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Effect of Universal Adhesives on Long-term Bond Strength 
to Zirconia

Renata Vasconcelos Monteiroa / Daniela Micheline dos Santosb / Bruna Chrispimc /  
Jussara Karina Bernardond / Thiago Soares Portoe / Grace Mendonça De Souzaf

Purpose: To evaluate the effect of universal adhesives on the long-term bond strength to yttria-stabilized tetragonal 
zirconia polycrystal (Y-TZP).

Materials and Methods: Polyethylene tubes filled with composite cement containing 10-methacryloyloxydecyl dihydro-
gen phosphate (10-MDP) were adhesively luted to 60 fully sintered Y-TZP slabs (7 x 7 x 2 mm) with or without (control) 
previous application of a 10-MDP-based adhesive (All Bond Universal, Bisco) – ABU; Clearfil Universal Bond Quick, Ku-
raray Noritake – CUB; Scotchbond Universal Adhesive, 3M Oral Care – SUA) on the zirconia surface. The bonded speci-
mens were stored in water for 24 h, 6 months, or 1 year and subjected to microshear bond strength testing. The data 
were analyzed by one-way ANOVA and Tukey’s test (p < 0.05). The contact angle was measured after adhesive applica-
tion to evaluate surface wettability. The adhesive-treated specimens were analyzed with x-ray photoelectron spectros-
copy (XPS) and time-of-flight secondary ion mass spectrometry (ToF-SIMS) for chemical characterization.

Results: The application of a 10-MDP-based adhesive significantly improved bond strength of composite cement to 
zirconia when compared to the control group (no adhesive application) (p < 0.05). One-year water storage signifi-
cantly decreased bond strength for ABU- and CUB-bonded specimens, but not for SUA-bonded specimens. The 
analysis by XPS and ToF-SIMS showed peaks of carbon, phosphorus, and silicon in all adhesive-treated specimens.

Conclusions: One-year water storage affected the bond strength of composite cement to zirconia when All Bond 
Universal or Clearfil Universal Bond Quick were used.
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Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) is a 
ceramic widely used for dental applications due to its 

excellent physical and mechanical properties.13,25 However, 
bonding to Y-TZP remains a challenge, because its high crys-
tallinity and the absence of a glass phase makes the use of 
conventional treatments recommended for glass ceramics, 
such as hydrofluoric acid and silane, ineffective.45,54,56 Thus, 

alternative surface treatment methods to either increase sur-
face roughness or promote chemical bonding have been in-
vestigated in an attempt to improve the bonding of Y-TZP 
restorations to the tooth structure.8,28,45,47,56 

Alumina particle abrasion, grinding with diamond rotary in-
struments, selective etching infiltration, tribochemical silica 
coating, and Er:YAG laser irradiation are amongst the methods 
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proposed to increase Y-TZP surface roughness.12,29,40,43,56 
Although there is no consensus in the literature about the 
most successful surface treatment for zirconia, alumina-
particle abrasion has been the most frequently used 
method to promote micromechanical interlocking between 
composite cement and zirconia.12,13,29,60,61 A clinical study 
evaluating the longevity of alumina-abraded anterior zirconia 
prostheses bonded with composite cement showed that 
only 6 out of 180 restorations debonded within 10 years.33 
However, low in-vitro bond strengths are still reported for 
zirconia. Thus, it is still necessary to keep investigating the 
factors that play a role in the stability of the zirconia-com-
posite cement interface.

The chemical interaction between Y-TZP and the compos-
ite cement is promoted through a phosphate-based cou-
pling agent,1,30,56 since zirconia is a non-polar and inert 
material.53 A phosphate-based monomer commonly used 
as a coupling agent is 10-methacryloyloxydecyl dihydrogen 
phosphate (10-MDP), because its phosphate ester groups 
bond chemically to metal oxides,2,18,42 while the 10-MDP 
vinyl group copolymerizes with the composite cement.34,41 
Manufacturers have incorporated 10-MDP into adhesives, 
primers, and composite cements for dental applications in 
an attempt to improve the bonding of composite cements 
to zirconia.18,22,26,36,60,65

Universal adhesives containing 10-MDP and silane were 
then developed to be used with multiple indirect restorative 
materials, such as zirconia, alumina, glass ceramics, and 
metals.3,17,55 Studies have shown that universal adhesives 
are as effective as or even more effective than primers for 
zirconia.5,18,22,34,50 The versatility of universal adhesives, 

reducing clinical steps and cost, accounts for the good ac-
ceptance on the dental market.3 However, universal adhe-
sives contain hydrophobic and hydrophilic components that 
may compromise the effectiveness and durability of the bond 
to zirconia.11,23,35,37,64 For this reason, studies are needed 
to assess the effectiveness of these adhesives over time.

The objectives of this in-vitro study were to evaluate: the 
effect of universal adhesives on bond strength of an 
10-MDP-containing composite cement to zirconia; the wet-
tability of the zirconia surface by different universal adhe-
sives; and the effect of storage time on bond strength of 
universal adhesives to zirconia. Adhesive-treated speci-
mens were also analyzed by x-ray photoelectron spectros-
copy (XPS) and time-of-flight secondary ion mass spectrom-
etry (ToF-SIMS) to investigate the chemical characteristics 
of the bonded interface to zirconia. The null hypotheses 
tested were: (1) bond strength is not affected by the applica-
tion of universal adhesives; (2) storage time has no effect 
on bond strength of composite cement to zirconia, regard-
less of the adhesive used; (3) universal adhesive applica-
tion does not affect the wettability of the zirconia surface. 

