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Resumo
Introdução: A silanização da superfície cerâmica antes da aplicação do adesivo e/ou materiais resinosos
desempenha um papel importante na resistência adesiva. Atualmente, uma nova família de sistemas
adesivos foi introduzida no mercado, visando simplificar a técnica dos procedimentos adesivos durante a
cimentação. Objetivo: Investigar a eficácia de diferentes soluções contendo silano e primer na superfície
de cerâmicas de Dissilicato de Lítio (DLT) por meio de testes de resistência adesiva por cisalhamento.
Material e método: 130 blocos cerâmicos DLT foram incluídos em resina acrílica, polidos e lavados em
ultra-som por 10 minutos. Os espécimes foram divididos em 2 grupos de acordo com tratamento de
superfície: Superfície Polida (PS); Ácido Hidro-Fluorídrico 9,5% - 20s (HF). Cada grupo foi dividido em
5 sub-grupos (n = 13) de acordo com o tipo de primer/silano: primer metálico contendo MDP (ZprimePlus,
Bisco Inc); dois silanos tradicionais (MonobondPlus, IvoclarVivadent / Porcelain Prime, Bisco Inc.); mistura
de silano e resina (Kerr Silane, Kerr); mistura de silano e adesivo universal (Single-bond Universal,
3M Espe). Os espécimes foram montados em um dispositivo padrão (UltradentBonding Assembly) para
teste de cisalhamento Bisco Shear Bond Tester), cimentados com cimento resinoso dual (RelyX UltimateTM,
3M Espe.) e foto-polimerizados por 20s. O teste foi realizado após o período de: 24 horas e 3 meses de
armazenamento em água destilada à ±36 °C. Os dados foram analisados por 3-Way Anova e Teste de
Tukey (α=5%). Resultado: A resistência adesiva ao cisalhamento (SBS) foi significativamente influenciada
pelo tipo de tratamento da superfície, pelo tipo de agente de união utilizado e pelo armazenamento
(p<0,001). Conclusão: Adequada resistência adesiva pode ser obtida com silanos tradicionais,
combinados com o pré-tratamento de superfície com ácido HF.
Descritores: Adesão; resistência adesiva; dissilicato de lítio; cimento resinoso; silano.

Abstract
Introduction: The silanization of the ceramic surface prior to applying the adhesive and/or resinous
materials plays an important role in bond strength. Nowadays, a new family of adhesive systems has been
introduced into the market, aiming to simplify the technique of adhesive procedures during cementation.
Objective: To investigate the effectiveness of different bonding agents containing silane and primer on
Lithium Disilicate Glass Ceramic (LD) surface by shear bond strength tests. Material and method: 130 LD
ceramic blocks were included in acrylic resin, polished and washed in ultrasound for 10 minutes.
The specimens were divided into 2 groups according to surface treatment: Polished Surface (PS);
Hydrofluoric Acid 9.5% - 20s (HF). Each group was divided into 5 subgroups (n = 13) according to
bonding agent type: metallic primer containing MDP (ZPrimePlus, Bisco Inc); two traditional silanes
(MonobondPlus, IvoclarVivadent / Porcelain Prime, Bisco Inc.); mixture of silane and resin (Kerr Silane,
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Kerr); mixture of silane and universal adhesive (Single-bond Universal, 3M Espe). The specimens were
mounted in a standard device for shear testing (UltradentBonding Assembly), cemented with dual resin
cement (RelyX UltimateTM, 3M Espe.) and photo-polymerized for 20s. The samples were tested after
24 hours and 3 months of storage in distilled water at ±36 °C. The data were analyzed by 3-Way Anova
and Tukey's test (α = 5%). Result: Shear bond strength (SBS) was significantly influenced by surface
treatment, bonding agent used and storage (p <0.001). Conclusion: Adequate adhesive bond strength to
Lithium Disilicate Glass Ceramic can be obtained with traditional silanes, combined with HF acid
pretreatment surface.
Descriptors: Adhesion; adhesive strength; lithium disilicate glass ceramic; resin cement; silanes.

