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ABSTRACT
Objective: This study aimed to evaluate the surface 
microhardness and morphology, as well as the 
microshear bond strength of a self-etching adhesive 
(Clearfil SE, Kuraray) to eroded dentin, exposed or not to 
cigarette smoke. Forty dental crowns were divided into 
4 groups (n = 10): no treatment (control) (C); erosion 
(E); erosion + cigarette smoke exposure (ES); cigarette 
smoke exposure (S). Samples were prepared through 
third molars polishing until dentin exposure, followed 
by crown section. Erosive cycles were performed 5 
times/day for 30 s at 60 min intervals. Cigarette smoke 
was produced with twenty cigarettes/day, during 5 
days. Microhardness was evaluated initially and after 
the treatments. Microshear bond strength was tested 
after the treatments and dentin restoration with flow 
composite. Failure patterns and dentin morphology was 
evaluated by Scanning Electron Microscopy. Microshear 
bond strength data was submitted to two-way ANOVA, 
microharness test was adjusted by gamma distribution 
to be a non-parametric analyses (p=0.05), and surface 
morphology as qualitative analyses. Loss percentage of 
microhardness was observed only in groups submitted 
to erosion. Bond strength was statistically similar 
between all groups. The most prevalent failure pattern 
was of adhesive type. Morphological analysis of dentin 
showed obliterated tubules in groups submitted to 
cigarette smoke exposure. Cigarette smoke exposure 
did not promote any effect in the percentage of 
microhardness loss, as in sound dentin as in eroded 
dentin. Cigarette smoke, erosion, and association of 
both, did not alter the bond strength of self-etching 
adhesives to dentin.

RESUMO
Objetivo: Este estudo teve como objetivo avaliar a microdureza (% 
perda de dureza) e morfologia de superfície (MS), assim como a 
resistência de união (RU) de um adesivo autocondicionante (Clearfil 
SE, Kuraray) à uma dentina erodida, exposta ou não à fumaça de 
cigarro.  Material e Métodos: Quarenta coroas dentais de terceiros 
molares foram seccionadas da raiz e polidas até a exposição dentinária, 
sendo aleatoriamente divididas em 4 grupos (n=10): sem tratamento 
(controle), erosão (E), erosão+ exposição a fumaça de cigarro (ES); 
exposição a fumaça de cigarro (S).O ciclo erosivo foi realizado 5 vezes/
dia por 30s, com 60 minutos de intervalo entre eles. Os grupos ES e 
S foram exposto à fumaça de cigarro produzida por 20 cigarros/dia, 
durante 5 dias. A avaliação da microdureza foi realizada antes e após os 
tratamentos, enquanto a resistência da união por microcisalhamento 
foi realizada após os tratamentos Os padrões de fratura representativos 
e a MS dentinária foram avaliados por microscopia eletrônica de 
varredura (MEV). Os dados de RU foram analisados por ANOVA 
dois fatores, enquanto a análise  de microdureza foi ajustada por 
distribuição gama por ser uma análise não-paramétrica (p=0.05). A  
MS foi analisada qualitativamente. Resultados: Os grupos expostos 
aos ciclos erosivos (E e ES) apresentaram % de perda de dureza 
significativamente menor que os grupos não expostos (Controle e S. 
aos ciclos erosivos (E e ES). Para RU, não houve diferença estatística 
significativa entre os grupos. O  padrão de fratura mais observado foi 
do tipo adesivo, e através das imagens obtidas por MEV, observou-
se a obliteração de túbulos dentinários no grupo exposto  à fumaça 
de cigarro, enquanto os grupos submetidos aos ciclos erosivos (E e 
ES) apresentaram maior exposição e diâmetro de túbulos dentinários. 
Conclusão: A exposição à fumaça de cigarro não promove nenhum 
efeito quanto a perda de porcentagem de dureza dentinária, assim 
como em dentina erodida e saudável. A fumaça de cigarro, o processo 
erosivo, e a associação de ambos, não altera a resistência da união de 
adesivos autocondicionantes à dentina. 
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INTRODUCTION

D ata published by World Health Organization 
(WHO) indicated that around two billion 

people use tobacco worldwide [1], being 
considered a public health problem, since its 
associated with more than 7 million deaths per 
year [2]. Smoking is considered a complex and 
highly dynamic process, which has as its product 
fuel, a hazardous smoke by a gaseous phase and a 
particulate one, with more than 3,800 compounds, 
negatively influencing the general and oral health 
of the individual [3,4]. In the oral cavity, changes 
in color, surface roughness and microhardness of 
both the dental structure and restorative materials 
may occur, and the bond strength of some dentin 
bonding systems may be reduced, and these 
substances are important for the clinical success of 
restorations [5-8].

