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ABSTRACT

Purpose: To assess the effect of Er,Cr:YSGG pulsed laser surface treatment versus hydrofluoric 
acid etching on microtensile bond strength ( µTBS) to three different types of CAD/CAM ceramic 
materials cemented with two self-adhesive resin cements. 

Materials and Methods: Ceramic slices (n=24) were prepared from three different types of 
CAD/CAM blocks: Vita Enamic (group: VE), IPS e.max CAD (group: EM) and Obsidian (group: 
OB). Two surface treatments were applied followed by silane primer: Er,Cr:YSGG laser (Subgroup 
ER) and hydrofluoric acid (Subgroup HF as a control). ESEM evaluation was performed before 
and after surface treatments, accompanied with measurement of roughness (Ra). Two self-adhesive 
resin cements were used: BisCem (Division BC) & Panavia SA Cement plus (Division PA). After 
24 hours storage in distilled water, the ceramic-resin blocks were sectioned into micobeams. A total 
of 480 microbeams were subjected to (µTBS) testing. Data was tabulated and statistically analyzed.  

Results: ESEM revealed variations in surface texture. Regarding VE group, HF recorded 
statistically higher significant µTBS with PA. While, EM group, HF showed statistically higher 
significant µTBS for both cements compared to ER. OB group HF showed statistically higher 
significant µTBS with PA in contrast to ER which showed statistically higher significant µTBS 
with BC.

Conclusions: The interaction of Er,Cr:YSGG  pulsed laser with the surfaces of the tested  
CAD/CAM materials seemed to be different and dependent on the crystalline structure of these 
ceramics. Variation of the chemical formulae of self-adhesive resin cements played a great role in 
determining the µTBS to the tested CAD/CAM materials. 

KEY WORDS: Ceramic- Er,Cr:YSGG laser- Resin cements- Microtensile Bond Strength.
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INTRODUCTION 

The growing development on the efficacy of 
CAD/CAM ceramic materials was designed with the 
objective of promoting highly esthetic restorations.32 
Although the great improvement in their mechanical 
efficiency in addition to biocompatibility,24,42  these 
restorations endured low resistance to fracture 
and brittleness.23 Many attempts were employed 
to overcome these problems as incorporation 
of different crystals such as leucite, fluormica 
or alumina in order to increase the resistance 
to crack propagation leading to their structure 
reinforcement.34 Also, the incorporation of lithium 
dioxide to glass ceramics improved the mechanical 
properties enabling the ceramic material to be used 
in different indications without compromising their 
esthetic quality.19

Lithium Disilicate ceramic (IPS e.max) (Ivoclar 
Vivadent; Schaan, Liechtenstein) has become one 
of the most commonly used monolithic ceramics 
with high mechanical and esthetic characteristics 
for different indications as veneers, inlays, onlays, 
single crowns, three-unit anterior fixed partial 
dentures and crowns for implants with flexural 
strength up to 440 MPa.1,8  

Recently, a new lithium silicate ceramic has been 
introduced to the dental market known as (Obsidian 
Lithium Silicate Ceramic) (Glidewell Dental 
Laboratories, Newport Beach, CA, USA). The 
material is indicated for various esthetic restorations. 
In contrast to bilayered ceramics, Obsidian ceramic 
restorations are resistant to chipping, as a result of 
their monolithic composition and flexural strength 
(385MPa). This new ceramic material is claimed 
to combine the merits of esthetics; they exhibit 
translucency reflecting the vitality of natural teeth, 
and strength which exceeds the ISO requirements. 
They can be conventionally or adhesively cemented.    
According to the manufacturer, Obsidian is formed 
of a combination of over 20 elemental oxides 
including zirconia. Also, it contains high content of 

ultrafine nano-meter size lithium silicate and lithium 
phosphate crystals.20

A polymer-infiltrated ceramic network material 
(Vita Enamic hybrid ceramic material) (Vita 
Zahnfabrik, Bad Säckingen,Germany) has been 
earlier introduced, which contains a dominant 
ceramic network (86% by weight), reinforced with 
acrylic resin polymer network (14% by weight).45  
Therefore, the hybrid structure combines the positive 
merits of ceramics regarding the high strength and 
color stability with that of resin composites as 
reduced brittleness providing a cushion effect thus 
reducing the mastication forces, enhanced flexibility 
with fewer fracture rate  and low abrasiveness, so 
less damage occurs to the opposing teeth.11,18,41 

