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Abstract
The purpose of this study was to explore the influence of Er:YAG laser irradiation with different pulse durations on the organic
matrix, micromorphology of the hybrid layer (HL), and bond strength over time. Sixty caries-free human molars were cut to
obtain flat dentin surfaces which were randomly divided into 4 groups: control (not irradiated–G1) and laser groups (80 mJ/2 Hz)
with pulse duration ranging between 50 (G2), 300 (G3), and 600 μs (G4). A self-etch adhesive system (Universal 3M ESPE) was
applied on pre-treated dentin surfaces and cylinders of resin composite were built up and stressed in a universal testing machine
(μSBS) at 24 h and after12 months (n = 12). In addition, 3 other dentin-bonded specimens were prepared as previously described
for each group with the adhesive doped with 0.1 wt% Rhodamine B to analyze hybrid layer morphology under Confocal Laser
Microscope Scanning (CLMS). Organic matrix and collagen fibrils were analyzed by second harmonic generation (SGH). Two-
way ANOVA and Tukey’s test detected significantly higher μSBS values for the control group, whereas the lower values were
observed in all laser groups at 24 h (p < 0.05). Storage in artificial saliva did not reduce μSBS in all groups. The low signal
emitted by SHG images below the irradiated area demonstrated thermal damage of the collagen matrix. CLMS images of laser
groups exhibited thicker and irregular resin-dentin interfaces than the control group. Regardless of the pulse duration, Er:YAG
laser pre-treatment altered the organic matrix and HL formation which resulted in low μSBS values at 24 h. The alterations on
dentin’s organic structure did not jeopardize the μSBS after 1 year of saliva storage.
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Introduction

Adhesion process is obtained through an exchange process in
which minerals removed from the hard dental tissue are re-
placed by resin monomers, forming chemical bonds or
micromechanical interlocking, called hybrid layer [1, 2].
This inter-diffusion zone is essential to guarantee the retention
of tooth resin-composition fillings. Also, stability and durabil-
ity are the most desirable features of the hybrid layer.

The dissolution of hydroxyapatite crystals is, therefore, a
prerequisite for hybrid layer formation, usually achieved by
acid etching, via the etch-rinse technique (ER). Because
enamel is a highly mineralized tissue composed of 96 wt%
mineral, ~ 3 wt% water, and only ~ 1 wt% residual bio-
macromolecules [3]. On the other hand, dentin presents an
intricate mineralized organic matrix, and the adhesion process
is based on a complex and technique sensitive mechanism
which contributes to the short lifespan of resin composite res-
torations [1, 4]. The heterogeneity of the structure and com-
position of bulk dentin makes the adhesion a challenging task.

It is well known that the dentin conditioning with phospho-
ric acid completely removes the smear layer and leads to a
deep demineralization of dentin matrix, which compromises
the complete infiltration of resin monomers into the collagen-
rich matrix, resulting in a more rapid interface degradation [5,
6]. Also, the use of acidic components, such as phosphoric
acid, can expose and activate the host-derived matrix metallo-
proteinases (MMPs) [6, 7] that might degrade the exposed
collagen fibrils [6, 7] also leading to a poor adhesive interface.
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Furthermore, other critical factors associated with the use of
phosphoric acid are the sensitivity of the technique and the
incidence of post-operative tooth sensitivity [1, 8].

To overcome these limitations and aligning them with the
technological development of bonding systems, self-etch ad-
hesives (SE) were introduced as a strategy to simplify the
clinical practice. SE adhesives interact with the smear layer
and underlying dentin without removing the former [8]. This
bonding strategy combines acidic monomers that simulta-
neously etch and prime dental substrates, followed by the in-
filtration of a hydrophobic adhesive layer. Overall, SE ap-
proach could be subdivided as Btwo-step^ and Bone-step^ ad-
hesives. The two-step, the etching and priming occur simulta-
neously, and then the bonding is done in a separate step, and
one-step simplified adhesive systems combine Bconditioning,^
Bpriming^ and Bapplication of the adhesive resin^ incorporat-
ed into a single bottle that forms the hybrid layer [8, 9].

