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Introduction

Ceramic restorations have become digitized processes, and 
now make use of CAD/CAM technology 1,2). This evolution 
has coincided with advances in bonding technology, and a 
growing demand for ceramic restorations.  Several me-
chanical and chemical retention methods have been devel-
oped to improve the bonding strength of CAD/CAM ce-
ramics. Successful strong adhesion between resin, dentin 
and ceramics requires surface pre-treatments 3). In ceramic 
bonding to tooth structure, two different interfaces need to 
be considered: dentin-resin and ceramic-resin 4). 
	 On the dentin side, immediate dentin sealing tech-
nique (IDS) is employed to create an interaction between 
dentin and resin luting agent. Retention to dentin is due 
mainly to hybrid layer formation and micro-mechanical 
retention with the resin tags embedded in the dentinal 
tubules 5, 6). 
	 On the ceramic side, various techniques have been 
reported that mechanically facilitate resin-ceramic bond-

ing. Sandblasting and/or acid etching with hydrofluoric 
acid are common methods, increasing surface area for 
bonding and creating an irregular surface topography 7, 8). 
	 In silica-based ceramics, hydrofluoric acid etches 
and dissolves the glass ceramic, which causes physical al-
teration of the ceramic surface, creating micro-mechani-
cal retention. Silane acts as a coupling agent, which is es-
sential for the intimate contact needed between different 
materials to promote and enhance resin penetration 9).
	 For this reason, hydrofluoric acid etching in combina-
tion with silane enhances the chemical bond strength of sili-
con dioxide (silica) in silica-based ceramics 10-14). Three clini-
cal studies 15-17) on silica-based ceramics are available today 
that provide evidence in support of recommendations; re-
ports from short-term clinical trials on single crowns showed 
survival rates between 97.4% 13) and 100% 18), after two years. 
It has been reported that silane treatment followed by hy-
drofluoric acid etching enhances micro tensile strength 
when ceramic is bonded to tooth structure. 
	 These techniques do not improve the bond strength 
of zircon-based ceramics, owing to their high crystalline 
content, which makes them resistant to acid etching 19, 20). Addressee for Correspondence:
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Background and aims: The purpose of this study is to determine the effect of CO2 laser irradiation in 
comparison with sandblasting (Sb), hydrofluoric acid (Hf) and silane coupling agent (Si) on shear bond 
strength (SBS) of resin cement to CAD/CAM ceramics bonded to dentin. 
Material and Methods: Forty-eight (CAD/CAM) ceramic discs were prepared and grouped by material, 
i.e. lithium disilicate (Emax CAD) and zirconia ceramic (Emax ZirCAD), distributed into four different 
groups: group A, lithium disilicate (Li) CO2/HF/Si; group B, Li: HF/Si; group C, zirconia (Zr) CO2/Sb/Si; 
group D, Zr: Sb/Si. 
Results: It was shown significant difference between irradiated and non-irradiated groups in terms of 
shear bond strength for zirconia ceramics (p value = 0.039). 
Conclusion: CO2 laser irradiation increases shear bond strength for both CAD/CAM ceramics bonded to 
dentin.
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Some studies report that sandblasting increases surface 
roughness and successfully improves the bonding 
strength of zirconia-based ceramics 21). Chen et al. 22) did 
not recommend sandblasting in silica-based ceramics be-
cause of possible morphological change and volume loss 
in the ceramics. 
	 In the literature, against a background of debate on 
various applications of lasers in dentistry, many authors 
have recommended laser irradiation as a promising meth-
od for ceramic surface treatment, for example with a car-
bon dioxide (CO2) laser 23, 24). El Gamal et al. showed that 
the CO2 laser could be a useful method for zirconia-based 
ceramic surface treatment, and that it increased the bond 
strength of resin cement applied to zirconia ceramics 25).
	 The aim of the present study was to determine the 
effect of a CO2 laser compared with (i) sandblasting and 
silane coupling agent on the bond strength of adhesive 
resin cement applied to a zirconia ceramic base and den-
tin, and (ii) hydrofluoric acid and silane coupling agent 
on the bond strength of adhesive resin cement applied to 
a lithium disilicate ceramic base and dentin.

