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RESUMO 
 
A primeira etapa deste estudo avaliou, in vitro, a interação entre materiais resinosos 
utilizados na técnica do selamento dentinário imediato (SDI) e materiais de 
moldagens associado a duas técnicas para reduzir/eliminar a camada inibida de 
oxigênio. A dentina oclusal de 35 terceiros molares humanos foi exposta, seguido de 
acabamento com lixa de carbeto de silício de granulação 400. Os dentes foram 
divididos aleatoriamente em 2 grupos: grupo 1- moldagem com silicone por adição 
Express XT; grupo 2 – moldagem com o poliéter Impregum. Os grupos 1 e 2 foram 
divididos em 14 subgrupos: grupo 1a e 2a: controle; grupos 1b e 2b: SDI com Clearfil 
SE Bond (CSE); grupos 1c e 2c: SDI with CSE + polimerização adicional com gel a 
base de glicerina; grupos 1d e 2d: SDI com CSE + álcool; grupos 1e e 2e: SDI com 
CSE e Protect Liner F (PLF); grupos 1f e 2f: SDI com CSE e PLF + polimerização 
adicional com gel a base de glicerina; grupos 1g e 2g: SDI com CSE e PLF + álcool. 
Cada superfície dentária foi fotografada com uma câmera digital. As imagens foram 
salvas e utilizadas para avaliar a presença de material de moldagem sobre a 
estrutura dentária. Por meio de uma análise qualitativa, observou-se que o SDI 
realizado com o CSE ou com PLF interagiram com o Express XT e com o Impregum. 
A aplicação do gel a base de glicerina e do álcool impediram a interação do CSE 
com o Express XT e do PLF com o Impregum; no entanto, estes mesmos 
tratamentos não foram totalmente efetivos para o CSE com o Impregum e para o 
PLF com o Express XT.  
A segunda etapa deste estudo avaliou a espessura do sistema adesivo, resina de 
baixa viscosidade e cimento resinoso em preparos para coroas totais, e a influência 
na resistência à fratura de coroa total em cerâmica. Sessenta pré-molares superiores 
receberam prepares para coroa total e foram divididos em 3 grupos de acordo com o 
material aplicado na técnica do SDI: grupo 1 – controle; grupo 2 - CSE; G3 – CSE + 
PLF. Após moldagem com silicone por adição, os preparos receberam provisórios 
confeccionados com resina acrílica. As restaurações cerâmicas com IPS Empress 2 
foram confeccionadas e cimentadas sobre os preparos com Panavia F. Dez 
amostras de cada grupo foram submetidos ao teste de resistência à fratura e 10 
espécimes foram seccionados no sentido vestíbulo-lingual para avaliar a espessura 
do Panavia F, CSE e PLF em 10 posições diferentes com o auxílio de um 
microscópio. De acordo com ANOVA e teste de Tukey, a carga de fratura do grupo 3 
(1300 N) foi estatisticamente superior ao grupo 1 (1001 N) (p<0.01) e o grupo 2 
(1189 N) não apresentou diferença estatística com os grupos 1 e 3. A maior 
espessura de película do CSE Bond foi obtida na parte côncava dos prepares. O 
PLF apresentou a espessura mais uniforme em diferentes posições. A espessura do 
Panavia F foi maior na face oclusal dos preparos. A espessura da película formada 
pelo CSE e PLF aumentou a resistência à fratura de coroas cerâmicas 
confeccionadas com IPS Empress 2. 
 

Palavras chaves: selamento dentinário imediato, resistência, materiais de 
moldagem 
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ABSTRACT 

The first section of this study evaluated the interaction between resin materials used 
in the immediate dentin sealing (IDS) techniques and impression materials under two 
different techniques to reduce/eliminate the oxygen-inhibition layer. The occlusal 
dentin of 35 human molars was exposed and finished with 400 grit silicon carbide 
sandpaper. Teeth were randomly divided into 2 groups: group 1 – impression with 
vinyl polysiloxane Express XT, group 2 – impression with polyether Impregum. 
Groups 1 and 2 were divided into 14 subgroups:  groups 1a e 2a: control groups; 
groups 1b e 2b: IDS with Clearfil SE Bond (CSE); groups 1c e 2c: IDS with CSE + 
additional polymerization with glycerine jelly; groups 1d e 2d: IDS with CSE + alcohol; 
groups 1e e 2e: IDS with CSE and Protect Liner F (PLF); groups 1f e 2f: IDS with 
CSE and PLF + additional polymerization with glycerin jelly; groups 1g e 2g: IDS with 
CSE and PLF + alcohol. Each tooth surface was photographed using a digital 
camera. The images saved were used to examine the presence of impression 
material left on the treated tooth surface. It was observed that IDS performed with 
CSE or with the PLF interacted with the Express XT and with the Impregum. The 
application of glycerine jelly and alcohol avoided the interaction of CSE with the 
Express XT and of the PLF with the Impregum; however, these treatments were not 
totally effective to avoid the interaction of CSE with the Impregum and of PLF with 
the Express XT.  
The second section of this study evaluate, in vitro, the thickness of the adhesive, low-
viscosity microfilled resin, and resin cement on full crown preparations, and its effect 
on the fracture load of a reinforced all-ceramic crown. Sixty maxillary premolars 
received full crown preparation and were divided in 3 groups according to the 
material applied for the immediate dentin sealing: G1 – control; G2 – CSE Bond; G3 
– CSE Bond + PLF. After taking the impression with polyvinyl siloxane, the 
preparations were temporized with acrylic resin crowns. IPS Empress 2 restorations 
were fabricated, and cemented to the preparations with Panavia F. Ten specimens of 
each group were submitted to fracture load testing, and the other 10 specimens were 
sectioned buccolingually, and the thicknesses of Panavia F, CSE Bond and PLF 
were measured in 10 different positions using a microscope. According to ANOVA 
and Tukey’s test, the fracture load of group 3 (1300 N) was statistically higher than 
group 1 (1001 N) (p<0.01). Group 2 (1189 N) was not statistically different from 
groups 1 and 3. The higher thickness of the CSE Bond was obtained in the concave 
part of the preparation. The PLF presented a more uniform range of values at 
different positions. The thickness of Panavia F was higher in the occlusal portion of 
the preparation. The film thickness formed by CSE Bond and PLF increased the 
fracture load of the IPS Empress 2 ceramic crown. 
 

 
Key words: immediate dentin sealing, resistance, impression materials. 
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INTRODUÇÃO GERAL 

 

As restaurações adesivas têm sido empregadas largamente como resultado 

do desenvolvimento e aperfeiçoamento das resinas compostas, dos sistemas 

cerâmicos, dos sistemas adesivos e das técnicas operatórias. Porém, as 

restaurações indiretas apresentam algumas vantagens em relação às restaurações 

diretas de resina composta, como estabilidade química, estabilidade de cor e maior 

resistência ao desgaste, sendo indicadas nos casos de maior perda da estrutura 

dentária (VAN NOORT, 1994). 

 As restaurações indiretas requerem alguns passos clínicos adicionais e 

críticos como moldagem, temporização e cimentação. Dependendo do material 

empregado, preferem-se os cimentos resinosos para a cimentação definitiva por 

apresentarem união à estrutura dental, baixa solubilidade e melhor resistência ao 

desgaste que os cimentos convencionais (DIAZ-ARNOLD; VARGAS; HASELTON, 

1999). 

O preparo para restaurações indiretas pode induzir significativa exposição de 

dentina e, consequentemente, sensibilidade. A técnica convencional para 

restaurações indiretas consiste na moldagem do preparo imediatamente após este 

ter sido concluído, seguido da confecção de um provisório. Quando a restauração 

definitiva está pronta, o provisório é removido e a cimentação adesiva é realizada. 

Tem sido demonstrado que a dentina recém-cortada seria o substrato ideal para 

procedimentos adesivos; no entanto, a dentina contaminada com cimento provisório, 

sangue e saliva são fatores críticos que influenciam no potencial de adesão, 

podendo levar a redução dos valores de união, falha no processo de hibridização e 
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sensibilidade pós-operatória (BERTSCHINGER et al., 1996; PAUL; SCHÄRER, 

1997). 

Técnicas alternativas têm sido propostas para superar estes problemas, como 

o selamento dentinário imediato (SDI) com a aplicação de um sistema adesivo logo 

após a confecção do preparo e previamente ao procedimento de moldagem 

(MAGNE et al., 2005). Outra técnica consiste na aplicação de um sistema adesivo e 

de uma resina microparticulada de baixa viscosidade (NIKAIDO et al., 1992). Estas 

técnicas têm o objetivo de selar a ampla área de dentina exposta durante o preparo 

cavitário. Isto minimiza a irritação pulpar por estímulos térmicos e mecânicos, pela 

infiltração de bactérias durante os procedimentos de moldagem, temporização e 

cimentação final (KITASAKO et al., 2002), e também aumenta a retenção para casos 

de coroas clínicas curtas (MAGNE; SO; CASCIONE, 2007). 

