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Abstract
Objective: this study aims to evaluate, through a literature review, the adhesiveness of zirconia and lithium disilicate after different surface treatments and to estab-
lish a protocol to be followed in the clinic. Material and Methods: the methodology was developed from the electronic search in the database National Library 
of Medicine (PUBMED), using the terms “zirconia surface treatment bond strength” and “lithium disilicate surface treatment”, including only clinical studies in humans, 
in-vitro or in-vivo, and literature reviews. All articles were published in the last 16 years and written in the English language. Results: after selecting the scientific 
articles following the inclusion and exclusion criteria, 26 studies remained for the literature review. Conclusion: after the review, it was concluded that cementation 
protocols for lithium disilicate and zirconia are different due to their different microstructures. Lithium disilicate should be conditioned with 4.5% hydrofluoric acid 
followed by phosphoric acid smearing, silane (hot air drying), and universal adhesive application. On the other hand, zirconia restorations should be sandblasted with 
silica-coated aluminum oxide followed by silanization or blasting with aluminum oxide, associated with zirconium primer application.
Keywords: Adhesiveness; Ceramics; Dental materials.

Introduction

Ceramics are inorganic and inert solid biomaterials 
consisting of one or more crystalline or amorphous 
phases.1 The dental market provides a variety of ce-

ramic materials that can be used for making onlays, inlays, 
crowns and laminates, such as feldspar-, lithium disilicate-, 
leucite-, zirconia-, and alumina-based ceramics, among oth-
ers. They feature greater chemical surface stability than me-
tallic and polymeric biomaterials. 1 

Ceramics can be classified according to their composi-
tion, being divided into glass ceramic (inorganic ceramic 
material that contain a glassy phase), polycrystalline (inor-
ganic non-metallic ceramic material that does not contain 
glassy phases) and resinous ceramics.2

Resinous ceramics were introduced in the classification 
in 2013, when the definition proposed by the ADA Code 
of Dental Procedures and Nomenclatures classified ceram-
ics as pressed, sintered, polished or machined materials 
containing mainly (+ 50% by weight) inorganic refractory 
components – including porcelains, glass, ceramics, and 
glass-ceramics.2

The main characteristics of ceramics classified into the 
polycrystalline group is a fine-grained crystalline structure 
that provides resistance to cracks, but it tends to have a lim-
ited translucence.  In addition, the absence of a glassy phase 
makes the polycrystalline ceramics difficult to condition 
with hydrofluoric acid, requiring long conditioning times 
or higher temperature.2 The zirconium dioxide, or zirco-
nia (ZrO2), is a metallic oxide with extremely low thermal 
conductivity, chemically inert and highly resistant to corro-
sion, being of great importance for dentistry due to its high 
fracture resistance. However, pure ZrO2 is not very practical 

due to the formation of cracks because of the transforma-
tion from tetragonal to monoclinic phase. Most zirconia 
currently available as ceramic material for dental prostheses 
is based on tetragonal zirconia particles (TZP) that are fully 
stabilized with yttrium oxide (Y2O3).

3

Glass ceramics feature a crystalline phase that may be 
composed of quartz, lithium disilicate crystals or leucite, 
coated by a glassy acid-sensitive matrix. The opacity of the 
crystals associated with the glass matrix translucency gives 
these restoration aesthetic characteristics like the dental el-
ement. Part of the group of glass ceramics, the lithium di-
silicate has been widely acknowledged as one of the most 
reliable restorative materials for indirect restorations, for 
aesthetic and functional rehabilitation. The ability to be 
adhesively glued to dental substrates, optimal mechanical 
properties, and its appearance similar to a natural tooth are 
very attractive for dentists and patients.4

Thus, the knowledge on the microstructure of different 
ceramic groups allows understanding the adhesive inter-
face formation mechanisms, which are associated with the 
surface treatment of ceramic substrate and to the type of 
cement used - which are fundamental for the longevity of 
ceramic restorations.5

Such fact becomes essential in modern dentistry since 
restoration retention, which before relied only on the geo-
metric shape of the preparation and on the cement resis-
tance, can be improved if the cement agent is chemically 
united to the dental structures and restoration surface. In 
some situations, the geometric shape of the preparation be-
came almost irrelevant, as in the case of ceramic laminates, 
which feature rounded and tapered formats.6

Therefore, the performance of adhesive systems depends 
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on the treatment of the dental surface, the ceramics, and the 
correct clinical application. Based on that, the objective of 
this study is to formulate a clinical protocol for conditioning 
the lithium disilicate- and zirconia-based ceramics through 
a literature review of studies that address such themes.

Material and Methods
The integrative literature review was performed by a sin-

gle researcher who started the activities with a search on 
the electronic database U.S. National Library of Medicine 
(PUBMED). 

