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Recentemente, uma nova categoria de sistemas adesivos foi proposta para a realização 
de procedimentos restauradores.  Estes sistemas adesivos, intitulados “universais”, se 
propõem a diminuir a sensibilidade da técnica operatória, assim como aumentar a 
versatilidade na escolha do modo de aplicação a ser empregado sobre as estruturas  dentárias. 
O objetivo deste trabalho foi apresentar dois artigos para avaliar o comportamento destes 
sistemas adesivos universais. O primeiro artigo se propõe a avaliar o sistema adesivo 
‘universal’ (Single Bond Universal) aplicado nas duas estratégias de condicionamento à 
dentina desmineralizada de dentes decíduos e permanentes, em termos de resistência de união 
e comparar a dois sistemas de referência, Adper Single Bond 2 e Clearfil SE Bond. O segundo 
artigo comparou a resistência de união do Single Bond Universal em ambas estratégias de 
condicionamento aos mesmos sistemas adesivos de controle, porém à dentina desmineralizada 
e hígida de dentes permanentes. Quarenta e oito dentes permanentes e vinte e quatro dentes 
decíduos foram selecionados para realização de ambos estudos. Todos os dentes tiveram suas 
porções coronárias seccionadas para obtenção de superfícies planas em dentina (corpos de 
prova). A superfície dentinária dos dentes os quais representavam o substrato desmineralizado 
foram submetidas ao desenvolvimento de lesão de cárie por ciclagem de pH. Os demais 
dentes que representavam o substrato hígido foram mantidos intactos até os procedimentos 
adesivos. Os corpos de prova, de acordo com o tipo de dente, foram alocados aleatoriamente 
em grupos (n=6) de acordo com o sistema adesivo/ estratégia de condicionamento.  Após os 
procedimentos adesivos, blocos de resina composta foram confeccionados e os corpos de 
prova seccionados perpendicularmente a interface adesiva para obtenção de espécimes com 
área de seção de aproximadamente 0,8mm2. Os espécimes foram submetidos ao ensaio de 
microtração (1mm/min). Os valores de resistência de  união foram submetidos à análise de 
variância de dois-fatores (tipo de dente e sistema adesivo/ estratégia) (α = 0,05). No primeiro 
artigo, o sistema adesivo Single Bond Universal, em ambas estratégias de condicionamento, 
apresentou valores de resistência de união similares aos controles em ambos os substratos 
dentinários, assim como os diferentes substratos não apresentaram diferenças entre si. No 
segundo artigo, os valores de resistência de união à dentina hígida foram maiores comparados 
a dentina desmineralizada, porém nenhum sistema adesivo apresentou diferenças entre si. O 
sistema adesivo Single Bond Universal pode ser utilizado em ambas estratégias de 
condicionamento sem comprometer os procedimentos adesivos. 
 
Palavras-chave: Dentina decídua. Dentina permanente. Microtração. Resistência de união. 
Sistemas adesivos universais.  
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 Recently, a new category of adhesive systems has been proposed to perform 
restorative procedures. These adhesives, named as “universal” have been released in the 
market with the purpose to decrease the technique sensitivity, likewise they offer a great 
versatility in the procedure as can be applied to tooth structures in both application modes. 
The objective of this dissertation is to present two papers. The first article aimed to compare 
the bond strength of a “universal” adhesive (Scotchbond Universal Adhesive) applied in both 
application modes to its controls, Adper Single Bond 2 and Clearfil SE Bond, when bonded to 
caries-affected primary and permanent dentin. The second article compared the bond strength 
of the Scotchbond Universal Adhesive in both application modes to the same controls 
aforementioned to caries-affected and sound permanent dentin. Forty-eight permanent teeth 
and twenty-four primary teeth were selected to perform the experiments in both papers. All 
teeth had their mid-coronal dentin surfaces exposed by removing the occlusal third. The 
dentin surfaces, which represent caries-affected dentin substrate, were submitted to pH-
cycling. The other teeth, sound dentin, remained intact until the bonding procedure. 
Specimens were randomly allocated (n=6) according to the adhesives tested and conditions of 
the dentin. After bonding procedures, a composite core was build-up to a height of 4-5mm 
and then was sectioned perpendicular to the adhesive interface in order to obtain rectangular 
sticks (0.8 mm2) that were submitted to microtensile tests (1mm/min). Two-way Analysis of 
Variance and post-hoc Tukey´s test (α = 0.05) were performed as statistical analysis. In the 
first paper, the universal adhesive, Scotchbond Universal Adhesive, presented statistically 
similar bond strength values to its controls in both dentin substrates, likewise the different 
substrates did not differ in bond strength values. In the second paper, adhesives bonded to 
sound dentin presented higher bond strength values compared with caries-affected dentin, but 
none of the adhesives tested presented statistically significant differences. The new 
“universal’ adhesive, Scotchbond Universal Adhesive, can be applied in both application 
modes without the concern of compromise the bonding performance on resin composite 
restorations. 
 
Keywords: Bond Strength. Microtensile. Permanent dentin. Primary dentin. Universal 
adhesives. 
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INTRODUÇÃO GERAL 

 

 

Desde 1955, quando Michael G. Buonocore propôs o condicionamento ácido do 

esmalte dental para aumentar a adesão de materiais restauradores as estruturas dentais, 

fabricantes de diversas marcas comerciais tem disputado espaço no mercado odontológico na 

tentativa de lançar um material simples e universal para todas as situações restauradoras. Em 

1982, Nakabayashi identificou que o condicionamento ácido seguido da aplicação de 

materiais resinosos a dentina formam uma zona de interdifusão entre monômeros resinosos e 

dentina inter e intratubular. Esta formação foi denominada camada híbrida e está relacionada 

ao aumento da adesão dos materiais resinosos a estrutura dentária.      

Nas últimas décadas, um novo conceito denominado odontologia minimamente 

invasiva tem desafiado a adesão destes materiais resinosos, devido a preservação de uma 

dentina parcialmente desmineralizada - dentina afetada, na parede pulpar de cavidades 

submetidas a remoção parcial de tecido cariado (MALTZ et al., 2002; FALSTER et al., 2002; 

CASAGRANDE et al., 2009). Isto porque, inicialmente, os sistemas adesivos foram 

desenvolvidos para aplicação em substratos hígidos, os quais apresentam uma estrutura micro 

morfológica diferente da dentina afetada. Durante o processo carioso, des- e re-mineralização, 

há um aumento da porosidade da dentina intertubular, perda de cristalinidade da estrutura e 

alteração da matriz orgânica, o que promove um impacto significativo à adesão neste 

substrato (YOSHIYAMA et al., 2002). Devido a estas alterações na dentina afetada, uma 

incompleta infiltração de monômeros adesivos resulta na formação de camadas híbridas 

irregulares e defeituosas (ERHARDT et al., 2008), e assim, uma diminuição da performance 

adesiva pode ser esperada em relação a dentina sadia (ERHARDT et al, 2008, ZANCHI et al., 

2010). 

Existem duas principais categorias de sistemas adesivos, classificados de acordo com 

a interação destes com o substrato dental. Os primeiros sistemas adesivos comercialmente 

disponíveis no mercado odontológico foram classificados como “condicionamento ácido 

total”, que necessitariam da aplicação de um ácido, geralmente ácido fosfórico a 37%, nas 

estruturas dentais seguida da aplicação de primer e/ou adesivo (PASHLEY et al., 2011). 

Entretanto, esta estratégia de tratamento às estruturas dentais apresentava uma desvantagem, 

que em muitas vezes, resultava em falhas restauradoras. Através do condicionamento da 

dentina, grande parte de mineral era removido juntamente com a smear layer (lama 

dentinária) no procedimento de lavagem, expondo fibras colágenas que deveriam ser mantidas 
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idealmente úmidas para a correta formação da camada híbrida (TAY et al., 1996). Uma 

excessiva remoção de água durante o procedimento de secagem ocasionaria o colabamento 

das fibras colágenas impedindo uma adequada infiltração dos monômeros, e 

consequentemente, prejudicando a adesão dos materiais restauradores.  

Na tentativa de diminuir a sensibilidade da técnica operatória, outra categoria de 

sistemas adesivos foi proposta comercialmente, sendo intitulados “auto-condicionantes”. Esta 

categoria de sistemas adesivos incorporava na sua formulação monômeros acídicos que 

substituem o condicionamento com ácido fosfórico (VAN MEERBEEK et al., 2011). Durante 

a aplicação destes sistemas adesivos às estruturas dentais, a anteriormente removida smear 

layer, nos sistemas de “condicionamento ácido total”, passaria a ser incorporada a camada 

híbrida, devido ao simultâneo “condicionamento” e infiltração dos monômeros acídicos a 

estrutura dental. Desta maneira, o procedimento adesivo seria menos sensível a técnica 

operatória, devido a menor subjetividade de aplicação. 

Recentemente, os fabricantes propuseram outra categoria de sistemas adesivos, 

intitulados “universais”, devido a sua grande versatilidade de emprego nos procedimentos 

adesivos (HANABUSA et al., 2012; DE GOES et al., 2014). Estes sistemas adesivos, 

segundo os fabricantes, podem ser aplicados no esmalte e dentina em ambas estratégias de 

condicionamento, “condicionamento ácido total” ou “auto-condicionantes”. Estes sistemas 

adesivos possuem em sua formulação monômeros acídicos funcionais, os quais são 

responsáveis pelo condicionamento da estrutura e ligação química ao cálcio disponível. 

Dentre eles, destaca-se o monômero 10-metracriloiloxidecil dihidrogenofosfato (MDP), mais 

comumente encontrado entre estes sistemas adesivos, e que além de promover uma ligação 

química, é responsável pela formação de nano-camadas, as quais aumentam a estabilidade da 

camada híbrida (YOSHIDA et al, 2012a). Diversos estudos laboratoriais têm sido realizados 

na tentativa de elucidar os mecanismos envolvidos na adesão destes sistemas adesivos. 

Recentemente, um ensaio clínico randomizado comparou a efetividade de um sistema adesivo 

universal em restaurações realizadas em lesões cervicais não-cariosas (PERDIGÃO et al., 

2014). Os autores observaram que após 18 meses, ambas as estratégias de aplicação foram 

efetivas quando critérios relacionados a retenção, sensibilidade pós-operatória, descoloração 

marginal foram avaliadas. Entretanto, restaurações realizadas na estratégia “auto-

condicionante” apresentaram um maior número discrepâncias marginais quando comparadas 

as demais estratégias. Deve-se ressaltar que todos estes estudos foram realizados em dentina 

hígida, a qual apresenta diferenças importantes em ralação a dentina sadia, conforme 

anteriormente citado. 
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Ademais, em procedimentos restauradores, não existe uma diferenciação entre o 

tratamento de substratos dentários permanentes e decíduos, condições que se diferenciam pela 

menor concentração de mineral e maior densidade tubular do último (SUMIKAWA et al., 

1999; ANGKER et al, 2004). Apesar destas diferenças na micro-morfologia, resultados 

divergentes são encontrados na literatura entre sistemas adesivos aplicados em ambos os 

substratos. Alguns autores relatam menores valores de resistência de união aos dentes 

decíduos (SENAWONGSE et al., 2004), enquanto outros não encontram diferenças entre 

dentes decíduos e permanentes (RICCI et al., 2010). Entretanto, é consenso que apesar de os 

valores de resistência de união variarem entre os estudos, os dentes decíduos são mais reativos 

ao condicionamento dental, justamente por apresentarem menor concentração de cálcio e 

maior densidade tubular (NÖR et al., 1996; NÖR et al., 1997). Desta maneira, os novos 

sistemas adesivos universais, devem ser amplamente estudados nas duas condições, dentina 

afetada e dentina decídua, principalmente na estratégia de “condicionamento ácido total”, 

devido a presença de monômeros acídicos na formulação destes sistemas adesivos, que 

poderia promover um sobre-condicionamento, se aplicados nesta estratégia. 

