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Abstract: Surface treatments are needed to improve bond strength between zirconia and veneering porcelain.  The purpose of this 

study was to test the shear bond strength of veneering ceramic to zirconia core after different surface treatments. The aims and 

objectives of the study  was to evaluate the effect of surface treatments on shear bond strength between zirconia and veneering ceramic 

and to compare the effect of surface treatments on shear bond strength. A total of 30 square shaped zirconia samples were prepared and 

then divided into three groups on the basis of surface treatment. The three different surface treatments were: airborne abrasion (Group 

A), application of liner (Group B) and application of slurry of dentine (Group C). A cylinder of veneering ceramic was then fabricated 

and fired on the zirconia specimens.  Each specimen was then tested for shear bond strength with the help of universal testing machine. 

The mean and SD shear bond strengths of the groups ranged from for (Group A) 16.01±2.57 MPa, (Group B) 15.14±1.76 MPa to 

(group C) 21.33± 4.16 MPa. Group C had the maximum shear bond strength followed by Group A with Group B showing minimum 

bond strength. 
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1. Introduction 
 

The objective of any restoration is to restore form, function 

and esthetics. Aesthetic dentistry is an art as well as science. 

An esthetic restoration involving anterior teeth poses a 

challenge to any clinician. Increasing patient expectations 

and the search for metal-free restorations have led to the 

advent of all-ceramic restorations. All-ceramic restorations 

must combine the mechanical properties of metal and optical 

properties of ceramics to be accepted as an alternative to 

metal ceramic restorations.  At present, zirconia-based 

materials are the strongest, most esthetic and biocompatible 

materials available for all-ceramic restorations. 

 

Zirconia has interesting micro structural properties which 

have contributed immensely to its increasing popularity in 

dentistry. The word „zirconium‟, comes from  an Arabic 

word Zargon(golden in color) which in turn comes from the 

two Persian words Zar(Gold) and Gun(color).
1
 It occurs in 

three forms i.e. monoclinic(M), cubic(C) and tetragonal(T). 

Pure zirconia is monoclinic at room temperature. This phase 

is stable up to a temperature of 1170°C. Above this 

temperature it transforms into tetragonal and then on further 

heating, it transforms into cubic phase at temperature of 

2370°C. During cooling, a tetragonal-monoclinic 

transformation takes place which is associated with a 

volume expansion of approximately 3-4%. Ruff and co-

workers
1  

showed the feasibility of the stabilization of C-

phase to room temperature by adding small amounts of 

stabilizing oxides such as CaO, MgO, CeO, Y2O3 to pure 

zirconia leading to formation of Partially Stabilized Zirconia 

(PSZ). These ceramics have a unique characteristic of 

“Stress Induced Transformation” that gives them superior 

mechanical properties compared with other ceramics. 

 

In 1975, Garvie
1
 proposed a model to rationalize the good 

mechanical properties of zirconia, by virtue of which it has 

been called „„ceramic steel‟‟. It has a high flexural strength 

(>1GPa) and fracture toughness (KIC=9-10 MPam
-1

). 

Zirconia ceramic is also used as endodontic posts and as 

implant abutments. Due to excellent physical properties and 

superior biocompatibility, it is being evaluated as an 

alternative to metal framework for full coverage crowns and 

for fixed partial dentures (FPD).
2
 

 

Zirconium dioxide or Zirconia (ZrO2) ceramic as a core 

ceramic material possesses high strength and chemical 

stability but lacks adequate translucency to achieve good 

dental aesthetics.
 
Though zirconia framework is esthetically 

better accepted than metallic framework, it remains 

clinically too white and opaque.
3
 So it has to be veneered 

with translucent glass ceramic to mimic the appearance of 

natural teeth and to enhance the esthetics. Thus, it is 

preferred to use zirconia as a core or infrastructure, while a 

glass or feldspathic ceramic must be used as an esthetic 

veneering material. The infrastructure of zirconia provides 

good masking of darkened substrates due to an adequate 

level of opacity, and also allows superior esthetics after 

veneering. 

 

Veneering ceramic is considered to be the weakest part of 

all-ceramic restorations. Sufficient bond strength between 

the ceramic veneer and zirconia substructure is essential for 

the long-term clinical success of zirconia restorations. 

