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ABSTARCT  
 
 Successful long-term bonding to zirconia ceramic remains a challenge, requiring special surface treatment 
methods. The methods used to increasemicromechanical retention to silica based ceramics do not always 
produce the required roughness and bond strength to zirconia ceramics.The present study was an attempt to 
improve the bond strength of zirconia-based ceramic restorations (Ice-zirconia- zirkonzahn) to resin 
cement.twentyone zirconia discs received 3 different surface treatments: group 1- sandblasting with110 um 
aluminum oxide particles; group 2- silica coating (cojet system) and group 3- laser irradiation (CO2laser). The 
ceramic discs were cemented to natural teeth by resin cement ( RelyXUnicem).Scanning electron microscope 
was also performed to evaluate the surface morphology changes.Shearbond strength was recorded using a 
universal testing machine at a cross-head speed of 0.5 mm/min and expressed in megapascals(MPa). All groups 
yielded statistically significantly different roughnessmean values: group 1(219.00 ± 14.8 µm);group 2(187.26 
10.72041µm); group 3(262.11 ± 31.675µm) (ANOVA and Newman-Keuls test; p < 0.05). Also, all groups 
yielded statistically significantly different shear bond strength mean values: group 1(18.69 ± 2.47 MPa); group 
2(14.51 ± 1.7 MPa); group 3(12.69 ± 2.439 MPa) (ANOVA and Newman-Keuls test; p < 0.05) 
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Introduction  
 
 There is an increasing demand for metal free restorations due to the increasing interest in esthetics. Both 
patients and clinicians have been seeking Suitable metal free tooth colored restorations. Recently, all-Ceramic 
restorations provide the most esthetically pleasing restorations currently available. The increasing need for the 
all-ceramic restorations led to the development of new high-strength ceramic materials with improved 
mechanical properties, such as aluminum oxide-based and zirconium-oxide based ceramics. 
 Zirconium oxide known as zirconia is a white crystalline oxide of zirconium.Zirconia is very useful in its 
stabilized state, several different oxides are added to stabilize the tetragonal and/or cubic phases as magnesium 
oxide, yttrium oxide and calcium oxide(Kern and Wegner, 1998). Yttria-stabilized tetragonal zirconia 
polycrystals (Y-TZP) is a high performance material with low thermal conductivity and with excellent 
biocompatibility and mechanical properties which suggests its suitability for posterior FPD.(Piconi and 
Maccauro, 1999). 

 A strong resin bond depends on micromechanical interlocking and chemical bonding to the ceramic 
surface(Blatzet al., 2002). This is achieved by different surface treatment methods. Common options are 
grinding, airborne particle abrasion with aluminum oxide, acid etching, silica coating, and a combination of any 
of these methods. 
 Bonding to traditional silica-based ceramics is an efficient procedure giving durable results. However, 
Resin bonding to a Zirconia based ceramics has always been a problem as it cannot be achieved by the methods 
commonly used for conventional silica-based dental ceramics.  The composition and the physical properties of 
the zirconium oxide based ceramics differ from those of the silica-based ceramics and need alternative bonding 
techniques to achieve a strong, long term, durable resin bond. The silica phase is the only phase able to be 
etched by hydrofluoric acid; the etching was therefore inefficient for high strength zirconia ceramics.(Blatzet al., 
2003)and(Borges et al.,2003). 
 Compared with silica based ceramics, the in vitro studies concerned with the resin bond to zirconia 
ceramics are somewhat limited. In this study Laser surface treatment and silica coating of high strength zirconia 
ceramics were carried out in an attempt to improve its bond strength to Resin Cement. 
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Materials and Methods 
 
