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ARTICULO DE REVISION

Alternatives of surface treatments for adhesion
of lithium disilicate ceramics

Alternativas de tratamientos de superficie para adhesion
de ceradmica de disilicado de litio

Alberto Carlos-Cruz Gonzalez,' Edgar-Delgado Mejia'"'

I Department of Oral Health, Faculty of Dentistry, Universidad Nacional de
Colombia. Bogota, Colombia.

I Department of Chemistry, Faculty of Sciences, Universidad Nacional de Colombia.
Bogota, Colombia.

ABSTRACT

Introduction: the clinical success of a restoration is strongly associated with the
quality and durability of the ceramic-cement resin interface. In order to obtain an
adequate union between these materials of different nature surface treatments are
used and achieve mechanical retention or chemical interaction.

Objectives: to check if any method promotes a true chemical bond between
lithium disilicate ceramics and resin cement. As well as determineif there is any
treatment that reports bonding values comparable to hydrofluoric acid and silane
(gold standard).

Methods: a systematic literature review was developed based on the PRISMA
strategy, where the databases were searched: Science Direct, Pubmed (MEDLINE),
EMBASE, Springer Journal, SciELO with MeSH and free terms from 2005 to
November 2016 for articles in English and Spanish on surface treatments for lithium
disilicate.

Results: from 58 publications selected a sample of 21 articles. Two articles
reported high risk of bias.

Conclusions: hydrofluoric acid and silane continue to be the method with the
highest and most reliable adhesion values in the literature. Universal adhesives are
an alternative to promote chemical adhesion additional to the silane. Diamond burs,
Nd: YAG and Er: YAG laser are not recommended as surface treatments.

Keywords: glass ceramics; IPS e.max Press; IPS e.max CAD; hydrofluoric acid;
lithium-disilicate-glass ceramic; surface treatment; silane; universal adhesive.
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RESUMEN

Introduccién: el éxito clinico de una restauracién se asocia fuertemente a la
calidad y duracion de la interface ceramica-cemento resinoso. Para que exista una
adecuada unidn entre estos materiales de distinta naturaleza se emplean
tratamientos de superficie para lograr una buena retencién mecanica o interaccion
quimica.

Objetivos: revisar si algin método promueve una verdadera adhesion quimica
entre la ceramica de disilicato de litio y el cemento resinoso, asi como determinar si
existe algun tratamiento que reporte valores de unién comparables al acido
fluorhidrico y silano (patrén de oro).

Métodos: se desarrolld una revision sistematica de literatura basada en la
estrategia PRISMA, donde se busco en las bases de datos: Science Direct, Pubmed
(MEDLINE), EMBASE, Springer Journal, SciELO con términos MeSH vy libres desde el
2005 a noviembre de 2016 para articulos en inglés y espafiol sobre tratamientos de
superficie para disilicato de litio.

Resultados: de 58 publicaciones, se selecciond una muestra de 21 articulos. Dos
articulos reportaron riesgo de sesgo alto.

Conclusiones: el acido fluorhidrico y silano contindan siendo el método con los
valores de adhesidn mas altos y confiables de la literatura. Los adhesivos
universales son una alternativa para promover adhesion quimica adicional al silano.
Fresas diamantadas, laser Nd: YAG y Er:YAG no se recomienda como tratamientos
de superficie.

Palabras clave: ceramica vitrea; IPS e.max Press; IPS e.max CAD; acido
fluorhidrico; ceramica vitrea de disilicato de litio; tratamiento de superficie; silano;
adhesivo universal.