Several studies showed that cracking or chipping of veneer 

from core ceramics was one of the most common failure 

modes of zirconia all-ceramic fixed dental prostheses and 

can be very disappointing to the clinicians and patients.
4 

Core-veneer bond strength is determined by various factors 

including mechanical interlocking, strength of chemical 

bonding, wetting properties, and transformation of zirconia 

crystals at the core-veneer interface due to thermal 

influences.
5 

 

To enhance the mechanical interlocking between veneer and 

core, various treatment procedures have been tried such as 

application of liners, sand-blasting or air particle abrasion, 

surface grinding etc. and have been found to have a 
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significant effect on bond strength. Liners can be applied as 

an intermediate layer between the zirconia substrate and the 

veneering ceramic to mask the framework and increase the 

wetting properties of the zirconia surface. Airborne-particle 

abrasion increases surface roughness for achieving strong 

adhesion of veneering ceramics and zirconia.
6
 

 

A study of literature shows that different types of surface 

treatments have been tested in the past but their results had 

been controversial. 

 

Jen Fischer (2008)
5
 et al had concluded that liner application 

did not affect shear strength of zirconia core to the veneering 

ceramic.  They further did a study in the year 2010 to 

evaluate the effect of air particle abrasion on bond strength 

of different veneering ceramics to Ceria-stabilized tetragonal 

zirconia/alumina (Ce-TZP/A) and concluded that airborne-

particle abrasion was   not necessary to enhance the shear 

bond strength.
7 

Jili Teng (2012)
8
 et al in his study evaluated 

conditioning methods to improve core-veneer bond strength 

of zirconia restorations. He proved that modifying the 

zirconia surface with powder coating before sintering could 

significantly increase the shear bond strength.
  

Atsushi 

Nishigori et al (2014)
9
 observed that zirconia surface 

treatment did not significantly affect shear bond strength 

after cyclic loading and airborne-particle abrasion without 

subsequent heat treatment should be avoided as a surface 

treatment in fabrication methods. Aneta Mijoska et al in 

2014 in her study on ceramic liners proved that liner 

application on the surface of zirconium oxide ceramic led to 

higher forces of the bonding between the two ceramic 

materials.
10

 

 

Several other studies have reported that the bond strength 

between zirconia ceramic copings and veneering porcelain 

was significantly affected by different surface treatments. 

However, their exact influence on the bond strength of 

veneering porcelain and zirconia copings was still   not 

clear. 

 

Therefore, further studies on these surface treatments are 

needed to improve bond strength. The purpose of this study 

was to test the shear bond strength of veneering ceramic to 

zirconia core after different surface treatments. 

 

Aims and Objectives 

The following were the aims and objectives of the study: 

a) To evaluate the effect of surface treatments on shear 

bond strength between Zirconia and veneering ceramic. 

b) To compare the effect of surface treatments on shear 

bond strength between Zirconia and veneering ceramic 

 

2. Material and Methodology 
 

This study measured the bond strength between veneering 

ceramic and zirconia specimen after surface treatment of 

zirconia with different methods. 

Total sample size:    30 

 

Following were the materials and armamentarium of the 

study: 

 

Materials and Armamentarium 

1) Square shaped zirconia specimen(3M ESPE Lava 
TM 

Plus) 

2) Acetone liquid 

3) Diamond disc (Toboom Dental Rotary, Shanghai, 

China) 

4) Silicone mold 

5) Veneering ceramic (IPS e.max Ceram–Ivoclar 

Vivadent) 

6) Air borne abrasion device (AX-B Twin–Pen 

Sandblaster, Shandong, China) 

7) 110 micrometre alumina (Al203) particles (Korex sand, 

Bego, Germany) 

8) Liner (IPS e.max Ceram Zirliner – Ivoclar Vivadent) 

9) Porcelain brush 

10) Glass slab 

11) Absorbent paper 

12) Porcelain furnace (Samkoon Abrostatic Overseas) 

13) Mounting metal jig with knife edge 

14) Universal testing machine (ASI, Sales (P) Ltd .New 

Delhi ,Model 50 KN) 

 

Methodology 
A total of 30 square shaped zirconia samples were prepared 

and then divided into three groups on the basis of surface 

treatment. The three different surface treatments were: 

Airborne abrasion, Application of liner and Application of 

slurry of dentine. A cylinder of veneering ceramic was then 

fabricated and fired on the zirconia specimens. Each 

specimen was then tested for shear bond strength with the 

help of  universal testing machine. 