For article selection, the search terms were “zirconia 
surface treatment bond strength” and “lithium disilicate 
surface treatment”. A total of 360 studies was initially 
selected. Titles and abstracts of the studies found by the 
search strategy were evaluated and a total of 203 studies 
remained. Of these, 41 were excluded from the review 
because they were not related to the topic. The other ar-
ticles were evaluated according to the inclusion and ex-
clusion criteria listed below:

Inclusion criteria:
• Studies published in the last 16 years;
• Studies published in the English language;
• Clinical studies in humans;
• In vitro or in vivo studies;
• Literature review studies.

Exclusion Criteria:
• Studies published prior to 2002;
• Studies publish in a language other than English;
• Case reports;
• Clinical studies in animals.

Results
After reading the scientific articles and following the 

inclusion and exclusion criteria, 29 studies were selected 
for the literature review.

Literary works and scientific articles in Portuguese 
were also used, but only as a complement to elaborate 
the introduction. 

Literature Review
Adhesiveness quality is determined by bond mechanisms 

that are partially controlled by the specific surface treatment 
used to promote micro-mechanical or chemical retention 
to the ceramic substrate.  Morphology modification of the 
ceramic surface can be performed to promote better bond 
strength.7

Therefore, treatments for ceramic surfaces prior to the ce-
ment application play an important role in the clinical suc-

cess of many indirect ceramic restorations.8

Given the many possibilities of surface treatment for lith-
ium disilicate- and zirconia-based ceramics, the articles re-
viewed analyzed the clinical success of different protocols 
through the assessment of hydrofluoric acid conditioning in 
different times and concentrations, aluminum oxide sand-
blasting, silica-coated aluminum oxide, thermocycling, 
conditioning with metal primers, silane, and laser irradia-
tion.

In vitro studies revealed that the conditioning with 10% 
hydrofluoric acid for 20 seconds for IPS Empress 2 (Ivoclar 
Vivadent, Schaan, Liechtenstein); 60 seconds for IPS Em-
press (Ivoclar Vivadent, Schaan, Liechtenstein) and Cergo-
gold (Degussa Dental, Hanau, Germany); and 2 minutes for 
In-Ceram Alumina, In- Ceram Zirconia and Procera (Vita 
Zanfabrik, Seefeld, Germany) could change the IPS Empress 
and Cergogold ceramic surfaces, creating an ideal surface 
for micromechanics retention. However, the In-Ceram Alu-
mina and In-Ceram Zirconia presented no surface changes, 
resulting in relatively smooth surfaces.9,10 

In addition to changes in surface roughness, the flexur-
al resistance of lithium disilicate decreases when this glass 
ceramic is submitted to long periods of conditioning. Thus, 
it is important to consider the time required to promote a 
better chemical retention, without weakening too much the 
restoration process.11 

In turn, Kalavacharla et al.12 evaluated the importance of 
the use of silane prior to the universal adhesive (Scotchbond 
Universal - 3M ESPE, St Paul, MN, USA) and worked with 
different concentrations of hydrofluoric acid under varied 
application times, concluding that both hydrofluoric acid 
and silane treatments have significantly improved the bond 
strength between resin and lithium disilicate when associat-
ed with the universal adhesive. 

Moreover, heat treatment has been proposed to improve 
the silane technique. It increases the adhesiveness of the ce-
ramic surface to resinous cements since it removes the un-
stable top layer of the silane, thus improving the chemical 
adhesion.13-17

Thermocycling studies, whose goal is to simulate the ag-
ing of the oral cavity restoration by the continuous action 
of water in the cement-ceramic-resin interface, showed a 
significant reduction of the bond strength between cement 
and ceramics, both zirconia18 as lithium disilicate8. Luthy et 
al.19 found that, after thermocycling, the bond strength of a 
tribochemically silica-coated zirconia (Rocatec - 3M Espe, 
Seefeld, Germany) with resinous cement (Nexus - Kerr, Or-
ange, USA) were higher than for those without this treat-
ment.

Given this context of surface treatment for zirconia, the 
use of metal primers has been recommended by the liter-
ature. The 3 most used metal primers: MDP-based metal 
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(APA) creates a rough zirconia surface, among other func-
tions, to increase the mechanical bracing. Zirconia surfaces, 
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a larger grain size does create a rougher surface since the 
bond strength is not influenced.  The use of APA in grains 
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Conclusion
Lithium disilicate should be conditioned with 4.5%-10% 

hydrofluoric acid for 20s; silanized for 60s (hot air drying) 
and treated with universal adhesive.

Zirconia, in turn, must be sandblasted with aluminum 
oxide coated with silica (APA) and then receive silane appli-
cation for 60s (hot air drying). An alternative conditioning 
for zirconia, proposed by the literature, would be the sand-
blasting with aluminum oxide (particles above 100µm) and 
application of zirconia primer.

Therefore, as they present different microstructures, the 
cementing protocols are different for lithium disilicate and 
zirconia. In addition, most articles signaled that further 
studies should be made to establish a gold standard as for 
the protocol to be followed.
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