Materials and Methods

Laser parameters

Based on previous s tudies on micromechanical 
adhesion 26, 27), CO2 laser parameters were selected as fol-
lows, bearing in mind its high absorption in ceramics. A 
CO2 laser (Dream Pulse Lasers, Daeshin Enterprise Corp., 
Seoul, Korea), wavelength 10,600 nm, was used with 5 W 
settings corresponding to a power density of 6.37 x104 

W/cm². Irradiation was crossed on the surface in continu-
ous mode for 40 seconds (working distance 2 mm, spot 
size of the aiming beam 0.1 mm) Fig. 1. 

Dentinal discs	

A total of 48 caries-free humans third molars were select-
ed. Surface-cleaned teeth were stored in distilled water 
for < 6 months, pending further processing. Each tooth 
was fixed in a plastic fold with acrylic resin (EpoxiCure, 
Buehler, USA). The occlusal surfaces were sliced with a 
low-speed saw (ISOMET™, Buehler, USA) in wet condi-
tions to expose the superficial dentin surfaces.

Ceramic materials

A total of 24 cubes of lithium disilicate (IPSe.max CADs, 
Ivoclar Vivadent, Liechtenstein) and 24 cubes of zirconia 
(IPSe.max ZirCADs, Ivoclar Vivadent, Liechtenstein) were 
prepared with a low-speed saw (ISOMET™, Buehler, USA) 
in wet conditions. These 5 mm thick ceramic cubes Fig. 2, 
were immersed in demineralized water and cleaned with 
an ultrasonic cleaner (Fischer Scientific FB15047®) for three 

Fig. 1: CO2 laser device

Table 1: Tested group

Fig. 2: ‌� Ceramic cubes of lithium disilicate 
and zirconia ceramics 

Group Surface treatment

A (Lithium 
disilicate)

Irradiated with CO2 laser at 5W then etched 
with hydrofluoric acid 9% (Ultradent porce-
lain etch3,USA) and Scotchbond universal 
adhesive (3M ESPE, Germany)

B (Lithium 
disilicate)

Etched with hydrofluoric acid 9% (Ultradent 
porcelain etch3,USA) and scotchbond uni-
versal adhesive (3M ESPE, Germany)

C (Zirconia)

Irradiated with CO2 laser at 5W then sand-
blasted (< 50 µm) and treated with scotch-
bond universal adhesive (3M ESPE, Germa-
ny)

D (Zirconia)
Sandblasted (< 50 µm) and treated with 
scotchbond universal adhesive (3M ESPE, 
Germany)
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minutes. All the surfaces were cleaned with 100% ethanol. 
These ceramic samples were then randomly distributed 
into four groups according to their surface treatment (Ta-
ble 1), namely Group A: lithium disilicate samples were 
irradiated with the CO2 laser at 5W, etched with 9% hydro-
fluoric acid (Ultradent porcelain etch3, USA), rinsed with 
water for 15 s and dried with air; Scotchbond universal ad-
hesive (3M ESPE, Germany) was applied to the surface for 
20 s and then dried with air for 5 s according to the manu-
facturer’s instructions, Group B: lithium disilicate samples 
were etched with 9% hydrofluoric acid (Ultradent porce-
lain etch3, USA), rinsed with water for 15 seconds and 
dried with air; Scotchbond universal adhesive (3M ESPE, 
Germany) was applied to the surface for 20 s and then 
dried with air for 5 s according to the manufacturer’s in-
structions, Group C: zirconia samples were irradiated with 
the CO2 laser at 5 W, sandblasted (< 50 µm) and dried with 
air. Silane was applied to the surface for 20 s, and dried 
with air for 5 s according to the manufacturer’s instruc-
tions, and Group D: zirconia samples were sandblasted (< 
50 µm) and dried with air. Silane was applied to the sur-
face for 20 s, and then dried with air for 5 s according to 
the manufacturer’s instructions.

Bonding procedures 

After the surface treatments, ceramic discs were cement-
ed to dentinal disc surfaces using the “self-etch” resin ce-
ment (Relyx ultimate 3M ESPE, Germany) under a con-
stant setting force of 10 N for 5 min under pressure 

(precision weight). The excess cement was removed, and 
samples were placed in distilled water at 37°C for 24 h 
before the shear strength test. All the bonding procedures 
were performed strictly according to the manufacturer’s 
instructions. 