 

The whole procedure was divided into four steps. 

 

Step I: Preparation of zirconia specimen 

Thirty square shaped zirconia specimens of size 5x10x10 

mm were prepared. Zirconia blocks (Fig. 1) supplied by the 

manufacturer in disk-shape, are partially pre-sintered blocks.  

It is easy to mill or shape these blocks, but they must be 

sintered after milling to achieve the final strength. 

Therefore, the size of the milled block was increased 

proportionately to compensate for the prospective shrinkage 

(20 percent) that occurs during the final sintering. 

Subsequently, after milling, the specimens were sintered in a 

high-temperature furnace (Samkoon Abrostatic Overseas) at 

1500˚C for 8 hours to get the final dimension of the zirconia 

specimen. (Fig. 2). The specimens were ground by diamond 

disc (Toboom dental rotary) to the determined size of 

5x10x10 mm. The specimens were cleaned in acetone for 15 

minutes (Fig.3). 

 

Step II: Grouping of the study sample 
Thirty square shaped zirconia samples were then divided 

into three groups and were surface treated with different 

methods. 

Group A –Air borne abrasion with Al2O3 

Group B – Company Based Liner 

Group C- Slurry of Dentin Ceramic 

 

II a    Preparation of specimens of group A 

Zirconia specimen was air borne particle abraded with 110 

micrometre alumina (Al203) particles under 4 bar pressure 

for 10 seconds at a direction perpendicular to the surface and 

a distance of 10mm. The nozzle of the sandblaster was 
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moved over the surface of the specimen to abrade it as 

evenly as possible (Fig.4, 5). Ten samples were prepared in 

a similar manner. 

 

II b. Preparation of specimens of group B 

Ceramic liner (Fig.6,7) was applied using ceramic brush on 

the surface of zirconia specimen to create an even layer. It 

was then fired at a temperature of 950°C for one minute. 

Ten such samples were made in a similar manner. 

 

II c.     Preparation of specimens of group C 

Slurry of dentine ceramic shade D3 (Fig.8) was applied with 

a ceramic brush. It was then fired in the furnance at 950° C 

for one minute. Ten such samples were made in a similar 

manner. 

 

Step III. Preparation of veneering porcelain cylinder 

On the prepared surface of each specimen, a veneering 

porcelain cylinder was applied using a custom-made split 

silicone mold (Fig. 9). Porcelain powder was mixed with the 

appropriate amount of distilled water with brush and it was 

added to build a cylinder of 3 mm in diameter and 4mm in 

height. Excess liquid was removed with tissue paper. The 

specimens of zirconia with veneered porcelain was then 

placed in the porcelain furnace. Pre drying of the sample 

was done at a temperature of 450° C for five minutes. Then, 

firing was performed (fig. 10,11) with an increasing rate of 

45°C/min from 930°C according to the manufacturer‟s 

recommendations. A second firing was required to 

compensate for the porcelain shrinkage that occurred during 

the first firing. Thus, thirty such samples of zirconia  with 

veneered porcelain were made. 

 

Step IV. Testing for Shear bond Strength 

A metal jig (Fig. 12) was made with screws to hold the 

square-shaped sample in the universal testing machine.  

Each specimen was tested in a universal testing device at a 

crosshead speed of 1mm /min (Fig. 13). The jig was made to 

hold the zirconia specimen. The shear bond strength was 

calculated from the force required to break the porcelain 

cylinder from the zirconia specimen. The testing machine 

gave the load in kilograms. The value was multiplied by 9.8 

to get the load in Newton. The Area of cylinder was 

calculated by 𝐴𝑟𝑒𝑎 = 𝜋𝑟𝑎𝑑𝑖𝑢𝑠2 . The Shear bond strength 

was calculated using the following formula: 

Shear Bond strength (MPa) = Load (N)/area (mm
2
). 

 

Mean and Standard deviation (SD) values of the Shear bond 

strength (n=10) were analyzed statistically using a 1-way 

analysis of variance test (ANOVA). Tukey‟s multiple 

comparisons test was used to assess the difference among 

groups (α=.05). All statistical analyses were performed 

using the statistical software (IBM SPSS Statica  20). 

