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Abstract
Background. Considering the increasing demand of patients for esthetic and durable restorations, zirco-
nia, with its excellent mechanical properties, has overcome most of the limitations of all-ceramic restora-
tions. However, bonding to zirconia is still challenging.

Objectives. This study compared the effect of  2 universal adhesives on the microshear bond strength 
of resin cement to zirconia after 24 h and 6 months of water storage.

Material and methods. This in vitro experimental study was performed on 56 zirconia (Prettau® Zirco-
nia) blocks, which were randomly divided into 2 groups. The ScotchbondTM Universal single-component 
adhesive and the All-Bond UniversalTM 2-component adhesive were used. The PANAVIATM F 2.0 resin ce-
ment was bonded to all samples, and they were stored in distilled water for 24 h and 6 months. The mi-
croshear bond strength test was then performed, and the data was analyzed using the Kruskal–Wallis and 
Mann–Whitney tests.

Results. After 24 h of water storage, the All-Bond samples showed significantly higher microshear bond 
strength than the Scotchbond samples (p  <  0.001), but at 6 months, the microshear bond strength 
of Scotchbond was higher. The bond strength of All-Bond decreased after 6 months (p < 0.001), but no 
significant change occurred in the bond strength of the Scotchbond samples over time.

Conclusions. The microshear bond strength of resin cement to zirconia depends on the type of adhesive 
and the duration of water storage. The Scotchbond Universal adhesive resulted in a stronger bond in the 
long term.
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Introduction 
From among different dental ceramics, zirconia has be-

come highly popular among clinicians due to its biocom-
patibility, favorable mechanical properties, long-term du-
rability, and optimal esthetics.1 Zirconia can well mimic 
the natural appearance of the teeth. However, it is brittle, 
fragile and susceptible to fracture.2 Saliva, thermal changes 
and the acidity of  the oral environment after food con-
sumption decrease the mechanical stability of  zirconia.3 
Several methods have been suggested for the ceramic 
surface prepa ration, such as micromechanical retention, 
sandblasting with alumina particles, laser treatment, and 
chemical bonding. However, difficult handling of alumina 
particles is one limitation of  this method. Thus, a  strong 
bond is required to provide retention. For the cementa-
tion of zirconia restorations, the application of a bonding 
agent can significantly enhance the bond strength of resin 
cement to zirconia.4–6 The manufacturers claim that the 
universal adhesives available on the market can be used for 
different substrates. Two-component universal adhesives 
are also available. These adhesives require fewer procedur-
al steps, which consequently saves time and decreases the 
technical sensitivity of the procedure.7 The new universal 
adhesives contain the 10-methacryloyloxydecyl dihydro-
gen phosphate (10-MDP) monomer and, therefore, can 
form a chemical bond to resin cement.8 

Several studies have searched for a  suitable bonding 
agent to be applied on zirconia, but no simple scientific 
method has been introduced for this purpose. This study 
aimed to compare the effect of 2 universal adhesives on 
the microshear bond strength of resin cement to zirconia 
after 24 h and 6 months of water storage.

Material and methods
Fifty-six zirconia (Prettau® Zirconia; Zirkozahn GmbH, 

Gais, Italy) blocks measuring 8 mm × 15 mm × 2 mm were 
fabricated, sintered and polished. The surface of all samples 
was rinsed with alcohol and water to remove debris, and 
dried with air spray. The zirconia blocks were divided into 
2  groups, for the ScotchbondTM Universal single-compo-
nent adhesive (3M ESPE, St. Paul, USA) and the All-Bond 
UniversalTM 2-component adhesive (Bisco Inc., Schaum-
burg, USA) to be used. Each group was divided into 2 sub-
groups for water storage for 24 h and 6 months.

In the Scotchbond groups, 1  layer of Scotchbond was 
applied on the clean surface of the samples using a micro-
brush and dried with air spray to obtain a uniform layer 
of  the adhesive on the surface. Curing was performed 
for 10  s, according to the manufacturer’s instructions. 
For the application of All-Bond, 1 drop from each bottle 
was poured into an amalgam mixing bowl and mixed for  
10–15 s. The mixture was then applied on the surface 
of  zirconia using a  microbrush, dried with air spray  

and cured for 10 s. To bond the resin cement to the zir-
conia blocks, the TYGON® tubes (Saint-Gobain Perfor-
mance Plastics Corp., Akron, USA) with an internal dia-
meter of 0.7 mm were used. They were cut to the height 
of 1 mm and fixed to glass slides using glue. 

