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Abstract

Purpose The aim of thisin vitro study was to evaluate the effect of a hot chemical etching

solution (HES) as new surface treatment on the shear bond Bt(&Rf) of zirconium-oxide
ceramic to resin cements and the influence of different resnemts and their primers on the

retention of zirconia.
Materials and Methods: 120 Zirconia specimens 6 x 6 x 4mm were fabricated from

zirconia blocks, sintered, and divided into three groups according tosilnéace treatment:
control group (no treatment), airborne-particle abrasion (APA), HES) group. Each group
was randomly divided into five subgroups according to the resin ceme&midae used:
subgroup A cemented by Rel}/X Unicem, subgroups B cemented by Panavia F2.0, subgroup C
cemented by Panavia F2.0 plus its ceramic primer, subgroup Dhisziiey Multilink Automix,

and subgroup E cemented by Multilink Automix plus its ceramic prifike zirconia blocks
were bonded to composite cylinders. SBS was tested in a univestafjtmachine (Instron)
after 30 days of water storage and 5000 thermal cyclesstitatianalysis was performed using

2-way ANOVA (o =0.05) and multiple comparisons were performed by Tukey’s HSD.
Results APA resulted in significantly higher SB® (<0.001) than the two other surface

conditioning methods. Bond strength of Panavia F2.0 (11.9 MPa) and ®elyXicem (9.7
MPa) cements to zirconia was significantly higher than thafufilink Automix regardless of
the surface treatmenP (<0.001). Using zirconia primer with Multilink Auomix resin cement
showed significant improvement in the shear bond stren§th<(001). Zirconia primer with

Panavia F2.0 did not show any statistically significant in the bond strefgtis§85).



Conclusion: The use of the phosphate monomer-containing luting system (Panavia F2.0 and
RelyX™ Unicem) with APA can be recommended as promising bonding methatj klsionia
primer with non MDP- containing resin cement is necessary teaehiurable bond to densely

sintered zirconia ceramics.
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Introduction

Interest for using high-strength zirconium oxide ceramics ffier fabrication of computer-
manufactured full coverage crowns and bridge frameworks is growimgcent years. This is
due to Zirconia’s improved mechanical properties in comparison to coorentional alumina

or lithium disilicate-based ceramit$?

In contrast to conventional feldspathic ceramic, the matrix pressuthe tetragonal particles of
zirconium oxide is reduced by tensile stresses that induemsfdarmation of the tetragonal to a
monoclinic phase. This is associated with a localized volumetniease of 3% to 5%, resulting

in compressive stresses that counteract the external tansises and, in this way, may prevent

cracks from propagatinty

Although conventional cementation of zirconium oxide restorations vaithitimnal luting agents
(such as zincphosphate or resin-modified glass ionomer cemesysprovide adequate clinical
fixation, adhesive cementation is preferable for ensuring be#tantron and marginal

adaptatior?:®”’

Multiple clinical studies document excellent long-term success ofbesided restorations, such
as porcelain laminate veneers, ceramic inlays and onlays;b@sited fixed partial dentures,

and all-ceramic crowns.

A strong, durable resin bond provides high retention, improves marginal @oapfaevents

microleakage, and increases fracture resistance of the restored tooth rastioitagior’



Bonding to traditional silica-based ceramics is a predictatieedure yielding durable results
when certain guidelines are followed. However, the compositiomphaysical properties of high-
strength ceramic materials, such as aluminum oxide-base@sjAind zirconium oxide-based
(ZrOy) ceramics, differ substantially from silica-based ceranaied require alternative bonding

techniques to achieve a strong, long-term, durable resin’bond.

The achievement of reliable adhesion to ceramics conventionallyescuirface pre-treatments.
However, neither hydrofluoric acid etching nor silanization result satisfactory resin bond to
zirconia because of the high crystalline content and the linitezbus phase (below1%) of this

high strength core ceramié’

Airborne particle abrasion has been employed in the attempt to enliamcsurface area
available for bonding®*?Although an improvement in the average surface roughness has been
recorded on a micrometer scale; the treatment appeared inadaquastablish reliable

ceramic/cement bonds.

