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ABSTRACT
Aim: This study aimed to evaluate and compare the effect of surface treatments with HF acid, Nd:YAG and Er,Cr:YSGG lasers 
radiation on Shear Bond Strength (SBS) of nano-hybrid composite resin bonded to two different ceramic materials. 
Materials and methods: Sixty specimens of (14*12*3 mm) were prepared from ceramic blocks and divided into two groups 
(n=30) depending on the type of ceramic materials: Group A: Feldspathic ceramic (cerec block CPC 14/A2C; Sirona dental, 
Germany) and group B: Lithium disilicate (IPS e.max CAD HT/A2; Ivoclar Vivadent, Shann, Liechtenstein). The obtained 
specimens were further allocated into six subgroups (n=10) according to the surface treatment methods; A1 and B1: 4.5%
HF etching, A2 and B2: 3W Nd:YAG laser, A3 and B3: 3W Er,Cr:YSGG laser. Three additional specimens for each group were 
prepared for SEM analysis. All specimens were repaired with nano-hybrid composite resin (tetric n-ceram) and thermo 
cycled for 1000 cycles. SBS was measured using a universal testing machine and the failure mode was evaluated by digital 
microscope. The obtained data were analyzed using two way ANOVA and Bonferroni’s post-hoc tests (P ≤ 0.05). 
Results: The highest SBS values were recorded in HF acid treated groups. Two way ANOVA test revealed a statistical 
significant difference in SBS values among surface treatment groups (p ≤ 0.05). There was a statistical difference between 
HF acid and both lasers type (p ≤ 0.05); whilst, no statistical difference in adhesion strength was recorded between Nd:YAG 
and Er,Cr:YSGG lasers (p>0.05). Statistical analysis revealed that ceramic types did not affect SBS values (p>0.05). SEM 
analysis revealed that HF acid creates pronounced surface alterations in both types of ceramic materials. Fracture pattern 
analysis showed cohesive failure only in group A1, while adhesive and mixed failures found in the other treated groups. 
Conclusion: prior to repairing, 4.5% HF etching provided the more appropriate surface treatment method regarding the 
bond strength for both ceramic materials. Neither Nd:YAG nor Er,Cr:YSGG lasers irradiation with the used parameters 
increase the SBS of composite resin to both ceramics compared to HF etching.
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INTRODUCTION

The pleasing esthetics and biological properties of 
currently available all ceramic restorations explain their 
increasing used in recent years for tooth reconstruction 
with high quality restorations [1,2]. Furthermore, the 
improved mechanical properties of all ceramics allowed 
them are used in restoring single and multiunit tooth 
defects [3]. In spite of these positive characteristics, 
chipping and/or fracture are commonly frequented

problems associated with ceramic restorations. Various 
factors such as internal stress, failure at bonding interface, 
trauma, parafunctional habits, inadequate occlusal 
adjustment, and internal porosities formed during the 
production make ceramics fracture unavoidable [4].
The principle to replace or repair the fractured ceramic 
restoration is influenced by many factors such as fracture 
type, material properties and cost [5]. The repair of 
ceramic restorations is divided into direct (intraoral) 
repair and indirect (extra oral) repair. Indirect repair is 
not preferred because of additional trauma to the 
restoration and soft tissue while direct repair is a 
minimally invasive approach involves addition of a new 
restorative material to the fracture site [6]. Replacement of 
the fractured restoration may damage the sound tooth

Journal of Research in Medical and Dental Science 
2023, Volume 11, Issue 06, Page No: 015-024 
Copyright CC BY-NC 4.0
Available Online at: www.jrmds.in
eISSN No.2347-2367: pISSN No.2347-2545

JRMDSJourn
al

 o
f 

Re
se

ar

ch
 in Medical and

D
ental Science

Journal of Research in Medical and Dental Science | Volume. 11 | Issue 06 | JUNE-2023 15



structure and result in increased preparation and 
restoration size; therefore, intraoral repair serves as a 
suitable alternative to the restoration replacement [7].
Surface treatments play an important role in repairing 
process to achieve an optimal bonding between ceramic 
restoration and resin composite. Surface treatments 
methods could be chemical (acid etching, silanization) or 
mechanical (laser irradiation, sandblasting, tribochemical 
and pyro chemical silica coating) [8]. HF acid etching of 
ceramic surfaces has been evaluated in several previous 
studies that are clinically valuable in creating a rough 
surface and enhancing micromechanical retention via 
reaction with the silica phase and exposure of crystalline 
phase. The application of silane coupling agent will 
increase the surface energy and wettability of etched 
surfaces and enhance the quality of covalent bonds 
formation between resin and ceramic materials [9-11]. 
However, HF acid is highly corrosive, very toxic material 
that may destroy soft tissues like skin, eyes and weaken 
the ceramics structure [12,13].