The morphological features of the hybrid layer produced
by SE adhesives depend to a great extent on the ability of their
functional monomers (acidic monomers) to demineralize the
dental substrate. Therefore, according to their acidity or etch-
ing aggressiveness, SE adhesives can be classified as strong
(pH ≤ 1), intermediate (pH ~ 1.5) and mild (pH ≥ 2) [10].
Briefly, strong SE adhesives produce deep demineralization
zone, which interfacial ultra-morphological features resemble
those of etch and rinse systems. On the other hand, mild self-
etch demineralize dentine partially, leaving substantial
amounts of hydroxyapatite around collagen fibrils. These re-
mains allow additional chemical interactions with calcium
from hydroxyapatite that contributes for durability and stabil-
ity of interfaces [8, 9].

Contemplating these two strategies of adhesives, ER and
SE, a recent formulation was introduced known as multi-
mode universal adhesives, which is designed to bond to tooth
structures via the ER or the SE technique using the same single
bottle of adhesive solution [11]. Collectively, these universal
adhesives also contain functional resin monomers blends with
specific components which create a miscible and stable adhe-
sive cocktail that creates strong bonds with a variety of tooth
substrates and dental restorative materials [12].

Moreover, new dentin pre-treatment methods, such as the
Erbium laser irradiation, have been widely investigated in the
field of adhesive dentistry. The Er:YAG laser has been widely
reported as the most effective wavelength for dentin surface
pre-treatment [13, 14] and for preserving the healthy dental
structure [15, 16]. Its wavelength coincides with the peak of
both water and hydroxyl group of hydroxyapatite. During
irradiation, the incident energy is highly absorbed at the den-
tin, inducing sudden heating and water evaporation, which
leads to microexplosions and ejection of the particles [17,
18]. The preferential removal of the intertubular dentin (more
organic content) creates a scaly and flaky surface with open
dentinal tubules and smear layer—free [19]. The

micromorphology pattern created should be helpful for bond-
ing to dentin [19, 20].

However, inconclusive results concerning laser pre-
treatment and adhesion efficacy are reported in the literature
[2, 20–22]. The lack of clarity is associated with different
bonding results obtained due to different adhesive systems
used [22], a lack of longitudinal study designs, and a great
variation on laser parameters settings [22].

The effect of Er:YAG laser pulse duration on the target
tissues seems to play a significant role in ablative ability, sur-
face morphology [14, 23], and thermal effects [23, 24].
Shorter pulses are more efficient once all pulse energy is used
up for ablation, instead of being converted to heat [25, 26].

To the best of our knowledge, investigating the influence of
different pulse durations on bonding effectiveness is consid-
ered crucial to grasp the general features of adhesion process
over time. Besides, the hybrid layer characteristics, the archi-
tecture of organic matrix, and the collagen fibers are valuable
structural information necessary for adhesion process and its
stability. Multiphoton excitation microscopy constitutes a new
method, minimally invasive imaging technique, which pro-
vides useful information on the structure of dentin and colla-
gen fibers [27].

Therefore, the purpose of this in vitro study was to inves-
tigate the structural modifications on dentin, following the
pre-treatment with Er:YAG laser at different pulse durations.
Moreover, to verify the impact of this pre-treatment associated
with universal adhesives on hybrid layer formation and resin-
dentin bond strength over time. The null hypothesis tested
were (1) Er:YAG laser irradiation with different pulse dura-
tions do not lead to organic alterations on dentin substrate, (2)
there are no differences on immediate resin-dentin bond
strength (24 h) between laser-irradiated and non-lased group,
and (3) the storage in artificial saliva does not affect the long-
term stability of the resin-dentin interface of the tested groups.

Materials and methods

Ethical aspects

Sixty caries-free human molars were collected after being ap-
proved by the Ethical Research Committee of the School of
Dentistry, University of São Paulo, Brazil (Protocol: 124143/
2015). The teeth were stored in distilled water at 4 °C and used
within 3 months after extraction.

Sample preparation and surface pre-treatment

The crowns were removed to expose the mid-coronal dentin
and the roots were cut 3 mm below the cement-enamel-
junction (CEJ) with a diamond saw (Isomet 1000, Buehler
Ltd., Lake Buff, IL, USA) under water cooling. Specimens
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were embedded in auto-polymerizing acrylic resin (JET,
Clássico, São Paulo, Brazil) using polyethylene molds
(15 mm in diameter) with the mid-dentin surface facing up-
wards. Subsequently, the dentin surface was wet ground
(Ecomet 6 / AUTOMET 2 - Buehler Ltd., Lake Bluff, IL,
USA) with #320, #400 silicon carbide sandpapers until no
enamel remained on the surface and finalized with 600-grit
(Buehler Ltd., Lake Bluff, IL, USA), for 60 s to standardize
the smear layer.

