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The effect of a zirconia primer on the shear bond strength 
of Y‑TZP ceramic to three different core materials by using a 
self‑adhesive resin cement
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INTRODUCTION

The recent dramatic increase in the popularity of  
zirconia ceramic restorations is attributed to their 
excellent esthetics, great mechanical features, and superb 
biocompatibility.[1] They are used for several clinical 

applications such as in fixed partial dental prosthesis, single 
crowns, and as a post and core system.[2‑5] Yttria‑stabilized 
tetragonal zirconia polycrystalline (Y‑TZP) ceramic is 
transformation‑toughened (i.e., it has gone from tetragonal 
to monoclinic phase); therefore, cracks are not propagated 
in this material.[6,7]

Aim: Considering the importance of bond strength of zirconia ceramic to different core materials, this 
study aimed to evaluate the effect of a new zirconia primer, a mixture of organophosphate and carboxylic 
acid monomers, on the bond strength of zirconia to three core materials cemented with a self-adhesive 
resin cement.
Materials and Methods: The study was done on 36 disk-shaped zirconia specimens in the case 
(receiving new zirconia primer) and control groups (n = 18) and three core material subgroups (n = 6) 
(amalgam, nickel–chromium [Ni-Cr], and composite resin). A self-adhesive resin-based luting agent bonded 
the two parts together. The shear bond strength was tested and the facture modes were determined. 
Two-way ANOVA and Tukey’s honestly significant difference tests were used for data analyses (α = 0.05).
Results: Zirconia primer could not significantly increase the bond strength of zirconia ceramic to different 
core materials (P = 0.754). Composite resin and amalgam cores showed significantly higher bond strength 
than Ni-Cr core (P = 0.001). On using zirconia primer, 100% of failures of composite resin cores were cohesive 
inside the core material, 75% in amalgam core and 100% in Ni-Cr core were adhesive.
Conclusions: The use of new zirconia primer based on organophosphate/carboxylic acid monomers could 
not enhance the bond strength of zirconia ceramic to different core materials. The bond strength of zirconia 
to amalgam and composite resin cores was higher than that to Ni-Cr core material.
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The resin cement–silica ceramics bond can be strengthened 
through creating a porous surface by applying hydrofluoric 
acid (5%–9.5%) and a subsequent silane coupling agent.[8] 
Whereas, the glass‑free polycrystalline microstructure of  
zirconia ceramics does not allow such reaction. [9] 
Resin cement–zirconia bond can be improved through 
various methods such as the micromechanical means 
of  airborne‑particle abrasion[10‑12] or chemical activation 
with specific monomers such as 10‑methacryloyloxydecyl 
dihydrogen phosphate (MDP) and 4‑methacryloxy ethyl 
trimellitic anhydride.[13‑17]

Application of  zirconia primer is a novel approach to 
strengthen the zirconia–resin bond. Scientists have 
combined the organophosphate and carboxylic acid 
monomers to introduce a new zirconia primer. This material 
allows copolymerization between the organofunctional part 
of  the organophosphate monomer and the monomers of  
the resin luting agents, besides the establishment of  a bond 
between its phosphoric acid groups and the metal oxide 
in zirconia.[17,18] Carboxylic acid is the other constituent 
monomer in this primer which contributes to the 
development of  the bond.[19]

A quite frequent procedure in dentistry is the restoration of  
the tooth surfaces that are compromised by caries, traumas, 
or endodontic treatments. In many cases, the missing tooth 
structure is compensated for with a foundation material, 
which can further bear an indirect restoration that is 
cemented in place with luting cement.[20] Some examples 
of  the materials that can be used for core restorations are 
casting cores, amalgam, composite resin, glass ionomer, 
porcelain, and compomer. An ideal core material is 
supposed to be biocompatible, has adequate compressive 
and flexural strength, and establishes desirable bond with 
the tooth structure and luting cement.[21]