A more biocompatible, convenient, safe and easy method 
for mechanical surface treatment can be provided by 
laser irradiation [14]. Nd:YAG laser emits at 1064 nm 
wavelengths that is well absorbed by water and 
pigmented tissue, also it can be absorbed by hard tissue 
and alter surface characteristics. Nd:YAG laser promotes 
surface roughness by melting and random crystallization 
that improves bonding between resin and ceramic 
materials [15]. On the other hand, Er,Cr:YSGG laser 
operates at 2780 nm wavelengths which is well absorbed 
by water and hard tissue with least thermal effect on 
surrounding tissue [16]. Er,Cr:YSGG laser work on a 
principle of micro explosions during tissue ablation and 
result in formation of craters and pores which contribute 
to micromechanical retention.
The purpose of fracture repair is to restore the function 
and aesthetic of restoration with repair material.

Different repairing systems with various conditioning
protocols are available in market; however, information
about the repair protocol with ceramic repair N system
kit is limited. Although many studies exist in the
literature related to different surface treatments that are
applicable to lithium disilicate [17-19], the evidence of
surface conditioning of lithium disilicate by lasers still
controversial. In addition, the information about the
repair protocols of CEREC blocs CPC remains scarce.
This study aimed to assess and compare the effect of
surface treatments by HF acid, Nd:YAG and Er,Cr:YSGG
lasers radiation on SBS between nano-hybrid composite
resin (Tetric N-Ceram) and two ceramic materials
(feldspathic and lithium disilicate glass ceramic). This
study tested the null hypothesis as follows:
• SBS between composite resins and ceramics will not

be affected by different surface treatments.
• Type of ceramic material will not affect SBS to

composite resins.

MATERIALS AND METHODS

Specimen preparation

The manufacturers and compositions of the tested 
materials used in the present study are summarized in 
Table 1. A total of 20 ceramic blocks were utilized for 
specimen preparation using a full diamond disc bur (40 
mm diameter and 1mm thickness) that attached to a 
slow speed hand piece under water cooling. Sixty 
specimens were obtained (14*12*3 mm) 30 specimens 
for each ceramic type [20]. Lithium disilicate specimens 
were crystallized with a VITA VACUMAT 6000M furnace 
(VITA Zahnfabrik, Germany) following the 
manufacturer’s recommendations.

Product Material Composition Group Block sizes Manufacturer

CEREC blocs C PC A2C/14 Feldspath ceramic
CAD/CAM blocks

SiO2 56-64%, Al2O3
20-23%, K2O 6-8%, CaO
0.3-0.8%, TiO2 0.0-0.1%

Group A 12 × 14 × 18 mm Sirona dental, Germany

IPS e.max CAD HT A2/C14 Lithium disilicate glass
ceramic CAD/CAM blocks

SiO2 57-80%, Li2O
11-19%, K2O 0-13%, P2O5

0-11%, ZrO2 0-8%, ZnO
0-8%, others and coloring

oxides 0-12%

Group B 12 × 14 × 18 mm Ivoclar Vivadent, Schann,
Liechtenstein

IPS ceramic etching gel 4.5% hydrofluoric acid Ivoclar ivadent; schaan,
Liechtenstein

Ceramic repair N system
kit

Mono bond N Primer; alcohol solution of silane methacrylate, phosphoric acid methacrylate and
sulphide methacrylate

Ivoclar ivadent, Schaan,
Liechtenstein

IPS empress direct opaque Light curing opaque; dimethacrylates, barium glass, ytterbium trifluoride, Ba-Al-
fluorosilicate glass and spheroid mixed oxide, initiators, stabilizers and pigments

Helio bond Light curing bonding agent; Bis-GMA, triethylene glycol dimethacrylate, initiators and
stabilizers

Tetric N-ceram Light polymerizing nano-hybrid composite; dimethacrylates, barium glass, ytterbium
trifluoride, mixed oxide, prepolymer, additives, initiators, stabilizers and pigments

