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Resumo 
Introdução: Com o intuito de se evitar as tensões geradas durante a contração de polimerização das resinas 
compostas, foram desenvolvidas as resinas compostas de baixa contração de polimerização. 
Objetivo: Avaliar a resistência à microtração em cavidades classe I restauradas com tratamento ácido do 
ângulo cavo superficial e resina composta indicada para dentes posteriores. Material e método: Foram 
selecionados 48 molares hígidos que foram divididos em 6 grupos (n=8), sendo que 3 desses tiveram o 
esmalte cavo superficial condicionado com ácido fosfórico a 35%. Os dentes foram restaurados com o 
sistema adesivo Clearfil SE Bond e as resinas compostas Filtek Z350 XT, Empress Direct e Charisma 
Diamond, fotoativadas por 40 segundos. Após 24 horas, os dentes foram levados para máquina de corte, na 
qual foram realizados cortes no sentido vestíbulo-lingual e no sentido mésio-distal obtendo – se palitos de 
0,9×0,9 mm que foram levadas para a máquina de ensaio universal para a realização do teste de 
microtração. Para análise estatística foi realizado análise de variância e teste de Tuckey (p < 0,05). 
Resultado: Não houve diferença estatística significante entre os grupos avaliados. Conclusão: O 
condicionamento ácido do ângulo cavo superficial não influenciou no desempenho das restaurações 
provavelmente devido ao sistema adesivo utilizado. 
Descritores: Resinas compostas; preparo da cavidade dentária; dureza. 

Abstract 
Introduction: To prevent the shrinkage stresses produced during polymerization, composite resins of low 
polymerization shrinkage were developed. Objective: To evaluate the microtensile bond strength in class I 
cavities restored by acid-etching the cavosurface angle and with composite resins indicated for posterior 
teeth. Material and method: 48 healthy molars were selected and divided into six groups (n = 8), 
considering that the cavosurface enamel of three groups was etched with 35% phosphoric acid. The teeth 
were restored with the Clearfil SE Bond adhesive system and Filtek Z350 XT, Empress Direct, and Charisma 
Diamond composite resins, which were light-cured for 40 seconds. After 24 hours, the teeth were taken to 
a cutting machine, which produced sections in the buccolingual and mesiodistal directions. This resulted in 
toothpicks of 0.9×0.9 mm that were taken to the universal testing machine for the microtensile bond 
strength test. Statistical analysis was performed with ANOVA and Tukey’s test (p < 0.05). Result: There was 
no statistically significant difference between the groups evaluated. Conclusion: Acid-etching the 
cavosurface angle did not affect the performance of restorations, probably due to the adhesive system used. 
Descriptors: Composite resins; dental cavity preparation; hardness. 
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INTRODUCTION 

Composite resins were the material selected for the direct restorations due to their mechanical 
properties and especially their ability to mimic dental structures. Although presenting clinical 
success, the development of these materials is still required because polymerization shrinkage, 
which is an intrinsic characteristic of this material, may cause failures in the marginal sealing after 
the polymerization reaction, resulting in infiltrations1,2 and consequently postoperative 
sensitivity, marginal discolorations, and recurrent caries1,3. 

To reduce stress in the adhesive interface, composite resins have been developed with 
lower polymerization shrinkage. The first composite resin developed with this characteristic 
was the siloxane-based composite resin. This resin has a different molecular structure from 
the methacrylate-based resins, considering it is composed of oxirane and siloxane 
monomers4. As a material with a different molecular structure, this composite resin requires 
using its own self-etching adhesive system5. However, this material is no longer available in 
the dental market. 

To obtain a composite resin of low polymerization shrinkage, the methacrylate base was 
developed with the Charisma Diamond urethane-based resin. This resin presents a new 
functional monomer (TCD-DI-HEA) with the characteristics of associating low volumetric 
polymerization shrinkage with low viscosity5-7. This composite resin has shown less stress during 
polymerization when compared to the Filtek P90 composite resin8, which was the first low 
polymerization composite resin developed. 

These materials require adhesive systems that can be bonded to the dental substrate, and they 
may be classified into two types: total-etch adhesive systems or self-etching adhesive systems. 
Self-etching systems are easier to handle and provide faster application9 and lower technical 
difficulties, reducing the possibility of errors during handling10. However, self-etching adhesive 
systems present poor enamel penetration11, which could lead to faster degradation of the 
tooth/restoration interface12,13. 

To optimize the penetration of monomers of the adhesive system in the enamel, the selective 
acid etching of the cavosurface angle has been suggested to increase the longevity and quality 
of the tooth/restoration interface, improving the sealing ability of the restorative system14,15. 
In turn, acid-etching the dentin may cause poor bond strength in this substrate when using a 
self-etching adhesive system11. However, when a more effective bond to dentin is obtained by 
using self-etching adhesives, the shrinkage vector may be directed towards this substrate, 
increasing dentin stress. 

