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RESUMO 

 

O objetivo deste estudo foi avaliar a influência do condicionamento ácido do 

ângulo cavosuperficial de cavidades Classe I, restauradas com resinas 

compostas, na qualidade de união entre a parede pulpar e restauração, na 

microdureza Knoop e na nanoinfiltração após envelhecimento termomecânico. 

Foram selecionados 76 molares hígidos divididos em 2 ensaios, microtração e 

microdureza, com 32  dentes cada (n=8) e 12 dentes (n=3) para análise da 

nanoinfiltração. As cavidades foram preparadas em máquina padronizadora de 

preparos cavitários. Após o preparo, metade dos dentes tiveram o esmalte 

cavosuperficial condicionado com ácido fosfórico à 35%, e restaurados com um 

sistema restaurador a base de silorano ou a base de metacrilato. Depois de 

restauradas as amostras foram levadas à máquina de ciclagem termomecânica, 

na qual foi realizado o envelhecimento artificial da restauração através de 200.000 

ciclos mecânicos com carga de 80N à freqüência de 2 Hz e térmicos por 

enchimento da câmara por 30 segundos e 15 segundos de drenagem, com 

temperaturas variando entre 5 e 55ºC. Terminado o envelhecimento as amostras 

foram submetidas aos ensaios mecânicos de resistência à microtração e 

microdureza e análise da nanoinfiltração. Para análise estatística foi realizado 

análise de variância à 2 fatores e teste de Tuckey (p   0,05). O grupo em que as 

restaurações foram confeccionadas com o sistema restaurador a base de 

metacrilato sem condicionamento ácido do esmalte cavosuperficial apresentou os 

menores valores de microtração com diferença estatística significativa para os 

demais grupos que não diferiram entre si. A resina composta a base de 

metacrilato apresentou valores significativamente maiores de microdureza em 

comparação com a resina a base de silorano. A análise da nanoinfiltração mostrou 

infiltração moderada para os grupos restaurados com o sistema restaurador a 

base de metacrilato, sendo que para o grupo restaurado sem condicionamento do 

ângulo cavosuperficial houve a formação de Water Trees. Por outro lado, para os 
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grupos restaurados com o sistema a base de silorando, foi observada baixa 

infiltração.  Pôde-se concluir que o condicionamento ácido favoreceu a união da 

restauração com o sistema a base de metacrilato, e ainda, que a resina composta 

a base de metacrilato possui maior microdureza que a resina composta a base de 

silorano e que houve a presença de infiltração moderada nos grupos restaurados 

com o sistema restaurador a base de metacrilato e baixa infiltração para o sistema 

a base de silorano. 

 

PALAVRAS-CHAVE: Preparo de Cavidade Dentária; Ataque Ácido Dentário; Resistência 

à Tração 
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ABSTRACT 

 

The aim of this study was to evaluate the cavosuperficial enamel acid-

etching influence in class I cavities, filled with composites on microtensile bond 

strength, Knoop microhardness and nanoleakage after thermomechanic ageing. It 

was selected 76 sound molar splitted on: 32 teeth to microtensile test (n=8); 32 

teeth to Knoop microhardness (n=8); and 12 teeth (n=3) to nanoleakage analysis. 

The cavities were prepared on a standard cavity preparation machine. Half of the 

teeth had the cavosuperficial enamel etched with 35% phosphoric acid and 

restored with a Silorane restorative system or a Methacrylate restorative system. 

After the conclusion of the restoration procedures, the teeth were taken to a 

thermomechanic cycling machine where the artificial ageing was performed with 

200.000 mechanical cycles with an 80 N load in a 2HZ frequency and 

thermocycling by filling the chambers for 30 seconds and 15 seconds drainage with 

the temperatures varying between 5ºC and 55ºC. The samples were submitted to 

the microtensile bond strength test, Knoop microhardness and nanoleakage 

evaluation. To statistical analysis it was performed the ANOVA two-way and 

Tuckey test (p   0,05). The group restored with methacrylate without acid-etching 

showed the lowest values of microtensile bond strength and it was statistically 

different to the other groups that have no difference between them. The 

methacrylate composite presented statistically higher values on Knoop 

microhardness compared to silorane composite. The nanoleakage analysis 

showed low infiltration to silorane restorative system and moderate infiltration to 

the methacrylate restorative system. The methacrylate group restored without 

enamel acid-etching showed the formation of Water Trees. It can be concluded 

that the acid-etching improved the bond strength to the methacylate system. The 

methacrylate composite has bigger Knoop microhardness than silorane composite. 

The methacrylate restorative system showed moderate infiltration on nanoleakage 

analysis. 
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INTRODUÇÃO  

 

O material de eleição para a realização de restaurações diretas, em dentes 

posteriores, é a resina composta. Dentre as características deste material, a 

tensãode polimerização é um de seus maiores problemas, pois essa característica 

pode estar associada a falhas adesivas e perda do selamento marginal (ZHENGDI 

et al., 2007; CALHEIROS et al., 2007; CUNHA et al., 2008). Esta falta de união 

pode levar à sensibilidade pós-operatória, pigmentação marginal e cáries 

secundárias (CARVALHO et al. 1996, LI et al., 2000 SILVA et al., 2006; 

CALHEIROS et al., 2007; BRANDT et al., 2008). 

Para se minimizar esse problema, resinas compostas com diferentes 

composições foram lançadas no mercado a fim de diminuir o efeito da tensão 

resultante da contração de polimerização na interface de união entre esses 

materiais e o substrato dental.  

O primeiro material nesta linha foi a resina composta a base de Silorano 

Filtek P90, que possui em sua composição monômeros de Siloxano e Oxirano, 

sendo esta a razão de seu nome (WEINMANN et al., 2005). 

