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ABSTRACT

Objective: The aim of this study is to assess the
effect of Er,Cr:YSGG laser on the shear bond
strength (SBS) and surface topography of two
CAD/CAM ceramic materials bonded with self-
adhesive resin cement. Material and methods:
sixty ceramic CAD/CAM discs were obtained,
30 lithium disilicate (IPS Emax) (Group LD),
and 30 hybrid resin ceramic (Vita Enamic)
(Group RC). The Slices were allocated into six
groups (n=10) according to ceramic material
and surface treatment; Group (LD-C): IPS
Emax treated with 9% hydrofluoric acid (HF),
Groups (LD-L1) and (LD-L2): IPS Emax treated
with Er,Cr:YSGG, Group (RC-C): Vita Enamic
treated with 9% hydrofluoric acid (HF), Groups
(RC-L1) and (RC-L2): Vita Enamic treated
with Er,Cr:YSGG laser. The laser parameters
and irradiation protocol was 1.5 W (L1) and
2.5 W (L2). All samples were cemented with
self-adhesive resin cement and thermocycled
for 5000 cycles. The SBS was measured using
a universal testing machine and the mean
values (MPa) were analyzed using Two-way
(ANOVA) (P < 0.05) and Bonferroni’s post-hoc
test. Results: RC-C (16.55) showed highest
SBS followed by LD-C (13.79), which revealed
no statistically significant difference with RC-
P1 (12.33) and RC-P2 (11.2). The lowest SBS
values were found with LD-P1 (2.7) and LD-
P2 (2.1). SEM analysis revealed Vita Enamic to

RESUMO

Objetivo: O objetivo deste estudo € avaliar o efeito
do laser Er,Cr:YSGG naresisténcia ao cisalhamento
(SBS) e na topografia superficial de dois
materiaiscerdmicos CAD/CAM cimentados com
cimento resinoso autoadesivo. Material e métodos:
foram obtidos sessenta discos ceramicos CAD/CAM,
30 dedissilicato de litio (IPS Emax) (Grupo LD) e
30 de resina hibrida (Vita Enamic) (Grupo RC). Os
discos foram alocados em seis grupos (n = 10), de
acordo como material cerdmico e o tratamento de
superficie; Grupo (LD-C): IPS Emaxtratado com
acido fluoridrico (HF) a 9%, Grupos (LD-L1) e
(LD-L2): TIPS Emaxtratado com Er,Cr:YSGG, Grupo
(RC-C): Vita Enamic tratada com &acidofluoridrico
(HF) a 9%, Grupos (RC-L1) e (RC-L2): Vita Enamic
tratada comlaser Er,Cr:YSGG. Os parametros do
laser e o protocolo de irradiacdo foram de1,5W (L.1)
e 2,5 W (L2). Todas as amostras foram cimentadas
com cimentoresinoso autoadesivo e termocicladas
por 5000 ciclos. A SBS foi medida usando uma
maquina de ensaios universais e os valores médios
(MPa) foram analisadosusando (ANOVA) a dois
fatores (P < 0,05) e teste post-hoc deBonferroni.
Resultados: RC-C (16,55) apresentou maior
SBS seguido por LD-C (13,79), que nao revelou
diferenca estatisticamente significante com RC-
P1(12,33) e RC-P2 (11,2). Os menores valores de
SBS foram encontrados comLD-P1 (2,7) e LD-P2
(2,1). A andlise por MEV revelou que a Vita Enamic
possuimaior rugosidade de superficie. A analise do
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have the highest surface roughness. Fracture
pattern analysis showed adhesive failure with
IPS Emax groups and mixed failure with Vita
Enamic groups. Conclusion: Er,Cr:YSGG laser
irradiation with the parameters used did not
increase SBS of IPS Emax and Vita Enamic with
composite resin compared to HF acid etching.

