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Abstract  
Background and Aim: Fractured ceramic crowns can sometimes be repaired with compo-
site resin. The aim of the current study was to determine the shear bond strength of com-
posite to feldspathic porcelain after CO2 and Er:YAG laser porcelain surface preparation. 
Materials and Methods: In this in-vitro study, 36 feldspathic porcelain blocks measuring 
1*10*10 mm were divided into 3 groups of 12. Porcelain surfacesinthe first and second 
groups were treated with 1.8W CO2 laser and 5W Er:YAG laser irradiation, respectively. 
Third group specimens were subjected to 9.5% hydrofluoric acid surface conditioning. All
groups received application ofsilane and adhesive afterwards. A composite cylinder with 
3.5 mm diameter and 5 mm height was bonded to specimens. In order to evaluate the 
shear bond strength, a Universal Testing Machine with acrosshead speed of 1 mm/min 
was used. Statistical analysis was performed using one-way ANOVA and Tukey’s HSD 
test and p<0.05 was considered statistically significant. 
Results: The mean shear bond strength values (MPa) were 13.03±2.57%, 12.02 ±3.4 and 
19.23±4.62, for the first, second and third groups respectively. One-way ANOVA re-
vealed a statistically significant difference in this respect between the three groups (p<
0.001). 
Tukey’s HSD test demonstrated significant differences between the first and third groups 
(p= 0.000) as well as the second and third groups (p=0.000). However, no significant dif-
ference was detected between the first and second groups (p=0.778). 
Conclusion: Considering the study results, CO2or Er:YAG laser irradiationis not sug-
gested as an appropriate alternative to hydrofluoric acid for surface preparation of
feldspathic porcelain. 
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Introduction 
Demand for esthetic dental treatment sisrapidly 
growing. In a research by Goldstein about the prin-
ciples of facial beauty, it was stated that smile 
ranks second after eyes as the most important pa-
rameter of facial beauty and dentist splay an im-

portant role in correcting the smile [1]. Among all 
esthetic dental treatments, full porcelain crowns 
can greatly contribute to patients’ esthetics due to 
their excellent biocompatibility and high translu-
cency [2]. Insufficient aesthetics or translucency, 
inadequate porcelain-metal bond and totally differ-
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ent physical properties of porcelain and metalin 
porcelain fused to metal crowns all led to the cur-
rently growing popularity of full ceramic crowns 
[3-6].  
In 1980, introduction of enamel etching with phos-
phoric acid and ceramic etching with hydrofluoric 
acid techniqueesled to the application of resin ce-
ments for bonding of ceramic to enamel [7]. How-
ever, full porcelaincrownsin service are at constant 
risk of porcelain separation, fracture or ditching 
due to various reasons. In these cases, other parts 
of the crown usually remain intact. Two solutions 
are available under these circumstances: Replace-
ment of the full porcelain crown which is expen-
sive and time-consuming or repairing the crown in 
patient's mouth with composite resin. Among dif-
ferent types of currently used dental porcelains, 
feldspathic porcelain has many applications due 
toits high translucency and similarity to tooth ena-
mel and is one of the most commonly used porce-
lains in dentistry and full ceramic crowns in partic-
ular [8]. Several methods have been recommended 
for composite-porcelain bonding, such as porcelain 
surface preparation using a coarse bur, sandblast-
ing with aluminum oxide particles and etching 
with hydrofluoric acid [9,10]. Also, application of 
Silane Coupling agent has been introduced as an 
effective measure for increasing bond strength [11-
14]. Application of hydrofluoric acid produces po-
rosities and dissolves the glassy phase of ceramic. 
Silane conditions the surface and enhances the 
formation of a covalent bond between ceramic and 
composite [15]. Laser irradiation for porcelain sur-
face preparation is a recent technique for achieving 
a higher quality bond between the porcelain and 
composite. Different types of lasers are used in 
dentistry [16]. Akovaet al. showed that CO2 laser 
irradiation (Super Pulse, 2W, 20 seconds) provided 
sufficient bond of brackets to feldspathic porcelain 
and silane application increased the bond stability 
[17]. Akyilet al. reported that application of9.5% 
hydrofluoric acid created the highest bond strength 
to feldspathic porcelain. Also, application of acid 
and laser together increased the bond strength, but 
this strength was lower than that of acid condition-
ing alone [18]. Ferreira et al. demonstrated that Er: 
YAG laser application caused the highest bond 
strength followed by acid and Nd:YAG laser ap-
plication; however, the differences between these 

three groups were notsignificant. They concluded 
that Nd:YAG and Er:YAG laser can beused in-
stead of acid for porcelain surface preparation [19]. 
The obtained controversial results indicate thatpor-
celain surface preparation with laser needsto be 
further investigated. The goal of this study was to 
determinethe shear bond strength of composite to 
feldspathic porcelain following porcelain surface 
preparation with CO2 and Er:YAG lasers.  
 
