioner could finish with any
instrument. Furthermore, looking at the result of ** that analyzed the influence of dental rotary
instruments on the roughness and wettability of human dentin surfaces, a good correlation
could be made with the present results. They show that the carbide bur produce a smoother
surface compared to diamond, and this can be observed in figure 1. On the other hand, the
consulted literature did not show any evaluation with the CVD instrument regarding to bond
strength with resin cement. However, some studies have been done with direct composite
resin with adhesive systems *° and evaluation the cutting effectiveness *’. The results have
shown that the ultrasonic bur not only shows less dental tissue invasion, but also a comparable
bond strength to diamond bur. In the sense of bond strength, the present data are in agreement
with these results. In a clinical point of view, some have advised that the preparation with the
CVD instrument should be done only in areas closer to the gingiva tissue because the
instrument cut the dental surface without cause any hurt in the soft tissue and that the surface
roughness of dentin prepared with the ultrasonic can be improved by using a smaller grit size
and a smooth tip and the roughness approaches that of dentin prepared with a referenced
diamond bur **. The grain size burs used in the present study was the same that the referred
study. Moreover, it has been shown that the extremely precise preparation margin with
ultrasonic instruments improves the quality and accuracy of crown preparations, which may
lead to better impressions and closer adaptation of restorations *°. In this way, it could be
though that there is no need to carry a bond strength test, but the area of preparation is also
important in promote a good bonding as well as sealing such a critical region. The
manufacturer’s recommendation is to use only the tip of the ultrasonic bur because if the
lateral part of it is applied, the vibration will create a plastic deformation, and furthermore, the
control of pressure is difficult. In this sense, it was difficult to prepare such a large area used
in the present study, but the difficulty was related to the time spent not with the technique

itself. Thus, the results were not jeopardized.
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Evaluating cement would only make sense if the result could be discussed
considering the indirect restorations that are usually cemented on the dental surface. Thus, the
present result can be better conveyed to the clinician as well as students considering the type
(design) of preparation. Then, when cementing a restoration on a preparation that does not
have frictional retention, the cement recommended should be with a prior adhesive system
application independent of the type of bur used. In this way the hybrid layer and high bond
strength can keep the restoration in place in a pretty reliable manner, but if the preparation
does have a good frictional retention, the self-adhesive cement is well indicated because the

cohesive strength plays more important role than the bond strength itself.

CONCLUSION
Within the limitations of the present study the following conclusions can be drown:

1. The type of instrument (mode of preparation) did not influence the bond
strength within each resin cement group. However, for all type of instrument the Rely X ARC
resin cement showed higher values compared to Rely X U200.

2. The hybrid layer was clearly seen only to the Rely X ARC resin cement groups
independent of the instrument used.

3. The smear layer was different for all instruments.

REFERENCES

1. Stamatacos C & Simon JF (2013) Cementation of indirect restorations: an overview of

resin cements Compend Contin Educ Dent 34(1) 42-46.

2. Manso AP, Silva NR, Bonfante EA, Pegoraro TA, Dias RA, Carvalho RM (2011)

Cementsand adhesives for all-ceramic restorations Dent Clin North Am 55(2) 311-32.

3. Pegoraro TA, da Silva NR, Carvalho RM (2007) Cements for use in esthetic dentistry.
Dent Clin North Am 51(2) 453-71.

4. Vargas MA, Bergeron C, Diaz-Arnold A (2011) Cementing all-ceramic restorations:



28

recommendations for success J Am Dent Assoc 142 Suppl 2 20S-4S.Review.

5. de Menezes FC, Junior GT, de Oliveira W], Paulino Tde P, de Moura MB, da Silva
IL, de Moura MB (2011) Analysis of the properties of dental cements after exposure to

incubation media containing Streptococcus mutans J Contemp Dent Pract 12(5) 385-91.

6. Weiser F, Behr M. Self-Adhesive Resin Cements: A Clinical Review J Prosthodont 2014
Jul 9 Epud ahead of print.

7. Rickman LJ, Satterthwaite JD (2010) Considerations for the selection of a luting
cement Dent Update 37(4) 247-48.

8. Ferracane JL, Stansbury JW, Burke FJ (2010) Self-adhesive resin cements - chemistry,
properties and clinical considerations J Oral Rehabil 38(4) 295-314.Epub 2010 Dec 6

Review.

