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ABSTRACT
The aim of this study was to evaluate the infl uence of Nd:YAG laser on microtensile 

bond strength (μTBS) of different adhesive materials to human dentin. Eighteen human third 
molars were divided into 6 groups. Group 1 – adhesive system, Adper Single Bond 2 (SB); 
Group 2 – adhesive system, Clearfi l SE Bond (CSEB); Group 3 – self-adhesive resin luting 
cement, RelyX Unicem; Group 4 – irradiation with Nd:YAG laser and application of SB; 
Group 5 – irradiation with Nd:YAG laser and application of CSEB; Group 6 – irradiation with 
Nd:YAG laser and application of RelyX Unicem. A composite resin block was built on the 
dentin surfaces, and sticks with a cross-sectional area of ~0.80 mm2 were obtained. Twenty 
specimens per group were selected and subjected to μTBS testing in a universal testing machine. 
According to the analysis of variance and Tukey test (α = 0.05), the highest μTBS mean was 
obtained with CSEB (41.75 MPa) without laser irradiation, but this value was not statistically 
different from CSEB with laser irradiation (33.42 MPa). Mean μTBS of SB without (32.15 
MPa) and with (35.38 MPa) laser irradiation did not differ statistically. The lowest μTBS values 
were obtained for RelyX Unicem, and the group without laser irradiation showed statistically 
higher values (14.50 MPa) than those found with laser irradiation (7.53 MPa). Nd:YAG laser 
did not signifi cantly reduce bond strength of the adhesive systems under study, except for the 
self-adhesive resin luting cement.
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Infl uência do Uso do Laser de Nd:YAG na Resistência 
de União de Materiais Resinosos à Dentina

RESUMO
O objetivo desse estudo foi avaliar a infl uência do laser Nd:YAG na resistência à microtração de 

diferentes materiais adesivos à dentina humana. Dezoito terceiros molares humanos foram divididos 
em 6 grupos. Grupo 1 – Adesivo Adper Single Bond 2 (SB), Grupo 2 – Adesivo Clearfi l SE Bond 
(CSEB), Grupo 3 – Cimento resinoso autoadesivo RelyX Unicem, Grupo 4 – irradiação com laser de 
Nd:YAG e aplicação de SB, Grupo 5 – irradiação com laser de Nd:YAG e aplicação de CSEB e Grupo 
6 – irradiação com laser de Nd:YAG e aplicação de RelyX Unicem. Um bloco de resina composta foi 
confeccionado sobre essas superfícies de dentina tratadas e os espécimes foram seccionados para 
obtenção de palitos de 0,80 mm2. Vinte espécimes foram selecionadas por grupo e submetidos 
a resistência adesiva à microtração (μTBS) em máquina de ensaio universal. De acordo com 
a análise de variância e teste de Tukey (α = 0,05), a maior média μTBS foi obtida com CSEB 
(41,75 MPa) sem irradiação por laser, esse valor não diferiu estatisticamente do CSEB com 
irradiação por laser (33,42 MPa ). A μTBS média de SB sem (32,15 MPa) e com (35,38 MPa) 
irradiação do laser não diferiram estatisticamente entre si. Os menores valores de μTBS foram 
obtidos para RelyX Unicem, sendo o valor sem irradiação por laser (14,50 MPa) estatisticamente 
superior ao com (7,53 MPa). O Laser de Nd: YAG não diminuiu signifi cativamente a resistência 
de união dos sistemas adesivos estudados, apenas para o cimento resinoso autoadesivo. 

Palavras-chave: Laser, Resistência de União, Adesivos Dentinários, Cimentos de Resina.

INTRODUCTION
The development of adhesive systems has allowed restorative procedures to be 

carried out with minimal removal of sound tooth structure, due to a micromechanical 
bonding of restorative materials to enamel and dentin. Dentin presents a more complex 
substrate than enamel for bonding, and many studies have been devoted to understanding 
the mechanism of dentin bonding (1). 

Adhesive systems have been chemically enhanced to improve their bonding ability 
to dentin. Parallel to this, manufacturers have invested in simplifi ed adhesives that are 
quick and easy to use. The traditional three-stage application (conditioner, primer, and 
adhesive) has been replaced by three different product categories, as follows: two-step 
etch-and-rinse adhesives – the primer and the adhesive are applied simultaneously 
after acid etching; self-etching primers – the acid etching and primer stages occur 
simultaneously, followed by the application of the adhesive; and self-etching adhesives 
– the acid etching, primer and adhesive stages occur at the same time. More recently, 
self-adhesive resin luting cements that do not need pretreatment for bonding to tooth 
substrates have been developed (2-3).