Materials and Methods 
This laboratory, experimental study was conducted 
on 48 porcelain blocks. 
Preparation of porcelain blocks: 
Porcelain blocks measuring 1×10×10 mm were 
fabricated by using EX3feldspathic porcelain (No-
ritake, Japan) infurnace (P30, Ivoclar, Liechtens-
tein, Switzerland) at 930oCfor 15 minutes. 
Laser irradiation:  
A) Pilot study: Since the majority of studies onpor-
celain surface preparation are implemented on Zir-
conium, at first two different powers of CO2 and 
Er:YAG (Deka, Italy) laserswere tested on 12 
feldspathic porcelain blocksand the SEM (Scan-
ning Electron Microscopy) results were examined 
by three experts as single blind to find out which 
Co2and Er:YAG laser powers have the greatest 
effect on feldspathic porcelain for use in this study. 
Prior tolaser irradiation, surface glaze of feldspath-
ic porcelain was removed by composite polishing 
bur 850.016 (Tizkavan, Tehran, Iran). In Er:YAG 
laser group, Er:YAG laser with wavelength of 
2940 nanometer at two different powers along with 
Graphite powder (Sosmar, Iran) was used [19]. 
Porcelain surface was coated with graphite powder 
prior to laser irradiation. Non-contact mode 
Er:YAG laser with 4 and 5 W pow-
er,10Hzfrequency, 400m Jenergy, 450 micro-
second pulse duration, 0.5 J/mm2 energy density, 
5mm distance, 15 seconds exposure time and 1mm 
beam diameter was irradiated. In Co2 laser group, 
first laserwith 10600 nanometer wavelength, 1.8 
Watt power, 1 mm beam diameter, 10Hz frequen-
cy, 5 millisecond pulse duration and0.01 
J/mm2energy density with surface at focal distance 
was irradiated for 15 seconds and then CO2 laser 
with 2.4 W power, 10600 nanometer wavelength, 
20Hz frequency, 2.5 millisecond pulse duration, 
0.008 J/mm2energy density and 1mm beam diame-
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ter with surface at focal distance was radiated for 
15 seconds. 
B) Main study: After selecting the power foreach 
laser, 12 porcelain blocks in group 1 and 12 porce-
lain blocks in group 2 received CO2 and Er:YAG 
laser irradiation for surface preparation, respective-
ly. 
Porcelain etching: 
Surface glaze of 12 porcelain blocks in group 
3wasremoved by composite polishing bur 850.016 
and 9.5% hydrofluoric acid (Basico, USA) wasap-
plied to the surface, remained for two minutes, 
rinsed for 15 seconds and air dried for 5 seconds. 
SEM: 
Acid and laser-treated specimens were gold coated 
by Gold- Palladium alloy using Sputter Coater Ap-
paratus model SC7620 (Leo, Germany) and ex-
amined by Scanning Electron Microscope model 
1450 VP (Leo, Germany) set at20 kV acceleration 
voltage, 3 nanometer resolution and 1000 xmagnifica-
tion. 
Application of bonding agent and composite resin: 
First, athin layer of silane was applied to all sam-
ples, air dried for 30 seconds with air spray, and 
then Scotch bond multi-purpose adhesive (3M, 
USA) from the third bottle was used. The adhesive 
was light cured from 1mmdistance for 20 se-
condsbythelight - curing unit (Astralis 7, Vivadent, 
Liechtenstein, Switzerland) with 450 m W/ Cm2

intensity. In order to fabricate a composite cylin-
derto be bonded toporcelain surface, atransparent 
cylinder with 2 mm internal diameter and 4mm 
height and composite Z250 (3M, USA)with A2 
shade were used. With a suitable hand instrument, 
the composite was applied to the transparent cy-
linder. The cylinder was then perpendicularly 
placed inthe center of the porcelain surface and 
light curedat1mm distance from the top and both 
sides for 20 seconds each. For measuring the shear 
bond strength, Universal Testing Machine was 
used with a cross-head speed of1mm/minute, prel-
oad of 2N and 2 k Nload cell. The samples were 
subjected to load until failure. A computer and a 
data acquisition system recorded the data. Fracture 
modes were studied by astereomicroscope (SZ 40, 
Olympus, Tokyo, Japan) with 40X magnification 
and were categorized as cohesive (in composite or 
porcelain), adhesive (at the composite-porcelain 
interface) and mixed (a combination of both). The 

obtained data were analyzed using SPSS version 
13.0 software. One-way ANOVA was applied and 
pair-wise comparisonof groups for shear bond 
strength was carried out using Tukey’s HSD test. 
(P<0.05) was considered statistically significant. 
 
Results 
A) Result of the pilot study:  
The SEM results revealed that CO2 laser with 1.8 
W power and Er:YAG laser with 5 W powerca 
used minor cracksand the highest surface rough-
nesson feldspathic porcelain (Figure, 1-3). 
 