9. Krdamer N, Lohbauer U, Frankenberger R (2000) Adhesive luting of indirect
restorations Am J Dent 13(Spec No) 60D-76D Review.

10. Aguiar TR, Vermelho PM, André CB, Giannini M (2013) Interfacial ultramorphology
evaluation of resin luting cements to dentin: a correlative scanning electron microscopy and

transmission electron microscopy analysis Microsc Res Tech 76(12) 1234-9.

11. Pashley DH, Pashley EL (1991) Dentin permeability and restorative dentistry: a
status report for the American Journal of Dentistry Am J Dent 4(1) 5-9 Review.

12. Tjaderhane L, Nascimento FD, Breschi L, Mazzoni A, Tersariol IL, Geraldeli S,
Tezvergil-Mutluay A, Carrilho M, Carvalho RM, Tay FR, Pashley DH (2013) Strategies

toprevent hydrolytic degradation of the hybrid layer-A review Dent Mater 29(10) 999-1011.

13. Ayad MF, Rosenstiel SF, Hassan MM (1996) Surface roughness of dentin after tooth

preparation with different rotary instrumentation J Prosthet Dent 75(2) 122-8.

14. Ayad MF (2009) Effects of tooth preparation burs and luting cement types on the



29

marginal fit of extracoronal restorations J Prosthodont 18(2) 145-51.

15. Wahle JJ & Wendt SL Jr (1993) Dentinal surface roughness: a comparison of tooth
preparation techniques J Prosthet Dent 69(2)160-4.

16. Yiu CK, Hiraishi N, King NM, Tay FR (2008) Effect of dentinal surface preparation
onbond strength of self-etching adhesives J Adhes Dent 10(3) 173-82.

17. Rocha PI, Borges AB, Rodrigues JR, Arrais CA, Giannini M (2006) Effect of dentinal
surface preparation on bond strength of self-etching adhesive systems Braz Oral

Res 20(1) 52-8 Epub May 22.

18. Bachmann M, Paul SJ, Liithy H, Schérer P (1997) Effect of cleaning dentine with soap
and pumice on shear bond strength of dentine-bonding agents J Oral Rehabil

24(6) 433-8.

19. Dias WR, Pereira PN, Swift EJ Jr (2004) Effect of bur type on microtensile bond
strengths of self-etching systems to human dentin J Adhes Dent 6(3) 195-203.

20. Semeraro S, Mezzanzanica D, Spreafico D, Gagliani M, Re D, Tanaka T, Sidhu SK,Sano
H (2006) Effect of different bur grinding on the bond strength of self-etching
adhesives Oper Dent 31(3) 317-23.

21. Gilboe DB, Svare CW, Thayerh E, Drennon DG (1980) Dentinal Smearing: An
Investigation of the Phenomenon J Prosthet Dent 44(3) 310- 316.

22. Bortolotto T, Ferrari M, Susin A, Krejci I (2009) Morphology of the smear layer after the
application of simplified self-etch adhesives on enamel and dentin surfaces created with

different preparation methods Clin Oral Investig 13(4)409-17.

23. Trivedi P, Dube M, Pandya M, Sonigra H, Vachhani K, Attur K (2014) Effect of different
burs on the topography of smear layer formation on the dentinal surface: a scanning electron

microscope study J Contemp Dent Pract 15(2)161-4.

24. Ayad MF, Johnston WM, Rosenstiel SF (2009) Influence of dental rotary instruments on



30

the roughness and wettability of human dentin surfaces J Prosthet Dent 102(2) 81-8.

25. Ayad MF, Maghrabi AA, Saif RE, Garcia-Godoy F (2011) Influence of tooth preparation
burs on the roughness and bond strength of adhesives to human dentin surfaces AmJ Dent

24(3) 176-82.

26. Mascarenhas Oliveira AC, Monti Lima L, Santos-Pinto L (2012) Influence of cutting

instruments and adhesive systems on hybrid layer formation Minerva Stomatol 61(3) 57-63.