O SDI com sistema adesivo e resina microparticulada de baixa viscosidade 

melhora a resistência adesiva (DE GOES et al., 2000), reduz a formação de fendas 

na interface dentina/cimento resinoso (SUZUKI, 2000; KITASAKO et al., 2002) e, 

além disso, funciona como uma camada resiliente entre a restauração indireta e a 

dentina, absorvendo as tensões geradas durante a contração de polimerização do 

cimento resinoso e dos efeitos mastigatórios (DIETSCHI et al., 2002; MONTES et al., 

2003).  

A etapa de moldagem, após a técnica do SDI, torna-se um procedimento 

crítico, visto que a camada superficial do material adesivo não polimeriza por entrar 

em contato com o oxigênio (CIO – camada inibida pelo oxigênio) (ELIADES; 

CAPUTO, 1989; RUEGGENBERG; MARGESON, 1990), podendo interagir com o 

material de moldagem (PAUL, 1997). Sendo assim, técnicas adicionais como a 
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sobrepolimerização do material adesivo com gel a base de glicerina, ou a aplicação 

de álcool podem ser utilizadas na tentativa de eliminar a CIO (BERGMANN; NOACK; 

ROULET, 1991; NIKAIDO et al., 2003).  

A avaliação da resistência de união utilizando as técnicas do SDI em 

restaurações indiretas de resina composta tem sido pesquisada (OKUDA et al., 

2007; UDO et al., 2007). No caso de preparos para coroa total, a região do término 

do preparo geralmente encontra-se em dentina ao nível radicular e muitos dentes 

são vitais, justificando a técnica do SDI. No entanto, não há estudos evidenciando a 

influência da espessura dos materiais adesivos utilizados para a técnica do SDI na 

resistência à fratura de coroas totais em cerâmica. 

O presente estudo teve os seguintes objetivos: a) avaliar a interação entre os 

materiais adesivos utilizados na técnica do SDI e diferentes materiais de moldagem, 

associado a duas técnicas utilizadas para eliminar a CIO; b) avaliar a influência da 

espessura de película dos materiais adesivos utilizados na técnica do SDI e do 

cimento resinoso na resistência à compressão de coroas totais cerâmicas.  
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ABSTRACT 

This in vitro study evaluated the interaction between the resin materials used in 
immediate dentin sealing (IDS) techniques and impression materials with two 
different techniques to reduce/eliminate the oxygen-inhibition layer (OIL). The roots 
of 35 human molars were included in self-cured acrylic resin. The occlusal enamel 
was removed using a diamond saw, and the dentin surface was exposed. This step 
was followed by surface regularization with 400-grit silicon carbide sandpaper under 
water cooling. The teeth were randomly divided into 2 groups: group 1 – impression 
with Express XT vinyl polysiloxane and group 2 – impression with Impregum 
polyether. Groups 1 and 2 were divided into 14 subgroups: group 1a and 2a – control 
groups; 1b and 2b – IDS with Clearfil SE Bond (CSE); 1c and 2c – IDS with CSE + 
additional polymerization with glycerin jelly; 1d and 2d – IDS with CSE + alcohol; 1e 
and 2e – IDS with CSE and Protect Liner F (PLF); 1f e and 2f – IDS with CSE and 
PLF + additional polymerization with glycerin jelly; and 1g and 2g – IDS with CSE 
and PLF + alcohol. Each tooth surface was photographed using a digital camera, and 
the images were used to examine the interaction between the resin materials and the 
impression materials. IDS with either CSE or PLF interacted with Express XT and 
with Impregum. The application of glycerin jelly and alcohol prevented the interaction 
of CSE with Express XT and PLF with Impregum; however, these treatments were 
not completely effective in preventing the interaction of CSE with Impregum and PLF 
with Express XT.  

Key Words: immediate dentin sealing, adhesive systems, impression materials. 
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INTRODUCTION 

During tooth preparation for indirect restorations such as inlays, onlays, 

veneers, and crowns, a significant area of dentin is exposed. To avoid problems such 

as dentin contamination by provisionalization (1, 2) and hybridization failure 

sensitivity (3), a technique called immediate dentin sealing (IDS) was suggested in 

the early 1990s (4). This technique consists of the application of an adhesive system 

immediately after tooth preparation and before taking the impression. Another IDS 

technique was developed in which a sealing film is applied to the dentin surface 

immediately after tooth preparation using an adhesive system and a low-viscosity 

composite resin (5, 6). It is believed that this layer of low-viscosity composite resin 

isolates the underlying hybrid layer and, consequently, aids in preserving the dentin 

seal (7). Therefore, IDS techniques are based on the principle that adhesive systems 

bond better to freshly prepared dentin (1, 2), thus protecting the dentin–pulp complex 

and preventing or decreasing sensitivity and bacterial leakage during the provisional 

stage (8, 9). 

When using the IDS techniques, the impression is taken after the application 

of the resin material on the dental substrate. This step is critical because the 

impression material can interact with the outer resin layer (3), which is unpolymerized 

due to the oxygen inhibition of the radicals that initiate the polymerization reaction 

(10, 11). Different techniques have been suggested to reduce or eliminate the 

oxygen-inhibition layer (OIL), such as the application of glycerin jelly followed by an 

additional light cure (12) or the use of a cotton pellet soaked in alcohol (13). 

However, few studies have been published about this subject.  

The aim of this study was to qualitatively evaluate the interaction between the 
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resin materials used in the IDS techniques and impression materials when two 

different techniques to reduce/eliminate the OIL are applied. This study was based 

on the hypothesis that these techniques do not eliminate the interaction between 

impression materials and resin materials. 
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MATERIALS AND METHODS 

Thirty-five unerupted human third molars, which were extracted for therapeutic 

reasons, were obtained from the Tooth Bank after the approval of the Ethics 

Committee of the Pontifical Catholic University of Rio Grande do Sul (PUCRS). The 

teeth were cleaned of gross debris and stored in distilled water at 4°C. The water 

was changed every week, and the teeth were used in the study within 6 months. The 

roots were mounted in self-cured acrylic resin, and the occlusal enamel surface was 

removed with a diamond disc mounted in a low-speed laboratory cutting machine 

(Labcut 1010, Extec Corp., London, UK) under cooling conditions. The rest of the 

enamel was removed with 400-grit silicon carbide abrasive paper in a polishing 

machine (DPU-10, Panambra, São Paulo, SP, Brazil) under water. The superficial 

dentin was exposed and finished with 600-grit silicon carbide abrasive paper in the 

polishing machine, and a flat dentin surface was obtained.  

After polishing, the teeth were randomly divided into 14 groups (Figure 1) 

according to the materials used (Table 1). As a nondestructive methodology, the 

teeth were used again after remotion of the resin material with 600-grit silicon carbide 

abrasive paper.  

Express XT vinyl polysiloxane impression material was used in group 1, and 

the following subgroups were assigned (Figure 1):  

Group 1a: Unsealed tooth surface. 

Group 1b: IDS with Clearfil SE Bond (CSE). SE Primer was first applied to the 

tooth surface for 20 s and gently air dried. SE Bond was then applied, mildly air dried, 
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and light cured for 10 s using a conventional halogen light-curing unit. 

Group 1c: IDS with CSE and glycerin jelly. The adhesive system was applied as 

described for group 1b. The polymerization of the adhesive was followed by the 

application of an air-blocking barrier with glycerin jelly and was then light cured for an 

additional 10 s. The glycerin jelly was rinsed under running tap water. 

Group 1d: IDS with CSE and alcohol. The adhesive system was applied as 

described for group 1b. The surface of the adhesive system was wiped with a cotton 

pellet soaked in 70% alcohol for 10 s. 

Group 1e: IDS with CSE and Protect Liner F (PLF). The adhesive system was 

applied as described for group 1b. After application of the adhesive, PLF was placed 

on the adhesive surface using a brush-on technique and was then light cured for 20 

s. 

Group 1f: IDS with CSE and PLF + glycerin jelly. Both materials were applied as 

described for group 1e. The polymerization of the cured low-viscosity composite resin 

was followed by the application of an air-blocking barrier with glycerin jelly and light 

curing for an additional 10 s. The glycerin jelly was rinsed under running tap water. 

Group 1g: IDS with CSE and PLF + alcohol. Both materials were applied as 

described for group 1e. The surface of the cured low-viscosity composite resin was 

wiped with a cotton pellet soaked in 70% alcohol for 10 s. 

A monophase polyether Impregum was used in group 2 (2a, 2b, 2c, 2d, 2e, 2f, 

2g) and subgroups similar to group 1 (1a, 1b, 1c, 1d, 1e, 1f, 1g) were assigned based 

on the materials and techniques used (Figure 1). 

Individual trays with self-cured acrylic resin (JET – Clássico, São Paulo, SP, 
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Brazil) were prepared. The adhesive was applied to the tray and was permitted to dry 

for 10 minutes. In groups 1a to 1g, the putty/wash one-step technique was applied 

using Express XT. The light-body material was injected over the tooth surface. The 

tray was filled with the heavy-body material, and then the tray was placed over the 

tooth. In groups 2a to 2g, the one-step technique was applied using Impregum. The 

medium-body material was injected over the tooth and in the tray, and the tray was 

placed over the tooth. The impression materials were allowed to set for 10 minutes 

before being removed from the tooth. Five impressions were taken for each group. 

