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Abstract: Problem statement: All-ceramic materials, especially silica-baseHilim disilicate and non-
silicate-based Zirconia, have become a topic aré@st in the field of dentistry. It is still diffitt to
achieve a strong and durable resin-ceramic adhesspecially resin-Zirconia bondingpproach: The
article reviews the current literature publishedha past 5 years, focusing on the latest resinlingn
techniques (including surface treatment, priming aementation) for dental all-ceramic materials,
especially Zirconia and lithium disilicate cerami@s search of dental literature from PubMed and
MEDLINE databases was conducted and the key wardaded Zirconia, lithium disilicate and bond.
Titles and abstracts of the articles listed fronarsk results were reviewed and evaluated for
appropriatenesfesults: The literature demonstrates that a variety ofaagrfroughness, priming and
cementation methods are available for improvingnresramic bondingConclusion: Available data
suggest that the preferred bonding methods farasbiased ceramics are hydrofluoric acid-etching and
subsequent silent treatments. The preferred prbfoc&irconia-resin bonding is the combination of
surface roughness such as air-abrasion and treatwitna phosphate-containing Zirconia primer
followed by cementation with a non-phosphate-caritgl resin cement.
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INTRODUCTION reviewed the resin-ceramic bonding based on the
literature published from 1966-2001, while Congehdl.
There has been an increasing interest and demarf@d007) have a systematic review covering all-cecami
in the use of all-ceramic materials due to thein-no with respect to survival, material properties,
metallic, biocompatible and improved esthetic feagu cementation and clinical recommendation based en th
(Blatz et al., 2003; Conradet al., 2007). The core literature published between 1996 and 2006. Thompso
materials of all-ceramics include silica-based glaset al. (2011) reviewed the cementation to Zirconia
ceramics, such as Lithium-disilicate (2$i0,0), based on the literatures published before 2009inQur
Leucite (SIQ-Al,0:-K,0O) and Feldspathic (S the past several years, new ceramic materials, asch
Al,Os-Na,0O-K,O) and silica-free  high strength IPS e. max Press lithium disilicate (lvoclar Vivate
ceramics, such as Zirconia (Z)Gnd Alumina (AJOs) (Conrad et al., 2007) and new bonding
(Conradet al., 2007). Among the all-ceramic materials, techniques/primers, such as phosphate-containing
Zirconia and lithium disilicate have been becomtihg  Zirconia primers, have been developed (Attia aednkK
most popular materials in the dentistry, due toirthe 2011a; Ikemurat al., 2011a; Magnet al., 2010). This
improved mechanical strengths (Conretdal., 2007). review will cover primarily the literature from 280
For instance, among the 600 thousands all-cerami2012, focusing on the latest resin bonding techesqu
restorations fabricated by Glidewell Laboratories i (including surface treatment, priming and cemeaoigti
2011, 75% are Zirconia ceramics, 23% are lithiumfor dental all-ceramic materials, especially theotw
disilicate and only less than 2% are leucite-reitcéd  dominant materials Zirconia and lithium disilicate

other ceramics. ceramics.
A strong and durable resin-ceramic bond improves
marginal adaptation and provides high retentiorai{8l| MATERIALSAND METHODS

et al., 2003). The resin-ceramic bonding procedure

includes surface treatment/roughness (mechanical A search of English peer-reviewed dental literatur
bonding) and/or priming (chemical bonding) andfrom PubMed and MEDLINE databases was conducted
cementation with resin cements. Blagz al. (2003) and limited to the publications between the ye#@82
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and 2012. Key words included Zirconia, lithium and stabilize Zirconia in its tetragonal phase aainm
disilicate and bond. Titles and abstracts of thelas  temperature (Conrad al., 2007). Examples of dental
listed from search results were reviewed and etatua zirconia include yttria (¥YOs) stabilized tetragonal
for appropriateness. zirconia polycrystals (Y-TZP), which usually comte3
mol% of yttria as a stabilizer (3Y-TZP), such asrda
RESULTS (3M ESPE), Cercon (Dentsply) and DC Zircon (DSC
Precident), zirconia-toughened alumina (e.g. Ina@er
A total of 300 articles was identified through the Zirconia, Vita) and magnesia partially stabilized
literature search and 186 articles were publishedirconia (e.g. Denzir-M, Dentronic AB). Y-TZP cae b
between 2008 and 2012. The abstracts of articlee we manufactured through CAD/CAM techniques. First, an
reviewed and evaluated and a total of 101 articlese  enlarged framework is designed and milled from pre-
relevant to re-sign-ceramic bonding. The literaturesintered soft block. Then the soft zirconia is eiad
demonstrates that a variety of surface roughnessetween 1350 and 1550°C. The Zirconia framework has
priming and cementation methods are available fom linear shrinkage 20-25% during the sintering (@dn

