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Abstract:

Introduction: The purpose of this study is the evaluation of the amount of surface roughness 
(Ra) of Zirconia Ceramic following different surface treatments as well as the assessment of 
its shear bond strength to composite resin.
Methods: 40 sintered zirconia ceramic block samples were randomly divided in 4 groups of 
10 and underwent the following surface treatments:

a) Control group without treatment
b) Air abrasion with Al2O3 particles (50um)
c) Er:YAG laser with 2W power for 10s
d) Nd:YAG laser with 1.5W power for 2min

Then the mean surface roughness (Ra) was evaluated by profilometer. In the next step, Alloy 
primer was used on a section of 9mm2 on the samples following the manufacturer’s instructions. 
After that Clearfil AP-X composite resin in cylinder shape with an internal diameter and height 
of 3mm were cured on the sections mentioned. At the end, all samples were tested to assess the 
shear bond strength by the Universal Testing Machine at a speed of 0.5mm/min until fracture 
occurred. The mean shear bond strengths were calculated and statistically analyzed by One 
Way ANOVA.
Results: ANOVA analysis showed that roughness (Ra) was significantly different between the 
groups	(P≤0.05).	Ra	was	higher	in	the	Nd:YAG	group	compared	to	the	other	groups	(P≤0.05).	
The lower Ra was related to the control group. Air abrasion group showed highest amounts 
of shear bond strength and Nd:YAG laser group demonstrated lower amounts of shear bond 
strength	(P≤0.05).
Conclusion: Various surface treatments are differently effective on bond strength. Air abrasion 
is the most effective method to condition zirconia ceramic surfaces.
Keywords: zirconia ceramic; laser; abrasion.

Introduction
Today, ceramics are frequently used for dental indirect 

restorations in visible oral regions1. Because of the esthetic 

limitations of metal cores in metal ceramic crowns, 
application of whole ceramic systems as alternative 
greatly increased. One of the whole ceramic systems is 
zirconia ceramic. This material has good mechanical and 
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optical properties, and is highly biocompatible with the 
mouth environment2. Therefore they are widely used in 
the manufacture of endodontic posts, implants, dental 
prosthetic frameworks and crowns. Zirconia framework 
unlike natural tooth is not translucent, thus requires a 
veneering ceramic layer in order to give a more natural 
appearance to the crown3. With the increasing tendency 
for use of whole ceramic restorations such as inlay, onlay, 
veneers and crowns, the probability to observe chipping 
and fractures in restorations has been increased. Chipping 
of ceramic veneer of Y-TZP frameworks (Yttria-Stabilized 
Tetragonal Zirconia Polycrystals) were reported to be 
13% after a 3 years period and 15.2% during a 5 years 
period4. These fractures can occur for various reasons 
like trauma, laboratory defects, insufficient occlusal 
adjustment, premature contacts or incorrect design5. 
Depending on the extension of the area involved, costs 
and available time, treatment plan can range from a simple 
composite repair to fabrication of a new prosthesis5. But 
fabrication of new prosthesis will result in damage to 
remaining dental tissues, more money spending and 
more time for retreatment. Another choice is the use of 
composite resin and adhesive systems in a direct way, 
in order to repair the fractured region6. Advantages of 
composite application include esthetics, low price and 
easy use in clinic. Success of these treatments depends 
on the bond strength between the ceramic surface and 
composite resin. Since various systems are available for 
repair, which operate based on different strategies of 
surface conditioning, choosing the best method could 
be difficult7. In order to condition ceramic surface, 
mechanical and chemical methods have been proposed 
to achieve maximum bond strength between ceramic and 
composite. Mechanical roughening of surface with coarse 
diamond bur, sandblasting with aluminum oxide particles 
(AL2O3), etching with hydrofluoric acid and use of silane, 
lead all to acceptable bond strength in ceramics with 
silica base. However, because of the absence of silica 
and glass phases in zirconia ceramics, etching with acid 
has no significant effect on bond strength8.