B) The results of main study:  
Mean, standard deviation, minimum and maximum 
values of shear bond strength (MPa) in 3 study 
groups are shown in Table 1. In order to ensure the 
normal distribution of samples, One Sample Kol-
mogorov Smirnov testand for statistical analysis, 
univariate ANOVA were applied and revealed sig-
nificant differences in means hear bond strength of 

Fig 1. Porcelain surface prepared with CO2laser: A) 
1.8 Watt and B) 2.4 Watt 

Fig 2. Porcelain surface prepared with Er:YAG laser: A)  
4 W and B) 5 W 

Fig 3. Porcelain surface prepared with hydrofluoric acid 
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different understudy groups (p<0.001). The results 
of Tukey’s HSD test demonstrated significantly 
higher shear bond strength in acid treated group 
compared to the laser groups (p<0.001). However, 
no statistically significant differences were noted 
between the laser groups (1 and 2) (p=0.778). The 
frequency of various modes of failure is presented 
in Table 2. 
 

Discussion  
At present, use of laser in dentistry is becoming 
increasingly popular and it is necessary to clarify 
its different clinical applications. On the other 
hand, demand for full porcelain crowns is increas-
ing because of their high translucency and excel-
lent biocompatibility [3, 8]. Full porcelain crowns 
may undergo fracture or chipping during their clin-
ical use; in these cases we may use composite re-
sins to repair the porcelain. In order to achieve a 
strong bond between the composite and porcelain, 
several techniques are used for porcelain surface 
preparation. Limited number of studies have eva-
luated porcelain surface preparation with laser 
yielding different results. In this study, 1.8 and 2.4 
W powers of CO2 laser and 4 and 5 W powers of 
Er:YA Glaser were selected and then SEM was 
used to find out the optimal power with the best 
effect on porcelain. Studies have shown that lower 
powers of Er:YA Glaser do not have an adequate 
effect on porcelain surface and are not able to 
create optimal surface roughness [18,19]. The con-
ventional graphite causedgreaterabsorption of 
Er:YAG laser by the porcelain surface [19]. 

In this study, after porcelain surface preparation 
with acid or laser, silane was applied to enhance 
the bond between composite and porcelain. Shear 
bond strength of composite to feldspathic porcelain 
following porcelain surface preparation with hy-
drofluoric acid was greater than the rate following 
porcelain surface preparation with CO2 and 
Er:YAG lasers. Due to the dissolution of minerals 
by hydrofluoric acid, porosities are formed on the 
porcelain surface causing micromechanical reten-
tion; while CO2 and Er:YAG laser screateporce-
lain surface roughness but are not able to dissolve 
the mineral content yielding low or no microme-
chanical retention. 
Akovaet al, in their study on porcelain surface 
preparation with CO2 laser for bonding of brackets 
to feldspathic porcelain in ceramic-metal crowns 
concluded that CO2 laser can provide sufficient 
bond between bracket and feldspathic porcelain of 
ceramic-metal crowns. Akyilet al. evaluated the-
shear bond strengthof composite resin to feldspath-
ic porcelain after porcelain surface treatment with 
laser and acid etching and concluded that prepara-
tion with hydrofluoric acid created higher bond 
strength than preparation with Er:YAG and 
Nd:YAG lasers. Ferreiaet al. studied the shear 
bond strength of resin cement to feldspathic porce-
lain following porcelain preparation by sandblast-
ing with aluminum oxide particles and Er:YAG 
and Nd:YAG lasers and demonstrated that the effi-
cacy of porcelain surface preparation with Er:YAG 
and Nd:YAG lasers was similar to that of hydrof-
luoric acid providing optimal shear bond strength 
of resin cement to feldspathic porcelain. However, 
different results were obtained in our study. This 
difference may be attributed to different laboratory 
conditions, use of hydroxyapatiteprior to Er:YAG 
laser irradiation and application of different bond-
ing agents and composite resins. 
The mode of failure was adhesive or mixed in CO2

and Er:YAG laser groups and the cohesive failure 
was not observed. In hydrofluoric acid group, the 
observed mode of failure was of cohesive type in 
the composite resin. The adhesive mode of failure 
is due to the weak bond between the porcelain sur-
face prepared with laser and composite resin. In 
laser groups, failures were mostly of adhesive or 
mixed types at the resin-porcelain interface. In hy-
drofluoric acid group, the majority of observed 

Group Number Minimum Maximum Mean± SD 

1 12 7/11 15/94 13/03±2/57 

2 12 6/49 15/65 12/02±3/4 

3 12 11/63 24/91 19/23±4/62 

Failure type Group 1 Group 2 Group 3 Total 

Adhesive 8 10 3 21 

Cohesive 0 0 5 5

Mixed 4 2 4 10 

Table 1. Porcelain surface prepared with hydrofluoric acid 

Table 2. Frequency distribution of different failure  
modes in understudy groups 
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failures were of cohesive type attributed to the 
higher bond strength of composite to feldspathic 
porcelain.  
 
Conclusion  
Based on the obtained results, preparation of 
feldspathic porcelain surface with hydrofluoric 
acid is more effective than Er:YAG and CO2 laser 
application for achieving a suitable bond strength 
between composite resin and feldspathic porcelain. 
Role of other laser parameters needs to be illumi-
nated in future studies to further improve the effi-
cacy of laser for porcelain surface treatment. 
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