improving resin-ceramic bonding. et al., 2007). Y-TZP has excellent mechanical properties
such as high flexural strength (~1000 MPa), higltfire
DISCUSSION toughness (6-8 MPa ]ﬁ) low friction coefficient

(0.028-0.082) (Szpiroet al., 2008). Dental Zirconia
ceramics can be used for crowns, cores, postsam!

Lithium disilicate and Zirconia ceramics. Lithium X ) :
onlays, fixed partial denture prosthesis frameworks

disilicate (2SiQ-Li,0), such as IPS e. max (lvoclar
Vivadent) which is available as an ingot and blazkn
be processed using the lost-wax hot pressing tqabsei  Surface Treatments:
(ingot, IPS e. max press) or state-of-the-art camwpu  Silica-based ceramics: A reliable and effective resin-
aided design/computer-aided manufacturingceramic bond depends on mechanical and chemical
(CAD/CAM) milling procedure (block, IPS e. max bonding (Blatzet al., 2003) which are created through
CAD) (Fasbinderet al., 2010). It can be used for mechanical interlocking from surface rougheningd an
anterior/posterior crowns, inlays/onlays, veneersfrom the chemical reaction of resin materials (e.g.
implants and fixed partial denture prosthesisPrimers) and ceramics, respectively. Mechanical
frameworks The pre-crystallized blocks or ingote ar bonding/interlocking is created through infiltratief
milled to the desired form by CAD/CAM or pressing adhesive into highly micro-retentive substrates.
technigues and the final crystallization occurred aCommon surface treatment methods for creating micro
850°C (CAD/CAM) or 920°C (Pressing) under retentive ceramic surfaces include grinding, air-
vacuum (Fasbindegt al., 2010; Conradtt al., 2007). abrasion with alumina, acid etching and the
Lithium disilicate glass ceramics have improvedcombinations of any of these methods.
physical properties compared to other glass cemamic For the glass ceramics which contain various
The IPS e. max glass ceramic has a flexural sthengtamounts of glass/silica compositions, such asulithi
of 360-500 MPa, which is more than twice greaterdisilicate, etching with 4-9.5% hydrofluoric acicah
than that of other glass ceramic monolithic matsria been proven a successful surface treatment method t
(Fasbindeet al., 2010). provide  surface  roughness for  mechanical