Each tooth surface was photographed using a digital camera Nikon Coolpix 

P100 and a luminous font Olympus TL3. The images were saved in JPEG format and 

were used to examine the presence of unpolymerized and/or residual impression 

materials left on the treated tooth surface.  
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Figure 1: Schematic design of the experimental groups. 

 

 



 

 

 

25 

Table 1: Materials used in the study. 

Materials Composition Manufacturer 

Clearfil SE Bond 

Self-etch primer: 10-MDP, HEMA, hydrophilic 
dimethacrylate, photo-initiator, water. 

Adhesive: 10-MDP, Bis-GMA, HEMA, hydrophilic 
dimethacrylate, microfiller 

Kuraray Medical 
Inc., Tokyo, Japan 

 

Protect Liner F 

 

TEG-DMA, Bis-GMA, methacryloyl fluoride-
methyl, methacrylate  copolymer 

 

Kuraray Medical 
Inc., Tokyo, Japan 

Express XT 

 

Heavy paste - Base Paste: alumina, cristobalite, 
vinyl polidimetilsiloxane, hydrocarbons, dimethyl 
polysiloxane copolymer, quartz, amorphous silica. 

Paste Catalyst: alumina, cristobalite, vinyl 
polidimetilsiloxane, hydrocarbons, amorphous 
silica. 

Slurry viscosity average - Paste Base: vinyl 
polidimetilsiloxane, cristobalite, dimethyl 
polysiloxane copolymer, silicon-treated silica, 
polyethylene, siloxane. Paste Catalyst: vinyl 
polydimethylsiloxane, cristobalite, silica treated 
with silicon, polydimethylsiloxane, blue pigment. 

 

3M ESPE, Saint 
Paul, Minessota, 

USA 

 

Impregum Soft 
Medium Body 

 

Base paste: copolymer of ethylene oxide and 
tetramethylene oxide, diatomaceous earth, 
triglycerides, dibenzyl toluene, substituted 
imidazole, copolymer of ethylene oxide and 
propylene oxide, flavorings and colorings. 

Paste Catalyst: salt sulfonic ester, citric acid, 
silica, diatomaceous earth, copolymer of ethylene 
oxide and propylene oxide, and ethyl polymeric 
dye. 

3M ESPE, Saint 
Paul, Minessota, 

USA 

 

Glycerin jelly 

 

Water, glycerin, propylene glycol, 
hydroxyethylcellulose, monobasic sodium 
phosphate, methylparaben, dibasic sodium 
phosphate, propylparaben. 

Johnson & 
Johnson, New 

Brunswick, New 
Jersey, USA 

Alcohol 70% Ethyl alcohol, water  

HEMA=hydroxyethylmethacrylate; TEGDMA= triethylene glycol dimethacrylate; Bis-GMA= bisphenol-
glycidyl methacrylate; 10-MDP = 10-methacryloyloxydecyl dihydrogen phosphate; 5-NMSA: N-
methacryloxyl-5-aminosalicylic acid. 
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RESULTS 

The interactions between the impression materials and the resin materials are 

described in Table 2. 

In the control groups (groups 1a and 2a), no interaction was observed 

between the impression materials and the tooth structure (Figure 2). 

For the vinyl polysiloxane impression material, the group that received IDS 

with the CSE (group 1b) and the group with PLF (group 1e) had observable 

interactions in 3 and 5 impressions, respectively. A small quantity of unpolymerized 

impression material remained attached to the adhesive system or to the low-viscosity 

composite resin (Figure 3). The application of glycerin jelly followed by an additional 

light cure (group 1c) and the use of cotton pellet soaked in alcohol (group 1d) 

prevented the interaction between the vinyl polysiloxane and the adhesive system 

(Figure 4). However, neither treatment was completely effective with the low-viscosity 

composite resin, as a small quantity of unpolymerized impression material remained 

attached to the PLF in one impression (Figure 5). 

For the polyether impression material, the group that received IDS with CSE 

(group 2b) and the group with PLF (group 2e) had observable interactions in 5 and 3 

impressions, respectively. A small quantity of polymerized impression material 

remained attached to the adhesive system or to the low-viscosity composite resin 

(Figure 6). The same interaction was observed for the groups that received IDS with 

CSE and the application of glycerin jelly (group 2c) and a cotton pellet soaked in 

alcohol (group 2d), occurring in 3 and 2 impressions, respectively (Figure 7). When 

both treatments were applied to the low-viscosity composite resin (groups 2f and 2g), 
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no interactions were observed (Figure 8).  
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Table 2 – Interactions between the impression materials and the resin materials 

 Group 1 

Vinyl polysiloxane 
(Express XT) 

Group 2 

Polyether 

(Impregum) 

Control (without IDS) Group 1a - No 
interactions 

Group 2a - No 
interactions 

IDS with CSE Group 1b - Interaction 
in 3 impressions 
(unpolymerized 

material attached to the 
CSE) 

Group 2b - Interaction in 
5 impressions 

(polymerized material 
attached to the CSE) 

IDS with CSE + Jelly Group 1c - No 
interactions 

Group 2c - Interaction in 
3 impressions 

(polymerized material 
attached to the CSE) 

IDS with CSE + Alcohol Group 1d - No 
interactions 

Group 2d - Interaction in 
2 impressions 

(polymerized material 
attached to the CSE) 

IDS with CSE + PLF  Group 1e - Interaction 
in 5 impressions 
(unpolymerized 

material attached to the 
PFL) 

Group 2e - Interaction in 
3 impressions 

(polymerized material 
attached to the PLF) 

IDS with CSE + PLF + Jelly Group 1f - Interaction in 
1 impression 

(unpolymerized 
material attached to the 

PFL) 

Group 2f - No 
interactions 

IDS with CSE + PLF + Alcohol Group 1g - Interaction 
in 1 impression 
(unpolymerized 

material attached to the 
PFL) 

Group 2g – No 
interactions 

* Five impressions were obtained for each group. 

CSE – Clearfil SE Bond 
PLF – Protect Liner F 
Jelly – Glycerin jelly followed by an additional light cure 
Alcohol – Cotton pellet soaked in 70% alcohol 
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Figure 2 - Control group (without IDS): a) Impression with vinyl polysiloxane; b) 
Impression with polyether. There is no impression material attached to the dentin 
surface.  

 

    

Figure 3 – Impression with vinyl polysiloxane: a) IDS with Clearfil SE Bond; b) IDS 
with Clearfil SE Bond and Protect Liner F. Small areas of unpolymerized impression 
material are attached to the surface of the resin materials.  

 

       

Figure 4 – IDS with Clearfil SE Bond and impression with vinyl polysiloxane: a) 
glycerin jelly; b) alcohol. There is no interaction between the impression material and 
the resin materials.  

a b 

a b 

a b 
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Figure 5 – IDS with Clearfil SE Bond and Protect Liner F and impression with vinyl 
polysiloxane: a) glycerin jelly; b) alcohol. Small areas of unpolymerized impression 
material are attached to the surface of the resin materials.   

 

   

Figure 6 - Impression with polyether: a) IDS with Clearfil SE Bond; b) IDS with Clearfil 
SE Bond and Protect Liner F. There is polymerized impression material attached to 
the resin material surface. 

 

      

Figure 7 – IDS with Clearfil SE Bond and impression with polyether: a) glycerin jelly; 
b) alcohol. Polymerized impression material is attached to the Clearfil SE Bond. 

a b 

a b 

a b 
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Figure 8 - IDS with Clearfil SE Bond and Protect Liner F and impression with 
polyether: a) glycerin jelly; b) alcohol. There are no interactions between the 
impression material and the resin materials. 

a b 
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DISCUSSION 

The hypothesis of this study was partially rejected, as the prevention of 

interactions following the proposed treatments depended on the impression material 

and the resin materials employed. 

In the control groups, in which the IDS was not applied, there was no 

interaction between the impression material and the tooth structure. However, in the 

groups in which the IDS was applied, there was an observable interaction of vinyl 

polysiloxane and the polyether with the resin materials, either with the adhesive 

systems or the low-viscosity composite resin. This finding is related to the presence 

of the OIL (3). The CSE adhesive system and the PLF low-viscosity composite resin 

are composed of methacrylates (14) and, when light cured, these materials present a 

superficial layer of approximately 40 µm that does not polymerize with air-oxygen 

contact (11, 15). The OIL has a jelly-like consistency and is composed mainly of 

residual monomers that do not react after the polymerization of the resin material 

(16). These non-reacting monomers may go on to interact with the impression 

materials (17, 18).  

Different interaction types occurred between the resin materials and the 

impression materials. For the vinyl polysiloxane, unpolymerized impression material 

remained over the resin materials. For the polyether, polymerized impression 

material remained joined to the resin materials. It is likely that the difference between 

the chemical composition of the vinyl polysiloxane and the polyether caused the 

impression materials to react in the different ways to the resin materials.  