KEYWORDS

Er,Cr:YSGG laser; Shear bond strength; Surface
treatment; Ceramic materials.

padrdo de fratura mostrou falhaadesiva nos grupos
IPS Emax e falha mista nos grupos Vita Enamic.
Conclusdo: A irradiagdo com laser Er,Cr:YSGG
com os parametros utilizadosndo aumentou a SBS
de IPS Emax e Vita Enamic ao cimento resinoso
emcomparac¢ao com o condicionamento acido com
HF.

PALAVRAS-CHAVE

LaserdeEr,Cr:YSGG; Resisténcia ao cisalhamento;
Tratamento de superficie; Materiais ceramicos.

INTRODUCTION
ue to advancements in material
formulations and manufacturing

technologies, many clinicians opt for ceramic
restorations for the majority of prosthetic cases
1-3]. Unfortunately, chipping and/or fracture
are commonly frequented problems associated
with ceramic restorations both monolithic
and bilayered [4,5]. Due to the high cost of
restoration replacement, intra oral repair with
composite resin is suggested. Intraoral repair,
compared to remake, not only saves time and
expenses for patient and operator alike, but is
also not traumatic to the involved teeth and
surrounding tissues [6-8].

The concept of intraoral repair of
ceramic restorations using composite resin is
viable through proper surface treatment of
the defective area [9]. Etching of the ceramic
restorations with 5-9% Hydrofluoric acid
(HF) has been proven as the most effective,
by increasing the etched ceramic surface’s
surface roughness as well as its surface
energy, creating favorable substrate for micro-
mechanical bonding with composite resin [10-
12]. However, intraorally, HF acid has been
proven to pose serious health hazards for
both patient and clinician [13-15]. A study by
Ozcan M et al., revealed that HF acid, upon
contact and/or inhalation, has the ability to
cause skin and/or nail burn, eye irritation,
severe nose and throat irritation, as well lung

damage and poisoning [16].

With the introduction of erbium
lasers Er:YAG (Erbium: Yttrium Aluminium
Garnet) (2.94 um) and Er,Cr:YSGG (Erbium,
Chromium: Yttrium Scandium Gallium
Garnet) (2.78 um) into dentistry, their use has
been proposed for intraoral surface treatment
of ceramic restorations as easier, safer and
more ergonomic options [17]. Erbium lasers
are considered dental hard tissue lasers, which
work by targeting the water content, resulting
in micro-explosions of the surface [18].

According to the related literature,
some studies found erbium lasers effective
in increasing roughness of ceramic surfaces
[19-22] which can theoretically enhance the
bond strength with repairing composite resin
[10,23-25]. However, other studies found
erbium laser surface treatment to result in no
increase or even diminished bond strength
[26,27].

Regarding CAD/CAM hybrid resin
ceramics, studies were published on the impact
of different surface treatments of indirect
restorations on its bond strength to resin
cement [29-30]. Recently, Erbium lasers have
been established efficacious on composite resin
restorations such as composite inlays, onlays,
etc... as surface treatment for enhancing bond
strength [31-34]. On the contrary, the efficacy
of Er,Cr:YSGG laser irradiation on hybrid
resin ceramics is yet to be proven due to the
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shortage of related studies [35].

The proper power settings of Er,Cr:YSGG
laser in producing surface roughness to glass
ceramics and composite materials are still
questionable. Thus, the aim of this study was
to test the effect of Er,Cr:YSGG laser on lithium
disilicate and hybrid ceramics compared
to hydrofluoric acid etching as alternative
surface treatment on the shear bond strength
to resin cement. This study tested the null
hypothesis that ceramic surface treatment
with Er,Cr:YSGG laser irradiation will have
no effect on the shear bond strength to resin
cement.