Adhesive cementation of indirect restorations 
provides many benefits such as enhancement 
of marginal adaptation, reducing microleakage, 
improved retention and increased fracture 
resistance.6,22,30 The success of the indirect 
restorations is greatly dependent on the efficient 
adhesion at the restoration/cement / tooth 
interfaces.35 In order to optimize the bonding 
efficacy between the indirect restorations and the 
resin cement, micromechanical as well as chemical 
surface treatments should be applied. Different 
surface roughening procedures and adhesion 
promoting agents were used.25 Roughening may 
include grinding with diamond rotary instruments,40 
silica coating,7,39 air abrasion using aluminum oxide 
particles,16 sandblasting,26,39,44 hydrofluoric acid 
etching,21,36 laser,21,39,44 or combination of any of these 
procedures. In previous studies, treatment of the 
ceramic surface with hydrofluoric acid etching prior 
to silane coupling agent was reported with a proven 
success.6,35,36,44  Hydrofluoric acid is characterized by 
its tendency to disintegrate the glassy phase of the 
ceramics, thus exposing the crystals creating micro 
porosities into which the silane coupling agent is 
infiltrated providing micromechanical retention 
and chemical bonding ability with ceramic and the 
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overlying resin adhesive cement.10,13,46 However, 
this approach represents health hazards to both 
the patient and the operator, and cannot be used in 
repair cases, where a more biocompatible treatment 
is preferred.28 Er:YAG, Nd:YAG, and Er,Cr:YSGG 
lasers have been proposed as an alternative surface 
treatment to condition the surfaces of dental 
materials.12 ER:YAG (erbium: yttrium, aluminum, 
garnet) laser was reported to remove the glass phase 
of the ceramic creating rough surface suitable for 
bonding to the resin cement.21 The wavelength of 
Er:YAG (2940 nm) and Er,Cr:YSGG (2780 nm) 
lasers are considered similar, so their results could 
be compared.28 

Resin cements can be categorized according 
to their adhesive protocol into total-etch, self-etch 
or self-adhesive cements.43Self-adhesive resin 
cements, are one-step cements which do not need 
any pretreatment for the dental hard tissues.31,43 
These resin cements contain carboxylic acid groups 
or phosphoric acid groups attached to (meth) 
acrylate monomers,47  where, these acidic groups 
bond chemically to hydroxyapatite crystals through 
hydrogen bonds after their hydrolysis in addition to 
metals and zirconia.17 Moreover, 10-MDP monomer 
(10-methacryloyloxydecyl dihydrogen phosphate) 
owns the ideal bonding agent property; that its 
polar phosphate group is initially hydrophilic, but 
becomes more hydrophobic once polymerized.2

The impact of Er,Cr:YSGG (erbium, chromium: 
yttrium, scandium, gallium, garnet) pulsed laser on 
the adhesion efficiency between the resin cements 
and ceramics was not extensively declared in the 
previous literature28. Accordingly, the objectives 
of this research was to evaluate the influence 
of  Er,Cr:YSGG radiation versus hydrofluoric 
acid surface treatment on the µTBS to the newly 
introduced (Obsidian, Vita Enamic) and IPS e.max 
when cemented with two self-adhesive resin 
cements formulae.      

The tested null hypotheses were, first: there 
was no difference between Er,Cr:YSGG laser and 
hydrofluoric acid surface treatment on µTBS to 
the tested CAD/CAM ceramics. Second: there was 
no effect of the type of self-adhesive resin cement 
formula on µTBS to the tested CAD/CAM ceramics. 

MATERIALS AND METHODS

Three groups of CAD/CAM materials were 
selected for the current study: Vita Enamic (VE), 
IPS e.max CAD (EM) and Obsidian (OB), with two 
surface treatments: Er,Cr:YSGG laser (Subgroup 
ER) and Hydrofluoric acid etchant (Subgroup HF 
as a control) followed by Silane primer. Two self-
adhesive resin cements were used: Panavia SA 
Cement plus (Division PA) and BisCem (Division 
BC). The manufacturers and composition of the 
materials are listed in Table 1.

TABLE (1): Material type, product name, manufacturer and composition:

Material Type Product Name Manufacturer Composition*

Lithium disilicate 
ceramic

IPS e.max CAD blocks IvoclarVivadent; Schaan, 
Liechtenstein

SiO2, Li2O, K2O, P2O5, ZrO2, ZnO, Al2O3, MgO 
and colouring oxides.