The specimens were then embedded within auto-
polymerizing acrylic resin using a custom made cubic

silicone mold with internal dimensions of (20*20*15 mm)
and round point angles, leaving only one surface
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uncovered for bonding procedures. Both pre-polishing 
and high shine burs of EVE rotary grind and polishing 
instruments (Diasynt Plus and Diapro, Eve Ernst Vetter 
Zahnfabrik, Germany) were used consequently to obtain 
a standardized smooth and flat specimen surface under 
water cooling for 6 minutes.
Surface treatments: The whole surface of each 
specimen was covered with a white polyethylene tape 
that has a central hole of 3 mm diameter to control the 
repairing site after surface treatment [21,22]. The 
specimens were divided into two groups: Group A 
(feldspathic ceramic) and group B (lithium disilicate). 
Accordingly, the specimens within each ceramic group 
were further assigned into three subgroups (n=10) 
depending on the applied surface treatments.
Subgroup 1: The specimens were conditioned with 4.5%
HF acid (Ivoclar Vivadent, Schaan, Liechtenstein). The 
etching gel was applied on the demarcated site of the 
specimen via a disposable brush for 20’s according to the 
previous investigations [23]. Subsequently, HF acid was 
rinsed off with distilled water for 2 minutes and 
thoroughly air dried.
Subgroup 2: The specimens were treated with Nd:YAG 
laser. The laser beams that were used for surface 
conditioning is an industrial ytterbium fibre laser with 
1046 nm wavelength. The specimen surface was 
irradiated with 3W output power, 20 Hz repetition rate 
and 40 µm pulse width [24,25]. The laser beams were 
delivered perpendicular to the target area at a focal 
length of 20 cm with circular and horizontal movements 
and the whole surface was scanned for 10 minutes.

Subgroup 3: The specimens were irradiated with pulsed 
Er,Cr:YSGG laser (biolase, waterlase, iplus, CA, USA). The 
laser irradiation was applied at 2780 nm wavelength, 60 
μs pulse duration, 10 Hz repetition rate, and 3W output 
power. A glass tip (MZ6) of 600 μm diameter and 9 µm 
lengths was fixed to a waterlase iplus/md gold hand piece 
and held manually by trained practitioner to be 
perpendicular to the specimen surface. The specimens 
surfaces were scanned on hard tissue mode at a distance 
of approximately 10 mm away from the specimen under 
air/water cooling (65% air and 55% water) for 20’s. After 
surface treatment, all the specimens were rinsed under 
distilled water to remove surface residuals water and air 
dried.
SEM: For SEM analysis, six additional specimens were 
prepared, one for each surface treatment subgroup. The 
specimens were gold sputter and scanned under 
scanning electron microscope (FEI Nova NanoSEM 450, 
Lincoln). The surface topography of the specimens were 
observed at 5000X and 20,000X magnification [26]. All 
examinations on digital SEM images were performed by 
one blind calibrated examiner.
Restorative procedures: After surface treatments, all 
specimens were restored using ceramic repair N system 
kit (Ivoclar Vivadent, Schaan, Liechtenstein). The detailed 
information of ceramic repair kit is listed on Table 1. A 
thin coat of Monobond N (Ivoclar Vivadent, Schaan,