A Filtek P90 possui polimerização por meio de reação catiônica, na qual há 

a abertura dos anés cicloalifáticos de oxirano para posterior reação em cadeia dos 

mesmos, estabilizada pelo monômero altamente hidrófobo de siloxano, resultando 

em contração inferior a 1% (WEINMANN et al., 2005). Essa característica confere 

melhor integridade marginal (PALIN et al., 2005; PAPADOGIANNIS et al. 2009) e 

menor microinfiltração quando comparado às resinas compostas a base de 

metacrilato (PALIN et al. 2005). Devido a essa diferença em sua composição, essa 

resina necessita de sistema adesivo autocondicionante próprio para união com o 

substrato dental (SANTINI e MILETIC, 2008). 

Por outro lado, os adesivos autocondicionantes auxiliam no desempenho 

clínico das restaurações de compósitos, pois apresentam manipulação mais 

simples, aplicação mais rápida (VAN MEERBEEK et al., 2003) e menor dificuldade 
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técnica, o que proporciona menos erros por parte do operador durante sua 

aplicação (DE MUNCH et al., 2005). No entanto, em esmalte a penetração desses 

adesivos pode ser deficiente (VAN LANDUYT et al., 2006), podendo levar a 

degradações na interface dente/restauração o que resultaria na formação de 

fendas e possíveis infiltrações marginais (PERDIGÃO et al., 2006; KNOBLOCH et 

al. 2007; UEKUSA et al., 2007; BAGIS et al., 2008). 

Para se aumentar o embricamento mecânico entre o esmalte e os adesivos 

auto-condicionantes têm-se proposto o condicionamento ácido do esmalte 

cavosuperficial (LIMA et al., 2012), bem como têm-se estudado a relação desse 

condicionamento do esmalte com a resistência à união em dentina (SOUZA-

JÚNIOR et al., 2011). 

No entanto, o sentido do vetor de contração de polimerização é em direção 

às paredes de maior união. Por isso quando se aumenta a união em esmalte 

pode-se aumentar a tensão, resultante da contração de polimerização, no 

substrato dentinário levando à diminuição da resistência à união, principalmente 

na parede pulpar, apesar da técnica incremental (SOARES et al., 2013). 

Outra propriedade importante é a microdureza que pode predizer o 

comportamento clínico do material, além disso, a microdureza Knoop também 

pode ser usada como forma indireta de se avaliar o Grau de Conversão (PORTO 

et al., 2013). Se o material apresenta baixo grau de conversão, a tensão resultante 

da contração de polimerização seria menor e como conseqüência tem-se maior 

estabilidade na margem, podendo levar à conclusões incorretas sobra a interface 

de união. 

Desta maneira a microdureza Knoop foi utilizada neste estudo como forma 

de se avaliar o Grau de Conversão, e indiretamente, a tensão gerada na interface 

de união. 

A nanoinfiltração avalia a qualidade da camada híbrida e pode ser resultado 

de uma incompleta infiltração do adesivo na dentina desmineralizada (SANO et al., 

1995) o que pode ocasionar um colapso hidrolítico na camada adesiva ou no 
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colágeno dentro da camada híbrida, comprometendo a estabilidade da adesão 

entre a dentina e a resina composta (EICK et al., 1997). 

Assim sendo, é de grande relevância avaliar o comportamento mecânico 

das resinas compostas à base de silorano após o condicionamento do ângulo 

cavosuperficial e ciclagem térmica e mecânica simulando as condições do 

ambiente bucal. 
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CAPÍTULO 1 

 

Influence of enamel acid-etching on mechanical properties and 

nanoleakage of resin composite restorations after thermomechanical aging 

 

ABSTRACT 

Objective: Low-shrinkage composites were created to withstand the typical 

adhesive failure and marginal sealing loss that are seen with composite shrinkage. 

The aim of this study was to evaluate how acid-etching of the cavosurface enamel 

in Class I resin composite restorations influences the bond strength to the pulpal 

wall and the restoration, Knoop microhardness and nanoleakage after 

thermomechanical aging.  

Methods: For this research 76 fresh human molars were selected and 

restored with Silorane or Clearfil SE Bond/Z350XT composite divided in 4 groups 

(Silorane system restored with or without enamel cavosurface acid-etching and 

Clearfil SE Bond/Z350XT with or without enamel cavosurface acid-etching). To 

induce artificial aging, samples were subjected to thermomechanical cycling 

through 200,000 cycles of 80N loading, 2 cycles/second, and thermal cycling 

between 5 and 55 °C with 30 second filling and 15-second drainage steps. 

Microhardness and microtensile bond strength were evaluated in 32 teeth (n=8) 

each and nanoleakage evaluation was performed in 12 teeth (n=3). 

Results: Samples restored by Clearfil SE Bond/Z350 XT without 

cavosurface acid-etching showed significantly lower microtensile bond strength 

results. The resin composite Z350XT presented higher values of Knoop 

microhardness. It was observed little or no infiltration for Silorane groups and 

moderate infiltration for Clearfil SE Bond groups. 

Conclusion: Acid-etching improved the ability of the Clearfil SE Plus/Z350 

XT restorative system to withstand thermomechanical aging in terms of the 

microtensile bond strength, but did not influence the behaviour of the Silorane 

restorative system. 
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Clinical significance: Acid-etching of the cavosurface enamel during 

restoration procedure with Clearfil Se Bond resulted in a stronger bond after 

thermomechanical cycling. Silorane groups showed less infiltration than Clearfil SE 

Bond groups. 

 Key words: Dental cavity preparation; Acid etching, dental; Tensile 

strength; Silorane; Adhesive. 

 

INTRODUCTION 

 

 Shrinkage of dental composites is an ongoing challenge in dentistry. 