 A total of 21 human mandibular molars free of cracks, fractures or caries were selected, cleaned by scaling 
and kept in saline till use. All teeth were embedded in autoploymerized acrylic resin blocks 2 mm below 
cementoenamel junction. The teeth were mounted in acrylic blocks. Hollow plastic cylinders with 15 mm 
internal diameter, 19 mm external diameter and 18 mm height were used to form acrylic resin blocks holding the 
teeth. A self cure acrylic resin was used for the teeth embedment. The buccal surfaces of all the teeth were 
reduced to remove all the enamel till dentin was exposed using a diamond stone. 
 A total of 21 zirconia discs were constructed from ice zirconia blocks of 16 mm height.The zirconia blocks 
were copy milled by the zirkonzahn system into discs. A specially designed metallic mould was machine-crafted 
using a universal cutting machine. The diameter of the mould was 6 mm in diameter and 3mm in depth to create 
a composite disc of 6 mm diameter and 3 mm in thickness. 
 
Steps of milling:  
 
 -The ice zirconia block was properly aligned and checked for sufficient zirconia material for milling from 
side to side in the milling unit (zircograph 025 ECO).  
 -The template holding the mockup frame was placed in the milling table and locked down.  The template 
was fixed by Attak Flex Geland Accelerator Spray from both sides. Also, the block was fixed with Attak Flex 
Gel and cure with Accelerator Spray. 
 - The outer dimensions of the block were premilled with 4L bur and the milling was carried out without 
pressure (let the tool do the work). The milling was done by the milling burs that were used to mill the pre-
sintered zirconia while the stylus reads the parameters of the mock-up frame.  
 - The pre-sintered discs were polished by zirconia polishers that finished the unblended areas of the discs 
and defined their edges. 
 - Then the discs were dipped into the color liquid for 10 seconds before sintering to acquire A1 shade. 
 - The drying lamp was used to dry the zirconia discs to prevent the heating units in the sinter furnace from 
being damaged and to avoid corrosion by the acid contained in the color liquid. 
 
Sintering: 
 
 The milled zirconia discs were sintered in the Sinter furnace (Zirkonofen)which combines the control unit 
and the combustion chamber in one casing. 
 Sintering took place at approximately 1500°C for six hours. During this process a 3-dimensional volumetric 
shrinkage of the milled disc of approximately 20% took place that is why the discs were milled approximately 
20% larger. 
 The zirconia discs were placed on the firing ring tray, a ceramic cover was placed over it so that it did not 
touch the Ceramic cover.Ceramic cover was centered on firing ring and we opened the furnace door and placed 
the firing tray in centered position then the furnace door was closed and locked. 
 
Samples Classification: 
 
 After constructions of zirconia discs,  Samples were divided according to the surface treatment into three 
groups, seven samples for each. 
 Group 1: contained seven samples subjected to Alumina blasting  
 Group 2: contained seven samples subjected to Silica blasting.  
 Group 3: contained seven samples subjected to Laser surface treatment. 
 
Surface treatments: 
 
1- Sandblasting surface treatment: 
 
 Sandblasting was carried out using 110 um alumina particles applied perpendicular to the surface, using an 
airborne-particle-abrasive device. The specimens were mounted in a special holder at a distance of 10 mm 
between from the blasting tip. Application was for 10 seconds, with a pressure of 3 bar. 
 
2- Silica coating and silanization: 
 
 • COJET Sand with particle size 30 um was loaded into the sandblaster and samples were mounted on a 
special holder. The container was cleaned and dried well and the blasting pressure was 2 to 3 bar. 



