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RESUMO 

Preparos cavitários dentários confeccionados com laser de Er:YAG podem resultar em uma 

maior conservação de tecidos sadios, maior abertura dos túbulos dentinários sem presença de 

lama dentinária, menor número de microrganismos na cavidade, além de menor sensibilidade 

dolorosa durante sua confecção. Considerando que a irradiação a laser pode diminuir a 

resistência de união de materiais restauradores à dentina, esse estudo analisou o efeito da 

viscosidade de um sistema adesivo de condicionamento total de dois passos, em dentina 

irradiada com laser de Er:YAG. A dentina preparada foi testada em 2 tipos de preparo de 

superfície (ponta diamantada e laser de Er:YAG) e a viscosidade do adesivo em 3 diferentes 

diluições (Adper™ Single Bond 2 [SB], SB+10% e SB+20% de etanol). Sessenta terceiros 

molares humanos foram cortados e polidos, expondo superfícies de dentina oclusal. Foi 

utilizado o sistema adesivo SB para preparar as formulações com diferentes viscosidades. As 

superfícies de dentina foram condicionadas com ácido fosfórico e os adesivos foram aplicados 

de acordo com as instruções do fabricante. Platôs de resina composta (Filtek™ Z250 XT) de 5 

mm foram confeccionados. Os dentes preparados foram estocados em água destilada (37ºC) 

por 24 h. Os espécimes foram seccionados em palitos de cerca de 1 mm² de área transversal, 

os quais foram submetidos ao teste de microtração. Propriedades físico-mecânicas como 

ângulo de contato, taxa de evaporação, grau de conversão, sorção/solubilidade de água e 

viscosidade dos adesivos foram definidas. Todos os resultados foram analisados com Two-

way ANOVA e teste de comparações múltiplas de Tukey (α=0.05). Não houve diferença 

estatística entre os valores de microtração para todos os grupos. Os níveis de viscosidade não 

afetaram a resistência de união da dentina irradiada com laser de Er:YAG ou tratada com 

ponta diamantada. 

Palavras-chave: lasers. dentina. adesivos dentinários. 

 

 



 

 

ABSTRACT 

Dental cavities prepared with Er:YAG laser may result in greater conservation of sound 

tissue, further opening of dentinal tubules without the presence of smear layer, few 

microorganisms in the cavity, and lower pain sensitivity during operative procedure. Whereas 

laser irradiation may decrease the bond strength of resin materials to dentin, this study 

examined the effect of viscosity of a two-step total-etch adhesive system on the bonding to 

dentin irradiated with Er:YAG laser. The prepared dentin was tested in 2 types of surface 

preparation (diamond tip and Er:YAG laser) and the viscosity of the adhesive at 3 different 

dilutions (Adper™ Single Bond 2 [SB], SB+10% e SB+20% de ethanol). Sixty human third 

molars were sectioned and polished, exposing dentin occlusal surfaces. SB adhesive system 

was used to prepare formulations with different viscosities. The dentin surfaces were acid 

etched and the adhesives were applied according to the manufacturer's instructions. 

Composite resin buildups (Filtek™ Z250 XT) of 5 mm were made. Prepared teeth were stored 

in distilled water (37
o
C) for 24 h. Specimens were sectioned into sticks (1 mm² of cross 

sectional area), which were submitted to microtensile test. Physical-mechanical properties, 

such as contact angle, evaporation rate, degree of conversion, sorption/solubility of water and 

viscosity of the adhesives were defined. All results were compared with Two-way ANOVA 

and Tukey multiple comparison test (α=0.05). There was no statistical difference between the 

values of microtensile for all groups. The viscosity levels did not affect the bond strength of 

dentin treated either with Er:YAG laser or diamond bur. 

 

Keywords: lasers. dentin. dental adhesives. 
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1 INTRODUÇÃO GERAL 

Os avanços na odontologia restauradora vêm buscando procedimentos menos 

invasivos. O conceito moderno de “odontologia minimamente invasiva” (STAEHLE, 1999) 

demanda eliminação apenas da dentina cariada irreversivelmente infectada e conservação da 

dentina desmineralizada. Desta forma, métodos de remoção de dentina cariada idealmente 

deveriam ser seletivos e também promovedores da paralização da lesão, enquanto 

permitissem manter a resistência e a estabilidade da união à estrutura dentinária remanescente, 

prolongando a durabilidade da restauração (TYAS et al., 2000). 

