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Abstract 
Background: To evaluate shear bond strength of zirconia to composite resin using different universal and conven-
tional adhesives and a zirconia primer.
Material and Methods: Forty zirconia blocks were fabricated of zirconium ingots (10×10×5 mm) and sintered at 
1530°C for 2 hours. They were then air-abraded with Al2O3 particles. The specimens were divided into 4 groups 
and subjected to one of the following bonding agents: Futurabond U (group 1), Clearfil Universal Bond, universal 
adhesives (group 2), Z-Prime Plus, zirconia primer (group 3) and Adper Single Bond 2, conventional adhesive 
(group 4). Composite resin was then applied in a diameter of 5 mm and in a thickness of 2 mm. All the specimens 
were stored in distilled water at 37°C for 24 hours and then thermocycled between 5°C and 55°C for 5000 cycles 
with a 30-second dwell time. The shear bond strength was then evaluated with a universal testing machine at a 
crosshead speed of 1 mm/min. Data (MPa) were analyzed using ANOVA and LSD test (P≤0.05). The specimens 
were evaluated under a stereomicroscope to determine the mode of failure.
Results: The mean shear bond strength was 16,874 MPa in group I, 13.4434 MPa in group II, 11.6500 MPa in group 
III and 6.8700 MPa in group IV. ANOVA revealed that the shear bond strength in group IV was significantly lower 
than that in other groups (P≤0.05). 
Conclusions: The shear bond strength in group I was significantly higher than that in groups III and IV. So Univer-
sal adhesives could provide higher shear bond strength of zirconia to composite resin after thermocycling compared 
to zirconia primers.
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Introduction
Use of zirconia is on the increase in modern dentistry 
due to its superior biocompatibility and favorable me-
chanical properties (1). Zirconia is usually used as a core 
for restorations due to the high opacity of zirconia cera-
mic so that a proper esthetic appearance can be achie-
ved; subsequently the core is veneered with the use of 
feldspathic ceramic (2).
A large number of studies have confirmed the clinical 
success of restorations with the use of zirconia cores. 
However, the zirconia core‒feldspathic veneer interfa-
ce has been reported as one of the chief weak points of 
these restorations, which might result in the exposure of 
the underlying zirconia (3-6). In such cases, whether the 
restoration should be repaired or replaced depends on 
the location and the extent of chipping of the feldspa-
thic veneer. The repair of a defective restoration is ad-
vantageous to its replacement due to the lower cost of 
the repair process and the possibility of the repair in one 
visit (7).
Feldspathic ceramics are etched with the use of hydro-
fluoric acid and the chemical bond to composite resin 
improves by applying silane to the etched surface (8). 
However, since the structure of zirconia is crystalline, 
with no glass, etching with hydrofluoric acid is not effec-
tive in preparing its surface. On the other hand, a defi-
ciency of silica in its structure does not allow adequate 
bonding of composite resin (9). Therefore, techniques 
such as grinding, air abrasion with aluminum oxide par-
ticles and tribochemical silicoating, selective etching, 
etching of the surface with laser beams and application 
of adhesive/primer of zirconia are used to this end (10).
The results of the use of primers containing 10-MPD 
(10-methacryloyloxydecyl dihydrogen phosphate) for 
improving the adhesion of zirconia to composite resin 
have been promising (9,11,12). This monomer has two 
functional groups: one phosphate group which is res-
ponsible for bonding to the hydroxyl group on the zir-
conia surface and one carboxylic acid group which is 
light-cured and is bonded to composite resin (11,13,14). 
Despite the amphiphilic property mentioned for this mo-
nomer, it is still the most hydrophobic functional mono-
mer among the dental adhesive/primers, which results in 
better durability of the bond in the oral cavity. Based on 
previous studies, Z-Prime Plus primer is the most effec-
tive among primers containing MDP (10,15,16,17). This 
product, which was marketed in 2009 for use as a zirco-
nia primer, is a specific composition of MDP hydrophilic 
monomers, HEMA, carboxylic monomer and Bis-GMA 
hydrophobic resin monomer, dissolved in water and 
ethanol (18,19).
Universal adhesives are a new group of adhesives that, 
based on manufacturer’s claim, have the capacity to be 
used with all the techniques, including total etch, selecti-
ve and self-etch and can bond to all the direct substrates 