Lithium silicate 
ceramic

Obsidian glass ceramic 
blocks

Glidewell Dental 
Laboratories, Newport 
Beach, CA, USA

More than 20 metal oxides and zirconia

polymer infiltrated 
ceramic network

Vita Enamic blocks Vita Zahnfabrik, Bad 
Säckingen, Germany

Si02, Al2O3, Na2O, K2O, B2O3, CaO, TiO2, TEG-
DMA, UDMA
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Preparation of Ceramic slices:

A total of 24 slices were cut off CAD/CAM 
ceramic blocks. The blocks were cut using water 
cooled diamond blade with a low speed cutting 
saw (Isomet 4000, BUEHLER, Lakebluff, USA) 
to obtain slices with dimensions of (10 x 10 x 3 
mm) (n=8 slices for each ceramic material). The 
slices were then polished in a circular motion using 
silicon carbide papers of grits 600 and 1200 under 
continuous water irrigation for 20 seconds each. The 
slices were then cleaned ultrasonically in distilled 
water for 30 seconds and air dried.

Surface Treatments:

The slices of each CAD/CAM materials were 
randomly divided into two subgroups (n=4 for 
each subgroup) according to the surface treatments 
applied. Er,Cr:YSGG (ER) Treatment: The ceramic 
slices were subjected to laser irradiation followed 
by the application of silane primer. In this group 
Er,Cr:YSGG laser (Water lase i Plus; Biolase 
Technology Inc., Irvine, CA, USA) with wave length 
2780nm, pulsed lased-powered hydrokinetics, 
was used. Vapor and air were adjusted to 50% of 
the laser unit. The optical fiber of the laser unit 
were 400µm in diameter and 4mm in length, was 

Material Type Product Name Manufacturer Composition*

Dual-cured self-

adhesive resin 

cement (1)

Panavia SA Cement Plus Kuraray Noritake; 

Okayama, Japan

Paste A: 10-MDP, Bis-GMA, TEGDMA, HEMA, 

hydrophobic aromatic dimethacrylate, silanated 

barium glass filler, silanated colloidal silica, dl 

camphorquinone, peroxide, catalysts and pigments.

Paste B: hydrophobic aromatic dimethacrylate, 

hydrophobic aliphatic dimethracrylate, silanated 

barium glass filler, silanated colloidal silica, 

surface treated sodium fluoride, accelerators and 

pigments.

Approximately 40 vol% inorganic fillers.

Particle size (0.02-20µm)

Dual-cured self-

adhesive resin 

cement (2)

BisCem BISCO, Schaumburg, 

IL, USA

Base: Bis-GMA, uncured dimethacrylate 

monomer,Di-HEMA glass filler(36 vol% with 

particle size 1µm)

Catalyst: phosphate acid monomer, glass filler(40 

vol% with particle size 3.5µm)

Acid Etchant Porcelain Etchant BISCO, Schaumburg, 

IL, USA

9.5% Buffered hydrofluoric acid gel

Single component 

Pre-Hydrolyzed 

silane primer

Porcelain Primer BISCO, Schaumburg, 

IL, USA

Silane Coupling Agent in an alcohol and acetone 

base 

* According to the manufacturers’ data.TEG-DMA: triethyleneglycoldimethacrylate; UDMA: urethane dimethacrylate; 10-
MDP: 10-methacryloyloxydecyl dihydrogen phosphate; Bis-GMA: bisphenol-A-glycidylmethacrylate; HEMA: hydroxyethyl 
methacrylate.
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arranged perpendicular over each ceramic slice and 
moved manually in a sweeping manner to cover 
all the surface area during the adjusted exposure 
period. For EM, OB groups, the laser parameters 
were adjusted so that, the power was 5 W, 28, 38 while 
it was 2 W for VE4 group. The repetition rate was 
20 Hz for 20 seconds at one mm distance from the 
surface of the slices. The slices were then rinsed 
with distilled water and air dried. Silane primer 
was then applied to the irradiated surfaces for 60 
seconds and then air dried for 60 seconds.