27. Lima LM, Motisuki C, Corat EJ, Santos-Pinto L (2009) Comparative cutting effectiveness
of an ultrasonic diamond tip and a high-speed diamond bur Minerva Stomatol 58(3) 93-8.

28. Sous M, Lepetitcorps Y, Lasserre JF, Six N (2009) Ultrasonic sulcus penetration: a new
approach for full crown preparations Int J Periodontics Restorative Dent 29(3) 277-87.

29. Ellis R, Bennani V, Purton D, Chandler N, Lowe B (2012) The effect of ultrasonic
instruments on the quality of preparation margins and bonding to dentin J Esthet Restor Dent

24(4) 278-85.



31

CONCLUSAO
Dentro das limitagdes deste estudo (in vitro) concluiu-se que:

- A técnica de preparo da dentina alterou a espessura da smear layer, mas ndo interferiu

na resisténcia de unido dos diferentes cimentos resinosos;

-O cimento resinoso convencional apresentou maior resisténcia de unido por micro tragao

que o cimento auto adesivo.
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APENDICE A

MATERIAIS E METODO

1- Materiais utilizados

Para a realizacdao deste estudo foram selecionados 120 dentes humanos, molares e
pré-molares higidos, extraidos a menos de seis meses. Os mesmos foram limpos e
armazenados inicialmente em agua destilada a temperatura ambiente (23 + 2 ° C), trocada
semanalmente, a fim de evitar a proliferagao bacteriana (Miears et al, 1995). Os dentes foram
doados pelo banco de dentes da Universidade de Uberaba. O projeto desta pesquisa foi

aprovado pelo Comite de Etica # 27584814.2.0000.5145.

Para confec¢ao dos espécimes além dos dentes selecionados foram utilizados
cimento resinoso auto adesivo RelyX U200, cimento resinoso convencional RelyX ARC,
blocos de resina composta Tetric-N-Ceram, acido fosforico Ultra Etch, adesivo Single Bond

Universal e ativador cimento OPC.

As marcas comerciais dos materiais utilizados neste estudo e suas caracteristicas

estdo descritas no quadro 1.

Quadro 1 — Descri¢ao dos materiais utilizados no estudo.

MATERIAIS NOME COMERCIAL LOTE FABRICANTE

Resina Composta Tetric-N-Ceram S38946 Ivoclar-Vivadent
Cimento RelyX U200 550172 3MESPE
Cimento RelyX ARC 1423200388 3MESPE
Acido fosférico Ultra Etch B8MDR Ultradent
Adesivo Single Bond Universal 521313 3MESPE
Ativador cimento OPC 509461 3MESPE




38

Figura 1- Cimento RelyX U200

Figura 2- Cimento RelyX ARC

Figura 4- Single Bond Universal ~ Figura 5- OPC Otimizador
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2. METODO

2.1 Delineamento experimental

Este estudo in vitro avaliou dois fatores envolvidos, diferentes técnicas de preparo da
dentina (preparos com ponta diamantada fina, ponta diamantada grossa, broca multi-laminada
e ponta diamantada CVD em ultrassom)( Fig. 6) e dois tipos de cimentos resinosos (cimento
auto adesivo RelyX U200 e cimento convencional RelyX ARC). O trabalho envolveu a
confeccdo de espécimes de dentina preparada com diferentes métodos sobre a qual foram
cimentados blocos de resina composta pré-confeccionados sendo o conjunto submetido ao
ensaio mecanico de micro tragdo. Foi avaliada a resisténcia de unido dos cimentos a dentina
preparada distintamente e através da MEV avaliou-se a smear layer formada no preparo da
dentina, a camada hibrida e relagdo destas com os resultados dos testes de micro tragao.
Foram analisados oito grupos experimentais com quinze espécimes cada. Os grupos foram

formados como mostra o esquema a seguir.

5

\ /

y ¥
F. I U F.n=| u
RelyArc RelyArc RelyArc m RelyArc

BM- broca multi laminada

PDF- ponta diamantada fina
PDG- ponta diamantada grossa

CVD- ponta diamantada acoplada ao ultrassom



Figura 6- Pontas e brocas utilizadas.