INTRODUCTION
The aesthetic limitations of metal-ceramic restorations have increased the search for new
materials to use in clinical restorations. Currently, many ceramic systems are commercially
available. Dental ceramics with a high aesthetic standard are predominantly glazed, also known
as dental porcelains (glazed and translucent white ceramic), used to cover infrastructures, but
having low mechanical properties. The search for a sturdier material for infrastructures
involved an increase in the crystalline content, thus resulting in ceramics with better
mechanical properties but with reduced aesthetic potential1.

Lithium disilicate glass ceramics (IPSe.maxCAD) are gaining popularity in restorative
treatment as they satisfy the aesthetic demands of patients faster and with a favorable
prognosis. These systems offer the dentist the opportunity to prepare, design and manufacture
a ceramic restoration in one visit, without the need for making impressions, temporary
restorations and a laboratory phase2,3.

To obtain predictability in the cementation of ceramic restorations, excellent mechanical-chemical
surface preparation is essential to promote proper adhesion between the ceramic and the dentin
substrate4. This bonding can be achieved through the use of adhesive systems that will bond
both to the tooth and to the ceramic surface, after applying hydrofluoric (HF) acid followed by a
silane compound5. It has been speculated that HF acid conditioning of the glass ceramic surface,
followed by silane, remains the “Gold Standard”6. HF acid conditioning produces partial dilution
of both the glazing and crystalline phases of the ceramic, which is sufficient to obtain the surface
necessary roughness7.
The silanization of the ceramic surface prior to applying the adhesive and/or resinous
materials plays an important role in bond formation. Due to its bifunctional characteristic, the
application of the silane favors the moistening of the ceramic surface, increasing the contact
area. Furthermore, the silane binds to the silicon oxide compounds present on the ceramic
surface, as well as to the organic matrix of the resin through siloxanic bonds8,9.

Recently, a new family of adhesive systems (universal adhesives) has been introduced into
the market. These adhesive systems can be used in direct or indirect restorations, and are also
capable of bonding to several types of substrates including composite resin, ceramics and
metal alloys. Some universal adhesives contain silane and a functional monomer, such as
10-methacryloyloxydecyl dihydrogen phosphate (MDP), which helps the resin adhere to the
ceramic without requiring additional primers. The versatility of the universal adhesives
provides a new and simplified approach to the connection between resins and ceramics10.

As presented, the aim of the present in vitro study was to assess the effect of different
ceramic pre-treatments (use, or not, of hydrofluoric acid) and the application of chemical agents
(silanes or an adhesive system containing silane), as surface treatment of CAD/CAM lithium
disilicate glass ceramic restorations, on shear bond strength. The effect was assessed after
24 hours and after three months of storage in distilled water, using a conventional, dual-cure
resin cement. The null hypotheses tested were: (i) there will be no significant effect regarding
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surface treatments; (ii) there will be no significant effect regarding type of bonding agent;
(iii) there will be no significant effect regarding storage.

METHODOLOGY
One hundred thirty ceramic blocks of Lithium Disilicate (IPSe.maxCAD, Ivoclar-Vivadent)
were cut measuring 7 × 7 × 3mm and submitted to the crystallization process in a special oven
for this purpose (Programat®), at a temperature of 840-850 °C for 25 minutes. After
crystallization, each block was set in a PVC matrix with the aid of a chemically activated acrylic
resin. The surface of each specimen was prepared with 180 and 400 grit sandpaper for
20 seconds of each sanding, under constant refrigeration. Between each polishing sequence, the
specimens were washed in ultrasound-deionized water.