O objetivo deste trabalho foi avaliar o comportamento de um sistema adesivo 

universal, considerando como fator de variação principal o tipo e a condição da dentina. Desta 

forma, dois artigos são apresentados, o primeiro com a proposta de comparar a resistência de 

união do sistema adesivo ‘universal’ (Single Bond Universal), aplicado nas duas estratégias 

de condicionamento, comparado aos sistemas Adper Single Bond 2 e Clearfil SE Bond à 

dentina desmineralizada de dentes decíduos e permanentes; e, no segundo artigo, a resistência 

de união do sistema adesivo Single Bond Universal, em ambas estratégias de 

condicionamento, foi comparada aos mesmos controles, porém aplicados à dentina 

desmineralizada e hígida de dentes permanentes. 
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 Esta dissertação está baseada nas normativas da Universidade Federal da Santa Maria. 
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Maria, tendo sido aprovado (ANEXO A). Sendo assim, esta dissertação é composta de dois 

artigos que serão enviados para publicação nas revistas “Journal of Adhesive Dentistry” 

(Artigo I) e “Journal of Dentistry” (Artigo II). 
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Is there a best protocol for bonding a universal adhesive to caries-affected primary or 

permanent dentin? 

 
Nicoloso GF, Antoniazzi BF, Lenzi TL, Soares FZM, Rocha RO 

 

Abstract 
Purpose: To evaluate whether the etch-and-rinse or self-etching mode is the best protocol for 

bonding to primary and permanent caries-affected dentin by a universal adhesive. 

Materials and Methods: Flat mid-coronal dentin surfaces of 24 primary and 24 permanent 

molars were submitted to pH-cycling for 14 days to induce artificial caries-affected dentin. 

The teeth of each substrate (primary and permanent) were randomly assigned according to the 

adhesive systems and bonding strategy:  a universal adhesive, Scotchbond Universal 

Adhesive – self-etch and etch-and-rinse techniques; a two-step etch-and-rinse adhesive, 

Adper Single Bond 2; and two-step self-etch system, Clearfil SE Bond, as controls. After 

bonding and restorative procedures, specimens were sectioned to obtain rectangular sticks 

(0.8 mm2) that were submitted to microtensile tests (1mm/min). The data were analyzed by 

two-way Analysis of Variance and Tukey post-hoc test (α = 0.05).  

Results: The universal adhesive showed similar bond strength values compared to the control 

groups, irrespective of the bonding strategy. Likewise, the same bonding performance was 

observed for all adhesives to either caries-affected primary or permanent dentin. 

Conclusion: The new ‘universal’ adhesive, Scotchbond Universal Adhesive, can be used in 

both application modes in caries-affected primary and permanent dentin, as the bonding 

performance was not influenced by these different substrates. 

 
Keywords: caries-affected dentin, artificial caries, microtensile, bond strength, universal 

adhesives 
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Introduction 

Microtensile bond strength testing remains a useful way to assess adhesive 

effectiveness,20 adding the possibility to consider different substrate conditions. Bonding to 

caries-affected dentin is of paramount importance since the concept of minimally invasive 

dentistry considers the maintenance of a partial demineralized dentin on the cavities pulpal 

floor.2,6,13,21  

Sound and caries-affected dentin present different mineral concentrations1 and in the 

latter, micromorphological alterations can be detected. In this sense, the performance of 

adhesive systems to caries-affected dentin is compromised due to formation of an irregular 

and defective hybrid layer, as consequence of inadequate infiltration of monomers after 

conditioning steps through this demineralized substrate.5  

 It should also be stated that primary and permanent teeth are different structures, and 

therefore, different patterns of acid conditioning17,18 and bonding performance might be 

achieved.24,28 Despite this, it is noteworthy that no distinction is made between dentitions 

regarding adhesive procedures.  

 New dental adhesives called ‘universal’ or ‘multi-mode’ were recently launched in the 

market with the concept that the clinician could choose what bonding strategy will be used in 

each clinical situation.4,7,19 The manufactures of these products also claim that their use does 

not rely upon the tooth structure being prepared to restoration.  

 Although a recent systematic review23 has evidenced that the performance of the 

universal adhesives by in vitro studies is not dependent on the adhesive strategy to sound 

dentin, the literature still scarce with regard the bond strength of these materials on different 

substrates, as caries-affected dentin.12 In this sense, it is imperative to evaluate the bonding 

performance of universal adhesives in both self-etch and etch-and-rinse modes to caries-

affected dentin of primary and permanent teeth, which represent common substrates in most 

clinical situations. 

 Therefore, this study aimed to evaluate whether the etch-and-rinse or self-etching 

mode is the best protocol for bonding to primary and permanent caries-affected dentin by a 

universal adhesive. The null hypotheses tested were that 1) different substrates do not 

influence the bonding performance of adhesive systems; 2) the ‘universal’ adhesive in both 

application modes has similar bond strength values to the other etch-and-rinse and self-etch 

adhesives. 
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Materials and Methods 

Tooth Selection and Preparation 

 Twenty-four human third molars and twenty-four human primary molars were 

obtained from a pool after approval of the study protocol by the Local Ethics Committee. The 

teeth were disinfected in 0.5% cloramine-T solution and stored in distilled water at 4°C for up 

to 3 months.  

 Flat mid-coronal dentin surfaces were exposed after removal of occlusal enamel using 

a slow-speed diamond saw (Labcut 1010, Extec Co, Connecticut, EUA) under water-cooling. 

The surrounding enamel was removed using a diamond bur in a high-speed handpiece (#3146, 

KG Sorensen, São Paulo, Brazil) under copious irrigation. The exposed dentin surfaces were 

further polished with 600-grit silicon carbide abrasive paper for 60s in order to obtain 

standardized smear layers.27  

Artificial caries induction 

 All surfaces of the teeth were then covered with two-layers of an acid-resistant nail 

varnish (Colorama Maybelline: São Paulo, Brazil) in order to leave only the occlusal dentin 

surface exposed. 

Specimens were then submitted to pH-cycling to induce artificial caries-affected 

dentin. All specimens were individually immersed for 14 days in demineralizing solution (2.2 

mM CaCl2, 2.2 mM NaH2PO4, 0.05 M acetic acid with adjusted pH of 4.5) for 8h and 

remineralizing solution (1.5 mM CaCl2, 0.9 mM NaH2PO4, 0.15 mM KCL adjusted pH of 7.0) 

for 16h at room temperature without agitation.11 After every cycle, solutions were changed 

and specimens rinsed with deionized water and blotted dry. Solutions were periodically 

measured under a pH-meter. 

Experimental design 

 The teeth were randomly allocated into eight groups (n=6) according to type of teeth - 

caries-affected primary or permanent, and adhesive system - Scotchbond Universal Adhesive 

(SBU, 3M ESPE) in both application modes (etch-and-rinse – E&R and self-etch - SE), Adper 

Single Bond 2 (ASB, 3M ESPE) and Clearfil SE Bond (CSE, Kuraray). 

Bonding Procedures 

 A single trained operator applied all adhesive systems according to their respective 

manufacturer’s instructions (Table 1). A resin composite core (Z100, 3M ESPE) was built up 

to a height of 4-5 mm in three to four increments that were individually light cured for 40s 

using a light-emitting diode curing unit (EMITTER C, SCHUSTER; Rio Grande do Sul, 
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Brazil) with an output of 600mW/cm2 monitored with a radiometer. All specimens were 

stored in distilled water at 37°C for 24h prior to be prepared for microtensile testing. 
Microtensile Bond Strength (µTBS) Testing 

 Specimens were sectioned perpendicular to the adhesive interface using a water-

cooled diamond saw (Labcut 1010, Extec Co, Connecticut, EUA) in order to obtain 

rectangular sticks with a cross-sectional area of approximately 0.8mm2, measured with a 

digital caliper (Carbografite, Equipamentos Industriais Ltda., Rio de Janeiro, Brazil). 

 The bonded sticks were then fixed to a testing jig with cyanoacrylate glue and stressed 

at a crosshead speed of 1mm/min until failure using a universal testing machine (EMIC DL 

1000, Equipment and Systems Ltda., Paraná, Brazil) with a load cell of 50N. The µTBS 

values (MPa) were determined dividing the measure force (N) at the time of fracture by the 

bonded area (mm2).  

Failure Mode 

The failure mode was determined to each debonded specimen under a 

stereomicroscope at 40X magnification and classified as adhesive/mixed (failure at the resin-

dentin interface or mixed with cohesive failure of the neighboring substrate) or cohesive 

(failure exclusively within the dentin or resin composite). Representative specimens from each 

group were gold sputtered and then analyzed with scanning electron microscopy (SEM, Jeol-

JSM-T330A, Jeol Ltda., Tokyo, Japan) operated in the secondary electron mode with 20 kV 

to confirm the failure mode.  
Statistical analysis  

 This study considered the tooth as experimental unit. Therefore, the mean value of all 

sticks from each tooth was calculated and then, the average µTBS of the six teeth was 

calculated per group. The sample size of 6 teeth per group was estimated previously 

considering an 80% power, a coefficient of variation of 20% and assuming a two-sided 5% 

significance level for comparisons. Premature failures (ptf) that occurred during preparation 

of the specimens (before testing) were excluded from statistical analysis. 

 The normal distribution of the data was confirmed using Kolmogorov-Smirnov test. 

The mean bond strength values were analyzed by two-way Analysis of Variance (ANOVA), 

considering the type of teeth and adhesive systems as main factors, and the cross-interaction 

between them. Statistical analysis was performed using the Minitab software (Minitab Inc., 

State College, Pennsylvania, USA) at a significance level of 5%.  
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Results 

 Descriptive statistics including means of µTBS, standard deviation, total number of 

tested specimens and number of premature failures (ptf) are shown in Table 2.  

The main factors type of teeth (p=0.557) and adhesive systems (p=0.506), as well as 

the cross-interaction factors “type of teeth vs. adhesive system” (p=0.729), were not 

statistically significant. The bond strength of the Scotchbond Universal Adhesive was not 

influenced neither by application mode nor type of teeth (permanent or primary). Specimens 

of all experimental groups presented adhesive/mixed failures when evaluated under a 

stereomicroscope. This pattern was further confirmed in SEM images (Figure 1). 

 

Discussion 

 Universal adhesives were introduced in the market to simplify even more the bonding 

procedures. The manufacturers claimed that their bonding performance do not rely on the 

strategy used to perform resin composite restorations. Moreover, it is suggested that either 

etch-and-rinse or self-etch modes could be applied upon tooth structures, irrespective of the 

substrate. The results of our study confirm this statement, as both application modes did not 

compromise the bonding performance of the Scotchbond Universal Adhesive applied to 

caries-affected dentin of primary and permanent teeth.  