Desde o desenvolvimento do laser de rubi por Maiman (1960), diferentes tipos de 

lasers têm sido estudados para uso em Odontologia com aplicações distintas. Stern e 

Sognnaes (1964) realizaram o primeiro estudo, onde demonstraram que o esmalte exposto à 

irradiação com laser de rubi tinha sua resistência à desmineralização aumentada. 

Subsequentemente, outros tipos de lasers foram introduzidos no mercado odontológico e o 

número potencial de aplicações também se multiplicou. Até o momento, a Federação Dentária 

Americana aprovou apenas o uso do laser de Er:YAG (λ = 2,94 μm) e de Er:YSGG (λ = 2,79 

μm) para remoção de tecidos dentários (BIRARDI; BOSSI; DINOI, 2004). 

Devido ao seu comprimento de onda de 2,94 μm, que coincide exatamente com 

pico de absorção da água e que também é absorvido pela hidroxiapatita, a radiação produzida 

pelo laser de Er:YAG é muito eficiente em remover esmalte e dentina pelo processo de 

ablação, limitando o efeito deste laser, nestes tecidos, a camadas superficiais de poucos 

micrômetros (LI et al., 1992). A remoção de cárie usando lasers de Er:YAG foi introduzida 

como sendo uma técnica “indolor” e mais conservativa dos tecidos dentários duros, podendo 

apresentar menor possibilidade de aparecimento de lesões de cárie secundárias independente 

do material restaurador utilizado (KELLER; HIBST, 1997; PERITO et al., 2009; DE MOOR; 

DELME, 2010). A elevação da temperatura superficial promovida pelo laser pode também 

diminuir a contaminação microbiana do meio sem apresentar riscos de danos térmicos à polpa 

dental quando utilizado com irrigação adequada (MARTÍNEZ-INSUA et al., 2000; 

CEBALLOS et al.,  2002; NALBANGTIL et al., 2011). Ademais, a superfície irradiada 

apresenta microrretenções advindas das microexplosões, o que promove também a abertura 

dos túbulos dentinários sem a presença de smear layer. Estas características poderiam ser 

favoráveis a união de resinas compostas à dentina (HIBST; KELLER, 1989; KELLER; 

HIBST, 1990; VISURI et al., 1996).  
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No entanto, apesar das vantagens do uso do laser de Er:YAG em preparos 

cavitários, a literatura científica aponta para uma menor qualidade de união entre compostos 

resinosos e substratos irradiados quando comparada àquela obtida com o preparo 

convencional com brocas ou pontas diamantadas (CEBALLOS et al., 2002; CELIK et al., 

2006; TARÇIN et al., 2009; LEONETTI et al., 2012). A dentina irradiada com laser de 

Er:YAG apresenta um aumento da resistência à desmineralização devido às mudanças 

químicas e morfológicas da superfície. Essa resistência à desmineralização pode ser uma das 

causas para a diminuição da força de união dente-resina pelo provável decréscimo da 

efetividade do condicionamento ácido (MARTÍNEZ-INSUA et al., 2000). Além disso, vários 

fatores estão relacionados com a obtenção de uma maior ou menor resistência de união, como: 

distância focal, potência do feixe, frequência, tempo de aplicação do ácido, entre outros 

(FERREIRA et al., 2010; SCATENA et al., 2011). 

Um estudo conduzido por Kameyama et al. (2009), utilizando sistemas adesivos 

autocondicionantes de frasco único, apontou para uma possível relação entre a viscosidade do 

sistema empregado e a resistência de união com a dentina preparada com laser de Er:YAG. À 

medida que a viscosidade diminuía os valores de resistência aumentavam. Contudo, nesse 

estudo, as diferentes viscosidades não foram um parâmetro de seleção ou avaliação dos 

materiais, sendo somente uma característica identificada e relacionada à resistência de união 

entre os sistemas adesivos testados, que tinham composições distintas, e a dentina irradiada. 

A viscosidade de um sistema adesivo é determinada pela proporção dos seus 

monômeros resinosos (BisGMA; TEGDMA, etc.) (SILIKAS; WATTS, 1999) ou de solventes 

(CRAIG; POWERS, 2002; YE et al., 2007). No entanto, a obtenção de diferentes 

viscosidades pela alteração na proporção de monômeros pode acarretar mudanças em diversas 

outras propriedades do sistema adesivo, mascarando a real influência desta propriedade. 