such as enamel and dentin and indirect substrates such 
as metals, zirconia and glass ceramics, in one product. 
These adhesives, too, contain MDP monomer, which 
explains their etching capacity in association with their 
bond strength to the substrates mentioned above (16).
The ideal technique for preparation of zirconia to create 
an effective chemomechanical bond to composite resin 
is still unknown (20). Considering the diversity of com-
mercial products available, including primer/adhesives, 
there is still a lack of clear and uniform guideline for 
bonding of zirconia to composite resin. The aim of the 
present study was to evaluate the effect of one zirconia 
primer, Z-Prime, and two universal adhesives, Clearfil 
Universal Futura Bond U (containing MDP) and Adper 
Single Bond 2 (without MDP monomer and only for 
evaluating the effect of wetting) on the shear bond stren-
gth of composite resin to zirconia under the same surfa-
ce preparation conditions.

Material and Methods
This in-vitro study was conducted on 40 YTZP zirconia 
discs to assess their shear bond strength to composite re-
sin using different adhesives. The zirconia blocks (Vita 
In-Ceram YZ, Vita Zahnfabrik, Bad Säckingen, Ger-
many) were cut with a diamond cutting blade (3 Axes 
Full Automatic; Nemo Fanavaran Pars, Mashhad, Iran) 
to fabricate discs measuring 10×10×5 mm. The samples 
were polished using silicon carbide paper discs up to 
1000-grit under water cooling to achieve standardized 
surfaces. After 15 seconds of rinsing with distilled water, 
the discs were then sintered according to the manufac-
turer’s instructions at 1530°C for 2 hours (LHT 02/16, 
Nabertherm GmbH, Lilienthal/Bremen, Germany). 
The samples were sandblasted for 15 seconds using 50-
µm aluminum oxide particles at a 10-mm distance and 
0.25 MPa pressure perpendicular to the surface using a 
sandblaster (Microetcher II, Danville Engineering Inc, 
San Ramon, California, USA ) and a Teflon strip with 
a 5-mm hole to outline the bonding area. To apply the 
adhesive, the samples were classified into 4 groups as 
follows (the manufacturers’ instructions were followed 
in each group): 
Group 1: Futrabond U adhesive  (Voco GmbH, Cuxha-
ven, Germany ), a single-dose adhesive consisting of 
two components. After mixing the components, the ad-
hesive was applied on the surface with a micro-brush, 
thinned for 5 seconds using air spray and then cured for 
10 seconds.
Group 2: Clearfil universal bond adhesive (Kuraray No-
ritake Denta Inc., Okayama, Japan). First, the bonding 
surface was etched using 40% phosphoric acid etchant 
(K-Etchant Syringe, Kuraray) for 5 seconds. Then, the 
surface was rinsed and dried, and one layer of Clearfil 
Universal was applied with a micro-brush and rubbed 
on the surface for 10 seconds. Then, gentle air spray was 
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used for 5 seconds and the bonding agent was cured for 
10 seconds.
Group 3: Z-Prime Plus primer (BISCO, Schaumburg, 
IL, USA). A thin layer of Z-Prime was applied on the 
bonding surface with a micro-brush and allowed to dry. 
The second layer was applied as such and gentle air 
spray was used for 3‒5 seconds. It was then cured for 
10 seconds.
Group 4: Adper Single Bond 2 adhesive (3M ESPE, 
Saint Paul, MN, USA). The bonding surface was etched 
using 40% phosphoric acid (K-Etchant Syringe, Kura-
ray) for 15 seconds, rinsed for 10 seconds and dried for 
5 seconds using air spray. Then, a thin layer of Adper 
Single Bond 2 was applied with a micro-brush and thin-
ned with air spray. The second layer was applied as such 
and cured for 10 seconds.
In each group, the adhesive was applied according to 
the manufacturers’ instructions and all were light-cured 
using an LED light-curing unit (Nichia Chemical Indus-
tries, 2000 mcd, Japan) with a light intensity of 1200 
mW/cm2. 
In the next step, A3 shade of Valux Plus composite re-
sin (3M ESPE, St Paul, MN, USA) was applied on each 
sample by using Tygon tubes (Saint Gobain, Akron, OH, 
USA) with a height of 2 mm and an internal diameter of 
5 mm (to standardize composite resin size) and light-cu-
red for 40 seconds. After one hour, the Tygon tubes were 
cut with a scalpel blade and removed. Table 1 shows the 
materials used in this study.

