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ABSTRACT

Aim: To compare the effect of erbium, chromium:yttrium-scandium-gallium-garnet (Er,Cr:YSGQG) laser at different irradiation parameters and
acid etching on the shear bond strength (SBS) of orthodontic brackets to enamel.

Materials and methods: Forty bovine incisors were randomly distributed into groups (n = 10): Gl: 37% phosphoric acid etching; GlI: Er,Cr:YSGG
laser etching 19.1 J/cm? Glll: Er,Cr:YSGG, 29.3 J/cm?; and GIV: Er,Cr:YSGG, 42.4 J/cm?. After treatments, metallic brackets were bonded using
Transbond XT adhesive system. After light curing, the samples were subjected to 500 thermal cycles, debonded with a universal testing machine,
and the SBS values were recorded. After debonding, surface morphology was evaluated using scanning electron microscopy (SEM) and optical
coherence tomography (OCT). The values of SBS testing were analyzed by one-way analysis of variance (ANOVA) and Tukey post hoc test, at
5% significance level.

Results: The mean SBS values of Gl, GlI, Glll, and GIV groups were 6.2 + 1.7 MPa, 4.6 + 2.5 MPa, 7.0 + 2.2 MPa, and 8.0 + 3.6 MPa, respectively.
Laser irradiation promoted rough surfaces in all parameters used, and the OCT analysis revealed higher optical changes on lased groups when
compared with phosphoric acid.

Conclusion: Er,Cr:YSGG laser irradiation operated at 42.4 J/cm? and 29.3 J/cm? s a better alternative for etching enamel prior to the orthodontic
treatment than the phosphoric acid.

Clinical significance: Er,Cr:YSGG laser irradiation is better than the phosphoric acid for etching enamel prior to the orthodontic treatment

because laser irradiation promotes similar SBSs and preventing demineralization around orthodontic brackets.
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INTRODUCTION

Brackets are afundamental part in the orthodontic treatment, and
they must remain well fixed to the teeth throughout the therapy,’
which requires adequate conditioning, without secondary effects.
The phosphoric acid represents the standard enamel conditionerin
orthodontic practice, in which the aim is to prepare and to create
anirregular surface that propitiates the adequate bonding of etch-
and-rinse adhesive systems.? The main advantage of phosphoric
acid etching is a high level of SBS is achieved.>

Alternative methods to prepare dental surfaces, such as laser
irradiation, have attracted increasing attention since the first laser
application reported in 1964.* Among the high-power lasers, most
used for dental applications is the erbium, chromium:yttrium-
scandium-gallium-garnet (Er,Cr:-YSGG) laser, which emits at 2.78 um
and is strongly absorbed in hard tissues due to its interaction with
both water and OH™ from hydroxyapatite at the tissue interface.>
Due to the ablation process, the tissue becomes more resistant to
demineralization; also, laser irradiation promotes bacterial removal
and reduces secondary caries lesion susceptibility increasing the
success of the procedure.

It can be employed without creating a smear layer® and can
offer a similar bonding effect when compared with conventional
acid etching, and roughening the surface can markedly increase
the bonding area between the substrate and resin.®8

Considering that orthodontic treatment is often of long
duration, another advantage promoted by Er,Cr:YSGG laser
irradiation is the long-lasting protective effect against secondary
caries,’ essential for the prevention of the white spot lesions
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that may occur around the brackets during the orthodontic
treatment.
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Er,Cr:YSGG Laser for Orthodontic Purpose

Many factors are known to influence the effects of Er,Cr:YSGG
laser treatment on dental hard tissues, such as the output power,
energy density, the repetition rate, and cooling water-air ratio.'’

Concerning the laser parameters used for enamel etching prior
to the bonding of brackets, the literature is controversial, and it
was not identified studies that relate the use of Er,Cr:YSGG for this
purpose, which motivated the accomplishment of this study.

In this way, the objective of this study was to evaluate the
effects promoted by Er,Cr:YSGG laser, when operated at different
laser parameters aiming enamel etching for orthodontic purposes,
through the following factors: the SBS, the adhesive remnantindex
(ARI), and the surface morphology of the enamel.