At the same time, a number of new technologies have been developed to optimize 
the effi cacy of adhesive systems, such as the use of laser radiation. Over the past 30 
years, several types of lasers have been used with different goals in soft tissues and tooth 
structures, including the Nd:YAG laser, which has been shown to be effective in dentistry 
for tooth hypersensitivity, removal of carious tissue, sealing enamel pits and fi ssures, 
removal of soft tissue (4), and disinfection of dental tissues (5). 
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The application of  Nd:YAG laser leads to morphological changes in the tooth substrate 
(6), making dentin more resistant to demineralization by acids (7), which are applied to 
demineralize the dentin and allow the adhesive to penetrate, aiming to reveal the hybrid 
layer. However, the application of laser may compromise the capacity of adhesive materials 
to bond to the dentin substrate (8-9), and consequently the longevity of the restoration.

The aim of this study was to evaluate the infl uence of  Nd:YAG laser on microtensile 
bond strength (μTBS) of different adhesive materials to dentin. The hypothesis to be analyzed 
is that Nd:YAG laser does not infl uence bond strength of adhesive materials to dentin.

METHODOLOGY
Eighteen unerupted human third molars, extracted for therapeutic reasons, were 

cleaned of gross debris and stored in distilled water at 4º C. The water was changed 
every week and the teeth were used within a period not exceeding 6 months. Roots were 
mounted in self-cured acrylic resin, and the occlusal surface enamel was removed with 
a low-concentration diamond disc mounted in a low-speed laboratory cutting machine 
(Labcut 1010; Extec Corp., London, England), under cooling, to obtain a fl at dentin 
surface. Dentin surfaces were fi nished with 400- and 600-grit silicon carbide abrasive 
paper placed in a polishing machine (DPU-10; Panambra, São Paulo, SP, Brazil) under 
water. After polishing, the teeth were randomly divided into six groups according to the 
materials used (Table 1) and treatments carried out on dentin.

TABLE 1 – Components* of the adhesive materials used in this study.

Adhesive material Components Manufacturer

Single Bond
Etchant

Adhesive

35% phosphoric acid.
Bis-GMA, HEMA, dimethacrylates, 

polyalkenoic copolymer, ethanol, water.

3M/ESPE , St. Paul, 
Minnesota, USA

Clearfi l SE Bond
Self-etching primer

Adhesive

MDP, HEMA, hydrophilic dimethacrylate,
di-camphorquinone,

N,N-diethanol-p-toluidine, water.
MDP, Bis-GMA, HEMA,

hydrophobic dimethacrylate,
di-camphorquinone,

N,N-diethanol-p-toluidine,
silanated colloidal silica.

Kuraray, Kurashiki, 
Okayama, Japan

RelyX Unicem
Powder

Liquid

Glass powder, silica, calcium hydroxide, pigment, 
substituted pyrimidine, peroxy compound, initiator.
Methacrylated phosphoric ester, dimethacrylate, 

acetate, stabilizer, initiator.

3M/ESPE, St. Paul, 
Minnesota, USA

Bis-GMA = bisphenol-A glycidyl methacrylate; HEMA = 2-hydroxyethyl methacrylate;
MDP = 10-methacryloyloxydecyl dihydrogen phosphate.

* According to the manufacturer’s information.
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Group 1 – Adper Single Bond 2: the dentin was treated for 15 s with 35% 
phosphoric acid and rinsed for 30 s under running tap water. Excess water was 
removed with a cotton pellet, leaving a moist surface. Two consecutive coats of 
adhesive were applied, using a saturated brush tip. After gently air drying for 5 s, 
the material was light cured with a light-curing unit (XL 3000; 3M, St. Paul, MN, 
USA) for 10 s. 

Group 2 – Clearfi l SE Bond: the self-etching primer was applied to enamel and 
dentin using a brush tip and left in place for 30 s. Excess solvent was removed by air 
drying for 5 s. The bond was applied to the surface cavity with a brush tip and gently 
air dried for 3 s, followed by light curing for 20 s.

Group 3 – RelyX Unicem: the capsule was activated and its internal content was 
mixed using a high-frequency oscillator for 10 s. The material was applied to the dentin 
to approximately 1 mm thickness and light cured for 40 s. 