MATERIALS AND METHODS

Sample preparation

A total of 10 blocks of two different
ceramic materials IPS Emax CAD (Ivoclar
Vivadent AG, Schaan, Liechtenstein) and Vita
Enamic (VITA Zahnfabrik, Germany) were
used. A microtome sectioning device (IsoMet
precision cutting micro-saw, Buehler, USA)
was used for sectioning the ceramic blocks by
slow speed diamond saw under water cooling
to obtain a standardized (2 mm) thick slices as
recommended by previous studies26,35. Sixty
2 mm thick slices were obtained; 30 slices
of partially crystallized lithium disilicate IPS
Emax CAD and 30 slices of hybrid resin ceramic
Vita Enamic. The IPS Emax slices were fired in
a press/firing furnace (Programat P300,Ivoclar
vivadent, AG Schaan, Liechtenstein) for 25-30
min at 840 °C. Then all slices were wet ground
on one side with 600 grit silicon carbide paper
for smoothness [26,35] then all slices were
placed in an ultrasonic cleaner for 180 s to
remove surface residuals and contaminants.

Surface treatment

The samples were then randomly divided
into 6 groups (n = 10) according to the
ceramic surface treatment used. The adhesive
systems used in this study are listed in table I.

Group (LD-C) - ( control group) IPS

Emax slices were treated with 9.5% HF acid
(buffered porcelain Etch; Ultradent products,
South Jordan, UT, USA) on all surface for 20
s as per manufacturer’s instructions. Then
rinsed with air/water spray for another 20 s
and dried.

Groups (LD-L1 and LD-L2) - IPS Emax
slices were subjected to Er,Cr:YSGG laser
irradiation (WATERLASE® IPLUS; Biolase
Technology Inc., Irvine, CA ) at 2.78 um
wavelength with a pulse duration of 140 -
200 us and a repetition rate of 10 Hz. Two
different power settings were used, 1.5 W
and 2.5 W, respectively with a fixed energy
parameter of 200 mJ energy at 71J/cm2 energy
density as described in previous studies [26].
An optical gold fiber tip (MZ8) of 800 um
diameter and 6 mm length was held manually
by trained practitioner to be perpendicular
and at approximately 1 mm away from the
sample surface [36]. The laser scanning was
performed under air/water cooling (50% air
and 50% water) in a sweeping movement over
the entire surface for 60 s. All samples were
then rinsed under distilled water to remove
surface residuals and dried.

Group (RC-C) - ( control group) Vita
Enamic slices were treated using 9.5% HF acid
(buffered porcelain Etch; Ultradent products,
South Jordan, UT, USA) for 60 s with the same
manner as explained in group (LD-C).

Groups (RC-L1 and RC-L2) — Vita
Enamic slices were subjected to Er,Cr:YSGG
laser irradiation (WATERLASE® IPLUS;
Biolase Technology Inc., Irvine, CA) at 2.78
wm wavelength for 20 s [35] with the same
laser parameters and irradiation protocol was
descried in groups (LD-L1 and LD-L2).

Adhesive and restorative procedures

As for the adhesive stage, silane
(Porcelain Silane; Ultradent Product, Inc.
South Jordan, UT, USA ) was applied all over
dried sample surfaces for 60 s [37]. Plastic
Tygon tubes of 2 mm internal diameter and 2
mm height were placed in the center of each
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slice for standardization. After that, the dual-
cured self-adhesive resin cement (DuoCem®
TransRefill, Coltene, Altstitten, Switzerland)
was injected using the accompanying mixing
tips inside the Tygon tube till the mold
was completely filled and light cured using
650 mW/cm2 LED light cure unit (LED-D,
Woodpecker, Guilin, China) for 20 s [38-
40]. Then after gentle removal of the Tygon
tubes using a scalpel, all samples were light
cured once again for 20 s to ensure complete
polymerization.

Ageing process

All samples were submitted in a
thermocycling device (Julabo GmbH, FT 200,
Seelbach, Germany) for 5000 cycles between
temperatures 5 °C and 55 °C, to simulate the
thermal changes inside oral cavity during
clinical service [41].

Shear bond strength (SBS) test

The samples were mounted in acrylic
resin molds to be secured into a computerized
universal testing machine (Instron, Norwood,
MA, USA) for testing the macro shear bond
strength of the adhesive interface between the
ceramic disc and the resin cement [42,43].