The permanence of the unpolymerized vinyl polysiloxane over the CSE 
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adhesive system was observed in 3 impressions and was also observed in every 

impression with the PLF low-viscosity composite resin. It is speculated that the 

monomers presented in the OIL may have reacted with the platinum salt, which is the 

catalyst in the reaction of polymerization of the vinyl polysiloxane (19), and a small 

portion of the light impression material remained unpolymerized over the resin 

materials. However, the amount of unpolymerized material is negligible and is likely 

functionally irrelevant; therefore, it is believed that this interaction does not render the 

use of the impressions impractical.  

For the polyether, the polymerized material remained joined to the resin 

materials in all the impressions with CSE and in 3 impressions with PLF. This 

interaction may have occurred due to the polymerization reaction of the polyether 

(ionic polymerization), in which the initiator agent of the reaction is an ion (cation) that 

can react with the free radicals of the monomers from the resin materials on the 

surface. Moreover, the hydrophilicity, as well as the higher stiffness and the low 

resistance to the tearing of the polyether when compared to the vinyl polysiloxane, 

may have favored the superficial adhesion and the tearing of the impression material 

(20). This type of interaction renders the use of the impressions impractical.  

Taking into account the principles of molecular interaction, it is believed that 

the OIL was critical for the adhesion between the increments of composite resin and 

with the adhesive system (16). However, currently, it is known that OIL is not 

essential for the chemical adhesion of the layers of the composite resin (16, 21).  

Additional polymerization with glycerin jelly over the layer of resin material 

(12), as well as the use of alcohol (22, 23), is aimed at reducing or eliminating the 
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OIL. Both procedures were effective when applied over the CSE adhesive system 

and the impression was made with vinyl polysiloxane, as no interaction was observed 

between the adhesive and impression material. However, it is speculated that there 

is a certain amount of residual unpolymerized monomers on the surface of the 

adhesive after the application of glycerin jelly or alcohol because the polyether 

remained joined to the adhesive surface, subsequently tearing and rendering the 

impression unusable. These findings agree with the results of a study by Magne and 

Nielsen (2009) (24). 

PLF has a higher percentage of filler than CSE and, consequently, should 

present fewer residual monomers after the light curing. Therefore, the application of 

glycerin jelly and alcohol were effective in preventing interactions with PLF when the 

polyether was used, as there was no interaction of this impression material with the 

low-viscosity composite resin. The application of glycerin jelly and alcohol on the low-

viscosity composite resin was effective in 4 impressions with vinyl polysiloxane, and 

an interaction was observed only in 1 impression. The interaction was characterized 

by incomplete polymerization and the permanence of unpolymerized impression 

material adhering to the surface of the PLF. However, the amount of unpolymerized 

material was insignificant, and therefore the resulting impressions remain usable. 

Despite using standardized procedures, small variations, such as the final thickness 

of the low-viscosity composite resin, the thickness of the glycerin jelly applied on the 

low-viscosity composite resin, and the application pressure of the cotton pellet 

soaked in alcohol, likely contributed to the lack of effectiveness when removing or 

eliminating the OIL in the sample in which the interaction was observed.  
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Both the application of glycerin jelly and alcohol affected the OIL, as the 

results were similar for the same impression material when comparing the two 

techniques. This result indicates that professional discretion must be used when 

selecting a technique. 

This in vitro study presents some limitations, such as the shape of the 

samples. The application of IDS was evaluated using flat dental surfaces. However, 

the preparations for indirect restorations are geometric and irregular, making it 

difficult to apply resin materials and remove OIL. Thus, additional studies are 

necessary to determine the nature of the interactions between the resin materials 

and the impression materials and to solve this potential clinical problem.  
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CONCLUSION 

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

- The IDS using the Clearfil SE Bond adhesive system or the Protect Liner F low-

viscosity composite resin produces interactions with the Express XT vinyl 

polysiloxane and with the Impregum polyether.  

- The application of glycerin jelly and alcohol prevented the interactions between the 

Clearfil SE Bond and the Express XT and between the Protect Liner F and the 

Impregum. However, these treatments were not completely effective in preventing 

the interactions of Clearfil SE Bond with the Impregum or the interactions of the 

Protect Liner F with the Express X. 
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ABSTRACT 

The aim was to evaluate in vitro the thickness of the adhesive, low-viscosity 
microfilled resin, and resin cement on full crown preparations, and its effect on the 
fracture load of a reinforced all-ceramic crown. Sixty maxillary premolars received full 
crown preparation and were divided in 3 groups according to the material applied for 
the immediate dentin sealing: G1 – control; G2 – Clearfil SE Bond; G3 – Clearfil SE 
Bond and Protect Liner F. After taking the impression with polyvinyl siloxane, the 
preparations were temporized with acrylic resin crowns. IPS Empress 2 restorations 
were fabricated, and cemented to the preparations with Panavia F. Ten specimens of 
each group were submitted to fracture load testing, and the other 10 specimens were 
sectioned buccolingually, and the thicknesses of Panavia F, Clearfil SE Bond and 
Protect Liner F were measured in 10 different positions using a microscope. 
According to ANOVA and Tukey’s test, the fracture load of group 3 (1300 N) was 
statistically higher than group 1 (1001 N) (p<0.01). Group 2 (1189 N) was not 
statistically different from groups 1 and 3. The higher thickness of the Clearfil SE 
Bond was obtained in the concave part of the preparation. The Protect Liner F 
presented a more uniform range of values at different positions. The thickness of 
Panavia F was higher in the occlusal portion of the preparation. The film thickness 
formed by Clearfil SE Bond and Protect Liner F increased the fracture load of the IPS 
Empress 2 ceramic crown. 

Key words: immediate dentin sealing, ceramic, fracture load, resistance, thickness 
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INTRODUCTION 

 

The traditional technique for indirect esthetic restorations consists of taking an 

impression of the tooth immediately after preparation followed by luting of a 

provisional restoration. After indirect restoration fabrication, the provisional material is 

removed, an adhesive system applied to the tooth followed by using a resin luting 

agent for the adhesive luting procedure (1).  

Some studies have shown that adhesive systems bond better to freshly prepared 

dentin than to dentin contaminated by provisionalization (2, 3), which  may lead to 

microleakage (4), hybridization failure and sensitivity (5). To avoid these problems, 

the immediate dentin sealing (IDS) technique was suggested in the early 1990s (6). 

This technique consists of the application of an adhesive system immediately after 

tooth preparation, and before taking the impression. Another technique was 

developed in which a sealing film is produced on the dentin surface with an adhesive 

system and a low-viscosity composite resin also immediately after tooth preparation 

(7, 8). It is believed that this layer of low-viscosity composite resin isolates the 

underlying hybrid layer, and consequently, aids in preserving the dentin seal (9). 

IDS techniques have the clinical advantages of covering the prepared dentin with a 

resinous agent immediately after cavity preparation, sealing and protecting the 

dentin–pulp complex, and preventing or decreasing sensitivity and bacterial leakage 

during the provisional stage (10). Thus, IDS has been suggested when a significant 

area of dentin has been exposed during tooth preparation for indirect restorations 

such as inlays, onlays, veneers, and crowns (6). 
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Most studies on IDS techniques have evaluated the efficacy of the bond strength 

between resin cement and dentin. It has been shown that there is good bonding of 

the resin used in IDS (11) and an increased resin bond strength in IDS with an 

adhesive system and an additional low-viscosity microfilled resin (12, 13). Fewer 

gaps were observed at the internal dentin–restoration interface in the specimens 

coated with an adhesive system and a low-viscosity microfilled resin compared with 

non-coated specimens (14). 

Due to the demand for tooth-colored restorations, ceramic or composite resin 

materials have been widely used. Ceramic biocompatibility and mechanical 

properties (e.g., high-elastic modulus and hardness) make them attractive for use as 

biomechanical prostheses. Thus, ceramics are used widely for cusp replacement 

restorations, as well as for esthetics. Despite their many advantages, ceramics are 

fragile under tensile strain. This weakness can be attributed to the presence and 

propagation of microflaws present on the surface of the material, making the ceramic 

susceptible to fracture during the luting procedure and under occlusal force (15, 16). 

To increase retention (17) and fracture strength of the restored tooth (18), resin luting 

materials are commonly used to join ceramic crowns to the prepared hard tissue 

foundation. 

The cement layer may act as a cushion between the crown and dentin substrate 

(19) and the effect of this on the fracture strength of all-ceramic restorations is not 

well established. Molin et al. (20) verified the influence of the film thickness of resin 

luting agents on the joint bond strength of the ceramic–dentin interface showing that 

bond strength values were significantly lower for the 20µm film than for 50 µm, 100 
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µm and 200µm films. Scherrer et al. (21) reported the effect of cement film thickness 

on the fracture resistance of glass ceramic plates loaded under compression using a 

spherical indenter. They found that the fracture resistance of glass ceramic cemented 

with zinc phosphate cement was not dependent on film thickness. When resin 

cement was used, a gradual decrease in the fracture strength was observed with 

increasing cement thickness. Prakki et al. (22) evaluated the fracture resistance of 

ceramic plates (1mm and 2mm thick) cemented to dentin as a function of the resin 

cement film thickness. These authors concluded that higher cement film thickness 

resulted in increased fracture resistance only for 1mm ceramic plates. 

