
The aim of this study was to evaluate the effect of silanization protocols on the bond 
strength of two resin cements to a lithium disilicate glass-ceramic. Thirty-two ceramic 
discs were assigned to 2 groups (n=16): G1 - dual-cured resin cement and G2 - light-
cured resin cement. Four subgroups were evaluated according to the used silanization 
protocol. The glass-ceramic was etched with 10% hydrofluoric acid for 20 s and silane 
was applied for 1 min, as follows: CTL - according to the manufacturer’s instructions; HA 
- dried with hot air; NWA - washed and dried with water and air at room temperature; 
HWA - washed and dried with hot water and hot air. Thereafter, adhesive was applied 
and light-cured for 20 s. Silicon molds were used to prepare resin cement cylinders (1x1 
mm) on the ceramic surface. The specimens were stored in deionized water at 37 °C for 
48 h and subjected to a micro-shear test. The data were submitted to statistical analysis 
(α=0.05). Group G1 showed higher bond strengths than G2, except for the CTL and NWA 
subgroups. Differences as function of the silanization protocol were only observed in G1: 
HWA (25.13±6.83)≥HA (22.95±7.78)≥CTL(17.44±7.24) ≥NWA(14.63±8.76). For G2 there 
was no difference among the subgroups. In conclusion, the silanization protocol affected 
the resin cement/ceramic bond strengths, depending on the material. Washing/drying with 
hot water and/or hot air increased only the bond strength of the dual-cured resin cement.
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Introduction
Clinical success of a ceramic restoration depends on 

the quality and durability of the bond between ceramic 
and the resin cement. To achieve adequate cement/ceramic 
bond strength, many treatments on the ceramic surface can 
be performed. For adhesive cementation, use of a silane 
coupling agent (16) is recommended. This is a monomer with 
reactive organic radicals and a hydro-soluble monovalent 
group that produces bonding between the inorganic phase 
of ceramic and the organic phase of bonding agent and 
is attached to the ceramic surface by a siloxane bond (2). 
Additionally, the silane agent increases the surface energy 
of ceramic substrates and improves adhesive and/or cement 
wettability (2). An appropriate silane protocol should 
therefore be used to assure the bond strength success and 
longevity of dental restoration (1,4,5).

When silane is applied on the ceramic surface and then 
dried, an interphase layer is produced (15). Nevertheless, 
this surface layer of coupling agent is unnecessary for the 
bonding process, and may even be detrimental (14,15). 

Removing the outermost layer of the silane film and leaving 
the most stable and chemisorbed layer on the ceramic 
surface improves the bond strength with the restorative 
interface (14). However, the most effective protocol to 
remove this layer has not yet been identified.

Recently, heat treatment has been proposed to improve 
the technique used to apply silane agent. Heat treatment 
of the ceramic surface may increase the bonding strength 
with resin cements, since it removes the upper silane layer 
and improves chemical adhesion (11,14,17,18,20). On the 
other hand, some studies report no significant improvement 
arising from the heat treatment (8,9). 

For esthetic restorations, lithium disilicate glass-
ceramics are commonly recommended due to their optical 
properties. Because of their glassy composition, these 
ceramics are acid-sensitive. Thus, the adhesive protocol 
for glass-ceramics involves the application of hydrofluoric 
acid, and then of a silane agent. Thus, an evaluation of 
the performance of the silane agent on ceramic surfaces 
becomes imperative (1,2,4).

Cured resin cements with different characteristics (i.e. 
dual- or light-cured) may be used for the cementation 
of glass-ceramics. Since the predictability and clinical 
performance of all-ceramic restorations includes the 
cementation system, activation type, mechanism and its 
polymerization time, as well as the type of ceramic material, 
there is interest to evaluate the influence of alternative 
silane treatments on the bonding strength of glass-ceramics 
to cured resin cements with different characteristics, such 
as dual- or light-cured ones.
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Thus, the aim of this study was to evaluate the effect 
of different silanization protocols on the micro-shear bond 
strength of dual-cured and light-cured resin cements to a 
lithium disilicate glass-ceramic. The hypothesis was that 
heat treatment of the silane would improve the resin 
cement/ceramic bond strength. 