The success and durability of  fixed dental prosthesis 
highly relies on factors such as the type of  core material, 
biophysical characteristics of  the luting cement, and 
core material‑luting cement bond strength.[22‑24] Most 
endodontically treated teeth need to receive one type 
of  the post and core systems before being restored 
with all‑ceramic zirconia‑based restorations. Moreover, 
controversies still exist regarding the bonding durability 
between the resin cement and zirconia copings and 
different core materials. Therefore, the present study 
was planned to investigate the effect of  applying a new 
zirconia primer (Z‑Prime Plus) on the bond strength of  
zirconia to three different core materials cemented using 
a self‑adhesive resin cement.

MATERIALS AND METHODS

In this experimental in vitro study, 36 disk‑shaped zirconia 
specimens (5 mm × 3 mm) were fabricated using computer‑aided 
design/computer‑aided manufacturing (CAD/CAM; Cercon 
CAD/CAM, DeguDent Dentsply Intl., Hanau, Germany). 
They were divided into case and control groups (n = 18) 
based on the application of  zirconia primer. Each group was 
then subdivided into three subgroups (n = 6) based on the 
employed core materials which were amalgam, composite 
resin, and nickel–chromium (Ni‑Cr) cores. Table 1 displays 
the employed materials in detail. Figure 1 shows the groups 
and subgroups of  specimens.

Thirty‑six disk‑shaped core specimens (7 mm × 7 mm) 
were prepared (n = 12 per each core material) in a 
Teflon mold. The composite resin cores were built up 
in two 3.5‑mm high incremental layers, each of  which 
was light polymerized with a light‑emitting diode device 
(Radipus LED, SDI, Victoria, Australia) at 1000 mW/cm2 
for 20 s. The amalgam core specimens were made by simply 
packing amalgam into the mold. The Ni‑Cr cores were 
fabricated using a fabricated mold to make wax patterns 
of  the same shape and dimensions. The lost wax technique 
was used for casting Ni‑Cr alloy in an induction‑casting 
machine (Pressovac, Aseg Galloni, Milan, Italy).

Using a surveyor, each core specimens was embedded in 
an acrylic resin base (Acropars Re; Marlic Co., Tehran, 
Iran) to a height such that only 1 mm of  the core material 
was exposed on top of  the resin surface. The zirconia 
specimens in the case group received a layer of  zirconia 
primer (Z‑Prime Plus; Bisco, Illinois, United States) 
according to the manufacturer’s instruction.

The front side of  core specimens was covered with 
self‑adhesive resin cement (Clearfil SA luting cement; 
Kuraray, Tokyo, Japan) according to the manufacturer’s 
instructions. However, for the specimens in the case group, 
the luting cement was administered only after applying a 
thin layer of  zirconia primer. The core specimens were 
then pressed onto the zirconia specimens.

Figure 1: Flowchart of the groups and subgroups
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Inspired by Al‑Harbi et al.’s study,[25] the cement was allowed 
to flow under a constant pressure of  49 N for 20 s. The 
extra amount of  resin was removed with a brush, and then, 
both sides of  the specimens were light polymerized for a 
total of  80 s. The prepared specimens were kept in distilled 
water at 37°C for 24 h before undergoing the shear bond 
strength (SBS) test.

To measure the SBS, the specimens were mounted in the 
jig of  a universal testing machine (Instron Model 8871; 
Instron Corp., Massachusetts, USA). The adhesive interface 
was loaded with a force of  a constant crosshead speed 
of  0.5 mm/min until failure occurred [Figure 2]. The 
failure loads were automatically converted to MPa through 
dividing the load (N) by the bonding area (mm2).