The use of natural caries-affected dentin present several difficulties as a substrate to 

bond strength evaluations. The great variability among caries lesion, e.g., size, shape and 

depth, demand a lot of time to obtain natural lesions with satisfactory dentin thickness, 

especially in primary teeth. A recent study9 compared natural caries-affected dentin and 

artificial caries-affected dentin and demonstrated that both substrates when bonded presented 

similar µTBS values. Thus, as artificially-created caries-affected dentin is less labor and time 

consuming, it was the substrate opted in our study to evaluate the performance of adhesive 

systems. 

 Previous studies3,14,29 also showed similar bond strength values when the Scotchbond 

Universal Adhesive was applied in permanent dentin in both application modes. Nevertheless, 

all the aforementioned studies evaluated µTBS values only in sound dentin, and consequently, 

different results could be expected on caries-affected dentin. A recent study12 verified that the 

Scotchbond Universal Adhesive bonded to caries-affected primary dentin following both 

strategies presented similar bond strength values to the control adhesives, Adper Single Bond 

Plus and Clearfil SE Bond. Although, it is noteworthy that the authors12 found a drop of 
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approximately 50% in bond strength when the Scotchbond Universal Adhesive was applied in 

the self-etch mode compared to the etch-and-rinse strategy in sound primary dentin. 

 Primary and permanent teeth are different substrates. Chemical and 

micromorphological characteristics, such as lower calcium concentration and greater tubule 

density observed in primary teeth,1,26 may impact the bonding performance of adhesive 

systems. Nevertheless, these data are still controversial, since some authors found lower bond 

strength values to sound primary dentin when compared to permanent ones,10,24,28 while others 

showed similar results.22,25 

In this sense, it was expected that the universal adhesive bonded to caries-affected 

dentin of primary teeth following etch-and-rinse strategy would result in lower bond strength 

values in comparison with caries-affected permanent dentin, by the association of preliminary 

phosphoric acid and the acidic primer of the adhesive. However, it was not observed in our 

study, which is possible related to the ultra-mild etching aggressiveness  (pH = 2.7) of the 

Scotchbond Universal Adhesive. Our results suggest that considering caries-affected dentin 

substrate, the type of teeth does not influence the bond strength values of the adhesives 

evaluated, accepting the first null hypothesis. Further studies evaluating bonding degradation 

on universal adhesives to caries-affected dentin of both primary and permanent teeth should 

be conducted to confirm this finding. 

It appears that the bond strength of the Scotchbond Universal Adhesive to caries-

affected dentin does not rely neither on the application mode nor type of teeth. Noteworthy, it 

presented similar results compared to adhesive systems considered as controls, which are 

considered ‘gold-standards’ in each strategy. Thus, the second null hypothesis was also 

accepted. This could be due to either the acid resin monomer 10-MDP (methacryloyloxydecyl 

dihydrogen phosphate), which is able to establish a chemical bond to apatite crystallites and 

self-assembled nano-layers,8,30,31 or the polyalkenoic acid copolymers, as both could bond 

chemically to tooth structures being observed in the adhesives evaluated. It is noteworthy that 

some state that polyalkenoic acid copolymers present in the Scotchbond Universal Adhesive 

could compete with MDP monomers for Ca-bonding sites and also prevent monomer 

approximation during polymerization due to its high molecular weight.15 Nevertheless, these 

findings might be contradictory and not well explained, as a recent study confirmed that the 

Scotchbond Universal Adhesive did not present a drop in bond strength values over a period 

of 6 months of water storage.16  

At this moment, there are no clinical trials available regarding the performance of 

universal adhesives in minimally invasive cavity preparations that preconize partial caries 
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removal in permanent or primary dentitions. Therefore, in vitro studies are essential to 

compare adhesive systems or different etching strategies, and choose ones that are best 

suitable for each substrate. Our findings suggest that as the universal adhesive system did not 

differ from the controls it can be used in both strategies making the procedure less technique 

sensitive when restoring carious primary or permanent teeth. Consequently, the practitioners 

could choose any application mode that best fits the clinical situation without the concern of 

compromise the restorative procedure. 

In conclusion, the universal adhesive tested can be used in both application modes in 

caries-affected primary and permanent dentin, as the bonding performance was not influenced 

by these different substrates. 

 

Acknowledgements: We would like to thank CAPES for the scholarship during the Masters’ 
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Clinical relevance: There is no best protocol for bonding universal adhesives that contain 

MDP to caries-affected dentin in primary or permanent dentitions, which ensure a restorative 

procedure more user-friendly.  
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Table 1. Adhesive systems (batch number), composition and application modes*  
Adhesive System/            Composition**                          Mode of application 
Batch Number         Self-etch               Etch-and-rinse 
Adper Single Bond 2       Etchant: phosphoric acid 37%     N.A.                1.Apply etchant for 15s 
(3M ESPE, St. Paul,       Bond: bis-GMA, HEMA,                2. Rinse for 10s 
MN, USA)        dimethacrylates, ethanol, water,          3.Blot excess of water 
         photoinitiator, methacrylate           4.Apply actively 2 
Batch number:        functional copolymer of           consecutives layers of  
(N508311)        polyacrylic and poly(itaconic)          adhesive for 15s 
         acids, 10% by of 5 nm-diameter          5. Gently air dry for 5s 
         spherical silica particles           6. Light cure for 10s 
Clearfil SE Bond        Primer: MDP, HEMA,             1.Apply actively primer    N.A. 
(Kuraray Dental Inc.,       hydrophobic dimethacylate,         to tooth surface and leave  
Okayama, Japan)        camphorquinone, water,               in place for 20s 
         N,N- diethanol toluidine             2. Dry with air stream to 
Batch number:        Bond: MDP, HEMA,             evaporate the volatile 
Primer (012333A)        Bis-GMA, hydrophobic             solvents 
Bond (01865A)        dimethacylate,              3. Apply actively bond  
         camphorquinone,             to tooth surface and then 
         N,N- diethanol p-toluidine,           create a uniform film  
         colloidal silica              using a gentle air stream 
                  4.Light cure for 10s 
Scotchbond Universal Adhesive Etchant: phosphoric acid 37%      1.Apply actively the           1. Apply etchant for 15s 
(3M ESPE, St. Paul,       Bond: MDP, HEMA,              the adhesive to the        2.Rinse thoroughly 
MN, USA)        dimethacylate resins,              entire surface for 20s.      3. Blot excess of water 
         methacylate-modified              If necessary, rewet the     4.Apply adhesive as for  
Batch number:        polyalkenoic acid copolymer        disposable applicator        the self-etch mode 
(509806)         ethanol, water, filler,              2. Direct a gentle air   
         initiator, silica               stream over the adhesive 
                   for 5s or until it no longer 
                   moves and the solvent 
                   completely evaporated 
                   3.Light cure for 10s 
* According to manufactures. **Abbreviations: Bis-GMA: bisphenol A glycidyl methacrylate; HEMA: 2-hydroxyethyl methacrylate; 
MDP: 10-methacryloyloxydecyl dihydrogen phosphate; N.A.: not applicable 
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Table 2. Means of bond strength (MPa) and standard deviations (SD) [number of 
tested specimens/premature failures specimens] for all experimental groups.  
 

 Adhesive system 

Type of teeth SBU (E&R) SBU (SE) ASB CSE 

Caries-affected 
primary dentin 

22.65(8.92) [53/3] 19.57(4.71) [61/1] 22.55(2.89) [48/0]     19.70(5.66) [65/5]     

Caries-affected 
permanent dentin 

23.88(2.57) [59/10] 22.74(5.67) [84/2] 20.93(4.79) [67/6] 20.47(3.11) [75/4] 
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Figure 1. SEM photograph of fractured specimens representative of mixed failure 

pattern from A) Adper Single Bond 2 and B) Scotchbond Universal Adhesive – etch-

and-rinse strategy. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 29 

1.2. ARTIGO II 
 

THE BONDING PERFOMANCE OF A UNIVERSAL ADHESVE 

TO CARIES-AFFECTED DENTIN 

	
  

Gabriel Ferreira Nicoloso 1, Bruna Antoniazzi Feltrin1, Tathiane Larissa Lenzi2, 

Fábio Zovico Maxnuck Soares3, Rachel de Oliveira Rocha4 

 

 

1 DDS – Department of Stomatology, Federal University of Santa Maria, RS, Brazil 

2 DDS, MsC, PhD, Professor – Department of Stomatology, Federal University of 

Santa Maria, RS, Brazil 

3 DDS, PhD, Professor – Department of Restorative Dentistry, Federal University of 

Santa Maria, RS, Brazil 

4 DDS, MsC, PhD, Professor – Department of Stomatology, Federal University of 

Santa Maria, RS, Brazil 

 

Corresponding author:	
  

Rachel de Oliveira Rocha (e-mail: rachelrocha@smail.ufsm.br)  

Rua Floriano Peixoto, 1184, Sala 112, Santa Maria, RS, Brazil.  

CEP: 97015370 

Phone number: +55 55 32209266 

 

 

 



 30 
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The bonding performance of a universal adhesive to caries-affected dentin 
 

Nicoloso GF, Antoniazzi BF, Lenzi TL, Soares FZM, Rocha RO 

 

ABSTRACT 

Objectives: To evaluate the bonding performance of a universal adhesive to sound and caries-

affected dentin using either an etch-and-rinse or self-etch strategy.  

Methods: Flat mid-coronal dentin surfaces from 48 third molars were randomly assigned to 8 

groups according to substrate (sound dentin – SD and caries-affected dentin – CAD: pH-

cycling for 14 days) and to adhesive and application mode, Scotchbond Universal Adhesive 

(self-etch or etch-and-rinse strategies); Adper Single Bond 2 (two-step etch-and-rinse 

adhesive) and Clearfil SE Bond (two-step self-etch system), as controls. After restorations 

were constructed, specimens were stored in water for 24 h and then resin–dentin sticks were 

prepared (0.8 mm2). The sticks were tested under tension at 1.0 mm/min. Data were analyzed 

with two-way ANOVA and Tukey’s test (α = 0.05).  

Results: Caries-affected dentin presented lower µTBS values compared to sound dentin, 

irrespective of the adhesive system or application mode (p=0.000). The universal adhesive 

applied following both etch-and-rinse and self-etch strategies showed similar bond strength 

compared with control adhesive systems (p=0.07).  

Conclusions: Caries-affected dentin compromises the bond strength of a universal adhesive, 

irrespective of the application mode. However, the bonding performance of the universal 

adhesive is not influenced by etch-and-rinse or self-etch strategies.  

Clinical Significance: Universal adhesive systems can be used in different application modes 

when bonded to dentin. It should be highlighted that even this new category cannot maintain 

their bonding performance to caries-affected dentin. 

 

Keywords: dentin, pH-cycling, caries-affected dentin, microtensile, universal adhesives 
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1. Introduction 

The universal adhesive systems have recently been proposed to be used in both etch-

and-rinse or self-etch strategies, irrespective of tooth structure, giving to practitioners the 

choice of the convenient strategy, depending on which best fits the clinical conditions, making 

the bonding procedure more user-friendly. 

 Few studies have assessed these universal systems, but a recent systematic review1 

pointed out that universal adhesives do not present differences regarding application modes 

when bonded to sound dentin. Conversely, the enamel bond strength of universal adhesives is 

improved with prior phosphoric acid etching. The authors also suggested that studies 

performed in different substrates, such as carious dentin, are desirable to assess the 

performance of these new universal adhesives.  