MATERIALS AND METHODS

Specimen Preparation
3Y-TZP blocks (IPS e.max ZirCAD inLab MO C13, Ivoclar 
Vivadent; Schaan, Liechtenstein) were cut with a diamond 
blade (Series 15LC Diamond, Isomet, Buehler; Lake Bluff, 
IL, USA) at 500 rpm under water irrigation, to generate 60 
square slabs. After being fully sintered according to manu-
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Fig 1    Schematic illustration of specimen preparation and experimental design. 
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facturer’s instructions, the slabs (7 x 7 x 2 mm) were em-
bedded in auto-polymerizing acrylic resin (Jet Clássico; São 
Paulo, Brazil). The slabs were polished with silicon-carbide 
paper (grit sizes #600, #800, and #1200) under water 
using a rotary polisher (DP-10, Panambra; São Paulo, Brazil) 
to standardize the bonding surface of zirconia specimens 
(Fig 1). Subsequently, the slabs were cleaned in an ultra-
sonic bath with 99% ethanol for 5 min and dried with oil-free 
air spray for 15 s. All sixty zirconia slabs were randomly 
assigned to 4 groups (n = 15) according to the universal 
adhesive applied as surface treatment: CT (control) – no 
adhesive; ABU – All Bond Universal; CUB – Clearfil Universal 
Bond Quick; SUA – Scotchbond Universal Adhesive (Fig 1). 

To prepare microshear test specimens, each zirconia 
slab received adhesive treatment as per corresponding ex-
perimental group. Details of the material composition and 
application technique for ABU, CUB, and SUA are presented 
in Table 1. The adhesives were light cured for 10 s with a 
light emitting diode (LED) device (Radii-Cal; SDI Dental Prod-
ucts; Bayswater, Victoria, Australia) operating at an irradi-
ance of 1200 mW/cm2. 

Four polyethylene tubes with a diameter of 0.8 mm and 
a height of 1 mm (Tygon tubes, Odeme Biotech; Joaçaba, 
SC, Brazil) were placed on the surface of each zirconia slab 
with the aid of perforated double-stick tape and used as 
matrices for the composite cement. Dual-cure composite 
cement (Panavia F 2.0, Kuraray Noritake; Osaka, Japan) 
was mixed according to the manufacturer’s instructions and 
carefully injected into each matrix with a syringe. A mylar 
strip was placed over each filled tube and pressed gently. 
The composite cement was light activated for 20 s. 

After 24 h of storage in distilled water at room tempera-
ture, the matrices were carefully removed with #11 scalpel 
blades to expose the composite cement cylinders. Each 
specimen was examined in a stereomicroscope (HMV-2, 
Shimadzu; Tokyo, Japan) at 40X magnification, and if any 
defect was observed, the specimen was discarded. Sixty 

composite cement cylinders were obtained for each group. 
Specimens were aged by storing in distilled water at room 
temperature (~22ºC) different durations (see below). The 
water was replaced weekly.

Microshear Bond Strength Test (μSBS)
Three subgroups from each surface treatment, each with 
20 composite cement cylinders, were stored in water for 
24 h, 6 months, or 1 year. The power calculation of sample 
size showed that 12 specimens per group would be suffi-
cient to ensure power adequate for detecting statistical sig-
nificance (0.80). 

The composite cement/zirconia interface was subjected 
to shear stresses with a thin metal wire (0.2 mm diameter) 
looped around the composite cement cylinder (Fig 1). Ten-
sile load was applied in a universal testing machine (Instron 
4444; Canton, MA, USA) at a crosshead speed of 0.5 mm/
min until failure occurred. The μSBS (MPa) was calculated 
by dividing the load at failure by the surface area (mm2) of 
each specimen. 

Table 1    Composition and instructions for application of the adhesives used in the different experimental groups 

Code
Brand name (manufacturer), lot number Composition Manufacturer’s instructions

ABU
All Bond Universal (Bisco; Schaumburg, IL, USA), 
1600358372

10-MDP, bis-GMA, HEMA,
ethanol, water, initiators

Apply 1 coat of All-Bond Universal and  
air dry to remove excess solvent. Light cure  
for 10 s.

CUB
Clearfil Universal Bond Quick  
(Kuraray Noritake; Tokyo, Japan),  
2F0022  

10-MDP, bis-GMA, HEMA, hydrophilic amide 
monomers, colloidal silica, silane sodium 
fluoride, dl-camphorquinone, ethanol, water 

Apply Clearfil Universal Bond Quick to the 
adherent surface. Dry the bond with mild air 
blowing for more than 5 s until the mixture 
does not move; light cure.

SUA
Scotchbond Universal Adhesive  
(3M Oral Care; St Paul, MN, USA),  
80209B

10-MDP, dimethacrylate resins, HEMA, 
functionalized methacrylate, polyalkenoic 
acid (Vitrebond Copolymer), filler ethanol, 
water, initiators, silane

Apply Scotchbond Universal Adhesive to the 
restoration for 20 s. Air dry for 5 s and light 
cure.

