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Abstract
Purpose This in vitro study aimed at evaluating the influence
of Nd:YAG irradiation and chlorhexidine (CHX) application
on immediate and long-term bond strength of a self-etching
adhesive system to dentin.
Methods Thirty fragments of dentin were randomly divided
into three groups according to the treatment to be applied to
the dentin surface prior to applying the self-etching adhesive
system (n = 10): CHX:2% CHX application (60 s); Nd: YAG
(100 mJ/20 Hz for 20 s); and NT: no treatment. The adhesive
system (Clearfil SE Bond, Kuraray) was applied according to
the manufacturer’s instructions, and composite resin

restorations were made on the dentin. After 24 h, at 37 °C,
the resin-tooth blocks were sectioned perpendicular to the ad-
hesive interface in the form of sticks (0.8 mm2 of adhesive
area), and randomly subdivided into two groups according to
the microtensile bond strength (μTBS) test periods: immedi-
ately or 6 months after storage in distilled water. The data were
reported in MPa and submitted to two-way ANOVA for ran-
domized blocks, followed by Tukey’s test (α = 0.05).
Results The group irradiated with an Nd:YAG laser presented
the lowest bond strength means, regardless of the μTBS test
period (24 h or 6 months) (p < 0.05). No statistical difference
was observed in the μTBSmeans among the groups CHX and
NT (p > 0.05), nor did time influence bond strength (p > 0.05).
Conclusion Immediate and long-term bond strength was neg-
atively affected by Nd:YAG irradiation, a condition not ob-
served with 2% CHX solution application.
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Introduction

Bond stability of adhesive systems to dentin is directly related
to hybrid layer integrity. Degradation of polymers and colla-
gen fibrils that compose the hybrid layer can compromise
bond strength in the long term, causing the restoration to fail
[1]. This degradation may occur in stages [1, 2]: water is
absorbed by polymers and hydrolytic degradation is initiated;
resin components are extracted from the hybrid layer and/or
from the adhesive layer; collagen fibrils become unprotected
and susceptible to enzymatic degradation by host-derived ma-
trix metalloproteinases (MMPs) [3] or by cysteine cathepsins
[4]. Also, during the adhesive system application on dentin,
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the ideal situation in which dentin is demineralized and sub-
sequently penetrated by resin monomers is not always
achieved [5], irrespective of the adhesive used in the etch-
and-rinse or the self-etching approach [6, 7]. As a conse-
quence, not fully covered collagen may stay exposed and vul-
nerable to degradation mediated by MMPs.

MMps are secreted as inactive proenzymes, but promote the
degradation of collagen fibril, elastin and extracellular matrix
components when activated [6]. These enzymes can be activat-
ed at a lower pH—as occurs when dentin is conditioned by acid
etching—but function the best in a neutral pH—as occurs fol-
lowing application of an etch-and-rinse adhesive system [6, 8].
Recently, it has been demonstrated that self-etching adhesive
systems can also activate MMPs by their acidic primer [9]. In
addition, the drop in pH leads to the activation of cysteine
cathepsins that also seem to activate MMPs [4].

Greater knowledge concerningMMPs and cysteine cathep-
sin enzyme action on hybrid layer degradation has encouraged
the development and evaluation of substances that may inhibit
their function. Among them, chlorhexidine digluconate
(CHX) solution has been evaluated especially because of its
MMPs [10] and cysteine cathepsin [11] inhibiting properties.
Application of CHX solution does not influence bond strength
to dental substrate [10] and promotes bond durability of adhe-
sive restorations [12–15].

On the other hand, high-power lasers—mainly the
Nd:YAG laser with a 1064 nm wavelength—have been
employed on dental substrates to induce morphological
alterations that make them more acid-resistant [16]. Also,
Nd:YAG laser irradiation promotes cavity disinfection,
while does not alter bond strength of adhesive systems
to dentin, when irradiated with 120-mJ energy at 20-Hz
pulse repetition [17]. It has been reported that ablation
with Nd:YAG potentially decreases MMP-8 levels in pa-
tients with chronic periodontal disease when applied with
a 100-mJ energy at 10-Hz frequency [18]. When irradiated
with a 1.5-J/cm2 fluence, Q-switched Nd:YAG laser irra-
diation decreased MMP-2 mRNA levels [19]. This sug-
gests that Nd:YAG laser irradiation offers promising tech-
nology for enhancing the bond stability of adhesives to
dentin because of its possible MMP-inhibition action.