 Caries-affected dentin is a substrate commonly observed on clinical restorations, that 

presents important differences in comparison with sound dentin. More porous intertubular 

dentin, loss of crystallinity and alteration of the organic matrix are some of the characteristics 

from caries-affected dentin that can negatively impact on the adhesion to this substrate.2 

Moreover, an incomplete infiltration of the adhesive monomers, formation of irregular and 

defective hybrid layers,3 and consequently, a drop in the bonding performance might be 

expected.3,4  

 Since these new “universal” adhesives were not yet evaluated on caries-affected 

permanent dentin, a laboratory study must be conducted to compare the bonding performance 

of these systems with previous adhesives’ categories that are already consolidated in the 

literature. It can be expected that universal adhesives applied in etch-and-rinse mode tend to 

produce deeper dentin demineralization,5,6 resulting in thicker hybrid layers7 and incomplete 

impregnation areas beneath the hybrid layer, compromising immediate and long-term bond 

strength to caries-affected dentin. To extent of our knowledge, this is the first investigation 

that attempts to elucidate the bonding performance of universal adhesives on caries-affected 

permanent dentin. 

 Thus, the aim of this study was to evaluate the bonding performance of a universal 

adhesive to sound and artificial caries-affected dentin applied in etch-and-rinse and self-

etching strategies compared to correspondent adhesives. The null hypotheses tested were: (1) 

the bond strength is not affected by substrate condition and (2) the universal adhesive has 

similar bond strength to the controls, regardless of the application mode. 
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2. Materials and Methods 

2.1. Tooth selection and preparation 
 Forty-eight sound third molars were selected from a pool after the review and approval 

of the study protocol by Institutional Ethics Committee. Teeth were disinfected in 0.5% 

aqueous cloramine and stored in distilled water at 4°C for up to 3 months. 

 Mid-coronal flat dentin surfaces were exposed after removal of occlusal enamel using 

a diamond saw (Labcut 1010, Extec Co, Connecticut, EUA) under water-cooling.  The 

surrounding enamel was then removed using a diamond bur in a high-speed handpiece 

(#3146, KG Sorensen, São Paulo, Brazil) under copious irrigation. The exposed dentin 

surfaces were further polished with 600-grit silicon carbide paper under running water for 60s 

to create a standardized smear layer.8 

2.2. Experimental design 

 Teeth were randomly allocated into eight groups (n=6) according to the adhesive 

systems tested, Scotchbond Universal Adhesive (SBU, 3M ESPE) in the both application 

modes (etch-and-rinse and self-etch), Adper Single Bond 2 (ASB, 3M ESPE) and Clearfil SE 

Bond (CSE, Kuraray); and substrate condition, sound and caries-affected dentin. Twenty-four 

molars were subjected to artificial caries-affected dentin induction using a pH-cycling 

model.9,10 The other half of the teeth remained intact, stored in distilled water, until the 

bonding and restorative procedures. 

2.3. Artificial caries induction by pH-cycling 

 Specimens were covered with two layers of acid resistant nail varnish, except the 

exposed dentin surfaces. Then, specimens were immersed individually in a demineralizing 

solution (2.2 mM CaCl2, 2.2 mM NaH2PO4, 0.05 M acetic acid with adjusted pH of 4.5) for 8 

hours and in a remineralizing solution (1.5 mM CaCl2, 0.9 mM NaH2PO4, 0.15 mM KCL with 

adjusted pH of 7.0) for 16 hours.9,10 After every cycle, solutions were changed and specimens 

rinsed with deionized water and blotted dry. This procedure was carried out for 14 days. 

Solutions were periodically measured under a pH-meter. 

2.4. Bonding and restorative procedures 
 All adhesives were applied on dentin surfaces according to their respective 

manufacturer’s instructions by a single trained operator (Table 1). After the bonding 

procedures, all teeth received a hybrid resin composite (Z100, 3M ESPE, Minnesota, USA) in 

four increments of 1 mm each. Each resin composite layer was individually light-cured for 

40s using a light-emitting diode curing unit (EMITTER C, SCHUSTER; Rio Grande do Sul, 
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Brazil) with an output of 600mW/cm2 monitored with a radiometer. All bonded specimens 

were stored in distilled water at 37°C for 24h prior to be prepared for microtensile testing. 

2.5. Microtensile bond strength (µTBS) testing 

 Each bonded specimen was longitudinally sectioned in the mesiodistal and 

buccolingual directions across the bonded interface using a water-cooled diamond disk in a 

cutting machine (Labcut 1010, Extec Co, Connecticut, EUA). This procedure resulted in 

rectangular sticks with a cross-sectional area of approximately 0.8mm2. Each stick had its 

cross-sectional area measured with a digital caliper (Carbografite, Equipamentos Industriais 

Ltda., Rio de Janeiro, Brazil). 

 Each stick was fixed with cyanoacrylate glue to a testing jig and stressed till failure 

under tension at a crosshead speed of 1mm/min using a universal testing machine (EMIC DL 

1000, Equipment and Systems Ltda., Paraná, Brazil) with a load cell of 50N. A single 

experienced operator performed the test.  

2.6. Failure Mode 

The failure mode of each stick was analyzed using a stereomicroscope at a 

magnification of 40x. Failures were classified as adhesive/mixed (failure at the resin-dentin 

interface or mixed with cohesive failure of the neighboring substrate) or cohesive (failure 

exclusively within the dentin or resin composite). Representative specimens from each group 

were gold sputtered and analyzed with scanning electron microscopy (SEM, Jeol-JSM-

T330A, Jeol Ltda., Tokyo, Japan) operated in the secondary electron mode with 20 kV to 

confirm the failure mode.   

To confirm the effect of artificial caries induction, an additional tooth was sectioned 

into two halves and prepared exactly as described elsewhere, with the exception of bonding 

procedures. One-half was subjected to pH-cycling to artificial caries induction using the same 

protocol described previously. The other one was maintained with sound dentine. Sections 

were immersed in EDTA solution (0.7 M, pH = 7.4) for 5 min followed by immersion in 

sodium hypochlorite (0.34 M, pH = 12.3) for 3 min.11 Then, specimens were dehydrated in 

ascending degrees of ethanol (30, 50, 70 and 80% for 5 min each, and 90, 95 and 100% for 10 

min each). Subsequently, it was gold sputtered and analyzed with SEM operated in the 

secondary electron mode with 15 kV. 
2.7. Statistical analysis 

 The experimental unit in this study was the tooth. Thus, the mean of the µTBS values 

of all of the sticks from the same tooth were averaged for statistical analysis. The µTBS 

means for every test group was expressed as the mean of the six teeth used per group. The 
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sample size of 6 teeth per group was estimated previously considering an 80% power, a 

coefficient of variation of 20% and assuming a two-sided 5% significance level for 

comparisons. Only specimens with adhesive/mixed failures were considered. Pre-test failures 

(ptf) that occurred during specimens’ preparation before testing were not included in the 

statistical analysis, but rather are presented descriptively from each group in an independent 

analysis. 

 The normal distribution of the data was confirmed using Kolmogorov-Smirnov test. 

The µTBS values were analyzed by two-way Analysis of Variance (ANOVA) (adhesives 

systems vs. substrate condition) and post-hoc Tukey test at a significance level of 0.05. 

Statistical analysis was performed using the Minitab software (Minitab Inc., State College, 

Pennsylvania, USA). 

 

3. Results 

Representative images of sound and caries-affected dentin can be seen in Figure 1. 

Sound dentin presented a regular surface with wide-open dentin tubules, while an irregular 

surface clearing indicating demineralization on intertubular dentine and extensive opening of 

dentinal tubules can be seen in caries-affected dentin.  

Bond strength means and standard deviations for all experimental groups are shown in 

Table 2. There was a statistically significant difference considering the main factor substrate 

condition (p=0.000). The µTBS to caries-affected dentin were lower than those obtained for 

sound dentin. The difference among adhesives was not statistically significant (p=0.070). The 

cross-product interaction “substrate condition vs. adhesive” was also not statistically 

significant (p=0.091).  

 A higher number of pre-test failures were observed in caries-affected dentin. In these 

groups, all failures were adhesive/mixed (Figure 2). Adhesives bonded to sound dentin 

produced either adhesive/mixed or cohesive failures (Figure 3). Pre-test failures were 

observed in sound dentin only when using Clearfil SE Bond. 

 

4. Discussion 

 Considering that in dental practice different substrates are frequently encountered in 

the cavity preparation, it is important to evaluate the bonding performance of recently 

launched universal adhesives to sound and caries-affected dentin. The main idea from this 

study was to assess the bonding performance to sound and caries-affected dentin using a 

universal adhesive in etch-and-rinse or self-etch strategy and compare to the adhesives 
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considered as ‘gold-standard’ in each category. All adhesives assessed in our study had a 

decrease in bond strength values to caries-affected dentin; rejecting our first null hypothesis. 

Our findings are in accordance to previous studies that found lower values to caries-

affected dentin compared to sound one,4,12 however, no studies have evaluated universal 

systems in this substrate and as a result, comparisons are difficult to be made. The carious 

process creates porous zones within intertubular dentin due to the mineral loss. In this sense, 

the porosity of this substrate permits deeper etching,5 and consequently, thicker hybrid layers 

are found when adhesives are bonded to caries-affected dentin.3,13-15 It is noteworthy that 

although thicker hybrid layers are formed, this does not represent an advantage, as an 

irregular and defective hybrid layer can be observed,3 as consequence of inadequate 

infiltration of monomers after conditioning steps through this demineralized substrate. 

Moreover, mineral content seems to be the main reason for the decreased bond strength values 

observed in caries-affected dentin when compared to sound dentin, irrespective of the 

adhesive system (etch-and-rinse or self-etch).16,17 

Recently, the same universal system (Scotchbond Universal Adhesive) was evaluated 

in caries-affected dentin, though in primary teeth. The µTBS values to caries-affected dentin 

were also lower than those obtained for sound dentin, except when this system was used as 

self-etch mode. Despite this, it is known that permanent and primary dentin are different 

substrates,18,19 and therefore, it is crucial to also investigate how this adhesive will perform on 

caries-affected dentin of permanent teeth. 

 Furthermore, a higher number of pre-test failures were observed in the caries-affected 

dentin, which may be attributed to the lower cohesive strength of the substrate.2 Cohesive 

failures did not occur when adhesives were bonded to caries-affected dentin. Conversely, 

greater frequency of cohesive failures was found in sound dentin, probably due to the higher 

bond strength values observed. 

  Similar µTBS values were observed among evaluated adhesive systems, irrespective 

of the application mode of the universal adhesive. Thus, our second null hypothesis must be 

accepted, as the Scotchbond Universal Adhesive did not differ from its control materials. Our 

findings corroborate results reported in the literature,20-22 in which some authors found no 

differences in bond strength to sound dentin between self-etch and etch-and-rinse strategies 

using Scotchbond Universal Adhesive. It is valid to assume that, the composition of 

Scotchbond Universal Adhesive seems to be a ‘hybrid’ of the other systems, including the 

polyalkenoic acid copolymer (Vitrebond Copolymer) and the functional monomer MDP that 

are capable to establish a chemical bond to hydroxyapatite, and thus, the similar bond strength 
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among evaluated systems might be expected. Nevertheless, different results can also be found 

on the literature when compared it to the same controls.23 

Artificial caries induction by pH-cycling was used in our study in order to obtain a 

standardized flat caries-affected dentin surfaces for bond strength evaluation. Although there 

are some morphologically differences between natural and artificial caries-affected dentin, 

e.g., tubules obliteration and microhardness (KHN) values,9 the bond strength values seem not 

be influenced by the type of caries,16 permitting the use of laboratorial models in attempt to 

overcome the great variability of natural caries-affected dentin.  