Two groups were created (n=65) based on the surface pre-treatment: (1) PS: polished
surface; (2) HF: 9.5% Hydrofluoric Acid (Bisco Inc, Schaumburg, IL, EUA), applied for 20s,
rinsed for 10s, and air-dried for 10s. Each group was subdivided into five groups (n=13)
according to the type of bonding agent being investigated: ZPP – Metal Primer (ZPrime Plus,
Bisco Inc, Schaumburg, IL, USA); MBP – Traditional Silane (IvoclarVivadent); PP – Traditional
Silane (Porcelain Primer/Bisco Inc, Schaumburg, IL, EUA); KS – Mixture of silane with resin
(Kerr Silane / Kerr Corp, Orange, CA, EUA); SBU – Mixture of silane with universal adhesive
(Single Bond Universal, 3M ESPE, St Paul, MN, EUA) (Figure 1). The silanization protocol
followed the manufacturer’s instructions. In summary, for the commercial primers/silanes ZPP,
MBP, PP and KS, two drops of silane were applied directly to the surface, waited 30s and dried
with jets of oil-free air. A layer of the SBU adhesive was applied directly to the surface, waited
20s and dried with jets of oil-free air, with subsequent photo-activation for 20s with an
LED light polymerization unit (Bluephase Style, IvoclarVivadent; Schaan, Liechtenstein) with
1.100 mW/cm2.

Figure 1. Flowchart of the study.

The specimens were randomly distributed among the experimental groups according to a
computer program11. Each specimen was assembled and set in a standard assembler (Ultradent
Bonding Assembly, Ultradent Products Inc., South Jordan, UT, USA) with a plastic platform with
internal diameter of 2.38mm, to obtain a final sectional area of 4.45mm2. The mold was filled
with conventional, dual-cure resin cement (RelyX Ultimate 3M ESPE, St Paul, MN, EUA) using a
self-mixing and photo-activated syringe with an LED light polymerization unit (Bluephase Style,
IvoclarVivadent; Schaan, Liechtenstein) with 1.100 mW/cm2, initially for 1 second, followed by
manual compression of the resin cement inside the mold against the ceramic surface, with an
additional 20s of photo-activation. This protocol was adopted to eliminate air bubbles at the
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cementation interface and internally in the cement. The power of the polymerization unit was
measured before each use with the aid of a radiometer (Model 100, KERR Corporation, Orange,
CA USA). After cementing, the matrix was disassembled and a cylinder of approximately 3mm
height was created. Two cylinders of resin cement were added to each ceramic surface.
The specimens were stored in distilled water (pH 6.3) at ±37 °C. After 24 hours, one cylinder
was tested using the shear method and the other remained adhered in order to conduct the test
after three months of storage. The water was renewed every month until the specimen was
tested. This methodology is intended to avoid contamination of the water by residual
monomers.
The test of bond strength was conducted using a shear test machine (Bisco Shear Bond
tester, Schaumburg, IL, USA). The loading speed at the resin cement/ceramic surface interface
was 0.5mm/min until failure. The failure mode was classified using a 40x magnification digital
microscope (Nikon Eclipse 80i microscope; Nikon Instruments, Amsterdam, Netherlands).
Failures occurring at the adhesive interface and having less than 33% cement remaining on
the ceramic surface were classified as “adhesive failure”. Failures having between 33% and 66%
cement remaining on the ceramic surface were classified as “mixed failure”. Those with more
than 66% cement remaining on the ceramic surface were classified as “cohesive failure”12.

Data were analyzed using 3-way ANOVA (Sigma Plot 12.0, Jandel Scientific, USA) and for
multiple comparison by pairs (Tukey test) to investigate the effects of the surface treatments, of
the bonding agents and of storage time in water. The tests were conducted with α = 5%
(p<0.05).