HEMA: 2-hydroxyethyl-methacrylate; bis-GMA: bisphenol A glycidyl methacrylate; 10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate.

Table 2    μSBS bond strengths in MPa (mean ± SD) and 
results of Tukey’s post-hoc test 

Groups 24 h 6 months 1 year

CT 8.9 (4.1)A _* _*

ABU 14.1 (4.7)Ba 10 (3.0)Aab 6.7 (4.3)Ab

CUB 17.6 (4.9)Ba 9.2 (3.9)Ab 8.7 (3.3)ABb

SUA 15.3 (4.0)Ba 10.3 (4.3)Ab 12.1 (4.4)Bab

*All specimens debonded spontaneously during water storage. Different up-
percase letters within each column and lowercase letters within each row 
indicate significant differences between experimental conditions (p < 0.05). 
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X-ray Photoelectron Spectroscopy (XPS)
Additionally, one zirconia slab (7 x 7 x 2 mm) per group 
was prepared for chemical analysis of each adhesive using 
XPS. After surface finishing, cleaning, and drying the spec-
imens as previously described, each universal adhesive 
was applied to the surface of one specimen and light 
cured as instructed by the manufacturers. Specimens were 
placed into the chamber of the XPS spectrometer (PHI 
5000 Versaprobe III Scanning X-Ray Photoelectron Spec-
trometer, Ulvac Phi; Kanagawa, Japan) under ultra-high vac-
cum (<10-8 torr) and the settings were adjusted based on 
a 2 x 2 mm field of view area on the specimen’s surface. 
The spectrophotometer was equipped with a 180° hemi-
spherical electron energy analyzer and a monochromatized 
Al Kα (1486.6 eV) source operated at 4 kV under a current 
of 4 µA. The depth profile was analyzed with an Ar+ ion 
gun at a sputtering rate of 28.5 nm/min. The maximum 
depth achieved in all specimens was 4 µm. Surveys were 
performed before and after the depth profile analysis.63 
The focused x-ray beam had an angulation of 44.7° in the 
chamber with the internal platform. Consequently, the sur-
face of the specimens received the beam at an angle in 
order to reflect the electrons into another chamber for the 
electron energy analyzer (binding energy – eV).

Time-of-Flight Secondary Ion Mass Spectrometry 
(ToF-SIMS)
After depth profiling using XPS, zirconia specimens were ex-
amined with ToF-SIMS (PHI TRIFT V nano TOF, Physical Elec-
tronics, Ulvac-Phi). The craters created at the center of spec-
imens by the XPS analysis were kept intact, allowing 
scanning in the ToF-SIMS to identify any additional chemical 
compounds. No additional sputters were made on the sur-
face of the specimens for ToF-SIMS depth profiling. Equipped 
with a 20-Kv C60 ion gun for organic compounds analysis, 

All specimens were examined under a stereomicroscope 
at 40X magnification to identify failure mode. The failure 
mode was classified according to the composite cement re-
maining on the zirconia surface: <1/3: adhesive fail-
ure; >1/3 but <2/3: mixed failure; > 2/3: cohesive failure.39

Contact Angle 
Using a goniometer (Easy Drop Contact Angle-Kruss; Ham-
burg, Germany), the contact angles of universal adhesives 
(ABU, CUB, SUA) to Y-TZP surfaces were analyzed to deter-
mine the wettability of the zirconia surface by each material 
using the sessile drop technique. A drop of each universal 
adhesive was applied on a clean zirconia surface and water 
was used as the control treatment. For each group, three 
measurements were performed on each zirconia slab (n = 5). 

Fig 2    Mode of failure for each group (%) 
after 24 h, 6 months, and 1 year of storage 
in water.
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Table 3    Contact angle results

Group Contact angle (mean ± SD)

Control 71.5 (2.0)A

ABU 31.2 (0.5)C

CUB 44.7 (1.7)B

SUA 34.5 (3.4)C

Different letters indicate significant differences between experimental 
groups (p < 0.001).

CT CT CTABU ABU ABUCUBQ CUBQ CUBQSUA SUA SUA

24 h 6 m 1 year
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the spectrometer was set with a beam energy of 25 KeV, DC 
current of 1.6 nA, frequency of 8200 Hz, and pulse width of 
16 ns. The ion beam scanned the center of the crater to ob-
tain 30 x 30 µm2 mass data in a sputter time of 10 min for 
each specimen. A negative ion, ZrO2−(121.9), was identified 
as the characteristic ion of the zirconia substrate. The ion of 
trimethoxysilyl group SiO3C3H9−(121) was the characteristic 

peak of silane, while 10-MDP was identified by PO2−(63) and 
PO3−(79) peaks.15 

Statistical Analysis
To test the normality of data distribution, Shapiro-Wilk 
(p = 0.13) and Levene’s homogeneity tests (p = 0.68) were 
employed. Microshear bond strength data were analyzed 
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Fig 3    XPS results of the adhesive-treated 
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using one-way ANOVA and Tukey’s post-hoc test (p < 0.05). 
Contact angle results were also analyzed using one-way 
ANOVA and Tukey’s post-hoc test. For the test, a significance 
level of 5% was pre-set.