The possible inhibitory effect of host-derived MMPs by
Nd:YAG irradiation, with consequent attenuation of hybrid
layer degradation, can be indirectly measured by long-term
bond strength, but this has never been reported in the
literature. Thus, the aim of this study was to undertake a
comparative investigation into the influence of CHX
application and Nd:YAG irradiation on the immediate and
long-term bond strength of a self-etching adhesive systems
to human dentin. The null hypothesis tested was that neither
dentin pre-treatment nor periods of water storage would exert
an influence on bond strength of a self-etching adhesive to
dentin.

Materials and methods

Ethical aspects

The present study was approved by the local research ethics
committee (#2012/0200).

Experimental design

There are two factors under study in this vitro study:

I. Dentin pre-treatment applied previously to a self-etching
adhesive (Clearfil SE Bond, Kuraray), at three levels:
LASER (Nd:YAG laser), 2% CHX, and control group
(no treatment—NT), comparatively.

II. Time points of microtensile bond strength testing: after
storage in water for 24 h or for 6 months.

The quantitative outcome variable was the microtensile
bond strength value, in MPa. The bond strength average of
sticks from the same tooth became the value for that particular
experimental unit (n = 10). The failure pattern was described
in percentage terms.

The materials cited in the experimental design, as well as
their composition and mode of use, are described in Table 1.

Preparation of tooth selection and dentin fragments

Thirty human third molars, extracted for reasons not related to
those of the present research, and stored in thymol (0.1%,
pH 7.0) after extraction, were used in this experiment. The teeth
were submitted to debriding with scalpel blades and periodontal
curettes. Then, they were cross-sectioned using a water-cooled
diamond saw (15 HC series, Buehler Ltd., Lake Bluff, IL, USA)
in a sectioning machine (IsoMet 1000 precision diamond saw,
Buehler Ltd., Lake Bluff, IL, USA), which removed the occlusal
third from the crown to obtain a large dentin surface in themiddle
third, perpendicular to the long axis of the tooth. The dentin
surfaces were flattened in a water-cooled polishing machine
(Politriz Aropol 2 V, Arotec, São Paulo, SP, Brazil) with decreas-
ing granulations (#400, #600, and #1200) of water abrasive paper
(Imperial Wetordry, 3 M, St. Paul, MN, USA).

Adhesive procedures

Dentin fragments were randomly divided into three groups,
according to the treatment to be applied to the dentin surface:
2% CHX solution, Nd:YAG laser irradiation, or NT.

The procedure for the CHX group consisted of passively
applying 20μl of 2%CHX solution to the dentin for 60 s [20].
The dentin was then dried gently with absorbent paper.

For the LASER group, irradiation was performed with an
Nd:YAG laser system (Power Laser™, ST6, Lares Research®,
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Chico, CA, USA), in the pulsed form, contact mode, and with
100 mJ of energy, and 20 Hz frequency. A 300-μm quartz fiber
was used, thus the energy density calculated was ≅141.47 J/cm2.
One irradiation of 20 s was performed per dentin fragment. One
calibrated operator manually scanned the dentin surface with the
optical fiber perpendicular to the dentin surface and running in
the back and front direction. The irradiation protocol was similar
to that proposed by Dalkilic et al. [17].

The self-etching adhesive system (Clearfil SE Bond,
Kuraray, Japan) was then applied to the dentin fragments,
which were restored with a microhybrid resin composite
(Filtek Z250, 3 M ESPE, St. Paul, MN, USA). The final
resin-dentin blocks were 4 mm high. Light polymerization
was performed on both the adhesive system and the
microhybrid composite, for the time recommended by the man-
ufacturers (Table 1), using a visible light-curing unit (Ultralux
EL, Dabi Atlante, Ribeirão Preto, SP, Brazil). The output of the
light-curing unit was measured periodically with a radiometer
(Newdent Equipamentos Ltda., Ribeirão Preto, SP, Brazil),
where a minimal range of 630 mW/cm2 was observed.

The resin-dentin blocks were kept in relative humidity at
37 °C for 24 h, and sectioned perpendicular to the bonding sur-
face into 0.9-mm thick slabs, using a water-cooled diamond saw.
Multiple beam-shaped sticks were obtained by rotating samples
90° and sectioning them again lengthwise, each with a cross-
sectional surface area of 0.8mm2. Half of the sticks from the
same resin-dentin block were submitted to microtensile bond
strength (μTBS) testing after 24 h. The other half were kept in
distilled water, which was changed every 2 days and kept in a
bacteriological oven for 6 months.