Specimens were randomly divided into 4 experimental
groups. In group 1, no laser pre-treatment was performed
(G1: control). In groups 2, 3, and 4, the dentin surface was
irradiated using an Er:YAG laser (Fidelis ERIII 1000 model,
Fotona, Slovenia) working at a wavelength of 2.94 μm and
with a beam diameter of 0.9 mm. The parameters considered
for irradiation were 2 pulses s, 80 mJ/pulse. With movement
of the handpiece and no overlap of pulses, each pulse pro-
duced 12.58 J cm2 at the dentin surface. Continuous air-
water spray (40% of air/60% of water = 21 ml/min) was used
throughout the study. The pulse durations studied were 50 μs
(G2), 300 μs (G3), and 600 μs (G4) (Table 1). The handpiece
(R02) was fixed at a designed apparatus holder which deliv-
ered the laser beam perpendicular to the dentin surface at a
focal distance of 7 mm from the target point (focused mode).
For irradiation, a translate motor device XYZ (ESP301,
Newport Corporation, Invine, CA, USA) was used to guaran-
tee a standard of irradiation for all groups by previously com-
mands established through a computer connected to the scan-
ning device. The motor device was automatically moved with

speed (0.8 mm/s) and distance (600 um) of specimen displace-
ment between laser pulses, thereby avoiding the creation of
any gaps between the laser pulses.

Microshear bond strength (μSBS)

Following the completion of the surface pre-treatment, a uni-
versal adhesive system (3M ESP batch #15119000505; 3M
ESPE) was applied on the dentin specimens, in a self-etch
mode and according to manufacturer’s instructions (Table 2).
After, a total of eight composite resin (Z350- Filtek
batch#1511900505; 3M ESPE) cylinders per tooth were pre-
pared by filling composite resin into Tygon tubes (1.0-mm
internal diameter and 1.0-mm thickness). The cylinders were
then light cured (Radii Plus, SDI Limited, Australia) for 20 s
each, with the intensity of 500 mW/cm2, measured by the
radiometer coupled to the light curing unit.

After 24 h of storage in distilled water, four cylinders per
tooth were immediately submitted to microshear bond
strength test while the other four cylinders were kept stored
in artificial saliva for 12 months. Artificial saliva was replaced
every 14 days. The shear bond strength was measured by a
universal testing machine (Instron 5942; Canton) at a cross-
head speed of 1.0 mm/min. Shear bond strength (MPa) was
calculated from the peak load at failure divided by the speci-
men surface area. One operator evaluated the fracture surfaces
with a stereomicroscope at × 50 magnification. Failure modes
were classified according to the predominantmode of fracture:
cohesive, adhesive, or mixed.

Table 1 Description of the
experimental groups Group (n = 12) G1 G2 G3 G4

Energy (mJ) _____ 80 80 80

Hertz (Hz) _____ 2 2 2

Pulse width (μs) _____ 50 300 600

Peak power density (W/cm2) _____ 251,572 41,823 20,911

Peak Power (W) _____ 1600 266 133

ED (J/cm2) _____ 12.58 12.58 12.58

The output power of the Er:YAG laser system was measured every three irradiated samples using a power meter
for high-power lasers

Table 2 Adhesive system (batch number), composition, and application mode, according to the manufacturer’s instructions

Adhesive Composition Self-Ecth

Scotchbond Universal Adhesive Adhesive: MDP phosphate monomer,
dimethacrylate resins, HEMA,
methacrylate-modified polyalkenoic
acid copolymer, filler, ethanol,
water, initiators, and silane

1. Apply the adhesive to the entire dental
surface using a disposable applicator
for 20 s. If necessary, rewet the disposable
applicator during the treatment.

2. Direct a gentle stream of air over the liquid
for about 5 s until it no longer moves and
the solvent has evaporated completely.