RESULTS

Microshear Bond Strength 
One-way ANOVA indicated a significant effect of adhesive 
(p = 0.004) and storage time (p < 0.0001) on the bond 
strength between composite cement and zirconia. Means, 
standard deviations, and Tukey’s post-hoc test results for 
μSBS are presented in Table 2. 

Control specimens without adhesive application sponta-
neously debonded prior to testing after 6-month storage; 
thus no control specimen survived 1 year of storage. Water 
storage significantly affected bond strength of both ABU 
and CUB to zirconia after 1 year. Bond strengths of SUA 
significantly decreased after 6 month, but there was no dif-
ference between initial bond strength and after 1-year  stor-
age. Failure mode distribution is presented in Fig 2. The 
predominant mode of failure for all treatments and storage 
times was adhesive.

Contact Angle
Contact angles for the three universal adhesives and water 
(control) are shown in Table 3. The control group showed 
significantly greater contact angles than those of the uni-
versal adhesives (p < 0.001). ABU and SUA resulted in 
similar contact angles, which were lower than those pre-
sented by CUB. 

X-ray Photoelectron Spectroscopy (XPS)
XPS revealed that the C1s carbon spectrum represents 
both HEMA and bis-GMA, which are present in all the ma-
terials applied to the zirconia specimens. The chemical 
state initially identified was C-C (eV 284.8), and then a 
shift to C-O-C (eV ~286) and carbonyl groups was observed 
(O-C=O; eV ~288.5). The presence of silicon at the initial 
survey, identified by the presence of Si2p and Si2s, was 
stronger on SUA. CUB and ABU presented Si2p and Si2s 
when the depth profile analysis was conducted. P2p and 
P2s (phosphorus) peaks, which are linked to the phos-
phate bonds of the 10-MDP monomer present in the adhe-
sives, indicated the presence of adhesive components 
tested on the zirconia surface. At the initial survey, the 
presence of P2p was stronger on CUB and remained stable 
as the depth profile was conducted. P2p was not as strong 
for ABU in the initial survey when compared to CUB, and it 
remained low throughout the depth profile when compared 
to the other two adhesives. The presence of Zr3d is re-
lated to the zirconia surface, and as the depth profile ad-
vanced in depth, the concentration of Zr3d increased 
across all materials. Nonetheless, it was possible to ob-
serve that SUA presented the thickest layer over the zirco-
nia surface due to the presence of C1 in comparison with 
the presence of other elements (Fig 3).

Time-of-Flight Secondary Ion Mass Spectrometry 
(ToF-SIMS)
The analysis of the negative ion spectra for all the adhe-
sives evaluated revealed the presence of the characteristic 
zirconia ion ZrO2−(121.9) from m/z 120 to 125. Addition-
ally, the presence of SiO3C3H9−(121–122) indicates trimeth
oxysilyl (silane) on the surface of zirconia from all three uni-
versal adhesives. However, SUA only presented some 
traces of the trimethoxysilyl on the surface. The three adhe-
sives showed various PO2−(63) and PO3−(79) distributions, 
and the peak intensity differed according to the surface 
treatment. CUB showed the greatest amount of PO2−(63) 
and PO3−(79) (Fig 4). 

DISCUSSION

To evaluate the bond strength between two different sub-
strates, tensile or shear bond strength tests are commonly 
used both on the macro- and microscale.6,7,10 Conventional 
shear bond testing is usually used in dentistry to evaluate 
the bond strength, however the heterogeneity of the stress 
distribution and the incidence of cohesive failures have un-
dermined the validity of the test.10,21,58,59 Sano et al48 ob-
served that the area of the bonded interface is inversely 
correlated with the bond strengths. Therefore, microscale 
tests were introduced to evaluate the bond strength of ad-
hesive interfaces in specimens with reduced dimensions, 
aiming to generate more reliable values.27,48 In general, the 
microshear bond strength test has been preferred by re-
searchers due to its simplicity and low cost in comparison 
to the microtensile test.6,7,24 

In the present study, the microshear bond strength test 
was performed to evaluate the effect of universal adhesives 
on the initial and long-term bond strength between a 
10-MDP-containing composite cement and zirconia. Although 
alumina-particle abrasion is considered a standard method 
to improve the bond strength of composite cements to zirco-
nia,9,60,62 no mechanical surface treatment was performed, 
aiming to isolate the effect of the chemical treatment on the 
bond strength, as reported in other studies.18,23,34,36 

Some studies have suggested that 10-MDP-containing 
primers and adhesives are essential to improve the bond 
strength of composite cement to zirconia,2,18,19,57 while 
others observed that the bond strength to zirconia is not 
affected by the presence of 10-MDP within the adhe-
sive.26,51 In the present study, when a 10-MDP-containing 
composite cement was applied without previous application 
of an 10-MDP-containing adhesive, significantly lower initial 
bond strengths were observed (Table 2). This leads to the 
rejection of the first null hypothesis. These findings may be 
related to different factors. First, contact angle results indi-
cated the poor wettability of zirconia by water under control 
conditions (Table 3).38 Zirconia’s low surface energy cou-
pled with the high viscosity of the composite cement when 
compared to the universal adhesives probably impaired the 
development of an effectively adhesive interface between 
zirconia and composite cement.20 Second, the lower avail-
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ability of 10-MDP when only a composite cement was em-
ployed may also have limited the development of chemical 
bonds to the zirconia structure. 

