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adhesives, with or without prior conditioning using a zirconia primer.
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Methods. Y-TZP specimens (n = 160) were conditioned by tribochemical silica coating and
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silanization (CS), or alumina sandblasting with one of the following MDP containing adhesives or primers: Z-Prime PlusTM (zirconia primer, ZP), Single Bond UniversalTM (SU), Clearﬁl
Universal BondTM (CU) or All-Bond UniversalTM (AU). Additionally, some specimens (ZPSU,
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ZPCU and ZPAU) received Z-Prime PlusTM followed by one of the three adhesives. After 24 h
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water storage and “aging” (20,000 thermocycles plus additional 40-day water storage), shear
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bond strength (SBS) was measured. Fourier-transform infrared spectroscopy (FTIR) and X-
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ray Photoelectron Spectroscopy (XPS) were employed for characterization of the chemical

MDP

bonds between the primer/adhesives and the zirconia. Thermodynamic calculations were
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used to examine the hydrolytic stability between the MDP-zirconia chemical bonds and the

Primer

SiO2 -silane chemical bonds.
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Results. The CS and ZPCU groups showed higher SBS than the other six groups. There were

Phosphate ester

no signiﬁcant pairwise differences amongst ZP, SU and ZPSU, or amongst ZP, AU and ZPAU.
Aging led to signiﬁcantly decreased SBS for all groups except CS and ZPCU. There was no
statistically signiﬁcant interaction between surface treatment and aging. XPS determined
the chemical bonds between MDP and zirconia. FTIR showed similar shifts in characteristic
phosphate peaks for all the primer and/or adhesive groups. Result of thermodynamic calculation showed that equilibrium constant of SiO2 -silane system is much larger than the
one of MDP-tetragonal phase zirconia system.
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Signiﬁcance. The application of one-bottle universal adhesives after alumina sandblasting is
an alternative to tribochemical silica coating with silanization for bonding to zirconia, while
bonding between resin and Y-TZP is more susceptible to hydrolysis when zirconia primer
or one-bottle universal adhesive is used.
© 2015 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1.

Introduction

Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP)
ceramic has superior mechanical properties compared to
other all-ceramic materials. Because of the intrinsic brittleness of Y-TZP and its tendency to undergo low temperature
degradation, long-term survival of Y-TZP restorations still
relies on adequate resin bonding [1,2]. After cementation,
Y-TZP restoration-resin and cement-dentin combine tightly
to form a “sandwich-like” structure consisting of two bonding
interfaces. Both interfaces are important and methods have
been developed to strengthen bonding at each of those
interfaces. Bonding at the ceramic/resin interface is based
on micro-mechanical interlocking and chemical bonding
via primer conditioning [3–5]. Surface roughening alone was
found to provide insufﬁcient bond strength, although bond
durability was improved [6,7]. Chemical bonding is more
effective in increasing bond strength. Accordingly, surface
roughening followed by acidic phosphate monomer conditioning (usually zirconia primers), and tribochemical silica
coating followed by silanization, are the two most popular
methods for Y-TZP bonding [8–11].
Although these aforementioned surface treatments work
well on the Y-TZP/resin interface, they cannot be simultaneously used for improving resin/dentin bonding. Because
surface treatments focusing on either dentin or Y-TZP usually employ many different products with different aims, it
becomes necessary to adopt different operating procedures
for each bonding substrate. This usually involves two, three
or more steps, causing confusion to the clinician. Thus, there
is a need to simplify such procedures to satisfy the clinical
demand for faster, more consistent and less techniquesensitive methodologies.
Recently, one-bottle universal adhesives have been developed to bond with almost all indirect restoration materials,
including resin composites, zirconia-based and aluminabased ceramics, silica-based glass ceramics, alloys, enamel
and dentin. Manufacturers claim that components such as
methacryloxydecyl dihydrogen phosphate (MDP) enable bonding to these surfaces without the use of primers. Amaral [6]
and Seabra [12] found that application of one-bottle universal
adhesives alone provided higher bonding strength to zirconia
than application of zirconia primers alone. Nevertheless, literature on the inﬂuence of one-bottle universal adhesives on
resin bonding to zirconia is rare [6,12]. In particular, there is
no information on whether these adhesives provide stronger
or more stable bonds when zirconia primers are used in
advance. In addition, since tribochemical silica coating followed by silanization is still the most commonly used practice
for pretreating Y-TZP bonding surface, it is more valuable