Immediate microtensile tests, despite some intrinsic limitations and inter-laboratories 

differences, are helpful to rank adhesives and effort to compare new materials to already 

extensive studied ones, and therefore, choose the adhesives that should undergo clinical 

investigations. Our results suggest that despite a significant drop on bond strength to caries-

affected dentin had been found, the Scotchbond Universal Adhesive can be used in both 

application modes, independently of dentin condition. Therefore, it might represent that these 

new category of bonding materials are less technique sensitive.  

 It has been verified that use of the self-etch approach for bonding the universal 

adhesive that contain MDP to sound dentin improves stability in vitro.20 From now on, we 

expect that the etch-and-rinse strategy might be more critical over time when using carious 

substrate. Studies evaluating the long-term performance of the universal adhesives to caries-

affected dentin are necessary to consolidate the recommendation of the new adhesives, since 

this substrate is more prone to deterioration over time and contain less calcium available to 

the chemical bonding. 

5. Conclusion 
 The use of a universal adhesive system following both etch-and-rinse and self-etch 

strategies does not influence the bond strength to dentin. Nevertheless, the universal adhesive 

was not able to ensure the same bonding performance to caries-affected dentin, as a 

significant drop in bond strength values were observed compared to sound dentin.  
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Table 1. Adhesive systems (batch number), composition and application modes*  
Adhesive System/            Composition**                          Mode of application 
Batch Number         Self-etch               Etch-and-rinse 
Adper Single Bond 2       Etchant: phosphoric acid 37%     N.A.                1.Apply etchant for 15s 
(3M ESPE, St. Paul,       Bond: bis-GMA, HEMA,                2. Rinse for 10s 
MN, USA)        dimethacrylates, ethanol, water,          3.Blot excess of water 
         photoinitiator, methacrylate           4.Apply actively 2 
Batch number:        functional copolymer of           consecutives layers of  
(N508311)        polyacrylic and poly(itaconic)          adhesive for 15s 
         acids, 10% by of 5 nm-diameter          5. Gently air dry for 5s 
         spherical silica particles           6. Light cure for 10s 
Clearfil SE Bond        Primer: MDP, HEMA,             1.Apply actively primer    N.A. 
(Kuraray Dental Inc.,       hydrophobic dimethacylate,         to tooth surface and leave  
Okayama, Japan)        camphorquinone, water,               in place for 20s 
         N,N- diethanol toluidine             2. Dry with air stream to 
Batch number:        Bond: MDP, HEMA,             evaporate the volatile 
Primer (012333A)        Bis-GMA, hydrophobic             solvents 
Bond (01865A)        dimethacylate,              3. Apply actively bond  
         camphorquinone,             to tooth surface and then 
         N,N- diethanol p-toluidine,           create a uniform film  
         colloidal silica              using a gentle air stream 
                  4.Light cure for 10s 
Scotchbond Universal Adhesive Etchant: phosphoric acid 37%      1.Apply actively the           1. Apply etchant for 15s 
(3M ESPE, St. Paul,       Bond: MDP, HEMA,              the adhesive to the        2.Rinse thoroughly 
MN, USA)        dimethacylate resins,              entire surface for 20s.      3. Blot excess of water 
         methacylate-modified              If necessary, rewet the     4.Apply adhesive as for  
Batch number:        polyalkenoic acid copolymer        disposable applicator        the self-etch mode 
(509806)         ethanol, water, filler,              2. Direct a gentle air   
         initiator, silica               stream over the adhesive 
                   for 5s or until it no longer 
                   moves and the solvent 
                   completely evaporated 
                   3.Light cure for 10s 
* According to manufactures. **Abbreviations: Bis-GMA: bisphenol A glycidyl methacrylate; HEMA: 2-hydroxyethyl methacrylate; 
MDP: 10-methacryloyloxydecyl dihydrogen phosphate; N.A.: not applicable 
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Table 2. Microtensile bond strength (MPa) means (standard deviation) for all 
adhesives and substrates*. 
 
 Adhesive** 

Substrate condition SBU (E&R) SBU (SE) ASB CSE 
Sound dentin 54.99(9.55)A  41.66(7.70)A 52.75(9.57)A     48.41(7.23)A 
Caries-affected dentin 23.88(2.57)B 22.74(5.67)B 20.93(4.79)B 20.47(3.11)B 
*Different letters means differences statistically significant between groups (Tukey test, p < 0.05). 
** SBU application mode: E&R – etch-and-rinse; SE – self-etching. 
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Figure 1. (A) Specimen from sound dentin with regular surface. (B) Specimen from 
pH-cycling showing intertubular porous zones followed by an irregular surface and 
extensive opening of dentinal tubules as consequence of demineralization.   

 

Figure 2. Fracture pattern distribution (%), considering the total number of specimens 
tested/pre-testing failures (right numbers in each line) for each experimental group in 
caries-affected dentin.  

 

Figure 3. Fracture pattern distribution (%), considering the total number of specimens 
tested/pre-testing failures (right numbers in each line) for each experimental group in 
sound dentin.  

 



 43 

2. DISCUSSÃO GERAL 

 

 

Recentemente um novo conceito sobre sistemas adesivos foi proposto. Estes sistemas 

adesivos, intitulados “universais”, foram desenvolvidos em busca de procedimentos mais 

simples e menos sensíveis a técnica operatória. Juntamente com a evolução dos materiais 

adesivos, uma mudança de paradigma em procedimentos restauradores, odontologia 

minimamente invasiva, vem sendo aplicada com maior frequência entre clínicos. Nesta 

abordagem restauradora, diferentes substratos dentinários são observados durante o preparo 

cavitário. Desta maneira, os procedimentos adesivos são realizados sobre dentina hígida e 

dentina afetada sem diferenciação nas etapas adesivas. Portanto, frente ao recente lançamento 

de sistemas adesivos universais, que não dependem da estratégia de condicionamento, torna-

se essencial avaliar laboratorialmente o seu comportamento entre os diferentes substratos 

dentinários. 

 Um decréscimo nos valores de resistência de união foi observado quando os sistemas 

adesivos foram aplicados sobre dentina desmineralizada em relação a dentina hígida. Nossos 

resultados vão ao encontro de estudos prévios que compararam a performance de sistemas 

adesivos à dentina afetada e hígida (ERHARDT et al., 2014; ZANCHI et al., 2010). 

Entretanto, diferentes resultados são observados na literatura, principalmente em relação ao 

sistema adesivo Clearfil SE Bond, e assim, alguns autores encontraram valores de resistência 

de união similares em ambos os substratos (OMAR et al., 2007). O processo carioso promove 

uma perda de mineral aumentando a porosidade da dentina intertubular, o que proporciona 

uma maior desmineralização frente ao condicionamento ácido, assim como a formação de 

uma camada híbrida mais espessa (PEREIRA et al., 2006; ERHARDT et al., 2008). Este 

aumento na espessura da camada híbrida não está relacionado a uma vantagem na adesão, mas 

com a formação de uma camada defeituosa pela inadequada infiltração dos monômeros 

(ERHARDT et al., 2008). Desta maneira, é esperado um decréscimo nos valores de 

resistência de união, mesmo em sistemas adesivos autocondicionantes. 

 Menores valores de resistência de união foram observados em dentes com dentina 

desmineralizada, o que foi acompanhado de um maior número de falhas pré-testes (ptf), em 

ambos substratos, dentina desmineralizada decídua e permanente. Assim como, somente 

falhas adesivas/mistas foram observadas nestes substratos. Isto pode estar relacionado a 

formação de uma camada híbrida defeituosa e irregular (ERHARDT et al., 2008). Por outro 
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lado, quando os sistemas adesivos foram empregados em substrato hígido, somente uma falha 

pré-teste (ptf) foi observada entre todos adesivos avaliados, assim como um grande número de 

falhas coesivas em dentina e resina foi constatado, o que provavelmente está relacionado a 

maiores valores de resistência de união pela formação de uma camada híbrida adequada.  

 Dentes decíduos e permanentes possuem diferentes concentrações de cálcio e 

densidade tubular, e portanto diferentes resultados no comportamento de sistemas adesivos 

são encontrados em alguns estudos (UEKASA et al., 2006; LENZI et al., 2010). Entretanto, 

não existe consenso na literatura se estes diferentes padrões micro-morfológicos são capazes 

de resultarem em menores valores de resistência de união. Desta maneira, alguns autores 

encontraram resultados similares quando compararam sistemas adesivos em dentes 

permanentes e decíduos (SOARES et al., 2005; RICCI et al., 2010), o que vai ao encontro dos 

nossos resultados.  

Os resultados deste trabalho, confirmam que o sistema adesivo Single Bond Universal 

pode ser utilizado em ambas estratégias de aplicação e independentemente do substrato 

dentinário, sem comprometimento da eficácia adesiva. Nossos resultados vão ao encontro de 

outros estudos (WAGNER et al., 2014; CHEN et al., 2015) que avaliaram o comportamento 

de sistemas adesivos universais em dentina hígida e não encontraram diferenças entre os 

modos de aplicação. Os resultados deste trabalho ainda afirmam que o sistema adesivo Single 

Bond Universal não apresenta diferença nos valores de resistência de união quando 

comparado aos controles, Adper Single Bond 2 e Clearfil SE Bond, considerados padrões-

ouro em ambas estratégias. Alguns autores (MUÑOZ et al., 2013) encontraram menores 

valores de resistência de união quando comparam o Single Bond Universal aos controles em 

dentes permanentes hígidos, enquanto outros autores (LENZI et al., 2015) encontram 

resultados similares, quando compararam este sistema adesivo em substrato dentinário 

desmineralizado.  

O sistema adesivo Adper Single Bond 2 possui em sua formulação, o copolímero do 

ácido polialquenóico que promove uma ligação química ao cálcio disponível na zona de 

interdifusão. O sistema adesivo Clearfil SE Bond, possui o monômero funcional 10-

metracriloiloxidecil dihidrogenofosfato (MDP) que além de promover uma ligação química a 

estrutura dental, promove a formação de nano-camadas responsáveis pela maior estabilidade 

da interface adesiva (YOSHIDA et al., 2012a). Na formulação do sistema adesivo Single 

Bond Universal, ambos componentes estão presentes, no qual o processo de adesão não foi 

completamente elucidado, pois alguns autores demonstram que ambos componentes podem 
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competir pelo mesmo sítio de ligação de cálcio, assim como o copolímero do ácido 

polialquenóico poderia prevenir a aproximação dos monômeros durante a polimerização 

devido ao seu alto peso molecular (MUÑOZ et al., 2013). Além disso, o Single Bond 

Universal possui monômeros HEMA, os quais são capazes de inibir uma adequada formação 

das nano-camadas quando presente juntamente ao monômero 10-MDP (YOSHIDA et al., 

2012b). Entretanto, um recente estudo (MUÑOZ et al., 2015) avaliou a estabilidade deste 

adesivo e não encontrou nenhuma diferença nos valores de resistência de união após 6 meses 

de envelhecimento em água. Ademais, sistemas adesivos universais que apresentam somente 

o monômero 10-MDP em sua formulação quando aplicados em substratos hígidos, resultam 

em valores de resistência de união inferiores aos demais (WAGNER et al., 2014). Desta 

maneira, é provável que outros fatores produto-relacionados sejam importantes para uma 

adequada performance adesiva, além da adesão química (SCHOLTANUS et al., 2010). 

