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Abstract: The role of liners in adhesion of zirconia ceramic to veneering porcelain had been tested with in vitro investigation. Twenty 

four bilayered ceramic specimens were made, and then tested with shear bond strength test (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 resulting values of the strength of adhesion vary the interval 

36, 03 ± 15, 33 MPa; ± 95, 00% CI: 26.29 to 45.77. The strength of the interface zirconium-ceramic veneers is significantly higher than 

the minimum force required in conventional metal-ceramic restorations. Thus the application of porcelain liners is a procedure that has 

a positive impact on shear bond strength.  
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1. Introduction 
 
Modern ceramic materials in dentistry are divided into two 
large groups: porcelain ceramic for veneering, and 
ceramics for the core of all-ceramic restorations [1].  
Zirconium-dioxide as core ceramic material has great 
application in modern dental prosthodontics [2]. 
Biocompatibility, chemical stability, high toughness, 
excellent aesthetics and modern production procedures 
with CAD-CAM method, are  some of the reasons for 
application of the constructions in all areas of the oral 
cavity [3]. Mechanical damage usually occurs during the 
exploitation of all-ceramic constructions in the presence of 
functional load, with the masticatory processes in the 
mouth [4]. The most common complication observed in 
zirconia-based restorations was fracture of the veneering 
porcelain, manifesting clinically as “chippings” [5]. They 
manifest as small surface fractures,  breaking away of 
small fragments of porcelain and serious fractures  of 
zirconium core especially in the connector areas. Fractures 
of  the veneering ceramics are very common, but the 
reasons for their appearance today is not yet clarified [6]. 
 
2. Literature Survey 
 
Adhesive bonding between two ceramics probably 
represents the weakest point of these restorations, and has 
an important role in the damage of the veneering ceramics 
[7]. In metal-ceramic prosthetic constructions, the lowest 
adhesion values, according to ISO standards should be 
higher than 25 MPa [8], while such values for the 
adhesion in all-ceramic restorations are not established yet 
.Zirconia surface is inactive and resistant to most 
conventional methods of bonding [9]. Yet, there are no 
standard laboratory methods and procedures for its surface 
treatment. The need for materials that will ensure 
continuous, physical contact and compensation of 
inadequate CTE, led to the production of porcelain liners. 
They represent a ceramic materials that play the role of the 
opaque layer of  the metal-ceramic restorations [10]. The 
need for understanding the role and importance of 
porcelain liners for zirconia, led to the goal of the 

research, to achieve higher  strength of adhesion between 
the core and veneering ceramic.  
 
3. Material and Method 
 
This investigation is laboratory in-vitro test, performed to 
determine the shear strength (Shear Bond Strength Test), 
according to ISO standards for testing of dental ceramic 
materials (ISO 29022: 2013 Dentistry-Adhesion-Notched- 
edge shear bond strength Test) [11].  
 
The experiment was performed on the universal testing 
machine Shimadzu Autograph AGS-X with measuring 
range 10 KN and speed of 0.001-1000 mm / min, at the 
Mechanical Faculty of UKIM in Skopje, in the accredited 
laboratory for calibration of force and moment of force 
(Figure 1). The next step was SEM-skening electronic 
microscopic analysis in the Laboratory for electron 
microscopy  on SEM OXFORD X-ACT.  
 

 
Figure 1: Universal testing machine  

 
Experimental Design 
 
Experimental zirconia samples were made of zirconia 
blocks (DeguDent Cercon base 47, Dentsply International 
Inc, Germany Y-ZTP discs 100x16mm), cut with diamond 
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saw in dimensions 10x6x6mm, and sintered in Cercon 
heat oven at 13500C for 6 hours. After sintering, the 
samples got the final strength and dimension with about 
20% shrinkage. Ceramic veneering material (Cercon 
Cerаm Kiss, Degudent Hanau, Germany) was mixed as 
slurry according to the manufacturer, and placed on the 
top using special bonding clamp (Ultradent) (Figure 2.). 
 

 
Figure 2: Bonding clamp for applying ceramic material 

 
The samples were then fired in the oven (Programat P310, 
Ivoclar, Vivadent) with two dentin firings (Table 1), in order to 
achieve uniform bonding surface of about 3 mm for all 
specimens (Figure 3). 
 

Table1: Firing recommendation for Cercon Ceram  
Firing 

recommendati

ons 

B 

Pre-

heating 

temperatu

re 

S 

Dryin

g 

t 

Heatin

g rate 

t/min 

T 

Firing 

temperatu

re 

H 

Vacuu

m time 

liner 575 2.00 55 970 1 
First  dentin 450 5.00 55 830 1,30 

Second dentin 450 5.00 55 820 1,30 
 

Finally all specimens were positioned in acrylic mold for easier 
handling and performing the test. 
 

 
Figure 5: Specimen in acrylic mold 

 
Figure 3: Sintering the specimens in ceramic oven 

 
One group of the specimens had surface treatment with 
applying ceramic liner Cercon Ceram Kiss Liner 
(Degudent Hanau, Germany) (Figure 4), and then sintered 
according the manufacturer. The procedure for applying 
the liner includes pretreatment of the base zirconia with 
the procedure of surface sanding (aluminum oxide/100 
microns /10 mm distance/13 sec / max 2, 8 bar pressure). 
 

 
Figure 4: Porcelain liners Cercon Ceram kiss 

 
Two stainless steel adapters were made for the test, one 
for mounting and fixation of the samples, and the piston 
with notched edge mounted on the upper part of the 
machine. The samples were tested, with the piston 
positioned as close to the bonded interface (Figure 5). The 
piston was moving vertically down with the speed of 0, 
75±0, 30 mm/min until the ceramic interface fractured. 
 