Composite shrinkage can cause adhesive failure and loss of marginal 

sealing,1,2resulting in post operative sensitivity, marginal staining, and secondary 

caries.2-5 

Silorane is a low-shrinkage, low-interfacial stress resin composite composed of a 

matrix of siloxane and oxirane. It is polymerized through a cationic reaction 

involving the cycloalyfatic oxirane ring opening. The resulting composite exhibits 

less than 1% shrinkage,6which leads to better marginal integrity7,8 and less 

microleakage compared to methacrylate composites.8In addition to the monomer 

composition, factors that influence the stresses created by polymerization include 

the photoinitiator, number and type of filler, c-factor, restorative technique, and light 

source.1,10 

 The composites are used with adhesive systems. Compared to total-etch 

adhesives, self-etch adhesive systems are easier to manipulate, can be applied 

more rapidly,10 and are less technique-sensitive, leading to fewer errors during 

application.11However, self-etch adhesives can present deficient penetration of the 

enamel12, leading to faster degradation of the interface13-16 and subsequent 

infiltration of the hybrid layer. Acid-etching of the cavosurface enamel has been 

suggested as a means to improve the bond strength of the enamel, as well as the 

longevity and quality of the interface.17,18 However, the vector of polymerization 

shrinkage is directed towards the walls with the highest bond strength. An overly 
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large increase of the enamel bond strength could cause a decrease of the dentin 

bond strength, even when a layering technique is used, because the stress of 

polymerization shrinkage would be concentrated on this area.19 

 In clinical evaluation, the microhardness of a composite material is an 

important indirect means for estimating the degree of conversion (DC) of the 

polymer.20A polymer that presents a relatively low DC will exert less stress after 

polymerization shrinkage. Although this condition leads to better marginal stability, 

it could also masks the bond strength results.  

 In this study, the Knoop microhardness was tested to evaluate the DC and 

to ascertain (indirectly) the stress at the restoration interface. The aim was to 

evaluate how acid-etching of the cavosurface enamel during a Class I restoration 

influences the Knoop microhardness of the composite, the microtensile bond 

strength between the pulpal wall and the restoration composite, and the 

nanoleakage after thermomechanical aging. The hypotheses of this study were as 

follows: (1) acid-etching would influence the quality of the bond strength on the 

pulpal wall/restoration after aging, (2) Silorane would present superior mechanical 

properties, and (3) Nanoleakage would not differ between the two tested 

restorative systems.  

 

MATERIALS AND METHODS 

 

This research was approved by the Ethics Research Committee of 

Piracicaba Dental School – University of Campinas (number N 089/2012). The 

study consisted of three tests, measuring the microtensile bond strength, the 

microhardness, and the nanoleakage. The materials used are described in Table 1. 

Briefly, 76 freshly extracted human third molars were stored for 24 hours in 

a buffered 0.1% thymol solution at 37 °C. After cleaning, the teeth were stored in 

distilled water until cavity preparation. The teeth were embedded in polystyrene 

resin. Their occlusal surfaces were planed in a polishing machine (Arotec Ind., São 

Paulo, Brazil) with 400-grit sandpaper (3M 411Q, Sumaré Brazil, SP, Brazil). A 
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standard cavity preparation machine was used to create a Class I cavity in each 

polished tooth. Each cavity had the following dimensions: 5 mm in the mesiodistal 

direction, 4 mm in the buccolingual direction, and 3 mm in depth. Cavities were 

made with a #56 carbide bur (KG Sorensen Ind. E Com Ltda., Barueri, SP, Brazil), 

which was replaced after every 5 cavities. 

For the restorative procedure, half of the samples (38 teeth) were randomly 

selected and subjected to acid-etching of cavosurface enamel with 35% 

phosphoric acid for 30 seconds. The surface was washed thoroughly with water for 

30 seconds and dried with air jets. Half of these acid-etched teeth (19 teeth) were 

restored with Silorane and the other half (19 teeth) with Clearfil SE Bond/Z350 XT. 

Similarly, for the samples that had not been acid-etched (38 teeth), 19 teeth were 

restored with Silorane and 19 teeth with Clearfil SE Bone/Z350 XT. The restorative 

procedure is described in Table 2. 

After being kept in an environment at 37 °C with relative humidity for 24 

hours, samples were placed in a thermomechanical cycling machine (MSFT, 

Elquip, São Carlos, SP, Brazil). Each sample underwent 200,000 cycles of loading 

at 80N and 2 cycles/second. Loading was applied perpendicular to and in the 

centre of the restoration. Thermal cycling was performed by 30-second water filling 

and 15-second drainage steps, with temperatures ranging between 5 and 55 °C.  

Microhardness and microtensile bond strength were evaluated in 32 teeth 

(n=8) each. Nanoleakage evaluation was performed in 12 teeth (n=3) (Figure 2). 

For the microtensile bond strength test, dental crowns were separated from the 

root portion, perpendicular to the long-axis of the tooth, with a double-sided 

diamond disc (KG Sorensen). The crowns were set in a metallographic precision 

cutter (Isomet 1000, Buehler Ltd., Lake Buff, IL, USA). Serial sections 

perpendicular to the long-axis of the crowns were cut with a high-concentration 

diamond disc (Extec Corp., Enfield, CT, USA), used at low speed and under 

constant irrigation. This process resulted in stick-shaped samples (0.9 × 0.9 mm), 

where each stick included a portion of the bonding interface to the pulpal wall. The 

sticks were kept in an environment with relative humidity until the microtensile test. 
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The fracture mode of each sample was evaluated on scanning electron microscopy 

(SEM) and classified as adhesive, mixed, or cohesive in dentin or resin. 

For the Knoop microhardness test, the crowns were separated from the root 

portions of the teeth as described above. The crowns were placed in a 

metallographic cutter and sliced into two parts through the centre of the restoration, 

in the mesiodistal direction parallel to the long-axis of the tooth. Both parts of the 

tooth were embedded in the same cylinder of polystyrene resin, to facilitate 

microhardness testing. The restored face  was finished with silicon carbide 

sandpaper (600-, 1200-, and 2000-grit) and polished by diamond paste (3-, 1-, and 

0.25-mm granulations), applied with felt disks on a polisher underwater cooling. 