3. Light polymerize for 10 s.
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Micromorphology of the hybrid layer and the dentin
organic matrix

Twelve additional dentin-resin bonded specimens (n = 3) were
prepared, as previously described, for each experimental
group using the same adhesive system but doped with
0.1 wt% of Rhodamine B. Prior to the application of the ad-
hesive with Rhodamine B on the dentin surface, the bottle was
kept under agitation for 2 h. The composite increment was
placed over the adhesive system and light cured for 20 s.
After 24 h storage at 37 °C, the specimens were serially
mesio-distal sectioned into several 1-mm thick slabs using a
diamond saw, under refrigeration. The specimens were
cleaned with sonication and simultaneously examined under
Confocal Laser Scanning Microscopy (CLSM) (Confocal
Zeiss LSM 780-NLO EC Plan – Neo-fluar 40x/1.30 oil DIC
M27, at 543 nm excitation with HeNe laser) for the analyses
of the micromorphology of the hybrid layer and under Second
Harmonic Generation (SHG) (at 380 nm excitation with a
chroma filter of 400/40M 2P) to analyze the organic matrix
and collagen fibrils. After then, the specimens were further
incubated at 37° with artificial saliva for 12 months for long-
term assessment. During the aging, the artificial saliva was
replaced every 2 weeks. The long-term analyses were per-
formed with the same microscopes parameters above
described.

Statistical analysis

The statistical analyses were performed with SPSS-22 (IBM
Corp., NY, US). Normal distribution of the microtensile bond
strength data was confirmed by Kolmogorov–Smirnov test.
Data were analyzed by two-way ANOVA and post-hoc
Tukey tests (p < 0.05). Microscope Confocal laser Scanning
and Second Harmonic Generation have consisted of an obser-
vational evaluation only, so no statistical analysis was per-
formed and only visual differences among experimental
groups were considered findings.

Results

Microshear bond strength

Mean values and standard deviations of the microshear bond
strength and failure modes are depicted in Table 3. Two-way
ANOVA revealed significant difference for the factor
Btreatment^ (p = 0.000) but no statistical significance differ-
ence for the factor Btime^ (p = 0.294) neither for the interac-
tion between these two factors (p = 0.299).

The control group (G1) exhibited immediate higher values
of μSBS with statistical significance difference (p ˂ 0.001),
whereas the lower values were exhibited by the laser-treated

groups (G2–G4). No differences were found among laser
groups, regardless of the pulse duration investigated. For all
the experimental groups, storage in artificial saliva for
12 months did not reduce the bond strength values (p = 0.29)
when compared with the immediate bond strength (24 h).

The groups G1 and G2 exhibited only mixed failures
whereas the groups G3 and G4 exhibited mixed failures of
90% and 95%, respectively, followed by adhesive failures.

Micromorphology of the hybrid layer and the dentin
organic matrix

In the immediate assay, the group G1 (control) exhibited a flat
dentin surface with a thin hybrid layer as well as a tiny adhe-
sive layer, which were regular and uniform through the entire
surface. The resin tags were short and equally distributed
through the surface (Fig. 1a).

The G1 reveal an organized organic matrix through the
contrast provided by surrounding collagen and dentin tubules
with strong signal of SGH. The intertubular dentin is charac-
terized by a strong signal of SGH. The collagen signal is well
visible through the entire area of the dentin surface. The tu-
bules appear as dark canals and could be observed due to the
strong SHG signal of the surrounding collagen fibers (Fig. 1a).
Regardless of the storage in saliva for 12 months, significant
alterations into organic matrix and hybrid layer were not ob-
served in the control group (Fig. 1a, e).

In group G2, the hybrid zone showed a non-uniform pattern
due to the irregularities created by the Er:YAG laser irradiation
(Fig. 1b). Also, the adhesive layer is thicker than in group G1.
The resin tags are more evident and longer when compared
with group G1 (Fig. 1a, b). Saliva storage increased the
Rhodamine B porosities filled, which is represented by high
Rhodamine B intensity in the hybridization zone (Fig. 1f).
Below the irradiated dentin surface, the SGH signal disap-
peared, indicating changes in the organic matrix after the laser
irradiation in G2 group (Fig. 1b, f). Toward deeper dentin, the
SGH emiss ion prov ides in fo rma t ion abou t the
microarchitecture of the dentin (dentin tubules, peritubular,