A hot chemical solution has been proposed to etch the wings oflavidrbridges. It has the
effect of roughening the surface and promoting reterfidthis solution now represents an

effective method for conditioning zirconia surfaces, and enhancing micromeahatémtion->



Aims of Study:

e The purpose of thig vitro study is to evaluate the effect of the hot chemical etclohgisn
as new surface treatment on the shear bond strength of zirconiumeeraaeic to dual-cured

resin cements.

e The influence of different resin cements and their primers on the retentiooafiair

The Hypotheses:
e Using a hot etching chemical solution as surface treatmdinherease the mean shear bond
strength between zirconia and adhesive cements, compared to sandblasting and control.

e Using the self adhesive resin cement will result in higheanrghear bond strength than

multi-step system adhesive cements.

e Among the Panavia F2.0 and Multilink Automix cements, using a zircpriraer will

increase the mean shear bond strength.

Clinical Significant of the Study:
The results of this study could affect the decision of the clinician on:

e Selecting the type of surface treatment that provides more diadls of zirconia ceramics

to adhesive cements.

e Selecting the type of cementing medium for cementation of the zirconium oxaieice.
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Historical Background

Zircon has been known as a gem from ancient times. The name rokthk zirconium comes
from the ArabicZargon (golden in color) which in turn comes from the two Persian wadeds
(Gold) andGun (Color). Zirconia, the metal dioxide (Zp}) was identified as such in1789 by the
German chemist Martin Heinrich Klaproth as the reaction producineotafter heating some

gems, and was used for a long time blended with rare earth oxides as pigme iz er

The first paper concerning biomedical application of zirconia wasghdaliin 1969 by Helmer

and Driskell*” While the first paper concerning the use of zirconia to manufadall heads for
Total Hip Replacements (THR), which is the current main agpmitaof this ceramic

biomaterial, was introduced by Chriseehl., in 19882

In the early stages of the development, several solid soluo@s-MgO, ZrO,-Ca0, and Zr@
Y203) were tested for biomedical applications. But in the followiegrg the research efforts
appeared to be more focused on zircepiea ceramics, characterized by fine grained

microstructures known as Tetragonal Zirconia Polycrystals (tZP).

The recent introduction of zirconia-based ceramics as restodsital materials has generated
considerable interest in the dental community. The mechanical pespeftizirconia are the
highest ever reported for any dental ceramic. This may aleardalization of posterior fixed
partial dentures and permit a substantial reduction in core thickiesse capabilities are highly

attractive in prosthetic dentistry, where strength and estheticsraraqant.
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Review of literature

Properties of Zirconia

The attractive properties of zirconium oxide such as high strerexcellent mechanical

4,13

properties:**and biocompatibilit} allow several applications in restorative dentistry. One of

which is as a core material for all ceramic crowns and fixed partialdsniFPDs).

Unalloyed zirconia is a well-known polymorph that occurs in threengo Monoclinic (M),
Tetragonal (T), and Cubic (C). Pure zirconia is monoclinic at remnperature. This phase is
stable up to 117C, above this temperature it transforms into tetragonal and thercuibic
phase at 237C. During cooling, a F>M transformation takes place in a temperature range of
about 108C below 1078C!°*%° The phase transformation taking place while cooling is
associated with a volume expansion of approximately 3 to 5%ss88egenerated by the
expansion originate cracks in pure zirconia ceramics that, sftering in the range 1500 to
1700C, break into pieces at room temperature. This vast volumetringigpaprecludes the use

of pure zirconia in ceramic systefts?

Alloying pure zirconia with stabilizing oxides such as CaO, M§@0; or CeQ allows the
retention of the tetragonal structure at room temperature arefdireethe control of the stress-
induced M transformation, efficiently arresting crack propagation and mgado high

toughnes$!??