Zirconia or Zirconium Oxide (Zrg, is a interlocking/bonding (Blatzt al., 2003; Conractt al.,
polymorphic white crystalline material that occims  2007). Among different surface treatments, such as
three crystallographic forms. It has a monoclimigstal ~ phosphoric or HF acid etching and air-abrasion with
structure at room temperature, tetragonal betwd&® 1 alumina, etching with hydrofluoric acid was the mos
and the 2370°C and cubic structure above 2370°C (upffective in enhancing the bond strength of resin
to its melting point of 2680°C) (Denry and Kely0@). material to lithium-disilicate ceramics (Nagdi al.,
The phase transformations from cubic to tetragandl 2005; Panalet al., 2008; Brumet al., 2011). Lithium-
from tetragonal to monoclinic occur upon coolinglan disilicate IPS e. max CAD had the highest bond
are accompanied by volume expansions (2.3% fostrength when it was the HF-etched after machined,
cubic-to-tetragonal and 4.5% for tetragonal-to-compared to being machined only or machined/grit
monoclinic), which induce very large internal sses.  blasted (Pollingtoret al., 2010). It seemed that laser
A small amount of lower valence oxide (e.g., etching (Er: YAG laser; wavelength: 2940 nm) with a
Magnesium oxide, yttrium oxide, calcium oxide) is appropriate power setting (300 mJ) could also ksl us
added to pure Zirconia to control the volume exjpans for surface treatment of lithium disilicate and kbbe
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as effective as hydrofluoric acid etching (Golatal., Paranhosat al., 2011). However, it was reported that
2007). the laser treatment, such as Er: YAG laser, did not
Contaminations, such as saliva, blood andresult in a durable resin/Zirconia bond. The mibezs
hydrogen peroxide, influenced the bonding betweerbond strength was dropped significantly after 6 then
dentin and lithium disilicate ceramics, while deséne  water storage (Foxtonet al., 2011). Selective
and disinfectant had no negative effects on thedbonlinfiltration Etching (SIE) method used principle$ o
strengths (Zortuket al., 2010). Among 4 different heat-induced maturation and grain boundary diffusio
cleaning methods (etching with 37% phosphoric acidfo transform nonretentive Zirconia surfaces into a
etching 5% hydrofluoric acid, 96% isopropanol, airhighly retentive surface, resulting in improved
polishing device with sodium bicarbonate), re-aighi Zirconia-resin bond strengths (Aboushedibal., 2007;
with hydrofluoric acid is the most effective in reming  2008; 2009; 2010; Casucciet al., 2011;
lithium duplicates contamination with saliva andér Mirmohammadiet al., 2010a). Nano-alumina coating, a
silicone disclosing medium (Klosa&t al., 2009). non-invasive method, has been developed for Zieconi
Hydrofluoric acid-etched silica-based ceramic has aurface treatment. Hydrolysis of alumina nitridevder
highly retentive high-energy surface which is highl on Zirconia surface created a nano-alumina coating
contaminable. The try-in pastes on etched ceramic&40 nm thick) and a highly retentive Zirconia swd,
(before silane treatment) are very difficult to wm.  significantly improving resin-Zirconia bond strehgt
Studies on the efficacy of 'Try-in' paste removal(Jevnikaret al., 2010). However, surface roughness of
showed all of etched lithium disilicates had renragn  Zirconia without a following application of phospba
particles of try-in pastes, after cleaning by dif& based primer, might not be able to provide durable
methods, such as an ultrasonic bath in distilletewa Zirconia-resin bond strength (Aboushedital., 2009).

air/water spray, etch with phosphoric acid plusaar/ Saliva contamination significantly affected resin
water spray, or etch with phosphoric acid beford anbonds to Zirconia ceramic and its durability. After
after hydrofluoric acid application plus air/watggray  saliva contamination, X-ray Photoelectron
(Prataet al., 2011). Spectroscopy (XPS) revealed an organic coating on

Zirconia. Cleaning with water rinsing, with isopeoml,

Non-silica-based ceramics (Zirconia): Zirconia has a Of With phosphoric acid was not able to remove the
silica-free surface and HF-etching is not effectige ~ CONtamination. Airborne-particle abrasion was thesm

changing  Zirconia’s morphology  microstructure efféctive cleaning method (Yamgal., 2008). On nano-
(Borgeset al., 2003). Airborne particle abrasion with @umina coated Zirconia surface, phosphoric acid

alumina or grinding creates surface roughening angl€@ning was effective in removal of saliva
significantly improved Zirconia-resin bond strength contamination, but was not effective in the remoofal