Between each sandpaper treatment, the samples were ultrasonicated in distilled 

water for 5 minutes. To measure the microhardness, three indentations were made 

for 20 seconds each under a 25g load (HMV-2000, Shimadzu, Japan) at three 

depths measured from the top of the tooth: 100 µm (top), 1500 µm (middle), and 

2900 µm (base), at 25 µm from the mesial or distal wall. 

Nanoleakage analysis was performed on 12 teeth (n=3).Using a 

metallographic cutter machine, three mesiodistal cuts were made in each tooth, 

resulting in two 1-mm-thickslices. Slices were immersed in a solution of 

ammoniacal silver nitrate for 24 hours, washed in distilled water, immersed in light 

developer for 8 hours, and then embedded in polystyrene resin.21Embedded 

samples were polished with silicon carbide sandpaper and diamond paste(3-, 1-, 

and 0.25-µm granulations). Samples were demineralized and deproteinated with 

85% phosphoric acid and 2% hypochlorite. 

Samples were dehydrated in serial ethanol solutions (25%, 50%, 75%, 90%, 

and 100%).Dehydration was maintained by silica until the samples were ready to 

be coated with carbon for viewing by SEM. Samples were coated with carbon 

(Baltec SputterCoater - SCD – 050) and observed by SEM (JEOL JSM, 5600 LV), 

operated at 20 kV under high vacuum power, yielding backscattered electron 

images. Image J software was used to evaluate the infiltration of silver ions into the 

samples.  
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RESULTS 

 

Microtensile test results 

Etching (p = 0.0015) and the interaction between the restorative system and 

etching had significant effects according to ANOVA two-way. Therefore, the post-

hoc Tukey test was applied for interaction (Table 3), which revealed that samples 

restored by Clearfil SE Bond/Z350 without cavosurface enamel acid-etching had 

the lowest microtensile bond strength results among the groups (p < 0.05) (Table 

3).No other significant differences in microtensile bond strength were observed. 

 

Fracture pattern results 

 

All of the samples exhibited a mixed fracture pattern, with the adhesive 

showing the largest fracture areas and fractures also observed in the dentin. 

 

Knoop hardness test 

 

For the microhardness test results, ANOVA two-way only revealed 

statistically significant differences for the composite resin (p = 0.0001) and the 

interaction between the composite and cavosurface acid-etching (p = 0.0109). 

Interactions between other factors or interactions had no statistical significance. 

Therefore, the post-hoc Tukey test was applied to the interaction between the 

composite and cavosurface acid-etching (Table 4), which showed significant 

differences in microhardness between the Z350 XT and Silorane composite resins, 

independent of whether cavosurface acid-etching was performed and the depth at 

which the microhardness was measured. 
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Nanoleakage results 

 

All of the samples were analysed for silver infiltration via SEM. Samples 

restored with Silorane showed low (Figure 1) or no infiltration (Figure 2) of silver 

nitrate, whereas samples restored with Clearfil SE Bond/Z350XT showed moderate 

infiltration (Figure 3 and 4). The group restored with Clearfil SE Bond/Z350 XT, 

without previous acid-etching, showed infiltration with greater continuity and Water 

Trees (Figure 5). 

 

DISCUSSION 

 

The first hypothesis of this study, that acid-etching would influence the 

quality of the bond strength on the pulpal wall, was found to be partially correct. 

Statistically lower microtensile bond strength results were observed only for the 

groups restored with Clearfil SE Bond/Z350 XT without acid etching. The two-step 

self-etching adhesive system has good clinical performance when the adhesive is 

bound to dentin, but not to enamel.10,22Selective etching has been shown to 

increase the bond strength of enamel,23 improve the marginal sealing, and reduce 

the incidence of cracks.24,25Acid-etching of the substrate increases the longevity of 

the restoration, by reducing degradation of the tooth/restoration interface, 

compensating for the characteristically poor penetration of the adhesive into the 

enamel,17,18and reducing the infiltration into and degradation of the internal walls. 

These previous findings are consistent with our observation that the bond strength 

of dentin after artificial aging was reduced in the absence of acid-etching of the 

cavosurface enamel.  

The study of the restoration under simulated aging showed that enamel 

etching was necessary for optimal use of the Clearfil SE Bond, to prevent the 

hybrid layer from degrading and forming water trees. Clearfil SE Bond can form a 

dense polymer network that imposes a certain resistance to water 

penetration.26Compared to other adhesive systems, Clearfil SE Bond reportedly 



11 

 

provides satisfactory wettability in smear layer-covered dentin and the lowest 

contact angle in smear layer-free dentin.27Nevertheless, these properties were not 

sufficient to promote good marginal sealing after artificial aging without acid-

etching, probably due to lower interfacial stability caused by infiltration of the hybrid 

layer. 

In contrast, the Silorane adhesive composite showed no difference in 

behaviour regardless of whether the enamel was conditioned. This two-step 

bonding system consists of a separately photoactivated primer and adhesive, 

which form a hybrid layer of 10 to 20 µm.28The primer and the bond exhibit 

conversions of over 90% and nearly 70%, respectively29. These high DCs lead to a 

more robust polymeric structure compared to partially polymerized adhesives, 

which are more permeable to fluid movement.30Although Clearfil SE Bond also has 

a high DC,29the highly hydrophobic nature of the Silorane bond likely provides 

better sealing to dentin31 and creates an interface that is less prone to 

weakening.32The thick hybrid layer formed by the Silorane adhesive system may 

act as an elastic buffer,33which would compensate for the polymerization shrinkage 

of the composite and the stress generated by artificial aging. Due to its thinner 

hybrid layer and lower elasticity,Clearfil SE Bond is less able to resist these 

stresses. 