INTRODUCTION

There is a growing demand for the use of all-ceramic restorations by dentists and
patients, in order to satisfy high needs as esthetic, biocompatibility and longevity.!
The lithium disilicate (Li 2Si20s) is a glassy ceramic with a flexural strength average
of 400 MPa and a favorable translucency, indicating its to use in anterior and
posterior sector.?2 This material is recommended for inlays, veneers and anterior or
posterior crowns supported by teeth or implants.3 The lithium disilicate system, IPS
e.max™, reports a survival rate of 97.4 % and 94.8 % for five and nine years of
use, respectively, in anterior and posterior crowns.* For fixed prostheses of three
units, survival and success similar to metal-ceramic systems is reported to 10-year
old, with catastrophic failure only in molar teeth.> However, the clinical success of a
ceramic restoration does not only depend on the intrinsic properties of the material,
this is strongly associated with the quality and duration of the resin cement-ceramic
interface.® In order for there to be an adequate bond between two materials of
different nature, organic (resin cement) and inorganic (ceramic), a conditioning is
necessary to increase the surface energy of the ceramic, and to improve its bonding
to the cementing agent, either by mechanical retention or chemical reaction.”
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The etching with hydrofluoric acid followed by silanization is considered as the gold
standard surface treatment for vitreous ceramics.® Hydrofluoric acid, in
concentrations between 4.6 and 9.6 %, creates roughness on the surface by
dissolving part of the glass matrix, while the silane agent acts as a bifunctional
molecule with an organic and inorganic termination to promote chemical bonds.®
However, this etching is considered some controversial, as it is done with a highly
corrosive inorganic acid, which is a potential risk for those who manipulate.® In
addition, hydrofluoric acid may have a negative influence on the flexural strength of
the lithium disilicate, which decreases over time in contact and concentration of the
acid.'! Although, there are some reports of the reinforcement of the mechanical
properties once the cementing agent is applied to the etched surface.!?13

The objective of this review was to check if any method promotes a true chemical
bond between lithium disilicate ceramics and resin cement, as well as to determine
if among the different methods proposed, there is one that reports bond values
comparable to those obtained with hydrofluoric acid and silane, currently
considered as the gold standard method. The review question was defined as: what
methods exist in the literature that promote adhesion by chemical and/or physical
phenomena similar or superior to the gold standard, defined as etching with
hydrofluoric acid and silane?

METHODOLOGY

A systematic literature review was developed based on the PRISMA strategy
adapted forPereira et al. en el 2016.1%15 According to the PICOs strategy, the
parameters in this review were lithium disilicate ceramics, IPS e.max Press or CAD
as the population, surface treatments to define the intervention, without treatment
ceramic or surface treatment gold standard, etching with hydrofluoric acid and
silane as comparison, increase in adhesive or bond strength values as results and in
vitro experimental studies to define study design.

An electronic search was carried out in the databases Science Direct, Pubmed
(MEDLINE), EMBASE, Springer Journal, Scielowith the following MeSH and free
terms: glass ceramic, lithium disilicate, silane, hydrofluoric acid, surface treatment,
resin cement, bond strength by combining with the Boolean connectors AND and
OR (Fig.). For the Springer Journal database, "all words" were used to replace AND,
"at least one word" for OR and the exact phrase for quotation marks ("surface
treatment").The search combinations were as follows: glass ceramic AND silane OR
hydrofluoric acid OR "surface treatment" AND bond strength; lithium disilicate AND
silane OR hydrofluoric acid OR "surface treatment" AND bond strength; glass
ceramic AND "surface treatment" AND bond strength; lithium disilicate AND
"surface treatment" AND bond strength. For example in Em base the results added
up to 644, 784, 39 and 8 with each search combination respectively. The cross-
repeats were eliminated in the search formulas and with the other databases, in
order to finally select five possible publications of Embase. A second example was
the search in SciELO, where we obtained 4, 1, 4, 1 publications respectively. Finally
it filtered to have only three possible publications to select.
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[ . ' | Glass ceramic, lithium disilicate,
Science Direct, Pubmed (MEDLINE], Silane, Hydrofluoric acid, surface

EMBASE, Springer Journal, SciELD

and or ) treatment, resin cement, bond
' - strength |
294 articles |
” E 222 B

836 results were discarded because these did not correspond to adhesion
studies or these were not in-vitro studies, reviews, clinical cases, letters to the
editar, evaluate other properties and other types of ceramic, different from
lithium

46 articles

Once the full-texts were obtained, 16 articles were excluded because corre-
spond to the form of IPS Empress 11 ceramics (lithium-disilicate-based glass
cerammic) and 7 publications corresponding to conference-abstracts

r N

23 articles

Two articles were excluded due to ambiguities in the ceramic type, which
could not be classified as IPS e.max Press ar CAD, Only two authaors
responded accurately and correctly by e-mail to clarify doubts of the type of

pottery and include their study
h

21 articles selected for review

. 4

Fig. Selection flow diagram (PRISMA].