Hydrofluoric (HF) acid etching (control): The 
ceramic slices were treated with hydrofluoric 
acid etching prior to silane primer application. In 
this group, Porcelain Etchant was applied to the 
slices followed by application of Porcelain Primer. 
According to manufacturer’s instructions for 
ceramic etching; 20 seconds for EM, 10 seconds 
for OB, and 60 seconds for VE. This was followed 
by rinsing for one minute and air drying for all the 
slices. After that, silane primer was added and left 
for 60 seconds, then air dried for another 60 seconds.

Environmental scanning electron microscopic 
(ESEM) analysis of ceramic material surfaces:

Two slices from each ceramic material were 
evaluated at base line (non- treated) and after 
treatment with either ER or HF acid etching (control) 
for assessment of the surface texture using ESEM 
analysis. Ceramic material surface topography 
was evaluated using  ESEM Model Quanta 250 
FEG (Field Emission Gun) attached with EDX 
Unit (Energy Dispersive X-ray Analyses), with 
accelerating voltage 30 K.V, magnification14x up to 
1000000 and resolution for Gun.1n)  in The Egyptian 
Mineral Resources Authority ,Central Laboratories 
Sector, Giza, Egypt). Electron micrographs were 
obtained at 30 kilovoltage (KV) using secondary 
electron live fiber detection (LFD) detector under 
the magnification of (2000x) with a spot size 
(4.7 - 5.3 nm) for each CAD/CAM material slice. 
Additionally, roughness parameter (Ra) in µm unit 
for each previously ESEM evaluated ceramic slice 

was measured by an image analysis attached to the 
ESEM unit at (500x).

Application of Self Adhesive Resin Cements:

Two self-adhesive resin cements were selected 
for this research: Panavia SA Cement Plus Automix 
(Division PA) and BisCem (Division BC). Twelve 
subdivisions of three CAD/CAM materials (two 
slices each) were obtained. The two self-adhesive 
resin cements were directly applied to the silanated 
HF acid etched and laser irradiated surfaces in a 
single increment of 3 mm height within a special 
silicon mold.28 A transparent glass slide was then 
applied to the surface of the cement in order to 
obtain a flat uniform surface. The resin cement was 
then light cured using LED light curing unit (Elipar 
S 10, 3M, St Paul, USA) with an output 1200 mW/ 
cm2 for 60 seconds. The mold was then removed 
and each side of the resin cement was light cured 
for additional 20 seconds. The ceramic slices with 
bonded resin cement blocks were stored in distilled 
water for 24 hours before subjecting to microtensile 
bond strength testing. 

Micro Tensile Bond Strength (µTBS) Testing:

A total of 24 blocks composed of ceramic slices 
with overlying self-adhesive resin cement were 
vertically sectioned using water cooled diamond 
blade with a low speed cutting saw (Isomet 
4000, BUEHLER, Lakebluff, USA) into serial 
slabs followed by rotating the block 90° to make 
additional vertical cuts in order to obtain thin long 
microbeams with the following dimensions (1 mm 
x 1 mm x 6 mm). The peripheral microbeams were 
discarded to avoid excess or deficient resin cement 
at the periphery which might affect the results. 
Twenty microbeams were obtained from each block 
(40 microbeams for each division) (with a total of 
480 microbeams). Geraldeli’s jig was used to mount 
the microbeams onto the universal testing machine 
(Instron 3345, Instron, Norwood, Massachusetts, 
USA). Each microbeam was aligned in the central 
groove of the jig, glued in place by its ends using 
cyanoacrylate based glue. The jig was then placed 
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onto the universal testing machine with a load cell 
of 500 N. At a cross-head speed of 0.5 mm/min, 
tensile loading was kept until debonding failure of 
each microbeam was obtained. Microtensile bond 
strength was calculated in Mega Pascal (MPa) by 
dividing the load of debonding failure (Newton) 
over the whole bonded surface area (mm2).

Statistical Analysis: 

The mean and standard deviation values were 
calculated for each study variable. Data was ex-
plored for normality using Kolmogorov-Smirnov 
and Shapiro-Wilk tests and data showed parametric 
(normal) distribution. One-way ANOVA followed 
by Tukey post hoc test was used to compare be-
tween more than two non-related samples. Indepen-
dent sample t-test was used to compare between two 
non-related samples. The significance level was set 
at P ≤ 0.05. Statistical analysis was performed with 
IBM® SPSS® Statistics Version 20 for Windows. 
Three-way ANOVA was used to show the interac-
tion between the study variables.

RESULTS:

ESEM Analysis:

The ESEM photomicrographic evaluation of the 
three tested materials revealed variations in surface 
texture and surface roughness (Ra) measurements 
as shown in figures (1- 9). 

