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Improving adhesion between luting 
cement and zirconia-based ceramic 
with an alternative surface treatment

Abstract: This study evaluated the influence of an alternative surface 
treatment on the microshear bond strength (μsbs) of zirconia-based 
ceramic. Thirty-five zirconia disks were assigned to five groups 
according to the following treatments: Control (CO), glass and silane 
were not applied to the zirconia surface; G1, air blasted with 100μm glass 
beads + glaze + silane; G2, a gel containing 15% (by weight) glass beads 
applied to the ceramic surface + glaze + silane; G3, a gel containing 25% 
(by weight) glass beads applied to the ceramic surface + glaze + silane; 
and G4, a gel containing 50% (by weight) glass beads applied to the 
ceramic surface + glaze + silane. The specimens were built up using 
RelyX ARC®, according to the manufacturer’s recommendations, and 
inserted in an elastomeric mold with an inner diameter of 0.8 mm. The 
μsbs test was performed using a testing machine at a crosshead speed 
of 0.5 mm/min. ANOVA and Tukey’s test (p < 0.05) were applied to the 
bond strength values (in MPa). CO (15.6 ± 4.1) showed the lowest μsbs 
value. There were no statistical differences between the G1 (24.9 ± 7.4), 
G2 (24.9 ± 2.3), G3 (35.0 ± 10.3) and G4 (35.3 ± 6.0) experimental groups. 
Those groups submitted to surface treatments with higher 
concentrations of glass showed a lower frequency of adhesive failures. 
In conclusion, the glass application improved the interaction between 
the ceramic and the luting cement.
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Introduction
Zirconia-based ceramics (ZrO2) have important properties, such as 

chemical durability, high fracture toughness, elastic modulus and hardness, 
influenced by the tetragonal-to-monoclinic phase transformation.1,2,3 
Despite the difficulty to bond the surface of ZrO2, resin cements are a 
good option to bond indirect restorative materials to dental tissues,4 

including ZrO2. This is especially the case when a surface treatment is 
used,5 because this ceramic is composed of a glass-free polycrystalline 
microstructure. Therefore, hydrofluoric etching and silanization do not 
improve the bond strength between resin and high crystalline content 
ceramics.6,7,8,9 For this reason, a different mode of treatment is necessary 
to provide adequate bond strength.

In vitreous ceramics, hydrofluoric acid etching can be used to modify 
the surface. Hydrofluoric acid selectively removes the glassy matrix, 
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creating a porous surface.10,11 After conducting the 
surface treatment, a silane-coupling agent is applied 
to the ceramic surface. Silane is a bi-functional 
molecule capable of forming a siloxane network 
with the hydroxyl (OH) of the silica on the ceramic 
surface, and co-polymerize with the resinous matrix 
of composites. However, this chemical reaction is 
not applicable to zirconia-based ceramics, because 
they lack a silica phase.9,12,13,14,15 Some manufacturers 
recommend a tribochemical silica coating as an 
alternative treatment in an attempt to improve the 
bond between ZrO2 and resin cements.16,17 The silica 
embedded on the ceramic surface is able to react 
by silane coupling, and should be more effective 
than conventional air abrasion.18,19 This abrasion 
technique only increases the surface roughness of the 
zirconia,20 increasing the bonding surface area, and 
removes any contaminants from the ceramic surface.21 
Notwithstanding, controversy exists regarding the 
efficacy any of these treatments.16,22,23,24

Air blasting with glass beads is another attempt 
to modify the zirconia surface and increase the bond 
strength between zirconia-based ceramics and resin 
cement. Previous studies have indicated that the fusion 
of glass beads on a zirconia surface can increase the 
bond strength to composite resin cements, as compared 
with untreated surfaces.13,25 However, in these studies, 
the fused glass was removed by selective infiltration 
etching (SIE), creating mechanical retentions. On the 
other hand, the presence of the glass beads fused on 
the ZrO2 could establish a chemical bond with the 
cement through the silane, in addition to modifying the 
surface topography. For this reason, the development 
of a simple, effective and inexpensive technique for 
applying glass beads on ZrO2 becomes necessary.