Microtensile bond strength testing

The specimens were attached to a μTBS testing device, with
cyanoacrylate adhesive (Super Bonder Gel, Henkel Ltda.,
Itapevi, SP, Brazil). They were subjected to tensile stress on

a universal testing machine, at a crosshead speed of 0.5 mm/
min and a 50 N load cell until fracture. The bond strength
values were expressed in kilogram-force/square centimeter,
and converted to megapascal after measuring the cross-
sectional area at the fracture site, with a digital caliper
(Mitutoyo, Tokyo, Japan). The comparison was made using
the average value of each tooth (n = 10).

After bond strength testing, the failure pattern of each stick
was analyzed under a stereomicroscope (EK3ST, CQA, São
Paulo, SP, Brazil) at ×30 magnification to assess the failure
modes, classified as adhesive (lack of adhesion), cohesive in
dentin (failure of the dental substrate), cohesive in composite
resin (failure of the resin composite), or mixed (adhesive and
cohesive failures).

Statistical analysis

Based on the normal distribution of the data, split-plot-
factorial analysis of variance (ANOVA) and Tukey’s test were
applied. Statistical calculations were performed with SAS*
(SAS Institute Inc., Cary, NC, USA, Release 9.2, 2010). The
significance level was set at 5%, and the failure pattern was
described with descriptive statistics (percentage terms).

Results

As shown in Table 2, the LASER group presented the lowest
mean bond strength, which was statistically different from that
observed in the CHX and the NT groups, regardless of the time
point for the microtensile bond strength evaluation (p < 0.05).
CHX and NT groups presented statistically similar mean bond
strength among the groups (p > 0.05). The time point for the
microtensile bond strength evaluation (24 h or 6 months) did
not statistically influence the mean bond strength (p > 0.05).

Table 1 Materials, composition/features, and application mode

Material Composition/features Application mode

2% digluconate chlorhexidine
(FGM, Joinville, SC, Brazil)

2% digluconate chlorhexidine Twenty microliters of the solution were
passively applied to dentin for
60 s. Dentin was dried gently
with absorbent paper.

Laser Nd:YAG
(Power Laser™, ST6, Lares Research®)

Laser light with a 1064-nm wavelength Irradiation with 100 mJ of energy; 2
W of power, 20 Hz for 20 s, by
manually scanning the dentin surface
with optical fiber.

Clearfil SE Bond
(Kuraray Medical Inc., Okayama, Japan)

Primer: 10-MDP, HEMA, hydrophilic
dimethacrylate, di-camphorquinone, N,
N diethanol-p-toluidine, water

Bond: 10-MDP, BISGMA, HEMA, hydrophobic
dimethacrylate, di-camphorquinone, N,N
diethanol-p-toluidine, silanated colloidal silica

Apply primer and leave it in place for 20 s;
then evaporate volatile ingredients with
a gentle oil-free air stream. Apply bond,
gently air-dry and light polymerize for 10 s.
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As for the failure modes (Fig. 1), most of the failures in the
group that received no treatment (NT–control group) were cohe-
sive in resin (57.9% for the 24-h and 40.0% for the 6-month time
points), followed by the adhesive type (28.9% for the 24-h and
35.0% for the 6-month time points). In the group receiving the
CHX application, a predominance of cohesive in resin failures
(44.7%) was observed for the specimens tested after 24 h, and a
predominance of adhesive (30.8%) followed by mixed failures
(28.2%), for the specimens tested after 6 months. In terms of the
Nd:YAG laser group, a predominance of adhesive type failures
was observed after the 24-h (54.5%) and the 6-month (72.7%)
time points.

Discussion

Considering the effect of MMPs on the degradation of the
collagen exposed in the hybrid layer [3], the search for sub-
stances that inhibit the action of these enzymes has intensified
[10, 12, 13, 20]. Thus, the aim of this in vitro study was to
evaluate the effects of dentin pre-treatments that affect MMP
activity—2% CHX digluconate and Nd:YAG irradiation—on

the immediate and long-term bond strength of a self-etching
adhesive to dentin.