Storage in water and thermocycling are the most common 
methods used in the literature to simulate the aging of the 

bonded interface18,35,37,44,46,65 and they seem to effectively 
simulate aging in-vitro.42 Therefore, all specimens were sub-
jected to storage in water for up to 1 year. Long-term water 
storage is important to better predict the stability of resin-
based materials in the oral environment over time.4
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One-way ANOVA showed an effect of storage time on 
bond strength of composite cement to zirconia. Therefore, 
the second null hypothesis was partially accepted. In this 
study, the bond strength of the control group specimens (no 
application of a universal adhesive) was not stable over 
time, with all specimens debonding spontaneously before 
6 months of water storage, similar to the results of other 
studies.32,60,65 Water sorption and hydrolytic degradation of 
the adhesive interface seem to be the main reasons for 
this failure,3,4,14,49 although the composite cement em-
ployed contained 10-MDP. The permeability of the composite 
cement/zirconia interface induces the hydrolysis of the 
bond between 10-MDP and zirconia, which is responsible 
for the degradation of the bonded interface.14

The analysis of results indicated that storage in water also 
significantly affected the bond strength of adhesives/com-
posite cement to zirconia after 1 year, except for SUA. Al-
though the bond strength of ABU and CUB groups decreased 
after 1-year storage in water, values were still higher than 
5 MPa, which is the minimum threshold for bond strength 
defined by ISO 10477.31 The 4-µm depth profile used with 
XPS indicated that all universal adhesives used in this 
study had phosphorus (P2s and PSp) peaks, which are indi-
cators of the presence of 10-MDP in the material.18,37 XPS 
analysis also detected bis-GMA and HEMA in all the adhe-
sives evaluated, reflected in the presence of C1s carbon 
spectrum. HEMA is frequently added to adhesives because 
of its solvent nature, although researchers claim that HEMA 
is hydrolytically unstable.3,52 HEMA is a hydrophilic monomer 
with a high water sorption capacity, which may have contrib-
uted to the hydrolytic degradation of the adhesive interface, 
thus reducing the bond strength over time.3,11 Nonetheless, 
the bond strength of SUA to zirconia was not affected by 
1-year water storage. SUA contains a unique component (Vit-
rebond) that is not present in the other adhesives (ABU and 
CUB). A previous study reported higher bond strength of 
SUA/composite cement to zirconia after aging, and men-
tioned that the presence of polyalkenoic acid (Vitrebond co-
polymer) may be responsible for the higher hydrolytic stability 
of the adhesive.65 Another factor that may have reduced the 
effect of aging at the SUA/zirconia interface was the higher 
wettability of zirconia by this adhesive (Table 3), which re-
sulted in significantly lower contact angles than the control 
and CUB groups. This wettability may have delayed the hydro-
lytic degradation due to the effective chemical interaction 
between the two substrates – adhesive and zirconia.

The chemical bond between 10-MDP-containing adhe-
sives and zirconia was analyzed using ToF-SIMS. All adhe-
sives tested showed peaks of PO3−, which is the elemental 
ion involved in the formation of P–O–Zr bonds.15 The high-
est amount of PO3− was observed for CUB. The results of 
the XPS analysis also revealed a higher concentration of 
phosphorus in the CUB-treated surfaces, indicating a 
greater concentration of 10-MDP. Although more P–O–Zr 
bonds may have formed with CUB, the initial bond strengths 
did not different from those of ABU and SUA groups. ABU 
and SUA presented lower phosphorus and PO3− peaks ac-
cording to XPS and ToF-SIMS analysis. The similar initial 

bond strengths may be a consequence of variations in the 
surface wettability. Although CUB presented a higher 10-
MDP concentration, it resulted in the highest contact angle 
to zirconia (Table 3), which may have counteracted any po-
tential benefit of the higher 10-MDP concentration. Thus, 
the third null hypothesis was also rejected. Although Naga-
oka et al41 observed that the bond strength to zirconia in-
creased with higher 10-MDP concentration up to 1 wt%, Lo-
rena et al36 showed that the presence of 10-MDP in the 
adhesive for bonding to zirconia was more influential than 
the concentration (3 wt%-15% wt%). In these previous stud-
ies, no long-term storage or aging of any kind was per-
formed, but it has been reported that bonding to zirconia is 
negatively affected by aging.16,23,34

XPS and ToF-SIMS results showed peaks of Si2p/Si2s 
and SiO3C3H9 –(121); these were the components associ-
ated with the presence of silane. Si2p/Si2s and SiO3C3H9–

(121) were present in all adhesives evaluated in this study. 
Although silane has no chemical affinity to the untreated 
surface of zirconia, it is present in universal adhesives to 
mediate chemical interactions between other materials and 
substrates. Previous studies reported that silane may in-
crease the hydrophilicity of adhesives and contribute to the 
hydrolytic degradation of the adhesive layer.23,34,55 Interest-
ingly, SUA-treated specimens showed the lowest peak of 
SiO3C3H9–(121) and the highest bond strength after 1 year 
of water storage, indicating a potential stability of the adhe-
sive due to the low amount of silane.  