For thermocycling, first the samples were placed in 
37°C distilled water at room temperature for 24 hours 
and then immersed in distilled water at 5‒55°C with a 
dwell time of 30 seconds for 5000 cycles (TC/300; Va-
faei Industrial, Tehran, Iran).
For shear bond strength testing, the samples were moun-
ted in auto-polymerizing acrylic resin (Acropars, Marlic 
Co, Tehran, Iran) blocks so that the composite‒zirconia 
interface was 2 mm higher than the acrylic surface. A 
universal testing machine (Zwick 1445; Zwick, Ulm, 
Germany) was used for evaluating macroshear bond 
strength. The mounted samples were fixed to the arms of 
the machine and the chisel blade applied force parallel 
to the interface at a crosshead speed of 1 mm/min. Data 
were reported in MPa.
After bond strength testing, The failure modes were 
determined for each sample using  a stereomicroscope 
(Motic SMZ-143 SERIES, Micro-optic industrial group 
Co, Xiamen, China) at 40× magnification. The fractu-
re mechanism was classified into three different types, 
adhesive failure occured along the adhesive interface, 
mixed failure occured within the adhesive joint with 
failure within the resin composite or zirconia, or a co-
hesive failure which occured within the resin composite 
or zirconia. Fractures occured during the thermal aging 
process were considered as prefailure.
Data were analyzed using ANOVA and LSD test for 
pairwise comparison of data. Statistical analyses were 
carried out using SPSS 23.

Material Type of material Main composition Manufactured by

Futrabond U  Universal adhesive Bis-GMA HEDMA, Acidic adhesive 
monomer, HEMA, UDMA, catalys

Voco GmbH, Cuxhaven, Ger-
many

clearfil bond universal adhesive Bis-GMA, MDP, HEMA, Cam-
phorquinone, Silane coupling agent, 

Colloidal silica and Accelerators

Kuraray Noritake Denta Inc., 
Okayama, Japan

Z-Prime Plus Zirconia primer Bis-GMA, Carboxylic monomer, 
HEMA, MDP, Ethanol

BISCO, Schaumburg, IL, USA

Adper single bond 2 total etch Bis-GMA, HEMA, Dimethacrylates, 
Ethanol, Water, Photoinitiator, Meth-

acrylate functional copolymer of Poly-
acrylic and Poly(itaconic) acids

3M ESPE, Saint Paul, MN, USA

composite A3 Valux 
Plus

Universal Composite 
resin

Bis-GMA, TEGDMA 3M, St Paul MN, USA

VITA In-Ceram YZ zirconia ZrO2, Y2O3, Al2O3 Vita Zahnfabrik, Bad 
Säckingen, Germany

 Auto-polymerized acryl acryl N, N-dimethyl
P-toluidine, 

Polymethylmethacrylate(PMMA) or 
Polyethylmethacrylate(PEMA), Perox-
ide initiator, Methacrylate monomers

Acropars, Marlic Co, 
Tehran,Iran

Table 1: List of materials used in this study and main compositions.



J Clin Exp Dent. 2019;11(3):e257-63.                                                                                                                    Shear bond strength of zirconia to composite resin with various adhesive systems

e260

Results
Table 2 shows the means, standard deviations, maxi-
mums and minimums of shear bond strength values in 
the groups (MPa). 
The mean shear bond strength was 16.874 MPa in group 
1 (Voco), 13.4434 MPa in group 2 (Clearfil Universal), 
11.6500 MPa in group 3 (Z-Prime) and 6.8700 MPa in 
group 4 (Adper Single Bond 2).