to compare the bonding performance of one-bottle universal
adhesives to zirconia with this gold standard, which will make
the clinicians evaluate the new generation of adhesives more
accurately. Thus, the objective of the present study was to
evaluate the bonding of resin-cement to Y-TZP via silica coating followed by silanization, and three one-bottle universal
adhesives, with or without prior conditioning using a zirconia
primer. The null hypothesis tested was that pre-conditioning
with a zirconia primer has no effect on improvement of bond
strength and durability when one-bottle universal adhesives
are used for bonding to zirconia.

2.

Materials and methods

2.1.

Bonding specimens

One hundred and sixty ceramic plates (10 × 10 × 2 mm3 ) were
cut from a machinable Y-TZP block using a low-speed saw
(Isomet 100, Buehler Ltd., Lake Bluff, IL, USA). Each plate was
completely sintered according to the manufacturer’s instructions. These Y-TZP plates were randomly assigned to eight
groups) according to the conditioning method employed.

2.1.1.

Group CS

Tribochemical silica coating was performed with 30 m
CojetTM particles (3M ESPE, St. Paul, MN, USA) at a distance
of 10 mm from the bonding surface for 15 s. Sandblasting was
achieved using an intraoral sandblaster (Micro Etcher, Danville
Materials, San Ramon, CA, USA) and an air pressure of 0.3 MPa.
This was followed by the application of a silane coupling agent
(Porcelain Primer, Bisco Inc.) to the sandblasted Y-TZP surface.

2.1.2.

Group ZP

The bonding surface was sandblasted with 50 m alumina
particles from a distance of 10 mm for 20 s, at 0.3 MPa, using
a sandblasting device (JNBP-2, Jianian Futong Medical Equipment Co., Ltd., Tianjin, China). A coat of Z-Prime PlusTM (Bisco
Inc., Schaumburg, IL, USA) was applied to the sandblasted surface. After 15–20 s of volatilization, the primed Y-TZP surface
was dried with low-pressure, oil-free air for 15 s.

2.1.3.

Group SU

The Y-TZP surface was sandblasted with alumina as previously described. A coat of Single Bond UniversalTM (3 M ESPE)
was applied to the sandblasted surface and allowed to react
for 15–20 s. The ceramic plate was air-dried to remove excess
solvent. The adhesive was light-cured for 10 s.
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Table 1 – Materials used in the present study.
Main compositiona

Material/trade name
Y-TZP/Everest ZS-Ronde

ZrO2 + HfO2 (94.4 wt%), Y2 O3 (5.2 wt%), Al2 O3 (0.2–0.5
wt%)

Tribochemical silica coating sands (CoJet)
Single bond universal
Clearﬁl universal bond

Silicatized alumina sand
Vitrebond copolymer, MDP, silane
bis-GMA, MDP, HEMA, hydrophilic aliphatic
dimethacrylate, colloidal silica, silane,
dl-camphorquinone, ethanol
Ethanol (30–70%), acetone (30–70%), silane (␥-MPS)
(1–10%)
Ethanol (<90%), biphenyl dimethacrylate (<10%); HEMA
(<20%); MDP
Ethanol (>20%), bis-GMA (>20%), MDP
Filler: barium glass, ytterbium triﬂuoride,
Ba-Al-ﬂuorosilicate glass, spheroid mixed oxide (73.4
wt%)
Base resin: bis-GMA, urethane dimethacrylate,
triethylene glycol dimethacrylate (26.3 wt%)
Filler: Barium aluminum ﬂuoride glass + highly
dispersive silica (80–90%)
Base resin: bis-GMA (5–10%)

Porcelain primer
Zirconia primer (Z-Prime Plus)
All-bond universal
Light-polymerized resin cement (Variolink N)