Liechtenstein) was applied with a brush to the 
exposed site, allowed it to react for 60’s and then 
air dried according to instructions [27]. 
Subsequently, heliobond (Ivoclar Vivadent, Schaan, 
Liechtenstein) was applied in a thin layer to the entire 
repairing area using a brush and any excess 
material was gently removed with compressed 
air. The adhesives were light polymerized using 
maxcure curing light unit (maxcure9, guilin refine 
medical instrument co., China) at 1 mm distance for 
10’s according to the manufacturer's instruction. 
The light intensity of curing unit was tested before 
use via LED light meter (model LM-1, guilin 
woodpecker medical instrument Co., ltd, China).The 
light intensity was set by selecting the normal mode 
that gives an illumination between 1000-1200 mW/
cm2.
The composite restoration (Tetric N-Ceram/A2, 
Ivoclar Vivadent, Schaan, Liechtenstein) was packed in 
a single increment (2 mm) and condensed via a 
suitable instrument to the center of the specimen 
surface using a custom made teflon mold that held the 
composite resin over the ceramic specimen in 2 mm 
height and 3 mm diameter. The central hole of 
Teflon mold was painted with heytec-moli (Heydent 
GmbH, Viktor Frankl Str.20, Kaufering, Germany) 
before fixation of each specimen to prevent the 
composite resin from sticking to the mold. The 
composite material then light polymerized for 10’s 
and the maxcure curing light unit (1000-1200 mW/
cm2) was kept in an intimate contact with the with 
overlying celluloid strips [28].
Afterward, the specimens were stored in deionized 
distilled water for 24 h at 37ᵒC. Then, all specimens 
were thermocycled in 5°C and 55°C distilled water baths 
for 1000 cycles with 30’s dwell time and 5’s transfer 
time [29].
SBS testing: A computerized universal testing 
machine (Zwick Roell, Germany) was used for SBS 
testing. Each repaired specimen was subjected to a 
shearing force by a stainless steel shearing blade which 
has knife shape edge (Figure 1). The blade moved as 
close as possible to the ceramic composite 
interface with 0.5 mm/mint crosshead speed 
of until the composite resin delaminated. 
Then, the shear bond stress was determined 
by dividing the maximum load (Newton) to the area 
of bonding surface (mm2) and the final results were 
expressed in Megapascals (MPa).
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Figure 1: Application of shear force to ceramic specimen.

Failure mode analysis: After SBS test, all the fractured 
specimens were observed under digital microscope (USP 
digital microscope, model X4, China) to determine the 
failure types [30]. Failure mode categorizes as follows: 
Adhesive failure: At ceramic repair material interface 
where the composite resin is totally removed from 
specimen surface, cohesive failure: The fracture line was 
confined either within the ceramics or repairing 
composite or both and mixed failure: When adhesive and 
cohesive failures occur simultaneously.

Statistical analysis: Data were evaluated using SPSS 
version 22 (Chicago, Illionis, USA). Levene test used to

evaluate homogeneity of variances. Data distribution was 
checked using the Shapiro Wilk tests. The effects of 
surface treatments and ceramic type on SBS were 
analysed using Two-way (ANOVA) test. Multiple pairwise 
comparison test was performed using Bonferroni post-
hoc test to identify the significant differences among the 
results. Level of significance was accepted as P ≤ 0.05.

RESULTS

SBS: The mean SBS values and standard deviations of 
composite resin bonded to ceramic materials treated 
with different methods are provided in Table 2. In the 
current study, SBS was evaluated statistically according 
to ceramic type and surface treatment. In these analyses, 
generally, there were statistically significant differences 
among the tested groups in terms of surface treatments 
(P ≤ 0.05) (Table 3). However, ceramic types had no 
statistical significant effect on SBS values (P>0.05). 
Further multiple pairwise comparison test was applied 
using Bonferroni post-hoc test to identify the significant 
differences among surface treatments methods for each 
ceramic group (Table 4). In group A and B, HF etching 
represented the higher SBS values than the other tested 
groups. However, generally, in both A and B groups, there 
were no statistical significant differences in adhesion 
strength between Nd:YAG and Er,Cr:YSGG lasers 
treatment (P>0.05). Additionally, SBS values of Nd:YAG 
and Er,Cr:YSGG lasers etching were statistically lower 
than those of HF etching (P ≤ 0.05) (Table 5). The lowest 
SBS value in group A was noted in Nd:YAG laser 
treatment (11.2 ± 4.3 MPa); while Er,Cr:YSGG laser 
provide the lowest SBS value for group B (11.7 ± 2.7 
MPa).

Ceramic materials Surface treatment Minimum Maximum Mean ± SD

Group A A1 20.7 29.7 24.2 2.8

A2 7 17.3 11.2 4.3

A3 9.7 16.7 12.9 2.6

Group B B1 18 28.1 23.2 3.3

B2 10.6 17 13.4 2.6

B3 8.9 15.9 11.7 2.7

Table 3: Two way ANOVA test among surface treatment methods for each ceramic group. 

Ceramic material Sum of squares Df Mean square F P value Partial ETA squared

Group A 1007.619 2 503.809 51.581 0 0.656

527.435 54 9.767

Group B 771.349 2 385.674 39.486 0 0.594

527.435 54 9.767
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Ceramic substrate (I) Surface treatment (J) Surface treatment Mean difference (I-J) P value

Group A A1 A2 13.05 0 Sig.

A3 11.364 0

A2 A3 -1.686 0.233 NS

Group B B1 B2 9.83 0 Sig.