Quadro 2- Descri¢do dos grupos do experimento.

GRUPO PREPARO CIMENTO ADESIVO TRATAMENTO
DENTINA DE SUPERFICIE
PDFU200 PDF RelyX U200
PDGU200 PDG RelyX U200
BMU200 BM RelyX U200
CVDU200 CVD RelyX U200
PDFARC PDF RelyX ARC Single Bond | Condicionamento
Universal . OPC acido fosforico
PDGARC PDG RelyX ARC Single Bond | Condicionamento
Universal . OPC acido fosforico
BMARC BM RelyX ARC Single Bond | Condicionamento
Universal . OPC acido fosforico
CVDARC CVD RelyX ARC Single Bond | Condicionamento

Universal , OPC

4cido fosforico

40
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2.2 Procedimentos prévios

Os dentes foram seccionados com disco diamantado (Buehler, Lake Bluff, EUA) em
uma maquina de corte de baixa velocidade (Isomet 1000, Lake Bluff, EUA) com refrigeracao
constante. Foram realizados cortes na face oclusal no sentido mésio-distal para expor a
dentina subjacente ¢ a dois mm abaixo da juncdo cemento-esmalte (Figs.7 e 8). A superficie
dentinaria exposta foi observada sob microscopio Optico com 4 vezes de aumento para
verificar a presencga de ilhotas de esmalte, que quando presentes foram eliminadas por corte

adicional.

A face de dentina exposta foi desgastada com lixa de carbeto de silicio (3M, Sumaré,
SP, Brasil) de granulagdo decrescente, iniciando-se com lixa #340, passando por #400 e
terminando com lixa #600 em uma politriz de bancada (Arotec, Sdo Paulo, SP, Brasil). Este
procedimento foi realizado para padronizar a superficie dentindria tornando-a mais regular

uma vez que elimina os sulcos mais profundos deixados pelo disco de corte.

Os fragmentos dentarios obtidos foram entdo fixados com cera pegajosa (Cera em
Bastdes, Ceras Babinete, Maring4, PR, Brasil) nos dispositivos confeccionados de resina
acrilica quimicamente ativada (Jet) incluida em anel plastico (Tubo de PVC Tigre- lcm de

altura e 2 cm de diametro). A parte da dentina a ser preparada foi mantida para cima.

Os dentes foram distribuidos aleatoriamente em quatro grupos (n=30) os quais
receberam técnicas distintas de preparo da dentina. No primeiro grupo a dentina foi preparada
com ponta diamantada de granula¢do fina (3098, KG Sorensen, Barueri, SP, Brasil). No
segundo grupo a dentina foi preparada com ponta diamantada de granulagdo grossa (3098,
KG Sorensen, Barueri, SP). No terceiro grupo o preparo foi realizado com broca multi
laminada (284- JET Carbide Burs, Morrisburg, Canadd). As pontas diamantadas e a broca
multi laminadas foram acopladas a turbina alta rotacdo para realizagdo dos preparos. Foi
utilizado um multiplicador para dar acabamento aos preparos da dentina. No quarto grupo o
preparo da dentina foi realizado com ponta diamantada CVD (E1) acoplada ao aparelho
ultrassom(CVDent1000®, Sao Jos¢ dos Campos, SP). Os preparos foram realizados pelo

mesmo operador que passou por periodo de calibracao.

Com auxilio de uma matriz de silicone por adi¢do foram confeccionados blocos
(4mmX4mmX3mm) de resina composta Tetric N-Ceram (Ivoclar Vivadent, Barueri,SP,

Brasil) construidos aplicando duas camadas de resina com espessura de no maximo 2mm.
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Cada camada foi fotoativada por 20 segundos e no final foram aplicados mais 20 segundos
sobre as paredes do bloco concluido (Figs. 9 e 10). Os blocos de resina foram desgastados
com lixa de carbeto de silicio (3M, Sumaré, SP) de granulagdo fina lixa #600 em uma politriz

de bancada (Arotec, Sdo Paulo, SP) a fim de padronizar o acabamento da face do bloco que

foi cimentada sobre a dentina.