228 
J. Appl. Sci. Res., 9(1): 226-232, 2013 
 

 • The blasting time was approximately 15 secondsat a distance of 10 mm.Then thesilane coupling agent was 
applied. The ESPE SIL was poured into a dish the coated area was moisten directlywith ESPE SIL applied with 
abrush then it was allowed to dry for 30 seconds 
 
3-laser irradiation: 
 
Trials to select optimum Laser Parameters: 
 
Different trials were carried out to select the optimum laser parameter: 
  
 Y-TZP discs were subjected to CO2 laser irradiation with a Power of 5, 10, 15 watt respectively for 10 
seconds. Then a modification of the power and time was attempt to be 20 watt for 20 seconds and then to be 20 
watt for 30 seconds.A change in the laser type was also attempt; the Diode laser was used with a power of 2 watt 
for 2 minutes. All samples were subjected to roughness testing as well as SEM evaluation to select the optimum 
parameters of the laser beam. 
 The laser treatment was achieved by using CO2 laser machine (CO2medical laser system model ATL-250). 
A beam of 10.6 um wavelength was delivered in a continuous mode through an articulating arm. The entire 
ceramic surface was manually scanned in a circular motion to include the whole surface, since the CO2 laser 
beam diameter is 0.4mm. The laser parameters used were (20 watt Power, 200 J Energy and 10 seconds 
application time repeated three times with a resting period of 10 seconds between each application).  
 
Testing procedures:  
 
Surface roughness measurements: 
 
 Using ESEM (Environmental Scanning Electron Microscope)with magnification 1000 X, the surface 
roughness was measured by special computer software.  
 
Bond strength measurements: 
 
 A shear test was carried out to evaluate the bond strength. All samples were individually mounted onto a 
computer controlled materials testing machine with a load cell of 5 KN and data were recorded using computer 
software. Sample was secured to the lower fixed compartment of testing machine by tightening screws. Shear 
bond strength test was done by compressive mode of load applied at ceramic-dentin interface using a mono-
beveled chisel shaped metallic rod attached to the upper movable compartment of the testing machine, traveling 
at cross-head of 0.5 mm/min. The load required for debonding was recorded in Newton. 
 
Results: 
 
Results of the Surface roughness: 
 
 Descriptive statistics of surface roughness results for all tested groups including mean, standard deviation 
minimum and maximum values are summarized in table (1). 
 
Table 1: surface roughness mean values for all tested groups. 

Surface treatment  Mean ± SD NK rank ANOVA 

Laser group 262.11 ± 31.675 A F value P value 

Silica Coating group 187.26 ± 10.72041 C 12.4 0.0007* 

Sand blasting group 219.00 ± 14.8 B 

Different letter in the same column indicating statistically significant difference (Newman-Keulstest ;p< 0.05)      *; significant (p < 0.05) 
 
Results of the Shear bond strength: 
 
 Descriptive statistics of shear bond strength results for all tested groups including mean, standard deviation 
minimum and maximum values are summarized in table (2). 
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Table 2: Shear bond strength mean values for all tested groups. 

Surface treatment group Mean ± SD NK rank ANOVA 
Laser group 12.69 ± 2.439 B F value P value 

Silica Coating group 14.51 ± 1.7 B 7.2 0.0117* 
Sand blast group 18.69 ± 2.47 A 

Different letter in the same column indicating statistically significant difference(Newman-Keuls test ;p < 0.05) *; significant (p < 0.05). 
 

Results of the Scanning Electron Microscope: 
 
 SEM examination was made for all the samples under magnification of1000-X to show the effect of the 
surface treatment methods on zirconia surface topography. Figure (1), showed the SEM image of the untreated 
zirconia surface with smooth surface without any morphologic changes. 
 For the laser surface treatment, SEM observations showed that the laser energy promoted surface changes 
in the form of little material removal related to formation of pores, elevations and depressions over the surface. 
Also, debris that adheres to the melted surfaces could be seen. Figure (2) 
 Sandblasting created a rougher surface, the image showed a change in surface texture with the formation of 
micro-retentive grooves. The entire surface was roughened but in an irregular pattern. Figure (3) 
 Figure (4), showed the SEM image of the silica coating group with the deposition of silica particles on the 
zirconia surface. 
 

 
 
Fig. 1: SEM image, demonstrating untreated zirconia surface. (X-1000). 
 