Furthermore, smoke habit it is frequently 
associated with the acid beverages consumption, 
which have a highly erosive potential (for 
example-based coca soft drinks and coffee) thus 
increasing the susceptibility of dental erosion 
[9-12]. According to Ten Cate and Imfeld 
(1996), tooth erosion is defined by loss of tooth 
mineral structure through acids agents, without 
involvement of bacteria, which is a pathological 
process classified as acute or chronic [13]. 
Depending on the severity of exposure, there is 
the possibility of dentin exposure, therefore dentin 
hypersensitivity, in addition to reduced chewing 
capacity [9,14]. Once the dentin tissue exposure, 
there is a necessity for restorative treatments to 
replace lost tissue [15,16].

Restorative success is closely associated 
with an effective bonding procedure between 
adhesive system and dental tissue. Although the 
development of adhesives is growing, bringing 
significantly improvements to adhesive area, 
substrate- adhesive interface, denominated hybrid 
layer, it is still been the most susceptible area to 
degradation in buccal medium [17]. Literature 
shows several factors that interfere with bond 
success, such as blood contamination, saliva, 
erosion [18] and cigarette smoke exposure 
[7,8]. Some studies suggest that cigarette smoke 
modified the dental structure due to collagen 
matrix degradation, organic part, and changes 
in hydroxyapatite crystals through heavy metal’s 

deposition [5,19]. According to Almeida & Silva 
et al. (2010) and Theobaldo et al. (2016), these 
heavy metal contaminations can be associated 
with the decrease of bond strength of some 
adhesive systems, in order to the changes in the 
dentin substrate [7,8]. Owing to this, the aim of 
this study was evaluated the causing effects of 
cigarettes smoke in an eroded dentin, regarding 
interference of bond strength of self-etching 
adhesive systems and superficial microhardness. 

The null hypothesis of this study is that 
dentin exposure to erosive cycles associated with 
exposure to cigarette smoke would not influence 
on surface microhardness and bond strength of 
self-etching adhesives.

MATERIAL AND METHODS
Forty freshly extracted human third 

molars were selected with approval by the Ethics 
Committee in Research of Piracicaba Dental 
School, University of Campinas (register number 
57972916), and were kept in 0.9% saline solution 
for up to two months. Teeth’s debris was removed 
with scalpel blade and surfaces were cleaned with 
pumice powder (SS White LTDS, Rio de Janeiro, 
RJ, Brazil) and water. 

After cleaning, the enamel was abraded in a 
polishing machine (Politriz, AROTEC; São Paulo, 
SP, Brazil) with 100-grit silicon carbide abrasive 
paper (Norton Abrasivos; Vinhedo, SP, Brazil) until 
obtainment of a flat dentin occlusal surface. The 
dentin surface was then polished sequentially with 
600- and 1200-grit silicon carbide abrasive papers in 
the same machine, under constant water-cooling, to 
obtain a flat surface. For the last grit, each specimen 
was polished for 30 s in order to standardize the 
smear layer. Teeth were sonicated (Ultrasound 
Ultrason 1440 D-Odontobrás; Rio Preto, SP, Brazil) 
for 15 min after each abrasive paper in order to 
remove polishing debris, until grit 600.

At the end of dentin polishing, the teeth 
were affixed to a metallographic precision cutter 
(Isomet 1000, Buehler; Lake Bluff, IL, USA), in 
which a diamond blade (Isomet Diamond Wafering 
Blades, Buehler, IL, USA) sectioned the roots from 
the crowns, under water-cooling at 250 rpm. The 
roots were discarded and the crowns were used as 
samples for the tests perform.
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The samples were allocated in 4 groups, 
according to their treatment: no treatment 
(control) (C); just erosion (E); erosion + cigarette 
smoke exposure (ES); just cigarette smoke 
exposure (S).

Erosion simulation

Samples from s and third groups were 
immersed in 0.3% citric acid solution (pH ~ 3.25) 
for 30 s while stirring (173 rpm), followed by 60 
minutes in artificial saliva solution (pH 7). The 
procedure was repeated five times and samples 
were stored in artificial saliva [20].