The stability of the bond of composite cement to zirconia 
is an important factor to ensure the longevity of zirconia 
restorations.56 Within the limitations of this in-vitro study, 
one year of water storage may be considered a long-term 
test of bond stability. However, simple storage in water is 
not able to replicate the aging of the bonded interface with 
the fidelity required to estimate long-term intraoral bond 
strength. The oral cavity is an environment presenting vari-
ous challenges, such as constant changes in pH, tempera-
ture, and chewing loads, that were not reproduced in this 
work, but should be considered in future studies. 

CONCLUSIONS

One-year water storage negatively affected the bond 
strength of composite cement to zirconia when All Bond 
Universal or Clearfil Universal Bond Quick were used.

REFERENCES 
1.	 Aboushelib MN. Evaluation of zirconia/resin bond strength and interface 

quality using a new technique. J Adhes Dent 2011;13:255–260.

2.	 Ahn JS, Yi YA, Lee Y, Seo DG. Shear bond strength of MDP-containing self-
adhesive resin cement and Y-TZP ceramics: effect of phosphate mono-
mer-containing primers. Biomed Res Int 2015;2015:389234.

3.	 Alex G. Universal adhesives: the next evolution in adhesive dentistry? 
Compend Contin Educ Dent 2015;36:15–26.

4.	 Amaral FL, Colucci V, Palma-Dibb RG, Corona SA. Assessment of in vitro 
methods used to promote adhesive interface degradation: a critical re-
view. J Esthet Restor Dent 2007;19:340–353. 



doi: 10.3290/j.jad.b3512333 393

Vasconcelos Monteiro et al

5.	 Amaral R, Rippe M, Oliveira BG, Cesar PF, Bottino MA, Valandro LF. Evalu-
ation of tensile retention of Y-TZP crowns after long-term aging: effect of 
the core substrate and crown surface conditioning. Oper Dent 2014;39: 
619–626.

6.	 Andrade AM, Moura SK, Reis A, Loguercio AD, Garcia EJ, Grande RH. Eval-
uating resin-enamel bonds by microshear and microtensile bond strength 
tests: effects of composite resin. J Appl Oral Sci 2010;18:591–598. 

7.	 Armstrong S, Geraldeli S, Maia R, Raposo LH, Soares CJ, Yamagawa J. 
Adhesion to tooth structure: a critical review of “micro” bond strength 
test methods. Dent Mater 2010;26:e50–62.

8.	 Bitencourt SB, Ferreira LC, Mazza LC, dos Santos DM, Pesqueira AA, The-
odoro LH. Effect of laser irradiation on bond strength between zirconia 
and resin cement or veneer ceramic: A systematic review and meta-analy-
sis. J Indian Prosthodont Soc 2021;21:125–137. 

9.	 Blatz MB, Phark JH, Ozer F, Mante FK, Saleh N, Bergler M, Sadan A. In 
vitro comparative bond strength of contemporary self-adhesive resin ce-
ments to zirconium oxide ceramic with and without air-particle abrasion. 
Clin Oral Investig 2010;14:187–192.

10.	 Braga RR, Meira JB, Boaro LC, Xavier TA. Adhesion to tooth structure: a 
critical review of “macro” test methods. Dent Mater 2010;26:e38–49.

11.	 Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, Di Lenarda R, De Stefano 
Dorigo E. Dental adhesion review: aging and stability of the bonded inter-
face. Dent Mater 2008;24:90–101.

12.	 Cavalcanti AN, Foxton RM, Watson TF, Oliveira MT, Giannini M, Marchi GM. 
Bond strength of resin cements to a zirconia ceramic with different sur-
face treatments. Oper Dent 2009;34:280–287.

13.	 Cavalcanti AN, Foxton RM, Watson TF, Oliveira MT, Giannini M, Marchi GM. 
Y-TZP ceramics: key concepts for clinical application. Oper Dent 
2009;34:344–351.

14.	 Chen C, Chen Y, Lu Z, Qian M, Xie H, Tay FR. The effects of water on deg-
radation of the zirconia-resin bond. J Dent 2017;64:23–29.

15.	 Chuang SF, Kang LL, Liu YC, Lin JC, Wang CC, Chen HM, Tai CK. Effects of 
silane- and MDP-based primers application orders on zirconia-resin adhe-
sion – A ToF-SIMS study. Dent Mater 2017;33:923–933.

16.	 Comba A, Baldi A, Tempesta RM, Carossa M, Perrone L, Saratti CM, 
Rocca GT, Femiano R, Femiano F, Scotti N. Do chemical-based bonding 
techniques affect the bond strength stability to cubic zirconia? Materials 
(Basel) 2021;14:3920.

17.	 Cuevas-Suárez CE, de Oliveira da Rosa WL, Vitti RP, da Silva AF, Piva E. 
Bonding strength of universal adhesives to indirect substrates: a meta-
analysis of in vitro studies. J Prosthodont 2020;29:298–308.

18.	 de Souza G, Hennig D, Aggarwal A, Tam LE. The use of MDP-based mater-
ials for bonding to zirconia. J Prosthet Dent 2014;112:895–902.

19.	 De-Paula DM, Loguercio AD, Reis A, Frota NM, Melo R, Yoshihara K, Feitosa 
VP. Micro-Raman vibrational identification of 10-MDP bond to zirconia and 
shear bond strength analysis. Biomed Res Int 2017;2017:8756396.