The aim of this study was to evaluate: i) if the bond 
strength between ZrO2 and resin cement could be 
increased by fusing glass beads, using two application 
techniques; ii) if the failure mode could be influenced 
by the quantity of glass on the ceramic surface.

Methodology
Thirty-five zirconia discs (Cercon, DeguDent 

GmbH, Hanau, Germany) were cut into sections with 
a water-cooled low-speed diamond saw (Isomet 1000, 
Buehler, Lake Buff, USA) from pre-sintered Y-TZP 

blocks. After completing the full sintering process, 
the discs (20 mm in diameter and 2 mm in thickness) 
were wet polished with #600 and #1200 silicon carbide 
paper (Norton S.A., São Paulo, Brazil). The zirconia 
surfaces were air-abraded with 50 μm aluminum 
trioxide (Al2O3) particles at a pressure of 4 bar, from 
a distance of 10 mm for 10 s. After air abrasion, the 
zirconia discs were cleaned for 5 min in an ultrasonic 
ethanol bath and 5 min in distilled water (Ultrasonic 
Cleaner - Odontobras Ind. & Com. de Equipamentos 
Médico Odontológicos Ltda., Ribeirão Preto, Brazil), 
and then dried with oil-free air. The zirconia discs were 
randomly separated into five groups (n = 7): Control 
(CO) - no treatment; G1 - air blasted with Rolloblast® 
100μm glass beads (Renfert GmbH, Hilzigen, 
Germany), using an air-blasting device (Microetch, 
Bio-Art Equipamentos Odontológicos Ltda., São 
Carlos, Brazil), at a distance of 10 mm, perpendicular 
to the disc surface for 20 s + baking in a Titan 98® 
ceramic oven (EDG Equipamentos e Controles Ltda., 
São Carlos, Brazil), at a preheated temperature of 
400ºC for 4 min, with a heating rate of 55ºC/min 
up to 900ºC, and maintaining this temperature for 
6 min; G2, G3 and G4, in which a water-based gel 
containing 15%, 25% or 50% by weight (respectively) 
glass beads was applied to the ceramic surface with 
a brush used for application of ceramic primers in a 
single direction for 20s. After applying the gel, the 
zirconia discs were baked using the same process as 
that used for G1. This baking procedure was adopted 
to melt the glass beads onto the ceramic surface. The 
parameters used were set as a standard program that 
was entered in the furnace memory.

Polyvinyl siloxane molds (Vigodent Coltene S.A. 
Indústria e Comércio, Rio de Janeiro, Brazil), 0.5 mm 
thick, were constructed with five cylinder-shaped 
orifices (0.8 mm in diameter) and were placed on 
the ceramic disc surface to delimit the adhesion 
area. Before positioning the mold, the silane agent 
was applied to the surface of G1, G2, G3 and G4. 
The adhesion was performed by one operator, under 
controlled conditions of temperature and humidity 
(23 ± 2ºC and 50 ± 5%). RelyX ARC resin cement 
(3M ESPE, St. Paul, USA) was prepared according 
to the manufacturer’s instructions and inserted 
into the orifice of the mold, with a #5 explorer 
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(Duflex - SS White do Brasil, Rio de Janeiro, Brazil). 
Excess cement was removed using a #24 spatula 
(Duflex). The orifices were filled with the resin luting 
cements, and a transparent polyester strip was placed 
over the filled orifices. A constant and uniform load 
of 454 gF (1 pound F) was applied for 1 min, using 
a custom-made device. The resin cement was photo 
activated for 20 s for each orifice, using a continuous 
mode with a LED Radii Cal (SDI. Victoria®, Australia) 
and an irradiance of 1,400 mW/cm2, as verified with 
a power meter (Ophir Optronics Ltd.®, Jerusalem, 
Israel). After the samples were activated, they were 
stored for 24h at 37ºC, 100% relative humidity, and 
protected from light.