Light-polymerized resin composite (Valux Plus)

Manufacturer
KAVO, Kaltenbach & Voigt
GmbH & Co. KG,
Bismarckring, Germany
3M ESPE, St. Paul, MN, USA
3M ESPE
Kuraray Noritake Dental
Co., Tokyo, Japan
Bisco Inc., Schaumburg, IL,
USA
Bisco Inc.
Bisco Inc.
Ivoclar-Vivadent AG,
Schaan, Liechtenstein

3M ESPE

Abbreviations: MDP, 10-methacryloyloxi-decyl-dihydrogen-phosphate; bis-GMA, bisphenol A glycidyl dimethacrylate; HEMA, 2-hydroxylethyl
methacrylate; ␥-MPS, ␥-Methacryloxypropyltrimethoxysilane.
a
Details of major compositions were obtained from the material safety data sheets provided by manufacturers.

2.1.4.

Group CU

Procedures described in Group SU was repeated, with the
adhesive replaced by Clearﬁl Universal BondTM (Kuraray Noritake Dental Inc., Tokyo, Japan).

removed and then the remaining cement was light-cured for
40 s. Details of the materials used in the present study are
given in Table 1.

2.2.
2.1.5.

Procedures described in Group SU was repeated, with the
adhesive replaced by All-Bond UniversalTM (Bisco, Inc.).

2.1.6.

Group ZPSU

The alumina-sandblasted Y-TZP plate surface was conditioned with Z-Prime PlusTM followed by the application of
Single Bond UniversalTM in the manner previously described.

2.1.7.

Group ZPCU

The alumina-sandblasted Y-TZP plate surface was conditioned with Z-Prime PlusTM followed by the application of
Clearﬁl Universal BondTM in the manner previously described.

2.1.8.

Shear bond strength (SBS) testing

Group AU

Group ZPAU

The alumina-sandblasted Y-TZP plate surface was conditioned with Z-Prime PlusTM followed by the application of
All-Bond UniversalTM in the manner previously described.
One hundred and sixty nylon tubes, each 6 mm in inner
diameter and 3 mm in height, were ﬁlled with a resin composite (Valux Plus, 3M ESPE). Each composite-ﬁlled tube was
light-cured for 40 s using an LED light-curing unit (Elipar FreeLight 2, 3M ESPE). The polymerized resin-composite cylinders
were removed from the nylon tubes. A layer of resin composite cement was applied to the surface of the pretreated
Y-TZP plate, and a resin-composite cylinder was placed on
the resin cement under a constant load. Excess cement was

One half of the bonded specimens were stored in distilled
water at room temperature for 24 h. The other half was
subjected to aging by ﬁrst thermocycling for 20,000 cycles (TC501F, Suzhou Weier Labware Co., Ltd., China) between two
water baths, one at 5 ◦ C and the other at 55 ◦ C, with a dwell
time of 30 s. After thermocycling, the specimens were further
soaked in distilled water for 40 days at room temperature. All
the bonded specimens were subjected to shear bond strength
testing using a universal testing machine (Instron Model 3365,
ElectroPuls, MA, USA) at a crosshead speed of 1.0 mm/min.
Each bonded specimen was embedded in self-curing acrylic
resin base before testing.
Shear bond strength (in MPa) was calculated by dividing the
load at fracture (in Newtons), with the bonding interface area
(28.26 mm2 ).

2.3.

Statistical analyses

Bond strength data from the eight groups were statistically
analyzed using Two-way analysis of variance and an LSD
multiple comparison test to examine the effects of the two
categorical independents, surface treatment and aging, and
the interaction of these two factors on shear bond strength.
Parametric statistical methods were employed after validating the normality and equal variance of the data sets. Post-hoc
analysis was performed using the Tukey test, to compare bond
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Fig. 1 – Shear bond strength (mean ± standard deviation) after 24 h of water storage, and after 20,000 thermocycles and an
additional 40 days of water storage (aging). Asterisks: shear bond strength results that were signiﬁcantly different between
aged and non-aged groups (p < 0.05). Different lower case letters below the horizontal lines represent group means that were
signiﬁcantly different (p < 0.05).

strength means between individual groups, with or without
aging. Statistically analyses were performed using SPSS 17.0
software (SPSS Inc., Chicago, IL, USA). For all tests, statistical
signiﬁcance was set as 0.05.

