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Clinical Relevance

The application of Nd:YAG laser prior to photopolymerization of adhesive systems in an
attempt to create a new bonding layer by dentin/adhesive melting significantly increased
the shear bond strength to the dentin substrate.
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SUMMARY

Purpose: The aim of this study was to investi-
gate the influence of Nd:YAG laser on the shear
bond strength to enamel and dentin of total
and self-etch adhesives when the laser was
applied over the adhesives, before they were
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photopolymerized, in an attempt to create a
new bonding layer by dentin-adhesive melting.

Material and Methods: One-hundred twenty
bovine incisors were ground to obtain flat
surfaces. Specimens were divided into two
substrate groups (n=60): substrate E (enamel)
and substrate D (dentin). Each substrate group
was subdivided into four groups (n=15), ac-
cording to the surface treatment accom-
plished: X (Xeno III self-etching adhesive,
control), XL (Xeno III + laser Nd:YAG irradia-
tion at 140 mJ/10 Hz for 60 seconds + photopo-
lymerization, experimental), S (acid etching +
Single Bond conventional adhesive, Control),
and SL (acid etching + Single Bond + laser
Nd:YAG at 140 mdJ/10 Hz for 60 seconds +
photopolymerization, experimental). The
bonding area was delimited with 3-mm-diame-
ter adhesive tape for the bonding procedures.
Cylinders of composite were fabricated on the
bonding area using a Teflon matrix. The teeth
were stored in water at 37°C/48 h and submit-
ted to shear testing at a crosshead speed of 0.5
mm/min in a universal testing machine. Re-
sults were analyzed with three-way analysis of
variance (ANOVA; substrate, adhesive, and
treatment) and Tukey tests (¢=0.05). ANOVA
revealed significant differences for the sub-
strate, adhesive system, and type of treatment:
lased or unlased (p<0.05). The mean shear
bond strength values (MPa) for the enamel
groups were X=20.2 = 5.61, XL.=23.6 = 4.92,
S=20.8 + 4.55, SL=22.1 *+ 5.14 and for the
dentin groups were X=14.1 + 7.51, XLL.=22.2 +
6.45, S=11.2 + 5.77, SL=15.9 * 3.61. For dentin,
Xeno III self-etch adhesive showed significant-
ly higher shear bond strength compared with
Single Bond total-etch adhesive; Nd:YAG laser
irradiation showed significantly higher shear
bond strength compared with control (un-
lased).

Conclusion: Nd:YAG laser application prior to
photopolymerization of adhesive systems sig-
nificantly increased the bond strength to den-
tin.

INTRODUCTION

The basic mechanism of bonding to enamel and
dentin is essentially an exchange process involving
replacement of minerals removed from the hard
dental tissue as a result of acid etching by resin
monomers. When these set, they become micro-
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mechanically interlocked in the porosities thus
created.!

Conventional adhesive systems are based on acid
etching followed by a conditioning step with the
primer and the application of the adhesive resin, or
systems that combine the primer and the bonding
agent into one application.? In 1994, Watanabe
introduced the self-etching adhesive systems, which
use nonrinse acidic monomers that simultaneously
condition and prime dentin.? However, their low acid
concentration and high hydrophilicity promote low
bond strength values to enamel substrate, thin
hybrid layers, and doubtful marginal sealing.?

Today, laser technology is being widely applied in
clinical trial procedures. In 1999, Goncalves and
others* developed a technique for Nd:YAG laser
application to dentin substrates. This technique
consisted of irradiating the dentin substrate with
Nd:YAG laser after etching it with phosphoric acid
and applying the bonding agent. After this, the
adhesive is polymerized. Goncalves and others*
explained that Nd:YAG laser promoted fusion and
recrystallization of dentinal hydroxyapatite in the
presence of resin monomers, thereby developing a
new layer of dentin tissue and adhesive system
joined by the action of the laser (ie, a mechanically
intermingled substrate that was chemically recep-
tive to bonding).?

Although most researchers have found significant-
ly higher bond strength values for adhesive systems
that received Nd:YAG irradiation prior to polymer-
ization, most of the studies investigated total-etch
adhesives bonded to dentin.*® The influence of laser
irradiation on self-etch adhesives has not yet been
adequately evaluated, especially on enamel.

Thus, the aim of this study was to evaluate in vitro
the influence of Nd:YAG laser on the shear bond
strength to enamel and dentin of a two-step total-
etch adhesive and one-step self-etch adhesives when
the laser was applied over the adhesives. The null
hypothesis tested was that Nd:YAG laser irradiation
would not affect the bond strength of the adhesive
systems to enamel and dentin substrates.