(Blatz et al., 2007). However, excess grinding or air- the silicone disclosing agent (Zhang and Degrange,
abrasion might promote Zirconia degradation (Sato 2010). Itwas.also rep_orted that air abras!on% 0IPa _
al., 2008). In recent years, many other surfacertreat  and ultrasonic cleaning were able to improve resin-
techniques have been explored to enhance resiffirconia bond strength and its durability (Attia dan
Zirconia bonding. Plasma or gas-fluorination K€, 2011b).
effectively improved the ceramic-Zirconia bond
strength, probably because it increased hydroxyati Primers:
on the surface to allow for covalent bonding betwee Silica-based ceramics. Silane coupling agents or
Zirconia surface and resin cement (Piagtid., 2011a; silanes in dentistry are organic compounds thatadon
2011b; 2012). Acidic treated with Piranha solutddso  polymerizable groups, such as (meth)acrylates,n@ o
created hydroxylation at Zirconia surface, whichend and silane alkoxy groups in the other. The Ifjnet
strongly increased the bond strength between zircoacrylate functional groups can polymerize with an
and resin cements, such as Multilink (Ivoclar Vigatj. organic matrix of dental resin materials (e.g., tden
However, it didn't improve MDP-containing resin resin cements, composites, adhesives). The silane
cement, Panavia F2.0 (Kuraray) (Lohbaeteal., 2008). alkoxy group can react with a hydroxylated surface,
The laser treatments, such as erbium: yttriumiike silica-based porcelain and ceramia a chemical
aluminum-garnet (Er: YAG) Er: YAG and neodymium:: covalent bond Si-O-Si (Thompsetal., 2011; Blatzet
yttrium-aluminum-garnet (Nd: YAG) laser, al., 2003). Silane treatment after HF-etching remains
significantly increased the bond strength of Ziiegn the most effective method for improving resin bamgi
while CO (2) laser treatment was less effective forwith silica-based ceramics (Panethal., 2008; Nagaét
improving Zirconia bonding (Akiret al., 2011; 2012; al., 2005). Studies showed that phosphate-based
9
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primers (e.g., Metal/Zirconia Primer, Ivoclar Vivat;  might be difficult to be coated by silica. Research
Alloy Primer, Kuraray) which contained no silanerave studies showed that the tribochemical silica-
not effective to improve resin bond strength (bondcoating/silanation had the same or similar effeats
strength was 0 on polished ceramic surface) onasili regular air-abrasion with alumina particles on
based felds pathic ceramics. The primers containingmproving zirconia-resin bond strengths, indicating
only silane monomer was the most effective fortribochemical silica-coating provided only air-asicm
improving resin bonding to silica-based ceramicseffect for creating surface roughness (Algribl., 2010;
(Queiroz et al., 2012). However, the primers which Reet al., 2008; Tanakat al., 2008; Smithet al., 2011).
contained silane and other monomers (such as @learit was reported that tribochemical silica-coatirignd
Ceramic Primer which contained a silane and phdsphaprovide stable resin-Zirconia bond strength (Kend a
monomer), was not effective (bond strength was 0 oWegner, 1998). The reason was probably that siias
polished ceramics). It was probably because theaext not strongly attached to Zirconia surface. The EDXS
resin monomer inhibited the condensation reactioranalysis and SEM studies showed that the coatiitg si
between silanes and silica (Chatral., 2011b). on Zirconia surface could be cleaned away by
ultrasonication in water or pressurized water spray
Non-silica-based Zirconia ceramics: Silanes are (Nishigawaet al., 2008; Cheret al., 2011a), indicating
commonly used for coupling with silica-based cex@mi that no stable chemical bond was formed betweé&asil
via the formation of chemical covalent bond (Si-O-Si),and zirconia. The silica was probably depositedhen
to achieve a chemical bonding between resin andirconia surfacevia weak physical force, such as van-
ceramics. Zirconia ceramics have silica-free serfaed  der-Waals forces, which might not be strong andlsta
possess relatively non-polar surface. It is moreenough in a clinical situation. Further investigatinto
chemically stable than silica-based ceramics, séhis technique would be necessary before a clinical
traditional silane chemistry is not usually effgetifor =~ recommendation is given.
Zirconia (Thompsonet al., 2011). In recent years, Several other silica-coating techniques have been
silica-coating techniques have been explored toexdn developed for Zirconia surface treatment in regesatrs.
silica-free into silica-rich zirconia surface, fotilizing Pyrochemical modification modified Zirconia surface
the chemical bonding provided by silanation. by utilizing flame treatment with tetraethoxy siéan
Tribochemical silica coating (e.g., Rocatec or GoJecontaining butane as fuel gas (Jamtaal., 2003). In
system, 3M ESPE) is a commonly used and commerciadhis process, six fragments were deposited onto the
technique, which air-abrades Zirconia surface withZirconia surface via weak physical force (van-der-
alumina particles that have been coated with nditas Waals forces), resulting in weak bonding. Another
resulting the impregnation of nano-silica into themethod used the glazing techniques by applying thin
Zirconia surface. Studies showed tribochemicata&ili coatings of acid-etchable glasses/porcelain oromieg
coating followed by silanation significantly enhadc followed by HF-etching and silane treatment. This
bond strengths between zirconia and resin materiatechnique resulted in a significantly enhanced nresi
(Xible et al., 2006; Ozcaret al., 2011; Passoet al.,  Zirconia bond strengths (Eversomt al., 2012;
2010), but it was not clear whether it was caused bValentinoet al., 2012; Fushiket al., 2011; Ntaleet al.,
silica-coating or the surface roughening effectaosf ~ 2010). The internal coating technique (INT) (Kitaya
abrasion. After silica-coating, different silencaght et al., 2009; 2010a) followed by silanation also
have different effects on resin-Zirconia bond stés.  improved Zirconia-resin bond strengths. Other ailic
Silanation with the combination of functional (3- coating methods include gas-phase chloro-silane
acryloxypropyl)trimethoxysilane  with  cross-linking pretreatment (Piascikt al., 2009) and sol-gel process