2.4.
Surface characterization of sandblasted Y-TZP
surface
The Y-TZP surfaces that had been tribochemically silica
coated with CojetTM sands, or sandblasted with alumina were
sputter-coated with gold. CojetTM sand particles were similarly sputter-coated. The specimens were examined with a
ﬁeld emission-scanning electron microscope (FE-SEM; LEO
1530VP, Oberkochen, Germany) at 20 kV. Energy dispersive
X-ray microanalysis (EDS; INCAx-sight, Oxford Instruments,
United Kingdom) was used to characterize the elemental distribution of Si and Al on the sandblasted Y-TZP surfaces.

2.5.
Chemical-bond characterization of primers and
adhesives on Y-TZP
In order to ﬁnd the chemical bond between Y-TZP and MDP, the
main functional adhesive composition in the current testing
primers or adhesives, Y-TZP plates treated with 10 wt% MDP
(supplied by Watson International Ltd., China) ethanol solution were detected by X-ray Photoelectron Spectroscopy (XPS,
PHI Quanter, USA).
Y-TZP powders were generated by grinding a machinable
Y-TZP block. The powders were mixed with the primers
and/or adhesives in order, according to the different group
assignments. Untreated Y-TZP powders, the primers and
adhesives and the treated Y-TZP powders were characterized

by Fourier-transform infrared spectroscopy (FTIR; NEXUS870,
Nicolet, USA) in transmission mode.

2.6.
Thermodynamic calculations to examine the
hydrolytic stability between the MDP-tetragonal phase
zirconia chemical bonds and the SiO2 -silane chemical
bonds
In our previous study, a MDP- tetragonal phase zirconia
system has been modeled [13]. According to these data,
the hydrolytic stability of the MDP-tetragonal phase zirconia chemical bonds was analyzed by thermodynamic
calculations. Calculations were performed using the “Ourown N-layered Integrated molecular Orbital and Molecular
mechanics” (ONIOM) method. All calculations relating to the
calculation of thermodynamic functions were undertaken
using the Gaussian 09 software. All data were calculated at
standard conditions (1 atm, 298 K).
As similar as the method for evaluation hydrolytic stability of the MDP-tetragonal phase zirconia chemical bonds, a
SiO2 -␥-Methacryloxypropyltrimethoxysilane (␥-MPS) system
was modeled, and hydrolysis of complex of ␥-MPS and SiO2
cluster was evaluated by thermodynamic calculations.

3.

Results

3.1.

Shear bond strength testing

Fig. 1 shows the shear bond strength values (means and standard deviations) for the eight groups before and after aging.
Most of the specimens in each group presented mixed failure
modes. Two-way ANOVA indicated that shear bond strengths
were signiﬁcant different in groups with different surface
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Fig. 2 – Tribochemical sandblasting process and characterization of Y-TZP and sand surfaces. (a) Distribution of Al on the
alumina-sandblasted Y-TZP surface (dense, bright-green regions marked by white arrowheads). (b) Distribution of Si on the
tribochemically-sandblasted Y-TZP surface. (c) EDS detection of Al and Si on the sandblasted Y-TZP surfaces. Both the
tribochemically-sandblasted surface (d) and the alumina-sandblasted surface (g) had a similar roughened texture with
irregularly distributed grooves and bridges at low magniﬁcation, however, the latter presents a broader plastically deformed
area due to the sands of larger size. Spherical particles, dispersedly adhered to the tribochemically-sandblasted Y-TZP
surface ((e, f); marked by white arrows), were similar in morphology and distribution to those adhered to the CojetTM
sand-particle surfaces ((h, i); marked by white arrows) (For interpretation of the references to color in this ﬁgure legend, the
reader is referred to the web version of this article).