Three classes of zirconia materials can be obtained: Culbitizgd zirconia (CSZ), partially

stabilized zirconia (PSZ), which is a mixture of cubic andagginal/monoclinic phases, and

12



Tetragonal zirconia polycrystals (TZ®)?? Among these three classes, the (TZP) materials have
the best fracture toughness and mechanical strength, espadially3 mol % yttria is used as
stabilizer. Such results are related to the greater exteyitriaf solubility in tetragonal zirconia
solid solution when compared to others oxitfeand this is the most commonly used type of

zirconia in dentistry.

Zirconium dioxide content in yttrium-stabilized tetragonal zircasihaigher than 90% (Y-TZP),

while glass-infiltrated ceramics have only 35% of partially-staldlizieconia>®

|. Transformation Toughening

The 3 mol% yttria-stabilized zirconia (3Y-TZP) exhibits a vemportant feature, related to the
polymorphic transformation for monoclinic phase when a mechanicassiseapplied. This
phenomenon, known as transformation toughening, it gives (3Y-TZP) supeechanical
properties compared with other ceramit¥and can explain why this material is referred to as a
“ceramic steel” by some authors. This phenomenon can prevent craekhgesulting in a
material with high toughness and mechanical stretffgih.a crack tip, the matrix constraint on
the tetragonal particles of 3Y-TZP is reduced by tensitsses so that a transformation to the
monoclinic structure takes place. This transformation produces ledlégcancrease in volume,
which results in compressive stresses within the matrix, theénebeasing the energy necessary
Pl:.;’24

for further crack growt On the other hand, this transformation also altering the phase

integrity of the material and increasing the susceptibility to aging

13



Il. Aging or the Low Temperature Degradation (LTD)of Ziconia
Aging is a well-documented phenomenon exacerbated notably by genpeeof wate?> 2’ The
consequences of aging are many and include surface degradatiagraimtipullout and micro

cracking as well as strength degradation.

The LTD, as well as the “transformation toughening” phenomenon ioreed previously,
results in reverse transformation of the material from ttnagenal to the monoclinic phase with
simultaneous volumetric expansion. Transformation toughening that istdaditoy a crack is
desirable because the excess volume “seals” the crack. WoweTD is, in general, considered
unfavorable because the excess volume causes micro-and macrograickhe surface that

proceeds to the interior, reducing the material’s mechanical properties.

[I. Zirconia's Fracture Toughness
It is between 8 and 10MPa which is almost twice as high aotreuminum oxide ceramics.
This is due to transformational toughening, which gives zirconiaumgjue mechanical

properties’®

IV.  The Flexural Strength of Zirconia Oxide

It has been reported that the flexural strength of,Z8@ the range of 900 to 1,100MPa. This is
approximately twice as strong as alumina oxide ceramicsrtlyren the market and 5 times

greater than standard glass ceramics. These values excemdxineal occlusal loads during

normal chewing?®
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In addition, without any glass matrix, zirconia oxide materiedsgenerally stronger and offer
more resistance to cracking than other ceramics. Further,icdiecorrosion occurs on glass
substrates, which can lead to clinical failure. The aqueous compnsaliva can react with

glass in ceramic material, causing corrosion. This can iretéasrate of crack propagation and

lead to failure of the materia].

Type of Zirconia Blanks

Three types of zirconia blanks are available for the CAD/CAlMing systems. One is the
completely sintered dense blanks for direct machining by CAD/QA&d machining). The
other two types of blanks for CAD/CAM fabrication require post mrang sintering to obtain
final products with sufficient strength (soft machining). They @aenely blanks at the green
stage or pre-sintered blocks, while another type are blankse atath stage in the form of

partially stabilized zirconia powder mixed with bindér.