The results of this research demonstrated that the use of
CHX did not affect the immediate bond strength, compared
with the group that did not receive pre-treatment (control
group), a result consistent with previous studies [2, 14, 17,
20, 21]. However, dentin irradiation with Nd:YAG negatively
affected immediate and long-term bond strength to dentin.
Thus, the null hypothesis was rejected. Similar results were
obtained by Lise et al. [16], who observed that the
microtensile bond strength of adhesive materials to
Nd:YAG-irradiated dentin was lower than to non-irradiated
dentin. It has been reported that Nd:YAG laser irradiation
promotes the overheating of dental structures followed by
their recrystallization [22]. This process results in an acid-re-
sistant, melted dentin surface [23, 24] that can impair resin
bond infiltration [22]. This can explain the fractures in the
laser-irradiated group, which were predominantly of the adhe-
sive type (Fig. 1). Although scanning electronic microscopy
(SEM) images were not provided, the literature has confirmed
morphological alterations in Nd:YAG-irradiated dentin [25],
even when applied after adhesive polymerization [26].

The irradiation parameters may have a relevant influence on
morphological alterations to dentin. The literature has shown
that, in comparison with the parameters applied in the present
study, Nd:YAG irradiation at a lower power, energy, and frequen-
cy favored bond strength [17] and decreased the microleakage
[27] of the Clearfil SE Bond two-step self-etching adhesive to
dentin. Another possible application of Nd:YAG was demon-
strated by Marimoto et al. [28], that irradiated dentin over adhe-
sives, before their polymerization, suggesting that this procedure
creates a new bonding layer by dentin-adhesive melting. Future
studies should look into alternative laser parameters and proto-
cols of laser application that reduce morphological changes and
favor dentin bond strength, while keeping inhibitory effects over
MMPs and cathepsin proteases.

Fig. 1 Failure modes in
experimental groups

Table 2 Means (standard deviation) of bond strength (MPa) according
to dentin pre-treatment and time

Dentin treatment Time

24 h 6 months

No treatment 45.49 (10.95)Aa 51.89 (7.03)Aa

2% CHX 42.84 (12.75)Aa 43.00 (10.67)Aa

Nd:YAG laser 21.83 (8.54)Ab 27.42 (11.49)Ab

Means followed by distinct letters (uppercase in rows and lowercase in
columns) are statistically different (p ≤ 0.05)
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The Clearfil SE Bond adhesive system uses the self-etching
approach, in which dentin demineralization and monomer
infiltration occur simultaneously, unlike the etch-and-rinse
approach, which requires the application of phosphoric acid,
and which demineralizes dentin more deeply [5]. By using the
etch-and-rinse approach, it has been demonstrated that
Nd:YAG irradiation does not alter bond strength to dentin
[29, 30]. This suggests that acid conditioning may be
important for adhesion in Nd:YAG irradiated tissues. In fact,
Gan et al. [31] stated that Nd:YAG irradiation (100 mJ/10 Hz)
removed collagen fibrils in lased-dentin surface; thus, the
resin composite infiltrated the micropores of hidroxyapatite
created by acid etching instead of demineralized collagen
matrices. As a result, dentin-resin bond interface was more
stable over time and not vulnerable to the biodegradation [17].

Another observation is related to the fact that the Clearfil
SE Bond self-etching adhesive system contains 10-
methacryloxy decile dihydrogen phosphate (monomer 10-
MDP), which promotes a strong ionic bond with calcium
[5]. However, Nd:YAG irradiation reduces the percentage of
calcium and phosphate in the dentin structure, causing chang-
es in the organic composition of hydroxyapatite [32]. With
this in mind, the chemical bonding capacity of 10-MDP to
dentin calcium may have been lower after Nd:YAG
irradiation.

At both periods (24 h and 6 months) of water storage, the
bond strength values were statistically similar, regardless of
the dentin pre-treatment. Accordingly, no beneficial effect was
found for the CHX application, considering that the control
group (without dentin pre-treatment) also showed bond
stability. This stability can be attributed to the adhesive
system, which not only promotes micromechanical retention,
but also provides a chemical bond with calcium [5]. This
stability may also have contributed to their having no
significant decrease in bond strength after 6 months, in any
of the groups, except the Nd:YAG laser group, in which the
bond strength values constantly presented lower values. In
addition, although the present study did not consider the
evaluation of hybrid layer under SEM, it is hypothesized
that the 6-month water storage period may have induced
hydrolytic degradation at a microscopic level, but not
enough to statistically alter bond strength values, even
considering that the small size of the microtensile bond
strength sticks may have facilitated water diffusion. To this
effect, it can be suggested that prolonged water storage
procedures would make degradative effects more evident in
terms of altering bond strength to dentin [33].

Conclusion

Within the limitations of this in vitro study, it can be concluded
that Nd:YAG laser application to dentin as a pre-treatment

before applying a MDP-containing self-etching adhesive is
contraindicated, because it negatively affected immediate
and long-term bond strength to dentin, a result not observed
with the application of 2% CHX.
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