bis[3-(trimethoxysilyl)propyllamine or silica-coating (Zhang et al., 2009). Further
glycidoxypropyltrimethoxysilane seemed to haveinvestigations into these techniques are requieddrb
higher bond strengths than other silanes (Lengl., clinical recommendations.

2012; Matinlinna and Lassila, 2011) In the past 5 years, bonding agents/primers (both

Tribochemical silica-coating followed by a silane commercial and experimental products) containing
coupling agent application was originally desigrfied  organo-phosphate = monomers, such as  10-
surface treatment of soft materials like metalsisia  Methacryloxydecyl Dihydrogen Phosphate (MDP),
clinically proved method to enhance the bonding othave been developed for improving bond strengths of
resin materials to dental metal materials (Matimdin resin materials to silica-free Zirconia surfacer(@kaet
and Vallittu, 2007). However, Zirconia ceramics areal., 2008; Magneet al., 2010). Studies have shown the
densely sintered mechanically tough materials, Wwhic commercial phosphate-monomer-containing-zirconia
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primers, such as Metal/Zirconia Primer (lvoclar containing zirconia primer, formed a chemical bond
Vivadent), Monobond Plus (Ivoclar Vivadent), Cléraf (Zr-O-P) with zirconia ceramics (Cheat al., 2012).
Ceramic Primer (Kuraray), Signum Zirconia Bond ZPrime Plus showed stable resin-zirconia bond
(Heraeus), AZ Primer (Shofu) and ZPrime Plus (Bjsco strength (bond strength value had no decrease 2dter
significantly improved the initial and long-termsie  year aging) probably due to the chemical covalent
bond strengths to zirconia ceramics (Ceral., 2011;  bond (Zr-O-P) formation between zirconia and the
Azimian et al., 2011; Koizumiet al., 2012; Attia and  primer (Cheret al. 2012).

Kern, 2011a; Urakt al., 2010; Takeuchgt al., 2010;

Kitayama et al., 2010b; Lehmann and Kern, 2009; Composite cements. After surface roughness and/or
Magne et al., 2010). The metal primes that contain chemically priming of dental ceramics, resin based
phosphate monomers, such as Alloy Primer (Kuraray)eomposite cements are used for luting of ceramic
Estenia Opaque Primer (Kuraray) were also effectiveestorations (Blatzet al., 2003). Resin composite
for improving bond strengths between zirconia andcements contain inorganic fillers and resin monamer
resin cements (Souzet al., 2011; Yunet al., 2010; sych as BisGMA, UDMA and TEGDMA. They have
Nakayamaet al., 2010; Lehmann and Kern, 2009). similar compositions as conventional restorative
Some newly designed experimental bonding agentgomposites, but usually with a less amount ofrfllend
which contained phosphate monomers, such as igher flowability. Traditional resin composite cents
methacryloyloxyhexyl phosphonoacetate (6-MHPA),contain no adhesion functional monomer (e.g.
also showed strong adhesion to Zirconia ceramighosphate-monomers) and require a separate ceramic
materials (Ikemurat al., 2011a; 2011b; 2011c). It was primer (i.e. silane primers for silica-based cednd
reported that the surface treatment of a combinatfo  yhosphate-monomer-containing primers for Zircotoa)
air-abrasion  and  phosphate-monomer-containingchieve a strong adhesion between resin cements and
primers improved the durability of Zirconia-resiorl  ceramics. The film thickness of a resin cement igh
strengths (Lindgreret al., 2008; Kernet al., 2009;  gjgnjficantly affect the short-term and long-terronk
Akgungor et al., 2008). Other studies showed the syrengths. It was reported that greater resin cefilen
combination of an organophosphate monomer (€.ghickness (10Qum vs. 50um) resulted in lower bond
MDP) with another functional monomer further gyength of resin materials to lithium disilicateramics
improved Zirconia-resin bond strengths. For instanc (Cekic-Nagaset al., 2010). Another study showed the
ZPrime Plus which contains both organophosphat&irconia bond strengths were significantly reduced
monomer and carboxylate monomer, had higher bong,en the resin cement layer was thick (Egilreeal.,