Cigarette smoke exposure

Samples from third and fourth groups 
were submitted to cigarette smoke exposure. 
For this purpose, a smoke machine developed 
by the Department of Restorative Dentistry 
of Piracicaba Dental School (registered under 
Number 01810012043 INPI - National Institute of 
Industrial Property) was used. The machine allows 
the impregnation of cigarettes compounds, such 
as pigments, into dental structures and restorative 
materials, in order to reproduce the conditions 
of smokers’ oral cavity. The machine works by 
aspirating and conducting cigarette smoke through 
compartments, so that smoke circulates in the 
environment, allowing the deposition of chemicals 
over the samples. The cycle is programmed within a 
time interval of 3 s, which simulates smoke aspiration 
normally performed by a smoker. A timer allows 
ambient air to be inhaled every 10 s, thus simulating 
smoke exhaustion and subsequent elimination.

The samples were submitted to smoke 
exposure from a pack of Marlboro cigarette (Philip 
Morris Brazil Ind. Com. Ltda., Santa Cruz do Sul, 
RS, Brazil), namely 20 cigarettes per day, over a 
5-day period [21]. During the whole procedure, 
the samples were stored in artificial saliva at 
37°C. Every 24 h, the samples were washed with 
distilled water and re-immersed in new artificial 
saliva solution, in order to prevent sedimentation 
of cigarette smoke compounds [21].

Microhardness test

Surface microhardness test was performed 
before and after the treatments. For this purpose, 
the samples were fixed to acrylic discs with sticky 
wax, so that dentin surfaces remained parallel 

to the acrylic base. Knoop microhardness value 
(KHN) was obtained through arithmetic mean of 
five indentations, considering 5 g load for 5 s and 
100 µm apart.

After initial and final tests, the percentage 
of microhardness loss was calculated through the 
formula: % microhardness loss = (KHNinitial - 
KHNfinal) * 100 / KHNinitial.

Microshear bond strength test

A self-etching 2-step adhesive system (Clearfil 
SE, Kuraray, Tokyo, Japan) was applied to dental 
structures after surface microhardness analysis, 
according to manufacturer’s instructions: active 
application of primer for 20 s, gentle air drying, bond 
application, gentle air drying, and light activation 
for 10 s. Subsequently, the dentin surfaces received 
a composite resin restoration (Filtek Z350 XT Flow, 
3M Oral Care, St. Paul, MN, USA), confectioned 
with a perforated bucatini pasta matrix (Furadinho 
6, Pastifício Santa Amália, Machado, MG, Brazil), 
presenting 1 mm high and 1.04 mm internal 
diameter. Light activation of the specimens was 
performed for 20 s with light emitting diode device 
(Valo, Ultradent Products, South Jordan, UT, USA), 
in High Power mode - 1400 mW/cm2.

The specimens were attached to a device 
with cyanoacrylate-based glue (Super Bond gel, 
Loctite, Henkel, São Paulo, SP, Brazil) by their 
extremities. Then, the set was fitted on a Universal 
Testing Machine (EZ Test L, Shimadzu, Kyoto, 
Japan) and the microshear bond strength test was 
conducted with ± 5 N load cell at a crosshead 
speed of 0.5 mm/min until failure. The cross-
sectional area at the side of fracture was measured 
with a digital caliper (Mitutoyo Corporation, 
Tokyo, Japan), and microshear bond strengths 
were reported in MegaPascal (MPa).

Failure patterns and dentin morphology 
evaluation

After treatments and tests performing, 
the samples were sputter-coated with gold in a 
vacuum evaporator (SCD 050, Bal-Tec AG, Balzers, 
Liechtenstein). A scanning electron microscope 
(JSM 5600 LV, JEOL, Tokyo, Japan) was used to 
evaluate dentin morphology, i.e. surface changes, 
and fracture patterns, which were classified as: (1) 
cohesive in dentin, (2) adhesive, (3) cohesive in 
composite and (4) mixed, considering as cohesive 
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and adhesive fractures when at least 70% of the 
total area was composed by the same pattern. 
Mixed fracture was stated when there was more 
than one pattern and none prevailed.