VE group with ER treatment (Fig. 2) revealed a 
mild effect on the surface roughness as the irradi-
ated surface showed traces of ablation and melting 
of the surface, while for the HF acid etched surface 
(control), a high degree of surface roughness was 
revealed (Fig. 3).

EM group with ER treatment (Fig. 5) showed a 
relative ablated smooth surface, while for the HF 
acid etched surface (control) showed distinct open 
pits distributed all over the material surface (Fig. 6).

OB group  with ER treatment (Fig. 8) revealed 
discrete areas of irregularitis, while for the HF acid 
etched surface(control), the surface irregularities 
obviously increased with visible Lithium silicate 
crystals (Fig. 9).

Microtensile bond strength (µTBS) results for 
the tested divisions:

The mean in (MPa), standard deviations (SD) 
and P-values for all tested study variables are pre-
sented in table (2).  

Regarding (group VE), the subgroups treated 
with (ER) showed no statistically significant differ-
ence between the µTBS mean values for both resin 
cements. While for the subgroup treated with (HF) 
acid etching (control), (PA) recorded higher statisti-
cally significant mean value of µTBS than (BC). 

Fig. (1): (A): ESEM Photomicrograph  (2000x) of Vita Enamic material (VE) non treated surface showing relative degree of 
smoothness. (B): image analysis of roughness (500x) with Ra=10.15 µm.
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Fig. (2): (A): ESEM Photomicrograph (2000x) of Vita Enamic material (VE) surface treated with ER showing mild degree of 
surface irregularities similar to non-treated (VE). (B): image analysis of roughness (500x) with Ra=11.44 µm.

Fig. (3): (A): ESEM Photomicrograph (2000x) of Vita Enamic material (VE) surface treated with HF acid etching (control) 
showing exposure of surface crystals with high degree of surface roughness. (B): image analysis of roughness (500x) with  
Ra=27.44 µm.

Fig. (4): (A): ESEM Photomicrograph (2000x) of e.max material (EM) non- treated surface showing an apparent smooth surface. 
(B): image analysis of roughness (500x) with Ra=4.21 µm.
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Figure (5): (A): ESEM Photomicrograph (2000x) of e.max material (EM) surface treated with ER showing a relative smooth 
surface. (B): image analysis of roughness (500x) with Ra=3.19 µm.

Figure (6): (A): ESEM Photomicrograph (2000x) of e.max material (EM) surface treated with HF acid etching (control) showing 
highly pitted surface. (B): image analysis of roughness (500x) with Ra=10.28 µm.

Figure (7): (A): ESEM Photomicrograph (2000x) of Obsidien (OB) non treated surface showing relative smooth surface. (B): 
image analysis of roughness (500x) with Ra=5.4 µm.
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There was no statistically significant difference 
of mean values of µTBS between (ER) or (HF) 
subgroups using (BC). On the other hand, the use 
of (HF) acid etching (control) recorded higher 
statistically significant mean value of µTBS 
compared to (ER) with (PA). 

For (group EM), the subgroups treated with 
(ER) or (HF) acid etching (control), there was no 
statistically significant difference between the µTBS 
mean values of both resin cements (BC) and (PA). 

There was a statistically significant difference of 
mean values of µTBS between (ER) and (HF) acid 
regarding both resin cements. 

In (group OB), the subgroups treated with (ER), 
(BC) division recorded statistically higher mean 
µTBS value compared to (PA). While for (HF) acid 

etching (control), (PA) division revealed statistically 
significant higher mean µTBS value compared to 
(BC).

Three-way ANOVA for the effect of the different 
study variables on mean microtensile bond strength 
showed that, the different CAD/CAM ceramic 
materials had a statistically significant effect on 
mean microtensile bond strength at F-value 30.547 
and P-value <0.001.  Surface treatments have a 
statistically significant effect at F-value 278.904 and 
P-value <0.001. Also; Resin cement formula had a 
statistically significant effect on mean microtensile 
bond strength at F-value 12.190 and P-value 0.001. 
The interaction between the three variables had a 
statistically significant effect on mean microtensile 
bond strength at F-value 68.333 and P-value <0.001.

Fig. (8): (A): ESEM Photomicrograph (2000x) of Obsidien (OB) surface treated with ER showing descrete areas of irregularities 
distributed over the surface. (B): image analysis of roughness (500x) with Ra=9.8 µm.