Microshear bond strength (μsbs) test ing 
was performed in a testing machine (EMIC DL 
3000® - EMIC - Equipamentos e Sistemas de Ensaios 
Ltda., São José dos Pinhais, Brazil), using a chisel 
with a 0.5 mm/min crosshead speed until failure. 
The average of the five repetitions on the specimens 

was calculated to obtain the mean value of the bond 
strength of each zirconia disc. The mean of the 7 discs 
of each group was submitted to one-way ANOVA, 
and multiple comparisons were performed using 
Tukey’s post-hoc test. Differences were considered 
significant at p < 0.05. Figure 1 shows a schematic 
of the experimental procedures. The failure mode 
analysis was observed under scanning electron 
microscopy (SEM) (JSM–5600LV, Jeol Ltd., Tokyo, 
Japan) at 15Kv and at 80x magnification, and classified 
as cohesive (COH) – within the cement layer, adhesive 
(ADH), or mixed (MIX) – involving cement and 
ceramic substrates.

Three additional specimens were made for each 
surface treatment, to evaluate the modifications on 
the surface morphology, as described above for G1 to 
G4. The zirconia discs were coated with carbon and 
examined with a back-scattering electron detector 
on SEM (Jeol Ltd., Tokyo, Japan), to distinguish the 
number of glass and zirconia phases.

Figure 1. Image A shows the elastomeric mold, abrasion with Al2O3 particles and ultrasonic bath prior to adhesive procedures. 
Image B shows the treatments applied to each group, the CO (non-treated) and glass applications, according to each group, as 
well as the firing (G1-G4). Observe the following adhesion procedures: (1) an elastomer mold positioned onto the zirconia disc 
surface after silane coating, in the groups treated with glass; (2) orifices filled with resin cement; (3) polyester strip and (4) glass slab 
over the filled mold; (5) cementation load applied for 1 min (454 gF); (6) photo-activation of resin cement (20 s in each orifice). 
Image C represents the μsbs testing.
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Results
The results of μsbs and distribution of the failure 

modes in each group are shown in Table 1. CO 
presented significantly lower bond strength values, 
as compared with all the other groups (p = 0.0098). 
No significant differences were found when the glass 
was applied on the zirconia surfaces, regardless of 
the type or quantity of glass applied (p ≤ 0.08). The 
failure analysis performed on SEM, with a secondary 
electron detector, showed that the ADH mode was 
the predominant failure mode for CO, and a decrease 
in the frequency of this failure mode was observed 
according to increasing amounts of glass on the 
zirconia surface. In contrast, a predominance of the 
MIX failure mode was detected for G2 to G4. A detail 
of a MIX failure, with adhered resin cement on a glass 
bead and the surface of the zirconia, is shown in 
Figure 2. The COH mode (Figure 3) was observed in 
G3 and G4. Backscattering images show the increase 
in the amount of fused glass on the surface of ZrO2 
for G2, G3 and G4 (Figures 4A, 4B and 4C).

Discussion
 The bond strength between the resin cement and 

ZrO2 has been extensively studied. Methods such as 
air-abrasion, tribochemical silica coating associated 
to silane-coupling, the use of ceramic-primers and, 
more recently, SIE, have been used in order to 
improve the adhesion to ZrO2. However, whereas 
some of these treatments have shown good 
results,4,6,8,26 other methods have not proven their 
effectiveness completely.7,9,20,21,27

In the present study, the application of glass 
to the ZrO2 surfaces improved the bond strength 
between the ceramic and resin cement, regardless 
of the technique (air blast or gel) or concentration 
of the gel (15, 25 or 50% of glass by weight). The 
increase in the bond strength probably occurred due 
to addition of silica to the surface of the substrate. 
After the application and fusion of glass on the 
zirconia disc surface, a silane-coupling was applied, 
resulting in stable chemical bonds between the 
hydroxyl groups (OH) of the silica on the glass 
surface and the resin cement,12,15 corroborating 
previous studies.6,7,25 Therefore, the lower μsbs 
observed by the CO can be explained by the low 

Figure 3. COH mode with an air bubble within the cement bulk.

Figure 2. Resin cement adhered to the glass bead on the 
zirconia surface.