Inclusion criteria were defined as articles from experimental studies that evaluated
the effect of surface treatments on the bond strength of lithium disilicate ceramics
(IPS e.max Press and / or IPS e.max CAD), published in a period between 2005 and
November 2016, in English or Spanish. In addition, for inclusion in the sample the
publications should have a clear and reproducible methodology, a quantitative
measurement of the results, an inter-group comparative statistical analysis. In
contrast, clinical studies, literature reviews, clinical cases and letters to the editor
were excluded. In addition, publications with evaluation of only IPS Empress II
lithium disilicate ceramic or other form of disilicate than those specified in this
paper were excluded, publications in different period of established range,
confusing and non-specific methodologies, and studies with results that did not
report values bond strength. The selection and evaluation process of all-articles was
carried out by the two authors (A.C.C.G. and E.D.M.), but if there were differences
between evaluations, a third evaluator as a guest would be used.

For the evaluation of the risk of bias of the publications, these were submitted to an
instrument that should answer the following questions: Was the size of the sample
considered representative?, randomization of ceramic samples?, ceramic sintering
according to manufacturer's specifications?, were the adhesive resistance tests
performed by an operator without risk of bias (blind)? the reproducible
methodology?, was there a positive and/or negative control group?, test executed
following International Standard Rules, as ISO, ASTM or other? The score for
assessing these questions was 0 to 2, where 0 if the parameter was clearly
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reported;1 if the parameter was mentioned, but the precision of the execution was
not clear and 2 the parameter was not mentioned in the document or the
information was not present. Finally, the risk was categorized into: 0-4 for low risk
(L), 5-9 for medium risk (M), 10-14 for high risk (H).** In the question of norms for
execution of tests, if the information was not observed in the study, but the
execution parameters correspond to the stipulated by the norms of adhesion ISO
were assigned value of 1 and not 2. If any author answered any questions about
the information in his study that would allow him to continue his selection, the
qualification of this study for risk of bias was made considering that such missing or
confusing information was not present (score 2).

RESULTS

The results of the search determined 58 publications to review the full text, of
which 21 articles were finally selected for analysis in the review. The selection
process is described in figure. The characteristics of the information are described
in table 1.

The results of risk of bias reported two articles with high risk and the other 19
publications presented an average risk. Only two publications (A10 and A21) were
classified as not reproducible because, although the author responded correctly on
the type of ceramic used and diameter dimensions of the adhesive area, the single
information within the article was not clear to identify those parameters. No
information was found on the knowledge or status of the operator of the tests
performed (blind operator). The results of risk of bias are described in table 2.
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Table 2. Classification of risk of bias

Sample - S Blind o Control International Risk of
Code Author and year size Randomization | Sintering operator Reproducibility Group Standards Total bias
A1 Yucel M, et al. 2012 2 2 1 0 1 8 M

@

AD2 | Caparroso C, et al 2014
AD3 Klosa K, et al. 2013

ADd Ramos, ef al. 2013

ADS Erdemir U, ef al. 2014

ADG Lise DR, ef al. 2015

A07 Aboushelib M, et al. 2014
ADB Guarda GM, et al. 2013
A9 Kalavacharia VK, et al. 2015
AlD Yavuz T, ef al. 2015

A1 Tian T, etal 2014

A2 Neis CA, ef al. 2015

A3 Gré CP, ef al. 2016

Al4 Sundfeld ND, ef al. 2015
Als Baratto S5, et al. 2015

AlG Garboza CS, ef al. 2016
AT Abduljabbar T, et al. 2016
Al8 Wahsh MM, et al. 2015

A9 Sundfeid D, ef al. 2016

-
=]

n | | o =~ © oo e | ~| = .| e, ;| @ . @ -

A20 Makishi P, ef al. 2016
A1 Yavuz T, ef al. 2016
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0 if the parameter was clearly reported; 1 if the parameter was mentioned, but the information is not accurate and 2 the parameter was not mentioned in the
document. The risk was categorized into: 0-4 for low risk (L), 5-9 for medium risk (M), 10-14 for high risk (H).