For the preparation of the PANAVIATM F 2.0 resin ce-
ment (Kuraray Noritake Dental Inc., Kurashiki, Japan), 
pastes A and B were mixed according to the manufactur-
er’s instructions, and applied to the TYGON microtubes 
using a  fine plugger. The TYGON tubes filled with the 
resin cement were placed on the zirconia blocks coated 
with the adhesive and excess cement was removed using 
a dental explorer. Each cement tube was cured for 20 s us-
ing a light-emitting diode (LED) light-curing unit (Guilin 
Woodpecker Medical Instrument Co. Ltd., Guilin, China) 
with a light intensity of 1000 mW/cm². 

After 24 h of  water storage, the TYGON tubes were 
separated from the PANAVIA F 2.0 resin cement using 
a  scalpel, whereas the resin cylinders with a  diameter 
of 0.7 mm and a height of 1 mm remained attached to the 
zirconia surface. Half of the samples were subjected to the 
microshear bond strength test after 24 h of immersion in 
distilled water and incubation at 37°C. The remaining half 
were immersed in distilled water and incubated at 37°C 
for 6 months. 

The Microtensile Tester machine (Bisco Inc.) was used 
for the measurement of  the microshear bond strength 
of the PANAVIA F 2.0 resin cement to the zirconia ceramic. 

The zirconia blocks bonded to the resin cement were 
fixed to the testing machine using cyanoacrylate glue. 
An orthodontic wire in the form of a hook was used for 
the load application to the resin cylinders. These wires 
were fixed to the cylinders. The maximum load causing 
failure of the bond between the resin cylinders and zirco-
nia was recorded for all samples. 

After the measurement of  microshear bond strength, 
the surface of all samples was inspected under a light mi-
croscope at ×25 magnification (Carl Zeiss, Oberkochen, 
Germany) to determine the mode of  failure. The mode 
of  failure was recorded for all samples and divided into 
3 groups as follows:
– adhesive failure: fracture at the zirconia–resin cement 

interface;
– cohesive failure: fracture within the resin cement;
– mixed failure: a combination of adhesive and cohesive 

failures.
Table 1 shows the chemical composition of the materials 

used in this study.
The Shapiro–Wilk test was used to assess normal dis-

tribution of the data. Since the data was not normally dis-
tributed in 2 of the 4 subgroups (p < 0.05), and the interac-
tion effect of the type of adhesive and the storage time on 
bond strength was significant, the non-parametric Krus-
kal–Wallis test was used for comparing the bond strength 
of the 4 groups and the Mann–Whitney test was used for 
multiple comparisons (Fig. 1). Type I error was set at 0.05.
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Results 
Table  2 shows the mean bond strength in the 4  sub-

groups. The results of  the Kruskal–Wallis test showed 
that the 4 subgroups were significantly different in terms 
of bond strength (p < 0.001). Pairwise comparisons using 
the Mann–Whitney test showed that the microshear bond 
strength of the All-Bond samples was significantly differ-
ent after 24 h and 6 months of water storage, and it was 
significantly higher at 24 h (p < 0.001). The bond strength 
of the Scotchbond samples was not significantly different 
at 24 h and 6 months (p = 0.603). A significant difference 
was noted between the All-Bond and Scotchbond samples 
at 24 h – the microshear bond strength of All-Bond was 
higher than that of Scotchbond (p < 0.001).

Figure 1 shows the comparison of All-Bond and Scotch-
bond. At 6 months, the Scotchbond samples proved to 
have higher microshear bond strength (p = 0.039).

A significant difference was noted between the All-
Bond samples stored for 24 h and the Scotchbond samples 
stored for 6 months, with the former having higher bond 
strength (p = 0.001). No significant difference was noted 
between the All-Bond samples stored for 6 months and 
the Scotchbond samples stored for 24 h (p = 0.085). The χ2 
test showed that the 4 groups were not significantly differ-
ent in terms of mode of failure (p = 0.587).

