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Abstract 

      Silanes and universal adhesives are alternatives for chemical adhesion to ceramics. These 
materials may share some components, so it is worth studying their performance and synergy. The 
objective of this study was to compare the association of a universal adhesive with two types of 
silane on lithium disilicate. Lithium disilicate sheets were made by lost-wax method and divided into 
5 groups: silane, silane with phosphate monomers (MDP), universal adhesive, silane + universal 
adhesive and silane with MDP + universal adhesive. The ceramic was previously etched with 
hydrofluoric acid in all groups. Ten composite resin cylinders of 0.75mm diameter were attached for 
each group, the samples were stored 90 days in distilled water at 37ºC. A micro-shear test was 
performed by pulling with a wire loop. The highest values of the study were obtained by the groups 
where silanes were used prior to the universal adhesive. Within the limitations of this study, it was 
concluded that the application of a silane followed by a universal adhesive is essential. Silane with 
MDP appears to be less efficient compared to a silane without this monomer in promoting chemical 
adhesion to lithium disilicate (LDS). 
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 Introduction 

 
 Repair protocols for glass ceramics 
recommend increasing the surface roughness 
using diamond burs and etching with hydrofluoric 
acid (HF) followed by chemical treatment with 
silane or a universal adhesive1. The use of 
adhesives during the repair allows a greater 
infiltration in the ceramic irregularities, which is 
more difficult to achieve by the resin itself 2.  

Silanes used contain three alkoxy groups 
and an organic functional group3 that comprises 
epoxy, methacrylic, mercaptan, isocyanate, 
ketamine and styryl structure groups, and in 
general the selection depends on the intended 

use4. The main exponent of silane in dentistry is 
3-MPS (3-methacryloyloxypropyltrimethoxysilane)3. 

Additionally, other formulations include 
components in the same bottle such as: 
phosphoric acid ester monomers (1-
methacryloyloxydecane-10-phosphate), disulfide 
methacrylate monomers (Tetra-n-
butylammonium, Ammonium hydrogen difluoride), 
phosphonic acid monomers (9-
methacryloyloxynonylphosphonic), 2-
ethoxycarbonylallyl lipoic acid ester, solvents 
(water and ethanol) 5. Silanes contain 
hydrolyzable functional groups and organic 
functional groups capable of reacting with the -
OH groups of inorganic substrates and resin 
functional groups respectively 6. 

Universal adhesives contain phosphate 
monomers and silanized particles in their 
structure 7, which could improve the adhesive 
resistance in glass ceramics, possibly avoiding 
the use of a silane prior to the adhesive 8, 
however, due to hydrolysis and constant and 
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forced condensation that silane undergoes at an 
acidic pH even in the original bottle, the 
effectiveness of silane is questioned 9. Therefore, 
the objective of the present investigation was to 
compare the association of a universal adhesive 
with two types of silane, evaluating the bond 
strength on a ceramic with lithium disilicate 
reinforcement. The null hypothesis stated that the 
mean bond strength values obtained with both 
types of silane would be statistically equal. 
   

Materials and methods 
 

Sample preparation 

10 sheets 10x10mm wide and 2mm thick 
were made from two lithium disilicate tablets 
(Concept DC-CT1, ZubblerTM, Hamburg, 
Germany) in an injection oven (Programat 
EP5000, Ivoclar Vivadent, Schaan, 
Liechtenstein), with a program of approximately 
28 minutes until reaching 915ºC and a heating 
ramp of 60ºC/min, according to the 
manufacturer's specifications. A ceramic surface 
of each sheet was progressively sanded with 
silicon carbide abrasive papers with U.S. Mesh 
particle size of 600, 700, 800 and 1000 
horizontally and vertically for 30 seconds with 
constant irrigation with distilled water under 
digital pressure followed by immersion in 
deionized water with ultrasound for 15 min. The 
sheets were stored in 0.9% sodium chloride at 
37ºC for 3 months for aging of the ceramic 
substrate. Each sheet was included in a self-
curing acrylic circular mold (Veracril, 
autopolimerizable Guarne, Antioquia, Colombia), 
leaving an exposed ceramic surface. 

Surface treatment 

All the sheets were etched with 10% 
hydrofluoric acid (Maquira, Maringá, Paraná, 
Brazil) for 20 s, washed with deionized water and 
dried with oil free pressurized air. The sheets 
(n=10) were randomized into 5 groups; Group 1: 
Silane with 10-MDP (Monobond-N Ivoclar 
Vivadent, Schaan, Liechtenstein) SF; Group 2: 
Silane (RelyX Ceramic Primer 3M ESPE Saint 
Paul, Minnesota, United States) SN Group 3: 
Universal adhesive (Single Bond Universal 3M 
ESPE Saint Paul, Minnesota, United States) AU; 
Group 4: Silane with 10-MDP and universal 
adhesive (SF-AU); Group 5: Silane and universal 
adhesive (SN-AU).  