MATERIALS AND METHODS

This study was approved by the Ethical Committee on Animal
Experiments. The procedures for sample preparation were in
accordance with the specifications of ISO/TS 11405:2015."" Forty
freshly extracted bovine incisors were selected and stored in
0.5% chloramine-T solution during 48 hours for disinfection. The
root portion of all teeth was removed, and the crowns had their
buccal surface manually polished with sandpaper P600 (3M Unitek,
USA) to reduce the grooves presented in bovine enamel. The
specimens were included in a cylindrical support and embedded
in acrylic resin, keeping the buccal surface parallel to the mold
base. Specimens were stored in distilled water (4°C) until bonding
procedures. They were randomly distributed into four experimental
groups (n = 10), according to Table 1.

For the control group, etching was performed with a 37%
phosphoric acid gel (FGM Produtos Odontoldgicos, Brazil) for 15
seconds followed by a 15-second water rinse. Specimens were air-
dried until a frosty white appearance was achieved.

Laser irradiation was performed with an Er,Cr:YSGG laser
(Biolase Technology, Inc., USA), emitting at 2.78 pm with 20 Hz
repetition rate, and the pulse width was approximately 140 ps for
15 seconds, at three different power settings (Table 2). A sapphire
MZ6 tip of 600 um diameter and 6 mm length was used with 55%
air and 45% water coolant.'?

During the irradiation, the samples were positioned in a high-
precision motorized translator (Newport, USA) 1 mm away from the

Table 1: Experimental design considering as main factors: adhesive
system, substrate, and surface conditioning conditions

laser tip adjusted to a speed of 3.8 mm/second, thus standardizing
the irradiation condition.

Brackets for upper incisors with a 15.3-mm? base area were
used (Dental Morelli, Brazil). Brackets were bonded according to
the manufacturer’s instructions (Table 3) and were positioned at
the center of the buccal surface to simulate the clinical procedure.
The excess of orthodontic cement was carefully removed before
light curing. Photoactivation was performed using a light-emitting
diode curing unit emitting 1,200 mW/cm? (Bayswater, Australia) for
10 seconds in each proximal side of the bracket (mesial and distal).

After 24 hours storage in distilled water at 37 + 1°C, all
specimens were thermocycled (Etica Equipamentos Cientificos
S/A, Brazil). A total of 500 cycles of alternate baths (5-55 + 2°C), 30
seconds in each bath, and 2 seconds transfer time were performed.

Specimens were prepared for the SBS test, under a universal
testing machine (Emic Equipamentos Industriais Ltda, Brazil) with
a chisel at 0.5 mm/minute speed and 200 kgf load cell.

To evaluate the SBS, the size of the bracket base has a
meaningful importance, since the sustaining force increases as a
function of the base area dimension. Therefore, the values were
measured considering the rupture strength and the size of the
bracket base.® The debonding force (F) was obtained in Newtons
(N) and the strength in megapascal (MPa).

After debonding, teeth were examined under a
stereomicroscope at 20x magnification (Zeiss, Germany) and
classified according to the ARI:'

«  Score 0—no adhesive remnant left on the tooth;

« Score 1—less than 50% adhesive remnant left on the tooth;

«  Score 2—more than 50% adhesive remnant left on the tooth;
«  Score 3—100% adhesive remnant left on the tooth.

All specimens were submitted to scanning electron microscopy
(SEM) (TM 3000; Hitachi, Japan) and OCT analysis before and
after the acid or laser etching. The OCT system (Callisto SD-OCT;
Thorlabs, Inc., USA) operates at 930 nm central wavelength,
spectral bandwidth of 100 nm, maximum output power of 5 mW,
axial resolution of 7/5.3 um (air/water), lateral resolution of 8 um,
maximum imaging depth at 1.6 mm, and axial scan rate of 1.2 kHz,
capturing two frames per second with 105 dB of sensitivity.