Air abrasion is usually used to clean substrate 
surface, to achieve rough topography, to increase the 
surface area for bond, and to change surface energy as 
well as wettability2,9. Though, it creates grooves and 
defects which act as initiators of fractures in zirconia 
substrates and compromises mechanical properties and 
their long-term durability10. In addition, unpleasant 
working conditions with alumina particles are part of 
the limitations of this system. One of the other zirconia 
surface conditioning methods attracting attention today is 

the use of laser which can be performed in the chair side 
way. Akyil et al by applying Er:YAG (Erbium:Yttrium–
Aluminium–Garnet) and Nd:YAG (Neodymium-Doped 
Yttrium Aluminum Garnet) on zirconia ceramic surfaces 
reported that this method increased the irregularities on 
the ceramic surface and as a result improved the adhesion 
to resin cement2. Therefore, application of laser can be 
considered as a potential method for creation of zirconia 
surface roughness and for increasing the bond strength 
of zirconia ceramic to resin cement11. Due to the lack of 
glass phase in zirconia ceramics, adhesive monomers are 
used instead of silane to reinforce the chemical bond6. The 
zirconia ceramic surface is covered by a layer of metal 
oxides permitting the adhesive monomers to react with 
the ceramic surface and chemically improve the bond 
strength12. This study has investigated the application 
of lasers for surface treatment of zirconia ceramic with 
the purpose of repair by composite resin. In the present 
study, based on the results of preliminary study, lower 
laser power of Er:YAG and Nd:YAG were chosen and 
then their effect on bond strength of composite resin to 
zirconia ceramic was evaluated and compared to the air 
abrasion method. The aim of this study was the evaluation 
of the effect of various surface treatments on surface 
roughness (Ra and Rmax) and amount of shear bond 
strength of repair composite resin to zirconia ceramic. 
Our null hypothesis was that surface conditioning by 
Er:YAG and Nd:YAG lasers could cause an increase in 
shear bond strength.

Methods

40 pre-sintered zirconium oxide ceramic block samples 
(ICE Zirkon, Zirkonzahn GmbH, Bruneck, Italy) with 
10×10×2mm dimensions were obtained using a diamond 
blade mounted in Mecatome T201 low-speed cutting saw 
machine (PRESI. Grenoble. France). All samples were 
sintered according to the manufacturer’s instructions, 
and immersed in acrylic resin using metal molds. Then 
their superior surfaces were polished with silicon carbide 
800, 1000, and 1200 grit under water flow. The samples 
were rinsed with distilled water for 6min by ultrasonic 
device. In the next step, the samples were randomly 
divided in 4 groups of 10 and received the following 
surface treatments:

1) Control group without treatment
2) Air abrasion with AL2O3 (50µm), 2.8bar pressure 

for 10s at 10mm distance 13
3) Er: YAG laser with output power of 2 W(energy 

density of 5.85 J/cm2) for 10s
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4) Nd: YAG laser with output power of 1.5W(energy 
density of 111.96 J/cm2) for 2min

The Er:YAG laser (smart 2940 D, Deka laser, Florence, 
Italy) was used with a wavelength of 2940 nm, frequency 
of 10 Hz and pulse duration of 230µsec (very short 
pulse). The spot size was 1 mm and laser handpiece 
was used in a distance of 4 mm (focusing distance of the 
handpiece) above the surface (noncontact mode) for 10 
sec accompanied by water and air spray. The Nd:YAG 
laser (Fidelis, Fotona,Slovenia) was used at wavelength 
of 1064 nm, frequency of 10Hz and pulse duration of 100 
µsec (very short pulse). Total surfaces of the block were 
scanned by fiber of 320µ about 1mm above the surface 
for 1 min. All irradiation was done perpendicularly to 
the surface.

Then the samples were rinsed for 6min in the ultrasonic 
device. In the following step, the samples mean surface 
roughness (Ra) was assessed using an contact profilometer 
(T-8000 Hommelwerk, JENOPTK, Germany). The 
device diamond tip was passed on the entire sample 
surface at 0.15mm/s and 4N force and the mean surface 
roughness (µm) calculated. The amount of Ra and Rmax 
were statistically analyzed by One Way ANOVA. Since 
the profilometer is a non-damaging test and do not 
alter sample surface, on the sample surface in a 9mm2 
section, Alloy Primer (Kuraray CO, Okayama Japan) was 
applied following manufacturer’s instructions. Then the 
mixture of Clearfil porcelain bond activator (Kuraray CO, 
Okayama Japan) and Clearfil SE Bond primer (Kuraray 
CO, Okayama Japan) was applied on the primed surface 
and air spray was used to evaporate its solvent. In order 
to produce standard cylindrical composite resin, plastic 
tubes with 3mm internal diameter and 3mm height were 
placed on the site of ceramic bonding. Then Clearfil 
AP-X composite resin (Kuraray CO, Okayama Japan) 
was applied incrementally, each layer was light cured 
for 40s using LED curing device (Guilin woodpecker 
medical instrument co. china). Then, the plastic tubes 