 Uma recente revisão sistemática avaliou a performance de sistemas adesivos 

universais in vitro aplicados em dentina e esmalte (ROSA et al., 2015). Os autores 

encontraram que, independentemente do modo de aplicação, a resistência de união destes 

sistemas adesivos não foi prejudicada quando aplicados a dentina, entretanto, valores 

inferiores foram encontrados no modo autocondicionante quando estes sistemas foram 

aplicados ao esmalte dental. Da mesma maneira, o sistema adesivo Single Bond Universal 

apresentou resultados similares em ambos modos de aplicação quando utilizado em 

restaurações sobre lesões cervicais não-cariosas durante um acompanhamento de 18 meses 

(PERDIGÃO et al., 2014). Conforme anteriormente citado, o substrato hígido e cariado 

apresentam diferenças micro-morfológicas, e deste modo é necessário a avaliação destes 

adesivos universais também em substratos cariados. Os resultados deste estudo comprovam a 

versatilidade destes sistemas adesivos universais. Portanto, estes sistemas adesivos 

apresentam uma excelente performance adesiva, possibilitando a sua aplicação em ambos 

modos e em diferentes substratos sem prejuízo da adesão, tornando os procedimentos 

adesivos menos sensíveis a técnica. 
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3. CONSIDERAÇÕES FINAIS 

 

 

Esta dissertação avaliou o comportamento do sistema adesivo Single Bond Universal 

em diferentes substratos dentinários. Este sistema adesivo, independente da estratégia de 

aplicação, apresentou valores de resistência de união similares aos controles, Adper Single 

Bond 2 e Clearfil SE Bond, quando comparado a dentina desmineralizada decídua e 

permanente. Nenhum sistema adesivo avaliado apresentou valores de resistência de união 

diferentes quando os substratos decíduos e permanentes desmineralizados foram comparados. 

Assim como, quando o sistema adesivo Single Bond Universal foi comparado entre dentes 

permanentes, porém à dentina hígida e desmineralizada, valores de resistência de união 

similares, independente da estratégia de aplicação, foram obtidos quando comparado aos seus 

controles. Entretanto, a dentina desmineralizada resultou em valores de resistência de união 

inferiores em todos os sistemas adesivos quando comparada a dentina hígida. Desta maneira, 

os sistemas adesivos recentemente disponíveis no mercado, intitulados universais, devido a 

sua versatilidade em procedimentos restauradores adesivos, é uma excelente alternativa aos 

“antigos” sistemas adesivos. Esta grande versatilidade dos sistemas adesivos universais 

proporciona procedimentos restauradores mais simples e menos sensíveis a técnica operatória, 

facilitando o emprego destes em diversas situações clínicas. 
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ANEXO 
 

 

Anexo A - Carta de aprovação do Comitê de Ética em Pesquisa da UFSM 
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Anexo B - Normas para publicação no periódico Journal of Adhesive Dentistry 
 

 

GUIDELINES FOR AUTHORS 

The Journal of Adhesive Dentistry is a bi-monthly journal that publishes scientifically sound 
articles of interest to practitioners and researchers in the field of adhesion to hard and soft 
dental tissues. The Journal publishes several types of peer-reviewed original articles: 

1. Clinical and basic science research reports – based on original research in adhesive 
dentistry and related topics. 
2. Reviews topics – on topics related to adhesive dentistry. 
3. Short communications – of original research in adhesive dentistry and related topics. Max. 
4 printed pages, including figures and references (max. characters 18,000). High priority will 
be given to the review of these papers to speed publication. 
4a. Invited focus articles – presenting a position or hypothesis on a basic science or clinical 
subject of relevant related topics. These articles are not intended for the presentation of 
original results, and the authors of the articles are selected by the Editorial Board. 
4b. Invited commentaries – critiquing a focus article by addressing the strong and weak points 
of the focus article. These are selected by the Editorial Board in consultation with the focus 
article author, and the focus article and the commentaries on it are published in sequence in 
the same issue of the Journal. 
5. Invited guest editorials – may periodically be solicited by the Editorial Board. 
6. Proceedings of symposia, workshops, or conferences – covering topics of relevance to 
adhesive dentistry and related topics. 
7. Letters to the Editor – may be submitted to the editor-in-chief; these should normally be no 
more than 500 words in length. 
 
SUBMISSION INSTRUCTIONS 
 
Submission of manuscripts in order of preference: 
 
1. Submission via online submission service (www.manuscriptmanager.com/jadd). 
Manuscript texts should be uploaded as PC-word files with tables and figures preferably 
embedded within the PC-word document. A broad range of file formats are acceptable. No 
paper version required but high resolution photographs or illustrations should be sent to the 
editorial office (see below). Online submissions are automatically uploaded into the editorial 
office’s reviewer assignment schedule and are therefore processed immediately upon upload. 
2. Submission via e-mail as a PC-word document (wintonowycz@quintessenz.de). 
Illustrations can be attached in any format that can be opened using Adobe Photoshop, (TIF, 
GIF, JPG, PSD, EPS etc.) or as Microsoft PowerPoint Documents (ppt). No paper version 
required but high resolution photographs or illustrations should be sent to the editorial office.  
3. One paper copy of the manuscript plus a floppy diskette or CD-ROM (mandatory) 
containing a PC-word file of the manuscript text, tables and legends. Figures should be 
included on the disk if possible in any format that can to be opened using Adobe Photoshop, 
(TIf, GIf, JPG, PSD, EPS etc.) or as a Microsoft PowerPoint Document (ppt). 
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Mailing address: 
 
Quintessenz Verlags-GmbH, Karin Wintonowycz 
The Journal of Adhesive Dentistry, Ifenpfad 2-4, D–12107 Berlin, Germany. 
 
Illustrations that cannot be sent electronically will be scanned at the editorial office so that 
they can be sent to reviewers via e-mail along with the manuscript to expedite the evaluation 
process. Resubmitted manuscripts should also be submitted in the above manner. Please note 
that supplying electronic versions of your tables and illustrations upon resubmission will 
assure a faster publication time if the manuscript is accepted. Review/editing of manuscripts. 
Manuscripts will be reviewed by the editor-in-chief and at least two reviewers with expertise 
within the scope of the article. The publisher reserves the right to edit accepted manuscripts to 
fit the space available and to ensure conciseness, clarity, and stylistic consistency, subject to 
the author’s final approval. Adherence to guidelines. Manuscripts that are not prepared in 
accordance with these guidelines will be returned to the author before review. 
 
MANUSCRIPT PREPARATION 
 
• The Journal will follow as much as possible the recommendations of the International 
Committee of Medical Journal Editors (Vancouver Group) in regard to preparation of 
manuscripts and authorship (Uniform requirements for manuscripts submitted to biomedical 
journals. Ann Intern Med 1997;126: 36-47). 
 
• Title page. The first page should include the title of the article (descriptive but as concise as 
possible) and the name, degrees, job title, professional affiliation, contribution to the paper 
(e.g., idea, hypothesis, experimental design, performed the experiments in partial fulfillment 
of requirements for a degree, wrote the manuscript, proofread the manuscript, performed a 
certain test, consulted on and performed statistical evaluation, contributed substantially to 
discussion, etc.) and full address of all authors. Phone, fax, and e-mail address must also be 
provided for the corresponding author, who will be assumed to be the first listed author unless 
otherwise noted. If the paper was presented before an organized group, the name of the 
organization, location, and date should be included. 
 
•  3-8 keywords. 
 
• Structured abstract. Include a maximum 250-word structured abstract (with headings 
Purpose, Materials and Methods, Results, Conclusion). 
 
• Introduction. Summarize the rationale and purpose of the study, giving only pertinent 
references. Clearly state the working hypothesis. 
 
• Materials and Methods. Present materials and methods in sufficient detail to allow 
confirmation of the observations. Published methods should be referenced and discussed only 
briefly, unless modifications have been made. Indicate the statistical methods used, if 
applicable. 
 
• Results. Present results in a logical sequence in the text, tables, and illustrations. Do not 
repeat in the text all the data in the tables or illustrations; emphasize only important 
observations. 
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• Discussion. Emphasize the new and important aspects of the study and the conclusions that 
follow from them. Do not repeat in detail data or other material given in the Introduction or 
Results section. Relate observations to other relevant studies and point out the implications of 
the findings and their limitations. 
 
• Acknowledgments. Acknowledge persons who have made substantive contributions to the 
study. Specify grant or other financial support, citing the name of the supporting organization 
and grant number. 
 
• Abbreviations. The full term for which an abbreviation stands should precede its first use in 
the text unless it is a standard unit of measurement. 
 
• Trade names. Generic terms are to be used when ever possible, but trade names and 
manufacturer should be included parenthetically at first mention. 
 
• Clinical Relevance. Please include a very brief (2 sentences or 3 lines) clinical relevance 
statement. 
 
REFERENCES 
 
• All references must be cited in the text, according to the alphabetical and numerical 
reference list.  
 
• The reference list should appear at the end of the article, in alphabetical and numerical 
sequence. 
 
• Do not include unpublished data or personal communications in the reference list. Cite such 
references parenthetically in the text and include a date. 
 
• Avoid using abstracts as references. 
 
• Provide complete information for each reference, including names of all authors. If the 
reference is part of a book, also include title of the chapter and names of the book‘s editor(s). 
 
Journal reference style: 
 
1. Turp JC, Kowalski CJ, Stohler CS. Treatment-seeking patters of facial pain patients: Many 
possibilities, limited satisfaction. J Orofacial Pain 1998;12:61-66. 
 
Book reference style: 
 
1. Hannam AG, Langenbach GEJ, Peck CC. Computer simulations of jaw biomechanics. 
In:McNeill C (ed). Science and Practice of Occlusion. Chicago: Quintessence, 1997:187-194. 
 
ILLUSTRATIONS 
 
• All illustrations must be numbered and cited in the text in order of appearance.  
 
• Submitted figures should meet the following minimum requirements: 
 
– High-resolution images should have a width of 83 mm and 300 dpi (for column size). 
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– Graphics (bar diagrams, schematic representations, drawings) wherever possible should be 
produced in Adobe Illustrator and saved as AI or EPS files.  
– All figures and graphics should be separate files – not embedded in Word or Power Point 
documents. 
 
Upon article acceptance, high-resolution digital image files must be sent via one of the 
following ways: 
 
1. As an e-mail attachment, if the files are not excessively large (not more than 10 MB), to our 
production department: Steinbrueck@quintessenz.de 
2. Online File Exchange Tool: Please send your figures with our Online File Exchange Tool. 
This web tool allows you to upload large files (< 350.0 MB) to our server. Please archive your 
figures with a maximum size of 350 MB first. Then upload these archives with the following 
link: http://files.qvnet.de/JAD/, password: IAAD.  
 
Please name the archive with your name and article number so we can identify the figures. 
Line drawings–Figures, charts, and graphs should be professionally drawn and lettered large 
enough to be read after reduction. Good-quality computer-generated laser prints are 
acceptable (no photocopies); also provide electronic files (eps, ai) if possible. Lines within 
graphs should be of a single weight unless special emphasis is needed. 
 
Legends 
–Figure legends should be grouped on a separate sheet and typed double-spaced. 
 