DISCUSSION

According to the information obtained for this review, there are constant
investigations of alternatives for surface treatments or methods that optimize
adhesion values, even by modifying the established gold standard. In all the studies
of the sample, the etching with hydrofluoric acid followed by silane agent was
evaluated, which allowed to corroborate the affirmation that this association is
considered as the positive control group or gold standard in those investigations.

HYDROFLUORIC ACID

Hydrofluoric acid etching followed by silane reports the best adhesive strength
values compared to other methods, such as sandblasting, lasers and roughening
with diamond bur.1%2° Another alternative of etched agent for ceramics is titanium
tetrafluoride. It reported bond strength values similar to hydrofluoric acid, after a
considerable laboratory aging were observed in these samples debonded
spontaneously, because of this it does not yet allow to recommend the titanium
tetrafluoride as a reasonable substitute.?!

Hydrofluoric acid etching is a protocol-sensitive method, with concentration and
time of use as variables that play a crucial role in bond strength values. The
concentrations currently available in the market are approximately 4.6 and 9.6 %
and these get to their best performance of bond strength in lithium disilicate
between 20 and 60 s of etching.?? Hydrofluoric acid concentrations influence
adhesion, such as assessed Sundfeld et al.?*in 2015 where they recorded for 20 s
in concentrations of 1.5, 2.5, 5, 7.5, 10 and 15 %, determining that 7.5 %
presented better statistically significant values in relation to the first three groups
and without significant differences with higher concentrations. The first three
groups were statistically equal to each other.
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A second study by the same authors evaluated the same model of the first five
concentrations of acid, but they added the temperature variable, heating the acid to
70 °C during etching or ceramic at 85 °C with hot-air or a combination of both. It
was observed that the heat treatment in all its forms improved the adhesion values
for the first three groups, as for the groups of 7.5 and 10 % applying the
temperature methods separately had better result than when applied in
combination, values of the latter, which was even lower than the control groups.?*
This opens the possibility of decreasing concentrations of the etching agent by
maintaining the levels of adhesion offered by this method, however these variables
require more research and evaluation in the long term to formulate comparable
results.

SILANE

On the other hand is the silane coupling agents, it is preceded by a mechanical-
retention method such as hydrofluoric acid, the silane proved to increase the values
of bond strength, compared to the single action of roughness or mechanical-
retention.?> A modification in the silanization protocol includesthe elevation of
temperature of the silane when drying it with hot air'”-2627 or in some cases washed
with hot water,%82 it in order to obtain an optimize the adhesive results. According
to the increase in temperature, drying at 45 °C associated with an non-functional
silane does not appear to significantly increase bond strength values.!” Abduljabbar
et al. 2® reported that a functional silane subsequent to etching with hydrofluoric
acid increases the adhesion values as compared to the etch alone, further the
drying at 100 °C for 5 min significantly improves the results compared to the two
previous groups. According to the limited information obtained, the drying at
temperatures between 45 to 100 °C of silane agents can improve on average
between 2 and 3 MPa the values of adhesive strength in lithium disilicate, compared
to drying at room temperature.'’:26 Meanwhile Yavuz et al.?” tested temperatures of
60 and 100 °C in two commercial functional silane systems, where they reported
higher differences (between about 4.7 and 6.8 MPa) of adhesive strength compared
to drying at room temperature. However, no differences were observed between
both tested temperatures, but there were commercial silane houses with this
protocol. All of the above may mean that the drying at higher temperatures of both
functional and non-functional silanes, is not a procedure as indispensable as the use
of silane itself after the acid etching in the dental ceramics analyzed in this review.
But it is clear that it can increase the adhesive bond strength.