were gently cut and removed using a sculpt blade. In 
the end, all of the samples were tested by the Universal 
testing machine (Zwick ROELL Z2.5 MA 18-1-3/7 ulm, 
Germany) with speed of 0.5mm/min and 2.5 KN force, to 
evaluate the shear bond strength. The mean shear bond 
strengths were calculated and statistically analyzed by 
one-Way	ANOVA.	P	≤0.05	was	statistically	significant.	
(Table 1)

Results

Mean surface roughness

The ANOVA analysis showed Ra was higher in the 
Nd:YAG	group	compared	 to	 the	others	 (P	≤0.05).	The	
lower Ra was related to the control group. Ra did not 
have a significant difference between Er:YAG laser and 
air	abrasion	groups	(P	≥0.05).	However	surface	roughness	
(Ra) was not significantly different between air abrasion, 
Er:YAG and control groups. (Table 2)

Highest Rmax was observed in Nd:YAG group. Other 
groups	were	not	shown	significant	difference	(P	≥0.05).

Mean shear bond strength

The samples in air abrasion group showed the highest 
amount	 of	 shear	 bond	 strength	 (P	 ≤0.05).	 Followed	
respectively by the control group, Er:YAG laser and 
Nd:YAG laser groups which did not have significant 
difference	(P	≥0.05).	(Table	3)

Brand Chemical composition
Alloy Primer MDP, VBATDT, Acetone
Clearfil SE Bond primer MDP, HEMA, dimethacrylate monomers, Water, photoinitiator
Clearfil porcelain bond activator Bisphenol A polyethoxy dimethacrylate, 3-methacryloxypropyl trimethoxy silane
Resin composite Clearfil AP-X • Bis-GMA

• TEGDMA
• Silanated barium glass filler
• Silanated silica filler
• Silanated colloidal silica
• dl-Camphorquinone
Inorganic filler is approx. 71 vol%.
The	particle	size	of	inorganic	fillers:	0.02	-	17	μm

Table 1. The brand names and chemical compositions of the materials used in this study

Treatment Ra (Mean±SD) Rmax
Air Abrasion 0.58±0.05 a 3.99±0.51 a

Control 0.23±0.07 a 2.48±1.46 a

Er: YAG Laser 0.53±0.04 a 2.43±1.04 a

Nd: YAG Laser 2.7±0.16 b 26.12±11.22 b

Table 2. Mean surface roughness (Ra) according to µm
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Discussion

The purpose of this study was to assess the shear bond 
strength of restorative composite resin to zirconia ceramic 
following ceramic surface treatment by Er:YAG and 
Nd:YAG lasers compared to air particle abrasion. Today, 
Y-TZP ceramics are used to make post and core systems 
as well as copping for whole ceramic systems12. With the 
increasing use of whole ceramic prosthesis, probability to 
face ceramic veneer fractures has increased. When fracture 
or chipping occurs, esthetic as well as the contour of the 
veneer is lost. In this condition, performing a repair is 
necessary to regain the shape and contour of the fractured 
region14. To obtain adequate bond strength between zirconia 
ceramic and composite resin, creation of mechanical bond 
through surface roughening and chemical bond by use 
of functional monomers is essential15. Since the Y-TZP 
substance comprises metal oxides, surface conditioning 
with primers containing adhesive functional monomers 
such as 10-MDP (10-Methacryloyloxydecyl Dihydrogen 
Phosphate) has been proposed in order to improve bond to 
cement resin. These adhesives monomers have the capacity 
to form chemical bonds with the metal oxides present 
on the surface16. Even in case of application of cement 
containing 10-MDP, surface treatment is recommended 
in order to obtain acceptable bond strength. It is believed 
that surface treatment can facilitate movement of primer 
inside the retentive grooves and undercuts, and improve 
bond strength of composite to the ceramic substrate17. 
For treating and roughening of zirconia ceramic, different 
methods have been introduced. Abrasion with AL2O3 
particles is a common method and it has been said that 
because of the development of surface roughness and 
undercuts, it possesses the ability to increase resin cement 
bond strength to zirconia ceramics. Of course, this method 
can induce phase transformation and change mechanical 
properties. In addition it causes the formation of defects 
which can result in failure of treatment18. The results of the 
present study were in correlation with the results obtained 
by Kern et al. which stated that air abrasion by AL2O3 
particles with or without primer resulted in increased 
tensile bond strength of cement resin to zirconia ceramic. 