Statistical analysis

Data’s normality and equality of the variances 
were observed. Bond strength variable met the 
assumptions of parametric analysis. Microhardness 
variable did not meet the assumptions of parametric 
analysis. Thus, bond strength variable was analyzed 
by two-way ANOVA and microhardness variable 
presented asymmetric distribution. A generalized 
linear model was adjusted considering gamma 
distribution (asymmetric shape). In all analyzes, a 
significance level of 5% was considered.

RESULTS
Table I shows the values for the percentage 

of surface hardness loss after the treatments. It 
was possible to observe a statistically significant 
difference only for the groups whose specimens 
were submitted to the erosive process (E and ES) 
when compared to the groups not submitted to 
erosion. (C and S) (p = 0.0145). There was not 
statistically significant difference for smoke factor 
(p = 0.8790) and for the interaction between 
factors (p = 0.5296).

Table I - Mean (Standard deviation) for the percentage of 
microhardness loss in dentin substrate.

Table II - Mean (standard deviation) of dentin bond strength 
in MPa.

Means followed by same letters did not differ each other. 
Horizontal uppercase letter and vertical lowercase letter.

Means followed by same letters did not differ each other. 
Horizontal uppercase letter and vertical lowercase letter.

Without Erosion Erosion
Without Cigarette Smoke 11.28 (14.17) Ba 30.20 (9.85) Aa

Cigarette smoke 17.60 (11.51) Ba 27.27 (9.96) Aa

Without Erosion Erosion
Without Cigarette Smoke 9.9 (4.3) Aa 11.6 (5.3) Aa

Cigarette smoke 12.3 (8.0) Aa 11.8 (3.6) Aa

For fracture pattern, data were distributive 
in graphic in accordance with the frequency of 
the fractures (Figure 1). The predominantly 
pattern found in all groups was adhesive 
failure, except for the group that was exposed 
only to cigarette smoke (F). For group F, the 
predominantly pattern was mixed failure.

Images obtained by SEM, Figure 2 (A), 
correspond to control group without erosion 
(C). It is possible observed the presence of 
dentin tubules exposed irregularly and integrate 
mineral surface. Figure 2 (B) were represented 
dentin surfaces of control group exposed to 
erosive cycle (E). In the images, tubules are 
exposed in several quantities and with a bigger 
diameter in comparison with to control group 
(C) and exposed only to cigarette smoke (S), 
both without erosive challenge. It is observed 
the demineralization caused by irregular 
intertubular areas. Figure 2 (C) corresponds to 
group ES, which has the dentin surface exposed 
both to cigarette smoke and erosive cycle. It 
is observed the same superficial alterations 
found in the group E, however the tubules are 
obliterated, which suggest a material deposition 
from cigarette smoke. Groups exposed only 
by cigarette smoke (S) showed 2 types of 
surface pattern (Figure 2D and D1). In Figure 
2 (D) observed a significantly decrease in the 
quantity of exposed dentin tubules, due to their 
obliteration (magnification 4000x) occurred by 
cigarette smoke deposition. The same pattern is 
observed in figure 2 (D1).

Figure 1 - Percentage of fracture pattern. The failures were 
classified as mixed, adhesive and cohesive.

Table II shows the values for bond 
strength to dentin substrate. No statistically 
significant differences were observed for both 
factors: cigarette smoke exposure (p = 0.4492) 
and erosion (p = 0.7221), and the interactions 
between factors (p = 0.5401).  
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Figure 2 - Representative SEM images (X1000) of dentin surface after exposure to cigarette smoke associated or not with erosion.
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DISCUSSION

The results suggest that the cigarette 
smoke with erosion association did not interfere 
on bond strength of self-etching adhesive system 
to dentin.  Therefore, the null hypothesis tested 
was accepted. 

Dental erosion occurs due to the presence 
of hydrogen ions released from strong / weak 
acids agents, by anions that can be activated 
by complexing with calcium, being known as 
chelating agents [22]. However, a simple strong 
acid such as hydrochloric acid is less common in 
the oral environment. Thus, the major concern 
should occur with the weak acids, such as citric 
acid and acetic acid, as these are commonly 
found in beverages and foods [23]. Hydrogen 
ions are produced by acid dissociation in water, 
and the weaker the acid, the easier it is to 
dissociate and release H+ ions. Citric acid can 
release three hydrogen ions per molecule, which 
can react with carbonates or phosphates present 
in hydroxyapatite crystals dissolving them and 
causing loss of dental structure [24]. The erosive 
challenge performed in this study occurred using 
an acid solution containing 0.3% citric acid in its 
composition at pH = 3.25, being considered a mild 
erosive protocol [20]. The contact of the solution 
with the dental surface caused a significant loss 
of hardness (Table 1) for the groups exposed to 
the erosive cycle (E and EF) when compared to 
the unexposed groups (C and F). Acids such as 
citric acid have a greater complex interaction 
with the dental structure because in aqueous 
media there is a formation of a mixture that 
contains hydrogen ions, acid anions (citrate) and 
molecules without dissociation. The quantities 
of the reaction products mentioned above, are 
calculated by the acid dissociation constant 
(pKa)  and the pH of the solution. Hydrogen 
ions behaves exactly as described above and 
directly attacks the mineral surface composed 
by hydroxyapatite crystal. In addition, the citrate 
anion can form a calcium complex by removing it 
from the dental surface. Each acid has a different 