Material and Methods
Thirty-two 1×15 mm heat-pressed lithium disilicate 

glass-ceramic discs (IPS e.max Press; Ivoclar Vivadent AG, 
Schaan, Liechtenstein) were fabricated using the lost wax 
technique according to the manufacturer’s instructions. 
Disc surfaces were flattened with 280- and 400-grit silicon 
carbide sandpaper for standardization purposes. The final 
polishing was performed with 600-grit paper. 

The specimens were divided in two groups (n=16): 
G1: silane (Silano; Dentsply, Santiago, Chile), adhesive 
system (Adper Scotchbond; 3M ESPE,  St. Paul, MN, USA) 
and dual-cured resin cement (RelyX ARC, 3M ESPE); G2: 
silane (Silane, DMG, Hamburg, Germany), adhesive system 
(Luxa Bond Total Etch; DMG) and light-cured resin cement 
(Vitique Base; DMG). 

All the surfaces of ceramic discs were etched with 10% 
hydrofluoric acid (Dentsply) for 20 s, rinsed for 20 s with 
water spray, air-dried and silanated. These specimens were 
then divided into 4 subgroups (for each material; n=4) 
according to the silane protocol employed:

- CTL (control): a microbrush was moistened with 
silane (G1: Silane, Dentsply; G2: Silane, DMG) and applied 
on the surface for 20 s. The latter was then air-blown 
with an air syringe for 60 s at a standard distance of 10 
cm. Subsequently, the adhesive was applied (G1: Adper 
Scotchbond Adhesive, 3M ESPE; G2: Luxa Bond Adhesive, 
DMG) and light-cured for 20 s.

- HA: a microbrush was moistened with silane (G1: 
Silane, Dentsply; G2: Silane, DMG) and applied on the 
surface for 20 s. The latter was then air-blown with a 
hairdryer (P1 2000 W; Belissima, Imetec, Italy) for 30 s 
(50±5 °C) at a standard distance of 10 cm. Next, the adhesive 
was applied (G1: Adper Scotchbond Adhesive, 3M ESPE; 
G2: Luxa Bond Adhesive, DMG) and light-cured for 20 s.

- NWA: a microbrush was moistened with silane (G1: 
Silane, Dentsply; G2: Silane, DMG) and applied on the 
surface for 20 s. The silane was washed in tap water (30 
s), dried with an air syringe (30 s) at a standard distance 
of 10 cm, before the adhesive was applied (G1: Adper 
Scotchbond Adhesive, 3M ESPE; G2: Luxa Bond Adhesive, 
DMG) and light-cured for 20 s.

- HWA: a microbrush was moistened with silane (G1: 
Silane, Dentsply; G2: Silane, DMG) and applied on the 
surface for 20 s. The silane was washed with hot water 
(80 °C, 30 s), dried with a hairdryer (P1 2000 W; Belissima) 

for 30 s (50±5 °C). Next, adhesive was applied (G1: Adper 
Scotchbond Adhesive, 3M ESPE; G2: Luxa Bond Adhesive, 
DMG) and light-cured for 20 s.

A split silicon mold (1.0 mm diameter; 1.0 mm high) 
was clamped to the treated ceramic surfaces and filled with 
dual-cured (Rely X ARC; 3M ESPE) or light-cured (Vitique 
Base;, DMG) resin cement. Both resin cements were light-
cured continuously for 40 s at 1.100 mW/cm2 (Poly Wireless; 
Kavo, Joinville, SC, Brazil). Ten minutes after completion 
of light curing, the bonded specimens were released from 
their molds and individually stored in dark canisters filled 
with distilled water at 37 °C for 48 h. 

Shear bond strengths were tested using a universal 
testing machine (EMIC DL2000; São José dos Pinhais, PR, 
Brazil). The wire-loop method was adopted at a crosshead 
speed of 0.5 mm/min. Mean values and standard deviations 
were calculated for each subgroup. Failure modes were 
evaluated at 57× under a stereomicroscope (SZX9; Olympus, 
Tokyo, Japan). Failure was assessed as mainly adhesive, 
mainly cohesive within the resin cement, or mixed. 

Data were submitted to two-way analysis of variance 
and to Tukey’s HSD test, at a significance level of 5%. 