Table 3: Adhesive system used in this study

Manufacturer Application
Surface conditioning condi- Material batch number # Composition mode
tions Substrate  Adhesive system Primer + 3M Unitek # Bisphenol A The primer was
Group I: etching with 37% Enamel Primer + Transbond XT Transbond XT 503325 diglycidyl ether applied with
phosphoric acid adhesive adhesive dimethacrylate microbrush
Group II: Er,Cr:YSGG laser Enamel Primer + Transbond XT (10-20wt%);  and then
irradiation (1.1 W) adhesive bisphenol light cured for
Group IlI: Er,Cr:YSGG laser Enamel Primer + Transbond XT Abis(2- 20 seconds.
irradiation (1.7 W) adhesive hydroxyethyl Transbonq
. ether) XT adhesive
Qrou.p Iy: Er,Cr:YSGG laser Enamel Prlmelr + Transbond XT dimethacrylate paste should
irradiation (2.41 W) adhesive (5-10 Wt%); be applied on
filler: silane- the bracket,
treated quartz  positioned
Table 2: Laser irradiation conditions (70-80 wt%) over the tooth
Group  Power (W)  Energy perpulse (mJ)  Energy density (J/cm?) surface, a.nd
photoactivated
Il 1.1 54.1 19.1 for 10 seconds
1l 1.7 83 29.3 in each side of
\% 24 120 424 the bracket
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Two-dimensional (2D) OCT images were captured with 2,000
columns X 512 rows and 6 mm transversal scanning, while
three-dimensional (3D) images were captured with 400 x 400
X 400 columns in each of XZ, YZ, XY axes. These two techniques
complement each other in the morphological analysis, due to their
very different spatial resolutions.

Descriptive statistics, means and standard deviation (SD), were
calculated for each group. Statistical analysis was performed using
GraphPad Prism 6 (GraphPad Software, USA). Multiple comparisons
were performed for SBS values between groups using one-way
ANOVA and Tukey post hoc test. For the ARl evaluation, Chi-square
test was used. A 5% significance level was adopted.

REesuLts

Descriptive statistics for comparison of SBS scores are given in
Table 4. Group IV yielded the highest mean SBS (8.0 + 3.6 MPa),
while the phosphoric acid had mean SBS of 6.2 + 1.7 MPa. Analysis
of variance did not reveal statistically significant differences among
the groups (p = 0.1310).

Adhesive remnant index scores are listed in Table 5, and Chi-
square test showed no statistically significant differences among
the four groups (p = 0.5508).

Table 4: Mean of shear bond strengths of four groups

Number of Bond
Group samples Mean (MPa) SD
Group | 10 6.2 1.7
Group Il 10 4.6 25
Group Il 10 7.0 2.2
Group IV 10 8.0 3.6

Table 5: Distribution of adhesive remnant index scores

ARl scores
Group 0 1 2 3
Group | 9 1 - -
Group Il 10 - - -
Group Il 9 1 - -
Group IV 10 - - -

L ¥
F Z54 i ¥

3 <

fragments of the adhesive system

Figure 1 shows the SEM images of enamel surface after the
acid etching and laser irradiation under different protocols. The
treatment with 37% phosphoric acid produced qualitatively rough
surfaces in a pattern way, due to the dissolution of prisms and
boundary regions. The laser-ablated surfaces of all experimental
groups of this study presented depressions with fissures and conical
craters and sharp enamel projections, without evidence of melting
or carbonization. All laser-treated surfaces were accompanied
by the appearance of slight dehydration cracks that can aid the
penetration of resin. After debonding, it was possible to observe the
presence of fragments of the adhesive system in allimages. Also, all
samples presented qualitatively rough surfaces, and laser-ablated
ones presented higher projections, depressions, and cracks when
compared with the surface conditioned with the phosphoric acid.

The optical characteristics of enamel after conditioning and
after debonding by representative OCT images are shown in
Figure 2. In sample conditioned with phosphoric acid, an intense
backscattered signal at the enamel surface, represented by a bright
zone, and darkened regions below the surface, which correspond
to the loss of signal with increasing depth into the sample,
are observed. After laser irradiation, the OCT images showed
irregularities on the surface, which were more intense with the
increase in laser energy density. The subsurface regions presented
bright areas interspersed with dark areas, and these regions
appeared in greater quantity in the samples irradiated with higher
energy density. Theseirregularities in the backscattered signal from
the subsurface of lased samples decreased after debonding, in
which a decrease in bright areas is observed when compared with
samples after irradiation.