Based on these factors, this study aimed to evaluate the influence of acid-etching the 
cavosurface angle of class I composite resin restorations on bond strength, using the Clearfil SE 
Plus adhesive system with methacrylate-based resins, considering one of them presented low 
polymerization shrinkage. 

MATERIAL AND METHOD 

The study was performed after the approval by the Human Research Ethics Committee, and 
the materials listed in Table 1 were used for this study. 
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Table 1. Materials used in the study 
Trademark Components Manufacturer 

Scotchbond Acid 
35% phosphoric acid; water; poly (vinyl 

alcohol) 
3M Dental Products LTDA, Sumaré, 

SP, Brazil 

Clearfil SE Bond adhesive 
system - Primer 

10 Methacryloyloxydecyl dihydrogen 
phosphate (MDP); HEMA; Hydrophilic 

dimethacrylate; Camphorquinone; Tertiary 
amine; Water 

Kuraray Medical INC. Okayama, 
Japan 

Clearfil SE Bond - Bond 
adhesive system 

HEMA; 10 Methacryloyloxydecyl dihydrogen 
phosphate (MDP); Bis-GMA; Hydrophilic 
dimethacrylate; Tertiary amine; Silanized 

colloidal silica; Camphorquinone 

Kuraray Medical INC. Okayama, 
Japan. 

Charisma Diamond OD 
composite resin 

UDMA; TC-DI-HEA; BA-AL-F silicate glass; 
YbF3; SiO2 

Heraeus Kulzer, São Paulo SP, Brazil 

Filtek Z350 XT (A3) 
composite resin 

Bis-GMA; UDMA; Bis-EMA; Camphorquinone; 
Zirconia/Silica 

3M Dental Products LTDA, Sumaré, 
SP, Brazil 

IPS Empress Direct 
composite resin (A3) 

Ba-Al-SiO4 glass; YbF3 Ivoclair, Barueri, SP, Brazil 

In this study, 48 recently extracted third molars were used. They were stored for a maximum 
of 24 hours in a buffered 0.1% thymol solution at 37°C to clean the external surfaces with a 
5-6 periodontal curette by scraping and sandblasting with sodium bicarbonate and water. After 
cleaning, the teeth were stored in distilled water until beginning cavity preparation. 

The teeth were included in polystyrene resin to standardize the cavity preparations. Then, the 
occlusal surface was flattened in a polishing machine with 400 sandpaper, taking care not to reach 
the underlying dentin. After planning the occlusal surface, the teeth were taken to a standardizing 
machine for cavity preparation, in which class I preparation was performed with the following 
dimensions: 5 mm in the mesiodistal direction, 4 mm in the buccolingual direction, and 3 mm in 
depth. The preparations were performed with a #56 carbide drill, which was replaced every five 
preparations. 

The mechanical microtensile test was performed with 48 human teeth restored with the 
Clearfil SE Bond/Composite Resins adhesive system, which were sectioned to obtain eight 
toothpicks (0.9×0.9 mm of area and 4 mm in length) per tooth. Then, a draw was performed, 
obtaining one toothpick per tooth, that is, 48 toothpicks divided into six groups (n = 8): 
Groups CDC (restored with Charisma Diamond), ZXC (restored with Filtek Z350 XT), and EDC 
(restored with IPS Empress Direct) had the cavosurface angle etched with phosphoric acid; and 
groups CDA (restored with Charisma Diamond), ZXA (restored with Filtek Z350 XT), and EPA 
(restored with IPS Empress Direct) did not have the cavosurface angle etched. 

In half of the samples, randomized by draw, the cavosurface angle was acid-etched with 35% 
phosphoric acid for 30 seconds, then, the surface was washed with abundant water for 30 seconds 
and dried with air blasts. 

Enamel and dentin were dried, then, two layers of primer were actively applied to dentin for 
20 seconds and they were dried with a mild air blast for 10 seconds at a distance of 
10 centimeters. A uniform layer of adhesive was applied for 20 seconds and polymerized for 
10 seconds. 

The teeth were restored with the Charisma Diamond, Filtek Z350 XT, and IPS Empress Direct 
composite resins in six increments. Each increment was photoactivated for 40 seconds with a 
Raddi Cal LED light fixture. After preparation, the samples were maintained in an environment 
with relative humidity at 37 °C for 24 hours. 