MATERIALS AND METHODS
Sample Preparation

One hundred twenty extracted bovine incisors were
cleaned with a scalpel and water/pumice slurry in
dental prophylactic cups. The teeth were stored in
distilled water and frozen at —18°C until use, within
a period of less than 28 days.” The roots were
sectioned with a low-speed diamond saw, and the
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Table 1:  Surface Conditioning Methods

Grit of Silicone Carbide Paper (/Time)

First Second Third Fourth
Step Step Step Step

Enamel substrate 400 600/15 s — —

Dentin substrate 80 320/15 s 400/15 s 600/15 s

pulp was removed using endodontic instruments. An
opening was made on the lingual side of the teeth to
promote exposure of the pulp chamber.

The teeth were mounted in a silicone matrix with
self-curing acrylic resin, with their buccal surface
kept above the surface of the mounted blocks. After
polymerization, the lingual portions of the mounted
teeth were ground in a trimmer using wet 80-grit
sandpaper, until the wax was removed. The pulp
chamber opening was used as access to measure the
remaining dentin thickness with a caliper®.

For the enamel specimens, the buccal portion was
ground in a trimmer using wet 400-grit silicon
carbide paper in a polishing machine (Politriz,
Struers A/S, Copenhagen, Denmark), under water
cooling, until the overlying enamel was removed.
After this, the specimen was ground again using wet
600-grit silicon carbide paper for 15 seconds, under
constant pressure, to obtain a uniform surface (Table
1).

For the dentin specimens, the buccal portion was
ground in a trimmer using wet 80-grit sandpaper
until dentin was exposed. Next, the dentin thickness
was measured with a caliper, and this was consid-
ered the baseline measure. After this, the specimen
was ground again until half of the baseline measure
was obtained. This was done in a polishing machine
using 320- to 600-grit silicon carbide paper for 15
seconds, under constant pressure, to obtain a
uniform smear layer (Table 1).

Bonding Procedures

To delimit the area for adhesive system application,
a special Scotchtape Mold (3M ESPE, St Paul, MN,
USA) with a standard central hole, 3 mm in
diameter, was placed on each specimen.

One-hundred twenty specimens were divided into
two groups: substrate E (enamel) and substrate D
(dentin). Each group was divided into four subgroups

(n=15/subgroup), according to the surface treatment
performed:

e Group X (control): The Xeno III self-etch adhesive
(Dentsply De Trey GmbH D, Konstanz, Germany)
was applied passively for 20 seconds, gently air-
dried and polymerized for 10 seconds with a light
unit (Curing Light XL 3000; 3M ESPE) with power
density of 600 mW/cm? as measured by a radiom-
eter (Curing Radiometer Model 100, Demetron
Research Corporation, Danbury, CT, USA).

Group XL (experimental): Specimens received the
application of Xeno III self-etch adhesive, followed
by irradiation with Nd:YAG laser in noncontact
mode, scanning for 60 seconds, and light polymer-
ization for 10 seconds.

Group S (control): Specimens were etched for 15
seconds with 37% phosphoric acid gel, rinsed, and
gently dried with absorbent paper to remove excess
water. Two layers of Single Bond 2 total-etch
adhesive (3M ESPE) were applied on the surface in
a scrubbing motion for 15 seconds. The remaining
solvent was evaporated with a brief, mild air blast,
and the adhesive was polymerized for 10 seconds.
Group SL (experimental): The Single Bond 2 total-
etch adhesive was applied in the same way as in
group S, and the specimens were irradiated with
Nd:YAG laser in noncontact mode, scanning for 60
seconds, followed by light polymerization for 10
seconds.

Treatment with Nd:YAG Laser

The Nd:YAG laser equipment used in this study was
the Laser Pulse Master 600 iQ (American Dental
Technologies Inc, Corpus Christi, TX, USA) at a
wavelength of 1.064 pm. The output energy of this
laser device was 140 md per pulse, with a pulse
repetition rate of 10 pulses per second (10 Hz) and
total energy of 1.4 W. In this study, the laser was
fitted with a noncontact tip 320 um in diameter, and
the energy density was 1200 J/cm? (Table 2). The
laser was applied freehand, in noncontact mode, and
scanning for 60 seconds. During laser application,
the laser tip was at a 90° angle, perpendicular to the
specimen surface, and at a distance of 5 mm from it.*
Self-curing acrylic resin was used to make a device
especially for the purpose of maintaining the
distance between the laser tip and the enamel and
dentin surfaces.

