
SUMMARY
Objectives: To compare the effects of airborne-particle abrasion (APA) 

and tribochemical silica coating (TSC) surface treatment methods on the 
shear bond strength of zirconia ceramics systems, resin cements and tooth 
surface

Materials and Methods: Prefabricated Cercon and ZirkonZahn 
specimens treated with Al2O3 APA and TSC (Cojet, 3M ESPE) were luted on 
a dentin surface with Panavia F 2.0 (Kuraray, Japan) and Multilink Automix 
(Ivoclar Vivadent, Liechstein). The specimens were immersed in distilled 
water (37°C) for 30 days and then loaded in a universal test machine with a 
crosshead speed of 1 mm/min. Shear bond strength at failure was measured 
and recorded in N. The data were analysed by Mann-Whitney-U test 
(p<0.005) and by Chi-square test. Results: It’s demonstrated that the surface 
treatment affected the bond strength of all specimens. The mean bond 
strength values of the 2 zirconia systems were nearly the same. Shear bond 
strength of Cercon specimens treated with Cojet System, luted with Panavia 
2.0 (242, 77 ± 53, 17 N were found to be significantly higher (p=0.04) than 
the other specimens. Fractures were observed at the interface between the 
ceramic surface and the cements or within the cements.

Conclusion: There were no statically significant differences between 
zirconium systems (Cercon and Zirkonzahn). The specimens luted with 
Panavia F 2.0 showed higher shear bond strength values than the specimens 
luted with Multilink Automix. Panavia F 2.0 cement could be used with TSC, 
when the additive retention was needed.
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Introduction

Like many areas of dentistry, aesthetic restorative 
materials have improved because of their improved 
biocompatibility and optical properties compared with metal-
ceramic restorations1. Zirconium restorations are stronger 
than the other all-ceramic restorative non-metal restorative 
materials. They are indicated for all-ceramic posterior 
crowns and bridges and indicated anywhere in the mouth. 
The superior mechanical properties, and the aesthetic colour, 
combined with CAD/CAM technology, all make zirconia 

the core material of choice2,3. CAD-CAM method of 
fabricating zirconia single copings and frameworks involves 
manipulation of a 3-D design on the computer screen, 
followed by the automated production by a computer-
controlled milling machine4. There are 3 components to 
the CAD/CAM system: scanning, designing, and milling. 
MAD-MAM system of a coping or framework is manually 
fabricated in wax or composite, and then the pattern is 
placed into the pantographic machine. The copying arm of 
the machine traces the wax pattern while the cutting arm, 
which has a carbide cutter, mills a selected “green” or pre-
sintered zirconia block. The final shape is 20% to 25% larger 
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room temperature (37ºC +/-1ºC). Teeth were brushed 
with pumice at 6000 rpm until they were visually clean. 
The cleaned specimens were inspected by a halogen light 
for any pre-existing minor cracks. The roots of each tooth 
were embedded in a plastic cylinder of 2.5 cm diameter, 
3.5 cm in height, filled with auto polymerizing acrylic 
resin (Meliodent, Heraeus Kulzer, Berkshire, USA). The 
specimens were attached with a sticky wax (Sticky Wax 
772, Giordano Vannini, Firenze, Italy) to a pin fixator 
vertically. The teeth were embedded in acrylic resin 
(Meliodent, Heraeus Kulzer, Berkshire, USA) blocks to 
1mm below the cemento-enamel junction. The pin fixator 
was detached after acrylic resin polymerization, and to 
remove the sticky wax, the specimens were cleaned under 
hot water. Dentin surface was cut on the occlusal surface 
of each specimen with a high speed of diamond disc 
vertically (Norton Diamond Wheel Blade, 10.2 cm x 0.30 
mm, Buehler, USA). 