RESULT
Results in Mpa are shown in Table 1 and Figure 2. The shear bond strength (SBS) was
influenced significantly by the type of surface treatment, the type of bonding agent used and the
storage (p<0.001).
Table 1. Mean values of Shear Strength expressed in MPa ±DP

Silanes
ZPP
MBP
PP
KS
SBU

24 HOURS

3 MONTHS

HF

PS

HF

PS

15.10±2.7 A,b
17.01±5.2 A,ab
19.09 ±7.6 A,a
15.36±6.7 A,b
11.35 ±5.3 A,c

3.13±0.7 B,a
6.01±2.0 B,a
4.30 ±3.0 B,a
2.49±1.4 B,a
2.26 ±0.7 B,a

7.72±1.9 X,c
11.9±4.6 X,b
18.82 ±5.0 A,a
7.19±3.9 X,c
9.73 ±3.3 A,bc

0.0±0.0 Y,a
1.8±1.9 Y,a
0.70 ±1.0 Y,a
0.00±0.0 Y,a
0.75 ±0.7 Y,a

Means followed by different Uppercase letters (line) and Lowercase (column) differ statistically according to the Tukey test
(p<0.05). PS (Polished Surface). HF (Hydrofluoric Acid). ZPP (ZPrimePlus). MBP (MonoBond Plus). PP (Porcelain Primer).
KS (Kerr Silane). SBU (SingleBond Universal).

The HF group showed higher bond strength values, independent of the bonding agent used
and the storage time, compared to the PS group.

After HF conditioning, the traditional silane (PP) showed higher bond strength results, and
the adhesive system (SBU) showed lower results, after 24 hours of storage. However, it is worth
emphasizing that these bonding agents showed no significant difference between the storage
intervals.

After 24 hours, analysis of the fracture mode (Figures 3 and 4) revealed a predominance of
mixed failure for most of the silane groups when HF treatment was used. For the PS groups,
analysis of the fracture mode revealed more adhesive failure regardless of the bonding agent
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and storage time, with spontaneous decementation after three months for the ZPP and KS silane
groups.

Figure 2. Mean values expressed in MPa 24 hours and 3 months.

Figure 3. Facture Mode Analysis after 24 hours.

Figure 4. Fracture Mode Analysis after 3 months.
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DISCUSSION
In the present study, all the investigated factors (surface treatment, bonding agent and
storage) had a significant impact on the shear strength between the resin cement and the
lithium disilicate glass ceramic. Thus, the null hypotheses tested must be rejected.

According to the results obtained in the present study, it can be observed that bond strength
was impaired in the groups in which the lithium disilicate surface was not conditioned (PS), and
the application of the bonding agents did not result in gains in bond strength. This suggests that
only the chemical treatment of the surface with silane/primer/adhesive does not favor
improvement in the bond strengths to the lithium disilicate glass ceramic. On the other hand,
when the surface was conditioned with HF, a significant increase in bond strength was found,
regardless of the bonding agent used. These data are corroborated by some authors who
reported that HF selectively conditions and dissolves the glazed matrix of the ceramic and
causes changes in the surface, providing a topographic pattern that favors a strong,
micromechanical bond with resinous materials, reflecting high bond strength values8,13.

Silanization of the ceramic surface, prior to the application of the adhesive and/or resinous
materials, has been a standard procedure in glass ceramic restorations as its importance in
bond formation is well established. The silanes form a large group of organic compounds that
contain, essentially, one or more silicon (Si) atoms. In general, they present the chemical
formula R-Si-(OR’)3 and are considered monofunctional, bifunctional and/or trifunctional
agents, depending on the quantity of Si atoms. These compounds are capable of promoting
chemical bonding with organic surfaces, such as composite resins and polymers, as well as
binding to the inorganic compounds present on the ceramic surface by means of the siloxane
covalent bonds in both cases14,15.