Discussion 
Yttrium-stabilized tetragonal zirconia is the most com-

monly used type of zirconia in dentistry.9 Thus, this ce-
ramic was used in this study. PANAVIA F 2.0 contains 
a  functional phosphate monomer (10-MDP) that forms 
a  stronger bond to metal oxides such as zirconia oxide. 
Many researchers believe that PANAVIA F 2.0 is the best 
choice of cement for bonding to zirconia.10,11 

Bonding to zirconia can be mechanical or chemical. 
Numerous studies have assessed the effect of sandblast-
ing with aluminum oxide particles on the zirconia sur-
face. It causes the tetragonal-to-monoclinic phase trans-
formation in zirconia and eventually affects the long-term 
function of zirconia restorations.12–14 Phark et al. assessed 
the bond strength of different kinds of cement to zirco-
nia, with and without sandblasting, and did not suggest 
the sandblasting of the zirconia surface to increase reten-
tion.15 Reddy et al. showed that the application of a primer 
provides a stronger bond between zirconia and resin ce-
ment than sandblasting.16 Thus, in this study, we did not 
perform sandblasting and only assessed the effect of the 
type of adhesive on the microshear bond strength of resin 
cement to zirconia.

Since single-step universal adhesives contain a combi-
nation of  hydrophilic and hydrophobic resins as well as 
acid and water, hydrolysis occurs, and as a result, the shelf 
life and primary bond strength decrease. The presence 
of  hydrophilic monomers in these adhesives interferes 
with polymerization. They serve as a  semi-permeable 
membrane and allow the passage of  liquids through the 

Table 2. Mean bond strength in the 4 subgroups (n = 14)

Groups Mean  
[MPa] SD Minimum Maximum

All-Bond – 24 h 28.52a,d 4.40 21.06 35.88

All-Bond – 6 months 14.43b,e 6.93 4.93 23.40

Scotchbond – 24 h 20.42c,e 4.16 16.11 27.29

Scotchbond – 6 months 19.82c,f 6.76 9.88 30.16

SD – standard deviation; values with a different supercript letter show 
statistical significance (p < 0.001).

Table 1. Chemical composition of the materials used in the study

Material Composition Manufacturer

Prettau Zirconia
ZrO2 (+HfO2) 95%,   

Y2O3 4.95–5.26%, Al2O3 0.15–0.35%, SiO2 max 0.02%, Na2O max 0.04%, Fe2O3 max 0.01%
Zirkonzahn GmbH,  

Gais, Italy

Scotchbond Universal 10-MDP, dimethacrylate resin, HEMA, ethanol, water, poly(acrylic acid) compolymer, silane, fillers, initiators 3M ESPE, St. Paul, USA

All-Bond Universal 10-MDP, dimethacrylate resin, HEMA, ethanol, water, initiators Bisco Inc., Schaumburg, USA

PANAVIA F 2.0
paste A: 10-MDP, BPEDMA, aliphatic dimethacrylate;  
paste B: composite containing Al-Ba-B-Si glass/silica

Kuraray Noritake Dental Inc.,  
Kurashiki, Japan

BPEDMA – bisphenol-A polyethoxydimethacrylate; HEMA – hydroxyethylmethacrylate; 10-MDP – 10-methacryloyloxydecyl dihydrogen phosphate.

Fig. 1. Mean microshear bond strength according to the type of adhesive 
and the duration of storage
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interface. This increases water sorption, swelling and dis-
integration.6,17,18 In 2-bottle universal adhesives such as 
All-Bond Universal, the components are separate, and 
thus the bond strength and shelf life of the adhesives in-
crease. Hence, in the current study, we assessed the effect 
of these factors on microshear bond strength.

In many previous studies on the bond strength of ad-
hesives, macro-tests have been used. Although conduct-
ing such a test and the sample preparation are easier, the 
rate of error and false failures increase due to the larger 
size of samples.19 Therefore, to obtain more accurate re-
sults, a micro-test was used for the measurement of bond 
strength in this study. On the other hand, since most 
loads applied to the teeth, especially those requiring es-
thetic restorations, are shear forces, the microshear bond 
strength test was performed in this study.