Ademais, uma vez que a alteração da viscosidade de um material pode afetar o 

comportamento do sistema adesivo de forma não satisfatória (BAE et al., 2005), faz-se 

necessário verificar se sua variação, com a manutenção da composição do sistema adesivo, é 

capaz de interferir na resistência de união deste adesivo à dentina irradiada com laser de 

Er:YAG.  
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2 PROPOSIÇÃO 

 

O presente trabalho teve como objetivos: 

 

2.1 Objetivo Geral 

 Avaliar as propriedades físicas de sistemas adesivos com diferentes 

viscosidades e verificar se essas formulações podem melhorar a união à 

dentina irradiada com laser de Er:YAG.  
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3 CAPÍTULO 

 

Esta dissertação está baseada no Artigo 46 do Regimento Interno do Programa de Pós-

Graduação em Odontologia da Universidade Federal do Ceará que regulamenta o formato 

alternativo para dissertações de Mestrado e teses de Doutorado e permite a inserção de artigos 

científicos de autoria ou coautoria do candidato (Anexo A). Por se tratar de pesquisa 

envolvendo dentes humanos, o projeto de pesquisa deste trabalho foi submetido à apreciação 

pelo Comitê e Ética em Pesquisas da Universidade Federal do Ceará, tendo sido aprovado sob 

o protocolo COMEPE nº 2981/2013 de 14 de março de 2013 (Anexo B). Assim sendo, esta 

dissertação é composta de um capítulo contendo um artigo científico visando a publicação no 

periódico "Dental Materials" (Anexo C), conforme descrito abaixo: 

Bond Strength of an Etch-and-rinse Adhesive System With Different Viscosities to 

Er:YAG Laser-treated Dentin 

Renato Q. N. Lira, Sarah F. F. Guedes, Jacqueline S. Nojosa, Monica Yamauti, Francisco 

Fabio O. de Sousa, Juliano S. Mendonça, Lidiany K. A. Rodrigues. 
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ABSTRACT 

Objectives: Considering that laser irradiation may decrease bond strength of composites to 

dental substrates, this study analyzed the effect of viscosity of a two-step etch-and-rinse 

adhesive system on the bond strength of Er:YAG laser irradiated dentin. 

Methods: The dentin preparation was tested in 2 types of surface preparation (diamond bur 

and Er:YAG laser) and viscosity of the adhesive at 3 different dilution levels (Adper™ Single 

Bond 2 Adhesive - SB, SB+10% and SB+20% of ethanol percentage in total amount). Sixty 

human third molars were cut and sanded until the exposure of flat occlusal dentin surfaces and 

randomly divided in 6 groups (n=10). Each surface was bonded with the adhesive system and 

buildups of composite resin (Filtek™ Z250) were made. The specimens of each group were 

sectioned in sticks with around 1 mm² of cross-sectional area, which were submitted to 

microtensile bond strength (µTBS) test. Adhesive’s physicochemical properties (contact 

angle, evaporation, conversion degree, water sorption/solubility and viscosity) were 

determined. Results were compared using two-way ANOVA and Tukey multiple comparison 

test (α=5%). 

Results: There was no statistical difference between the µTBS values of all groups. 

Significance: Viscosity levels did not affect the bond strength of adhesive to Er:YAG laser 

irradiated or diamond bur treated dentin. 

 

Keywords: lasers; ablation; adhesion; dental adhesive; dentin; bond strength. 
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INTRODUCTION 

The modern concept of "minimally invasive dentistry" [1] has claimed for removal 

only of the irreversibly infected and demineralized carious dentin. Methods of removing 

carious dentin ideally should inhibit the development of new lesions, while maintaining 

strength and stability of the union to the remaining tooth structure as well as ensuring the 

durability of restorations [2].  

Since the development of the ruby laser [3], different types of lasers have been studied 

for different applications in dentistry [4]. The Food and Drug Administration has approved 

the use of Er:YAG, Er:YSGG and Er,Cr:YSGG lasers for removal of dental tissues [5]. Due 

to the 2.94-µm wavelength, which exactly matches the absorption peak of water and is also 

absorbed by hydroxyapatite, the radiation produced by Er:YAG lasers is very efficient in 

removing enamel and dentin by ablation processes, and their effects are limited to the outer 

layers of these tissues [6]. 