Discussion

In this study, the effect of phosphoricacid etching or laser irradiation
on surface characteristics, SBS values of brackets, and ARI scores
was evaluated.

The etching of enamel with Er,Cr:YSGG laser for orthodontic
purposes has several advantages, mainly considering the
temperature rises promoted by laser irradiation on the enamel
surface." The heating promoted by laser irradiation is enough to
change the crystallinity and composition of enamel (such as the
elimination of carbonate, the increase in the hydroxyapatite crystals,

Figs 1A to H: Electron micrographs of enamel after etching (A-D) and after (E-H) debonding at 1,000x magnification. Arrows evidence the
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Figs 2A to H: Optical coherence tomography images of enamel after conditioning (A-D) and after debonding (E-H). The arrows correspond to
the less-intense backscattered signal

and the formation of new crystalline phases), and these changes can
be responsible to increase the resistance of laser-etched enamel to
the development of early caries lesions.””

The removal of material using erbium lasers occurs by thermal
ablation. In this process, the absorption of laser irradiation by
bounded water molecules in the hard tissue leads to a temperature
increase that promotes their microexplosions. To achieve ablation
in any material, the laser energy density must be adjusted so that
it is above the ablation threshold.”

This study determined the SBS of brackets to enamel and
the surface characteristics of enamel etched, comparing with
different output power of Er,Cr:YSGG laser, using the Transbond XT
bonding system, considered as the “gold standard” for this clinical
application.’

We found the highest bond strength value in the 2.41-W laser-
etched group (GIV) (8.0 3.6 MPa). This result is in accordance
with the findings of Basaran et al.,° which worked with power
output between 0.5 W, 1 W, and 2 W. In the case of this study,
4.34 +3.16 MPa, 9.88 + 4.43 MPa, and 11.14 + 4.75 MPa, respectively,
were obtained and with brackets bonded with Transbond XT.

Reynolds reported that adequate bond forces in orthodontics
range from 6 to 8 MPa.'® This in vitro study demonstrated that mean
bond strength values of Glll and GIV groups remained within this
range.

When the morphological effects of Er,Cr:YSGG lasers on
dental tissues were examined, this research showed that all
laser parameters used (Gll, Glll, and GIV) were able to promote
higher morphological changes on enamel than the acid etching
(Gl). Scanning electron microscopy images revealed that the
morphological changes have a positive relation with the energy
density used. The acid-etched sample had regular and slight
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grooves visible, whereas the laser groups created uneven and
heterogeneous surface characteristics with microcracks in SEM
analysis, as observed in Figure 1.

The OCT analysis supported the findings of SEM evaluation.
The ability to reveal the enamel morphology without sectioning
or dehydrating the samples is a significant advantage of OCT.
Due to this fact, the feasibility of OCT to evaluate the effects
of laser irradiation on optical characteristics of enamel when
used for etching was also evaluated. In this study, the SEM and
OCT images were acquired to allow the visual evaluation of the
groups and characterization of enamel structure after debonding
(Fig. 2). The SEM explored dental surface analysis. Optical coherence
tomography provides cross-sectional tomographic imaging of
tissue microstructures, carrying structural information of the
biological sample by the reflected and backscattered light from the
tissue within a penetration depth of ~1 mm in enamel."”"°

By analyzing the OCT images after enamel etching, it is
possible to observe the loss of the backscattered signal in the
subsurface of enamel after phosphoric acid application, which can
be due to chemical effects of phosphoric acid. After debonding,
however, the subsurface is uniform and does not present the loss
of backscattered signal. This fact occurred most probably due to
the primer application, which penetrates the micropores of enamel
after surface conditioning and changed its optical properties.?°