strength than other commercial Zirconia primersz()lz)_ Contrary to the research result, eeel. (2011)
(Magneet al., 2010; Cheret al., 2011a; 2012; Piascik ¢, nq that differences in cement thickness (40 @0 1

et al., 2012). The primers contain both MDP and &,y id not influence the resin-Zirconia bond stytén
zirconate coupler, or contain both MDP and VBATDT given the same cements and storage conditions.

(6-N-4-vinylbenzylpropylamino-1,3,5-triazine 2,4- In recent years, phosphate-monomer containing
dithione) sh_owed hlgher. bond strengths than MDPggt adhesive resin cements have been developed and
alone (Yoshidat al., 2006; Souzat al., 2010). commercialized. Examples of self-adhesive cements

The chemical structure of organo-phosphaténciyde BisCem (Bisco), G-Cem (GC), Clearfil SA
monomer contains polymerizable functional groups an cement (Kuraray), RelyX Unicem (3M ESPE) and
phosphoric acid (phosphate) groups. The polymelzab \jaxcem (Kerr). Phosphate-monomers were effective
groups, such as (meth) acrylates, can copolymeiitte  agents for improving Zirconia bonding, but not
the matrix of (meth) acrylate-based dental resineffective for improving resin bonding to silica-leals
cements, composites and adhesives (e.g. BisSGMAceramics. It was reported that traditional resimests
based materials). The phosphoric acid groups have gad a better bonding efficacy and more durable bond
strong adhesion to Zirconia ceramics. In recentsgjea strength than self-adhesive resin cements to thieirn
the chemical bond formationi@ Zr-O-P covalent bond) disilicate glass ceramics (Hooshmaetl al., 2012;
between phosphate monomers and Zirconia ceramiqsuhrset al., 2010; Kumbulogliet al., 2005), probably
has been postulated (Yoshiéa al., 2006). Studies because self-adhesive cements had weaker physical
with X-ray and NMR MAS*'P confirmed that a stable properties than conventional resin cements. Duhéo
chemical bond (Zr-O-P) between organophosphat@hosphate monomers they contain, self-adhesive
(Octyl phosphate) and Zirconia was formed (Carrierecements or phosphate-monomer-containing  resin
et al., 2004)Later, it was confirmed by secondary ion cements usually had mild bond strengths to Zirconia
mass spectrometry (SIMS) that ZPrime Plus, an MDPeeramics even without a separate primer treatment
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(Yanget al., 2010; Luthyet al., 2006; Blatzet al., 2010; CONCLUSION
Osorio et al.,, 2012; Miragaya et al., 2011;
Mirmohammadiet al., 2010b; Nakamurat al., 2010). The resin bond to silica-based ceramics, like

However, the bond strengths of self-adhesive cesnentithium disilicates, is well documented. Preferred
were usually weak, compared to traditional resinbonding methods are hydrofluoric acid-etching and
cements with Zirconia primers (Nothdust al., 2009; subsequent silane treatments. The preferred pridimco
Zhanget al., 2010a). The bond strength of self-adhesiveresin bond to Zirconia is the combination of suefac
cements on Zirconia could be improved by applicatio roughness and treatment with a phosphate-containing
of phosphate-monomer-containing primers (Zhatg Zirconia primer followed by cementation with
al., 2010b; Cavalcantiet al., 2009). Compared to hydrophobic non-phosphate-containing resin cement.
traditional resin cements, self-adhesive resin cgme

usually have weaker physical properties, are more REFERENCES
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