 

 

 

 

 

 

 

 

 

 

3. Images 
 

 
Figure 1: Zirconia block 

 

 
Figure 2: 5x10x10 zirconia specimen 

 

 
Figure 3: Acetone liquid 

 

 
Figure 4: Air borne Abrasion 
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Figure 5: Sand Blaster 

 

 
Figure 6: Ceramic liner 

 

 
Figure 7: Ceramic Liner applied with brush 

 

 
Figure 8: Slurry of dentine ceramic shade D3 

 

 
Figure 9:  Custom-made split silicone mold 

 

 
Figure 10: Porcelain furnace 

 

 
Figure 11: Prepared zirconia specimen with veneered 

porcelain cylinder 
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Figure 12: Metal jig 

 

 
 

4. Results 
 

All the three groups i.e. Group A (air borne abrasion with 

Al2O3), Group B  (Company Based Liner) and Group C 

(Slurry of Dentin Ceramic) which were surface treated with 

different methods were evaluated for shear bond strength  in 

MPa. Each group was checked for null hypothesis. 

 

Null hypothesis: The null hypothesis was that the shear 

bond strength of veneering ceramic with non treated 

zirconia would not be different from that of veneering 

ceramic. 

 

The mean and SD shear bond strengths of the groups ranged 

from (Group A) 16.01±2.57 MPa, (Group B) 

15.14±1.76MPa to (Group C) 21.33± 4.16MPa. Group C 

had the maximum shear bond strength followed by Group A  

and least with Group B. 

 

The comparison of shear bond strength of all the three 

groups is mentioned in Table I. 

 

Table 1: Shear Bond strength of all the three groups in 

(MPa) of each specimen 

Samples 
Sand Blasting 

(Group A) 

Liner 

(Group B) 

Dentine Ceramic 

(Group C) 

1 19.7 14.9 24.4 

2 18.9 17.2 23.2 

3 17.04 14.2 30.4 

4 18.4 14.2 23.6 

5 12.7 11.4 16.7 

6 15.1 17.4 19.3 

7 15.7 14.9 17.1 

8 12.7 14.9 19.2 

9 13.3 16.6 18.7 

10 16.6 15.7 20.7 

 

The Mean of the three groups were as follows: 

1) Group A: Shear Bond Strength of (group A) ) =16.01 

MPa 

2) Group B: Shear Bond Strength of (group B) =15.14 

MPa 

3) Group C: Shear Bond Strength of (group C) = 21.33 

MPa 

 

Graph I shows the bar chart to compare the bond strength of 

the three groups with their standard deviation 

 

 
 

Graph I. Mean shear bond strength of surface treated 

groups 

 

Therefore, the obtained data is showing a significant 

difference among groups with different surface treatments, 

so it rejected the null hypothesis (Table III). The one -way 

analysis of variance is showing a significant difference in 

the shear bond strengths between groups (F =12.489, df=2, 

P<0.01) in table IV.  Tukey Multiple Comparison results are 

mentioned in  

 

Table IV: The “IBM SPSS Statistics 20” was used for the analysis of results 
Descriptive 

 
N Mean SD Std. Error 

95% Confidence Interval for Mean 
Minimum Maximum 

Lower Bound Upper Bound 

Sand Blasting (Group A) 10 16.01 2.57 0.81 14.18 17.85 12.70 19.70 

Liner (Group B) 10 15.14 1.76 0.56 13.88 16.40 11.40 17.40 

Dentine Ceramic (Group C) 10 21.33 4.16 1.32 18.36 24.30 16.70 30.40 

Total 30 17.49 4.01 0.73 16.00 18.99 11.40 30.40 
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Table II. Mean, standard deviation and range of surface 

treated groups. 

 

The descriptive statistics for the three groups have been 

presented in the table II. 

 

Results showing that the mean SBS of the group B (liner) 

has been lowest at 15.14MPa approximately with standard 

deviation of 1.76. On the other hand, the results showing 

that average bond strength of the group C (slurry of dentine) 

is highest at 21.33MPa  with standard deviation of 4.16 

followed by group A (air borne abrasion ) for which the 

average bond strength has been 16.01MPa  with standard 

deviation of 2.57. The minimum value has been lowest for 

the liner group B is at 11.40MPa. Also, the minimum value 

has been highest for the dentine ceramic group C is at 

16.70MPa.  The maximum value has been lowest for the 

liner group (B) at 17.40MPa while maximum value has been 

highest for the group (C) dentine ceramic at 30.40MPa 

ANOVA 

Source of Variance 
Sum of  

Squares 
df 

Mean  

Square 
F p value Sig. 