B3 11.49 0

B2 B3 1.66 0.24 NS

Table 5: Two way ANOVA test among ceramic groups within each surface treatment method.

Surface treatment Sum of squares Df Mean square F P value Partial ETA
squared

HF Contrast 5.305 1 5.305 0.543 0.464 0.01

Error 527.435 54 9.767

Nd:YAG Contrast 23.981 1 23.981 2.455 0.123 0.043

Error 527.435 54 9.767

Er,Cr:YSGG Contrast 6.682 1 6.682 0.684 0.412 0.013

Error 527.435 54 9.767

Bond failure types: The percentages of failure modes 
analysis of specimens were presented in Table 6 and 
Figure 2. According to the results, cohesive failures were 
only observed in A1 group (80%), (Figure 3A and B). B1 
and A3 groups showed predominantly mixed failure type 
(70%), (Figure 3C and D). The failure pattern in A2  and

B3 groups was adhesive in nature (70%), (Figure 3E and 
F). B2 group showed equal percentage of mixed and 
adhesive failure (50%).

Group Subgroup Adhesive Cohesive Mixed

Group A A1 10% 80% 10%

A2 70% 0 30%

A3 30% 0 70%

Group B B1 30% 0 70%

B2 50% 0 50%

B3 70% 0 30%
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Figure 2: Bar chart representing the percentage of
failure modes of all groups after SBS test.

Figure 3: Digital microscopic images of failure modes, 
A) Cohesive failure in group A1 (within feldspath and 
composite materials); B) Cohesive failure in group A1 
(within the feldspathic material only); C) Mixed 
failures in group B1; D) Mixed failures in group A3; E) 
Adhesive failure in group A2; F) Adhesive failure in 
group B3.

SEM analysis: The representative images of SEM analysis 
of treated ceramic specimens revealed different surface 
topography. SEM images are shown in Figures 4 and 5. HF 
acid produced generalized surface irregularities with 
formation of micro retentive regions like pits and craters 
for both ceramic materials; Figures 4 and 5 (A and B). 
Er,Cr:YSGG laser resulted in minimal pores formation on 
lithium disilicate surfaces, (Figure 5C and D), whereas 
Nd:YAG laser create rougher surface with small 
depressions, (Figure 5E and F). SEM images of E,Cr:YSGG 
treated feldspathic specimens, (Figure 4C and D), display 
a surface pattern comparable to Nd:YAG treated 
specimens, (Figure 4E and F), which shows irregular 
surface with profound grooves.

Figure 4: Representative SEM micrographs of
feldspathic ceramic surface after various surface
treatments. A and B) HF acid treatment; C and D)
Er,Cr:YSGG laser treatment; E and F) Nd:YAG laser
treatment. Magnification: 5000X and 20000X.

Figure 5: Representative SEM micrographs of lithium
disilicate surface after various surface treatments. A
and B) HF acid treatment; C and D) Er,Cr:YSGG laser
treatment; D and E) Nd:YAG laser treatment.
Magnification: 5000X and 20000X.
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DISCUSSION

In current in vitro study, the SBS of composite resin to
feldspath and lithium disilicate was tested after
application of HF acid, Nd:YAG and Er,Cr:YSGG lasers to
enhance the reparability of the defective ceramic
restoration intra orally using nano-hybrid composite
resin. The diverse surface treatments of ceramic
materials significantly affect their bonding to composites
resin (P ≤ 0.05); thus, the first null hypothesis is rejected.
However; the analysed ceramic materials had no
significant effect on SBS (P>0.05); therefore the second
null hypothesis is accepted.

In the current study, the differences in the SBS values
were not statistically significant among the tested
ceramic materials (p>0.05). There was no statistical
difference in SBS for both HF applied materials although
SEM images of them exhibited various characterizations.
Several studies suggested that the type of ceramic
material and laser energy settings can affect the surface
modifications of restorative materials [31]. In contrast,
the results of this study showed that different ceramic
materials do not affect SBS following Nd:YAG or
Er,Cr:YSGG laser surface treatments.