Table 1. Means (standard deviations) for μsbs and SEM 
classification of the following failure modes: ADH - adhesive; 
MIX - mixed, involving luting material and ceramic; 
COH - cohesive, within the luting material.

Groups
μsbs
(MPa)

Failure mode (%)

ADH MIX COH

Control 15.57 (4.1) B 90 10 -

G1
Air blast

24.86 (7.4) A 80 20 -

G2
Gel 15%

24.95 (2.3) A 40 60 -

G3
Gel 25%

35.05 (10.3) A 30 50 20

G4
Gel 50%

35.52 (6.0) A 5 65 30

Different letters in the first column indicate statistically differences 
(Tukey’s test, p < 0.05).
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micromechanical interlocking between the resin 
cement and zirconia surface. In addition, the 
absence of glass (silica) on the ceramic surface did 
not establish a siloxane network between the silane 
coupling and the ceramic surface. The quantity of 
glass on the zirconia surface had no influence on 
the bond strength among the experimental groups 
(Table 1). However, an evident modification in the 
failure mode was observed.

Table 1 shows the high percentage of ADH 
failure mode that occurred for the CO and G1 
groups. According to a previous study, adhesive 
failures are usually associated with lower bond 
strength values.28 Notwithstanding, the type of 
adhesion (mechanical interlocking or chemical 
bonds) also appears to have an influence on the 
failure mode. Although the bond strength values 
among the experimental groups (G1 to G4) were 
similar, the G1 failure mode was predominantly 
ADH. This probably occurred because G1 was 
not baked; therefore, the glass was not fused 
onto the ZrO2 surface, as occurred with the glass 
beads. A previous study reports that the silica 
content on the silica-coated surface is about 11%, 
and these particles do not appear to have become 
embedded on the zirconia surface.29 Therefore, the 
G1 failure mode may have been influenced, leading 
to the similar bond strengths, in comparison with 
the other experimental groups. In addition, the 
limitations of the μsbs test, such as non-uniform 
stress distribution, must be considered, because 
this distribution may influence the failure mode.30

The modification of the failure mode may have 
contributed to the similar bond strength values 
among the experimental groups.6 The fused glass was 
strongly bonded to the zirconia surface, resulting in 
an effective adhesion. The silane coupling promoted a 
chemical bond between the glass and the resin cement, 
increasing the bond strength and directing the stress 
into the resin cement layer. The interaction among 
the resin cement, glass-beads and zirconia surface 
can be seen in Figure 2. The stress may have been 
concentrated in areas that were poorly polymerized 
or that contained air bubbles within the cement (as 
shown in Figure 3), increasing the occurrence of MIX 
failures and decreasing the percentage of ADH failures. 
Groups containing a higher amount of glass on the 
ceramic surface presented failures that involved a 
larger number of resin cements, especially in G3 and 
G4, where COH failures occurred. In Figure 4, images 
A, B and C show the differences in surface morphology 
of the G2, G3 and G4 groups, respectively. The SEM 
images obtained with the back-scattering electron 
detector show the zirconia surface as a white phase, 
whereas the dark, raised bubbles are the particles of 
glass fused to the ceramic surface. The increase in the 
amount of glass on the zirconia surface, according 
to the concentration of gel used in each specimen, 
is apparent, resulting in increased irregularities of 
the surface and a large presence of silica (which can 
react with the silane coupling), developing points of 
stress concentration within the cement layer.

Even though the increase in μsbs and the 
modification in failure modes were verified through 

Figure 4. The increase in the amount of glass on the zirconia surface for G2, G3 and G4 can be seen respectively in images A, B 
and C (back-scattering electron detector). Individual fused glass beads are shown in Image A, and groups of beads fused together 
can be seen in images B and C.
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this study, more studies are necessary to evaluate 
the effect of storage, mechanical stress, and water 
degradation combined with different resin cements, 
insofar as surface characteristics may be key 
determinants of their bonding potential with zirconia 
ceramics.21 In addition, data regarding marginal and 
internal fit are important for assessing the clinical 
applicability of this alternative surface treatment.
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