Despite the potential advantages of Er:YAG lasers for cavity preparation, previous 

studies pointed out to a lower quality of bonding between composite resin and irradiated 

substrates when compared to that obtained with conventional bur-treated surfaces [7]. The 

possible explanation for this decrease is the occurrence of microcraks, formation of a fine and 

irregular hybrid layer with less pronounced tags and minimal diffusion of adhesive into the 

interfibrillar spaces [8-10]. Besides, irradiated substrates may present increased resistance to 

demineralization [11]. This also may be one of the causes for the loss of adhesion, probably 

due to the decrease in the acid etching effectiveness. With regard to the diffusion of bonding 

systems inside irradiated substrates, it has been suggested that the adhesive monomers could 

not penetrate the collagen fiber network due the collapsed fibers by ablation process, 

compromising the formation of the hybrid layer [12]. This way, more fluid materials have 

been purposed for improving bonding to irradiated dental substrates [11, 13-15]. A previous in 
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vitro study [16] that used different one-bottle adhesive systems, pointed out to a possible 

correlation between the viscosity of the adhesive system and the bond strength to Er:YAG 

laser-prepared dentin. In this case, low bond strength was related to high viscosity of the 

adhesive. Since the viscosity of an adhesive is dependent on the proportion of monomers [17] 

or solvent [18, 19], with changes in viscosity, other properties of the adhesive formulations 

might be affected, such as contact angle, evaporation rate, water sorption/solubility and 

degree of conversion [20], which can affect bond strength. 

Thus, the purpose of this in vitro study was to evaluate physical properties of one 

adhesive etch-and-rinse adhesive system with different viscosities, and to verify if these 

formulations can improve the bond strength on laser irradiated dentin. The study hypotheses 

were: 1) increasing the amount of solvent will change the viscosity of adhesive; 2) the 

changes in adhesive viscosity will not interfere in other properties; 3) and low viscosity 

adhesive will obtain high bond strength values on Er:YAG laser irradiated dentin. 
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MATERIALS AND METHODS 

The study was approved by the Research Ethics Committee of the Institution 

(002981/2013). The teeth were collected after the patient’s informed consent obtained under a 

research protocol in accordance with the Guidelines and Standards of the National Health 

Council (Resolution No. 196/96). This in vitro research used a 2x3 factorial design. The 

tested factors were substrate treatment (diamond bur and Er:YAG laser), and viscosity of 

adhesives (original formulation, +10% and +20% of ethanol), comprising six experimental 

groups (n=10). The study was blind and randomized and the same operator performed all the 

experimental procedures. 

Preparation of Adhesive formulations 

A commercial two-step etch-and-rinse adhesive, Adper™ Single Bond 2 (3M ESPE, 

St. Paul, MN, USA), was used. As the adhesive final composition is confidential, the original 

content of solvent (ethanol) was estimated by previous studies that reported 28-30% (w/w) 

[21-23]. In this study, concentration 30% (w/w) of ethanol was assumed. The experimental 

formulations were obtained by adding pure ethanol (ethyl alcohol P.A. ACS, Vetec Química 

Fina, Duque de Caxias, RJ, Brazil) to the original adhesive until a total amount of 40% 

(SB+10%) and 50% (SB+20%) (w/w) of solvent was achieved. 

Viscosity analysis 

Viscosity variations of the control and diluted adhesives were measured by using a 

cone-plate viscometer (viscometer AR 550 - TA Instruments, New Castle, DE, USA) at 25°C 

where the shear rate was evaluated at 200 rpm for 15 sec [24] using one sample for each 

adhesive formulation [16]. 

Contact angle measurements 

The contact angles of the adhesives were obtained over glass lamina and teflon surface 

with 10-l drop (n=10).  The evaluation of the contact angle was also performed with 3-l 



19 
 

drop on dentin surface. For all surfaces, five pictures of each drop were obtained in time 

intervals of 0, 10, 20, 30 and 60 sec using a digital camera (Nikon D3000, Nikon Inc, 

Chiyoda-ku, Tokyo, Japan) fixed with objective lens (Medical Nikkor 120mm). Images were 

analyzed to measure the contact angle (θ) with computer software (ImageJ 1.46r, National 

Institutes of Health, Bethesda, MD, USA) [25]. 

Evaporation of adhesives  

A glass slide was weighted before and immediately after depositing a 40-l drop of 

adhesive (n=5). The glass slide with the unpolymerized adhesive was stored in the dark for 60 

min at room temperature (25
o
C) for spontaneously evaporation of components. An air syringe 

was positioned 15 cm from the adhesive and air flow (20 L/min) for the first 30 min in the 

dark was used to promote air-stream evaporation. For pre-determined time, the weight of 

glass slide with the adhesive drop was successively measured. The weight of residual 

adhesives at each time was determined by subtracting the weight of the glass slide measured 

initially [26]. 