Shear bond strength

Shear bond strength was tested in a universal testing ma-
chine (Zwick 2.5 kN, Germany) Fig. 3, at a crosshead 
speed of 1 mm/min. Shear loading was applied until fail-
ure occurred. Shear bond strength values (MPa) were cal-
culated using the formula: bond strength = F/A, where F 
is the force at failure (N) and A is the surface area of the 
ceramic cube (mm2). 

Fracture mode

All the debonded dentin surfaces were examined under a 
scanning electron microscope ( JSM-5310LV, Jeol Ltd., Ja-
pan) after gold metallization (thickness 40 Å) (ion sputter 
Jeol JFC 1100E), to assess the mode of fracture. Fracture 
of bonding could occur in any of three modes: adhesive 
fracture (A) at the interface between the ceramic and res-
in cement or between the resin cement and dentin inter-
face, cohesive fracture (C) within the ceramic, within the 
bonding material or within the dentin only, or mixed fac-
ture (M).

Statistical analysis 

Shear bond strength data (MPa) was compared with a 
Mann-Whitney U-test. Shear bond was the dependent 
variable, and surface treatment was the influencing factor. 
Statistical significance was set at p < 0.01

Results

Shear bond strength

Lithium disilicate ceramic (Emax CAD)
Surface preparation with CO2 laser, hydrofluoric acid and 
silane increased shear bond strength. There was no sig-
nificant difference between irradiated and non-irradiated 
ceramic groups (p = 0.899).

Zirconia (Emax ZirCAD)

Irradiation with CO2 laser in combination with sandblast-
ing and silane increased shear bond strength. The differ-
ence between irradiated and non-irradiated ceramics was 
significant (p = 0.039). 
	 Mean shear bond strength values in the tested 
groups are reported in Table 2 and Fig. 4. 

Discussion

Advances in CAD/CAM technology and development of 
high strength ceramics such as silica-based and zirco-

Fig. 3: ‌�Universal testing machine 
(Zwick 2.5kN, Germany)
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nia-based ceramics have been instrumental in dental re-
search 28, 29). Silica-based ceramic (lithium disilicate) has 
been recommended for use in fabricating inlays, onlays, 
veneers, anterior and posterior crowns and implant sup-
ported crowns 30). However, the use of zirconia-based ce-
ramic (zirconia) has been limited to the posterior region 
as substructures for crowns or bridges with one pontic 31).

	 Despite their improved mechanical strength, the ce-
mentation of highly crystalline ceramic restorations is still 
a challenge for dentists. Previous investigations have fo-
cused on different surface treatments to improve the 
bond strength between cement and ceramic, such as tri-
bochemical silica coating, hydrofluoric acid, sandblasting 
and laser irradiation 32-35).
	 This study follows on a previous study designed to 
investigate the influence of different surface treatments 
on the shear bond strength of lithium disilicate and zirco-
nia-based ceramics 26). 
	 The earlier study highlighted better bond strengths 
of lithium disilicate-based ceramics using hydrofluoric 
acid with silane due to their glass components, but it was 
found that this procedure had no significant influence 
when ceramic surfaces were irradiated with a CO2 laser. 
Also, CO2 has the ability to enhance shear bond strength 
in combination with sandblasting and silane between res-
in cement and zirconia.
	 In this study, the same methods were used for ce-
ramic surface pre-treatment; the effect of a CO2 laser was 
compared with (i) sandblasting and silane coupling agent 
on bond strength of adhesive resin cement applied to a 
zirconia ceramic base and dentin, and (ii) hydrofluoric 
acid and silane coupling agent on bond strength of adhe-
sive resin cement applied to a lithium disilicate ceramic 
base and dentin.
	 This study found that surface treatment with a CO2 
laser, hydrofluoric acid and silane increased shear bond 
strength in lithium disilicate ceramics by siloxane net-