Fabrication of Zirconia Substructure

The most common method to fabricate a zirconia substructureGABYCAM milling from a
solid block. The patrtially sintered zirconia is milled 20% to 25%dathan the desired final size
due to shrinkage caused by the post machining sintering procesa#&sbining), while the fully
sintered zirconia is milled at a 1:1 ratio (hard machiningj.deth the partially sintered and the
fully sintered techniques, the die is scanned, and then the computeanpragsigns the

framework or the copint-
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l. Soft Machining of Pre-Sintered Blanks

Since its development in 20841 direct ceramic machining of pre sintered 3Y-TZP has become
increasingly popular in dentistry and is now offered by a growimgber of manufacturers.
Briefly, the die or a wax pattern is scanned, an enlarged aéstoris designed by computer
software (CAD) and a pre-sintered ceramic blank is milledcomputer aided machining
(CAM). The restoration is then sintered at high temperature. 8evanations of this process
exist depending on how the scanning is performed and how the largengrghrinkage of 3Y-
TZP (~25%) is compensated for. For example, both contact scaameknson-contact scanners
are available. Overall, non-contact scanners are charactégzadigher density of data points

and a greater digitizing speed compared to contact scatiners.

Typically the 3Y-TZP powder used in the fabrication of the blastkgains a binder that makes
it suitable for pressing. The binder is later eliminated dutime pre-sintering step. It also
contains about 2wt% Hfclassically difficult to separate from ZgOr'hese powders have only
minor variations in chemical composition. The blanks are manufacturedololy isostatic

pressing’*

The binder is eliminated during a pre-sintering heat treatmdms. Step has to be controlled
carefully by manufacturers, particularly the heating ratb the pre-sintering temperature. If the
heating rate is too fast, the elimination of the binder and assddatn out products can lead to
cracking of the blanks. Slow heating rates are therefore prdféeFhe pre-sintering temperature
of the blanks affects the hardness and machinability. These twactdréstics act in opposite

directions: an adequate hardness is needed for the handling of the llamkhe hardness is

16



too high, it might be detrimental to the machinability of thenklarhe temperature of the pre-
sintering heat treatment also affects the roughness of thieimadcblank. Overall higher pre-
sintering temperatures lead to rougher surfaces. The choice @ber pre-sintering temperature
is thus critical. The density of each blank is carefully membkwso that the appropriate
compensating shrinkage is applied during final sintering. The @ieakity of the pre-sintered

blanks is about 40% of the theoretical denSity.

Machining is better accomplished in two steps. A first rough machining is donevafeed rate
while the final fine machining is performed at a higher fe¢el*fahe soft machining technique
prevents the stress-induced transformation from tetragonal to monaoatidi leads to a final
surface virtually free of monoclinic phase unless grinding adjustmenteaded or sandblasting
is performed. Most manufacturers of 3Y-TZP blanks for dental apipisatio not recommend
grinding or sandblasting to avoid both thestm transformation and the formation of surface
flaws that could be detrimental to the long-term performansgitethe apparent increase in

strength due to the transformation-induced compressive strésses.

Restorations can be colored after machining by immersion ini@odubf various metal salts
such as cerium, bismuth, iron or a combination thete®he color develops during the final
sintering stage. Alternatively, colored zirconia can be obtairedntall additions of various

metal oxides to the starting powd®@r.

Sintering of the machined restorations has to be carefully cowmlrotigically by using

specifically programmed furnaces. Shrinkage starts at °@@hd reaches ~25% at final

17



temperature. Sintering conditions are product-specific. Final sigtaemperatures between
1350 and 155 with dwell times between 2 and 5 hours lead to densities gteate©9% of
the theoretical Density. The restorations are furnace-cooledtemperature below 280 to

minimize residual stressék.

On average, manufacturers recommend that the minimal thickneasziimonia coping should
be 0.3mm for anterior teeth and 0.5mm for posterior teeth. Forapgncesthesis fabricated with
zirconia, the cross —sectional dimension for a connector should bé Jinis is much smaller
than the 16mm connector recommended for conventional glass ceramics. This deamease
connector dimension is due to zirconium’s greater strength, allderregsmaller connector and

thus resulting in a more aesthetic appearahce.