20.	 Della Bona A, Borba M, Benetti P, Pecho OE, Alessandretti R, Mosele JC, 
Mores RT. Adhesion to dental ceramics. Current Oral Health Reports 
2014;1:232–238.

21.	 Della Bona A, van Noort R. Shear vs. tensile bond strength of resin com-
posite bonded to ceramic. J Dent Res 1995;74:1591–1596.

22.	 Dos Santos RA, de Lima EA, Mendonça LS, de Oliveira JE, Rizuto AV, de 
Araújo Silva Tavares ÁF, Braz da Silva R. Can universal adhesive systems 
bond to zirconia? J Esthet Restor Dent 2019;31:589–594.

23.	 Emamieh S, Elahi M, Ghasemi A. Effect of two universal adhesives on mi-
croshear bond strength of resin cement to zirconia. Dent Med Probl 2019; 
56:245–249.

24.	 Foong J, Lee K, Nguyen C, Tang G, Austin D, Ch’ng C, Burrow MF, Thomas 
DL.Comparison of microshear bond strengths of four self-etching bonding 
systems to enamel using two test methods. Aust Dent J 2006;51:252–257. 

25.	 Gautam C, Joyner J, Gautam A, Rao J, Vajtai R. Zirconia based dental ce-
ramics: structure, mechanical properties, biocompatibility and applica-
tions. Dalton Trans 2016;45:19194–19215.

26.	 Go EJ, Shin Y, Park JW. Evaluation of the microshear bond strength of 
MDP-containing and non-MDP-containing self-adhesive resin cement on 
zirconia restorations. Oper Dent 2019;44:379–385.

27.	 Griffith AA. The phenomena of rupture and flow in solids. Phil Trans Roy 
Soc Lond 1920;A224:163–198.

28.	 Gutierrez MF, Perdigão J, Malaquias P, Cardenas AM, Siqueira F, Hass V, 
Reis A, Loguercio AD. Effect of methacryloyloxydecyl dihydrogen phos-
phate-containing silane and adhesive used alone or in combination on 
the bond strength and chemical interaction with zirconia ceramics under 
thermal aging. Oper Dent 2020;45:516–527. 

29.	 Hallmann L, Ulmer P, Reusser E, Hämmerle CHF. Effect of blasting pres-
sure, abrasive particle size and grade on phase transformation and mor-
phological change of dental zirconia surface. Surface Coat Technol 
2012;206:4293–4302.

30.	 Inokoshi M, De Munck J, Minakuchi S, Van Meerbeek B. Meta-analysis of 
bonding effectiveness to zirconia ceramics. J Dent Res 2014;93:329–334.

31.	 ISO. International organization for standardization: dentistry-polymer-based 
crown and bridge materials. ISO 10477:2004 Online Database, 2004.

32.	 Kecik Buyukhatipoglu I, Secilmis A, Ergun G. Effects of surface treat-
ments on the shear bond strength of luting cements to zirconia. J Adhes 
Sci Technol 2016;30:2439–2452.

33.	 Kern M, Passia N, Sasse M, Yazigi C. Ten-year outcome of zirconia ce-
ramic cantilever resin-bonded fixed dental prostheses and the influence 
of the reasons for missing incisors. J Dent 2017;65:51–55.

34.	 Kim JH, Chae SY, Lee Y, Han GJ, Cho BH. Effects of multipurpose, universal 
adhesives on resin bonding to zirconia ceramic. Oper Dent 2015;40:55–62.

35.	 Lima RBW, Barreto SC, Alfrisany NM, Porto TS, De Souza GM, De Goes 
MF. Effect of silane and MDP-based primers on physico-chemical proper-
ties of zirconia and its bond strength to resin cement. Dent Mater 2019; 
35:1557–1567.

36.	 Llerena-Icochea AE, Costa RM, Borges A, Bombonatti J, Furuse AY. Bond-
ing polycrystalline zirconia with 10-MDP-containing adhesives. Oper Dent 
2017;42:335–341.

37.	 Lopes GC, Spohr AM, De Souza GM. Different strategies to bond bis-
GMA-based resin cement to zirconia. J Adhes Dent 2016;18:239–246.

38.	 Marshall SJ, Bayne SC, Baier R, Tomsia AP, Marshall GW. A review of ad-
hesion science. Dent Mater 2010;26:e11–16.

39.	 Matinlinna JP, Lassila LV, Vallittu PK. Experimental novel silane system in 
adhesion promotion between dental resin and pretreated titanium. Sili-
con 2009;1:249–254.

40.	 Melo RM, Souza RO, Dursun E, Monteiro EB, Valandro LF, Bottino MA. Sur-
face treatments of zirconia to enhance bonding durability. Oper Dent 
2015;40:636–643.

41.	 Nagaoka N, Yoshihara K, Feitosa VP, Tamada Y, Irie M, Yoshida Y, Van 
Meerbeek B, Hayakawa S. Chemical interaction mechanism of 10-MDP 
with zirconia. Sci Rep 2017;7:45563.

42.	 Özcan M, Bernasconi M. Adhesion to zirconia used for dental restorations: 
a systematic review and meta-analysis. J Adhes Dent 2015;17:7–26.

43.	 Paes PNG, Bastian FL, Jardim PM. The influence of Y-TZP surface treat-
ment on topography and ceramic/resin cement interfacial fracture tough-
ness. Dent Mater 2017;33:976–989.