Water sorption and solubility 

Disks (7.5±0.1 mm diameter and 1±0.1 mm thick, n=10) of each adhesive formulation 

were prepared, using a metal matrix, placed in a desiccator and transferred to an oven at 37ºC, 

immediately after polymerization and weighed after 24 h intervals until a constant mass (m1) 

was obtained. The adhesive disks were then individually placed in vials containing distilled 

water at 37ºC for 10 days of storage and weighted for the second mass value (m2). Finally, out 

of water, reaching constant mass again, a third value (m3) was obtained [26]. 

Degree of conversion (DC) 

Each adhesive formulation was mixed with potassium bromide (KBr) using a pestle in 

a small agate mortar. Pellets of KBr/adhesive solution were prepared (n=15) using a hand 

press (Hand Press Kit 161-1100; PIKE Technologies, Madison, WI, USA). Fourier Transform 
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Infrared Spectroscopy (FTIR, Perkin Elmer Spectrum 100, Perkin Elmer, Shelton, CT, USA) 

spectrum of unpolymerized adhesive solution was obtained from each sample. Then, adhesive 

solutions were light activated for 20 s using a conventional quartz-tungsten halogen light 

source (QTH, VIP Junior; Bisco Inc., Schaumburg, IL, USA, 500 mW/cm²). Additional FTIR 

spectra were obtained after curing. For analysis of the DC, the aliphatic carbon-to-carbon 

double bond absorbance peak intensity and that for the aromatic component was compared in 

each spectrum before and after the polymerization reaction, and monomer conversion was 

determined [27]. 

Microtensile bond strength (µTBS) 

Sixty extracted sound human third molars were cleaned and stored in a solution of 

0.1% thymol at 4°C for no more than six months. Coronal dentin surfaces were obtained by 

removing the occlusal third of crowns using a slow speed diamond saw in a cutting machine 

(Isomet 1000, Buehler, Lake Bluff, IL, USA).  

Thirty specimens were prepared using cylindrical diamond burs with flat top (no. 

2294, KG Sorensen, Barueri, SP, Brazil) in high-rotation handpiece (Kavo do Brasil, 

Joinville, SC, Brazil) under irrigation by 30 sec. Each bur was used for 5 samples. The other 

dentin surfaces were irradiated with a pulsed Er:YAG laser (Key Laser 2, Kavo, Biberach, 

Germany) at a wavelength of 2.94 µm (pulse duration of 250-500 µsec). The output power 

and repetition rate of this equipment was 250 mJ and 4 Hz, respectively. The beam diameter 

at the focal area for the handpiece #2065 was 0.63 mm. Samples were irradiated manually for 

30 sec, perpendicular to dentin at a distance of 10 mm (focused mode), scanning the surface 

once in both directions. The laser irradiation was performed using 64.2 J/cm² [28] under 

water-cooling (5.0 ml/min). 

The treated teeth were randomly divided into six groups (n=10) according to adhesives 

formulations. After acid etching (Scotchbond™ Universal Etchant, 3M ESPE, St. Paul, MN, 
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USA), the adhesives were applied according to the manufacturers ‘instructions. A 5-mm resin 

composite (shade A3, Filtek™ Z250 XT, 3M ESPE, Dental Products; St. Paul, MN, USA) 

build-up was made. Each increment was cured for 40 sec using QTH light source. After 

restorative procedures, teeth were stored in distilled deionized water at 37ºC for 24 h. The 

teeth were sectioned in two orientations to obtain sticks of about 1.0 mm² of cross-sectional 

area. The sticks were fixed with cyanoacrylate adhesive (Super Bonder Gel; Loctite, São 

Paulo, SP, Brazil) to Geraldelli’s Jig and subjected to microtensile test using a universal 

testing machine (Instron model 3345, Instron Corp., Canton, MA, USA, speed of 1.0 

mm/min). Values were expressed in MPa. Fractured mode was determined (80x) and were 

classified as adhesive, cohesive in dentin, cohesive in resin or mixed failure.  

Statistical Analysis 

Data of water sorption/solubility and degree of conversion of all groups were 

submitted to normality test. As normal distribution was confirmed (Shapiro-Wilk), all data 

were analyzed using One-Way ANOVA and multiple comparison tests. Kolmogorov-Smirnov 

test confirmed the normal distribution of microtensile data and the bond strength data were 

analyzed by the two-way ANOVA. The level of confidence was set at 95%. The statistical 

software Sigma Plot, version 12.0 was used for all data. 
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RESULTS 

Viscosity, water sorption, water solubility and conversion degree results of each 

adhesive data are summarized in Table 1. The original SB formulation obtained the highest 

value for viscosity, followed, gradually, by formulations SB+10% and SB+20%. The higher is 

the level of ethanol in the adhesive the lower the water sorption. With regard to water 

sorption, statistical difference was found between the SB and SB+20% groups. However, no 

statistical difference was found for solubility between all groups. Considering the conversion 

degree of monomer, there was no statistical difference between adhesive formulations (p= 

0.557). 