The materials used in the IDS can create a film thickness covering a vast range of 

values, depending on the type of resin material and the topography of the tooth 

preparation (23). There is no information available about this film thickness in a full 

crown preparation and its influence on the fracture load of all-ceramic crowns. 

Therefore, the aim of this in vitro study was to evaluate the thickness of an 

adhesive, a low-viscosity microfilled resin, and an resin cement under full crown 

preparations, and its influence on the compressive fracture load of a reinforced all-

ceramic crown luted to human teeth. This study investigated the following 

hypotheses: (a) there are differences in the thickness of the resin materials at 

different positions under crowns; (b) the thickness of the resin materials does not 

influence the compressive fracture load of the all-ceramic crown. 
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MATERIALS AND METHODS 

 

Sixty sound maxillary premolars, extracted for therapeutic indications, were 

obtained from the Tooth Bank after the approval of the Ethics Committee of the 

Pontifical Catholic University of Rio Grande do Sul (PUCRS). The teeth were cleaned 

and disinfected by immersion in 10% thymol for 24 h. After this period, they were 

stored in distilled water at 4°C for a maximum period of 6 months. These teeth had 

the following coronal dimensions: buccal–lingual distance of 9.0–9.6 mm; mesiodistal 

distance of 7.0–7.4 mm; and cervical–occlusal distance of 7.7–8.8 mm. A variation of 

0.5 mm was associated with each measurement. 

The roots were mounted in acrylic resin approximately 2 mm below the 

cementoenamel junction of the tooth. Tooth preparation was done using a 

standardized preparation machine. This device consisted of a high-speed hand piece 

(Kavo, Joinville, SC, Brazil) coupled to a mobile base. The mobile base moves 

vertically and horizontally, in increments of 3 m, with the aid of a micrometer 

(Mitutoyo, Tokyo, Japan). Cusps were removed and the long axis of the tooth was 

positioned vertically on the preparation machine. Then a no. 3139 diamond wheel bur 

(Sorensen, Cotia, SP, Brazil) was attached to a high-speed hand piece and all lateral 

convex surfaces were levelled. Each tooth was prepared for a full crown using a no. 

2135 diamond wheel bur (KG Sorensen, Cotia, SP, Brazil). The cervical margin was 

situated below the cementoenamel junction. Water spray was used throughout the 

preparation procedures. The dimensions of the preparations were: 6° taper on each 

side, 1.2±0.2 mm shoulder margin, and 5 mm core height with rounded line angles. 

The prepared teeth were then randomly divided into 3 groups (n=20) according to the 
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materials used (Table 1): 

– Group 1: control, without IDS technique. 

– Group 2: IDS technique with Clearfil SE Bond. SE Primer was first applied to the 

cavity for 20 s and gently air dried. SE Bond was then applied, mildly air dried, 

and light cured for 10 s using a conventional halogen light curing unit. 

Polymerization of the adhesive was followed by the application of an air-blocking 

barrier (glycerin jelly) and light cured for a further 10 s to polymerize the oxygen 

inhibition layer. The glycerine jelly was rinsed under running tap water. 

– Group 3: IDS with Clearfil SE Bond and Protect Liner F. Clearfil SE Bond was 

applied as described in group 2, without the air-blocking barrier. After application 

of the adhesive, Protect Liner F was placed on the adhesive surface using a 

brush-on technique and light cured for 20 s. The surface of the cured low-

viscosity microfilled resin was wiped with a cotton pellet soaked in alcohol for 10 

s to remove the unpolymerized layer on the surface. 

An impression of each prepared tooth was taken using a polyvinyl siloxane 

impression material (Express, 3M/ESPE, St. Paul, MN, USA) and a custom-made 

impression tray fabricated with acrylic resin. The impressions were then cast in a type 

IV stone (Durone, Dentsply, York, PA, USA) to produce dies. After taking the 

impression, the preparations were temporized with self-curing acrylic resin crowns 

cemented with a non-eugenol provisional cement (TempBond NE, Kerr, Orange, CA, 

USA). Tooth specimens were stored in distilled water at 37 °C for 2 months. 

For 10 specimens from each group, IPS Empress 2 restorations were fabricated in 

accordance with the manufacturer’s instructions in a dental laboratory. A 0.8mm 
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lithium disilicate core was made, and IPS Empress dentin ceramic was applied to the 

core creating a crown thickness of 1.5mm. 

After storage, the provisional restoration was removed and the preparation was 

cleaned using a pumice slurry until all the provisional cement was removed. Trial 

insertion before luting was performed to ensure an adequate fit for each crown. The 

intaglio surface of the crown was etched with 10% hydrofluoric acid for 20 s, rinsed 

and dried. A layer of silane (Clearfil Ceramic Primer, Kuraray Medical Inc., Tokyo, 

Japan) was applied, followed by gently air drying for 5 s. The coated surfaces of the 

preparation (except group 1) were then acid etched with 37% phosphoric acid for 10 

s and rinsed and dried to remove debris. A mixture of ED Primer A and B was 

applied for 30 s and gently air dried for 5 s. The base and catalyst of Panavia F resin 

cement were mixed according to the manufacturer’s instructions. The crowns were 

seated using a 2kg standard load for 2 min. Excess cement was removed with a 

microbrush and each surface (buccal, lingual, mesial, distal, and occlusal) was light 

cured for 40 s. The margins were finished with polishing disc sand silicone tips (Soft-

Lex,3M Espe, Saint Paul, MN). After 2 months of storage in distilled water at 37°C, 

each specimen was seated in a jig placed on the base of a universal testing machine. 

A compressive load was applied through a 3.2 mm diameter hardened steel sphere 

attached to the moving head of the testing machine (model 1123, Instron Corp., 

Canton, MA, USA). Load was applied at a crosshead speed of 0.5 mm per minute 

until failure occurred and the maximum load before failure was recorded. The 

remnant ceramic on the prepared tooth was determined as type I (zero%), type II 

(less than 50%) and type III (more than 50%). 
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In the other 10 specimens for each group, only a lithium disilicate core was made, 

without veneer ceramic. The crowns were luted to their respective preparation as 

described above. After storage in 37oC distilled water for 2 months, each crown was 

sectioned buccolingually, in the centre of the crown, with a diamond blade in an 

Isomet Saw (Buehler, Lake Bluff, IL, USA), obtaining two portions. One portion of 

each specimen was placed under a measuring microscope (Profile Projector V-16D, 

Nikon, Tokyo, Japan) and the thickness of the adhesive system, low-viscosity 

microfilled resin and resin cement was measured at the 10 points shown in Fig. 1. All 

sections were measured under 100x magnification. 

The final thickness of the resin material (adhesive, low-viscosity microfilled resin, 

and resin cement) at the different positions in each group was compared by the 

Friedman and Wilcoxon signed-rank non-parametric tests. The Kruskal–Wallis and 

Mann-Whiney U non-parametric tests were used to compare the final thickness 

between the groups in each position. Fracture loads were analyzed using one-way 

analysis of variance (ANOVA), followed by Tukey’s multiple comparison test. The 

correlation between fracture load and thickness of resin materials was analyzed by 

the Pearson correlation test. The significance level was 0.01. 
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RESULTS 

 

The mean film thickness of the adhesive, low-viscosity microfilled resin, and resin 

cement in each position for the different groups is shown in Table 2 and Fig. 2, 3, and 

4. The thickness of the resin cement was higher in positions 5 and 6 compared with 

the other positions. The thickness of adhesive was higher in positions 2 and 9 and 

lower in positions 1 and 10. Intermediate values were obtained in the other positions. 

The thickness of the low-viscosity microfilled resin was higher in positions 5 and 6, 

and lower in positions 1 and 10. 

The sum of resin materials in each position is presented in Table 3. According to 

the Friedmann non-parametric test, statistically significant differences were noted 

between the positions (p<0.01). In group 1, statistically higher resin cement thickness 

was obtained in positions 5 and 6. In group 2 (adhesive + resin cement) and group 3 

(adhesive + low-viscosity microfilled resin + resin cement), statistically lower resin 

thickness was obtained in positions 1 and 10. Intermediate values were found in 

positions 2, 3, 7, and 8. Although there was not necessarily a statistical difference 

between these positions and positions 5 and 6 in groups 2 and 3, a higher thickness 

of resin material was observed at the occlusal surface (positions 5 and 6). 

According to Kruskal–Wallis, the thickness of resin material differed statistically 

between the groups in all positions (p<0.01). The highest values were obtained in 

group 3, differing statistically from group 2. The lowest values were obtained in group 

1, differing statistically from group 2 (Table 3). 

The fracture load of group 3 (1300 N) was statistically higher than group 1 (1001 
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N) (p<0.01). Group 2 (1189 N) was not statistically different from groups 1 and 3 

(Table 4). All fractures occurred through the veneer and the core materials. In group 

1, 3 specimens presented with type I failure and 7 specimens with type II failure. In 

group 2, 2 specimens presented with type I failure, 6 with type II, and 2 with type III. 

In group 3, 4 specimens presented with type II failure and 6 specimens with type III 

failure (Table 5). 