SF: Silane 10-MDP was applied with a 
micro-brush for 10 s and left to work for 60 s, 

followed by oil-free pressurized air to remove 
excess material.  

SN: Silane was applied with a micro-

brush for 10 s and left to work for 60 s, followed 
by oil-free pressurized air to remove excess 
material.  

AU: Universal adhesive was applied with 

a micro-brush for 10 s and left to work for 20 s 
followed by oil-free pressurized air to remove 
excess material and polymerization with a light 
curing unit for 20 s with an LED light curing unit, 
at a wavelength of 440-480nm, and an intensity 
of 1.200 mW/cm² (Radii plus SDI Limited, 
Bayswater, Australia). 

SF-AU: Silane 10-MDP was applied with 
a micro-brush for 10 s and left to work for 60 s, 
followed by oil-free pressurized air to blow off 
surplus silane. Subsequently, universal adhesive 
was applied with a micro-brush for 10 s, it was 
left to work for 20 s followed by oil-free 
pressurized air to remove excess material and 
polymerized for 20 s. 

 SN-AU: Silane was applied with a micro-

brush for 10 s and left to work for 60 s, followed 
by oil-free pressurized air to remove excess 
material. Universal adhesive was applied with 
micro-brush for 10 s and left to work for 20 s 
followed by oil-free pressurized air to remove 
excess material and polymerized with a light 
curing unit for 20 s. 

Bonding process 
Fifty segments of 0.75mm internal 

diameter and 1mm length of a medical-grade 
silicone hose, were cut. These tubes were placed 
on the ceramic and filled with resin (Filtex Z250 
XT A2, 3M ESPE, Saint Paul, Minnesota, United 
States) using an explorer, they were polymerized 
with a light-curing unit (Radii plus, SDI Limited, 
Bayswater, Australia) for 20s each (n=10). The 
samples were stored in individual polypropylene 
airtight containers with distilled water at 37ºC for 
24 hours. After the storage time, the silicone 
moulds were carefully removed with a Nº 15 
scalpel blade. All the samples were stored in 
distilled water for 90 days at 37ºC (Isotherm, 
ISOCIDE, Esco Technologies Inc, Horsham, PA, 
United States). 

Micro-shear test 
The samples were analyzed in a universal 

testing machine (SHIMADZU AG-IS, Shimadzu 
Corporation, Kioto, Japan). Using a 0.25mm 
diameter steel wire loop, a tensile force was 
applied at a speed of 0.5mm/min with a 50 N 
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load cell. Adhesion was measured in mega 
pascals (MPa) using the equation MPa = N/mm2. 
The area was a constant of 0.442 mm2, obtained 
from the formula π.r2. 

X-ray analysis  

Two fine powder samples directly  from 
the two LDS ingots were obtained by means 
of  low speed diamond burs in order to provide 
the study material for DRX analysis 
and  therefore  qualitatively compare the two 
silicates (Concept Press DC-CT1, Zubbler, 
Hamburg, Germany) and (E.max, Ivoclar 
Vivadent Schaan, Liechtenstein). An X ray 
diffraction analysis was performed with a 
X’PertPRO PANalytical brand X-ray 

diffractometer with Bragg-Brentano /2 
geometry and copper anode (Kα copper;   λ = 
1.5405 Angstrom) for the identificaction of the 
chemical composition of studied LDSs. 

Statistical analysis 

Descriptive statistics and Box-Plot, 
normality tests (Shapiro-Wilk), ANOVA one-way 
classification and Tukey’s tests were performed. 
The level of significance was p<0.05. The 
program SPSS version 23 was used (AN IBM 
Company, Chicago, United States). 
 

Results 

 
The bond strength results of each group 

are observed in Figure 1. Where the NF+UA 
group obtained the highest bond strength values, 
followed by the FS+UA group and the lowest 
values were evident in the NF, FS and UA 
groups. Statistical differences were found 
between the groups according to the ANOVA test 
(see Table 1). The NF+UA group reported 
statistically significant superiority compared to all 
the others. The FS+UA and NF groups were 
considered statistically equal to each other and 
superior to the AU, NF and SF groups (see Table 
2). The diffractograms of both analyzed ceramics 
are observed in Figure 2, where peaks 
corresponding to lithium disilicate (Li2Si2O5), 
lithium metasilicate (Li2SiO3) and vitreous or 
amorphous phases were identified. The patterns 
of agreement were the JCPDS (01-082-2396 and 
01-072-1140). 

 

 
Figure 1. Box-Plot Bond Strength. Silane 
with 10-MDP, NF: Silane, FS+UA: Silane with 10-
MDP and universal adhesive, NF+UA: Silane and 
universal adhesive. 
 

 
Figure 2. Diffractogram. 