Between Groups 224.466 2 112.233 

12.489 .001 HS Within Groups 242.635 27 8.986 

Total 467.101 29  

 

Table III. Showing one way ANOVA 

 

One way ANOVA has been conducted to test that there has 

been significant difference between the mean for shear bond 

strength. The results presented for the one way ANOVA are 

showing that the p-value for the F-Stat is close to zero, 

which means that there has been statistically significant 

difference between the mean of at least one of these pairs. 

The value of F (12.489) for df (2, 27) and p=0.001 is 

significant. 

 

Table IV: Tukey Multiple Comparison 

Tukey Multiple Comparisons 

(I) Group (J) Group 
Mean Difference 

(I-J) 
Std. Error p value 

95% Confidence Interval 

Lower Bound Upper Bound 

Sand Blasting (Group A) 
Dentine Ceramic (C) -5.316* 1.341 .001 -8.640 -1.992 

Liner (B) 0.874 1.341 .793 -2.450 4.198 

Liner (Group B) 
Dentine Ceramic (C) -6.190* 1.341 .001 -9.514 -2.866 

Sand Blasting (A) -0.874 1.341 .793 -4.198 2.450 

Dentine Ceramic (Group C) 
Liner (B) 6.190* 1.341 .001 2.866 9.514 

Sand Blasting (A) 5.316* 1.341 .001 1.992 8.640 

 

The mean difference is significant at the 0.05 level. 

 

The analysis of Tukey Multiple Comparison test is as 

follows: 

 

Air borne abrasion and dentine ceramic: The value of the 

difference between the mean of air borne abrasion and 

dentine ceramic i.e. -5.316 which indicates that both groups 

had statistically significant difference. The p-value has been 

equal to  0.001 which showed that group C  is better than 

group A. 

 

Air borne abrasion and liner: The value of the significant 

difference between the mean of group A and group B has 

been equal to 0.874 which indicates that the mean of the air 

borne abrasion has been higher than that of the mean of liner 

by 0.874. The p-value of the test is 0.793 But on the basis of 

mean value group A (16.01) is better than the group B 

(15.14). 

 

Liner and dentine ceramic: The value of the significant 

difference between the mean is 6.190 which indicates the 

mean of the liner (15.14) has been lower than the mean of 

ceramic (21.33). The p- value has been 0.001 which is 

significant. This shows that Group C is better than group B. 

 

 

 

 
Graph I: Shear Bond Strength of samples 
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In group (A) sand blasting mean score is 16.01, in group (B) 

liner is 15.14 and group (C) is 21.33. Group (B) has lower 

mean score as compared to groups A and C. 

 

5. Discussion 
 

Zirconia-based materials are used as the core for crowns and 

for fixed dental prostheses (FDPs) in restorative dentistry 

because of their superior esthetics, biocompatibility, and 

improved mechanical properties. However, clinical failures 

such as chipping or delamination
4
 of veneering ceramic have 

been reported in several patients. The optimal shear bond 

strength of veneering ceramics with zirconia should resist 

delamination. Bond strength is determined by a range of 

factors including strength of chemical bonds, mechanical 

interlocking, type and concentration of defects at the 

interface, wetting properties, and the degree of compressive 

stress in the veneering layer.
5
 Various surface treatments 

have been tried in the past to improve the core-veneer bond 

strength but their influence has been a subject of 

controversy. Hence, a study was conducted to evaluate the 

effect of different surface treatments on the shear bond 

strength between zirconia and veneering ceramic. 

 

In the present study, thirty square shaped zirconia samples 

were divided into three groups (A, Band C) which were 

subjected to different surface treatments; group A was 

treated with air borne abrasion with 110µm Al2O3 under 4 

bar pressure for 10 seconds, group B was surface treated 

with company based liner and group C was painted with 

slurry of dentin ceramic. 