However, in the laser-treated groups, the subsurface of the
tissue appears brighter in OCT images obtained immediately after
laser irradiation. This aspect can be due to the thermal effects of
laser irradiation, as well as the qualitatively roughness promoted,
which increase with the augment of energy density and scattering,
confirmed by the literature data,"?*> which also presented a
positive relation with energy density in this study. The OCT images
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also show that the roughness promoted by laser irradiation, at any
energy density, is higher than that promoted by phosphoric acid,
which agrees with the findings observed by the SEM analysis. These
aspects were more indicative of microexplosion than of melting,
and some microcracking may occur as a result of local thermal
stresses induced during theirradiation process. If the appropriated
parameters for the laser radiation are properly used, there is no
expected or reported side effects, particularly due to the fact that
the laser beam used is a nonionizing radiation.

After debonding, the brighter aspect of subsurface of laser-
etched samples is almost fully missed; however, the surface remains
rough. This finding can be also due to the primer penetration in the
subsurface, which promoted chemical changes on enamel and, in
this way, changed its optical aspect in the same way that occurred in
samples that were conditioned with phosphoric acid. Therefore, the
OCT analysis allowed the observation that the primer adsorption
is similar on phosphoric acid- or laser-treated enamel. The primer
penetration has a positive effect on adhesion of brackets, and this
factis supported by the SBS values obtained in this study. The ARI
most prevalent score was 0, demonstrating that shear occurred
mainly between the dental surface and the adhesive system. The
laser-treated groups, particularly groups Il and IV, presented the
largest number of specimens classified as score 0 when compared
with the other groups. The evaluation of the ARI scores did not
show statistically significant difference in the sites of link failure
among the groups.

This result, which agrees with earlier studies, leads to the
conclusion that the adhesive failure between the enamel and
the bonding system is advantageous' because there will be less
adhesive remnant and, consequently, less time will be spent to
remove it, besides a reduced chance of excessive wear. Bishara et
al. argue that bond failure within the adhesive or at the bracket-
adhesive interface is more desirable than failure at the enamel-
adhesive interface, because it might lead to enamel fracture and
risk reduction of cracks while debonding.?' However, this would
lead to longer clinical time, which is not desirable.

This study is a preliminary step toward incorporating laser in
routine dental practice for orthodontic purpose and was carried
during 4-6 months. After that, no further measurements were
taken. Further in vitro and long-term clinical studies at different
power settings and studies including variables like microleakage
and bond strength in human teeth will provide additional
information important for the efficacy of this laser clinically. There
are, in principle, no technical limitations or side effects for this use
of laser.

In this way, considering the findings observed in this study,
we can consider that laser irradiation is an efficient method for
enamel conditioning prior to the orthodontic treatment, presenting
similar effects on bond strength to brackets when compared with
phosphoric acid and presenting the advantage of decontamination
of enamel surface and preventing a future demineralization around
brackets, which is a serious and common deleterious effect on
orthodontic treatments. The cost-benefit of using laser sources
is still debatable, but scientifically, it is a tool to be considered for
clinical purposes.

CONCLUSION

«  ErCr.YSGG laser pulse repetition rate and output power are
important parameters that might have significant effects on

The Journal of Contemporary Dental Practice, Volume 21 Issue 3 (March 2020)

bond strength to irradiated enamel. The mean SBS and enamel
surface etching obtained with Er,Cr:YSGG laser operated at
42.4 )/cm? (2.41 W) and 29.3 J/cm? (1.7 W) is higher compared
with that obtained with acid etching and could be considered
clinically acceptable.

«  The evaluation of ARI scores demonstrated no statistically
significant difference in bond failure site among the groups,
which suggest that laser irradiation can be used for enamel
etching considering the advantages promoted by laser
irradiation when compared with the phosphoric acid.

- Laser irradiation promoted higher roughness and optical
changes on enamel when evaluated by the OCT technique. In
this way, OCT is a promissing tool for future clinical evaluation
of laser effects on enamel surface.

CLINICAL SIGNIFICANCES

Er,Cr:YSGG laser irradiation is better than the phosphoric acid for
etching enamel prior to the orthodontic treatment because laser
irradiation promotes similar SBSs and prevents demineralization
around orthodontic brackets.
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