According to Pearson’s correlation coefficient there was a regular positive 

correlation between the final thickness of the resin material and the fracture load 

(r=0.549) (Fig. 5). 
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DISCUSSION 

 

The first hypothesis was accepted, because the film thickness of the 3 resin 

materials (adhesive, low-viscosity microfilled resin, and resin cement) was different 

and it was influenced by the position under the crown. In groups 2 and 3, the Clearfil 

SE Bond adhesive system was applied to seal the dentin immediately after tooth 

preparation. The film thickness of this material presented a vast range of values at 

different positions of the adhesive layer, in accordance with other studies (6, 23, 24). 

Higher thickness was obtained in positions 2 and 9 (concave parts of the 

preparation), and is consistent with the tendency of the adhesive to pool at the inner 

angles of the preparation (23, 24). The minimum thickness in both groups was 

observed in positions 1 and 10 (borders of the preparation). The thinner film of 

adhesive at the borders is fortunate because a thicker film would expose more 

adhesive to the degradation process in the oral cavity. 

In group 2, the thickness of adhesive could be measured in practically all positions, 

probably because the application of the glycerine gel allowed the polymerization of 

the outer layer. In some positions, e.g., positions 1, 4, and 10 (Figure 3), the film 

thickness was less than 40 m, which corresponds to the inhibition layer associated 

with oxygen inhibition of the radicals that initiate the polymerization reaction (25). 

Without the glycerine gel layer, the adhesive would not be polymerized and would be 

removed during cleaning of the adhesive interface, resulting in many areas of 

exposed dentin. In fact, in group 2, the adhesive film could not be seen or measured 

at one of the borders of the preparation in 6 specimens. The film thickness was 

probably very thin and was removed during the cleaning procedure before luting with 
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Panavia F (23). 

Comparing the adhesive film thickness of groups 2 and 3, there was a trend toward 

higher thickness in group 3, probably due to the application of the Protect Liner F 

over the adhesive, protecting the adhesive layer during the cleaning procedure. The 

cleaning of the adhesive interface was done with pumice slurry to remove all 

remnants of provisional cement. During this procedure, part of the adhesive layer is 

likely removed and the thickness of the adhesive reduced (23). 

The film thickness of the Protect Liner F (group 3) presented a more uniform range 

of values at different positions compared with the adhesive layer. This material has a 

higher percentage of filler compared with Clearfil SE Bond, and it has less tendency 

to pool at the inner angles of the preparation. Using a microbrush, the material was 

applied over the adhesive as thinly as possible visually. At the borders, a clean 

microbrush was applied to remove part of the material and avoid a thicker layer, 

which could considerably increase the amount of material exposed to the oral cavity. 

The minimum thickness was obtained in positions 1 and 10 (marginal areas of the 

preparation), with a range from 19 to 67 m. Glycerine gel was not used, but the 

surface of the cured low-viscosity microfilled resin was wiped with a cotton pellet 

soaked in alcohol to remove the unpolymerized layer on the surface (26). Without 

this procedure, the film thickness would be higher. In addition, the surface of the low-

viscosity microfilled resin was cleaned with a pumice slurry to remove the cement 

remnants, and some micrometers of the material could have also been removed. 

The thickness of the resin cement is influenced by many factors, such as the 

margin geometry, and the presence of die spacer. In relation to the margin geometry, 
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a shoulder bevel facilitates better seating than a shoulder (27), but the preparation for 

a lithium disilicate ceramic requires a shoulder or a pronounced chamfer, and a 

shoulder was used in the present study. The omission of a die spacer affects the 

proper seating of the restoration, and an excessive layer can also enlarge the luting 

space (28). The best crown seating was found when 20–40 µm of cement space was 

provided (29). In the present study, 2 coats of die spacer were applied, which 

corresponds to a thickness of approximately 30 µm (30). However, the thickness of 

the resin cement was higher in positions 5 and 6 (the occlusal portion of the 

preparation). This finding corroborates previous reports on marginal fit and cement 

distribution under all-ceramic restorations that showed the highest cement film 

thickness is usually located at the occlusal surface underneath the crown (31). 

IDS with Clearfil SE Bond and Protect Liner F (group 3) had the highest film 

thickness of resin material in all positions compared with the other groups (Table 3). 

At the borders of the preparation (positions 1 and 10), the median thickness of the 

resin materials exposed to the oral environment corresponded to 120 µm, 85 µm, and 

56 µm for groups 3, 2 and 1, respectively. The marginal and internal fit of all-ceramic 

crowns is still very important for conventional and adhesive luted restorations (32, 

33). However, the marginal fit is one of the crucial criteria for the clinical decision of 

whether a restoration should be inserted or not. Opinions on the clinical relevance of 

the size of marginal discrepancies are controversial. Most authors agree that 

discrepancies in the range of 100 µm seem to be clinically acceptable with regard to 

longevity of the restorations (34, 35). For other authors, marginal discrepancies up to 

160 µm might be tolerable (36, 37). Using the latter criteria, the results of the present 

study are within biologically acceptable standards for all 3 groups. 
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For the luting procedure with Panavia F, ED Primer was applied on the Clearfil SE 

Bond adhesive (group 2) and on the low-viscosity microfilled resin (group 3). It is 

likely that this material contributed to the final thickness of resin materials. However, 

it was not possible to visualise the layer of ED Primer. In relation to the luting 

procedure, ED Primer contains water, as well as the hydrophilic monomer HEMA; it 

would be more appropriate to apply a hydrophobic adhesive that did not contain 

water. Nevertheless, according to the study of Okuda et al. (38), ED Primer did not 

negatively influence the bond strength when it was applied on Protect Liner F for 

luting with Panavia F, and higher bond strength was obtained in the study of Udo et 

al. (26). The reason for this finding is not clear, but it may be related to the 

polymerization of Panavia F in the presence of ED Primer (26). ED Primer contains 

an aromatic sulfinate salt, and it is believed that this accelerates interfacial 

polymerization between the sealed dentin surface and the resin cement (38). 

The second study hypothesis was rejected because a significant upward trend of 

the fracture load with increasing thickness of resin material was noted. This finding is 

not in accordance with other studies that observed a downward trend of the fracture 

load with increasing thickness of resin cement (21). Kim et al. (39) observed that 

increased cement thickness can have an effect on reducing flexural failure load. In 

that study, the load to failure of silicon bonded to glass with variation in the thickness 

of the bonding epoxy layer indicated that by increasing this layer from 20 to 200 µm, 

there was a 50% reduction in strength. Burke and Watts (40) evaluated the resin 

cement thickness of 2-mm ceramic crowns that were submitted to compressive 

fracture load. The authors concluded that the film thickness did not influence the 

overall results, because the mean film thickness of the best performing material 
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tested was similar to the group that did not perform as well. However, these studies 

evaluated the influence of the thickness of the resin cement on the ceramic strength, 

not taking into consideration the film thickness formed by IDS techniques. It is difficult 

to make direct associations between studies, because they used different specimen 

dimensions, types of ceramic, and resin cement systems. These are factors that can 

affect ceramic fracture resistance behaviour (41). 

In the present study, the load was applied to the occlusal region of the crowns, 

corresponding to positions 5 and 6. It was at these positions that the highest final 

thickness of resin material was recorded for all groups (approximately 130 µm, 250 

µm, and 360 µm for groups 1, 2, and 3, respectively). Because the resin cement 

thickness was similar for all groups in positions 5 and 6 (approximately 150 µm), it is 

thought that the thickness of the Clearfil SE Bond and Protect Liner F influenced the 

values of the compressive fracture load. 

During the curing process, the resin cement is transformed from a liquid to a solid 

state, and this causes a volume change and shrinkage of the material. Studies have 

shown that shrinkage stress may cause rupture of the bonded interfaces (42, 43). 

The additional film thickness formed by the adhesive and the low-viscosity microfilled 

resin may have favored greater absorption of stresses generated by shrinkage of the 

resin cement (42, 44), contributing to greater stress relief at the interfaces. According 

to Rees and Jacobsen (45), high shrinkage stress, even over a small area of an 

interface, is sufficient to induce crack formation. This becomes an area of stress 

concentration and it is liable to induce further failure under occlusal loading. The 

integrity of the ceramic–resin cement interface is predicted because there is high 
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bond strength between composite material and silanized ceramic. However, crack 

formation is possible at the dentin–resin cement interface during shrinkage of the 

resin cement (45), especially in the group that did not receive IDS (group 1), and this 

could be a reason to the lower fracture load of this group. 

Another factor that could have contributed to the higher fracture load for group 3 is 

the fact that the IDS with adhesive system and low-viscosity microfilled resin 

significantly improves the bond strength of indirect restorations bonded to dentin 

using resin cement (13, 38). Increasing the bond strength of the luting material 

helped to increase the fracture strength of the restorative material (46). Kitayama et 

al. (47) concluded that IDS with another adhesive system, Clearfil Tri-S Bond, 

increased the bonding durability of the resin cement to dentin against occlusal 

loading, which may reduce the possibility of fracture of all-ceramic crowns in clinical 

situations. 