 
 

  

Sum of 

squares gl 

Mean 

square 

Liberty 

degrees Significance 

Between groups 1483.31 4 370.83 14.74 0.00 

Within groups 1131.75 45 25.15     

Total 2615.07 49       

      Table 1. ONE-WAY ANOVA. 
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Table 2. Results of Microshear Bond 

Strength. 
The symbols in superscript different from each other indicate 
statistically significant differences (p<0.05) according to the Tukey’s 
test: UA-FS (P=0.99); UA-NF (P=0.36); UA-FS+UA (P=0.06); UA 

NF+UA (P=0.00); FS-NF (P=0.17); FS-FS+UA (P=0.02); FS-
NF+UA (P=0.00); FS+UA-NF+UA (P=0.00). 

 
 Discussion 
 

 In the present study, the bond strength of 
a universal adhesive was evaluated when 
associated with two different types of silane, 
which determined that using a silane prior to the 
universal adhesive improved the bond strength 
values compared to using the adhesive and 
silane individually. The null hypothesis that the 
bond strength values of the two types of silanes 
would be the same was not accepted. 

In order to decrease clinical time and the 
number of steps, some adhesives already 
contain silane in their structure, however, the 
efficiency of the silane contained in a universal 
adhesive is questioned. Lee et al.10  evaluated 

the adhesive resistance of a silane and a 
universal adhesive containing silane in its 
structure, between a glass ceramic and dual 
resin cement, determining that, although the 
silane contained in the adhesive promoted 
increases in bond strength, it obtained values 
significantly lower than silane application 
followed by the same adhesive. According to the 
literature, the use of silane prior to the universal 
adhesive is mandatory 11. In 2018, AlRabiah et 
al.12 evaluated the performance of one universal 
adhesive and 2 fifth-generation adhesives with or 
without the prior use of silane through the 
adhesive resistance between a lithium disilicate 
ceramic and composite resin. They found that the 
adhesive that had silane in its structure was 
statistically inferior to the previous use of silane 
with this same universal adhesive. This may be 
due to the fact that the silane contained in the 
universal adhesive subjected to a low pH 
undergoes irreversible condensation and 

dehydration, disadvantageous for the formation 
of siloxane groups 13. 

In addition to this, Makishi et al. 14 
evaluated two universal adhesives by a micro-
shear test, both with 10-MDP, one with silane in 
its composition and a multipurpose adhesive 
(hydrophobic bonding resin) on an indirect resin 
and a ceramic with lithium disilicate 
reinforcement. From this, the research showed 
that the best performance was obtained by the 
multipurpose adhesive, this is probably because 
it was the only group that had a silane prior to the 
application of this adhesive. On the other hand, 
the adhesive with silane content in its structure 
was the group with the lowest bond strength 
values. This situation is probably due to the fact 
that silane in a single bottle, as used in this study, 
can generate unstable behavior, since the acidic 
pH of 10-MDP can cause a self-condensation 
reaction of silane, besides BisGMA with silane in 
the same bottle can interfere the condensation 
reaction of the silane with the -OH groups of the 
ceramic. 

Fornazari et al. 15 evaluated through a 
micro-shear test the performance of the 
association of a silane with 10-MDP and 
conventional silane on composite resin, 
determining that the association of a 
conventional silane with both adhesives was 
statistically superior compared to silane with 10-
MDP. Even though the substrate of this research 
was different, the results are similar with the 
present study, because the conventional silane 
added universal adhesive was statistically 
superior compared to the previous universal 
adhesive silane with 10-MDP. In addition to this, 
there are multiple reports that show a 
significantly higher increase in bond strength 
when using a conventional silane prior to 
universal adhesive on lithium disilicate ceramics 
16-18.  

The result of Monobond-N in this study 
could be due to the fact that it contains 
monomers with functional phosphate and 
sulphide groups (10-MDP and disulfide 
dimethacrylate), which are considered less 
effective for the adhesive process in glass 
ceramics compared to silanol groups19,20. 
Additionally, the silane components added to the 
10-MDP and monomers of the universal 
adhesive suppose a greater film thickness and 
less possibility of infiltration of cracks in the 
ceramic by the components of the universal 
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adhesive, which could compromise the integrity 
of the adhesive interface21. 

Regarding the qualitative analysis of 
phases by X-ray diffraction, it is inferred that both 
disilicates have a high coincidence of primary 
and secondary peaks (Fig. 2). The primary peak 
of both ceramics is located at approximately 
2ϴ=25° angle, the other minor phases were 
consistent. This information corresponds to other 
studies 22, this analysis was performed to 
corroborate that the disilicate used in this study 
can be compared with the results of the 
commercial LDS used as a reference in this 
study. 

 
 Conclusions 
 

 Within the limitations of the present study, 
it can be concluded that the application of silane 
prior to universal adhesive should not be 
eliminated. It appears that the silane contained in 
the universal adhesive is not efficient in 
significantly increasing bond strength values on 
etched lithium disilicate. When associating a 
silane prior to a universal adhesive, the use of a 
silane without 10-MDP should be preferred 
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