Restoration Placement

After the surface treatment, a split Teflon mold, with
a 3-mm-diameter hole in the middle of it, was
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Table 2:  Nd:YAG Laser and Irradiation Parameters Used
Laser Nd:YAG
Wavelength 1.064 pm
Mean power 14W
Pulse frequency 10 Hz
Pulse duration 100 ps
Pulse energy 140 mJ
Energy density 1200 J/cm?

adapted to the specimen in order to insert the
composite resin. The composite resin (Filtek Z250,
3M ESPE) was inserted in two increments of about
1.5 mm each, using a spatula, and each increment
was polymerized with a halogen light (Curing Light
XL 3000; 3M ESPE) for 20 seconds. After removing
the mold, the composite resin cylinder was light
polymerized for an additional 60 seconds.

Specimens were immersed in distilled water at
37°C for 48 hours. Subsequently, the shear bond
strength test was performed in a universal testing
machine at a crosshead speed of 0.5 mm/min using a
100-kgf load cell (EMIC, Sao José dos Pinhais,
Parana, Brazil). The bond strength was determined
from the highest point on the stress-strain curve
measured by the load cell of the testing machine.
Results obtained were expressed in MPa.

After the shear bond strength test, the specimens
were analyzed under a stereomicroscope (Stemi
2000, Karl Zeiss, Gottingen, Germany) at 20X
magnification. Failures were classified as cohesive
failure in composite, cohesive failure in enamel/
dentin, adhesive at the interface, or mixed.

Bond strength data were analyzed by three-way
analysis of variance (ANOVA; substrate, adhesive
system, and surface treatment—lased or unlased)
followed by Tukey test (¢=0.05).

Scanning Electron Microscopy (SEM)
Examination

Two teeth from each group were sectioned perpen-
dicularly to the bonding interface. The sections were
polished with 2000 and 4000 mesh sheets. Phospho-
ric acid etchant was applied for 5 seconds and rinsed
off with water for 10 seconds. Specimens were
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Table 3: Mean Bond Strength Values (MPa) and Standard
Deviations (SD) for Each Group

Substrate Group Mean (SD)
Enamel X 20.29 (5.61)
Enamel XL 23.61 (4.92)
Enamel S 20.89 (4.55)
Enamel SL 22.10 (5.14)
Dentin X 14.14 (7.51)
Dentin XL 22.23 (6.45)
Dentin S 11.29 (5.77)
Dentin SL 15.98 (3.61)
Abbreviations: group S, Single Bond; group SL, Single Bond/Nd:YAG laser;
Group X, Xeno llIl; group XL, Xeno Ill/Nd:YAG laser.

dehydrated, sputter-coated with gold-palladium,
and examined using SEM.

RESULTS

The mean bond strength values in all experimental
groups are presented in Table 3 and Figure 1.

ANOVA revealed that enamel substrate presented
higher bond strength values compared with dentin
substrate (p=0.000), Xeno III adhesive system
presented higher bond strength values compared
with the Single Bond adhesive system (p=0.0152),
and the lased surface treatment presented higher
bond strength values compared with unlased surface
treatment (p=0.000).

30+

254 .
204 |

15

MPa

10+

X XL S SL
Enamel

Figure 1. Graph of means and standard deviation (MPa) of bond
strength for each group. Group X, Xeno Ill; group XL, Xeno Ill/Nd:YAG
laser; group S, Single Bond; group SL, Single Bond/Nd:YAG laser.
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Table 4:  Tukey Test (5%) Comparison of Bond Strength
Means (MPa) for Adhesive and Substrate®

Adhesive Substrate Mean
Xeno llI Enamel 21.953%
Single Bond Enamel 21.501%°
Xeno I Dentin 18.188°
Single Bond Dentin 13.635°

2 Mean values with the same letters showed no statistically significant
difference.

There was significant interaction between the
independent variables of “substrate” and “treatment”
(p=0.044). Enamel substrate with Xeno III adhesive
system (21.95 MPa) presented higher bond strength
values compared with dentin substrate, irrespective
of the adhesive system tested, and dentin substrate
with the Single Bond adhesive system (18.18 MPa)
presented the lowest bond strength (Table 4). The
Xeno IIT adhesive system presented higher bond
strength values compared with the Single Bond
adhesive system, irrespective of the substrate tested
(Table 4).

There was significant interaction between the
independent variables of “substrate” and “adhesive
system” (p=0.045). Enamel substrate lased (22.85
MPa) presented higher bond strength values com-
pared with dentin substrate, lased (19.10 MPa) or
unlased (12.71 MPa), and irrespective of the adhe-
sive system tested (Table 5). Treatment with
Nd:YAG laser prior to photopolymerization of the
adhesive systems significantly increased the bond
strength to dentin substrate (Table 5).