treatment (F = 10.16, p < 0.001). Compared with unaged specimens, specimens that had undergone artiﬁcial aging via the
combined use of thermocycling and water storage had significantly lower shear bond strength values (F = 40.990, p < 0.001).
There was no statistically signiﬁcant interaction between surface treatment and aging (F = 1.643, p = 0.128). LSD multiple
comparisons indicated that the CS and ZPCU groups showed
higher SBS than the other groups (all p < 0.001). There were no
signiﬁcant differences between ZP, SU and ZPSU, or between
ZP, AU and ZPAU (all p > 0.05), whereas signiﬁcant differences
were identiﬁed among groups ZP, CU and ZPCU (all p < 0.05).
Tukey post-hoc tests indicated that all the groups except CS
and ZPCU showed signiﬁcantly decreased SBS after aging (all
p < 0.05).

can be found all over the tribochemically-sandblasted surface.
At higher magniﬁcation, a large number of spherical particles
adhered to the surface of the CojetTM sands (Fig. 2h and i).
Spherical particles of similar shape and sizes were also identiﬁed on the tribochemically-sandblasted Y-TZP surfaces (Fig. 2e
and f). Si and Al were detected by EDS on the tribochemicallysandblasted Y-TZP surface (Fig. 2c). The distribution of Al was
uneven, forming numerous high-density islands (Fig. 2a). In
contrast, Si (Fig. 2 b) was scattered more uniformly over the
surface, in a pattern that was consistent with the spherical
particles on the tribochemically-sandblasted surface.

3.2.

The chemical state of the Y-TZP-MDP surface was analyzed by
XPS, and its individual peaks are shown in Fig. 3a–d. The Zr
3d signal was divided into two peaks, centered at 182.4 and
184.8 eV, which correspond to the Zr 3d5/2 and Zr 3d3/2 states,
respectively [14]. The Zr 3d5/2 state indicates complete oxidation of Zr4+ , while Zr 3d3/2 represents spin–orbit splitting.
Meanwhile, the main peak at 531.8 eV is mostly contributed to
Zr O P interactions [15]. These data reveal that the ZrO2 -MDP
was well-formed, with a high ratio of Zr O. The MDP was evidenced by the P 2p peak (133.25 eV) and the C 1s peak (288.3 eV),

Surface characterization of sandblasted Y-TZP

The tribochemical sandblasting process is shown in Fig. 2. In
the SEM images (Fig. 2), both the tribochemically-sandblasted
(Fig. 2d) and alumina-sandblasted (Fig. 2g) surfaces exhibited a similar roughened texture with irregularly distributed
grooves and bridges at low magniﬁcation, however, sandblasting with alumina particles of greater size seems resulting in
broader plastically deformed areas compared to sandblasting
with Cojet sands of smaller size, moreover, countless particles

3.3.
Chemical-bond characterization of primers and
adhesives on Y-TZP
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Fig. 3 – XPS spectra of Y-TZP-MDP surface.

respectively, but only very small C P peaks are observed due
to the thinness of the ZrO2 -MDP ﬁlm.
The FTIR transmittance spectra are shown in Fig. 4a–c.
Peaks at 1703 cm−1 , 1711 cm−1 , 1716 cm−1 and 1705 cm−1 were
present in Z-Primer PlusTM , Single Bond UniversalTM , Clearﬁl
Universal BondTM and All Bond UniversalTM , respectively.
These peaks represent O P OH stretching peaks and they
shifted to lower values of 1696 cm−1 , 1704 cm−1 , 1701 cm−1
and 1700 cm−1 , respectively, when the primers and adhesives were mixed with Y-TZP. Hydroxyl (OH) stretching
peaks also downshifted after mixing with Y-TZP, changing from 3411 cm−1 (Z-Primer PlusTM ), 3417 cm−1 (Single
Bond UniversalTM ), 3404 cm−1 (Clearﬁl Universal BondTM )
and 3417 cm−1 (All Bond UniversalTM ) down to 3392 cm−1 ,
3409 cm−1 , 3398 cm−1 and 3404 cm−1 , respectively. When a
combination of Z-Primer PlusTM and one of the three adhesives was mixed with Y-TZP, the shifts in the O P OH and
hydroxyl stretching peaks were not substantially different
from those observed with the use of Z-Primer PlusTM or the
adhesive alone.