Results
The mean bond strengths (MPa) and standard deviations 

measured for each group of specimens are presented in Table 
1. There were significant differences in the used material 
(resin cement) (p<0.00001) and silane protocol (p=0.002). 
An interaction was also found between the materials and 
silane protocols (p=0.0066). The dual-cured resin cement 
led to higher bond strengths than the light-cured resin 
cement, except in the CTL and NWA subgroups. 

There were significant differences among the silane 
protocol subgroups only for the dual-cured resin cement, 
where the highest bond strengths were measured for the 
HWA subgroup and they differed significantly from the 
CTL and NWA subgroups. The lowest values were obtained 

Table 1. Mean bond strengths (in MPa) and the corresponding standard 
deviations measured by micro-shear bond strength tests for specimens 
(n=16) of dual-cured and light-cured resin cements attached to a lithium 
disilicate glass-ceramic prepared using different silanization protocols

Silane protocol Rely X ARC (G1) Vitique (G2)

CTL 17.44 (±7.24)bc 12.66 (±6.79)cd

HA 22.95 (±7.78)ab 10.78 (±4.05)cd

NWA 14.63 (±8.76)cd 10.60 (±4.40)d

HWA 25.13 (±6.83)a 12.30 (±4.55)cd

Superscript letters classify the mean values into different groups. 
Two values without a superscript letter in common are significantly 
different (p<0.05).
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for the NWA subgroup, but they were not significantly 
different from those measured for CTL samples. The CTL 
and HA specimens produced intermediate bond strength 
values. Regarding the light-cured resin cement, there were 
no significant differences among the subgroups.

There were significant differences for failure modes 
among the groups (p<0.05). Analysis of failure modes 
showed that cohesive failure prevailed in G1 (dual-cured 
resin cement), except for CTL, which presented mostly 
adhesive failures (Fig. 1). In G2 (light-cured samples), most 
failures were mixed and adhesive (Fig. 1). CTL and HWA 
subgroups presented mainly cohesive failures within the 
resin cement. In contrast, mixed failures prevailed in the 
HA subgroup, while NWA specimens presented significantly 
more adhesive failures.

Discussion
Many factors are involved in the success of resin-bonded 

ceramic restorations, among which  durability and stability 
of tooth-resin and resin-ceramic interfaces are particularly 
important. Bond strength at these interfaces should be 
optimized, as failures in this region can lead to failure of 
the restoration.

A proposal to improve resin-ceramic bonding strength 
has been heat treatment of the silane agent (3,8,11,13,17-
20). However, there is no consensus regarding the benefits of 
silane heat treatment. This lack of consensus was confirmed 
in the present study, as the effect of the silanization 
technique was dependent on the used resin cement.

According to the results of this study, there was a 
significant difference in bond strength in the material, 
silane protocol and material/silane interaction protocol. 
In general, higher values were obtained in G1 than in G2. 
However, there was no statistically significant difference 
between the strength of the G1 and G2 samples in the 
CTL and NWA subgroups. Both combinations of materials 

(silane/adhesive/resin cement) behaved in a similar manner 
when applied according to the manufacturers’ instructions. 

The silanization protocols resulted in different shear 
bond strengths only for the combination of materials in 
G1 (Rely X ARC) group, but no effect was observed for the 
G2 group (Vitique), thus the hypothesis of this study was 
rejected. The results of the present study were material-
dependent (they varied for different silane/adhesive/resin 
cement combinations). 

The use of hot water and hot air after application of 
the silane agent (subgroups HWA and HA) led to higher 
bond strengths than those measured in subgroups CTL and 
NWA, for the dual-cured resin cement. This is in agreement 
with the results of other studies that also found improved 
bond strengths in subgroups where silane was heated after 
application (3,8,11,13,17-20).

The heating of silane (using hot air) on the surface of 
the ceramic eliminates water, alcohol, the by-products of 
the reaction of silane and helps complete the silica-silane 
condensation, promoting the formation of siloxane (14,20). 
Evaporation of alcohol or acetic acid may increase the 
local density of connections available to react with silane 
solution ceramics (20). Washing with hot water improves 
the bond strength due to the removal of the upper layers 
of silane, which are physically attached without covalent 
bonds, leaving the more stable and chemically bonded 
silane layer at the bonding interface (14).