The second hypothesis of this study, that Silorane would present superior 

mechanical properties, was rejected. The Silorane restorative system showed 

significantly lower microhardness values than the Clearfil/Z350 XT system, 

regardless of enamel etching and the depth at which the microhardness was 

tested. The difference between the composites is mainly due to the type and 

amount of filler and the composition of the organic matrix.34,35The Silorane 

composite resin has fewer filler particles,28,36which are irregular in shape but 

consistent in size, with a homogeneous distribution,28 which explains the lower 

values of hardness. In contrast, the Z350 XT composite has higher hardness due 

to its high content of inorganic nanoparticulate filler,36which undergoes strong 

intermolecular interactions within the monomer mixture.37 
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Our third hypothesis, that nanoleakage would not differ between the two 

tested restorative systems, was rejected. These images showed little or no 

infiltration of silver nitrate in the Silorane restorative system, but moderate 

infiltration in the Clearfil/Z350 XT system, which also exhibited water trees in the 

absence of acid-etching. Infiltration of silver ions in the latter system can be 

explained by the highly hydrophilic composition of the adhesive, which contains 

HEMA.28,38The hydrophilicity increases the risk of hydrolytic degradation and 

reduces resistance to thermomechanical aging. Although the Silorane adhesive 

also contains the hydrophilic HEMA, the elastic buffering effect33 of the thick hybrid 

layer may have protected it from artificial aging, lowering the degradation. 

 

CONCLUSION 

 

Whereas acid-etching of the enamel substrate did not influence the 

behaviour of the Silorane restorative system, it did increase the microtensile bond 

strength of the Clearfil SE Plus/Z350 XT restorative system, improving its 

performance under thermo mechanical aging. The Z350XTcomposite resin also 

had greater hardness than the Silorane composite resin. Silorane restorative 

system showed little or no infiltration whereas Clearfil SE Bond/Z350XT showed 

moderate infiltration and the Clearfil SE Bond/Z350 XT without acid etching also 

showed water trees within the hybrid layer. 

 

ACKNOWLEDGEMENTS 

 

Professor Flávio Henrique Baggio Aguiar, Professor Gisele Maria Marchi 

Baron, Professor Angela Alexandre Meira Dias, Professor Vanessa Cavali and 

Professor Adriano Fonseca de Lima are gratefully acknowledged for their 

contribution in this study. 

 

 



13 

 

REFERENCES 

 

1. Cunha LG, Alonso RCB, Souza – Junior EJC, Neves ACEC, Correr – Sobrinho 

L, Sinhoreti MAC. Influence of the curing method on the post-polymerization 

shrinkage stress of a composite resin. Journal of Applied Oral Science 2008; 

16:266-70 

2. Calheiros FC, Sadek FT, Boaro LC, Braga RR.Polymerization stress related to 

radiant exposure and its effect on microleakage of composite restorations. 

Journal of Dentistry 2007; 35:946-52 

3. Li H, Burrow MF, Tyas MJ. Nanoleakage patterns of four dentin bonding 

systems. Dental Materials 2000; 16: 48-56 

4. Silva ALF, Pereira GDS, Dias CTS, Paulillo LAMS. Effect of the composite 

photoactivation mode on Microtensile bond strength and Knoop microhardness. 

Dental Materials 2006; 22:203-10 

5. Brandt WC, de Moraes RR, Correr – Sobrinho L, Sinhoreti MA, Consani S. 

Effect of different photo-activation methods on push-out force, hardness and 

cross-link density of resin composite restorations. Dental Materials 2008; 

24:846-50 

6. Weinmann W, Thalacker C, Guggenberger R. Siloranes in dental composites. 

Dental Materials 2005; 21: 68-74 

7. Papadogiannis D, Kakaboura A, Palaghias G, Eliades G. Setting characteristics 

and cavity adaptation of low-shrinking resin composites. Dental Materials 2009: 

25: 1509-16 

8. Palin WM, Fleming GJP, Nathwani H, Burke FJT, Randall RC. In vitro cuspal 

deflection and microleakage of maxillary premolars restored with novel low-

shrink dental composites. Dental Materials 2005; 21:324–35 

9. Alonso RCB, Correr GM, Cunha LG, De Moraes Souto Pantoja CA, Puppin – 

Rontani RM, Sinhoreti MAC.Modulated photoactivation methods: effect on 

marginal and internal gap formation of restorations using different restorative 



14 

 

composites. Journal of Biomedical Material Research B Applied Biomaterials 

2007; 82:346-51 

10. Van Meerbeek B, De Munck J, Yoshida Y, Inoue S, Vargas M, Vijay P, et al. 

Adhesion to enamel and dentin: current status and future challenges. Operative 

Dentisty 2003; 28:647-60. Buonocore memorial lecture 

11. De Munck J, Van Landuyt K, Peumans M, Poitevin A, Lambrechts P, Braem M 

et al. A critical review of the durability of adhesion to tooth tissue: Methods and 

results. Journal of Dental Research 2005; 84:118-32 

12. Van Landuyt KL, Kanumilli P, De Munch J, Peumans M, Lambrechts P, Van 

Meerbeek B. Bond strength of a mild self-etch adhesive with and without prior 

acid-etching. Journal of Dentisty 2006; 34:77-85 

13. Perdigão J, Gomes G, Gondo R, Fundingaland JW. In vitro bonding 

performance of all-in-one adhesives.Part 1 – Microtensile bond strengths. 