Representative systems utilizing soft machining of 3Y-TZP fotaleestoration are Cercdn
(Dentsply International), Lav¥ (3M™ ESPEM), Procer§ zirconia(Nobel Biocare"), YZ

cubes for Cerec InL&b(Vident™)and IPS e.makZirCAD (lvoclar Vivadent)*

lI. Hard Machining of 3Y-TZP

At least two systems, DenZifCadesthetics AB) and DCZirkB{DCS Dental AG) are available
for hard machining of zirconia dental restorations. Y-TZP blockgpeapared by presintering at
temperatures below 158D to reach a density of at least 95% of the theoretical def3ity.
blocks are then processed by hot isostatic pressing at temmperagtween 1400 and 1500
under high pressure in an inert gas atmospHierelhis latter treatment leads to a very high

density in excess of 99% of the theoretical density.

18



Processing of zirconia in its densely sintered stage has thetaggaof avoiding undesirable
dimensional changes as the result of the sintering shrinkagedtiats during machining heat
treatment. However, it makes the milling procedures difficite tconsuming and leads to high
wear of milling instruments. The restorations produced by hardhimag of fully sintered 3Y-
TZP blocks have been shown to contain a significant amount of monagficinia®® This is
usually associated with surface microcracking, higher susceptidii low temperature

degradation and lower reliability.

Veneering of Zirconia

Current processing technologies unfortunately cannot make zirrama&works as translucent
as natural teeth, so they have to be veneered with weaker poraelashieve acceptable

esthetics.

The coefficient of thermal expansion of substructure and porcélauicsbe matched. Porcelain
that is used in porcelain-fused-to metal restorations cannagdzewith a zirconia substructure,
since delamination will occur. Further, proper firing of a bonding lafeporcelain to the
zirconia core is essential to create a stable interfageebatthe two materiald8.The nature of

the interface between 3Y-TZP and the veneering porcelain has not been thortudjbt) s

The typical failure pattern of a veneering material in thdydclinical practice is known as
ceramic chipping’=° This fracture pattern is associated with a thin layer a$ggteramic that
remains on the zirconia framewotk’® This indicates a reliable bond of veneering ceramics to

the framework, but also reveals a weakness of the veneeringgmoréepossible reason for the

19



incidence of ceramic chippings may be found in the former limite®-Cgoftware options by
which crown and fixed dental prosthesis (FDP) frameworks could nandshined to an
anatomically reduced form which can offer an adequate support teeteering material.
Modern CAD/CAM systems are able to provide a considerableranatomically cut back
framework design. Future clinical long-term results may beremfavorablé!*? Another
potential reason may be that the powder buildup technique frequently riesiiié incorporation
of voids and flaw4® Use of more stable veneering materials might reduce the chipgieg
compared to traditional veneering porcelains. The porcelains usled powder technique have
a flexural strength in the range of 80MBawhile the ceramics used for the over-pressing
technique to veneer zirconia show a flexural strength of 120MPa. Howsaegral in vitro
studies reported no difference in load-bearing capacity of rcreystems with over-pressed

veneering ceramics and powder buildup veneering porc€lain.

All manufacturers of porcelains for dental Y-TZP cerammosv provide “liner” materials,
presumably to increase porcelain bonding as well as to provide dooma and fluorescence.
Although “bonding” does not appear to be at issue, perhaps these lineskete wetting or
have chemistries adjusted to reduce possible interactions with TZ&YIt does not appear that
prostheses have needed to be replaced in any studies due toipoccatang or minor

chipping?!