For the microtensile test, the dental crowns were separated from the root portion by 
sectioning perpendicularly to the long axis of the tooth, using a double-sided diamond disc. 
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The crowns were fixed on acrylic plates with sticky wax. The set was fixed on the precision 
metallographic cutter, in which a high-concentration diamond disc rotating at low speed and 
under constant irrigation made serial cuts perpendicularly along the crown axis. Five sections 
were made in the buccolingual direction and four in the mesiodistal direction, obtaining 
0.9×0.9 mm toothpicks from the bonding interface of the pulp wall. The toothpicks were 
maintained in a relative humidity environment until the microtensile test was performed. 

The toothpicks from the same tooth were taken to the universal testing machine and the test 
was conducted with a 20-N load cell at a speed of 0.5 mm/min, until rupture. The force required 
to rupture the specimens, in kilogram-force (kgf), was noted and the dimensions of the adhesive 
interface of the specimens were measured with a digital caliper to calculate the area. The fracture 
strength, in Mega Pascal (MPa), was calculated according to the mathematical formula: 

( )     0.098 /  R F kgf x A=   

R = bond strength in MPa; F = force in kilogram-force (kgf); and A = area in cm2. 
Tukey’s test was performed at a 5% probability, considering the analysis of variance already 

determined no significant difference. 

RESULT 

The result of the analysis of variance showed that the acid etching factor was not significant 
and the interaction between the factors of acid etching and composite resin was also not 
significant (Table 2). 

Table 2. Result of the analysis of variance for the microtensile test 
Group Mean (MPa) Tukey’s test 

CDC 21.07 A 
ZXC 19.85 A 
EDC 21.00 A 
CDA 21.41 A 
ZXA 19.33 A 
EPA 19.64 A 

DISCUSSION 

The two-bottle self-etching adhesives present a satisfactory clinical performance in the dentin 
substrate and poor adhesion to enamel9,16. However, in the case of selective etching, there is an 
increase in bond strength in this region17, along with better marginal sealing and less crack 
formation18,19, consequently improving the quality of the bonding interface. Nevertheless, the 
present study did not show statistically significant differences between the groups studied. 

This has probably occurred due to the adhesive system used in the study. This adhesive has a 
monomer that can perform an intense and stable chemical interaction with the remaining 
hydroxyapatite to improve adhesion: 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP)20. 
This component has a strong interaction with dental tissues because its structure includes an 
acidic functional group. This interaction has shown better resistance to degradation, preventing 
the formation of micro- and nano-infiltrations9,21,22. It has also been observed that this monomer 
adheres firmly to hydroxyapatite, forming a salt that is difficult to dissolve in water21, increasing 
the number of cross-links and resin matrix resistance and decreasing polymerization shrinkage, 
reducing the possibility of microleakage22,23. 
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The 10-MDP monomer appeared in the context of associating chemical adhesion with 
micromechanical adhesion, thus it was added to the primer and adhesive resin. Therefore, the 
main advantage of the 10-MDP monomer is increasing bond strength, improving the physical and 
chemical properties of self-etching adhesive systems, and stability in aqueous media. Moreover, 
it presents a different action mechanism, working as a conditioning agent in self-etching primers 
or adhesive resin solution, stimulating the amplification of the adhesive and working as a bonding 
agent. Besides the strong bond with the hydroxyapatite of enamel and dentin, the 10-MDP 
phosphate group can bond electrostatically with calcium ions, thus the acids present a chemical 
affinity to the hydroxyapatite calcium, promoting the release of phosphate ions and hydroxide 
(adhesion-decalcification concept). Therefore, adhesive systems with 10-MDP can form MDP-Ca 
salts, which have the following characteristics: stability, longevity, and resistance to 
hydrolysis22,23. 

Yuan et al.24 evaluated the effectiveness of adhesive systems for nano-infiltration and reported 
that Clearfil SE bond (two steps) and Clearfil S3 Bond (single step), through electron microscopy 
analysis, showed greater sealing ability, and both contained 10-MDP in their compositions. 
By conducting two independent studies24, Couto et al.22 evaluated the marginal sealing of human 
molars after 24 hours and one year, with or without acid-etching the cavosurface angle, and found 
no significant difference at 24 hours, but the group of teeth etched with 37% phosphoric acid 
affected marginal microleakage after one year of storage in deionized water. 

In this study, the Charisma Diamond resin was used, which showed no difference to the other 
composite resins. This resin has the TCD-urethane monomer, which according to the 
manufacturer, discards the use of diluting monomers and presents a molecule with three rings 
connected in a central portion, increasing the flexibility of the monomer and decreasing 
polymerization shrinkage6,25. This composite resin was expected to have better bonding 
properties due to such a characteristic, but this was not observed. 

Further studies are required to assess the longevity of these restorations, analyzing whether 
this behavior is repeated after artificial aging. 

CONCLUSION 

Acid-etching the cavosurface angle did not affect the restorations performed with 
methacrylate-based composite resins (with or without low polymerization shrinkage), probably 
due to the adhesive system used. 
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