Table 3 Microshear bond strength (μSBS) values (means ± standard
deviations) of the different experimental groups

Group 24 h 12 months

G1 26.17 ± 3.78 A 24.97 ± 4.70 A,C

G2 22.14 ± 2.86 B 22.85 ± 2.95 B,C

G3 21.25 ± 3.04 B 22.13 ± 2.99 B,C

G4 20.62 ± 1.86 B 23.01 ± 2.94 B,C

* Similar capital letter means there is no statistically significant difference
between lines (p ˂ 0.05)
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and intertubular dentin). As observed in the control group (G1),
the dentinal tubules appeared as dark canals. After 12months of
saliva storage, the SHG emission decreases below the irradiated
surface, pointing out the deterioration of both the organicmatrix
and the collagen fibers in group G2 (Fig. 1f).

In groups G3 and G4 (300 and 600 μs, respectively), the
micromorphology of the hybrid layer is more irregular and
inconsistent when compared with groups G1 and G2 (Fig.
1a–d). Resin tags were present, but were short and sparsely
distributed through the surface and were poorly infiltrated
by resin (Fig. 1c, d). After storage in saliva for 12 months,
the degradation process of the hybrid layer became worse
(Fig. 1g, h). The porous adhesive interfaces were evident
due to the higher concentration of Rhodamine B intensity,
where the entrapped water occurred within the resin-dentin
interface (Fig. 1g, h). In both groups (G3 and G4), the
absent signal of SHG below the irradiated dentin provides
precise information on the degradation of the dentin organ-
ic matrix and modifications of the collagen matrix struc-
ture. Also, the storage time decreased the SHG contrast,
pointing toward the destruction of the collagen matrix
(Fig. 1c, d, g and h).

Discussion

Dental irradiation with the Er:YAG laser is considered a safe
procedure with little increase in the temperature (˂ 5.5 °C) [28],
causing minimal thermal damage for pulp and for surrounding
tissues [29]. Even though little temperature changes are expect-
ed, the present data showed that dentin irradiation with the
Er:YAG laser resulted in damage to this tissue structures, re-
gardless of the pulse duration used (50, 300, or 600 μs) for the
pre-treatment protocol. Laser-irradiated dentin surfaces were
characterized by an alteration of the organic matrix, rejecting
the first null hypothesis given in the current study.

The interactions of erbium lasers with target dental tissues
depend on several parameters. Energy per pulse and pulse
frequency are directly associated with the ablation capacities
of erbium lasers. Also, it is pivotal to note that uncontrolled
energy density deposition can produce undesirable thermal
damage, though.

An accurate choice of the laser pulse duration and an ade-
quate air-water tissue cooling system are required in order to
limit undesired effects throughout dentin irradiation [13].
Shorter pulse durations are expected to increase the ablation

Fig. 1 Combinedmultiphotin CLSM and SHG images of the resin-dentin
interfaces for control (G1) and laser groups (G2–G4). The adhesive was
stained with 0.1 wt% Rhodamine B showing red fluorescence color. For
the SHG images, a gray signal is emitted for the intertubular dentin and
collagen fibers, producing a white signal. Control group (a, e) and laser
groups (80 mJ/2 Hz), varying pulse duration between 50 μs (b and f),
300 μs (c and g), and 600 μs (d and h). The images (a, b, c, and d)
represent the experimental groups at 24 h and the images (e, f, g, and h)
were obtained after 12 months of saliva storage. Uniform and thin hybrid
layer was created on a flat dentin surface with short resin tags (a, d). In
laser groups, an irregular adhesive layer was observed with a non-uniform
hybrid layer (b, c, f, and g). Long resin tags were observed only in
specimens irradiated with 50 μs pulse duration (b) while 300 μs and

600 μs pulse durations exhibited short and sparsely resin tags distributed
through the images. (HL, hybrid layer; AL, adhesive layer; RT, resin
tags). SHG signal showed the structure of dentin; the lumen of the tubules
appears in black; and the intertubular dentin in gray, collagen fibrils.
Control group maintained the typical configuration of the dentin organic
matrix and collagen fibers through the strong signal of SGH (a, d). A
narrow zone of the altered organic matrix was observed below the irradi-
ated dentin represented by low SHG signal (black arrow) (b, f). For long
pulses, the organic matrix degradation compromised a thicker zone,
which exhibited black voids underneath the irradiated area, represented
by the absence of SHG signal (white arrow) (c, g, d, and h).
Magnification × 40
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rate of hard dental tissues with less heat generation [30, 31].
The ablation promoted by short pulses occurs at a higher
speed of ablation than the diffusion of heat into the tissue,
while long pulses do not allow the tissue relaxation time,
resulting in deeper thermal damage [30–32].