Groups  
N Mean. Std. Deviation Std. Error

95% Confidence Interval for 
Mean Minimum Maximum

Lower Bond Upper Bond

1  10 16.8740 1.83095 .57900 15.5642 18.1838 13.86 18.82
         
2 10 13.4434 1.28481 .40629 12.5243 14.3625 11.46 15.45

3 10 11.6500 2.26228 .71540 10.0317 13.2683 8.16 15.99

4 10 6.8700 1.20756 .42694 5.8605 7.8795 5.32 8.96

Table 2: Shear bond strength.

The LSD test was used for pairwise comparisons of data 
(Table 3).
The bond strength in group 4 (Single Bond 2) was signifi-
cantly lower than that in other groups (P≤0.05). The bond 
strength in group 1 was higher than that in group 2 but the 
difference was not statistically significant (P>0.05).
The bond strength in group 1 was significantly higher 
than that in groups 3 and 4 (P≤0.05).

Adhesive  (I)  
                  
                      Adhesive (J)

Mean
Difference

(I-J)

Std.
Error Sig.

95% Confidence 
Interval

Lower
Bond

Upper
Bond

Voco
                          Z-prime
                     Single.bond 
                          Clearfil2       

5.22400
10.00400
3.43060

2.16379
2.29504
2.16379

.020

.000

.120

.8603
5.3756
-.9331

9.5877
14.6324
7.7943

Z-prime
                               Voco
                     Single.bond 
                          Clearfil2       

-5.22400
4.78000
-1.79340

2.16379
2.29504
2.16379

.020

.043

.412

-9.5877
.1516

-6.1571

-.8603
9.4084
2.5703

 Single.bond 
                              
                                Voco
                             Z-prime
                          Clearfil2

-10.00400
-4.78000
-6.57340

2.29504
2.29504
2.29504

.000

.043

.006

-14.6324
-9.4084
-11.2018

-5.3756
-.1516

-1.9450

Clearfil2
                                Voco
                             Z-prime
                      Single.bond

-3.43060
1.79340
6.57340

2.16379
2.16379
2.29504

.120

.412

.006

-7.7943
-2.5703
1.9450

.9331
6.1571
11.2018

Table 3: LSD test- pairwise comparison of the data.

The mean, standard deviation, maximum and minimum shear bond strength in the groups (MPa). 

Dependent Variable: shear bond strength. The mean difference is significant at the 0.05 level.
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The bond strength in group 2 was higher than that in 
groups 3 and 4, which was significantly different from 
group 4 (P≤ 0.05).
Failure mode analysis for spicements revealed predomi-
nance of mixed failures for Futrabond U , Clearfil uni-
versal and Z-Prime Plus.
All samples prepared with Adper Single Bond 2 were 
classified as adhesive failure and two were fractured be-
fore the shear test. 

Discussion
The zirconia‒feldspathic veneer interface is one of the 
major weak points of these restorations and in some ca-
ses results in factures, exposing the underlying zirconia 
(4-6). Intraoral repair of these restorations is carried out 
with the use of composite resin to extend their clinical 
service (21).
In recent years, the results of various studies have indi-
cated the possibility of chemical bonding of functional 
monomers such as 10-MDP (also present in the compo-
sition of universal adhesives) to zirconia (9,11,12,22).
In the present study the effect of one commonly used 
zirconia primer and two universal adhesives containing 
10-MDP monomer and one bonding system without this 
monomer (as a control) was evaluated on the shear bond 
strength of composite resin to zirconia under the same 
surface preparation conditions. In addition, an initial 
surface preparation was carried out with air abrasion 
using aluminum oxide particles in order to clean the sur-
face, eliminate impurities, increase surface roughness, 
change surface energy and increase wettability. This 
procedure also results in better penetration of resin into 
surface irregularities and formation of micromechani-
cal interlocking (12,23). Air abrasion without a primer 
can result in a high bond strength initially but the bond 
strength decreases steeply over time, even reaching zero 
(24). In a study on different surface preparation tech-
niques to zirconia although the surface roughness was 
higher with the use of Nd:YAG laser compared to other 
groups, surface preparation with air abrasion yielded in 
higher shear bond strength (25). The shear bond streng-
th decreased significantly after 5000 rounds of thermo-
cycling. Pressure, time and the size of the air abrading 
particles had no significant effect on the bond strength 
before thermocycling; however, they clearly resulted 
in the preservation of the long-term bond strength after 
thermocycling (12,26). 
In this in-vitro study, the highest shear bond strength of 
resin to zirconia was related to Futura Bond U adhesive 
but this superiority was not significant in comparison 
to Clearfil Universal Bond. In recent years, 10-MDP 
monomer has been suggested in association with car-
boxylic acid, silane and other resin monomers to impro-
ve the chemical bond of resin zirconia (9,11,12,27). The 
hydroxyl group on the zirconia surface can react with 