Three-way ANOVA revealed that the interaction
between the three variables was not statistically
significant, so the relationship between laser and
substrate for the adhesive Xeno III was similar to
that for Single Bond (Figure 2).

Examination of specimens after failure indicated
predominantly adhesive and mixed failure for all
groups, except for group X (Xeno III) without laser
(control) in enamel, which showed an almost equal
distribution between the four types of failure (Table
6).

SEM micrographs of the bonded interface in
dentin with Xeno IIT showed that the control group

Table 5:  Tukey Test (5%) Comparison of Bond Strength
Means (MPa) for Substrate and Treatment®

Laser Substrate Mean
Presence Enamel 22,8587
Absence Enamel 20.595%
Presence Dentin 19.107°
Absence Dentin 12.716°

2 Mean values with the same letters showed no statistically significant
difference.

generally showed a well-developed resin-impregnat-
ed zone (hybrid layer; Figure 3). Figure 4 showed
that there were more resin tags in the sample on
which Nd:YAG laser was applied when compared
with the sample in which no irradiation was applied
(Figure 3) and the presence of resin tags with well-
defined terminations in dentinal tubules.

SEM images showed that in the sample on which
no irradiation was applied (Figure 5) and in the
sample on which Nd:YAG laser was applied (Figure
6), the bond interface between enamel and Xeno III
was similar in both treatments.

DISCUSSION

This study investigated the possible influence of
Nd:YAG laser on the shear bond strength to enamel
and dentin of adhesive systems (total etch and self-
etch) when the laser was applied over the adhesives,
before they were light polymerized, and on the
formation of an optimized bonding layer.

Greater difficulty in promoting a satisfactory bond
to dentin was observed in this study, in which the
bond strength values were lower than those to
enamel for both adhesive systems, independent of
laser treatment. Although the bond to enamel is
usually more effective than to dentin, evaluations in
enamel continue to be relevant because the perfor-
mance of new self-etch adhesive systems show lower
bond strength values when compared with conven-
tional systems because of the lower acid concentra-
tion.%1°

Peumans and others,? in a systematic review of
contemporary clinical trials, found an inefficient
clinical performance for the most commonly tested
one-step self-etch adhesives, Prompt L-Pop (3M
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Figure 2. Graph of means showing the interaction between the three variables. X, Xeno Il self-etch adhesive; S, Single Bond total-etch adhesive.

ESPE) and PSA (Dentsply-Detrey). They showed the
highest average annual failure rate (8.1%), and most
adhesives failed to meet the American Dental
Association Acceptance requirements.?

The results of the present research showed the
superiority of the self-etching adhesive Xeno III both
in enamel and dentin. There was no significant
difference between Xeno III and Single Bond in
enamel, but it was significant in dentin. On the other
hand, Faria-E-Silva and others'! showed that the
adhesive Xeno IIT presented lower bond strength to
enamel than to dentin and that the best results for
this adhesive were in dry substrates. In the study by

Chaves and others,' Xeno III had a good perfor-
mance in combination with the luting agent Vari-
olink II, with regard to microtensile bond strength
after 90 days of storage in water.

The null hypothesis was rejected for dentin
substrate because the Nd:YAG laser irradiation
significantly increased the bond strength to this
substrate. For enamel substrate, the null hypothesis
was accepted because the difference was not statis-
tically significant.

The first applications of Nd:YAG lasers for dental
surface treatment (before bond application) resulted
in a reduction in bond strength when compared with

Table 6: Failure Mode
Substrate Adhesive Laser Failure Mode®

A M CD CR
Enamel Single Bond Absence 15 — — —
Dentin Xeno llI Absence 11 2 2 —
Dentin Xeno Il Presence 14 — 1 —
Enamel Single Bond Presence 15 — — —
Dentin Single Bond Presence 15 — — —
Enamel Xeno lll Presence 4 5 6 —
Enamel Xeno lll Absence 15 — — —
Dentin Single Bond Absence 12 3 — —
4 Failure mode: A, adhesive failure; CD, cohesive failure in dentin; CR, cohesive failure in resin; M, mixed failure.
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Figure 3. Scanning electron micrograph of the bond interface of the specimen that received dentin treatment according to the manufacturer’s
instructions (Xeno Il self-etch adhesive). C, composite; H, hybrid layer; T, resin tags.

Figure 4. Scanning electron micrograph of the bond interface of the specimen that received dentin treatment according to the manufacturer’s
instructions (Xeno Il self-etch adhesive) + laser Nd:YAG. C, composite; H, hybrid layer; T, resin tags. It can be observed that there were more resin
tags in the sample on which Nd:YAG laser was applied and the presence of resin tags with well-defined terminations in dentinal tubules.