 

Air borne abrasion increases surface energy and produces an 

active surface for formation of bond. These rough surfaces 

contribute to improved micromechanical interlocks of the 

bonding interface. However, it is considered that 

sandblasting may put stress on zirconia surfaces and 

accelerate tetragonal-to-monoclinic (t→ m) phase 

transformation.
6 

It may cause micro fractures that would 

reduce functional strength and lead to catastrophic failure. 

 

Liners are materials that should ensure physical bond and 

compensate inadequate coefficient of thermal expansion. 

Composition of liners varies depending on the manufacturer, 

but the primary component is SiO2.They are products similar 

to opaque ceramic, and they can provide surface roughness, 

modify shade and improve bonding to the porcelain.  

Zirconia ceramics have the considerable drawback of being 

essentially white and opaque. The liner material is used to 

mask the white color of zirconia and improve the wetting 

property of the zirconia core.
4,13 

 

The third group was the application of slurry of ceramic 

dentine. This group can be considered as control as the 

surface of zirconia specimen was not subjected to any 

specific treatment but only a thin mix of dentin ceramic, 

with similar composition to that of veneering porcelain, was 

painted on the zirconia surface. 

 

Subsequently, porcelain layering was done which means the 

cylinder of veneering ceramic was built up to final contour 

as guided by the custom made mould and then fired onto the 

framework. 

It was found that group C (slurry of dentine ceramic) had the 

maximum shear bond strength (21.33 MPa), followed by 

group A (air abrasion) (16.02 MPa) and later by group B 

(liner) (15.14 MPa) which had the least shear bond strength. 

Hence, in our study, sandblasting (Group A) and liner 

application (Group B) did not enhance the bond strength. 

 

These results are in concordance with the study by Fischer et 

al (2008)
5
 who tested the influence of polishing, 

sandblasting, silica coating and liner application on the 

zirconia surface on bonding with five veneering ceramics. 

They found that neither sandblasting nor polishing improved 

the shear strength. According to them, chemical bonds are 

established between both materials during firing. 

Consequently, surface roughness as created by sandblasting 

was not necessary to enhance bond strength.  In their study, 

liner application did not affect shear strength. Fischer et al 

also stated that the bond strength between zirconia and the 

veneering ceramic was higher than the cohesive strength of 

the veneering ceramic. In other words, the weakest link was 

not the interface but the veneering ceramic itself. 

 

In another study by Fischer et al (2010), cubes of Ceria 

stabilized -zirconia/alumina (Ce-TZP/A, edge length, 10 

mm) (NANOZR) were layered with veneering ceramics 

(Cerabien ZR, 5 mm in thickness) with or without 

application of a liner and sheared at the interface. The effect 

of different surface treatments such as polishing with 3-μm 

diamond paste and airborne-particle abrasion was also 

evaluated. Mean shear bond strength values (MPa) were 

calculated. It was observed that the application of a liner on 

Y-TZP had no significant effect and airborne-particle 

abrasion was not necessary to enhance the shear bond 

strength. They suggested that liners rather impaired the shear 

bond strength of veneering ceramics to Ce-TZP/A. Again, 

these results support the results of our study.
7
 

 

In a similar study, Mijoska A et al (2014)
10

 studied the role 

of liners in bonding zirconia to veneering porcelain. Twenty 

four bilayered ceramic specimens were made, and then 

tested with shear bond strength test using a notched edge to 

determine the form of separation and the type of fracture. 

The resulting values for shear strength were calculated and 

expressed as the strength of the connection (MPa), compared 

with the control samples without liner. The strength of the 

interface of zirconium-ceramic veneers was significantly 

higher than the minimum force required in conventional 

metal-ceramic restorations. It was concluded that the 

procedure of liner application on the surface of zirconium 

oxide ceramic led to higher forces of the bonding between 

two ceramic materials and should be an integral part of 

everyday clinical practice.
10

 Their results are contradictory 

to our results wherein the application of liner has decreased 

the bond strength of zirconia and veneering ceramic. 

 

However, in another investigation in 2014, Mijoska A et al
11

 

contradicted their own results in the previous study and 

discouraged the use of liners. They tested five surface 

treatments: cleaning in an ultrasonic bath and treating with 

SiC-discs, air particle abrasion with alumina oxide (Al2O3), 

application of liner, tribochemical air abrasion with Rocatec 

system (3М ESPE, USA) and silane primer. It was found 

that tribochemical air borne abrasion showed highest values 
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of the shear stress, air borne abrasion and grinding decreased 

the shear bond strength, whereas lowest value of the shear 

strength was observed in liner group. This study supports 

our results. 