Figura 7- Marcagao para corte do dente Figura 8- Corte e obtenc¢ao do ter¢o coronario

Figura 9- Confecgao do bloco de RC Figura 10- Obtenc¢ao do bloco de RC
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2.4- Obtengao dos espécimes

Cada grupo de dentina tratada foi dividido em dois subgrupos (n=15) conforme o
cimento utilizado para a cimentagcdo dos blocos de resina sobre a dentina: Subgrupo 1 — a
cimentacao foi feita com o cimento Rely U200 e subgrupo 2 — Rely X ARC + Single Bond

Universal + OPC otimizador para cimentagao.

Todos os materiais foram manipulados conforme as instrugdes dos fabricantes e
aplicados a superficie de dentina preparada sobre o qual foi cimentado o bloco de resina

confeccionado.

Para o experimento testando o cimento U200, os dentes preparados foram secos com
jato de ar. O cimento foi dispensado sobre um bloco de papel em quantidades pré
estabelecidas pelo fabricante. Com o auxilio de uma espatula de manipulacdo 72 Duflex
misturou-se as pastas catalisadora e base por 10 segundos obtendo a homogenificagdo das
pastas. Aplicou-se parte do cimento sobre a dentina preparada e outra parte sobre a face do
bloco de resina. Posicionou-se o bloco de resina sobre a dentina preparada. O conjunto dente-
cimento-bloco foi levado a Agulha Gilmore (maior) (Figs.11 e 12) e apds 5 minutos iniciou-
se a fotoativagdo de cada face do conjunto por 20 segundos. O conjunto permaneceu na
Agulha Gilmore por 10 minutos. Apds este tempo os conjuntos dente/bloco de resina

composta foram armazenados em agua destilada a 37° C por 24 horas.

Para o experimento testando o cimento RelyX ARC, os dentes preparados foram
secos com jato de ar. Realizou-se o condicionamento 4cido da dentina utilizando acido
fosforico a 35% Ultra Etch®(Ultra Dent, Indaiatuba, SP), durante 15 segundos. Enxaguou-se
com jato de agua para remog¢do do acido por 20 segundos. Com folhas de papel absorvente
realizou-se a remo¢do do excesso de dgua para a adequagcdo da umidade da dentina.
Dispensou-se uma gota do adesivo e uma gota do OPC em recipiente proprio, misturou-se por
5 segundos e aplicou com microbrush a mistura por 1 minuto sobre a dentina condicionada.
Aguardou-se 5 minutos e aplicou-se um leve jato de ar para a evaporacao do excedente do
adesivo ¢ OPC. O cimento RelyX ARC foi dispensado sobre um bloco de papel em
quantidades pré estabelecidas pelo fabricante. Com o auxilio de uma espatula de manipulagao
72 Duflex misturou-se as pastas catalisadora e base por 10 segundos obtendo a
homogenificagdo do cimento. Aplicou-se parte do cimento sobre a dentina preparada e outra
parte sobre a face do bloco de resina. Posicionou-se o bloco de resina sobre a dentina

preparada. O conjunto dente-cimento-bloco foi levado a Agulha Gilmore (maior) e apds 5
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minutos iniciou-se a fotoativagdo de cada face do conjunto por 40 segundos. O conjunto
permaneceu na Agulha Gilmore por 10 minutos. Apds este tempo os conjuntos dente/bloco de

resina composta foram armazenados em agua destilada a 37° C por 24 horas.

Apds as 24 horas os conjuntos dente-cimento-bloco foram seccionados no sentido

longitudinal (mésio/distal e vestibulo/lingual) para produzir palitos com area transversal de

1,0 mm x 1,0 mm. Apos a obtencdo dos palitos estes foram armazenados em agua destilada a

37° C (Figs. 13 ¢ 14).

Figura 11- Cimentagdo e remogao Figura 12- Fotoativagdo

dos excessos de cimento.