80 standardized (10×5×2.5 mm) prefabricated 
zirconium specimens (Cercon and ZirkonZahn) were 
used (40 of each). Each zirconium specimen was divided 
into 4 subgroups according to surface treatment agents 
and luting cements. 40 zirconium specimens were 
prepared with Cercon (Degudent GmbH, Frankfurt, 
Germany) and other 40 samples with ZirkonZahn 
(GmbH, Italy). The zirconium specimens were divided 
into 2 groups (20 of each). ZirkonZahn and Cercon 
samples were sandblasted with APA (110 µm Al2O3 
particles). The others were subjected to TSC with 
CoJet system (3M ESPE GmbH Neuss, Germany) 
(n=20). 2 of the surface treatment groups were applied 
perpendicular to the ceramic surface at a distance of 10 
mm for 15 seconds and at a pressure of 2 bars according 
to manufacturer’s direction. Then any residual blast-
coating agent was removed with an oil-free air. The 
surfaces treated with TSC were coated with a silane 
coupling agent (ESPE-Sil; 3M ESPE), which was 
allowed to air dry for 5 seconds. 10 samples of each 
surface conditioning system were cemented with a dual 
cured resin cement (Panavia F 2.0 (Kuraray Medical 
Inc, Okayama, Japan), the others were cemented with 
a chemically cured resin cement, Multilink Automix 
(Ivoclar Vivadent AG, Schaan, Liechtenstein), according 
to the manufacturer’s directions. ED Primer A and ED 
Primer B (Kuraray, Okayama, Japan) and Multilink 
Primer A and Multilink Primer B (Ivoclar Vivadent AG, 
Schaan, Liechtenstein) were mixed in a same ratio and 
were applied only for 30 and 15 seconds respectively 
on a prepared tooth surface and air dried. A dual-
polymerizing resin luting agent - Panavia F 2.0 (Kuraray 
Medical Inc., Okayama, Japan) and Multilink Automix 
(Ivoclar, Vivadent, Liechestein) was mixed according to 
the manufacturer’s recommendations, and applied to the 
treated surface of the zirkonia specimens, and placed on 
the prepared tooth surfaces. Excess cement was removed 
with a brush, and the tooth-resin cement-zirconia 

to account for shrinkage during the sintering step. Besides 
the lower cost factor for these types of milling machines, 
this method of milling allows the dental technician to 
correct any discrepancies found in the tooth preparation by 
compensating during the waxing of the pattern5.

The retention of restoration is a result of a complex 
phenomenon in which the mechanical and rheological 
properties of luting agents are of primary importance6. 
Derand and Derand7 evaluated different surface treatments 
and resin cements and found that auto-polymerizing resin 
cement exhibited the significantly highest bond strength 
regardless of surface treatment. Hydrofluoric acid etching 
and the application of a silane coupling agent to silica-based 
ceramic increases the bond strength between all-ceramic 
restorations and composite resins. These techniques do 
not improve the bond strength of zirconium and alumina 
ceramics because their high crystalline content makes them 
resistant to acid etching7,8. Some studies have evaluated the 
effect of silica coating on the bond strength of acid-resistant 
ceramics bonded to resin luting agents8-12. They found that 
silica coating “energizes” the substrate surface, which allows 
the silica to adhere to it. Also, silane improves the bond 
between the silica adhered to the substrate and the resin 
matrix. The CoJet System (3M ESPE, Seefeld, Germany)13 
may significantly increase the bond strength for high-
alumina and zirconium-oxide ceramics compared to that of 
airborne-particle abrasion alone in a clinical condition.

Cement selection is prerequisite for ensuring effective 
bond strength to zirconia. Phosphate monomer-based luting 
agents have been proposed for cementation14. Multistep 
10-MDP containing luting systems have been previously 
investigated recording satisfactory results15,16. It’s found 
that high and reliable resin bond to alumina and zirconia 
ceramics was achieved with airborne particle abrasion 
and by using phosphate monomer (MDP) containing 
resin composite luting cement. Atsu et al17 found that 
tribochemical silica coating and the application of a 
10-methacryloyloxydecyl dihydrogen phosphate monomer 
(MDP)-containing bonding/silane coupling agent mixture 
has been shown to increase the shear bond strength between 
zirconium-oxide ceramic and resin luting agent. 

The purpose of this study was to investigate the 
effects of APA and clinical TSC surface treatment 
methods on the bond strength between zirconia 
ceramics systems, different resins cements and dentin. 
The following null hypothesis was tested: there is no 
difference in the shear bond strength of zirconia systems 
when the surface treatments groups were compared with 2 
different resin cements.