For the second modification of the silane protocol, washing with distilled water at 80
°C for 15 or 30 s after application of silane, this proved to be a procedure without
significant influence for the adhesion as compared to the drying with hot air.282°
Therefore, when it is decided to include a protocol with temperature associated with
the silane, it is sufficient to dry with hot air and it is not necessary to add the
washing with hot water to the protocol.?® Elevating the temperature of the silane,
with hot air, it is conducted in order to remove by-products and the vehicle (acetic
acid, water and alcohol) in order to make the reaction efficient, promoting the
initiation of siloxanes.?’2° On the other hand, washing with hot water goes towards
decreasing the layer thickness, eliminating external layers of the silane that are
covalently bonded together, and this allows the reaction of the layer most strongly
chemically-bonded to the ceramic surface.??
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UNIVERSAL ADHESIVES AND MULTIPURPOSE ADHESIVES

Another relatively recently studied chemical alternative is multimodal or
multipurpose adhesives and universal adhesives (table 3). Universal adhesives are
simplified adhesives in a single bottle, suitable for different substrates such as
dentin, enamel, resins, alloys and ceramics.3? Universal adhesives contain silane
and phosphate monomers called 10-methacryloxydecyl dihydrogen phosphate
(MDP), these monomers are responsible for the adhesive capacity of these
adhesives between the ceramic, polymeric and dental substrates.3! On the other
hand, the multipurpose adhesives are systems with option of dual-polymerization,
or only chemical that are available in presentations of two bottles usually, indicated
in different clinical protocols, specifically when photopolymerization is not an option.

Table 3. Materials that propose chemical interaction on the ceramic surface of lithium

Description

Mon-functional
silane

Functional
silane

Multipurpose
adhesives
(Dual-cured)

Universal
adhesives

disilicate

Reported composition

Ethyl-alcohol, water,methacryloxypropyl-
trimethoxysilane

Ethanol, 3-trimethoxysilyl-propylmethacrylate, 10-
methacryloyloxydecyl dihydrogen phosphate (10-
MDP) y disulfide acrylate. Water, alcohol y acetic
acid (PH4)

Bisphenol-A diglycidyl dimethacrylate (Bis-GMA),
Hydroxyethyl methacrylate (HEMA), Triphenyl
antimony, Acrylate of phosphoric acid, Silicon
dioxide, catalysts, stabilizers, fluoride

10-MDP, Bis-GMA, Phosphate monomer,
dimethacrylate resins, HEMA, functional
methacrylate copolymers with polyacrylic,

polyalkencic and poly-itacenic acid, filler particles,
ethanol, water, initiators, silanized-silica

Tradenames

RelyX Ceramic
Primer

Monobond S.
Monobond Plus

Adper Scotchbond
Multi-Purpose.
ExciTE F DSC

Single Bond
Universal
All-Bond
Universal
Scotchbond
Universal

Obtained and adapted from Makishi P, et al.,?? Lise D, et al.,*? Gré C, ef a/.,2% Wahsh MM vy

Ghallab OH.*

The use of adhesive systems subsequent to the silane agent in the adhesion
protocols, mainly in ceramic-repair with composite resin,this to improve the
penetration of adhesive molecules into the ceramic irregularities.?332 Sundfeld et
al.?3 evaluated the association of anon-functional silane with a multipurpose or dual-
cured adhesive, this process preceded by different concentrations of hydrofluoric
acid, and demonstrated a significant increase in bond strength compared to silane
alone. In addition they reported a better infiltration of irregularities with this
combination.In contrast, in another study there was no increase in the bond
strength values of three resin cementswith functional silane followed by a dual-
cured or multipurpose adhesive compared to the same silane alone.33 Probably
these contradictory results are due to the type of silane that was used in each
study, the non-functional silane is mainly composed of ethyl alcohol, water and
methacryloxypropyl trimethoxysilane,3° while the functional silane is composed of
ethanol, 3-trimethoxysilylpropyl methacrylate, phosphoric acid methacrylate ester
(MDP) and disulfide acrylate. 33 The latter components suggest a higher layer
thickness added to the adhesive, where it is expected to find dimethacrylates,
HEMA, and phosphoric acid acrylate among other components (table 3).
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It is clear from the revised information that the use of silane is an essential process
following a mechanical action method and can not be replaced by a universal or
multipurpose adhesive.3%3134 However, when it is decided to use universal or
multipurpose adhesive in the adhesion protocol, it may be more convenient to use a
non-functional silane,33! and not resort to the synergy bewteen activated silanes
and universal or multipurpose adhesives.