Figural3- Corte do especime. Figura 14- Obtencao dos palitos
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2.5 Teste de resisténcia de unido por micro tragdo

Apo6s as 72 horas da realizacdo da cimentagdo dos blocos de resina nas diferentes
técnicas de preparo da dentina utilizando os dois cimentos em estudo, os palitos obtidos foram
submetidos ao ensaio de micro tragdo. Primeiramente mediu-se com paquimetro o didmetro
de cada palito. Em seguida os palitos tiveram as extremidades coladas com cola de
cianoacrilato (Super bonder gel, SP) em dispositivo apropriado (ODEME-Luzerna, SC) para
realizacdo do teste de micro tragdo (Fig. 15). Foi tomado o cuidado para que a cola ndo entra-
se em contato com a regido de adesdo (dentina cimento resina) a qual seria avaliada. Para
acelerar a presa da cola uma gota de liquido de acrilico quimicamente ativado foi colocada
sobre a cola. Apds a completa fixacdo dos palitos nos dispositivo estes foram posicionados
em uma maquina de ensaios universal (EMIC DL3000) (Fig. 16) com célula de carga de 50
kg/F. Os valores do didmetro dos palitos eram digitados no software da maquina de ensaio e
em seguida a maquina testava os palitos até a falha (ruptura) dos mesmos (Fig. 17 e 18). Os
valores obtidos foram registrados pelo software da maquina de ensaio (M test). Os dados
foram conseguidos em mega Pascal (MPa) e utilizando a area transversa de cada palito, a

resisténcia de unido foi calculada.

Figura 15- Fixagdo dos palitos Figura 16- Méquina de teste
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Figura 17- Dispositivo com palito Figura 18- Palito testado

para ser testado

2.6 Analise da camada hibrida por MEV

Para a avaliagdo da camada hibrida, dois dentes de cada grupo foram cimentados
adicionais (n = 2). Cada conjunto dente/cimento/bloco de resina foi levado a uma cortadora de
precisao (Isomet 1000, USA) onde foram executadas 2 secgdes longitudinais e paralelas entre
si em sentidos opostos de cada dente, auxiliadas por disco dupla-face de diamante (Buheler,
USA). Esses cortes produziram 3 fatias por dente, com aproximadamente 2,0 mm de
espessura que foram armazenados em agua destilada imediatamente (figs.19 e 20). Apds o
periodo de armazenagem, as fatias foram lavadas, secas com papel absorvente e incluidas
individualmente em um anel plastico (Tubo de P.V.C.- 1 cm de altura ¢ 2 cm de didmetro)
(Tigre) com resina epoxica (Epoxi Resin — Buehler UK Ltd., Lake bluff, IL, USA) unido a
uma placa de vidro por meio de uma fita adesiva dupla face (Silver Tape). Apds a
polimerizagao da resina epoxica (Fig. 21) as fatias foram submetidas ao polimento com lixas
de SiC com granulacao 600, 1200 e 2000 (Carborundum Abrasivos, Recife, PE, Brasil) sob
irrigacdo com agua destilada. Para complementar o polimento, foram utilizados feltros
(Microcloth Polishing Cloth, Buehler UK Ltd, Lake Bluff, USA) e pastas de diamante
aplicadas em ordem decrescente de granulagdo: 1, 2 e ¥4 pum, por 20 min em cada pasta e
lavadas em ultra-som (Unique Ind. e Co. de Produtos Eletronicos Ltda, Sao Paulo, SP, Brasil)

com agua destilada, no intervalo entre elas, por 10 min. Em seguida foi utilizado o feltro com
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dgua sem a pasta por mais 20 min no final do polimento. As amostras foram lavadas em cuba
ultrassonica por 10 min. Posteriormente, essa superficie foi condicionada com éacido fosforico
a 50% (PRODERMA) por 5 s, lavada abundantemente com agua deonizada, imersa em
solugdo de hipoclorito de sédio (NaOCl) (PRODERMA) a 10% por 10 min. As amostras
foram lavadas com agua deonizada e em seguida condicionadas em uma vasilha plastica
contendo silica coloidal isolada com lengo de papel sobre o qual as amostras foram colocadas
permanecendo a temperatura ambiente por 24 h. Posteriormente, as fatias receberam aplicacao
de ouro em po sob alto ambiente de vacuo (MED 010, Unido Balzers, Liechtenstein)(Fig. 22)
e foram analisadas por microscopia eletronica de varredura (MEV). Os espécimes foram
examinados na regido de unido do cimento com a dentina e o bloco de resina para avaliagao
da camada hibrida quanto a ligacdo micromecanica, a integridade, a homogeneidade e

continuidade ao longo da interface de unido.