 

In another study (Hatta M et al 2011)
12

 yttrium partially 

stabilized zirconia (YTZ) was veneered with Nobel Rondo 

Zirconia Dentin A2 High Value (NZR). NZR was fired to 

zirconia. The fabricated specimen was subjected to shear 

force testing. Mean shear bond strength was 23.3 MPa. This 

value is in concordance with our results wherein group C 

(surface treated with slurry of Dentin Ceramic) had the mean 

shear bond strength of 21.33 MPa. 

 

Atsushi   Nishighori et al (2014)
9
 further investigated the 

influence of yttria-stabilized tetragonal zirconia polycrystal 

surface treatment and cyclic loading on veneering porcelain 

shear bond strength. The treatments were: heat treatment of                 

650°C to 1000°C at 55°C/min; airborne-particle abrasion, 

and heat treatment after abrasion. They concluded that 

airborne-particle abrasion without subsequent heat treatment 

should be avoided as a surface treatment in fabrication 

methods which further substantiates our study. 

 

Kim et al. (2011)
13

 in a similar study design demonstrated 

that application of a liner increased the possibility of 

interfacial failure of veneering ceramic at the zirconia core, 

and that airborne-particle abrasion may be more useful for 

increasing bond strength than liner application. 

 

Teng Jili et al (2012)
8
 evaluated polishing with up to 1200 

grit silicon carbide paper under water cooling, airborne-

particle abrasion with 110 μm alumina particles, and 

modification with zirconia powder coating before sintering 

and suggested that modifying the zirconia surface with 

powder coating could significantly increase the shear bond 

strength of zirconia to veneering porcelain. 

 

Wang et al (2014)
14

 and Subasi et al (2014)
15

 found that 

liner application and airborne abrasion –particle abrasion 

seem to reduce zirconia /veneer interfacial toughness. 

Therefore, the two surface treatment methods should be 

applied with caution. 

 

Shear bond strength (SBS) test is used in this study because 

of easy preparation of the specimens and simple test 

protocol. It is not considered as a true indicator of bond 

strength due to its non homogenous stress distribution in 

bonding. Other test methods for bond strength evaluation of 

veneering porcelain to frameworks namely, three and four 

point flexure, tensile, and microtensile bond tests have been 

recommended in the literature. They all have certain 

disadvantages as they are more tedious and time 

consuming.
16 

 

A major limitation of present study was that being a 

laboratory study, it could not simulate intraoral conditions. 

The design of the specimens was not similar to the intraoral 

size and contour of zirconia crowns. Moreover, different 

fracture patterns of veneer delamination depend on the 

occlusal forces and position of opposing teeth in clinical 

situations. Hence, the specimens in this study did not fully 

reflect the clinical situation. 

The differences in failure mode whether adhesive or 

cohesive were not observed in the present study.  In 

addition, the porcelain layering procedure was performed 

with 1 to 2 repetitions of layering and firing. In conventional 

laboratory procedures, repeated layering and firing processes 

are generally performed. The contraction and expansion that 

occurs with these repeated procedures may result in variable 

bond strength values. The effect of variation in temperature 

and cyclic loading on the shear bond strength is difficult to 

be simulated on test specimens. However; in vitro studies 

give a fair idea regarding the properties and behavior of 

dental materials. 

 

In our study the type of failure was assumed to be adhesive 

in nature. Future studies by scanning electron microscope 

are recommended to determine the nature of interfacial 

failure. Observations based on the present results rejected 

the hypothesis that the shear bond strength of veneering 

ceramic with non treated zirconia would not be different 

from that of veneering ceramic. 

 

6. Conclusion 
 

Within the limitations of this in vitro study, the following 

conclusions are drawn. 

1) Airborne particle abrasion is not required to increase the 

shear bond strength of veneering ceramics to zirconia 

core. 

2) The application of liner results in significant decrease in 

the shear bond strength. 

3) The direct application of slurry of dentine with zirconia 

specimen gives maximum shear bond strength. 

4) This difference suggests that air-particle abrasion and 

liner application should be avoided in clinical situations 

as a surface treatment 
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