Material and Methods

80 recently extracted caries-free mandibular molars 
of similar sizes were selected and stored in tap water at 
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of each material used in this study were shown in table 
2. Following polymerization, specimens were stored in 
distilled water at 370C for 30 days. The specimens were 
loaded axially in a universal test machine (Testometric 
Micro 500 (Testometric Company Ltd, Lancashire, 
England) with a crosshead speed of 0.05 mm/min until 
fracture. Shear bond strength at failure were measured 
and recorded for each group in Newton. 

complex was then placed in a custom-made alignment 
apparatus and a weight of 50 N was applied18. The 
alignment apparatus was used to standardize the bonding 
procedure and consisted of parallel guides, a holder for 
the specimen and an added weight19. The specimens were 
polymerized 40 seconds with LED (Voco, Almanya) from 
each aspect, a total of 160 seconds. The groups were 
summarized in table 1. Manufacturer and composition 

Table 1. Distribution of specimens 

Cercon Specimens (n:40) Zirkonzahn Specimens (n:40) 

Treated with 110 µm Aı2O3  
(n:20)

Treated with 
Cojet System (n:20)

Treated with 110 µm Aı2O3  
(n:20)

Treated with 
Cojet System (n:20)

Cemented 
with Panavia 
2.0 
(n:10)
(CAP)
1th group

Cemented 
with Multilink 
Automix
(n:10)
(CAM)
2nd group

Cemented 
with Panavia 
2.0 
(n:10)
(CCP)
3rd group

Cemented 
with Multilink 
Automix
(n:10)
(CCM)
4th group

Cemented 
with Panavia 
2.0 
(n:10)
(ZAP)
5th group

Cemented 
with Multilink 
Automix
(n:10)
(ZAM)
6th group

Cemented 
with Panavia 
2.0 
(n:10)
(ZCP)
7th group

Cemented 
with Multilink 
Automix
(n:10)
(ZCM)
8th group

Table 2. Manufacturer, composition and batch number of each material used 
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Table 3. Mean (SD) of shear bond strength. Mode of failure according to Chi square test results (p<0.05):  
Type I - cohesive failure in teeth; Type II - adhesive failure between teeth and resin cement;  

Type III - cohesive failure in resin cement; Type IV - adhesive failure between the resin cement and zirconium surface;  
Type V - cohesive failure in ceramic

Specimens Groups Shearbond Strength (N) Failure Types (%)

Type I Type II Type III Type IV Type V

Cercon CAP 192.61±38.12 10 60 30 10 0

CAM 174.32±39.18 0 80 20 0 0

CCP 242.77±53.17 10 40 30 20 0

CCM 209.05±36.06 20 30 40 10 0

Zirkonzahn ZAP 194±48.45 10 30 50 10 0

ZAM 187.98±39.04 10 40 30 20 0

ZCP 231.6±44.18 0 50 40 10 0

ZCM 214.18±50.03 10 30 60 0 0

Table 4. Results of the statistical analysis according to the cements  

Surfaces Multilink Panavia MW p

Zirkonzahn
Cojet 214.18±50.03 231.6±44.18 44 0.65

Air-abraded 187.98±39.04 194±48.45 43 0.63

Cercon
Cojet 209.05±36.06 242.77±53.17 22 0.04

Air-abraded 174.32±39.18 192.61±38.12 36 0.29

Mann-Whitney-U test

Table 5. Results of the statistical analysis according to the surface treatments methods

Cojet Air-abraded MW p

Zirkonzahn
Multilink 214.18±50.03 187.98±39.04 33 0.199

Panavia 231.6±44.18 194±48.45 29 0.112

Cercon
Multilink 209.05±36.06 174.32±39.18 26 0.070

Panavia 242.77±53.17 192.61±38.12 17 0.013

Mann-Whitney-U test

Table 6. Results of the statistical analysis according to the zirconium systems  

Zirkonzahn Cercon MW p

Cojet
Multilink 214.18±50.03 209.05±36.06 43 0.597

Panavia 231.6±44.18 242.77±53.17 35 0.257

Air-abraded
Multilink 187.98±39.04 174.32±39.18 37 0.353

Panavia 194±48.45 192.61±38.12 48 0.880

Mann-Whitney-U test
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according to the zirconia systems, surface treatments 
methods and cements were shown in tables 4, 5 and 6, 
respectively.