Regarding CEREC blocs C PC investigated in current
study; the highest SBS value was recorded in group A1
(24.2 ± 2.8 MPa). This probably due to the fact that HF
acid interacts with silica in the glass matrix of feldspathic
ceramic and forming hexafluorosilicate [32]. HF acid
dissolves the silica phase and causes surface degradation;
therefore, bonding agents penetrate into these micro
porosities and provide mechanical retention [33].The
specimens were etched for 20’s according to a previous
study by da Cunha, et al. who used to etch the feldspathic
blocks with 5% HF acid for 20, 40, and 60’s and found
that the two shorter etching periods may be as effective
as the traditional 60’s with regard to the irregularities
formation and surface roughness. In addition, Liu, et al.
proved that increasing the etching time will reduce the
micro hardness, decrease the reliability of resin to
ceramic materials, and increase surface roughness due to
the dissolution of more silica contents [34].

With the respect to Nd:YAG laser treated feldspathic
specimens, the mean SBS was significantly lower than HF
treated ones (24.2 ± 2.8 MPa) (11.2 ± 4.3 MPa)
respectively. This is in agreement with Bayraktar, et al.
study who recorded that HF acid stilled the best surface
treatment method for repairing feldspathic ceramic
whereas 3 W Nd:YAG and erbium lasers were not
recommended. Nevertheless; changing laser parameter
may affect SBS. Hosseini, et al. reported that 1.5 and 2W
Nd:YAG laser was efficient for feldspathic etching and the
level of effect was equalled to or even higher than HF acid
[35]. Kara, et al. concluded that low fusing porcelain is
affected by 2W Nd:YAG laser to the same level of 5% HF
acid [36]. However, Akpinar, et al. concluded that 4W
Nd:YAG laser achieved lower bond strength compared
with HF and sandblasting [37].

The use of Er,Cr:YSGG laser with the chosen parameters
had no significant effect on SBS of composite resin to

feldspathic ceramic (p>0.05). This laser produced
significantly lower SBS values than HF etchant. These
results were in line with Mirhashemi, et al. who reports
that erbium lasers are not a suitable alternative to HF
etching [38]. However, a study by Kilinc, et al. confirm
that 2W Er,Cr:YSGG Laser could be recommended as an
alternative method to HF etching for feldspathic
ceramics. Another study by Ghavam, et al. concluded that
Er,Cr:YSGG laser with 4W power and 140 µs pulse
duration has no significant effect on bond strength and
produced same results of HF for feldspathic ceramics
[39]. In another study, Tokar, et al. concluded Er,Cr:YSGG
laser were not enhanced repair bond strength of
porcelain regardless of laser pulse rates. According to the
above reviewed studies, the effect of laser surface
treatment will be a function of pulse energy, output
power, irradiation time, the type of adhesive and hand
piece movement pattern during irradiation.

The present study also verified the effect of HF acid on
lithium disilicate and found that HF applied specimens
presented highest SBS values compared to laser surface
treatments. Consistent with this result, previous studies
concluded that HF etching enhances the bond strength of
ceramic materials. However, HF acid could weaken
lithium disilicate ceramic by decreasing flexural strength
[40]. In the current study, the 4.5% HF acid etchant was
applied for 20’s as recommended by previous studies.
Puppin-Rontani, et al. found that the adequate surface
treatment for lithium disilicate is achieved with the 5%
HF for 20’s therefore it is not necessary to use higher HF
concentrations and/or increased etching times. By
increasing the etching time, roughness values are often
increased and the flexural strength significantly reduced
[41].

On other hand, the surfaces of lithium disilicate
specimens were treated with Nd:YAG laser at 3W energy
setting. The results show that Nd:YAG laser produced
lower and significantly different bond strength from HF
acid (p>0.05). In agreement with this result, Huang, et al.
concluded that HF acid stilled the most effective
treatment for lithium disilicate and Nd:YAG laser was
effective but not a more appropriate method than HF
etching. Many studies measured and evaluated different
laser parameters and the results were various. Hosseini,
et al. measured various output power setting of Nd:YAG
laser and concluded that 1.5 and 2W powers can be used
appropriately for ceramics surface etching. Alavi, et al.
found that 2W Nd:YAG laser beams provided adequate
surface treatment for bonding effectiveness for lithium
disilicate. Ozdemir and Aladag confirm that 2W Nd:YAG
laser was not an effective alternative method for lithium
disilicate [42].