44.	 Pitta J, Branco TC, Portugal J. Effect of saliva contamination and artificial 
aging on different primer/cement systems bonded to zirconia. J Prosthet 
Dent 2018;119:833–839.

45.	 Quigley NP, Loo DSS, Choy C, Ha WN. Clinical efficacy of methods for bond-
ing to zirconia: A systematic review. J Prosthet Dent 2021;125:231–240.

46.	 Ruales-Carrera E, Cesar PF, Henriques B, Fredel MC, Özcan M, Volpato 
CAM. Adhesion behavior of conventional and high-translucent zirconia: Ef-
fect of surface conditioning methods and aging using an experimental 
methodology. J Esthet Restor Dent 2019;31:388–397.

47.	 Sadid-Zadeh R, Strazzella A, Li R, Makwoka S. Effect of zirconia etching 
solution on the shear bond strength between zirconia and resin cement. J 
Prosthet Dent 2021;126:693–697.

48.	 Sano H, Ciucchi B, Matthews WG, Pashley DH. Tensile properties of min-
eralized and demineralized human and bovine dentin. J Dent Res 
1994b;73:1205–1211.

49.	 Santerre JP, Shajii L, Leung BW. Relation of dental composite formula-
tions to their degradation and the release of hydrolyzed polymeric-resin-
derived products. Crit Rev Oral Biol Med 2001;12:136–151.

50.	 Seabra B, Arantes-Oliveira S, Portugal J. Influence of multimode universal 
adhesives and zirconia primer application techniques on zirconia repair. J 
Prosthet Dent 2014;112:182–187.

51.	 Stefani A, Brito RB, Jr., Kina S, Andrade OS, Ambrosano GM, Carvalho AA, 
Giannini M. Bond strength of resin cements to zirconia ceramic using ad-
hesive primers. J Prosthodont 2016;25:380–385.

52.	 Tay FR, King NM, Chan KM, Pashley DH. How can nanoleakage occur in 
self-etching adhesive systems that demineralize and infiltrate simultane-
ously? J Adhes Dent 2002;4:255–269.

53.	 Thompson JY, Stoner BR, Piascik JR, Smith R. Adhesion/cementation to 
zirconia and other non-silicate ceramics: where are we now? Dent Mater 
2011;27:71–82.

54.	 Torres SM, Borges GA, Spohr AM, Cury AA, Yadav S, Platt JA. The effect of 
surface treatments on the micro-shear bond strength of a resin luting 
agent and four all-ceramic systems. Oper Dent 2009;34:399–407.

55.	 Tsujimoto A, Barkmeier WW, Takamizawa T, Wilwerding TM, Latta MA, Mi-
yazaki M. Interfacial characteristics and bond durability of universal adhe-
sive to various substrates. Oper Dent 2017;42:E59–e70.

56.	 Tzanakakis EG, Tzoutzas IG, Koidis PT. Is there a potential for durable adhe-
sion to zirconia restorations? A systematic review. J Prosthet Dent 2016; 
115:9–19.



394 The Journal of Adhesive Dentistry

Vasconcelos Monteiro et al

57.	 Ural C, Külünk T, Külünk S, Kurt M, Baba S. Determination of resin bond 
strength to zirconia ceramic surface using different primers. Acta Odontol 
Scand 2011;69:48–53.

58.	 Van Noort R, Noroozi S, Howard IC, Cardew G. A critique of bond strength 
measurements. J Dent 1989;17:61–67.

59.	 Versluis A, Tantbirojn D, Douglas WH. Why do shear bond tests pull out 
dentin? J Dent Res 1997;76:1298–1307.

60.	 Wolfart M, Lehmann F, Wolfart S, Kern M. Durability of the resin bond 
strength to zirconia ceramic after using different surface conditioning 
methods. Dent Mater 2007;23:45–50.

61.	 Yang B, Barloi A, Kern M. Influence of air-abrasion on zirconia ceramic 
bonding using an adhesive composite resin. Dent Mater 2010;26:44–50.

62.	 Yi YA, Ahn JS, Park YJ, Jun SH, Lee IB, Cho BH, Son HH, Seo DG. The ef-
fect of sandblasting and different primers on shear bond strength be-
tween yttria-tetragonal zirconia polycrystal ceramic and a self-adhesive 
resin cement. Oper Dent 2015;40:63–71.

63.	 Yubero F, Mansilla C, Ferrer FJ, Holgado JP, González-Elipe AR. Size and 
shape of supported zirconia nanoparticles determined by x-ray photoelec-
tron spectroscopy. J Appl Physics 2007;101:124910.

64.	 Zakavi F, Mombeini M, Dibazar S, Gholizadeh S. Evaluation of shear bond 
strength of zirconia to composite resin using different adhesive systems. 
J Clin Exp Dent 2019;11:e257–e263.

65.	 Zhao L, Jian YT, Wang XD, Zhao K. Bond strength of primer/cement sys-
tems to zirconia subjected to artificial aging. J Prosthet Dent 2016;116: 
790–796. 

Clinical relevance: Surface treatment with an MDP-
based adhesive improves the bond strength of an MDP-
containing composite cement to zirconia. However, the 
bond strength is prone to decrease over time.