Group 4 - Nd:YAG + Adper Single Bond 2: a coat of Nanquim (Trident, Itapuí, SP, 
Brazil) was applied over the dentin for better absorption of laser radiation onto the dentin 
surface. A Nd:YAG laser system (Pulse Master 1000; American Dental Technologies, 
Corpus Christi, TX, USA), with a wavelength of 1064 nm and 150 μm pulse duration, 
was used. The parameters used were 0.9 W, 15 Hz, 60 mJ per pulse, with an optic fi ber 
of 400 μm, generating energy of 47.70 mJ/cm2 per pulse. The optic fi ber was used in 
a standard position, perpendicular to the tooth surface, located approximately 1 mm 
from the tooth surface. A 2-min time period was stipulated for laser application over 
the entire dentin surface. After laser application, residual Nanquim was removed using 
a microbrush under running water. Then, the adhesive system was applied as described 
for group l.

Group 5 - Nd:YAG + Clearfi l SE Bond: Nd:YAG laser was applied as described 
for group 4, followed by the adhesive system as described for group 2;

Group 6 - Nd:YAG + RelyX Unicem: Nd:YAG laser was applied as described for 
group 4, followed by the self-adhesive resin luting cement as described for group 3.

After the adhesive materials were polymerized, the surface was built up with 
Z250 (3M, St. Paul, MN, USA) composite resin in two layers to a height of 4 mm. 
Each layer was light cured for 40 s with XL 3000. The light intensity was controlled 
by a radiometer model 100 (Demetron/Kerr, Danbury, CT, USA), remaining between 
500 and 530 mW/cm2.

After bonding procedures, specimens were stored for 24 h at 37o C in distilled 
water. The teeth were then sectioned perpendicular to the bonding surface using a 
laboratory cutting machine (Labcut 1010) at a speed of 400 rpm with a diamond disc 
No. 15280 (Buehler, Lake Bluff, Illinois, USA) under water cooling. The specimens 
had approximately 0.90 x 0.90 mm of transverse section, as measured with a digital 
caliper (Mitutoyo Sul Americana Ltda., Suzano, SP, Brazil), and were examined under 
a stereomicroscope (Olympus Corp., Tokyo, Japan) at 10x magnifi cation to analyze the 
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adhesive area. Those showing defects, such as bubbles, lack of material, or irregular 
area, were discarded. Twenty specimens were selected per group. 

The test specimens were then fi tted to the microtensile testing device for μTBS 
testing. This device has two stainless steel grips (8 x 10 mm) and sliding shafts that 
prevent torsion movements during the tests, associated with a fi xing screw that prevents 
the test specimen from moving during bonding. The test specimens were fi xed with 
cyanoacrylate glue (Loctite, São Paulo, SP, Brazil), associated with an accelerator fl uid 
(Zip Kicker; Pacer Technology, Rancho Cucamonga, CA, USA), and stressed to failure 
at a crosshead speed of 0.5 mm/min in a universal testing machine (EMIC DL-2000, 
São José dos Pinhais, PR, Brazil) using a 50-N load cell. Experimental values for μTBS 
were expressed in MPa, as derived from dividing the imposed force (N) at the time of 
fracture by the bond area (mm2). 

The fractured surfaces of 10 specimens from each group were observed by 
scanning electron microscopy (SEM) (Philips XL 30, Philips Electronic Instruments 
Inc., Mahwah, NJ, USA) at 100x magnifi cation. Failures were classifi ed as: a) adhesive 
failure (failure across the bonding interface, with or without cohesive failure in the 
adhesive resin for groups 1, 2, 4, and 5); b) cohesive failure in dentin (dental substrate 
failure); c) cohesive failure in composite resin (rupture of the composite resin for groups 
1, 2, 4, and 5, and of the resin cement for groups 3 and 6); d) mixed failure (association 
of adhesive and cohesive failure in dentin and/or composite resin for groups 1, 2, 4, 
and 5, and in resin cement for groups 3 and 6). 

In two human third molars, the occlusal enamel was removed to obtain a fl at 
occlusal dentin surface. The dentin surfaces were fi nished with 400- and 600-grit 
silicon carbide abrasive paper. The Nd:YAG laser was applied to half of the dentin 
surface as described for group 4. The specimens were observed by SEM at 1000x 
magnifi cation. 

The μTBS values were analyzed by analysis of variance (ANOVA), and post-hoc 
multiple comparisons using the Tukey test (α = 0.05).

RESULTS
The highest μTBS mean was obtained with Clearfi l SE Bond (41.75 MPa) without 

laser irradiation, but this value was not statistically different from Clearfi l SE Bond 
with laser irradiation (33.42 MPa). Mean μTBS of Adper Single Bond 2 without (32.15 
MPa) and with (35.38 MPa) laser irradiation did not differ statistically. The lowest 
μTBS values were obtained for RelyX Unicem, and the group without laser irradiation 
showed statistically higher values (14.50 MPa) than those found with laser irradiation 
(7.53 MPa) (Table 2).
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TABLE 2 – Microtensile bond strength (MPa) of the experimental groups.