 
 
Fig. 2: SEM image, demonstrating zirconia surface after being treated with laser irradiation. (X-1000). 
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Fig. 3: SEM image, demonstrating zirconia ceramic after being treated with Sandblasting. (X-1000). 
 

 
 
Fig. 4: SEM image, demonstrating zirconia surface after being treated with cojet sand. (X-1000). 
 
Discussion: 
 
 A durable and stable bond between luting cements and ceramics is fundamental for the long-term 
performance of all ceramic restorations. One of the key mechanisms for an adequate bond between resin cement 
and ceramic is the micromechanical attachment.Regardless of the ceramic composition and microstructure, 
surface texture is believed to play a major role in the resulting strength and clinical survival of the restoration. 
Different ceramic surface treatments have been introduced to improve the bond to the resin luting 
cement.Roughening the inner surfaces of ceramic restorations increases the area available for the penetration of 
resin-based materials, enhancing the mechanical bond. 
 Although hydrofluoric acid etching and the application of a silane coupling agent to silica-based ceramics 
increases the bond strength between all-ceramic restorations and composite resins. These techniques do not 
improve the bond strength of zirconia and alumina ceramics because their high crystalline content makes them 
resistant to acid etching. 
 This in vitro study aimed to investigate the effect of three different surface treatments on the surface 
roughness of the zirconia ceramics and on the shear Bond strength between the zirconia surfaces and resin 
cement. 
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 In this study copy milled Y-TZP ceramic (Ice zirconia ,Zirkonzahn- Italy) was selected due to its superior 
mechanical properties and its good  esthetics allowing it to be used even in posterior long span bridges 
(Guazzato et al., 2005). The copy milled ice zirconia had nearly same mechanical properties as other Y-TZP 
ceramics milled by CAD/CAM technique and at the same time it is less expensive. 
 In the present study, Sandblasting for zirconia was carried out as it was recommended by many authors 
(Kern and Wegner, 1998),(Guazzato et al., 2005) (Kombuloglu et al., 2006) (Wolfartet al., 2007) and (De 
oyague et al., 2009) as a preferred surface treatment method for zirconia ceramics. 
 Since other methods were not successful enough to produce the required bond strength between zirconia 
ceramics and resin cements, laser was proposed by many authors(Li et al.,2000), ( Da Silveiraet al.,2005) and 
(Sphoret al.,2008) as a new surface treatment method to improve surface roughness and bond strength of 
zirconia ceramics to resin cements. 
 Selection of CO2laser type to be used in our current study based on the previous findings by (stubingeret al., 
2008)they reported that CO2 laser revealed a distinct surface alterations to zirconia surface at various laser 
parameters. This could be attributed to that the CO2 laser beam does not penetrate the ceramic surface or cause 
surface preservation as other laser types. And since the principal effect of laser energy is the conversion of light 
energy into heat and the most important interaction between laser and substrate is the absorption of the laser 
energy by the substrate (Coluzzi et al., 2004).So, this explains why CO2 laser was selected. The CO2 laser 
showed complete absorption by the zirconia surface. 
 CO2 laser was applied manually on the discs(stubingeret al., 2008) in a circular motion to expose the entire 
surface, as the laser beam diameter is 0.4mm only. The pilot studies showed that using low power settings 
produced nearly no changes in the  surface roughness measurements while using 20 watt Power for 30 seconds 
without resting periods produced excessive melting of the ceramic surface that was seen directly without SEM. 
 The laser parameters applied were (20 watt Power, for 10 seconds repeated 3 times with resting periods of 
10 seconds and 200J Energy for each shot). These parameters were selected after a series of pilot studies. Using 
these parameters, the surface destruction that might be in the form of cracks or excessive melting was prevented. 
 A resting period of 10 seconds between each shot was made to reduce the cumulative thermal effect of the 
laser beam on the zirconia surface and preventing surface melting of the ceramic. 
 The higher roughness of the laser treated samples could be attributed to the effect of the laser energy 
discharge that promoted a distinct surface changes in the form of pores caused by material removal by the laser 
and elevations caused by fusing and melting of the most superficial ceramic layer and its resolidification.The 
studiesfound a diversemicromechanicalretention pattern originated by laser application, which is completely 
different from the other surface treatments. 
 The zirconia surfaces treated with Sandblasting showed higher roughness measurements than the silica 
coating group and this could be attributed to  the large particle size 110 um of alumina compared to that of cojet 
sand used in silica coating which was 30um. Asthe surface grain size has been related to the particle sizeeffect, 
it may be possible that the smaller particle size ofcojet sand decreased the efficiency of the abrasion process(Sun 
et al., 2000) The significant reduction in surface roughness of silica-coated group compared to other groups may 
also be attributed to the precipitated silica layer that might eliminated surface defects blocking the surface 
irregularities and smoothen the copy-milled zirconia surface.(Anwar and Badr, 2000). 