the phosphate groups of 10-MDP in the primer. This 
reaction can lead to the formation of Zr-O-P chemical 
bond between zirconia ceramic and 10-MDP monomer 
(11,13,27). A large reaction surface, a higher concen-
tration of functional monomers and a close contact be-
tween the two reacting components have roles in for-
ming Zr-O-P bond and improving the bond of zirconia to 
resin (14,28). One of the differences of the Futura Bond 
U adhesive from other adhesives containing 10-MDP is 
the altered chemical structure of the phosphate ester mo-
nomer. Although 10-MDP-based monomer is the most 
hydrophobic functional monomer used in dental adhe-
sives (16), similar to other methacrylate derivatives its 
esteric bond is susceptible to hydrolysis (21,22). This 
property might be important in relation to the durabi-
lity of the bond because water sorption and hydrolytic 
degradation of the adhesive interface over time are con-
sidered primary reasons for the failure of the bond (16). 
Considering the superiority of the Futura Bond U bond, 
it is possible that the change in the nature of the mono-
mer has been implemented to increase its resistance to 
hydrolysis. 
Another difference of Futura Bond U from Clearfil 
Bond Universal adhesive is the fact that Futura Bond 
U is devoid of silane and contains functional carboxylic 
ester. The absence of silane in the composition of Futura 
Bond U makes it possible to increase the concentration 
of 10-MDP monomer (16,29,30). In addition, silane can 
form a network structure in the polymerized adhesive, in 
which water and ethanol are trapped and are eliminated 
with some difficulty; however, the absence of silane in 
Futura Bond U adhesive decreases the hydrophobicity 
of the polymerized adhesive, making it less susceptible 
to hydrolytic degradation. Besides, elimination of the 
solvent in Clearfil Bond U adhesive is more difficult due 
to its higher viscosity. Elimination of water, ethanol and 
other products that remain in the cavities of silane made 
network, increases the number of locations available for 
reaction with 10-MDP, resulting in formation of a better 
Zr-O-P bond (31), but might be a reason for higher te-
chnique sensitivity of Clearfil Bond Universal adhesive. 
The poorest results in the present study were achieved 
with Adper Single Bond 2 adhesive. After thermocy-
cling two samples exhibited bond failure before testing 
the bond strength. Not involving these prefailures in sta-
tistical analysis would overrate the mean results of bond 
strength, besides assuming 0 MPa would alleviate the 
mean results vice versa. So in this study the lowest me-
asured value for shear bond strength within the concer-
ned group is assigned for the two prefailed samples (32). 
The bond between Adper Single Bond 2 and Zirconia is 
achieved only through micromechanical interlocking of 
the resin in the surface irregularities of sandblasted zir-
conia, which might explain the lower bond strength (16). 
Another adhesive primer used in the present study was 
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Z-Prime Plus, with a lower bond strength compared to 
Futura Bond U and a higher bond strength compared 
to Adper Single Bond 2; however, its difference from 
Clearfil Bond U was not significant. Z-Prime Plus, 
which is light-cured, has a lower viscosity compared to 
other study groups and so is thinned more easily and its 
remaining solvent is eliminated then (16,33). In addi-
tion, the carboxylic monomer, in association with 10-
MDP, helps the chemical reaction of primer with zirco-
nia (11,30), resulting in an increase in the bond strength 
of zirconia to resin.
 In a study by Amaral et al on the bond strength of resin 
cement to zirconia with the use of two universal adhe-
sives, Monobond and Scotch Bond Universal, and two 
zirconia primer groups, Z-Prime Plus and AZ Primer, 
the highest bond strength was achieved with the use of 
universal adhesive, consistent with the results of the pre-
sent study (34). However, in a study by Seabra et al on 
the shear bond strength of composite resin to zirconia 
with the use of two universal adhesives, All Bond Uni-
versal and Scotch Bond Universal, and Z-Prime, the di-
fference was not significant despite a higher shear bond 
strength of universal adhesives compared to zirconia pri-
mer. Scotch Bond contains silane and as it was explained 
before, it makes it difficult to eliminate water, resulting 
in a lower bond strength. In addition, the only functio-
nal monomer of All Bond Universal is 10-MDP, and its 
lower bond strength compared to Futura Bond U (used 
in present study) might be attributed to the ability of two 
monomers, i.e. 10-MDP and carboxylic acid to form a 
chemical bond with zirconia (31,35). 
Another reason for the difference in the bond strength of 
adhesives containing 10-MDP might be the differences 
in the concentrations of HEMA and water. This volatile 
resin monomer has a high capacity to wet and penetra-
tion into hydrophilic substrates and improves the imme-
diate bond strength of the adhesive systems by a higher 
penetration into microporosities of the zirconia substrate 
(16). In addition, it prevents the separation of hydrophi-
lic and hydrophobic phases of the composition through 
its solvent nature; however, it can not easily be elimina-
ted by air-drying (33). However, HEMA absorbs water 
in both its polymerized and unpolymerized states and at 
high concentrations compromises the polymer mechani-
cal properties. In addition, HEMA, in its unpolymerized 
state, decreases the water vapor pressure and decreases 
the odds of water evaporation during the water drying 
stage (16).
Based on the results of the present study, universal adhe-
sives, despite the presence of different functional factors 
next to each other, were able to form bonds as well as 
and even better than those with the specific Z-Prime Plus 
primer with zirconia. The advantage of universal adhe-
sives is their ability to form high-quality bonds with a 
wide range of dental materials and the ease of the proce-