Groups
μTBS
(MPa) SD Coeffi cient of

variation (%)

Group 2 – Clearfi l SE Bond 41.75ª 14.23 34.02%

Group 4 – Laser + Adper Single Bond 2 35.38ab 9.31 26.32%

Group 5 – Laser + Clearfi l SE Bond 33.42ab 10.26 30.71%

Group 1 – Adper Single Bond 2 32.15b 12.83 39.92%

Group 3 – RelyX Unicem 14.50c 6.49 43.53%

Group 6 – Laser + RelyX Unicem 7.53d 2.66 35.42%

μTBS = microtensile bond strength; SD = standard deviation.
*Different letters indicate statistically different mean values (p < 0.05).

Mixed failure occurred in all groups. There was a 100% rate of mixed failure for 
RelyX Unicem with and without laser irradiation. Adhesive failure occurred in specimens 
treated with Adper Single Bond 2 and Clearfi l SE Bond with and without laser irradiation. 
There was no cohesive failure in composite resin or dentin (Table 3).

TABLE 3 – Failure mode analysis (%).

Failure modes

Groups 

Adhesive
Cohesive in 
composite 

resin

Cohesive 
in dentin

Mixed
(adhesive and 

cohesive in 
composite resin)

Group 1 – Adper Single Bond 2 55% - - 45%

Group 2 - Clearfi l SE Bond 40% - - 60%

Group 3 – RelyX Unicem - - - 100%

Group 4 - Laser + Adper Single Bond 2 70% - - 30%

Group 5 – Laser + Clearfi l SE Bond 60% - - 40%

Group 6 – Laser + RelyX Unicem - - - 100%

Figure 1 shows the dentin surface after polishing with silicon carbide abrasive 
paper, with the presence of smear layer. Figure 2 shows the dentin surface after Nd:YAG 
laser irradiation. Laser irradiation caused surface melting and small scattered areas with 
some open dentinal tubules.
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FIGURE 1 – Dentin fi nished with silicon carbide abrasive paper.

FIGURE 2 – Dentin irradiated with Nd:YAG laser.

DISCUSSION
Adhesive materials have evolved rapidly in recent years with the purpose 

of improving clinical performance, allowing greater durability of restorations and 
application of simplifi ed techniques. Clinical studies evaluating the performance of 
these materials are of paramount importance to the applicability of the techniques. 
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However, because clinical trials are very complex and expensive experiments, 
laboratory studies have been used as an option, such as those aiming to test bond 
strength to tooth structures. These laboratory tests allow a comparison between 
materials in terms of bonding to different substrates (10).

Three different adhesive materials were tested in the present study. Adper 
Single Bond 2 adhesive system involves etching with 37% phosphoric acid as the fi rst 
clinical procedure, and the simultaneous application of the primer and adhesive at a 
second stage. Clearfi l SE Bond adhesive system is characterized by the application 
of a self-etching primer, followed by an adhesive. RelyX Unicem is a self-adhesive 
resin luting cement that does not need application of an adhesive prior to cement 
application, according to the manufacturer’s instruction.

Based on the results of this study, our hypothesis cannot be fully confi rmed, 
because a signifi cant decrease in bond strength was observed for RelyX Unicem. 

Schaller et al. (7) showed that laser irradiation may produce an acid-resistant 
layer on the surface of dentin, as etching with phosphoric acid was not able to remove 
the recrystallized areas. However, in this study, laser irradiation induced signifi cant 
topographic alterations in dentin surfaces (Figure 2). Surface melting was observed, 
followed by recrystallization, and dentin assumed a vitrifi ed appearance, exhibiting an 
irregular surface resembling dimples, with a spongy appearance. The region between 
the areas with this appearance showed normal dentin, with some open dentinal tubules. 
Other studies have also observed these surface alterations (11-13), which may favor 
micromechanical retention (14-15). Therefore, concerning Adper Single Bond 2 and 
Clearfi l SE Bond adhesive systems, it is believed that the diffi culty in etching may 
have been counterbalanced by a micromechanical retention caused by topographic 
alterations in dentin surface when Nd:YAG laser was irradiated.