Figure 5. Scanning electron micrograph of the bond interface of the specimen that received enamel treatment according to the manufacturer’s
instructions (Xeno Il self-etch adhesive). C, composite; E, enamel; I, interface.

Figure 6. Scanning electron micrograph of the bond interface of the specimen that received enamel treatment according to the manufacturer’s
instructions (Xeno lll self-etch adhesive) + Nd:YAG laser. C, composite; E, enamel; |, interface. It can be observed that there were no differences
between the enamel-resin interface of the sample on which no irradiation was applied when compared with that of the sample that was irradiated.

$S900E 981J BIA Z0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy wol) papeojumoc]



454

nonirradiated cavities,'>'* because Nd:YAG lasers
promote denaturation of the organic components of
dentin by heat generation, fusion, and recrystalliza-
tion of the dentin surface, obliterating some dentinal
tubules.'®1® These alterations in the morphology of
the tooth substrate occur because of reduction in the
percentage of calcium and phosphate in the dentin
structure, causing changes in the organic composi-
tion of hydroxyapatite, leading to its recrystalliza-
tion. 1617

Therefore, in the present study, the time when
Nd:YAG laser was applied was changed to evaluate
the influence of Nd:YAG laser after bond application
and before light polymerization, a technique devel-
oped by Goncalves and others.*

Goncalves and others* recommended Nd:YAG
laser irradiation on dentin previously conditioned
and impregnated with the adhesive system but
before light polymerization. This technique would
promote the development of a new substrate, in
which dentin substrate and adhesive would be fused
by the action of the laser. The development of this
new substrate explains why all of the groups
irradiated by laser in this study showed a substan-
tial increase in bond strength. This is in agreement
with Matos and others® and Matos and others,® who
evaluated Nd:YAG irradiation before and after
adhesive application and concluded that the best
results were observed when laser was used after the
adhesive system application. According to Dayem
and others,'® treatment of the acid-etched dentin
with Nd:YAG laser led to the significantly increased
penetration depth of the adhesive bonding system
into dentin.

After SEM analysis, the adhesive penetration in
dentin showed fewer resinous tags in the specimen
on which no irradiation was applied (Figure 3)
compared with the sample that was irradiated with
Nd:YAG laser (Figure 4). In addition, a new adhesive
substrate composed of dentin tissue and adhesive
system joined by the action of the laser was observed,
as well as the presence of resin tags with well-
defined terminations in dentinal tubules.*'® The
Nd:YAG laser treatment promoted more numerous
tags and improved adhesive infiltration, probably
producing a resistant substrate contributing to
better bond strength.*1°

The representative SEM micrographs obtained
from the enamel substrate generally showed that
there was no difference between the enamel-resin
interface in the sample on which no irradiation was
applied (Figure 5) when compared with that of the
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sample that was irradiated (Figure 6). The energy
density of 140 mdJ used in this study seems to
contribute to better interaction between the adhesive
and enamel substrate.

With regard to failure mode analysis, it should be
noted that the fracture was predominantly initiated
at the interface between the composite and dentin or
enamel substrate (adhesive or mixed failure), except
in group X (Xeno III) without laser (control) in
enamel, which showed an almost equal distribution
between the four types of failure. This group showed
the best bond strength results. Therefore, the type of
treatment (presence or absence of Nd:YAG laser
irradiation) was not able to alter the failure mode of
composites bonded to enamel and dentin substrates.

The energy density of 140 mdJ used in this study
followed instructions of previous studies. Ribeiro and
others®® observed the highest marginal microleakage
results with this parameter, also using the technique
of Nd:YAG laser irradiation after application of the
adhesive However, future in vivo studies should be
conducted to evaluate the thermal side effects of this
technique, because Nd:YAG lasers have a high
penetration depth that varies according to its
parameters, so care should be taken not to overheat
the pulp.

The results of the present study showed that the
enamel samples subjected to laser irradiation pre-
sented the highest bond strength values, although
the difference was not statistically significant when
the enamel was not laser irradiated. In dentin, the
irradiation with Nd:YAG laser significantly in-
creased the bond strength values. Thus, further
research is necessary to establish efficient and safe
parameters.

CONCLUSION

Within the limitations of this study, it could be
concluded that high bond strength values were found
with enamel substrate both with Xeno III and Single
Bond. It was also found that Nd:YAG laser signifi-
cantly increased the bond strength to dentin sub-
strate, although the difference in enamel was not
statistically significant.
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