dural steps. Therefore, it appears these primer-adhesives 
can be alternatives for specific primers of different subs-
trates. The adhesives that are bonded to zirconia should 
have a chemical composition with optimal concentra-
tions of compatible hydrophilic and functional agents so 
that they can boost each other and form a durable and 
hydrophobic interface after polymerization.
It should be pointed out that use of phosphoric acid for 
surface preparation of zirconia is contraindicated becau-
se the phosphate ion of phosphoric acid is bonded to the 
surface of zirconia and is not removed even with rinsing 
with water. In addition, this ion competes with the phos-
phate ion in the zirconia primer to react with the zirconia 
surface (16).
However, the manufacture recommends conditioning 
with phosphoric acid after sandblasting with aluminum 
oxide particles to apply Clearfil Universal Bond and 
Adper Single Bond 2 to zirconia substrate, which was 
the technique used in the present study. Therefore, fur-
ther studies are necessary to evaluate the effect of shear 
bond strength of composite resin to zirconia with the use 
of this adhesive system.
In addition, recent studies have shown that elimination 
of the solvent with warm air flow and greater pressure is 
preferable. This approach results in a thinner and more 
homogeneous primer layer, which is vital for a durable 
bond between zirconia and the resin (31). Therefore, it 
is recommended that the bond strength of 10-MDP-con-
taning primer-adhesives be evaluated by considering 
factors such as temperature difference and air-drying 
pressure. 

Conclusions
Based on the results of the preset in vitro study, the bond 
strength of universal adhesive to zirconia was compara-
ble to that of specific primer of zirconia and much higher 
than that of the adhesive without phosphate ester mono-
mer such as Adper Single Bond 2.
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