The current market trend is to launch adhesives considered “universal” or “multi-mode”.
Some of these adhesives have components that allow them to bond to the glass or zirconium
ceramic, noble and non-noble alloys, and composites16. According to the manufacturers, they
still have the advantage of being compatible with all the resin cements. Therefore, they are
adhesives that seek to reduce the sensitivity of the technique with simplification of its use.
However, the universal adhesives have only been on the market for a short time and little
information is available about their performance on ceramic surfaces. Some authors report that,
although the bond strength between resinous materials with the ceramic surface based on
leucite conditioned with fluoride acid was improved when universal adhesives were used,
conventional surface treatment using a silane is preferable to a simplified procedure that uses
only universal adhesive10,17. In addition, other authors have reported that the capacity of
universal adhesives to obtain an appropriate and lasting bond to ceramics based on lithium
disilicate seems limited, and an effective bond is found with the use of specific, traditional silane
as a separate step after conditioning with HF acid18. The results of the present study
corroborate these findings since the best bond strength results occurred when traditional silane
was used.
Due to the lack of stable chemical bonding of the universal adhesives, it has been mentioned
that the silane contained in the adhesive systems does not produce a significant chemical bond
with the ceramic surface10,13,19. The bond strength was significantly improved when the silane
was applied before applying the universal adhesive. Thus, the incorporation of silane in the
adhesive itself seems ineffective in improving the ceramic-resin bond.

This can be explained by the presence of a mixture of several components in the same flask,
and by the inhibition of the bis-GMA that interrupts the action of the silane in the condensation
reaction of the hydroxyl group on the ceramic surface20. Furthermore, the functional acid
monomer (10-MDP), present in some universal adhesives, can prevent the ideal chemical
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interaction between silane and the ceramic surface, due to the tendency to undergo premature
hydrolysis in an acidic environment10.

The failure mode observed was, mainly, mixed and/or cohesive for all silanes tested when
HF acid was applied. This indicates a good bond and contact with the ceramic surface.
Conversely, for the polished surface (PS) group, the failure mode was mainly interfacial
(adhesive) for both storage times. This suggests that that interface was the weakest link in the
connection. This may suggest that the reduction of the total silane concentration in the
adhesives compromised the performance of those materials over the long term. These data are
corroborated by other, recent studies21.

It is interesting to emphasize that the degradation of the molecular bond between surfaces is
strongly influenced by the hydrophilic and/or hydrophobic capacity of the resinous materials
and adhesive systems, since differences in composition permit greater or lesser water
absorption. Water sorption favors the weakening of siloxane bond caused by hydrolysis and
swelling of the material, causing stress at the adhesive interface that will play an important role
in weakening the bond. Moreover, this effect may be due to the hydrolytic cleavage of siloxane
connections in the interfacial layer, which reduces the bond strength22,23. Several studies have
reported that high bond strengths obtained after 24h are compromised after aging in water
with a significant reduction in the bond strength between the resin and the ceramic24. These
findings are corroborated in the present study because the results revealed a notable reduction
in bond strength, regardless of the surface treatment and bonding agents used on the ceramic
surface, although some authors recommend greater storage time in a medium of artificial
saliva25.

The shear test was chosen for its advantages, having small areas and for the ease of
preparing the sample26, since it does not require cutting procedures such as those used for
sample preparation in the micro-tensile bond strength test. However, it is known that the bond
strength test, using the shear test, is being scrutinized increasingly due to it limitations in
demonstrating true failure. Nevertheless, it is also known as a relatively simple and replicable
laboratory method, particularly when accompanied by failure mode assessment. Thus, the shear
strength test proved to be satisfactory and effective in the present study, in which the data
supplied and the significant differences found can be drawn from the conclusions.

CONCLUSION
Bond strengths higher than lithium disilicate glass ceramic can be obtained after
conditioning with HF acid.

The type of bonding agent influences the adhesive strength to the ceramic surface of lithium
disilicate.

The shear strength decreased after storage in water over the medium term, regardless of the
type of surface treatment and bonding agent used.
Universal adhesive has not shown promising results in adhesive strength, although
manufacturers have indicated its use as a substitute for traditional silanes.
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