work formation with silica 36). Etching with hydrofluoric 
acid dissolves the glassy or crystalline components of the 
ceramic and produces a porous irregular surface, increas-
ing surface area and facilitating the penetration of the 
resin into the etched ceramic surface 37). Applying silane 
coupling agent to the ceramic surface provides a chemi-
cal covalent and hydrogen bond for a sufficient resin 
bond to silica-based ceramic 38). Comparison between ir-
radiated and non-irradiated ceramic did not show any 
significant between-group differences, but confirmed the 
effect of hydrofluoric acid etching with silane in terms of 
bonding to dentin (p = 0.899). 
	 As expected, CO2 irradiation in combination with 
sandblasting and silane increased shear bond strength, 
and the difference between irradiated and non-irradiated 
ceramics was significant (p = 0.039). This result confirms 
the efficiency of CO2 laser irradiation due to the absorp-
tion of the CO2 laser beam in zirconia ceramics 23).
	 This result can be attributed to the performance of 
CO2 laser irradiation in roughening ceramic surface 
through thermo-mechanical ablation, which increases mi-
cro-mechanical retention. This enhances the bond 
strength at the zirconia/cement interface 26, 39).  
	 Currently, there is a strong demand for self-adhesive 
resin cements in dentistry due to their advantages, includ-
ing fewer steps in the bonding protocol and less 
pre-treatment of the tooth structure. The bonding mecha-
nism of self-adhesive resin cement relies more on chemi-
cal bonding than on micromechanical retention 40).  
	 Bonding dentin surface with (RelyX™) self-adhesive 
resin cement does not require pre-treatment of the tooth 
surface. According to the manufacturer, this self-adhesive 
cement consists of phosphoric acid modified methacry-
late monomers that demineralize the dentine by its acidi-
ty, while at the same time the resin infiltrates the dentine 
matrix, forming a hybrid layer with resin tags without pri-
or removal of the smear layer 41-44). Also, Re et al. showed 

Fig. 4: ‌�Statistical analyses of shear bond strength:  
(a) lithium disilicate, (b) zirconia

Table 2: Shear bond strength results

Group
Mean Bond 

strength 
(MPa)

Standard 
deviation *P. value

Group A 
Lithium disilicate: 

CO2/HF/Si
2,10 1,07

0,89
Group B 

Lithium disilicate: 
HF/Si

2,08 1,32

Group C 
Zirconia: 
CO2/Sb/Si

1,54 0,79

0,039
Group D 
Zirconia: 

Sb/Si
0,92 0,78

* Paired t-test
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that sandblasting improved adhesion of Rely X Unicem 
on a zirconia surface due the roughening, which allows 
better micro-retention of the cement 45).
	 By contrast, Rodrigues et al. have shown that meth-
acrylate phosphoric esters cannot penetrate parts of the 
dissolved smear layer retained on the dentin surface, re-
sulting in interfacial gaps, and so lower bond strength, 
with a mean value of 0.34 MPa 46). This is in line with the 
low values of shear bond strength of the tested groups, 
with a mean value in group A of 2.10 MPa, in group B of 
2.08 MPa, in group C of 1.54 MPa, and in group D of 0.92 
MPa.
	 The failure types also showed an interesting pattern. 
SEM observations in the lithium disilicate groups (A and 
B) showed primarily cohesive fractures within the bond-
ing resin cement between ceramic surfaces and dentin 
surfaces, leaving bonded cement on both surfaces Fig. 5. 
Similarly, the zirconia groups (C and D) displayed cohe-
sive fractures within the bonding resin cement between 
ceramic surfaces and dentin surfaces, leaving bonded ce-
ment on both surfaces Fig. 6.
	 This cohesive fracture can be explained by the 
mean values of resistance strength: that of self-adhesive 

resin cement (Relyx) is lower than that of the ceramic/ce-
ment and cement/dentin interfaces. 
	 This study accounts for the bond strength of a 
self-adhesive resin cement applied to pre-treated CAD/
CAM ceramics, with no dentin surface treatment, and 
long-term water storage which may be considered as lim-
itations of this study. Our study also did not evaluate the 
combined effect of CO2 laser and zircon primer on SBS of 
zirconia-based ceramics. Further long-term studies will be 
needed to determine shear bond strength values of la-
ser-irradiated zirconia in clinical situations.

Conclusion

This study prompts the following conclusions: 
- ‌�Applying 5 W laser irradiation (CO2) increased shear 

bond strengths between zirconia-based ceramics and 
dentin compared with non-irradiated ceramic surfaces. 

- ‌�Laser irradiation combined with HF acid and silane 
bonding seems not to offer an alternative method for 
improving the dentin-to-ceramic surface (lithium disili-
cate) bonding.

Fig. 5: SEM images of fracture mode. Lithium disilicate: (a) irradiated surface (b) non-irradiated surface.

Fig. 6: SEM images of fracture mode. Zirconia: (a) irradiated surface (b) non-irradiated surface.
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