In addition, studies have shown that Nd:YAG laser can cause changes in the 
chemical composition of dentin (16). Kobayashi et al. (17) evaluated bond strength 
of luting glass ionomer cement to a dentin surface irradiated with Nd:YAG laser 
and showed that Nd:YAG laser irradiation increased the calcium and phosphorous 
content of dentin and reduced the amount of oxygen. For those authors, these changes 
may have contributed to the increase in the molecular binding of carboxyl groups of 
the polyalkenoic acid present in the glass ionomer cement with the calcium of the 
dentin, favoring the increase in bond strength observed in the study. Based on that, 
we can speculate that, in this study, the laser energy delivered increased the calcium 
concentration, thus preventing a signifi cant reduction in bond strength of Adper 
Single Bond 2 and Clearfi l SE Bond adhesive systems. This would provide greater 
chemical bonding of the polyalkenoic acid copolymer component of Adper Single 
Bond 2, as well as of the functional monomer 10-MDP present in Clearfi l SE Bond, 
with the calcium of the dentin (18). Matos et al. (4), testing a self-etching adhesive 
with MDP on dentin irradiated with Nd:YAG laser, also found that bond strength 
was not compromised.



37Stomatos, Vol. 18, Nº 34, Jan./Jun. 2012

The self-adhesive resin luting cement, RelyX Unicem, had the lowest mean μTBS 
values compared to the other two adhesive materials. This probably occurred because this 
resin cement interacts more superfi cially with the dentin, without the need for previous acid 
etching as when using Adper Single Bond 2 (phosphoric acid) and Clearfi l SE Bond (self-
etching primer). RelyX Unicem consists of alkaline fi llers and multifunctional phosphoric 
acid methacrylates, which are responsible for its self-etching properties (19). Studies have 
shown that this self-adhesive cement was unable to demineralize or dissolve the smear 
layer completely, and no decalcifi cation and infi ltration of dentin occurred and no hybrid 
layer or resin tags were observed (20-22). Some reasons have been proposed for the limited 
capacity of self-adhesive resin cements to diffuse and decalcify the underlying dentin 
effectively: 1) high viscosity, which may rapidly increase as an acid-base reaction; 2) a 
neutralization effect may occur during setting, because these chemical reactions involve 
water release and alkaline fi ller that may raise the pH level (23). According to De Munck et 
al. (21) and Gerth et al. (24), RelyX Unicem presents a chemical chelation reaction between 
phosphoric acid monomers and calcium ions derived from hydroxyapatite in tooth tissues. 

The low bond strength values found in the groups luted with self-adhesive resin 
cement may also be related to the lack of pressure exerted on the cement. Pressure is 
important during cement application to avoid bubbles and open spaces on the interface, 
which might compromise the longevity of adhesive bonds and achieve a close fi t with 
the cavity walls due to the thixotropic properties of this cement (21).

When RelyX Unicem was applied to the irradiated dentin, there was a signifi cant 
decrease in μTBS. One factor that possibly contributed to this fi nding is that this resin 
cement is more viscous than the adhesives and, therefore, did not have the same wettability 
to penetrate the irradiated dentin in an appropriate way in the micromechanical retention 
caused by the laser on the dentin. 

RelyX Unicem has two setting reactions: redox reaction for polymerization of the 
resinous phase and an acid-base reaction resulting in the formation of calcium phosphate. 
Bonding to dentin is established by ionization of the methacrylate phosphoric acid during 
the mixture of monomers. Ionization uses water from the dentin as well as water produced 
during the neutralization reaction of phosphate monomers with the basic particles (19). 
Because the presence of water is important for the ionization reaction to occur, the dentin 
surface was left slightly wet before applying the self-adhesive resin luting cement, as 
recommended by the manufacturer.

Failure mode analysis was used because it allows us to verify whether the 
methodology is able to provide bond strength values corresponding to the adhesive-dentin 
interface. In addition, it allows us to determine which is the weakest region and most 
susceptible to failure (25). Adper Single Bond 2 and Clearfi l SE Bond showed a greater 
tendency to adhesive failure after laser irradiation. This suggests that the adhesive-dentin 
interface was weakened by Nd:YAG irradiation compared to groups in which laser was 
not applied. As for RelyX Unicem, regardless of the application of laser, there was a 
100% rate of mixed failure, occurring always at the bonding interface level, and the resin 
cement remained in place on a part of the dentin surface. 
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Self-adhesive resin luting cements, such as RelyX Unicem, are indicated for the 
fi xation of inlays, onlays, overlays, and complete crowns. Extrapolation of these results 
to clinical practice may suggest the use of this resin cement for restorations, in which 
retention principles and mechanical stability of the preparation are respected. In the case 
of preparations without friction retention, in which bonding to the tooth will depend 
more on the adhesive material, the use of adhesive systems associated with resin cements 
would be recommended.

CONCLUSION
The application of Nd:YAG laser to the dentin did not signifi cantly compromise 

bond strength of Adper Single Bond 2 and Clearfi l SE Bond adhesive systems, with a 
signifi cant decrease only in bond strength of RelyX Unicem.
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