Each sample was subjected to a shearing
force by a uni-beveled chisel of crosshead
speed of 0.5 mm/min and a load cell of 500
N until fracture. The shear bond strength
was computed form the highest point on the
stress-strain curve (maximum stress) that
was measured by the load cell of the testing
machine. The final results were expressed in
Megapascals (MPa).

Scanning electron microscope analysis
(SEM)

Twelve additional samples one from
each group were specially prepared for surface
topography analysis using scanning electron
microscope (SEM). Six samples one from each
group was subjected to surface treatment only
and the other 6 fractured samples after shear
bond strength testing. All samples were sputter

coated with gold by a gold sputter device
(Emitech/ Quorum sputter coater K500X,
England). All the gold-sputtered samples were
scanned under a scanning electron microscope
(Quanta 250 FEG, FEI Co., Netherlands)
with an accelerating voltage of 30 K.V and a
magnification of 5000X. The software ImageJ
(ImageJ 1.52k, Wayne Rasband, NIH, USA)
was used for SEM images analysis.

Failure mode analysis

All fractured samples were observed
under stereomicroscope (Nikon, SMZ1500,
America) at 40x magnification for fracture
patterns determination (adhesive- Type I,
cohesive- Type II or mixed- Type III) [44,45].

Statistical analysis

Numerical data were explored for
normality by checking the distribution of data
and using tests of normality (Kolmogorov-
Smirnov and Shapiro-Wilk tests). Shear bond
strength data showed normal (parametric)
distribution. Parametric data were presented
as mean and standard deviation (SD) values.
Two-way ANOVA test was used to study the
effect of ceramic type, surface treatment and
the interaction between the two variables on
mean shear bond strength. Bonferroni’s post-
hoc test was used for pair-wise comparisons.
The significance level was set at P < 0.05.
Statistical analysis was performed with IBM
SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp.

RESULTS
Comparison between ceramic types

With acid etch, there was no statistically
significant difference between mean shear
bond strength of the two ceramic types
(P-value = 0.076, Effect size = 0.047).

While with Laser 1.5 W as well as
Laser 2.5 W; IPS E.max showed statistically
significantly lower mean shear bond strength
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than Vita Enamic (P-value < 0.001, Effect size
= 0.375) and (P-value < 0.001, Effect size =
0.349), respectively.

Comparison between surface

treatments

Whether with IPS E.max or Vita Enamic;
there was a statistically significant difference
between surface treatments (P-value <
0.001, Effect size = 0.529 and P-value =
0.002, Effect size = 0.170 respectively).
Pair-wise comparisons between the surfaces
treatments revealed that acid etch recorded
the statistically significantly highest mean
shear bond strength. There was no statistically
significant difference between Laser 1.5 W
and Laser 2.5 W; both showed the statistically
significantly lowest mean values (P-value....).

All results are listed in Table I and
presented in Figure 1.

Table I - The mean, standard deviation (SD) values and results
of two-way ANOVA test for comparison between shear bond
strength of the different interactions of variables

Mean SD

AcidEtch(C) 1379* 378 1655 5 0076 0.047

Laser15W
(L)

Laser25W
(L2)

Pvalue (Be-

tween surface <0.00t1* 0.002*
treatments)

Effect size
(Partial eta 0529 0170
squarea)

278 09 12338 47 <000t 0375

218 085  112% 331 < 0001* 0.349

*: Significant at P < 0.05A, B superscripts in the same column
indicate statistically significant difference between surface
treatments

Scanning electron microscope analysis
(SEM)

The groups were analyzed after the
designated treatment and after SBS testing. IPS
Emax samples were depicted in Figures 3-5,
while the Vita Enamic samples were depicted in

Figures 6-8.
Failure analysis

For the failure mode in all experimental
groups, it was predominantly mixed failure
(type III) in (LD-C) and predominantly adhesive
failure (type I) of the adhesive interface in (LD-
P1 and LD-P2) [44,45]. On the contrary, the
failure pattern was mainly cohesive (type II) of
the substrate (ceramic) for (RC-C), but there
were approximately equal mixed and cohesive
failures of the substrate (ceramic) for (RC-P1
and RC-P2). As shown in Figure 2.