More than 50% of the ceramic crown remained bonded to the preparation after the 

compressive fracture load test in most specimens from group 3. This provides 

support for the idea that IDS with Clearfil SE Bond and Protect Liner F promotes a 

stronger bond between the ceramic crown and the dental preparation than IDS with 

Clearfil SE Bond (group 2) and uncoated specimens (group 1), in which less than 

50% of the ceramic crown remained bonded to the preparation. 

One advantage of the IDS technique is that the thickness of the resin materials is 

considered before the restoration is fabricated because it is captured in the 

impression. Even so, the thickness of resin materials can be a concern for crowns. It 

was observed that part of the tooth preparation was occupied by Clearfil SE Bond 
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and Protect Liner F. As a consequence, part of the space designated for the ceramic 

core was occupied by the Clearfil SE Bond and Protect Liner F in group 3, especially 

at the concave part of the preparation (positions 2 and 9). Despite this, group 3 had 

the highest compressive fracture load. This alteration in the geometry of the ceramic 

could be a concern for unreinforced ceramics, such as IPS Empress leucite and 

feldspathic ceramics. 

IPS Empress 2 ceramic was used in the present study because reinforced 

ceramics tend to be used in practice for full crowns in posterior teeth. However, it 

would be interesting to evaluate the influence of IDS with feldspathic ceramic crowns. 
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CONCLUSIONS 

 

Despite the limitations of this in vitro study, the following conclusions can be 

drawn: 

– The film thickness of Clearfil SE Bond was higher at the concave and occlusal 

portions of the crown preparation, and thinner at the borders. 

– Protect Liner F had a more uniform range of values at different positions; except 

at the borders of preparations, where the film thickness was thinner. 

– The film thickness of Panavia F resin cement was higher at the occlusal portion 

of the crown preparation. 

– The film thickness formed by Clearfil SE Bond and Protect Liner F increased the 

fracture load of IPS Empress 2 ceramic crowns. 
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Table 1: Materials used in the study. 

Materials Composition Manufacturer 

Clearfil SE 
Bond 

Self-etch primer: 10-MDP, HEMA, 
hydrophilic dimethacrylate, photo-initiator, 
water. 

Adhesive: 10-MDP, Bis-GMA, HEMA, 
hydrophobic dimethacrylate, microfiller 

Kuraray Medical 
Inc., Tokyo, 
Japan 

Protect Liner F TEG-DMA, Bis-GMA, methacryloyl 
fluoride-methyl, methacrylate  copolymer 

Kuraray Medical 
Inc., Tokyo, 
Japan 

Panavia F ED primer A: HEMA, 10-MDP, 5-NMSA, 
water, accelerator  

ED primer B: accelerator, water, sodium 
benzene sulfinate 

A-Paste: Methacrylate, 10-MDP, quartz-
glass, 

microfiller, photoinitiator 

B-Paste: Methacrylate, barium glass, 

sodium fluoride, chemical initiator 

Kuraray Medical 
Inc., Tokyo, 
Japan 

HEMA=hydroxyethylmethacrylate; TEGDMA= triethylene glycol dimethacrylate; Bis-
GMA= bisphenol-glycidyl methacrylate; 10-MDP = 10-methacryloyloxydecyl 
dihydrogen phosphate; 5-NMSA: N-methacryloxyl-5-aminosalicylic acid. 
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Table 2:  Mean thickness (µm) and standard deviation of the resin cement, adhesive 
and low-viscosity microfilled resin of the experimental groups in the different 
positions. 

Position Group 1 Group 2 Group 3 

1    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

52.5 (±21.38 ) 63.9 (±25.15) 

21.4 (±13.93)  

 

52.7 (±27.26)  

26.2  (±12.99)  

40.20 (±11.17)  

2    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

67.4 (±25.35)  96.7 (±35.18)  

102.72 (±45.99)  

 

93.8 (±29.18)  

133.3 (±54.06)  

74.70 (±15.44)  

3    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

65.3 (±27.88)  79.9 (±26.08)  

59.1 (±32.55)  

80.80 (±33.38)  

86.9 (±40.08)  

111.2 (±53.68)  

4    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

102.9 (±35.29)  145.5 (±71.35)  

26.1 (±16.12)  

88.5 (±37.32)  

56.4 (±23.22)  

99.40 (±21.39)   

5    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

155.3 (±54.67)  158.5 (±54.40)  

88.9 (±47.00)  

152.4 (±40.97) 

102.5 (±42.45)  

117.1 (±19.72)  

6    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

142.4 (±57.92)  168.8 (±52.94)  

95.3 ±45.03 c 

154.1 (±43.76)  

104.7 (±36.27)  

120.5 (±27.11)  

7    Resin Cement 80.7 (±28.36)  120.4 (±49.27)  107.2 (±44.80)  
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      Adhesive 

      Low-viscosity 
composite 

43.6 (±15.46)  49.3 (±26.36)  

79.8 (±20.55)  

8    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

56.7 (±33.06)  67.6 (±13.33)  

49.6 (±18.45)  

84.9 (±25.82)  

59.5 (±29.62)  

90.3 (±28.24)  

9    Resin Cement 

      Adhesive 

      Low-viscosity 
composite 

72.1 (±27.07)  118.8 (±56.83)  

98.9 (±52.23)  

94.3 (±30.94)  

158.3 (±60.84)  

87.30 (±14.33)  

10    Resin Cement 

       Adhesive 

      Low-viscosity 
composite 

60.1 (±22.34)  57.8 (±17.53)  

22.50 (±9.91)  

 

49.6 (±19.33)  

33.7 (±13.38)  

37.8 (±14.85)  
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Table 3: Sum of thickness of resin material (µm) at different positions.  

         Group 1           Group 2         Group 3 

P1 50.5a A 85.5ab AB 113.0a B 

P2 64.0a A 199.0cde B 303.5bc B 

P3 66.0a A 117.0cd B 248.0bc C 

P4 955a A 152.0cd B 249.5bc C 

P5 142.0b A 213.0de B 351.5c C 

P6 116.5b A 224.0e B 342.5c C 

P7 75.0a A 168.0cd B 244.5b B 

P8 43.5a A 112.0bc B 236.5b C 

P9 69.0a A 219.0e B 330.0c B 

P10 56.5a A 82.0a A 120.5a B 

Medians in the columns followed by the same small letter did not differ statistically 
according to the Wilcoxon test at a significance level of 1%.  

Medians in the rows followed by the same capital letter did not differ statistically 
according to the Mann-Whitney U test at a significance level of 1%. 
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Table 4: Mean fracture load (N) of the experimental groups. 

Group n Mean (N) SD 

3 10 1300 a 230 

2 10 1189ab 198 

1 10 1001b 186 

* Means followed by the same letter did not differ statistically according to Tukey’s 
test at significant level of 1%. 
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Table 5: Remnant ceramic (%) on the crown after fracture. 

Group n Type I 

(0%) 

Type II 

(Less than 50%) 

Type III  

(More than 50%) 

1 10 3 7 0 

2 10 2 6 2 

3 10 0 4 6 
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Fig. 1: Bucco-lingual section of the preparation. Ten positions were market and the 
thickness of resin cement / adhesive / low-viscosity microfilled resin were measured.  
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Fig. 2: Group 1 – Mean thickness (µm) of the resin cement. 
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Fig. 3: Group 2 – Mean thickness (µm) of the adhesive and resin cement. 



 

 

 

73 

 

Fig. 4: Group 3 – Mean thickness (µm) of adhesive, low-viscosity microfilled resin, 
and resin cement. 
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Fig. 5: Pearson’s correlation coefficient. 
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DISCUSSÃO GERAL 

 

No presente estudo, utilizou-se o sistema adesivo autocondicionante de dois 

passos Clearfil SE Bond e a resina microparticulada de baixa viscosidade Protect 

Liner F para realizar o SDI. Possíveis interações com diferentes materiais de 

moldagem foram avaliadas, visto que cuidado especial deve ser tomado com relação 

à escolha do sistema adesivo e da resina de baixa viscosidade, como mostra o 

estudo de Udo et al. (2007). Estes autores avaliaram a combinação de alguns 

sistemas adesivos e resinas de baixa viscosidade para realizar o SDI, e concluíram 

que a combinação do sistema adesivo Clearfil SE Bond associado ao Protect Liner F 

promove alta resistência adesiva do cimento resinoso Panavia F à dentina. Além 

disso, estudos sugerem que os sistemas adesivos com primer e adesivo em frascos 

separados são considerados os melhores para a técnica do SDI (DE MUNK et al., 

2003; PEUMANS et al., 2005; BRESCHI et al., 2008). Os mesmos materiais foram 

utilizados para avaliar a influência da espessura da camada dos materiais adesivos 

na resistência à fratura de coroas totais em cerâmica. 