The fracture mode (cohesive, adhesive, or mixed) was analyzed 
with a stereomicroscope (BS‑3060C; Best Scope, China) 
at ×8 and with scanning electron microscope (Cambridge 
SEM 260, UK) at ×30 and ×150. The failure mode was 
defined as adhesive when more than 75% of  the core 
surface was visible. The cohesive failure mode was when 
more than 75% of  the core surface was covered with resin 
or the fracture was inside the core material. All other cases 
were classified as mixed failure mode.[25]

The statistical analyses were performed using SPSS 
software (version 19.0; IBM Corp., Illinois, USA). Two‑way 
ANOVA was used to assess the effects of  zirconia primer 
and three different core materials on the SBS of  zirconia 
to different core materials, and Tukey’s honestly significant 
difference (HSD) test was used for pairwise comparisons 
(α = 0.5).

RESULTS

Table 2 shows the mean and standard deviations of  the 
SBS values as analyzed with Tukey’s HSD test. As displayed 
in Table 3, the results of  two‑way ANOVA showed that 
the zirconia primer had no significant effect on the SBS 
of  zirconia to core materials (P = 0.754). However, 

different core materials significantly influenced the SBS 
of  zirconia to the core (P = 0.001). Composite resin and 
amalgam cores showed significantly higher bond strength 
than Ni‑Cr core (P < 0.05). The difference between 
composite resin core and amalgam core was not statistically 
significant (P > 0.05).

According to Table 4, the failure mode for composite 
resin core was cohesive inside the core material 
for all specimens (100%) in both case and control 
group [Figure 3]. Most failures of  amalgam cores (75%) 
were adhesive in both case and control groups [Figure 4]. 
In Ni‑Cr core material with zirconia primer, all of  

Figure 2: The prepared specimen placed in universal testing machine 
for shear bond strength test

Table 1: Brand, manufacturer, and composition of materials used in this study
Material Composition Manufacturer

Z‑Prime Plus Organophosphate monomer/carboxylic acid monomer/other monomers Bisco Inc.
Clearfil SA luting cement Bis‑GMA, TEGDMA, MDP, DMA, silanated barium glass filler, silanated colloidal silica Kuraray Japan Inc.
Cercon base (zirconia) 93 weight % zirconium oxide, 5 weight % yttrium oxide, >2 weight % hafnium oxide, >1 

weight % aluminum oxide and silicon oxide
DeguDent GmbH

Ni‑Cr 77% Ni, 23% Cr Durabond, Matech 
Inc.

Tetric ceram HB composite resin Bis‑GMA, DMA, inorganic fillers, ytterbium trifluoride, initiators, stabilizers, and 
pigments

Ivoclar Vivadent AG

Amalgam Silver: 40%–60, Tin : 27%–30%, Copper: 13%–30%, Zinc: 1% Airel Pharma

MDP: 10‑methacryloyloxydecyl dihydrogen phosphate, Ni‑Cr: Nickel–chromium, Bis‑GMA: Bisphenol A‑glycidyl methacrylate, 
TEGDMA: Tetraethyleneglycol dimethacrylate, DMA: Dimethacrylate

Table 2: The mean±standard deviation of the shear bond 
strength (MPa)
Subgroups Groups

Clearfil SA 
luting cement

Zirconia primer + clearfil SA 
luting cement

Composite 
resin core

22.45±1.22a,1* 20.75±5.4a,1

Ni‑Cr core 13.57±1.85a,2 14.86±2.02a,2

Amalgam core 20.72±5.36a,1 22.5±2.43a,1

*Different superscript letters and numbers, respectively, denote 
significant difference between the groups and subgroups. P<0.05 shows 
statistically significant differences. Ni‑Cr: Nickel–chromium
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the failures were adhesive. Finally, the Ni‑Cr core 
material without zirconia primer application showed 
50% adhesive, 25% cohesive, and 25% mixed failure 
pattern [Figure 5].

DISCUSSION

T h i s  s t u d y  t r i e d  t o  i nve s t i g a t e  i f  a  n e w 
organophosphate/carboxylic acid primer could affect the 
SBS between zirconia ceramic and three different core 
materials bonded with a self‑adhesive dual‑cure resin 
cement. The findings proved that this zirconia primer could 

not significantly enhance the SBS of  zirconia ceramic to 
different core materials.