Journal of Adhesive Dentistry 2006; 8: 367-73 

14. Knobloch LA, Gailey D, Azer S, Johnston WM, Clelland N, Kerby RE. Bond 

strengths of one- and two-step self-etch adhesive systems. Journal of 

Prosthetic Dentistry 2007; 97:216-22 

15. Uekusa S, Tsubota K, Tonegawa M, Tsuchiya H, Iwasa M, Kawamoto R et al. 

Microtensile bond strengths of single-step self-etch adhesive systems to bovine 

teeth. Journal of Oral Science 2007; 49: 183-89 

16. Bagis B, Turkarslan S, Tezvergil – Mutluay A, Uctasli S, Vallittu PK, Lassila LV. 

Effect of ultrasonic agitation on bond strength of self-etching adhesives to 

dentin. Journal of Adhesive Dentistry 2008; 10:441-5 

17. Alexandre RS, Sundfeld RH, Giannini M, Lovadino JR. The influence of 

temperature of three adhesive systems on bonding to ground enamel. 

Operative Dentisty 2008; 33: 259-68 

18. Watanabe T, Taubota K, Takamizawa T, Kurokawa H, Rikuta A, Ando S et al. 

Effect of prior acid etching on bonding durability of single-step adhesives. 

Operative Dentisty 2008; 33:426-33 



15 

 

19. Soares GP, Ambrosano GMB, Lima DANL, Marchi GM, Correr-Sobrinho L, 

Lovadino JR, et al.. Effect of light polymerization time, mode, and thermal and 

mechanical load cycling on microleakage in resin composite restorations. 

Lasers in Medical Sciences 2013; DOI 10.1007/s10103-012-1244-7 

20. Porto ICCM, Aguiar FHB, Brandt WC, Liporoni PCS. Mechanical and physical 

properties of silorane and methacrylate-based composites. Journal of Dentistry 

2013; http://dx.doi.org/10.1016/j.jdent.2013.05.012 

21. Tay FR, Pashley DH, Suh BI, Carvalho RM, Itthagarun A. Single-step 

adhesives are permeable membranes. Journal of Dentistry 2002;30:371–82 

22. Perdigão J, Lopes MM, & Gomes G (2008) In vitrobonding performance of self-

etch adhesives: II—Ultramorphologicalevaluation. Operative Dentisty 2008; 

33:534-49 

23. Lima AF, Silva VB, Soares GP, Marchi GM, Aguiar FHB, Lovadino JR. 

Influence of previous acid etching on interface morphology and bond strength of 

self-etching adhesive to cavosurface enamel. Europian Journal of Dentisty 

2012; 6:56-62 

24. Van Meerbeek B, Kanumilli P, De Munk J, Van Landuyt K, Lambrechts P, & 

Peumans M. A randomized controlled study evaluating the effectiveness of a 

two-step self-etch adhesive with and without selective phosphoric acid etching 

of enamel. Dental Materials 2005; 21: 375-83. 

25. Ermis RB, Temel UB, Celik EU, & Kam O. Clinical performance of a two-step 

self-etch adhesive with additionalenamel etching in Class III cavities. Operative 

Dentisty 2010; 35:147-55. 

26. Malacarne J, Carvalho RM, de Goes MF, Svizero N, Pashley DH, Tay FR, et 

al.. Water sorption/solubility of dental adhesive resins. Dental Materials 2006; 

22: 973-80 

27. Aguilar-Mendoza JÁ, Rosales-Leal JI, Rodriguez-Valverde MA, Cabrerizo –

Vilchez MA. Effect of acid etching on dentin wettability and roughness: self-

etching primers versus phosphoric acid. Journal of Biomedical Materials 

Research Part B: Applied Biomaterials 2008; 84B:277-285 



16 

 

28. Mine A, De Munck J, Van Ende A, Cardoso MV, Kuboki T, Yoshida Y et al. 

TEM characterization of a silorane composite bonded to enamel/dentin. Dental 

Materials 2010; 26:524-32 

29. Navarra CO, Cadenaro M, Armstrong SR, Jessop J, Antoniolli F, Sergo V, et 

al.. Degree of conversion of Filtek Silorane Adhesive System and Clearfil SE 

Bond within the hybrid layer and adhesive layer: an in situ Raman analysis. 

Dental Materials 2009; 25:1178-85 

30. Tay FR, Pashley DH, Hiraishi N, Imazato S, Ruggeberg FA, Salz U, et al.. 

Tubular occlusion prevents water-treeing and through-and-through fluid 

movement in a single-bottle, one-step self-etch adhesive model. Journal of 

Dental Research 2005;84:891-6 

31. Mine A, De Munck J, Van Ende A, Cardoso MV, Kuboki T, Yoshida Y, et al.. 

TEM characterization of a silorane composite bonded to enamel/dentin. Dental 

Materials 2010; 26:524-32 

32. Sauro S, Pashley DH, Mannocci F, Tay FR, Pilecki IP, Sherriff M et al.. 

Micropermeability of current self-etching and etchand-rinse adhesives bonded 

to deep dentine: a comparison study using double-staining confocal microscopy 

technique. European Journal of Oral Sciences 2008; 116:184-93 

33. Van Ende A, Mine A, De Munck J, Poitevin A, Van Meerbeek B. Bonding of 

low-shrinking composite in high C-factor cavities. Journal of Dentistry 2012; 

40:295-303 

34. Masouras K, Silikas N, Watts DC. Correlation of filler contentand elastic 

properties of resin-composites. Dental Materials 2008; 24:932–9. 

35. Tchorz JP, Doll R, Wolkewitz M, Hellwig E, Hannig C. Microhardness of 

composite materials with different organic phases in deep class II cavities: an in 

vitro study. Operative Dentisty, 2011; 36:502-11 

36. Lien W, Vandewalle KS. Physical properties of a new silorane-based restorative 

system. Dental Materials 2010; 26: 337-44 



17 

 

37. Sideridou I, Tserki V, Papanastasiou G. Effect of chemicalstructure on degree 

of conversion in light-cureddimethacrylate-based dental resins. Biomaterials 

2002; 23:1819–29 

38. Van Landuyt KL, Snauwaert J, de Munck J, Peumans M, Yoshida Y, Poitevin A, 

et al.. Systematic review of the chemical composition of contemporary dental 

adhesives. Biomaterials 2007; 28:3757-85 

 

Table 1: List of the materials used on this study 
MARCA COMERCIAL COMPONENTES FABRICANTE 

 
SCOTCHBOND ACID 

 

 35% phosforic acid; 
 water; 
 poli(eter vinil) 

 3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL 

 SILORANE PRIMER 

 2-hidroxiethil metacrilate (HEMA);  
 bisphenol-a-diglicildil eter dimetacrilate 

(BIS-GMA);  
 water; 
 etanol;  
 phosforic ácid-metacilóxic-hexilester;  
 silic treated with silane;  
 1.6-hexanodiol dimetacrilate;  
 copolímer acrilic and itaconic  ácid; 
 (dimetilamine) etil metacrilata; 
 DL-Canforoquinone;  
 Phosfine acid 

 3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL.  