 The highest shear bond strength mean value recorded for the sandblasting could be attributed to the increase 
in the surface area created by sandblasting allowing acceptable roughness facilitating resin/ceramic 
micromechanical interlocks formation.The abrasive process removes the loose contaminated layers, increases 
the surface area available for bonding and improves the wettability of the luting material. It was also suggested 
that air abrasion reduces inherent surface defects or those generated as a result of the manufacturing 
process(Anwarand Badr,2000).Also sandblasting is associated with less material removal from the surface and 
low temperature developing. 
 The decrease in shear Bond strength of silica coated zirconia could be attributed to the slight modification it 
produced on zirconia surface, although silica coating deposited a silica layer on zirconia surface promoting a 
chemical bond at the ceramic- resin cement interface but it did not result in a frank surface modification and did 
not produce a stable uniform silica layer to Y-TZP(Kern and Wegner, 1998). The silica coverage originating 
from the coating particles appeared not to be really firmly attached to the hard zirconia surface. Therefore, the 
weakly attached silica layer seems to be the weak link during bonding.(Sun et al., 2000).  
 They attributed this to the increased silica content resulting from silica coating and formation of a chemical 
bond with the resin cement through the silane coupling agent. However, most of these studies were working 
with In-Ceram Zirconia and since In-Ceram zirconia is an aluminous ceramic composed of 62% by volume of 
AL2O3 and 20% by volume of ZrO2mixed with glass, it is safe to suggest that the application of cojet sand on In-
Ceram Zirconia present greater facility for silica coating than ceramics without the vitreous phases such as Y-
TZP( Bottinoet al.,2005).It provides better fixation of silica particles in the vitreous phases of the glass-
infiltrated ceramics than in the compact surface of Y-TZP. Zirconia framework materials may have different 
surface and bulk structural characteristics because of differences in grain size, shape, composition, density and 
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hardness this may explain the difference seen in surface roughness and in Bond strength results.(Aboushelibet 
al., 2008). 
 The shear bond strength values recorded with Y-TZP discs treated with CO2laser showed the lowest values 
although it recorded the highest roughness measurements. This may be attributed to the incomplete wetting of 
the non accessible pits in the depth of the grooves created by laser irradiation. This roughness has the advantage 
of increasing potential area for bonding, but can also give rise to the entrapment of air specially with excessive 
increase in the depth of these irregularities.Also,the sharp, accentuated and differently oriented and distributed 
peaks, may have promotedstress concentration at the interface causing a decrease in the ceramic cement bond 
strength.(Anwar and Badr, 2000). 
 
Conclusions: 
 
 Within the limitations of the present study the following conclusions could be withdrawn: Laser surface 
treatment showed a significant effect on the surface roughness of zirconia ceramics. Increasing surface 
roughness of zirconia ceramics using laser surface treatment had no significant effect on the shear Bond strength 
between zirconia ceramics and resin cement. Sandblasting remains the most suitable and easier method for 
enhancing the bond strength between zirconia ceramics and resin cement. 
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