Regarding the contact angle, all the formulations had similar behavior on all surfaces 

tested (Fig. 1A, Fig. 1B and Fig. 1C). The θ values complied with the amount of solvent 

formulations. The greater is the amount of solvent; the lower is the contact angle. 

Figure 1D shows similar evaporation of volatile adhesive components induced by an 

air-stream, and Figure 1E depicts the degree of spontaneous evaporation of the volatile 

solvents of the adhesive formulations measured at room temperature for 60 min. In both 

situations, weights of all adhesives formulations gradually decreased and weight loss of 

SB+10% and SB+20% reached a plateau from 10-15 min. There was weight loss over the 60 

min of a directed air-stream for all groups in both test situations. 

Table 2 shows the mean bond strengths for adhesives formulations per treatment 

applied (n=10), standard deviation, total number of specimens and number of pre-testing 

failures. No statistically difference was found between groups. No statistically difference was 

found between groups (viscosity: F=0.455/p=0.635 and treatment: F=1.691/p=0.195). All 

groups obtained mixed failures as the majority. Only the SB+20% laser-treated group 

presented a cohesive failure in dentin. Adhesive failures did not appear for any group. The SB 

bur-treated group, SB and SB+20% laser-treated groups showed cohesive failures in resin. 
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DISCUSSION 

The addition of ethanol changed the viscosity of the adhesive (Table 1), which is in 

agreement with a previous study [19], where this solvent successfully decreased this property. 

The reduction in viscosity was also evidenced by the reduction of the contact angle [29], 

which demonstrated an enhanced wetting ability of the diluted adhesive [30] regardless the 

tested surfaces of glass, teflon or dentin, as shown at Figure 1. Thus, the first hypothesis was 

accepted. 

The extra ethanol concentration decreased the water sorption, which may be beneficial 

to the bond strength, since bonding can be less susceptible to deleterious action of water [31]. 

In addition, the results of solubility seem to confirm this trend, because enhancing ethanol 

concentrations; solubility was not increased, suggesting some stability of the formulations. 

Our results did not agree with an early study [32], which found that increasing the amount of 

ethanol, the sorption and solubility of water raised. However, in the latter study, solutions of 

dimethacrylate resins were used, not corresponding to adhesive systems as currently. The 

decrease in viscosity of SB did not compromise adhesive polymerization since similar degree 

of conversion was found among groups (Table 1), which is in accordance with Ye et al.[19]. 

Considering the performed tests, the second hypothesis was partially accepted, since the 

changes in viscosity did not cause any deleterious effect on the properties of the adhesives. 

This way, it can be suggested that the bond strength results may be attributed solely to 

different viscosities but not to the other tested properties.  

With regard to the absence of influence of the viscosity on bond strength regardless 

dental substrate (Table 2), this finding does not corroborate those found by Kameyama et al. 

[16]. These differences can be ascribed to the higher difference in viscosity found between the 

groups in the later study. However, it should be emphasized that the authors used different 

adhesives with different composition, which has allowed a so large difference in this property, 



24 
 

however it could have influenced the bonding results. It is important to remember that the 

addition of solvent should be set at a threshold level of 50%, which was respected in the 

present investigation, inasmuch as the original content of ethanol of SB is 30% [21-23]. The 

evaporation rate test (Figure 1) confirmed these reports.  

Neither dentin treatments nor adhesive viscosities affected bond strength results. In 

fact, it has been reported that there was no difference on bond strength of SB to Er:YAG 

laser-treated, using the same parameters or bur-treated dentin [28]. Using other laser 

parameters and adhesives, these results are also in accordance with other studies [33-37]. 

However, the results of this study are not in accordance with previous data [12, 38-39] that 

showed lower values for laser irradiated groups. It is possible that dental substrates were more 

modified by the different laser parameters used [40]. In the present study, all groups showed 

more mixed failures (98.2%) than the other types of failure. These results are in disagreement 

with others [12, 28, 34] that reported bur-prepared dentin had more mixed failures, but the 

laser-irradiated had more adhesive failures. This fact may be explained because those studies 

used shear bond test to obtain the strength bond values while, in this present study, the 

microtensile test was used. Cardoso et al. [41] used microtensile test and found that mixed 

failures were frequently observed in laser-irradiated dentin and it was ascribed to the 

prominent irregularities of laser-irradiated dentin. 