Fig. (9): (A): ESEM Photomicrograph (2000x) of Obsidien (OB) surface treated with HF acid etching (control) showing high 
surface roughness. (B): image analysis of roughness (500x) with Ra=16.24 µm.
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DISCUSSION

Achieving of a strong bond between the resin 
cements and ceramic restorations is one of the 
important factors influencing the clinical success of 
these restorations1. Experimental initial high µTBS 
could be seductive parameter for selection the type 
of surface treatment as well as the resin cement1. 
The clinical durability of the bond strength could 
be the evidence of the optimum selection. In this 
study, dual cured self-adhesive resin cements 
(PA) and (BC) were selected as dual cured resin 
was postulated to have an excellent self-curing 
capability, as the visible light could not reach to 
achieve maximum polymerization.27 Furthermore, 
the acidic monomers undergo an acid-base setting 
reaction with the basic inorganic fillers of the 
materials far from the polymerization reaction of 
the material.33The assessment of the bond strength 
between resin cement and CAD/CAM materials 
is important, as it evaluates the weak link during 
the cementation procedure.18,37 Microtensile bond 
strength testing was used in this study as it was 
found to be more sensitive in evaluation of bond 
strength when compared to shear bond strength 

testing. As conventional shear and tensile tests were 
reported to suffer from non-uniform stresses created 
at the resin-ceramic interface.9,15 Vita Enamic was 
used in this study as it represents one of the recent 
developments in the CAD/CAM materials industry 
which combines the advantages of ceramics with 
those of resin composite. Obsidian glass ceramic 
was chosen also as it is the most recent novel 
ceramic material derived from the group of Lithium 
Silicate Ceramics. Laser surface treatment was 
also assessed as it represents a safe alternative to 
conventional hydrofluoric acid etching of CAD/
CAM materials.28 

In the (VE group), no significant difference 
in the mean of µTBS values between (HF) acid 
etching (control) and (ER) sub groups when (BC) 
self adhesive resin cement was used in spite of the 
variations in the surface roughness created by both 
surface treatments as shown in fig.(2, 3). The degree 
of roughness was more pronounced in case of (HF) 
acid etching than (ER) surface treatment, however, 
(BC) showed higher non statistically significant 
µTBS value. This could be attributed to the fact 
that, the degree of roughness created by (ER) was 

TABLE (2): The mean (MPa), standard deviation (SD) and p-values for the all tested variables of the study:

Variables

Microtensile  bond strength (MPa)

Vita Enamic (VE) IPS e.max CAD (EM) Obsidian (OB)

p-valueLaser (ER)
Hydrofluoric 

acid (HF)
Laser (ER)

Hydrofluoric 
acid (HF)

Laser (ER)
Hydrofluoric 

acid (HF)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

BisCem 
(BC)

14.20aB 2.18 13.46bB 2.24 3.45aD 0.93 19.15aA 0.96 15.49aB 2.02 9.97bC 1.07 <0.001*

Panavia 
(PA)

15.59aB 0.79 19.49aA 2.95 4.40aD 0.17 18.54aA 2.35 4.70bD 0.17 22.46aA 1.53 <0.001*

p-value 0.217ns 0.007* 0.196ns 0.606ns <0.001* <0.001*

Mean with different lower-case letters in the same column and different upper-case letters in the same row indicate 
statistically significant difference *; significant (p≤0.05) ns; non-significant (p>0.05).
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homogenous allowing better wettability of (BC) 
on the surface of (VE) ceramic. Regarding (PA) 
resin cement, which recorded a higher statistically 
significant µTBS mean value compared to (BC) in 
(HF) acid etching subgroup, this might be explained 
by the difference in the chemical compositions of 
the two self adhesive resin cements, where (PA) 
resin cement contains 10-MDP (its vinyl group 
reacted with monomers in the cement during 
polymerization) 5, 14 and other functional monomers 
which may be postulated that, they enhanced 
the bonding to the resin portion found in VE. In 
addition to the presence of variant particle size of 
silanated silica and glass fillers which might have 
been deeply embedded in the more roughened 
(HF) acid etching treated (VE) ceramic surface 
and bonded chemically with the silane layer, in a 
way that formed a resilient layer which can further 
withstand the fracture forces.    