The long pulses are considered more harmful for surround-
ing tissues than short pulses [23, 31, 33]. Although, our results
do not corroborate with the literature, since all pulse widths
investigated showed similar structural modifications in the
organic matrix and collagen fibrils, clearly observed by a re-
duction of SGH signal intensity below the irradiated area.
Alterations of the organic matrix with fused collagen fibers
were previously described in irradiated dentin [20]. In con-
trast, the microarchitecture of the intact dentin revealed their
organization and the presence of collagens fibers perpendicu-
lar to the tubule, which exhibited a strong SGH signal through
the entire surface of the control group.

The Er:YAG laser irradiation promoted a significant reduc-
tion on the organic compounds of dentin and chemical assess-
ment revealed deformation of the organic matrix [13, 34]. The
laser irradiation yields a high steam pressure and vaporization of
the water entrapped into the tissue, that overheated, caused
micro-explosions of the hard tissue [15]. Previous findings
showed that irradiation with the Er:YAG laser does not affect
the gradient in mineral content in dentin surface, but promoted
the greatest change in collagen content with a decomposition of
proteins as demonstrated by spectroscopy analyses [34]. The
chemical analyses showed an absence of Amide I, Amide III,
and protein intensity, which can indicate damage or removal of
collagen fibrils [34]. Previous findings are in accordance with
our study, since we demonstrated an absence of SGH signal
underneath the irradiated area in all pulse durations investigated.

Moreover, previous studies reported that the Er:YAG laser
irradiation produces changes in the composition and confor-
mation of the organic matrix at the dentin surface, which re-
sults in partial collagen degradation and 3–5 μm of denatured
subsurface [20, 21, 35] while others showed a range from 1.5
to 2.5 μm of denatured subsurface when the same protocol of
pre-treatment was used [32]. Investigations on the
nanohardness properties and elastic modulus of irradiated
dentin showed that thermal damages could affect the underly-
ing dentin up to 10 μm depth, whereas no difference was
detected between irradiated dentin and non-irradiated dentin
from 15 to 50 μm depth [34]. Even though the analysis con-
sidered for the present study does not allow precise measure-
ment of the altered depth zone, the results are in agreement
with previous one [34]. Likewise, from the irradiated dentin
toward the deep dentin zone, the organic matrix showed a
strong SGH signal, as observed in the control group, indicat-
ing an organized organic matrix and the arrangement of the
intertubular collagen fibrils.

The denatured collagen fibrils found for the irradiated dentin
were fused and were devoid of interfibrillar spaces which

compromised the adequate diffusion of the resin monomer into
the interfibrillar space [20], thus compromising resin adhesion
bond when compared with the non-irradiated group (control).
The presence of the remnant denatured collagen fibrils had a
deleterious effect on the immediate bond strength, which also
leads to the rejection of the second null hypothesis tested. It was
verified that there was a difference between the non-lased and
laser-irradiated groups, regardless of pulse durations tested.

The absence of smear layer, a roughness pattern, and open
dentinal tubules created after laser ablation are expected to
promote suitable bonding [19]. The laser protocol used in
the present study, however, did not improve the immediate
bond strength of resin to dentin when compared to the control
group. The organic matrix and collagen fibers were modified
by the ablation phenomenon and specimens showed a non-
uniform thickness of the adhesive layer [36]. This fact jeopar-
dizes the proper evaporation of the solvent and decreases the
bond strength.