Previous studies evaluated erbium lasers in terms of
bond strength of lithium disilicate to repairing
composites and to resin cement. The results were
inconsistent, due to the effect of laser power settings and
irradiated materials [43]. In current study, Er,Cr:YSGG
laser was applied to the surface of lithium disilicate at an
energy level of 3W with 55% water cooling. This laser
modifies the surfaces via ablation mechanism. The laser
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energy absorbed by the water causes vaporization and 
micro explosions, resulting in formation of surface 
irregularities [44]. Er,Cr:YSGG laser uses not only 
endogenous water for ablation but also exogenous water 
[45]. The results showed that Er,Cr:YSGG laser produced 
significantly lower bond strength than HF acid (P>0.05). 
Similarly, a study by Ataol and Ergun confirm that 
application of 3W laser revealed statistically significant 
lower bond strength than HF acid for lithium disilicate.

On other hand, previous studies evaluated the efficiency 
of Er,Cr:YSGG laser with different energy parameters on 
the lithium disilicate and the results were different. 
Cengiz-Yanardag, et al. reported that 3W Er, Cr:YSGG 
laser can be recommended for lithium disilicate while 2W 
laser treatment had no positive effect on bond strength. 
Another study by Barutcigil and Kirmali found that HF 
and 3W Er,Cr:YSGG laser produced an appropriate bond 
strength for ceramic surface; also, laser irradiation at 1W 
and 2W promoted surface topography alterations. 
Kurtulmus-Yilmaz, et al. concluded that Er,Cr:YSGG laser 
with 2W energy level may be used as an alternative 
surface treatment method for lithium disilicate. It has 
been reported that higher power of Er,Cr:YSGG laser 
irradiation conversely, resulted in weakening and over 
destruction of the lithium disilicate that decreased the 
bond strength.

The SEM analysis of HF acid treated feldspath and lithium 
disilicate revealed formation of grooves, pits and fissures 
on the specimens surfaces that would improve 
micromechanical retention with the light polymerized 
material due to the fact that HF enhances surface 
roughness that could increase the wettability for an 
adhesive agent. The SEM images of Nd:YAG lasers treated 
lithium disilicate showed rather moderate irregularities 
with mostly a smooth surface; whilst images of 
Er,Cr:YSGG laser showed a smooth, non-retentive surface 
with minimal pores formation which may be attributed to 
the lower bond strength of these groups. These results 
may be due to the laser irradiation power settings, since 
only a 3W power setting was used in the present study. 
On the other hand, the SEM images of group A generally 
indicated that the effect of laser etching was less effective 
than HF acid. The surface topography of Nd:YAG treated 
specimens was comparable to Er,Cr:YSGG treated one. 
The surface roughness of laser treated groups containing 
some non-retentive area which may negatively impact 
bonding.

SBS test used most commonly for measurement of repair 
bond strength due to the ease of specimen preparation 
and simplicity of test protocol. Besides, most of stresses 
related to bond fractures are shear stresses [46]. 
However; the reliability of shear test is questionable 
because of non-uniform stress distribution that results in 
cracks formation and fracture initiation at the interface or 
the bulk of the material [47]. An adhesion area of 3 mm 
between composite resin and ceramic material was 
selected in this study to ensure direct shear load 
application on the bonded interface since increasing 
bonding surface area will decrease SBS values [48]. For 
more clinically relevant results, all the bonded specimens.

were aged through a thermo cycling process for 1000 
cycles to simulate the thermal changes inside the oral 
cavity and the other worsening factors that may affect 
bond strength throughout clinical service.
In the current study, cohesive failure type was the least 
frequent and detected only within group A1. This is 
because bond strength between resin and ceramics was 
greater than the cohesive strength of the ceramics. The 
adhesive bond failure in A2 and B3 groups occurred at 
resin ceramic interface, indicating a lack of adequate 
bond strength between ceramic and repairing composite. 
B1 and A3 groups exhibited mixed failure at the bonding 
interface, denoting strong micromechanical bond 
formation. These results indicated that the laser etching 
created weaker SBS than HF surface treatments. Usually, 
cohesive failures were corresponded with improved SBS, 
whereas adhesive failures were associated with 
decreased SBS.
This study evaluated only one laser parameter, different 
concentrations and etching times of HF acid were not 
used, in addition, the findings of current study presented 
only on two types of glass matrix ceramic restorations; all 
considers as limitations of this in vitro study. Further 
studies are required to evaluate of optical and mechanical 
properties of ceramics restoration after different surface 
treatment. As well comparison between different bond 
strength tests is necessary because the repaired ceramic 
restorations are subjected to various forces intra orally.

CONCLUSIONS

Based on the results obtained and within the limitation of 
the current study, following conclusions were obtained:
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