SILORANE BOND  

 dimetacrilate;  
 silic treated with silane; 
  trietilene glicol dimetacrilate (TEGDMA);  
 Phosforic  metacriloxi-hexilesters acid;  
 DL-canforoquinone;  
 1.6-hexanodiol dimetacrilate 

  3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL. 

SILORANE COMPOSITE 
FILTEK P90 

A3 

 3,4-  epoxiciclo hexiletilciclopolimetil 
siloxane; 

 bis-3,4 – epóxi ciclohexiletilfenilmetil 
silane; 

 Silanizaded quartz;  
 itriumfluoride; 
 canforoquinone 

  3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL 

 
 
 
 

CLEARFIL SE BOND 
PRIMER 

 10-Metacriloiloxi -decil dihidrogenade 
fosfatase (MDP); 

 HEMA; 
 Dimetacrilate hidrofílic; 
 Canforoquinone; 
 Terciary amine; 
 Water 

 
 
 
 

KURARAY MEDICAL INC. 
OKAYAMA, JP 

 
 
 
 
 

CLEARFIL SE BOND 
BOND 

 HEMA; 
 10-Metacriloiloxi -decil dihidrogenado 

fosfatase (MDP); 
 Bis-GMA; 
 Dimetacrilate Hidrofílic; 
 Terciary amine; 
 Sílic Coloidal silanizaded; 
 Canforoquinone.  

 
 
 
 
 

KURARAY MEDICAL INC. 
OKAYAMA, JP 

 
 

 Bis-GMA 
 Bis-EMA6 
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COMPOSITE FILTEK 
Z350 XT 

A3 
 

 UDMA 
 TEGDMA 
 Silic 
 Canforoquinone 

3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL 

 

Table 2: List of the groups of this study where CA = presence of acid etching 

and SA = absence of acid etching. PN = Silorane and CZ = Clearfil SE Bond/Z350 

GROUP ENAMEL ACID ETCHING RESTORATIVE SYSTEM RESTORATIVE PROCEDURES 

CAPN 
 

 
PRESENT 

 
SILORANE COMPOSITE 

 

After drying with air jets, actively 
primer was applied to enamel and 

dentin for 15 seconds with a 
microbrush, gentle air for 10 

seconds of 10 centimeters apart 
and curing for 10 seconds. Then 
the adhesive was applied with a 
microbrush across the cavity and 
gentle air jet for 10 seconds to 10 
centimeters apart and curing for 

10 seconds with halogen light unit 
QTH Lamp (Bisco, Schaumburg, 

Illinois, USA). The teeth were 
restored with Silorane composite 
resin in six increments cured for 
40 seconds each with the same 

unit . 

 
SAPN 

 

 
ABSENCE 

 
SILORANO COMPOSITE 

 

CACZ 
 

PRESENT 
 

 
CLEARFIL SE BOND/Z350 XT 

 

it was actively applied the primer 
with a microbrush on enamel and 
dentin for 20 seconds and dried 
with gentle air for 10 seconds to 
10 centimeters distance. Then 

applied an even layer of adhesive 
to enamel and dentin with a 

microbrush for 20 seconds and 
cured for 10 seconds. The teeth 
were restored with composite 

resin Z350XT in six increments 
and light cured for 40 seconds 

each with the same halogen light 
system used on Silorane 

composite groups. 
SACZ 

 

 
ABSENCE 

 

 
CLEARFIL SE BOND/Z350 XT 

 

 

Table 3: Results of Tukey test to multiple comparations for microtensile test. 

Group MÉDIA  (MPa) TUKEY 

CACZ 25,66(±5,62) A 

SAPN 22,69(±5,52) A 

CAPN 21,71(±5,78) A 

SACZ 12,16(±4,33)     B 
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Table 4: Results of Knoop hardness test (KHN) for composite x 

Cavosuperficial enamel etcthing. 

Group MÉDIA (KHN) TUKEY 

SACZ 96,398(±3,54) 

95,152(±6,76) 

66,613(±6,10) 

64,194(±4,63) 

A 

CACZ A 

CAPN       B 

SAPN       B 

 

 

 Figure 1: nanoleakage for the group Silorane without acid etching. The 
arrows show a little infiltration of silver nitrate. 
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Figure 2: nanoleakage for the group Silorane with acid etching. This image 
shows no infiltration. 
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Figure 3: nanoleakage for the group Clearfil/Z350 XT without acid etching. 
The arrows show the moderate infiltration of silver nitrate. 
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Figure 4: : nanoleakage for the group Clearfil/Z350 XT with acid etching. The 
arrows show the silver nitrate moderate infiltration in the hybrid layer. 