3.4.

Thermodynamic calculation results

Fig. 5 is a schematic showing the possible chemical
bonds within the “sandwich-like” zirconia-resin–cementdentin interface. The latter consisted of two interfaces, one
between the resin-cement and the universal adhesive on the
dentin surface, and the other between the resin-cement and
the universal adhesive on the Y-TZP surface. A molecular

model of the chemical bonding between MDP and zirconia is
also depicted in Fig. 5.
The formula of hydrolysis of complex of MDP and tetragonal phase ZrO2 cluster could be written as following:
hydrolysis

R − OPO2 − Zr4 O8 2− (aq) + 2H2 O(aq)
−

+ Zr4 O8 (aq) + 2OH (aq)

−→

R − OP(OH)2 (aq)
(Formula 1)

Thermodynamic calculation of Formula 1 gave the equilibrium constant K as 4.9 × 1044 .
The formula of hydrolysis of complex of silane and SiO2
cluster could be written as follows:
R − SiOMe − H10 Si6 O18 (aq) + 2H2 O(aq) → R − SiOMe(OH)2 (aq)
+ H12 Si6 O18 (aq)

(Formula 2)

Thermodynamic calculation of Formula 2 gave the equilibrium constant K as 2.7 × 1015 .
According to the equilibrium constant of Formulae 1 and 2,
complex of silane and SiO2 cluster with a lower K value is more
stable in water than the one of MDP and tetragonal phase ZrO2
cluster.

4.

Discussion

Versatility and user friendliness are highly attractive characteristics of the latest generation of universal adhesives,
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Fig. 4 – FTIR transmittance spectra for Y-TZP, Z-Primer
PlusTM , Single Bond UniversalTM , Clearﬁl Universal BondTM
and All Bond UniversalTM , as well as mixtures of these
components.

offering the clinician the convenience of applying these
adhesives to both dentin and the indirect restoration simultaneously without compromising bonding effectiveness. It
can be dope out that the new generation of universal
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adhesives enable bonding to zirconia without prior use of zirconia primers be popular in clinic. In the present study, the
performance of three MDP containing one-bottle universal
adhesives in bonding to Y-TZP, in the presence or absence of
pre-treatment with Z-Prime PlusTM , a MDP-containing zirconia primer, were investigated. According to the SBS test, it was
found that only the performance of Clearﬁl Universal BondTM
was improved by pre-treatment with the zirconia primer.
In addition, all other adhesive and/or primer combinations
performed signiﬁcantly worse than the use of tribochemical sandblasting followed by silanization. Similar results were
reported by de Souza [16] and da Silva [17], in those studies,
the authors found that no further bonding improvement was
achieved when MDP-containing primers were used in association with an acidic phosphate monomer-containing resin
cement. Although the manufacturers of universal adhesives
have made much progress in combining all the adhesive functional components into a single bottle, resin bonding to Y-TZP
still depends on the action of acidic phosphate monomers
within the product. According to the manufacturers, both
the zirconia primers and the universal adhesives used in the
present study employ MDP as the main functional component for providing chemical bonding to Y-TZP. The phosphate
monomer MDP was developed to achieve direct bifunctional
adhesion with metal oxides (including zirconia and alumina)
and the bis-GMA matrix [18]. Using time-of-ﬂight secondaryion mass spectroscopy, Chen detected a phosphate-monomer
group, (P) O Zr, on Y-TZP surfaces conditioned with a MDP
containing primer, Z-Prime PlusTM [19]. The present XPS spectral analysis supports the presence of this chemistry. This XPS
and FTIR analysis found well-deﬁned peaks for Zr O P that
directly indicates a chemical bond between Y-TZP and MDP
at the interface [15,20]. However, no signiﬁcant differences
between the various adhesive and/or primer treatments were
found in FTIR spectra, in terms of shifts in the phosphategroup peaks. Therefore, conditioning with a zirconia primer
prior to addition of a MDP containing universal adhesive may
be regarded as redundant, and this repeated application of
MDP produced no increase in chemical bonding.
Previous meta-analysis [4,21] have reported that silanization increased bond strength and rendered resin bonding to
silica-coated Y-TZP resistant to water damage. On the contrary, bonds between acidic phosphate monomer MDP and
Y-TZP were susceptible to hydrolytic degradation after water
storage [4,6,17,18]. These results make us wonder whether the
new generation of MDP containing universal adhesives can
incorporate the technological advances that are required for
durable, water-resistant bonding to Y-TZP. Unfortunately, all
of the three universal adhesives examined still showed signiﬁcant reduction in shear bond strength after aging. The
present study showed that Y-TZP treated with tribochemical silica coating and silanization (CS) exhibited higher mean
shear bond strength (13.01 MPa) than all the other groups
(from 9.70 to 11.17 MPa) except ZPCU (13.23 MPa). Moreover,
the CS group exhibited better water resistance after aging,
but why? During tribochemical sandblasting, the impact of
silica-coated alumina particles (CojetTM sands) results in a
roughened surface that is coated with nano silica. This process enables micro-interlocking and chemical adhesion to
the resin via silanization [22,23]. According to the present
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Fig. 5 – Possible chemical bonds within the “sandwich-like” structure that consisted of two interfaces, one between the
resin-cement and the universal adhesive on the dentin surface, and the other between the resin-cement and the universal
adhesive on the Y-TZP surface. The right is a molecular model illustrating the chemical bonding between
10-methacryloxydecyl dihydrogen phosphate (MDP) and zirconia.