Inducing a durable bond with zirconia is challenging due to 
the glass‑free polycrystalline microstructure of  this material.[9] 
Studies have investigated the efficacy of  some mechanical and 
chemical surface treatment methods in improving the bond 
strength of  zirconia ceramic to resin cement.[26‑29] This feature 
is reported to have enhanced as the result of  using different 
types of  monomers and primers.[15,30‑32] A number of  studies 
also reported achieving favorable bond strength following the 
use of  MDP monomer after preparation of  the surface of  
Y‑TZP ceramic using airborne‑particle abrasion.[33‑35]

Studies were performed to find out if  the zirconia–resin 
cement bond could be strengthened using a new zirconia 
primer (a mixture of  organophosphate and carboxylic 
acid monomer).[18,19] Copolymerization occurs between the 
monomers of  resin luting agent and the organofunctional 
constituent of  the organophosphate monomer. Moreover, 
it is believed that the present phosphoric acid groups would 
establish a bond with the metal oxide in zirconia.[17,18] The 
other imperative factor in bond development of  this primer 
is the carboxylic acid.[19]

Magne et al. observed that using this new zirconia 
primer considerably improved the bond strength 
of  z i r con ia  to  d i f fe rent  res in  lu t ing  ag ents 
(Biscem, Duo‑Link, and Panavia F).[19] Torabi Ardakani 
et al. found that this zirconia primer significantly 

Table 4: Rate of failures and failure modes
Subgroups Failure modes

Adhesive (%) Cohesive (%) Mixed (%)

Control amalgam 75 25
Case amalgam 75 25
Control Ni‑Cr 50 25 25
Case Ni‑Cr 100
Control composite resin 100
Case composite resin 100

Ni‑Cr: Nickel–chromium

Table 3: The results of two‑way ANOVA on the shear bond 
strength (MPa)
Source SS df MS F P

Zirconia primer (Z) 1.238 1 1.238 0.102 0.754
Core material (C) 291.019 2 145.510 11.954 0.001
Z×C 14.154 2 7.077 0.581 0.569
Error 219.107 18 12.173
Total 9321.880 24

SS: Sum of square, MS: Mean square, df: Degree of freedom, 
Z×C: Effect of the interaction between zirconia primer and core material

Figure 3: Cohesive failure pattern of composite resin core at ×8, ×30, and ×150 magnifications by stereomicroscopy and scanning electron 
microscopy (A, B, and C show the luting cement + composite resin core and D, E, and F show the primer + composite resin core)

A B C

D E F
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strengthened the bond between zirconia posts and the 
root canal dentin cemented with either self‑etch or 
self‑adhesive resin cement (Panavia F and Clearfil SA 
luting cement).[18] Our findings were different from those 
of  the previous studies can be related to the difference 
in the nature of  the tooth and core materials (Ni‑Cr, 
amalgam, and composite resin).

Unlike the core materials, the tooth can create stronger 
micromechanical bond with the resin cement. Therefore, 
failures of  zirconia–resin cement are more common 
when zirconia is cemented to the tooth structure 
using resin cement.[19] Since the core materials cannot 
establish such a strong micromechanical bond with the 
resin cement, when the zirconia is bonded to the core 

Figure 4: Adhesive failure pattern of amalgam core at × 8, ×30, and ×150 magnifications by stereomicroscopy and scanning electron microscopy 
(A, B, and C for show the luting cement + amalgam cores subgroup and D, E, and F for primer + amalgam cores subgroup)

A B C

D E F

Figure 5: Adhesive failure pattern of nickel–chromium core at ×8, ×30, and ×150 magnifications by stereomicroscopy and scanning electron 
microscopy (A, B, and C show luting cement + nickel–chromium cores subgroup and D, E, and F show the primer + nickel–chromium cores subgroup)

A B C

D E F
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materials, applying a shear force to the junction of  the 
two results in failure between the resin cement and the 
core materials.[22]

Conforming to that, the present findings revealed a 
predominance of  adhesive failures between the core 
materials and resin cement, except for the composite resin 
core. Adhesive failures were observed in 50% of  the Ni‑Cr 
core specimens before using the zirconia primer, which 
raised up to 100% in the group that received zirconia 
primer. It affirms the effect of  this new zirconia primer 
on the failure mode between zirconia and core materials.