25

M Acid etch
M laser 1.5W
W Laser 2.5W

Shear bond strength (MPa)

e.max Vita Enamic

Figure 1- Bar chart representing mean and standard deviation
values for shear bond strength of different interactions of
variables.

|
RC-P2
RC-P1
RCG-C B Adhesive failure
m mixed failure
LD-P2
W cohesive failure
LD-P1
LD-C
0% 20% 40% 60% 80% 100%

Figure 2 - Bar chart representing the mode of failure of all
groups after SBS test. Failure mode determinations: Type I:
adhesive failure at the adhesive bond; Type Il: cohesive failure
of the ceramic substrate or resin cement: complete fracture of
the substrate or resin; Type lll: mixed failure: both adhesive and
cohesive failures.
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Figure 3 - SEM micrograph 4000x of group LD-C HF acid; A: Numerous micropores could be seen white arrows, b: after SBS test.
Resin remnants are shown on the specimen with visible filler particles white arrows.

Figure 4 - SEM micrograph 5000x of group LD-L115 W; A: Minimal pore formation could be seen. Few micropores are seen white
arrows, B: after SBS test. Resin remnants shown white arrows.

Figure 5 - SEM micrograph 5000x of group LD-L2 2.5 W; A: Minimal number of micro pores white arrows, B: after SBS test. Resin
remnants are shown throughout the surface.
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Figure 6 - SEM micrograph 5000x of group RC-C HF acid; A: High micropore formation giving a honey comb appearance, B: after
SBS test, pores filled with resin.

Figure 7 - SEM micrograph 5000x of group RC-P115 W; A: Lased enamic showing a different pattern of micropore formation white
arrows. B: after SBS test, collapsed grains with resin remnants are seen white arrows.

.-v_ 5 L __--" L
g U A B

Y 13

Figure 8 - SEM micrograph 5000x of group RC-P2 2.5 W; A: lased enamic showing similar pattern of micropore formation to that of
RC-P1, B: after SBS test collapsed grains with resin remnants.
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DISCUSSION

In the current study the shear bond
strength (SBS) between of IPS Emax CAD and
Vita Enamic ceramic restorations to resin cement
was tested after HF acid etching and 2 different
laser parameters by Er,Cr:YSGG laser irradiation
were applied.

Due to the nature of the data, the null
hypothesis that ceramic surface treatment with
Er,Cr:YSGG laser irradiation with the parameters
used will have no effect on lithium disilicate and
resin ceramics regarding the (SBS) was accepted.
There was no statistically significant difference
between Laser 1.5 W and Laser 2.5 W with the two
ceramic materials used; both showed statistically
significantly lowest mean values in comparison to
HF acid etched control group. Group LD-C (13.79
MPa = 3.78) showed statistically significant
higher SBS than both LD-P1 (2.7 MPa =+ 0.9)
and LD-P2 (2.1 MPa =+ 0.85) where (P-value <
0.001).

These results are in agreement with those
of Chaharom et al, in which the Er,Cr:YSGG laser
surface treatment (1.5 W and 6 W) revealed no
significant difference to HF acid etching regarding
bond strength [27]. Another study by Kursoglu et
al. found that the SBS value was the highest with
acid etching group while the Er,Cr:YSGG laser
treatment (1.5 and 2.5 W) significantly increased
the bond strength with resin cement compared to
the untreated group. It seems that higher power
of laser irradiation how the 6 W Er,Cr:YSGG laser
irradiation led to weakening and over destruction
of the surface that decreased the bond strength
[26].