A utilização da técnica do SDI torna-se interessante do ponto de vista do 

conforto para o paciente e melhora nos valores de resistência adesiva. A possível 

ausência da anestesia na consulta de cimentação, bem como a menor ocorrência de 

hipersensibilidade durante a fase de temporização são vantagens desta técnica 

(MAGNE, 2005). Contudo, quando os materiais adesivos são fotopolimerizados, 

forma-se uma camada superficial de aproximadamente 40 µm que não polimeriza 

devido ao contato com o oxigênio do ar (RUEGGEBERG; MARGESON,1990; 

STANSBURY, 2000). Esta camada é composta por monômeros residuais (SUH, 
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2004) e pode afetar a reação de polimerização do material de moldagem (HANNIG 

et al., 2006; MAGNE et al., 2007). 

 Nos grupos controle, em que não foi realizado o SDI, nenhuma interação 

ocorreu com os materiais de moldagem. No entanto, quando a CIO não foi removida 

após o SDI, houve interação do silicone de adição e do poliéter com o material 

adesivo, provavelmente em função dos monômeros residuais que não polimerizaram 

devido à presença do oxigênio (PAUL; SCHÄRER, 1997b).  Diferentes tipos de 

interações foram observados entre os materiais adesivos e os materiais de 

moldagem. Para o silicone por adição, permaneceu material de moldagem não 

polimerizado sobre os materiais adesivos e, para o poliéter, permaneceu material de 

moldagem polimerizado unido aos materiais adesivos. Provavelmente esta diferença 

na interação ocorreu em função da composição química dos materiais de moldagem.    

A polimerização adicional com gel à base de glicerina sobre a camada de 

material adesivo (MAGNE et al., 2005), assim como a utilização do álcool  (NIKAIDO 

et al., 2003; SULTANA et al., 2007), tem o objetivo de reduzir ou eliminar a CIO. 

Ambos os procedimentos foram efetivos quando aplicados sobre o sistema adesivo 

Clearfil SE Bond e a moldagem realizada com silicone por adição, pois não houve 

interação entre o material de moldagem e o adesivo. No entanto, especula-se que 

ainda persiste certa quantidade de monômeros residuais não polimerizados na 

superfície do adesivo após aplicação do gel ou do álcool, pois o poliéter permaneceu 

aderido à superfície do adesivo, rasgando e inviabilizando o molde.  Esses achados 

concordam com os resultados obtidos no estudo realizado por Magne & Bielson 

(2009). 
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Para a resina de baixa viscosidade Protect Liner F, os tratamentos com gel e 

álcool foram efetivos quando utilizado o poliéter, visto que não houve interação deste 

material de moldagem com a resina de baixa viscosidade. No entanto, a aplicação 

do gel e do álcool sobre a resina de baixa viscosidade não foram efetivas em apenas 

uma moldagem com o silicone por adição, sendo observada interação que se 

caracterizou pela polimerização incompleta e permanência de material de moldagem 

não polimerizado aderido à superfície do Protect Liner F. No entanto, a quantidade 

de material não polimerizado foi muito pequena, o que não inviabilizaria o molde. 

Apesar de todos os procedimentos terem sido padronizados, possivelmente 

pequenas variações como, por exemplo, a espessura final da resina de baixa 

viscosidade, a espessura do gel aplicado sobre a resina de baixa viscosidade, assim 

como a pressão de aplicação da bolinha de algodão com álcool, podem ser fatores 

que contribuíram para que a eliminação ou remoção da CIO não tenha sido tão 

efetiva na amostra em que foi observada a interação.   

Em relação ao estudo de resistência à fratura, os maiores valores de 

resistência foram obtidos para o grupo 3 (1300 N), sendo estatisticamente superior 

ao grupo 1 (1001 N). No entanto, o grupo 2 (1189 N) não apresentou diferença 

estatística com os grupos 1 e 3. De acordo com a análise da espessura da camada 

de material adesivo, o grupo 3 apresentou a maior espessura de materiais adesivos. 

Desta forma, estes achados não concordam com outros estudos que observaram 

uma diminuição na resistência à compressão com o aumento da espessura da 

camada de cimento resinoso (SCHERRER et al., 1994; BURKE; WATTS, 1998; KIM 

et al., 2003). Entretanto, estes estudos avaliaram a influência da espessura do 

cimento resinoso na resistência da cerâmica e não avaliaram a espessura formada 
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pela técnica do SDI. Além disso, utilizaram amostras com diferentes dimensões, 

diferentes sistemas cerâmicos e diferentes sistema de cimentos resinosos. Em 

função disso, torna-se difícil estabelecer uma relação direta entre os estudos, visto 

que estes fatores podem afetar o comportamento da cerâmica (BURKE, 1999).  

Estudos mostram que o estresse de contração durante a polimerização do 

cimento resinoso pode causar ruptura da interface adesiva (BRAGA; FERRACANE; 

CONDON, 2002; DOUGLAS; FIELDS; FUNDINGSLAND, 2002). Uma película 

adicional formada pelo sistema adesivo e pela resina de baixa viscosidade pode 

favorecer na absorção do estresse gerado durante a contração do cimento resinoso 

(CHOII; CONDON; FERRACANE, 2000; BRAGA; FERRACANE; CONDON, 2002), 

contribuindo para melhor distribuição do estresse na interface adesiva. 

Outro fator que poderia ter contribuído para os maiores valores de resistência 

à fratura no grupo 3 é o fato de que a técnica do SDI, associando o sistema adesivo 

com a resina de baixa viscosidade, melhoram significativamente a resistência 

adesiva à dentina de restaurações indiretas cimentadas com cimento resinoso 

(SULTANA et al., 2007; OKUDA et al., 2007). Esse aumento na resistência adesiva 

do agente de cimentação contribui para o aumento da resistência à fratura do 

material restaurador (FURAKAWA; INAI; TAGAMI, 2002). 

 Em relação à espessura da película de material adesivo, os três materiais 

adesivos apresentaram espessuras diferentes e esse fato foi influenciado pela 

posição no preparo de coroas totais. No grupo 2, em que o sistema adesivo Clearfil 

SE Bond foi aplicado para selar a dentina imediatamente após o preparo para coroa 

total, a espessura do material adesivo pode ser mensurado em praticamente todas 
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as posições, provavelmente em função da sobrepolimerização da camada de 

adesivo com gel a base de glicerina e, desta forma, eliminando a CIO que tem 

espessura de 40 m (RUEGGEBERG; MARGESON, 1990). Quando o gel de 

glicerina não foi aplicado, o sistema adesivo não foi totalmente polimerizado e 

provavelmente foi removido durante a limpeza da superfície adesiva, resultando em 

áreas com exposição dentinária.  A película de adesivo não pôde ser mensurada em 

um dos bordos do preparo provavelmente por apresentar-se muito fina e ter sido 

removida durante os procedimentos prévios a cimentação (STAVRIDAKIS; KREJCI; 

MAGNE, 2005).  

 Comparando a espessura de película do adesivo nos grupos 2 e 3, o grupo 3 

apresentou maior espessura de película provavelmente devido a aplicação da resina 

de baixa viscosidade sobre o sistema adesivo, protegendo o sistema adesivo 

durante a etapa de limpeza previamente aos procedimentos de cimentação. Além 

disso, a espessura de película da resina de baixa viscosidade apresentou-se mais 

uniforme comparado com a camada de adesivo. A resina de baixa viscosidade 

apresenta maior percentual de carga que o sistema adesivo, sendo mais difícil de 

escoar sobre os ângulos do preparo. Por este motivo, o material foi aplicado 

cuidadosamente com microbrush, deixando a menor espessura possível nas 

margens do preparo para evitar o contato do material adesivo com o meio oral.  

A camada superficial de resina de baixa viscosidade não polimerizada pelo 

contato com o oxigênio foi removida com álcool (UDO et al., 2007). Sem este 

procedimento, provavelmente a espessura teria sido maior. No entanto, acredita-se 

que alguma quantidade de material deve ter sido removida ao realizar a limpeza da 
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superfície da resina de baixa viscosidade com pedra pomes e água previamente ao 

procedimento de cimentação.  

A espessura do cimento resinoso pode ter sido influenciada por vários fatores, 

como término do preparo e a presença de espaçador. Em relação ao término do 

preparo, restaurações em cerâmica com dissilicato de lítio requerem término em 

ombro ou chanfro pronunciado e, neste estudo, optou-se pela execução de término 

em ombro. Em relação à aplicação do espaçador, foram aplicadas duas camadas, o 

que corresponde a uma espessura de 30 µm aproximadamente (JACOB et al., 

2010); entretanto, a espessura do cimento resinoso na porção oclusal do preparo foi 

maior. Estes achados concordam com outros estudos que mostram maiores 

espessuras da película de cimento na superfície oclusal de preparos para coroas 

totais (DAVIS, 1988). 

Os achados obtidos nos dois estudos in vitro devem ser extrapolados com 

cautela para a prática clínica, uma vez que os estudos laboratoriais não conseguem 

reproduzir as condições da cavidade oral. No entanto, ao realizar o SDI, fica 

evidente a interação entre os materiais adesivos e os materiais de moldagem, sendo 

necessários procedimentos específicos que reduzam ou eliminem esta interação. 

Além disto, a escolha dos materiais que são utilizados no SDI tem influência na 

espessura final de material adesivo que é formada sobre o preparo, podendo 

contribuir para o aumento da resistência à fratura de coroas em cerâmica de 

dissilicato de lítio.
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