AIR-PARTICLE ABRASION OR SANDBLASTING

It 's clear in the literature that the bond strength values reported by sandblasting
with particles of aluminum oxide are inferior when compared to etching, with or
without the use of silane.16-18:32:35 However, Guarda et al.3? reported values of bond
strenght comparable to that etched-hydrofluoric acid, after subjecting two study
groups to 3 000 thermal cycling and 100 000 fatigue cycles. In contrast, another
report suggests very low values compared to acid etching to only 1 000 cycles.?®

In summary, sandblasting is a surface treatment that fails to obtain union strength
values similar to acid etching, but is an option available when there is no access to
hydrofluoric acid. On the other hand, it is convenient to analyze the effects of this
method on the properties of lithium disilicate, but this was not an objective in this
review.

DIAMOND BURS

There are other surface treatments proposed in the literature, such as diamond
burs, tribological treatment with cojet ™ and lasers. 16:19.20:34.35 Tn particular the use
of medium-grain diamond burs (30 um grain size), such as red halo, can produce
roughness values comparable to those of hydrofluoric acid but it does not provide
sufficient bond strength values to be an alternative to acid etching.®:2° Using these
burs and silane agents or universal adhesives does not improve adhesion.3*

TRIBOCHEMICAL SILICA COATING

For the cojet™ or sandblasted with aluminum oxide particles (30 um) coated with
silica, only one of the articles that evaluated this method?2%34, reported values
comparable to those obtained with etching with hydrofluoric acid (literature review
code A10).3> With these contradictory results it is advisable to obtain more
publications with comparable methodologies before establishing a reliable
recommendation.In addition, this treatment was evaluated under a macro-shear
bond strength test, it would be useful to execute micro-shear or micro-tension
bond-strength test to corroborate results. Therefore, tribochemical silica coating, in
the opinion of the authors in this review, can not yet be recommended with an
efficient alternative to etching and silanizing.

LASERS

The lasers reported in this article include the Nd:YAG,® the Er:YAG'® and a
femtosecond laser, consisting of a titanium system: sapphire oscillator.3> The
systems doped with neodymium and with erbium are used with the aim of
increasing the roughness of the ceramic material. The third system found refers to
an ultra-short pulse laser, used in medicine and the materials industry, in order to
cause ablation on the surface in a precise and reproducible way, without the
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thermal collateral effects on the ceramics.?* The Nd: YAG and Er: YAG systems,
with the limitations of the evaluated parameters of power, duration, energy density,
among others, did not show significant results in comparison with the etching with
hydrofluoric acid.'®!° However, when comparing the three laser systems with each
other, the femtosecond laser is considered to be significantly superior, offering
almost double bond strength values.3> But when comparing these, with the cojet™
system, a significant superiority of the cojet™ compared to the three laser
systems.19:3°

CONCLUSIONS

With the limitations and heterogeneities of all the information previously analyzed,
it can be concluded that etching with hydrofluoric acid and silane, continues to be
the method with the highest bond strength values and reliable over time, according
to the literature. However, the modification in the etching and silanization protocols
can achieve optimization of bond strength results.

The use of universal and multipurpose adhesives is a useful alternative to promote
chemical adhesion in lithium disilicate, mainly at the time of a ceramic repair with
composite resin. However, the only molecules responsible for promoting true
chemical adhesion to lithium disilicate are silanes and phosphate monomers (MDP).

The use of the cojet™ and the femtosecond laser demonstrate possible future
alternatives, however, these require more research in order to establish a
recommendation. The mechanical retention by diamond burs, the Nd: YAG laser
and the Er: YAG laser are not recommended as surface treatments in lithium
disilicate ceramics.
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