resistance to the complex formed with calcium, 
this resistance being dependent on the molecular 
structure of the complex and the ease with which 
it exhibits the same characteristics of calcium. 
Consequently, such substances as citric acid have 
dual demineralizing action [22].

When dentin was exposed to cigarette smoke 
and erosive cycle (FE), the smoke had no effect on 
the demineralizing process when compared to the 
group exposed only to erosive cycle (E) and did 
not differ statistically from each other.

Erosive process in dentin cause a loss of 
mineral structure presented in this substrate, 
such as collagen fibrils exposure and increase 
of the quantity and diameter of exposed dentin 
tubules (Figure 2B and 2C) [22,25]. In the 
present study no statistically difference in bond 
strength were observed between eroded groups 
and non-eroded groups.  According Cruz et al., 
2012 the changes in dentin structure did no 
interfere on bond strength of adhesive systems in 
dentin, once that eroded dentin presented similar 
bond strength values for conventional adhesive 
systems when compare with glass ionomer 
cement (GIC) and resin modified GIC. Authors 
suggest that adhesive materials are capable to 
promoting similar micromechanical retention in 
both substrates, despite a higher demineralization 
degree of eroded dentin [26].

In this study were applied a two-step self-
etching adhesive system, which contains in its 
formulation functional monomers capable to 
chemically interacting with calcium presents 
in hydroxyapatite, the main dental compound 
[27]. The 10-MDP monomer is a bi-functional 
molecule, which can interact with others resin 
monomers, as well as  with the dental structure. 
Its functional acid group (phosphate group) 
allows interaction with calcium ions, present in 
hydroxyapatite crystals [28,29]. This interaction 
results in an MDP-Ca salts formation with a high 
stability in aqueous medium, but also hydrolysis 
resistance, thus increase the restoration longevity 
[27,30-32] 
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Scientific evidence is limited as to regarding 
eroded dentin adhesion. It is uncertain how the 
chemical and microstructural changes presented 
in the dentin substrate due to erosive challenge 
can affect the long-term adhesive materials 
performance. Some studies suggest the bond 
strength quality impairment caused by an eroded 
dentin, regardless the adhesive system [25,33-
35]. However, the best option to restore eroded 
tooth structure, still being the adhesive systems 
combined with composite resin because these 
materials presented a greater acid-resistance  in 
comparison with GIC and resin modified GIC [33].

According Wang and Spencer, 2004 
and Sattabanasuk et al., 2005, the greater 
the demineralization degree in eroded 
dentin substrate, the greater the depth 
of demineralization. These increases of 
demineralization depth allow formation of a thick 
hybrid layer from monomeric penetration into 
the substrate, in comparison with a sound dentin. 
Demineralized areas whose were not covered by 
monomers are structurally imperfect and had 
porosities, which comprising predominantly 
hydrophilic areas. This can contribute to dentin 
bond strength decrease [36,37].

Some studies in the literature suggest a 
decrease of dentin bond strength to teeth exposed 
to cigarette smoke [7,8]. However, in this study 
was not observed the decrease of self-etching 
adhesive system bond strength decrease in an 
eroded dentin as exposed to cigarette dentin 
substrate. More studies are necessary to a better 
knowing about the action mechanism of this type 
of adhesive system on eroded dentin surfaces as 
exposed to cigarette smoke.

CONCLUSION

Cigarette smoke exposure did not promote 
any effect in the percentage of microhardness loss, 
as in sound dentin as in eroded dentin. Cigarette 
smoke, erosion, and association of both, did not 
alter the bond strength of self-etching adhesives 
to dentin.
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