Figure 5: nanoleakage for the group Clearfil/Z350XT without acid etching. 
The arrow shows the presence of Water Tree 
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CONCLUSÃO 

 

Pode-se concluir através dos resultados deste trabalho que o 

condicionamento ácido aumenta a resistência à união para o sistema restaurador 

Clearfil SE Bond/Z350 XT após envelhecimento termomecânico, mas não 

influencia na união do sistema restaurador Silorano/P90. Pode-se ainda afirmar 

que a resina composta Z350 possui microdureza maior que a resina composta 

Filtek P90. A análise de nanoinfiltração mostrou pouca ou nenhuma infiltração 

para os grupos restaurados com o sistema restaurador a base de silorano e 

infiltração moderada para os grupos restaurados com Clearfil SE Bond/Z350 XT, 

sendo que houve a formação de Water Trees apenas para o grupo restaurado 

com Clearfil SE Bond/Z350 XT sem o condicionamento ácido do ângulo 

cavosuperficial. 
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APÊNDICE 

 

MATERIAIS E MÉTODOS ILUSTRADOS 

 

Materiais 

Para a realização deste estudo foram utilizados os sistemas adesivos P90 e 

o Clearfil SE Bond (Figura 1A e 1B), as resinas compostas Filtek P90 e Filtek Z350 

XT (Figura 2A e 2B), ácido fosfórico a 35% Scothbond (Figura 3) e o aparelho 

fotoativador QTH (Figura 4).  

Os materiais utilizados neste estudo estão descritos no quadro 1.: 

 Tabela 1: Materiais que foram usados nos ensaios mecânicos e nanoinfiltração 

MARCA COMERCIAL COMPONENTES FABRICANTE 
 

ÁCIDO SCOTCHBOND 
 

  ácido fosfórico a 35%; 
 água; 
 poli(álcool vinil) 

 3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL 

 SISTEMA ADESIVO 
SILORANO PRIMER 

 2-hidroxietil metacrilato (HEMA);  
 bisfenol-a-diglicildil éter dimetacrilato (BIS-

GMA);  
 água; 
 etanol;  
 ácido-metacilóxico-hexilester fosfórico;  
 silica tratada com silano;  
 1.6-hexanodiol dimetacrilato;  
 copolímero de acrílico e ácido itacônico;  
 (dimetilamino) etil metacrilato; 
 DL-Canforoquinona;  
 óxido fosfino 

 3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL.  

SISTEMA ADESIVO 
SILORANO BOND  

 dimetacrilato substituído;  
 silica tratada com silano; 
  trietileno glicol dimetacrilato (TEGDMA);  
 ácido metacriloxi-hexilesters fosfórico;  
 DL-canforoquinona;  
 1.6-hexanodiol dimetacrilato 

  3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL. 

RESINA COMPOSTA 
FILTEK P90 

A3 

 3,4-  epoxiciclo hexiletilciclopolimetil 
siloxano; 

 bis-3,4 – epóxi ciclohexiletilfenilmetil silano; 
 quartzo silanizado;  
 itriumfluorido; 
 canforoquinona 

  3M PRODUTOS DENTÁRIOS 
LTDA – SUMARÉ – SP - BRASIL 

 
 
 
 

CLEARFIL SE BOND 
PRIMER 

 10-Metacriloiloxi -decil dihidrogenado 
fosfatase (MDP); 

 HEMA; 
 Dimetacrilato hidrofílico; 
 Canforoquinona; 
 Amina Terciária; 
 Água 

 
 
 
 

KURARAY MEDICAL INC. 
OKAYAMA, JP 

 
 
 
 
 

CLEARFIL SE BOND 
BOND 

 HEMA; 
 10-Metacriloiloxi -decil dihidrogenado 

fosfatase (MDP); 
 Bis-GMA; 
 Dimetacrilato Hidrofílico; 
 Amina terciária; 
 Sílica Coloidal silanizada; 
 Canforoquinona.  

 
 
 
 
 

KURARAY MEDICAL INC. 
OKAYAMA, JP 
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 Tabela 2: grupos experimentais para os Ensaios Mecânicos, nos quais CC = com 

condicionamento ácido e SC = sem condicionamento ácido, e PN = sistema 

restaurador Filtek P90 e CZ = sistema restaurador Clearfil SE Bond/Z350 

GRUPO 
 

CONDICIONAMENTO DO 
CAVOSUPERFICIAL SISTEMA RESTAURADOR 

CCPN 
 

 
PRESENTE 

 
SILORANO PRIMER/P90 

 

CCCZ 
 

PRESENTE 
 

 
CLEARFIL SE BOND/Z350 XT 

 
 

SCPN 
 

 
AUSENTE 

 
SILORANO PRIMER/P90 

 

SCCZ 
 

 
AUSENTE 

 

 
CLEARFIL SE BOND/Z350 XT 

 

 

Procedimentos Restauradores 

 

Em metade das amostras, aleatorizado por sorteio, foi realizado 

previamente o condicionamento ácido do ângulo cavosuperficial com ácido 

fosfórico 35% por 30 segundos (Figura 11), em seguida a superfície foi lavada 

abundantemente com água por 30 segundos e secada com jatos de ar. 

Clearfil SE Bond/Z350 XT: foi feita a secagem do esmalte e dentina com 

papel absorvente, aplicação de modo ativo do primer com pincel tipo microbrush 

no esmalte e dentina por 20 segundos e depois secado com leve jato de ar por 10 

segundos a 10 centímetros de distância. Foi aplicado uma camada uniforme do 

adesivo sobre esmalte e dentina com pincel tipo microbrush por 20 segundos e 

polimerizado por 10 segundos. Os dentes foram restaurados com resina composta 

Z350XT em seis incrementos e fotoativados por 40 segundos cada incremento 

com o mesmo o aparelho de luz halógena utilizada para o sistema P90 (Figura 

12A, B, C e D, e E). 

Silorano Primer/P90: Após a secagem com jatos de ar, foi aplicado 

ativamente o primer em esmalte e dentina por 15 segundos com pincel tipo 

microbrush, leve jato de ar por 10 segundos a 10 centímetros de distância e 

fotoativação por 10 segundos. Em seguida foi aplicado o adesivo com pincel tipo 

microbrush em toda a cavidade e tênue jato de ar por 10 segundos a 10 
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