Além disso, dentina representativa de cada preparo foi avaliada para explorar as
caracteristicas de tal substrato e a espessura da camada da smear layer e correlacionar com a

resisténcia de unido e formagdo de camada hibrida.

Figura 19- Corte das fatias para MEV
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Figura 20- Fatias para MEV

Figura 21- Fatias incluidas em Figura 22- Apos aplicagdo ouro em pod

resina epoxica

3 ANALISE ESTATISTICA

Os resultados originais foram submetidos ao teste de normalidade de Lilliefors. Para
estatistica inferencial adotou-se o teste Kruskal- Wallis ndo paramétrico comparando mais de
dois grupos, determinando a = 0,05. Os resultados do teste determinaram diferengas

significantes foi aplicado o teste post hoc de Dunn.
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APENDICE B

ANALISE ESTATISTICA
Os resultados obtidos foram analisados através do programa de software ’Bioestat 5.0”.

Inicialmente foi confeccionada a tabela 1 com os valores originais de tracdo em mega Pascal
MPa dos grupos pesquisados.



Tabela 1 - Dados originais, em MPa, para os grupos analisados.

U200 DF U200 MULT. U200DG U200US ARCDF ARCMULT

15.36
16.37
12.51
8.77
16.39
12.37
17.23
17.05
12.90
11.33
10.79
6.94
10.38
7.18
21.63
15.73
16.43
17.83
5.23
4.38
7.47
4.78
5.11
7.05
7.04
9.66
7.28
8.09
7.08
10.53
4.75
9.80
6.27

13.62
16.27
4.84
6.14
18.34
35.34
28.12
12.49
9.21
8.89
12.81
6.25
5.57
10.17
20.91
19.73
20.43
20.69
23.68
39.17
19.33
13.35
7.03
16.80
12.77
20.00
24.41
13.42
6.78
13.19
7.42
15.79
16.59
10.64
16.35
13.34
8.71
17.45
10.74
13.93
18.46
23.00
26.32
27.11
32.28
22.92

11.03
5.60
4.23

11.42
5.22

18.17
6.51

20.31

12.95
6.42

15.37

15.79
5.08

12.85

31.13
9.08

17.22

15.11

23.05
6.93

13.20

13.75
9.65

10.85

11.47

17.98

11.95

10.66

20.36

15.25

29.94

24.00

5.41
6.31
16.29
15.45
8.59
9.50
7.52
11.18
15.68
8.70
6.85
4.29
8.29
9.68
5.36
5.39
11.91
12.35
7.64
7.89
13.30
5.51
10.34
7.16

23.53
28.68
18.33
45.81
22.14
16.36
37.64
32.82
35.96
24.34
32.74
28.99
26.63
34.04
37.08
37.09
37.10
34.83
44.28
32.94
20.02
26.14
20.40
15.13
24.03
29.30
23.16
14.18
26.21
43.43
38.05
48.42
45.78
27.60
29.21
27.47
33.10
30.32
23.64
21.43
27.91
16.79
22.74
22.17
28.09

18.95
16.23
27.01
17.20
12.32
28.28
23.25
30.62
45.04
30.80
32.86
47.68
24.60
33.45
22.43
32.15
47.42
27.16
22.23
26.05
46.40
29.20
38.69
33.92
36.29
39.67
19.81
35.51
17.47
38.36
41.86
41.26
33.20
45.17
40.28
48.17

ARC DG

26.23
11.93
35.66
21.27
23.71
13.63
15.98
20.81
28.79
16.48
28.56
9.68
32.20
12.52
16.00
21.03
26.72
20.30
28.17
9.50
32.03
30.90
21.92
39.69
43.05
52.81
49.42
50.82
21.71
21.48
28.97
37.63
35.79
36.95
49.67
40.75
23.26
18.05
9.25
14.71
21.09
39.23
32.73
25.75
27.13
31.52
25.83

ARC US

20.47
21.76
34.71
36.31
20.57
21.58
30.81
39.58
39.00
33.03
2243
21.97
29.70
24.50
38.65
33.05
18.65
18.53
24.16
30.48
36.46
22.33
40.09
23.21
23.84
37.88
38.73

50



DF = diamantada fina. Multi = multilaminada. DG = diamantada grossa. US = ultrassom.