In the (EM group), (HF) acid etching (control) 
surface treatment subgroup recorded statistically 
significant higher mean µTBS values compared 
to (ER) for both self-adhesive resin cements (PA 
and BC). This finding was in accordance with 
the findings of Kursuglo et al.,201328 and other 
studies 10, 13, 46, who reported that, (HF) acid etching 
surface treatment recorded higher bond strength 
when compared with laser of different power 
settings (1.5, 2.5 and 6W). This can be attributed 
to the effect of (HF) acid etching on (EM) ceramic 
surface, where the glass matrix (silica part) reacted 
with (HF) acid etchant forming hexa fluorosilicates, 
which had been selectively removed and dissolved 
exposing the lithium disilicate crystals fig.(6), 
thus forming a favorable topography; allowing 
micromechanical interlocking and higher surface 
energy before receiving the silane primer, that 
helped in improvement of resin wettability and 
chemical bonding with both the ceramic surface 
and resin cements. Also Aboushelib and Sleem, 
20141 suggested that, the use of high energy level 
of pulsed Er,Cr:YSGG failed to increase the bond 

strength to lithium disilicate ceramics, as it may 
destruct the surface material. So a great attention 
should be taken in selecting the suitable surface 
treatment of glass ceramics.

However, Gökçe et al., 2007 21 found that, laser 
irradiation using ER: YAG recorded higher yet not 
statistically significant bond strength than (HF) acid 
etching. This could be attributed to the different 
type of laser used, the testing method used, as shear 
bond strength was used instead of microtensile bond 
strength testing that was used in the present study. 
Moreover, the higher laser power setting of 6W was 
used instead of 5W applied in the current study. 

On the other hand, surface treatment by (ER) 
might cause ablation and inappropriate micro 
depths which resulted by the 5W irradiation power, 
rendering (EM) ceramic surface smoother than non-
treated one, which was not favorable for bonding. 
Taking into consideration, heat damage of the 
ceramic surface could not have occurred due to the 
hydrokinetic system of Er,Cr:YSGG laser type, as 
the laser energy absorbs water microdroplets and is 
supposed to be responsible for the cutting potency 
of hard tissue.29     

In the (OB group), (BC) recorded statistically 
significant higher µTBS mean value than (PA) in the 
(ER) subgroup, while in (HF) acid etching subgroup 
(control), (PA) recorded statistically significant 
higher µTBS than (BC). These findings could be 
due to the difference in the rheological properties 
of the tested self-adhesive resin cements combined 
with very high non homogenous peaks on the (OB) 
ceramic laser treated surface as shown in fig. (8), 
which affected the penetration of (PA) which had 
higher viscosity and variant larger particle sizes that 
might prevent the cement penetration and interaction 
with the ceramic surface. Moreover, the interaction 
of(ER) with (OB) ceramic surface might remove 
the contaminant without phase transformation; 
not exposing the crystalline structure, depriving 
10-MDP in (PA) from the chemical bonding with 
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the zirconium and metal oxides. In contrast, the 
lower viscosity of (BC) and smaller particle sizes 
might allow more adaptation increasing the bond 
strength. Other factors among the cements such as, 
the different degree of conversion rates, variable 
portions of the resin monomer, the initiators and 
the activators, the surface energy, pH, the duration 
of self-curing polymerization process and adhesive 
property which related to the methacrylate monomers 
and their acidity might also affect the results.3,14 
(HF) acid etching caused higher surface roughness 
than (ER) with more homogenous distribution of 
peaks fig.(9) which might have played a role in the 
penetration of (PA) and its chemical interaction with 
the (OB) ceramic  substrate surface. 

Based on the findings of this study, the 
two hypotheses were totally rejected. Within 
the limitations of this research, the following 
conclusions could be drawn:

1-  The interaction of Er,Cr:YSGG pulsed laser 
with the surfaces of the tested  CAD/CAM 
ceramic materials seemed to be different and 
dependent on the crystalline structure of these 
materials.

2- Variation of the chemical formulae of self-
adhesive resin cements played a great role in 
determining the µTBS to the tested CAD/CAM 
ceramic materials. 

Clinical Relevance:

For promoting a reliable bond during cementation 
or repair of resin cemented ceramic restorations, the 
use of Er,Cr:YSGG pulsed laser as an intraoral safe 
surface treatment can be clinically applied, putting 
in consideration the microstructure and composition 
of CAD/CAM materials combined with the chemical 
formulae of resin cements. 
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