No difference in bond strength was measured as 
function of the silanization technique for the G2 group. 
This agrees with other studies that found no significant 
difference in groups in which silane was heat-treated (6,8,9). 
Both studies were performed using pre-hydrolyzed silanes. 
Other studies (3,21,22) found that different types of silane 
led to different bonding strengths after heat treatment. 

The different tendencies reported in the literature may 
be related to several factors such as silane agents with 
different compositions (types of solvents) and therefore 
potentially different reactivity and stability; different 
silane/adhesive/resin cement combinations and different 
application methods of silane (temperature of the hot air, 
heating means, duration of the hot air treatment, washing 
with hot water, etc.) (7,19). More studies are required 
to standardize the heating technique employed after 
application of the silane agent. 

Regarding the type of failure, there was difference in the 
fracture patterns observed between the groups G1 and G2. 
Except for CTL, cohesive failures within the cement prevailed 
for the dual resin cement subgroups. The percentage of 
adhesive failures was higher in G2 than in G1. This may be 
related to the type of performed mechanical test. The shear 
bond strength involves fastening a cement cylinder on a 
flat ceramic surface, where a complex stress distribution 

Figure 1. Distribution of failure modes found after micro-shear bond 
strength test for specimens of dual-cured resin cement group (G1) and 
for specimens of light-cured resin cement group (G2).
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is produced during the test (10,14). One should consider 
however that in clinical situations a combination of shear 
and tensile stresses may occur at the adhesive interface. 

Moreover, there is a relationship between high bond 
strengths and predominance of cohesive type failures within 
the cement. Higher bond strengths were measured in G1 
than in G2. According to Hooshmand et al. (14), cohesive 
failures predominate when the cement interface bond 
strength exceeds the cohesive strength of cement. When 
fracture occurs due to cohesive failure within the cement, 
it is caused mainly by failures within the resin rather than 
at the interface. This suggests either that interface failures 
were eliminated because of the improved application 
method for the silane agent, or that their effect was less 
important than the inherent strength of resin cement. 

The results of this study, confirmed by other studies in 
the literature (3,8,11,13,17-20), show that heat treating the 
silane agent after its application on ceramic surfaces may 
be an important operative step in dental practice. Since 
both heat treatments (hot water and hot air) were effective 
with no significant difference between their effects, the 
authors suggest including only hot-air drying of the silane 
agent in clinical practice, as the washing protocol would add 
an extra step to the clinical routine without significantly 
improving the bond strength.

In conclusion, the silanization protocol affects diversely 
the resin cement/ceramic bond strength depending on the 
particular used material combination. Drying the silane 
agent with hot water and/or hot air only provided higher 
bond strengths for the dual-cured resin cement. 

Resumo
O objetivo do estudo foi avaliar o efeito da técnica de silanização na 
resistência de união de cimentos resinosos a uma vitrocerâmica. Trinta e 
dois discos de vitrocerâmica foram distribuídos em 2 grupos (n=16) (G1: 
cimento dual e G2: cimento fotoativado) e subdivididos em 4 grupos de 
acordo com a técnica de silanização. A vitrocerâmica foi condicionada 
com ácido fluorídrico a 10% por 20 s e o silano aplicado por 1 min de 
acordo com os subgrupos: CTL: de acordo com as instruções do fabricante, 
HA: secagem do silano com ar quente, NWA: lavagem  e secagem com 
água e ar a temperatura ambiente, HWA: lavagem e secagem com água 
e ar quente. Após, o sistema adesivo foi aplicado e polimerizado por 20 
s, e cilindros (1 x 1 mm) foram confeccionados com os cimentos sobre a 
superfície da cerâmica. Os espécimes foram armazenados em água destilada 
por 48 h e submetidos ao ensaio de microcisalhamento. Os dados foram 
submetidos à análise estatística (a=0,05). O grupo G1 apresentou maiores 
valores de resistência do que G2, exceto no subgrupo CTL e NWA. Houve 
diferença na técnica de silanização apenas para G1: HWA (25,13±6,83)≥ HA 
(22,95±7,78)≥ CTL (17,44±7,24)≥ NWA (14,63±8,76). Para G2 não houve 
diferença entre os subgrupos. Conclui-se que a técnica de silanização 
interferiu na resistência de união cimento/cerâmica dependendo do 
material utilizado. A lavagem e secagem com água e ar aquecidos promoveu 
maior valor de resistência apenas para o cimento dual.
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