On the other hand, a study by Kara HB et
al. found no difference between Er:YAG laser
irradiation and HF acid etching on surface
roughness of lithium disilicate [21]. Moreover,
Dilber et al. stated that Er:YAG laser irradiation
produces higher surface roughness than HF acid
etching on lithium disilicate [20]. Yassaei et al.
published that Er;YAG at 1.6 W had higher bond
strength than HF acid etching [24]. Likewise,
Ozdemir H et al. and Alakus-sabuncoglu et al.
agreed that Er:YAG laser irradiation increased

the SBS values and may be used as alternative to
HF acid etching. However, the appropriate laser
parameters needs more studies [25].

For more clinically relevant results,
all bonded samples were submitted to a
thermocycling aging process to simulate the
deteriorating effects on the bond strength
throughout clinical service [41]. Yet, a recent
literature about thermal cycling in in-vitro studies
stated that still no actual number of cycles was
truly proposed to correspond to the actual time
of clinical service [46].

According to previous related studies [47],
laser output power in the range of 1 W-3 W
resulted in the most favorable ceramic surface
topography. Increasing the power settings,
conversely, resulted in overdue melting and
overdestruction of the ceramic surface [26]. This
leads to decreased bond strength values despite
some authors finding higher resin penetration
with high power settings owing to its high
destructive effect. Some studies reported erosion
of the ceramic surface with laser powers of 10 W
that may weakens the ceramic surface [23]. The
mean value of the bond strength of group LD-C
in the present study was higher than the bond
strength values of Korsuglu et al. and Chaharom
et al. (8.42 MPa) and (10.32 MPa), respectively,
which may be explained due to variations in
etching and bonding systems used [26,27].

The SEM analysis of group LD-C images
corresponds with the SBS values, Figure 3 (A)
revealed surface irregularities with micropores
formation as seen with typical etched ceramic
surfaces. Figure 3 (B) shows resin clogged
microporosities. On the other hand, the SEM
images of the LD-L1 and LD-L2 groups, Figures
4 (A) and 5 (A) showed rather moderate
irregularities with mostly a smooth surface while
resin remnants were found in Figures 4 (B) and 5
(B). Likewise, the failure mode analysis showed
mixed failure of adhesive and cohesive failure of
the bond interface and the resin cement of group
LD-C, denoting strong micromechanical bond
formation. Conversely, it was mostly adhesive
failure by separation of the bond interface for LD-
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L1 and LD-L2 groups, which may be explained by
the weak micromechanical bond formed between
two materials, as represented in Figure 2.

Concerning the results of the Vita Enamic
groups, HF acid etching significantly increased
the shear bond strength with resin cement; group
RC-C (16.55 = 5 MPa) resulted in the highest
bond strength value in comparison to group RC-
L1 (12.33 = 4.7 MPa) and group RC-L2 (11.2 =
3.31 MPa) where (P-value = 0.002). These results
corroborate with that of Barutcigil et al, found
that HF acid etching (10.14 + 2.51 MPa) revealed
higher SBS values compared to 2 W Er,Cr:YSGG
laser (9.13 = 2.64 MPa) on Vita Enamic which is
not significantly different [35]. The author also,
tested that 2 W Er,Cr:YSGG laser irradiation group
had the same SBS value as with the sandblasting
group [35]. From previous literatures, Mirazaie
M et al. studied the effects of Er,Cr:YSGG laser
treatment of microhybrid composite on bond
strength with different laser parameters (2, 3
and 4 W) and published that 3 W can be used
as alternative surface treatment technique for
composite resin [32]. F D Oz et al. also studied
the repair bond strength of resin composite
to two different hybrid CAD/CAM ceramic
blocks after surface treatment with six different
methods and found that 3 W Er,Cr:YSGG laser
had highest SBS value [48]. Moreover, a recent
study [35] compared different Er,Cr:YSGG laser
power settings on composite resin and found no
determined difference between (1.5, 2 and 3 W)
for surface roughness. Kimyai et al. claimed that 2
W Er,Cr:YSGG laser irradiation can enhance bond
strength after comparing three different surface
treatment methods; 2 W Er,Cr:YSGG, diamond
bur application and air abrasion on the repair
bond strength with composite resin [31]. The HF
acid partially dissolves the resin matrix to expose
filler particles for micro-mechanical bonding with
resin-based materials [49], and most probably
that the ablation process of Er,Cr:YSGG laser
irradiation targets the resin matrix of hybrid
ceramics and expose the filler particles to bond
with resin cement [35].