TABLES 
 
• Each table should be logically organized, on a separate sheet, and numbered consecutively. 
• The title and footnotes should be typed on the same sheet as the table. 
 
MANDATORY SUBMISSION FORM 
The Mandatory Submission Form, signed by all authors, must accompany all submitted 
manuscripts before they can be reviewed for publication. Electronic submission: scan the 
signed form and submit as JPG or TIF file. 
 
PERMISSIONS & WAIVERS 
• Permission of author and publisher must be obtained for the direct use of material (text, 
photos, drawings) under copyright that does not belong to the author. 
• Waivers must be obtained for photographs showing persons. When such waivers are not 
supplied, faces will be masked to prevent identification. For clinical studies the approval of 
the ethics committee must be presented. 
 
PAGE CHARGE 
The first 8 printed pages in an article are free of charge. For excess pages, the charge is €140 
per printed page. The approximate number of characters on a printed page is approximately 
6,800. Please also consider the number and size of illustrations. 
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Anexo C - Normas para publicação no periódico Journal of Dentistry 
 

 

GUIDE FOR AUTHORS 
 
The Journal of Dentistry is the leading international dental journal within the field of 
Restorative Dentistry. Placing an emphasis on publishing novel and high-quality research 
papers, the Journal aims to influence the practice of dentistry at clinician, research, industry 
and policy-maker level on an international basis. Topics covered include the management of 
dental disease, periodontology, endodontology, operative dentistry, fixed and removable 
prosthodontics, and dental biomaterials science, long-term clinical trials including 
epidemiology and oral health, dental education, technology transfer of new scientific 
instrumentation or procedures, as well clinically relevant oral biology and translational 
research. Submissions are welcomed from other clinically relevant areas, however, the 
Journal places an emphasis on publishing high-quality and novel research. Queries in relation 
to manuscript content should be directed to the Journal Editorial Office in the first instance. 
 
Submissions 
 
Authors are requested to submit their original manuscript and figures via the online 
submission and editorial system for Journal of Dentistry. Using this online system, authors 
may submit manuscripts and track their progress through the system to publication. Reviewers 
can download manuscripts and submit their opinions to the editor. Editors can manage the 
whole submission/review/revise/publish process. Please register at: 
http://ees.elsevier.com/jjod 
 
Types of paper 
 
Contributions falling into the following categories will be considered for publication: 
 
- Original Research Reports: maximum length 6 printed pages approximately 20 typescript 
pages, including illustrations and tables. 
- Review articles: maximum length 10 printed pages, approximately 33 typescript pages, 
including illustrations and tables. 
- Short communication for rapid publication: maximum length 2 printed pages, approximately 
7 typescript pages, including illustrations. 
- Letters providing informed comment and constructive criticism of material previously 
published in the Journal. 
 
All typescripts must be accompanied by a Permission Note. This is a letter signed by each 
author (not just the corresponding author), affirming that the paper has been submitted solely 
to Journal of Dentistry and that it is not concurrently under consideration for publication in 
another journal. Prospective authors should confirm that the submitted work, including 
images, are original. Authors are reminded that if included images (e.g. Tables and Figures) 
have been previously published may require copyright permission. 
 
Authorship 
 
Only those persons who have made a significant contribution to the manuscript submitted 
should be listed as authors. The Editor-in-Chief expects that a manuscript should normally 
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have no more than 6 authors, unless a case is made by the corresponding author within the 
article cover letter to include other authors. All of the named authors should have been 
involved in the work leading to the publication of the paper and should have read the paper 
before it is submitted for publication. 
 
PREPARATION 
 
Double-blind review. This journal uses double-blind review, which means that both the 
reviewer and author name(s) are not allowed to be revealed to one another for a manuscript 
under review. The identities of the authors are concealed from the reviewers, and vice versa. 
For more information please refer to http://www.elsevier.com/reviewers/peer-review. To 
facilitate this, please include the following separately: 
 
Title page (with author details): 
 
This should include the title, authors' names and affiliations, and a complete address for the 
corresponding author including an e-mail address. Blinded manuscript (no author details): 
The main body of the paper (including the references, figures, tables and any 
Acknowledgements) should not include any identifying information, such as the authors' 
names or affiliations. Use of word processing software It is important that the file be saved in 
the native format of the word processor used. The text should be in single-column format. 
Keep the layout of the text as simple as possible. Most formatting codes will be removed and 
replaced on processing the article. In particular, do not use the word processor's options to 
justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts 
etc. When preparing tables, if you are using a table grid, use only one grid for each individual 
table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns. 
The electronic text should be prepared in a way very similar to that of conventional 
manuscripts (see also the Guide to Publishing with Elsevier:  
http://www.elsevier.com/guidepublication). Note that source files of figures, tables and text 
graphics will be required whether or not you embed your figures in the text. See also the 
section on Electronic artwork. To avoid unnecessary errors you are strongly advised to use the 
'spell-check' and 'grammar-check' functions of your word processor.  
 
Introduction 
 
The introduction must be presented in a structured format, covering the following subjects, 
although not under subheadings: succinct statements of the issue in question, and the essence 
of existing knowledge and understanding pertinent to the issue. In keeping with the house 
style of Journal of Dentistry, the final paragraph of the introduction should clearly state the 
aims and/or objective of the work being reported. Prospective authors may find the following 
form of words to be helpful: "The aim of this paper is to..." Where appropriate, a hypothesis 
(e.g. null or a priori) should then be stated. 
 
Essential title page information 
• Title. 
Concise and informative. Titles are often used in information-retrieval systems. Avoid 
abbreviations and formulae where possible. 
 
• Author names and affiliations. 
Please clearly indicate the given name(s) and family name(s) of each author and check that all 
names are accurately spelled. Present the authors' affiliation addresses (where the actual work 
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was done) below the names. Indicate all affiliations with a lower- case superscript letter 
immediately after the author's name and in front of the appropriate address. Provide the full 
postal address of each affiliation, including the country name and, if available, the e-mail 
address of each author. 
 
•  Corresponding author. 
Clearly indicate who will handle correspondence at all stages of refereeing and publication, 
also post-publication.  Ensure that the e-mail address is given and that contact details are kept 
up to date by the corresponding author. 
 
•  Present/permanent address. 
If an author has moved since the work described in the article was done, or was visiting at the 
time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that 
author's name. The address at which the author actually did the work must be retained as the 
main, affiliation address. Superscript Arabic numerals are used for such footnotes. The title 
page should contain the following information: 
- Title of paper 
- Short title 
- Name(s), job titles and address(es) of author(s) (no academic degrees necessary) 
- Name, address, telephone, fax and e-mail of the corresponding author 
- Up to 6 keywords 
Spelling: International English. 
Authors are urged to write as concisely as possible. 
 
The house style of Journal of Dentistry requires that articles should be arranged in the 
following order: Title, Abstract, Introduction, Materials and Methods, Results, Discussion, 
Conclusions, Acknowledgements, References, Tables, Figures. A cover letter should 
accompany the new manuscript submission, within which the authors should indicate the 
significance of the work being submitted in a statement no more than 100 words. A signed  
permission note (details below) must also be included.  
 
Abstract: should not exceed 250 words and should be presented under the following 
subheadings: Objectives, Methods; Results; Conclusions (For Reviews: Objectives; Data; 
Sources; Study selection; Conclusions). A 50 word 'Clinical Significance' statement should 
appear at the end of the abstract advising readers of the clinical importance and relevance of 
their work. These subheadings should appear in the text of the abstract. Please repeat the title 
of the article at the top of the abstract page. 
 
Introduction: must be presented in a structured format, covering the following subjects, 
although not under subheadings: succinct statements of the issue in question, and the essence 
of existing knowledge and understanding pertinent to the issue. In keeping with the house 
style of Journal of Dentistry, the final paragraph of the introduction should clearly state the 
aims and/or objective of the work being reported. Prospective authors may find the following 
form of words to be helpful: "The aim of this paper is to ..." Where appropriate, a hypothesis 
(e.g. null or a priori) should then be stated. 
 
Keywords: up to 6 keywords should be supplied. 
 
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. 
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Units: SI units should be used throughout. If non-SI units must be quoted, the SI equivalent 
must immediately follow in parentheses. The complete names of individual teeth must be 
given in the test. In tables and legends for illustrations.  
 
Statistics: Statistical methods should be described with enough detail to enable a 
knowledgeable reader with access to the original data to verify the reported results. When 
possible, findings should be quantified and appropriate measures of error or uncertainty (such 
as confidence intervals) given. Details about eligibility criteria for subjects, randomization 
and the number of observations should be included. The computer software and the statistical 
method(s) used should be specified with references to standard works when possible (with 
pages specified). See  http://www.icmje.org/manuscript_1prepare.html for more detailed 
guidelines. 
 
References: 
These should appear in the text in numerical order and should follow a modified form of the 
Vancouver Reference system (details may be found at 
http://www.icmje.org/index.html#reference . Please note that the house style of the Journal of 
Dentistry is different from the standard Vancouver reference style in that it includes a 
requirement: 
- to refer to the name of the Journal in full 
- to put the name of the Journal in Italics 
- to put the volume number in bold 
 
Examples as follows: Journal articles 
 
Lynch CD, Frazier KB, McConnell RJ, Blum IR, Wilson NHF. State-of-the-art techniques in 
Operative Dentistry: contemporary teaching of posterior composites in UK and Irish dental 
schools. British Dental Journal 2010; 209 129-36. 
 
Wilson NHF, Mjör I. The teaching of class I and class II direct composite restorations in 
European dental schools. Journal of Dentistry 2000;28:15-21. 
 
Please note that in-press/ accepted articles that are awaiting assignment of page numbers 
should be cited including their DOI number (Digital Object Identifier), for example: 
 
Books 
Lynch CD. Successful posterior composites. London: Quintessence Publishing Co., 2008.  
 
Book chapters 
Phillips SJ, Whisnant JP. The role of dentine under restorations. In: Laragh JH, Brenner BM, 
editors. The science of restorative dentistry. 2nd ed. Oxford: Elsevier; 2003. p.266-78. 
 
If there are seven or more authors please list the first six and et al., otherwise list all authors. 
Journal titles should be given in full. If websites are used as references, the full URL should 
be cited, along with the date on which it was accessed. 
 
Illustrations: should be submitted electronically using appropriate commercial software. 
Prospective authors should follow the relevant guidelines (available from: 
http://www.elsevier.com/artworkinstructions). In addition, it is noted that while authors 
sometimes need to manipulate images for clarity, manipulation for purposes of deception or 
fraud will be seen as scientific ethical abuse 



 60 

and will be dealt with accordingly. For graphical images, journals published by Elsevier apply 
the following policy: no specific feature within an image may be enhanced, obscured, moved, 
removed, or introduced. Adjustments of brightness, contrast, or color balance are acceptable if 
and as long as they do not obscure or eliminate any information present in the original. 
Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed in the figure 
legend. 
 
Abstract 
The Abstract should not exceed 250 words and should be presented under the following 
subheadings: Objectives, Methods; Results; Conclusions (For Reviews: Objectives; Data; 
Sources; Study selection; Conclusions). A 50 word 'Clinical Significance' statement should 
appear at the end of the abstract advising readers of the clinical importance and relevance of 
their work. These subheadings should appear in the text of the abstract. Please repeat the title 
of the article at the top of the abstract page. 
 