It is possible that other adhesives and laser types might yield different results and 

future researches should explore their interaction. Changing the material´s chemical 

composition [42] could be one alternative for improvement of bonding to laser irradiated 

dentin. 
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CONCLUSION 

Different viscosities of an adhesive did not affect bond strength to laser Er:YAG 

irradiated dentin. Nevertheless, it is mandatory that other laser parameters and its relation with 

adhesives types and viscosities should be tested. 
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Table 1 – Viscosity, water sorption, water solubility and conversion degree of the adhesives 

formulations. 

Adhesive 

Formulation 

Viscosity 

(Pa.s) 

Water sorption 

(µg/mm³) 

Water solubility 

(µg/mm³) 

Conversion degree 

(%) 

Single Bond (SB) 0.15 321.9(5.3)
A
 7.4(1.4)

A
 56.62 (7.6)

A
 

SB+10% 0.12 259.5(8.8)
AB

 5.1(1.8)
A
 52.87 (8.1)

A
 

SB+20% 0.09 187.8(8.9)
B
 8.0(4.5)

A
 53.09 (9.3)

A
 

p / F - 0.0084/6.2341 0.167/1.995 0.396/0.947 

Value of viscosity (n=1) after 15 s of shear rate test. Means values and standard deviation of 

water sorption/solubility (n=10) and conversion degree (n=15). Different letters were 

significantly different at for the same column. 
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Table 2 – Micro-tensile bond strength to dentin (MPa). 

Adhesive Formulation  Diamond Bur Laser Er:YAG 

Single Bond (SB)  24.8 (7.6)
 A

 27.9 (6.5)
 A

 

  7/42 4/37 

SB+10%  25.6 (8.0)
 A

 26.9 (6.5)
 A

 

  4/35 5/33 

SB+20%  25.5 (8.7)
 A

 25.1 (7.7)
 A

 

  3/33 4/47 

Means values (S.D. = standard deviation, n=10); ptf = pre-testing failure/n = total of 

specimens. Different letters were significantly different at for the same column. 
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Fig. 1 - Contact angles behavior of adhesives on the glass (A), teflon (B) and dentin (C) 

surfaces. Graphs of the evaporation rates of adhesives by air-drying (D) and by storage in 

room temperature (E). 
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4 CONCLUSÃO GERAL 

 

 A alteração da viscosidade de um sistema adesivo foi passível de ser realizada através 

da modificação da proporção de solvente. As viscosidades das diferentes formulações não 

desempenharam um papel preponderante na resistência de união à dentina irradiada por 

Er:YAG laser ou por ponta diamantada. Todavia, é indispensável que outros parâmetros do 

laser e sua relação com outros tipos adesivos e viscosidades venham a ser testadas para 

estabelecer a base para a aplicabilidade racional dessa tecnologia na Odontologia. 
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ANEXO A – SEGUIMENTO DO REGIMENTO INTERNO  
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ANEXO B – PROTOCOLO DE APROVAÇÃO DO COMEPE
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ANEXO C – NORMAS DO PERÍODICO 
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submitted artwork and other file types against the artwork requirements outlined in the 

Artwork Instructions to Authors on  www.elsevier.com/artworkinstructions. The Artwork 

Quality Control Tool automatically checks all artwork files when they are first uploaded. 

Each figure/file is checked only once, so further along in the process only new uploaded files 

will be checked.  

Manuscripts 
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20 double-spaced typescript pages) including illustrations and tables.  
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10 journal pages (approximately 33 double-spaced typescript pages) including figures and 

tables.  

 

Three copies of the manuscript should be submitted: each accompanied by a set of 

illustrations. The requirements for submission are in accordance with the "Uniform 

Requirements for Manuscripts Submitted to Biomedical Journals", Annals of Internal 

Medicine, 1997,126, 36-47. All manuscripts must be written in American English. Authors 
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The Editor and Publisher reserve the right to make minimal literary corrections for the sake of 
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journal, that all of the named authors were involved in the work leading to the publication of 
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publication.  
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General  

• number all pages consecutively. 

• type double-spaced on A4 or 8.5 x 11-inch bond paper, with margins of 30 mm. 

• double-space references. 

• indent or space paragraphs. 

• arrange article in the following order: Title, Abstract, Introduction, Materials and Methods, 

Results, Discussion, Conclusion, Acknowledgements, References, Tables, Figures, Captions. 

• start each section on a separate page.  

 

Title page 

• Title (capitalize the first letter of the first word) e.g. Comparison of the color stability of ten 

new composites. 