However, the amount of this strength without primer was 
reduced to zero in the long term19. In another study it was 
concluded that the combination of air abrasion and primers 
containing phosphate monomers increased bond strength of 
cement resin to zirconia ceramic20. In this study despite the 
fact that the amount of surface roughness (Ra) in the air 
abrasion and Er:YAG laser groups did not have significant 
difference	(P≥0.05),	the	amount	of	shear	bond	strength	in	
the	air	abrasion	group	was	significantly	higher	(P≤0.001).	
On the other hand, we found that various surface treatments 
affect differently the bond strength and higher amounts 
of roughness do not necessarily result in increased bond 
strength. The samples irradiated by Nd:YAG laser with 
1.5W power had a higher amount of surface roughness 
(Ra) in profilometry evaluation, while this group showed 
the lowest amount of shear bond strength. Kim et al. 
determined the lowest acceptable bond strength from a 
clinical point of view to be 10Mpa21. In the present study, 
samples irradiated with Nd:YAG laser do not guarantee 
a convenient clinical service, because the shear bond 
strength is not high enough in them. The results of the 
present study correlated with Akyil et al. study, which 
showed that Nd:YAG irradiation decreased shear bond 
strength in comparison to control group. They stated that 
Nd:YAG laser irradiation due to heat induction resulted in 
superficial layer damage which is weakly attached to the 
underneath layer, and led to a weak bond between cement 
resin and substrate2. The Er:YAG laser showed similar 
surface roughness (Ra) as the air abrasion group which 
were not significantly higher than the control group (P 
≥0.05).	In	addition,	Er:YAG	laser	group	showed	similar	
bond	strength	as	the	control	group	(P≥0.05).	Subasi	et	al.	
reported that zirconia surface treatment with Er:YAG laser 
irradiation (100µs, 400 mj, 4 w, 10 Hz) in comparison 
with air abrasion and control groups decreased shear bond 
strength to resin cement. They stated that micro explosions 
during laser irradiation create debris which can adhere to 
melted ceramic surfaces and bond to resin cement. On the 
other hand this layer may be adhering weakly to under 
surfaces and compromise bond strength22.

In contradiction with this study, Akin et al. proposed 
the application of Er:YAG laser to increase bond strength 
of resin cement to zirconia ceramic. They also added that 
Y-TZP surface treatment by different low intensities of 
laser does not result in internal weakening of ceramic23. 
Cavalcanti et al. expressed that Er:YAG laser possesses 
the capacity for ablation, which means the elimination 
of substrate particles through microexplosions and 
evaporation. This process results in formation of undercuts 
and surface roughness that allows micromechanical bond 

Treatment Shear bond strength (Mean±SD) 
Air Abrasion 17.24±3.22 b

Control 11.87±2.97 a

Er: YAG Laser 11.15±1.36 a

Nd: YAG Laser 9.32±1.65 a

Table 3. The Mean±SD of shear bond strength (Mpa) of study groups. 
The same letters indicate no significant differences according to one-
way	ANOVA	(P≥0.05)
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of cement resin and increases bond strength14.
Results of the present study showed that all surface 

treatments have the ability to increase surface roughness. 
The application of air abrasion resulted in increase in 
shear bond strength, while Nd:YAG laser decreased it. 
Therefore our hypothesis is not acceptable.

Conclusion

Various surface treatments affect bond strength 
differently. Higher amounts of Ra do not necessarily 
implicate more bond strength.

Air abrasion is the most effective method for zirconia 
ceramic surface treatment.

Zirconia surface treatment with Nd:YAG laser resulted 
in decreased shear bond strength of composite resin to 
Y-TZP.
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