Significant difference was found for CCP group. 
Surface treatment of Cercon specimens treated with 
TSC resulted in higher mean shear bond strengths for 
Panavia F 2.0 resin cement (CCP: 242, 77 N; p=0.04). 
No statically significant difference was found between 
zirconium systems (Cercon and Zirkonzahn) and surface 
treatment’s groups, APA and TSC. 

Mostly adhesive failures at the ceramic-
cement interface (Type II) and cohesive failures 
within the cements (Type III) were observed at the 
debonded surfaces under x25 magnification with the 
stereomicroscope (Figs. 1-6). Adhesive failures at the 
teeth-cement interface were exhibited 10% in CAP, CCM, 
ZCP and ZAP groups, and 20% in CCP and ZAM groups. 
Cohesive failures in ceramic were not observed (Type V). 
Cohesive failures in teeth (Type I) were not observed also 
in CAM and ZCM groups (Tab. 3). 

Debonded specimen surfaces were examined using 
a stereomicroscope (Leica Cambridge Ltd, Cambridge, 
England) at x25 magnification and a scanning electron 
microscope (Jeol JSM-5600, England) at x150 and x500 
magnification. Location and type of the failure were 
recorded. The failure modes of the specimens were 
classified in 5 groups and described in table 3. NCSS 
2007 pocket program was used for statistical analysis. 
Chi-Square test was used to evaluate all the results (mean 
shear bond strengths values, their standard deviations and 
failure type - table 3). Multiple comparisons were made 
with Mann-Whitney-U multiple range analysis (Tabs 4, 5 
and 6).

Results

The mean, standard deviation of shear bond strength 
test results and failure type according to Chi square test 
results were shown in table 3. Statistical analysis’s results 

Figure 1. Type 1 failure image

Figure 2. Type 2 failure image
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Figure 3. Type 3 failure image

Figure 4. Type 4 failure image

Figures 5. Cercon Stereomicroscope and SEM İmages 

Figure 5 a. Cercon Specimens without surface treatment

Figure 5 c. Cercon Specimens treated with Cojet System 

Figure 5 b. Cercon Specimens treated with 110 µm Al2O3 

a b

c
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Figure 5 d-1. CAP group Type 2 failure surface x25 stereomicroscope 

Figure 5 e-1. CAM group Type 2 failure surface x25 stereomicroscope

Figure 5 f-1. CCP group Type 2 failure surface x25 stereomicroscope 

d1 d2

Figure 5 d-2. CAP group Type 2 failure x150 SEM images

Figure 5 e-2. CAM group Type 2 failure x150 SEM images

Figure 5 f-2. CCP group Type 2 failure x150 SEM images

e1 e2

f1 f2
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Figure 5 g-1. CCM group Type 3 failure surface x25 stereomicroscope Figure 5 g-2. CCM group Type 3 failure x150 SEM images

g1 g2

Figures 6. Zirkonzahn Stereomicroscope and SEM İmages 

Figure 6 a. Zirkonzahn specimens without surface treatment

Figure 6 c. Zirkonzahn specimens treated with Cojet System

Figure 6 b. Zirkonzahn specimens treated with 110 µm Al2O3 

a

c

b
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Figure 6 d-1. ZAP group Type 3 failure surface x25 stereomicroscope 

Figure 6 e-1. ZAM group Type 3 failure surface x25 stereomicroscope 

Figure 6 f-1. ZCP group Type 3 failure surface x25 stereomicroscope

Figure 6 d-2. ZAP group Type 3 failure x150 SEM images

Figure 6 e-2. ZAM group Type 3 failure x150 SEM images

Figure 6 f-2. ZCP group Type 2 failure x150 SEM images

d1

e1

f1

d2

e2

f2
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silica particles14. In the presented study, treated zirconia-
reinforced ceramic surfaces with APA and TSC, and 
silane application evidently enhanced the bond between 
luting cement and ceramic surfaces. The silica layer left 
by silica coating on the ceramic surface provides a basis 
for silane to react. In the ceramic-resin bond, silane 
functions as a coupling agent, which adsorbs onto and 
alters the surface of the ceramic, thereby facilitating 
chemical interaction8,27,31,32. The other reason for lower 
results obtained after APA could be due to the weak bond 
between Al-Si-O, as reported by Ozcan8. 