• Authors (first name, middle initial, surname) e.g. Kenneth J. Anusavice 1, Victoria Marker 2 

• Authors' addresses (abbreviated) e.g.  

1 Department of Biomaterials, University of Florida, Gainesville, Florida, USA 

2 Department of Biomaterials Science, Baylor College of Dentistry, Dallas, Texas, USA 

• Short Title (45 characters) e.g Color stability of composites 

• Corresponding Author details (essential): Name, complete address, phone, fax, and E-mail 

numbers  

 

Abstract (structured format) 

• 250 words or less. 

• subheadings should appear in the text of the abstract as follows: Objectives, Methods, 

Results, Significance. (For Systematic Reviews: Objectives, Data, Sources, Study selection, 

Conclusions). The Results section may incorporate small tabulations of data, normally 3 rows 

maximum.  

 

Keywords 

Up to 10 keywords should be supplied e.g. dental material, composite resin, adhesion.  

 

Introduction 

This must be presented in a structured format, covering the following subjects, although 

actual subheadings should not be included: 

• succinct statements of the issue in question;  

• the essence of existing knowledge and understanding pertinent to the issue (reference); 

• the aims and objectives of the research being reported relating the research to dentistry, 

where not obvious.  

 

Materials and methods 

• describe the procedures and analytical techniques. 

• only cite references to published methods. 

• include at least general composition details and batch numbers for all materials. 

• identify names and sources of all commercial products e.g. 

"The composite (Silar, 3M Co., St. Paul, MN, USA)..." 

"... an Au-Pd alloy (Estheticor Opal, Cendres et Metaux, Switzerland)." 

• specify statistical significance test methods.  

 

Results 

• refer to appropriate tables and figures. 

• refrain from subjective comments. 
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• make no reference to previous literature. 

• report statistical findings.  

 

Discussion 

• explain and interpret data. 

• state implications of the results, relate to composition. 

• indicate limitations of findings. 

• relate to other relevant research. 

• suggest directions for future research.  

 

Conclusion (if included) 

• must NOT repeat Results or Discussion 

• must concisely state inference, significance, or consequences  
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Tables and figures 

All tables and figures must be thoroughly discussed in the text of the manuscript. 

 

Tables 

• one table to a page, each with a title. 

• number tables in order of mention using Arabic numerals. 

• must be able to "stand alone" apart from text. 

• when appropriate, standard deviations of values should be indicated in parentheses; (do 

NOT use ± notation). 

• results of statistical analysis must be included, use superscript letters to indicate significant 

differences. 

• for explanatory footnotes, use symbols (*, #,**,##).  

 

Figures 

• Do not import the figures into the text file but, instead, indicate their approximate locations 

directly in the electronic text. Images to be supplied separately in jpg, gif or other graphics 

file. 
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• only black and white photographs for print publication. 

• omit titles and other information contained in the figure caption. 

• maximum of 6 figures per manuscript. 

• figures grouped together should have similar dimensions and be labelled "a, b, c", etc. 

• place magnification markers directly on the micrographs. 

• authors should consider that the majority of figures will be reduced to the width of a single 

column (approximately 85 mm). Preferably figures should exactly match, or be no more than 

1.5 times that width. 

• authors can indicate if they feel a figure should be full page width. 

 

Dental Materials has been selected for inclusion in a new 'colourful e-products' workflow. 

Figures that appear in black and white in the printed version of the journal can be IN 

COLOUR, online, in ScienceDirect. Authors wishing to make use of this facility should 

ensure that 1. the artwork is in an acceptable format (TIFF, EPS or MS Office files) and at the 

correct resolution 2. RGB colourspace is used and 3. for colour online and black and white in 
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be no charges to the authors for colour figures online. 

 

Graphs 
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• uniform size for graphs of similar type. 
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Captions to tables and figures 
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Abbreviations and acronyms: terms and names to be referred to in the form of abbreviations 

or acronyms must be given in full when first mentioned. 

Correct Usage 

• use S.I. units (International System of Units). If non-SI units must be quoted, the SI 
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manuscripts.  
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it has been published; they will also have the opportunity to order additional copies.  

 

Submission Package Checklist: 

• letter of transmittal signed by all authors. 

• One electronic copy of the manuscript. 

• One electronic copy of each image and table, all labelled. 

For further guidance on electronic submission, please contact Author Services, Log-In 

Department, Elsevier Ltd, The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, 

UK. E-mail: authors@elsevier.co.uk, fax: +44 (0)1865 843905, tel: +44 (0)1865 843900. 

 