The current results showed significantly different bond 
strength values between the zirconia ceramic and different 
core materials. Composite resin and amalgam cores showed 
significantly higher bond strength to zirconia than Ni‑Cr 
core material. The difference between the amalgam and 
Ni‑Cr cores can be related to the higher surface roughness 
of  amalgam than the Ni‑Cr cores. The higher surface 
roughness of  amalgam allows greater mechanical retention 
between the amalgam core and resin cement. Likewise, the 
higher bond strength of  composite resin compared with 
the Ni‑Cr core can be due to the chemical bonds created 
between the composite resin core and resin cement.[20]

Scanning electron microscopy (SEM) analysis showed that 
100% of  failures for composite resin cores were cohesive 
inside the core material. It implies that using this resin 
cement to bond the zirconia ceramic to composite resin 
core yielded stronger bond than the cohesive strength 
of  resin composite.[36] Patil et al. reported that the bond 
strength of  the luting cement to composite resin core was 
higher than that to amalgam core when resin‑modified 
glass ionomer was used as a luting cement.[22] In the 
present study, the bond strength of  amalgam and 
composite core was not significantly different, due to the 
early cohesive failures of  composite resin cores within 
the core material.

Al‑Harbi et al. detected no difference between the bond 
strength of  zirconia ceramic to composite resin core and 
Ni‑Cr core.[25] This can be related to the different surface 
roughness and topography of  the core materials, as well 
as the type of  resin cement and zirconia primer used in 
that study.

The SEM analysis of  failure pattern can help explaining 
the bond strength results. In the present study, low 
bond strength values were usually associated with adhesive 
failure, while higher bond strength values were often 
associated with mixed or cohesive failures. This finding 

was also reported by other researchers.[36‑38] All the failures 
in the composite resin cores appeared completely cohesive 
within the composite.

Likewise, Al‑Harbi et al. showed that using BisCem cement 
with composite resin core resulted in a cohesive failure 
mode in all cases.[25] The present study found coincidence 
of  the cohesive failure pattern with relatively high bond 
strength value. Van Ende et al. believed that such finding 
might indicate that the exhibited stress exceeded the tensile 
strength of  the composite before the real bond strength 
was appeared.[38] On the contrary, most of  failures in 
amalgam and Ni‑Cr cores were adhesive between the resin 
cement and core material.

One of  the limitations of  this study was missing to evaluate 
the effect of  thermomechanical cycling on the durability 
of  the bond strength of  Y‑TZP ceramics bonded to 
different core materials using this new zirconia primer and 
self‑adhesive resin cement. Further studies are suggested to 
consider evaluating the effects of  this contributing factor.

CONCLUSIONS

With respect to the results of  this study, it was concluded 
that the organophosphate/carboxylic acid primer (Z‑Prime 
Plus) could not significantly increase the bond strength of  
zirconia (Y‑TZP) to different core materials. Moreover, 
we found significantly higher bond strength of  zirconia 
ceramic to amalgam and composite resin cores than that 
to Ni‑Cr cores. It can also be concluded that the failure 
mode of  zirconia to Ni‑Cr (100%) and amalgam core (75%) 
are mostly adhesive, while the failure pattern of  zirconia 
ceramic to composite resin core is always (100%) cohesive 
within the composite resin core when using zirconia primer 
and a self‑adhesive resin cement.
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