Resin bonding of ceramic restorations to the 
supporting tooth structure increases retention, marginal 
adaptation, and fracture resistance of the restored tooth 
and the restoration. Therefore adhesive cementation may 
be beneficial for high-strength ceramic full-coverage 
restorations, especially in situations of compromised 
retention or high occlusal load9. Burke et al34 strongly 
suggested to use of resin as a luting material for ceramic 
restorations. Madani et al35 reported that the use of 
Panavia Ex/Panavia 21 on sandblasted In-Ceram can 
produce tensile bond strengths up to 35 MPa. The 
adhesive monomer (MDP)-containing resin cement was 
found to have higher bond strength to the sandblasted-
only ceramic surface than the value achieved with the use 
of a conventional Bis-GMA resin.

The results of this study showed that the bonding 
could be increased by the application of silica coating/
phosphate monomer-based luting agents and silica 
coating/MDP-containing bonding/silane coupling agent 
mixture in similar degree. The bond strength was found 
to be significantly higher in silica coating/phosphate 
monomer-based luting agents group; CCP (242.77 ± 
53.17 N). There were no significant differences between 
other groups. Secondary highest bond strength value were 
obtained with silica coating/MDP-containing bonding/
silane coupling agent mixture group; CCM (209.05±36.06 
N). No differences were found among the other groups. In 

In SEM micrographs (Figs. 5 and 6), the machined 
zirconia surfaces were characterized by regularly and 
evenly distributed crystal grains. After APA, the smooth 
surface of Cercon and Zirkonzahn specimens were 
roughened and crystal grains were no longer observable. 
The topographic pattern of the specimens abraded with 
airborne APA and TSC specimens was different. TSC 
specimen’s surface topography was more roughened and 
porosities were observed. On the debonded areas, the 
porosities were filled with the silane coupling agent, so 
that the surfaces of all samples were smoother. 

Discussion

One of the null hypotheses, that there is no difference 
in the shear bond strength of zirconia systems when 
two surface treatments group were compared with two 
different resin cements, was proved for the first part of 
the hypotheses. No difference in the shear bond strength 
of zirconia ceramic systems and surface treatments 
groups was defined, but the second part was rejected: the 
difference was defined in tested resin cements results.

Bonding of ceramic to tooth substance is based on 
the adhesion of luting cement and its bonding resin to 
the ceramic substrate together with the adhesion of luting 
cement to enamel and dentin24,25. Most of the studies in 
the literature showed the bond strengths of zirconium 
samples to the composite7,17,20,26,27. There are few studies 
in the literature that used tooth structure (enamel or 
dentin) as the bonding area24,25,28,29. 

Many studies reported that airborne abrasion 
may increase the surface area, resulting in acceptable 
micrometre scale facilitating resin-ceramic 
micromechanical interlocks formation14,30. Tribochemical 
silica coating technique is supposed to provide ultrafine 
mechanical retention embedding treated surfaces with 

Figure 6 g-1. ZCM group Type 2 failure surface x25 stereomicroscope Figure 6 g-2. ZCM group Type 2 failure x150 SEM images

g1 g2
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long-term storage are the factors that can have effects 
on the durability of the resin bond strength to zirconium, 
and they are important parameters to simulate oral 
conditions17. In the present study, the specimens were kept 
only 30 days in distilled water after cementation protocols 
as in Dunnn et al38 study, to provide the water absorption 
of the resin cement. Further studies are needed to evaluate 
the effect of thermal cycling on the bond strength values 
for the tested materials. 

Conclusion

There were no statically significant differences 
between zirconium systems (Cercon and Zirkonzahn). 
The specimens luted with Panavia F 2.0 showed higher 
shear bond strengths values than the specimens luted with 
Multilink Automix. Panavia F 2.0 cement could be used 
with TSC, when the additive retention was needed. 
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