Graphical abstract 
Although a graphical abstract is optional, its use is encouraged as it draws more attention to 
the online article. The graphical abstract should summarize the contents of the article in a 
concise, pictorial form designed to capture the attention of a wide readership. Graphical 
abstracts should be submitted as a separate file in the online submission system. Image size: 
Please provide an image with a minimum of 531 × 1328 pixels (h × w) or proportionally 
more. The image should be readable at a size of 5 × 13 cm using a regular screen resolution of 
96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. See 
http://www.elsevier.com/graphicalabstracts for examples. Authors can make use of Elsevier's 
Illustration and Enhancement service to ensure the best presentation of their images and in 
accordance with all technical requirements: Illustration Service. 
 
Keywords 
Provide a maximum of 6 keywords, using British spelling and avoiding general and plural 
terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with abbreviations: 
only abbreviations firmly established in the field may be eligible. These keywords will be 
used for indexing purposes. 
 
Artwork 
Image manipulation 
Whilst it is accepted that authors sometimes need to manipulate images for clarity, 
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and 
will be dealt with accordingly. For graphical images, this journal is applying the following 
policy: no specific feature within an image may be enhanced, obscured, moved, removed, or 
introduced. Adjustments of brightness, contrast, or color balance are acceptable if and as long 
as they do not obscure or eliminate any information present in the original. Nonlinear 
adjustments (e.g. changes to gamma settings) must be disclosed 
Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 
Symbol, or use fonts that look similar. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 



 61 

• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
A detailed guide on electronic artwork is available on our website: 
http://www.elsevier.com/artworkinstructions. 
You are urged to visit this site; some excerpts from the detailed information are given here. 
 
Formats 
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, 
Excel) then please supply 'as is' in the native document format. Regardless of the application 
used other than Microsoft Office, when your electronic artwork is finalized, please 'Save as' or 
convert the images to one of the following formats (note the resolution requirements for line 
drawings, halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 
1000 dpi. 
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a 
minimum of 500 dpi. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically 
have a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content. 
 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or 
PDF), or MS Office files) and with the correct resolution. If, together with your accepted 
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that 
these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of 
whether or not these illustrations are reproduced in color in the printed version.  For color 
reproduction in print, you will receive information regarding the costs from Elsevier after 
receipt of your accepted article. Please indicate your preference for color: in print or online 
only. For further information on the preparation of electronic artwork, please see 
http://www.elsevier.com/artworkinstructions. Please note: Because of technical complications 
that can arise by converting color figures to 'gray scale' (for the printed version should you not 
opt for color in print) please submit in addition usable black and white versions of all the 
color illustrations. 
 
Illustration services 
Elsevier's WebShop (http://webshop.elsevier.com/illustrationservices) offers Illustration 
Services to authors preparing to submit a manuscript but concerned about the quality of the 
images accompanying their article. Elsevier's expert illustrators can produce scientific, 
technical and medical- style images, as well as a full range of charts, tables and graphs. Image 
'polishing' is also available, where our illustrators take your image(s) and improve them to a 
professional standard. Please visit the website to find out more. Figure captions Ensure that 
each illustration has a caption. Supply captions separately, not attached to the figure. A 
caption should comprise a brief title (not on the figure itself) and a description of the 
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols 
and abbreviations used. 
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Tables 
Please submit tables as editable text and not as images. Tables can be placed either next to the 
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 
accordance with their appearance in the text and place any table notes below the table body. 
Be sparing in the use of tables and ensure that the data presented in them do not duplicate 
results described elsewhere in the article. Please avoid using vertical rules. 
 
References 
Citation in text  
Please ensure that every reference cited in the text is also present in the reference list (and 
vice versa). Any references cited in the abstract must be given in full. Unpublished results and 
personal communications are not recommended in the reference list, but may be mentioned in 
the text. If these references are included in the reference list they should follow the standard 
reference style of the journal and should include a substitution of the publication date with 
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' 
implies that the item has been accepted for publication. 
 
Reference links 
Increased discoverability of research and high quality peer review are ensured by online links 
to the sources cited. In order to allow us to create links to abstracting and indexing services, 
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are 
correct. Please note that incorrect surnames, journal/book titles, publication year and 
pagination may prevent link creation. When copying references, please be careful as they may 
already contain errors. Use of the DOI is encouraged. 
 
Web references 
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a source 
publication, etc.), should also be given. Web references can be listed separately (e.g., after the 
reference list) under a different heading if desired, or can be included in the reference list.  
 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue.  
 
Reference management software 
Most Elsevier journals have a standard template available in key reference management 
packages. This covers packages using the Citation Style Language, such as Mendeley 
(http://www.mendeley.com/features/reference-manager) and also others like EndNote 
(http://www.endnote.com/support/enstyles.asp) and Reference Manager 
(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages which 
are available from the above sites, authors only need to select the appropriate journal template 
when preparing their article and the list of references and citations to these will be formatted 
according to the journal style as described in this Guide. The process of including templates in 
these packages is constantly ongoing. If the journal you are looking for does not have a 
template available yet, please see the list of sample references and citations provided in this 
Guide to help you format these according to the journal style. If you manage your research 
with Mendeley Desktop, you can easily install the reference style for this journal by clicking 
the link below: http://open.mendeley.com/use-citation-style/journal-of-dentistry 
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When preparing your manuscript, you will then be able to select this style using the Mendeley 
plug-ins for Microsoft Word or LibreOffice. For more information about the Citation Style 
Language, visit http://citationstyles.org. 
 
Reference style 
References should appear in the text in numerical order and should follow a modified form of 
the Vancouver Reference system (details may be found at 
http://www.icmje.org/index.html#reference. 
Please note that the house style of the Journal of Dentistry is different from the standard 
Vancouver reference style in that it includes a requirement: 
- to refer to the name of the Journal in full 
- to put the name of the Journal in Italics 
- to put the volume number in bold 
Examples as follows: 
 
Journal articles 
Lynch CD, Frazier KB, McConnell RJ, Blum IR, Wilson NHF. State-of-the-art techniques in 
Operative Dentistry: contemporary teaching of posterior composites in UK and Irish dental 
schools. British Dental Journal 2010; 209 : 129 - 36.  
 
Wilson NHF, Mjör I. The teaching of class I and class II direct composite restorations in 
European dental schools. Journal of Dentistry 2000; 28:15-21. 
Please note that in-press/ accepted articles that are awaiting assignment of page numbers 
should be cited including their DOI number (Digital Object Identifier), for example: 
 
Books 
Lynch CD. Successful posterior composites. London: Quintessence Publishing Co., 2008. 
Book chapters Phillips SJ, Whisnant JP. The role of dentine under restorations. In: Laragh JH, 
Brenner BM, editors. The science of restorative dentistry. 2nd ed. Oxford: Elsevier; 2003. 
p.266-78. 
 
If there are seven or more authors please list the first six and et al., otherwise list all authors. 
Journal titles should be given in full. If websites are used as references, the full URL should 
be cited, along with the date on which it was accessed. Journal abbreviations source Journal 
names should be abbreviated according to the List of Title Word Abbreviations: 
http://www.issn.org/services/online-services/access-to-the-ltwa/. 
 
Video data 
Elsevier accepts video material and animation sequences to support and enhance your 
scientific research. Authors who have video or animation files that they wish to submit with 
their article are strongly encouraged to include links to these within the body of the article. 
This can be done in the same way as a figure or table by referring to the video or animation 
content and noting in the body text where it should be placed. All submitted files should be 
properly labeled so that they directly relate to the video file's content. In order to ensure that 
your video or animation material is directly usable, please provide the files in one of our 
recommended file formats with a preferred maximum size of 150 MB. Video and animation 
files supplied will be published online in the electronic version your article in Elsevier Web 
products, including ScienceDirect: http://www.sciencedirect.com. 
Please supply 'stills' with your files: you can choose any frame from the video or animation or 
make a separate image. These will be used instead of standard icons and will personalize the 
link to your video data. For more detailed instructions please visit our video instruction pages 
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at http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be 
embedded in the print version of the journal, please provide text for both the electronic and 
the print version for the portions of the article that refer to this content. 
 
Supplementary material 
Elsevier accepts electronic supplementary material to support and enhance your scientific 
research. Supplementary files offer the author additional possibilities to publish supporting 
applications, high-resolution images, background datasets, sound clips and more. 
Supplementary files supplied will be published online alongside the electronic version of your 
article in Elsevier Web products, including ScienceDirect:  http://www.sciencedirect.com. In 
order to ensure that your submitted material is directly usable, please provide the data in one 
of our recommended file formats. Authors should submit the material in electronic format 
together with the article and supply a concise and descriptive caption for each file. For more 
detailed instructions please visit our artwork instruction pages at 
http://www.elsevier.com/artworkinstructions. 
 
Submission checklist 
The following list will be useful during the final checking of an article prior to sending it to 
the journal for review. Please consult this Guide for Authors for further details of any item. 
Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details: 
• E-mail address 
• Full postal address 
 
All necessary files have been uploaded, and contain: 
• Keywords 
• All figure captions 
• All tables (including title, description, footnotes) 
 
Further considerations 
• Manuscript has been 'spell-checked' and 'grammar-checked' 
• References are in the correct format for this journal 
• All references mentioned in the Reference list are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources (including 
the Internet) 
Printed version of figures (if applicable) in color or black-and-white 
• Indicate clearly whether or not color or black-and-white in print is required. 
• For reproduction in black-and-white, please supply black-and-white versions of the figures 
for printing purposes. 
For any further information please visit our customer support site at 
http://support.elsevier.com. 
 
AFTER ACCEPTANCE 
Use of the Digital Object Identifier  
The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The 
DOI consists of a unique alpha-numeric character string which is assigned to a document by 
the publisher upon the initial electronic publication. The assigned DOI never changes. 
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because 
they have not yet received their full bibliographic information. Example of a correctly given 
DOI (in URL format; here an article in the journal Physics Letters B): 
http://dx.doi.org/10.1016/j.physletb.2010.09.059 
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When you use a DOI to create links to documents on the web, the DOIs are guaranteed never 
to change. 
 
Online proof correction 
Corresponding authors will receive an e-mail with a link to our online proofing system, 
allowing annotation and correction of proofs online. The environment is similar to MS Word: 
in addition to editing text, you can also comment on figures/tables and answer questions from 
the Copy Editor. Web-based proofing provides a faster and less error-prone process by 
allowing you to directly type your corrections, eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF version. All 
instructions for proofing will be given in the e-mail we send to authors, including alternative 
methods to the online version and PDF. We will do everything possible to get your article 
published quickly and accurately. Please use this proof only for checking the typesetting, 
editing, completeness and correctness of the text, tables and figures. Significant changes to 
the article as accepted for publication will only be considered at this stage with permission 
from the Editor. It is important to ensure that all corrections are sent back to us in one 
communication. Please check carefully before replying, as inclusion of any subsequent 
corrections cannot be guaranteed. Proofreading is solely your responsibility. 
 
Offprints 
The corresponding author, at no cost, will be provided with a personalized link providing 50 
days free access to the final published version of the article on ScienceDirect. This link can 
also be used for sharing via email and social networks. For an extra charge, paper offprints 
can be ordered via the offprint order form which is sent once the article is accepted for 
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's 
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring 
printed copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' 
service to collate multiple articles within a single cover 
(http://webshop.elsevier.com/myarticleservices/booklets). The decision of the Editor-in-Chief 
is final in relation to all manuscript submissions. 
 