SEM observations, both alumina sandblasting and tribochemical sandblasting create similar roughened surfaces, thereby
providing similar potential for micro-interlocking, which is
also supported by our previous study that a similar surface
roughness between alumina sandblasted Y-TZP surface and
tribochemical sandblasted Y-TZP surface was found through
AFM evaluation [24]. In the present SEM observations, the
tribochemical silica coating Y-TZP surface was coated with
spherical nano particles that were similar to the nano silica
particles found on the CojetTM sand surface. Elemental mapping showed that Si was distributed rather uniformly across
the entire Y-TZP surface, in contrast to the highly uneven
distribution pattern of Al. Uniform distribution of Si on a YTSP surface should produce extensive silanization with fewer
non-bonded defect areas. In addition, our previous study has
proven MDP can establish a “true” chemical bond with zirconia spontaneously and form a product as R OPO2 Zr4 O8 2–
(R represents the remaining structure of the MDP molecule
without the phosphate head group) [13]. Moreover, the present
thermodynamic calculation results tell us that the equilibrium constant of hydrolysis of SiO2 -␥-MPS system is much
lower than the one of MDP-tetragonal phase zirconia system,
which means that SiO2 -␥-MPS system is more thermodynamically stable in hydrolysis. All these results suggest that the
difference in water resistance comes from the difference in
hydrolytic stability between the MDP-zirconia chemical bonds
and the silica-silane chemical bonds, rather than the microinterlocking between the roughened Y-TZP surface and resin.
Therefore, manufacturers have to look for strategies in overcoming the hydrolytic susceptibility of using MDP containing
universal adhesives for bonding to Y-TZP.

5.

Conclusions

Because of product-related differences, the null hypothesis
that pre-conditioning with a zirconia primer has no effect on
improvement of bond strength and durability when one-bottle
universal adhesives are used for bonding to zirconia cannot
be totally rejected. Based on the present study, and within its
limitations, the following conclusions may be drawn:

(1) For improvement of Y-TZP bonding, one-bottle universal
adhesives combined with alumina sandblasting appear to
be an alternative to tribochemical silica coating combined
with silanization.
(2) Pre-treatment of Y-TZP surfaces with a zirconia primer is
not necessarily beneﬁcial for some brands of one-bottle
universal adhesives.
(3) Bonding between resin and Y-TZP is more susceptible to
hydrolysis when zirconia primer or one-bottle universal
adhesive is used alone, when compared to tribochemical
silica coating with silanization.
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