A tabela 2 mostra a estatistica descritiva com média * desvio padrdao, mediana e coeficiente de

variagao.

MEDIA+DP MEDIANA cv
U200 DF 10.6579 + 4.6808 9.8000 43.92
U200 MULT. 16.5391 + 7.9777 16.0300 48.24
U200 DG 13.8291 £ 6.8152 12.9000 49.28
U200 Us 9.1913 + 3.4813 8.4400 37.88
ARC DF 29.2456 + 8.5950 28.0900 29.39
ARC MULT. 31.9719 + 10.0603 32.5050 31.47
ARC DG 27.2619 + 11.3449 26.2300 41.61
ARC US 28.9807 + 7.5722 29.7000 26.13
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DP = desvio padrao, CV = coeficiente de variacdo. DF = diamantada fina. Multi = multilaminada. DG =

diamantada grossa. US = ultrassom.

Observam-se valores préoximos entre média e mediana, porém o coeficiente de variagdo denota

discrepancia entre média e desvio padrao.

Os graficos 1 e 2 mostram as variagdes entre os grupos.

Grafico 1 Média e desvio padrao
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[Grafico 2 - Bow-Plot

MPa Média e deszvio padrao

54

44 T

34

24

14 T J J

4 L J— J_ L

200 DF 200 DG ARC DF ARCDGE
200 MULTI U200ULTS  ARCMULTI  ARCLLTS

. DF = diamantada fina. Multi = multi laminada. DG = diamantada grossa. ULTS = ultrassom.

Os dados originais foram submetidos ao teste de normalidade de Lilliefors (Tabela 3)

U200 DF U200 MULTI
N = 33 46
Desvio maximo =0.1460 0.1064

U200 DG U200 ULTS
32 24
0.1055 0.1394

VC (0.05) = 0.1540 0.1306 0.1566 0.1820
VC(0.01) = 0.1795 0.1520 0.1823 0.2086
p(valor) ns ns ns ns

ARCDF ARC MULTI ARCDG ARCULTS
45 36 47 27
0.0975 0.0706 0.0854 0.2045
0.1321 0.1477 0.1292 0.1724
0.1537 0.1718 0.1504 0.1966
ns ns ns <0.01

VC = (valor critico). N = tamanho da amostra. DF = diamantada fina. Multi = multilaminada. DG =

diamantada grossa. ULTS = ultra som.

Observa-se que no grupo Relyx ultrassom nao foi observada normalidade (p<0.01). Para estatistica

inferencial adotou-se o teste Kruskal- Wallis ndo paramétrico comparando mais de dois grupos,

determinando a = 0,05. Os resultados do teste determinaram diferencas significantes foi aplicado o

teste post hoc de Dunn (Tabela 4).

52



Tabela 4 - resultados do teste Kruskal-Wallis e post hoc de Dunn.
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Estatistica H = 162.4447
Valor de p = 0.0000
Grau de liberdade = 7
Kruskal-Wallis = <0.0001

Grupos média * desvio padrao
U200 DF 10.6579 £ 4.6808 B
U200 MULT. 16.5391+7.9777 B
U200 DG 13.8291+6.8152 B
U200 US 9.1913 + 34813 B
ARC DF 29.2456 + 8.5950 A
ARC MULT. 31.9719 + 10.0603 A
ARC DG 27.2619 + 11.3449 A
ARC US 28.9807 + 7.5722 A

Ranks médios
60.6970
109.9674
87.2656
47.0833
203.8444
216.9306
184.7872
205.3148

Letras maiusculas diferentes denotam diferencas significantes (p<0.05)
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only those that contribute significantly to the understanding of the research.
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. references (see below)
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