During the testing, the machine was connected to the 
mobile computing unit to which the registered data of the 
strength were presented in the form of a graph (Figure 6). 
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Figure 6: Graphic presentation of the shear force  

 
The results of the breaking force (N) was calculated with 
the formula for shear bond strength (1) 
 
σ = F / Ab,                                    (1) 
 
where σ - stress (MPa), F - force (N) and Ab - bonding 
area (mm2). After the completion of testing statistical 
analysis of data was performed by statistical program 

Statistica 7.1 for Windows. Descriptive Statistics, 
Kolmogorov-Smirnov test; Lilliefors test; Shapiro-Wilks 
test (p) were used. 
 
4. Results and Discussion 
 
Samples B Cercon Ceram Kiss (with surface treatment 
liner) possess the adhesion force that varies in the range 
36, 03 ± 15, 33 MPa; ± 95,00% CI: 26.29 to 45.77; 
minimum value is 18,88 MPa and the maximum value is 
62,57 MPa. In the group of samples B1 Cercon Ceram (no 
surface treatment) the strength of adhesion varies in the 
interval 29,96 ± 9,18 MPa; ± 95,00%, CI: 24.12 to 35.79; 
minimum value is 16,67 MPa and the maximum value is 
44,54 MPa. According to descriptive statistical analysis in 
the group of samples B1 Cercon Ceram (without surface 
treatment) the strength of the adhesion for t = -1,18 and p> 
0,05 (p = 0,25), is slightly lower compared to the strength 
of adhesion in the group of samples B4 Cercon Ceram 
(surface treatment liner). 

 

Table 2: Statistical values of tested specimens
 

group no 
Konfidens Konfidens 

Min. Max. Standard Deviation 95,00% +95,00% 
Cercon Ceram Kiss/ liner В 12 26,29 45,77 18,88 62,57 15,33 

Cercon Ceram Кiss/control group B1 12 24,12 35,79 16,67 44,54 9,18 
 

Table 3: Shear bond strength values
 

Ceramic 
Aver Aver 

t-value df p Stand Deviat. В Stand Deviat.B1 Group B Group B1 
Cercon Ceram Kiss 29,96 36,03 1,18 22 0,25 9,18 15,33 

 
After testing, specimens with highest and lowest values 
for shear bond were scanned, and photographs showed 
fracture beginning not at the bonded interface 
zirconia/veneer ceramic but in the ceramic. Each specimen 
had remained veneering porcelain less than 30% on the 
bonded surface. These fractures are called “cohesive” 
fracture, and they prove that strong bonding caused 
fracture inside the veneering ceramic (Figure 7). 
 

 
Figure 7: SEM of fractured specimen 

 
Despite improved mechanical properties of zirconia 
ceramics as a core material for prosthetic restorations,  
frequent fractures of the veneering layer is most common 
reason for the failure and replacemeant in a short period of 
time [12], [13]. There are several theories about the 
adhesion and the realization of the bonding between the 
base metal and ceramics for veneering and these are: 
primary chemical linkage, mechanical, adhesive, Van der 
Waals forces, compression, interzonal material and others. 
[14]. One third of the strength of the bonding is due to the 
wetting force, and two thirds are due to the chemical bond. 
Brittle all-ceramic restorations cannot be treated as 
conventional in terms of realization of the bonding 
between the two layers [15]. The mechanisms linking 
zirconia and veneering ceramics are not sufficiently 
clarified, but it is known that the strength of the adhesion 
in all-ceramic systems is weaker than that which occurs in 
metal-ceramic systems [16].  The adhesion between the 
core and veneering ceramics for all-ceramic systems is 
based on the manner in which the connection at the metal-
ceramic constructions happens [17], [18]. Zirconia is 
metal and it has chemical bonding with porcelain, 
although some authors disagree with this [19]. The 
strength of the adhesion zirconia-porcelain depends on 
several factors, namely: zirconia surface, residual thermal 
stress, the coefficient of thermal expansion, the 
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appearance of defects in materials, the appearance of 
defects at the site of adhesion, changes in volume of 
porcelains, strength and wetting ability [20], [21]. Zirconia 
surface is inert and common surface treatments like acid 
and alkaline etching are not efficient. Different surface 
treatments are proposed for better adhesion. The liners are 
ceramic material whose function is to provide surface 
roughness, modification of the color of white zirconium 
base and improve the mechanism of bonding to porcelain 
[22]. The lack of nuanced zirconium blocks for long time 
represented a challenge in terms of aesthetic restorations, 
but today with the addition of about 2% glassy phase we 
got colored blocks. In fact, glassy ceramic liner applied 
with proper consistency is supposed to represent the 
pigment layer and "wash bake" process [23]. The thin 
uniform layer of liner bakes with gradual increase in 
temperature, which should not be higher than 920-9600 C, 
and thus allow merging of glassy phase with the base. 
However some authors in their research suggests that the 
application of liner has only aesthetic effect, and do not 
influence the strength of the adhesion between ceramic 
materials. Application of a thin layer with slow cooling 
process demonstrated effect of reducing the residual stress 
in ceramic materials [24].  
 
5. Conclusion 
 
The procedure of liner application on the surface of 
zirconium oxide ceramic, leads to higher forces of the 
bonding between two ceramic materials and should be an 
integral part of everyday clinical practice. The liners 
despite correcting of the color of zirconia, reduce ceramic 
bulk, and also enable stronger designs that satisfy in 
posterior regions with high masticatory forces.  
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