The Er,Cr:YSGG laser have been introduced
into restorative dentistry owing to its capabilities

in surface roughness of different dental materials
to enhance the bond strength [26,27,33-35], the
SEM images of the hybrid resin ceramic showed
that acid etching exposed filler particles to form
irregular surface with retentive micropores that
may improve the mechanical interlocking with
resin cement [50] as shown in Figure 6 (A)
and in Figure 6 (B) the grains appeared more
collapsed and the micropores completely clogged
with resin. The SEM images of RC-L1 and RC-
L2 groups revealed moderate irregularities and
micropores which may explain the lower SBS
values compared with acid etching as shown
in Figures 7 (A) and 8 (A), although previous
literatures established that high surface roughness
is not an indication of high bond strength [51]. As
for Figures 7 (B) and 8 (B), grains were collapsed
and most of the micropores were resin clogged.

For the failure mode analysis, group RC-C
was mainly cohesive failure in the substrate and
for groups RC-L1 and RC-L2 showed cohesive,
mixed and adhesive failures, denoting stronger
micromechanical bond between Vita Enamic and
resin cement.

By comparing the SEM images between the
two materials used, it was clear that Er,Cr:YSGG
laser gives more favorable surface topography
on hybrid resin ceramics compared to lithium
disilicate, which may indicate that Er,Cr:YSGG
works better with resin containing ceramics.

As for the choice of resin cement, Fuentes
et al, stated that selection of the appropriate
adhesive cement has higher effect on bond
strength than the surface treatment used52.

The current authors chose to test the SBS
as It has been known as the easiest and fastest
test that allows even stress distribution during
loading with more reliable results compared to
micro tensile bond strength (mTBS) [42,43]. An
adhesion area of 2 mm was chosen to ensure
direct loading of shear stress on the bonded
interface. Moreover, it was remarked by a
systematic review that increasing the surface area
will decrease the bond strength values [53].

The results of this study denote that
Er,Cr:YSGG laser irradiation can be used easily as
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intraoral surface treatment of ceramic materials
specifically with hybrid resin ceramic restorations
but still there is debate about the appropriate
laser parameters for more effective results.

Since Vita Enamic restorations revealed
favorable adhesive results after Er,Cr:YSGG laser
irradiation, this technique has the potential to
provide a more favourable alternative to intraoral
acid etching for restoration repair. Compared to
HF acid etching, the laser could provide not only
a cost-effective method, but also a safer hazard-
free option.

The findings of the current study also
presented that FEr,Cr:YSGG laser surface
treatment has better adhesive results with hybrid
resin ceramics than glass ceramic restorations.
Testing with other types of hybrid ceramics is
encouraged in future studies to further analyze
the potential of hard lasers on different ceramic
compositions.

As this is an in vitro study, some limitations
exist; only one laser type was used in the study, so
further studies with different laser types should
be attempted. Also, only two Er,Cr:YSGG laser
parameters were used, thus, more studies are
required with different parameters and different
etching protocols.

CONCLUSIONS

Within the limitations of the study and
the parameters used, the following could be
concluded:

* The Er,Cr:YSGG laser irradiation with 1.5
W and 2.5 W parameters are not effective to be
used as surface treatment method on IPS E max
to enhance shear bond strength;

* Er,Cr:YSGG laser had high shear bond
strength values on Vita Enamic but not as HFA
etching;

*The SEM images of Er,Cr:YSGG
laser irradiated Vita Enamic groups revealed
surface irregularities which may enhance the
micromechanical shear bond strength;

e There was no difference betweenl.5 W

and 2.5 W Er,Cr:YSGG laser irradiation on both
materials.
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