In this study, a multi-mode universal adhesive was applied
in a self-etch approach, which is based on the use of non-rinse
acidic monomers that simultaneously condition, prime, and
bond tooth tissues creating hybrid layers that are approximate-
ly 0.5 μm thick (pH 2; 0.5–1 μm interaction depth) [8, 9] with
the advantage of avoiding excessive decalcification, which is
a characteristic of the etch-rinse technique [37]. As observed
in the CLSM images, the self-etch adhesive displayed a spe-
cific pattern on dentin. The self-etch adhesive system showed
short resin tags, less widening of the tubules, and did not show
the funnel shape appearing, commonly achieved with the use
of the phosphoric acid. However, in specimens irradiated with
the 50 μs pulse width the intratubular permeability of dentin
increased, as shown by long resin tags that diffused through
the dentin surface. Some authors [19] have also reported that
resin tags were more pronounced in dentin prepared using a
laser than in that prepared using a bur, regardless of the adhe-
sives applied. Nevertheless, the long resin tags had no effect
on the immediate bond strength, corroborating with the idea
that micromechanical interaction is not the factor responsible
for bonding to dentin, but the entire resin-dentin interactions
and integrity of this substrate [35, 38]. Our results clearly
indicate that 12 months of storage in artificial saliva was not
sufficient to cause severe degradation of adhesives or their
respective hybrid layers, regardless of the pre-treatment per-
formed. Based on these findings, the third null hypothesis
tested was accepted. These findings could be related to the
composition of the universal adhesive, which contained the
acidic monomer 10-methacryloyloxydecyl dihydrogen phos-
phate monomer (MDP), which provides ionic bond with the
calcium of the hydroxyapatite crystal. Overall, 10-MDP is the
most popular and highly stable acidic monomer; its stability is
attributed to the long carbonyl chain (space) between the func-
tional and the polymerizable groups in the monomer structure
[39]. Also, the MDP-Ca salt deposition along the interfaces
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might explain the high bond stability [40, 41] according to
their low dissolution rate in water [42].

It has been reported that chemical interaction performed by
10-MDP did not increase the immediate bond strength to den-
tin, but biodegradation resistance studies of adhesive interfaces
have shown that it enhanced the bond durability [42, 43] by
protecting the hybrid layer from hydrolytic degradation [8].
Although these findings were performed in non-irradiated den-
tin, these results can explain the findings of the present study.

Regarding irradiated dentin, only a few studies investigated
the laser-irradiated dentin adhesive bond stability. Karadas
et al [2] compared the bond stability between lased (energy
densities of 19.9 J/cm2 and 15.7 J/cm2) with non-lased dentin
and reported no significant difference in bond strength values
after aging methods (thermocycling–15,000 cycles) when
self-etch adhesive agent was used. Their findings are consis-
tent with the current study since we used a lower energy den-
sity than the previous report. Our study used an energy density
of 12.58 J/ cm2 and as expected, did not show a significant
difference in the comparison of bond strength between control
and irradiated groups after 1 year of storage in artificial saliva.
Akin et al. [44] examined the performance of all-in-one bond-
ing agents applied to an occlusal surface irradiated with the
Er:YAG laser (200 mJ, 10 Hz, 2 W) after water storage for
6 months and thermocycling (10,000 cycles). In their study,
the performance of the respective bonding agents was also not
affected by the aging methods.

The final dentin surface morphology will be a result of the
techniques used to prepare the tissue as well as the constitu-
ents of this tissue and the adhesive system used. Also, when
the cavity is performed with an Er:YAG laser, the parameters
must influence the morphology and the thermal conditions of
the remnant tissue. The lack of longitudinal studies involving
lased dentin and considering the heterogeneity in parameter’s
settings/methodologies hinder the establishment of a reliable
comparison of among the literature on this subject.

Although the thermal damage of the ablation process could
be observed in this in vitro study, these permanent alterations
were not enough to impair the bond strength values after 1 year
of artificial saliva storage. Further studies investigating the
effect of laser irradiation should be performed in order to
determine a gold standard protocol for clinical applicability.

Conclusions

Based on the results of this in vitro study, the following can be
concluded:

& The pre-treatment of the dentin surface with the Er:YAG
laser, regardless of the pulse duration, did not improve the
immediate bond strength of resin-dentin when compared
to the control group.

& The Er:YAG laser irradiation altered the organic matrix
and denatured collagen fibers below the irradiated area.

& The permanent alterations within organic structures of
dentin following Er:YAG laser irradiation were not
enough to decrease the bond strength values after
12 months of saliva storage.
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