The results showed that the mean bond strength 
of  All-Bond was higher than that of  Scotchbond after 
24 h of  water storage. This difference can result from 
several factors. The pH can play a  role in this respect 
and if the pH of  the adhesive is acidic, the compatibil-
ity of the adhesive and the resin cement decreases. This 
is mainly due to the inactivation of aromatic amines by 
acid. These amines play an important role in the chemi-
cal curing of  materials.20 Of universal adhesives, All-
Bond has less acidic pH (3.2) compared to Scotchbond 
(2.7). The 10-MDP monomer, present in All-Bond and 
Scotchbond, also affects bond strength. This monomer 
is in the composition of several materials, such as a zir-
conia primer. There are studies that have assessed the 
microshear bond strength of these materials and all have 
indicated the important role of this monomer in achiev-
ing high bond strength.21,22 

The 10-MDP monomer has a  hydrophobic meth-
acrylate group at one end, with the ability to bond to 
methacrylate-based restorations and cement, and a po-
lar phosphate group at the other end, which can bond to 
dental surfaces, zirconia and metal. This property alone 
is responsible for the optimal efficacy of this monomer 
used in universal adhesives.23,24 Research showed that 
materials with the same monomers do not necessarily  
possess similar properties.25 Similarly, despite the pres-
ence of  the 10-MDP monomer in the composition 
of both adhesives in our study, different bond strength 
values were obtained. 

The presence of the silane monomer in the composi-
tion of Scotchbond Universal is another factor causing 
a reduction in the bond strength of this adhesive com-
pared to All-Bond Universal, as the silane monomer in 
acidic conditions (due to the presence of the MDP acidic 
monomer in water and pH  =  2.7) may be unstable be-
cause of the reactions of  silanol groups. Moreover, the 
presence of the bisphenol A-glycidyl methacrylate (Bis-
GMA) monomer in universal adhesives along with silane 
and MDP in 1 bottle interferes with the bond of silane 
and hydroxyl groups (−OH).26 The new All-Bond Uni-

versal adhesive is supplied in 2 bottles and is dual-cure. 
Thus, it has a higher polymerization rate, even in the ab-
sence of adequate light. 

Our study showed that after 6 months of  water stor-
age, the All-Bond Universal adhesive showed lower bond 
strength than Scotchbond Universal. This was in line with 
the results of  Davis et al., who demonstrated that bond 
strength decreases over time and this reduction depends 
on the chemical composition of the adhesives.27 One im-
portant factor affecting bond strength is the concentra-
tion of a solvent in the composition of the adhesive; higher 
amounts of the residual solvent dilute the monomer and 
limit the process of cross-linking of the resin. The solvent 
remaining in the polymer network forms areas of unreact-
ed monomers that increase the susceptibility to solubility 
and water sorption.17,28 According to the product bro-
chure, the approximate percentage of a solvent is 10–15% 
in Scotchbond Universal and over 20% in All-Bond Uni-
versal. This difference in the amount of a solvent affects 
the clinical performance of the bond and bond strength 
decreases over time. This is more significant for All-Bond 
Universal, since it has a higher percentage of a solvent.

Evidence shows that saliva and aqueous environ-
ments negatively affect the bond strength of restorations. 
Ito et al. and Nishitani et al. reported that water sorption 
occurred in universal adhesives due to the presence of hy-
drophilic monomers in their structure, and as a result, 
bond degradation appeared over time.29,30 

Universal adhesives are self-etching due to the pres-
ence of  hydrophilic monomers. They contain adequate 
concentration of water for adequate ionization of acidic 
monomers with no reduction in the monomer concen-
tration for adequate bond strength. Water causes the 
ionization of  acidic groups and results in the formation 
of H3O+ ions, which cause the etching of hydroxyapatite.31 
On the other hand, water enhances the elimination of the 
products of  the etching reaction from the environment. 
An increase in the concentration of water decreases the 
concentration of acidic monomers, and consequently the 
strength and adequacy of  the bond. An increase in the 
concentration of hydrophilic monomers increases water 
sorption over time and decreases bond strength.32 

Also, there are some other explanations for the reduc-
tion of  bond strength over time, such as the presence 
of  the hydroxyethylmethacrylate (HEMA) molecule, 
which is small and liquid, and serves as a solvent in the 
structure of the bond. When the process of polymeriza-
tion is almost complete, long-chain monomers in the 
structure of the polymer are limited. In such conditions, 
a  low-molecular-weight molecule such as HEMA can 
move in the resin and react with unreacted C=C bonds. 
This hydrophilic molecule causes greater water sorption 
in bonds with monomers such as bis-GMA.24 Scotchbond 
Universal showed higher stability after 6 months of water 
storage, which is probably due to the presence of  1–5% 
of the polyalkenoic acid monomer in its structure. 
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Conclusions
The microshear bond strength of resin cement to zir-

conia depends on the type of adhesive and the duration 
of water storage. The bond strength of  a  single-compo-
nent universal adhesive did not significantly change over 
time, but the bond strength of a 2-component universal 
adhesive decreased over time.
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