Adaptation of Zirconia

CAD/CAM techniques involve scanning, software and machining procedads,single step

could contribute to the overall fit of the crown. Systems dependent upopti@al impression

20



experience problems with rounded edges due to the scanning resahgtipasitive error, which
simulates peaks at the eddesOther systems that use a surface contacting probe cannot
accurately reproduce proximal retentive features less than 2Wimenand more than 0.5mm
deep. Feather-edge finish lines, deep retentive grooves, and complesaboabrphology are

not recommended, not only for scanning and milling prerequisites, but also to detress¢hat
would develop in a restoration with inadequate preparation and margmetg™°® An
additional problem with computer-milled ceramic restorations isthi@internal cutting bur may

be larger in diameter than some parts of the tooth preparatidm,asuthe incisal edge. This
would result in a larger internal gap than with other fabrication technfgiesearch has shown
that the internal gaps and marginal adaptations of zirconigefvarks were significantly larger

than that of metal frame worR&*°

Marginal Adaptation of Zirconia

When evaluating the clinical success and quality of a restoratanginal discrepancy is an
essential criteriofi’” Absolute marginal discrepancy was defined as an angular coihirwdt
the horizontal and vertical error and would reflect the total infsMcLean suggested that

120um should be the limit for clinically acceptable marginal discrepaficies.

The long-term clinical success of all-ceramic prosthodonticsbeamfluenced by marginal
discrepancied’ Poor marginal adaptation of fixed prostheses increases plaguiaetand
changes the distribution of the micro flora, which can induce the ohgeriodontal disease.
Also, poor marginal fit can cause secondary caries and lead rtigatlifailure of fixed

prosthodontics’ Micro leakage from the oral cavity may cause endodontic inflammgtion.
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Internal Gaps of Zirconia

An internal gap is the perpendicular measurement from the asiléltavthe internal casting
surface. Compared with the traditional casting of metal, the comapidied fabrication of
ceramic frameworks may lead to critically large integegbs between them and their underlying

abutments, depending on the system d&&d.

The internal adaptation plays an important role for the lonmg-tstability of all-ceramic
reconstructions. The important factors to be considered are thedhs of the cement layer, an
increase in cement thickness caused by a larger intenqpaagehave a significant impact on the
long-term stability of a ceramic reconstructi®@ecause increase in thickness of the cement
layer, resulting from a larger internal gap, leads to a sogmf decrease of the flexural failure

load of ceramics, ds vitro studies have showH.

There are two main factors which have influences on the nar@ilaptation and the internal fit

of zirconia, computer fixed cemespace, and convergence angile¢he abutment tooth.

I. Computer Fixed Cement Space

The cement spaces set by the CAD/CAM system for alihdereestorations need to be taken
into consideration because they have influence on improving thegimahadaptation. §0n
cement space fixed by the CAD/CAM system might be favorfibla the aspect of marginal
adaptation of zirconia ceramic copirmds°These findings probably related to the disappearance
of the premature contacts between the abutments and coping intefaaes in the increased

computer-fixed cement spaces.
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Il. Convergence Angle of the Prepared Tooth

To improve marginal and internal adaptation of zirconia restoratioasufacturers need
preparing the abutment with wider convergence angle to improveain@ing power> In one
study, preparing the tooth with a 20° convergence angle producesticallyi significantly
smaller internal spaces and Marginal discrepancies as compithetgeth prepared with 6° and
12° convergence angles. The scanning accuracy of abutments couloekavenhanced with a
larger convergence angle of abutment, since the increase in gengerangles makes the
scanning more precisé.These findings would indicate that the internal spaces redutieeas
convergence angles of abutments increase. On the other hand, redéntierrestoration is in
inverse proportion to the convergence angle of the abutment tooth, amteegence angle of
the abutment tooth increases the retention of the restorationasegfeHowever, some
researchers have shown a positive relationship between converggleseddrihe abutments and

internal spaces of all-ceramic restorations fabricated by using théG2ADsysten*>’

In general, studies have demonstrated that internal gap widthsigirer hthan marginal
gaps’*®®This finding has implications for glass-ceramic restorationshvhiay be dependent
upon the mechanical properties of the luting cement to resist furictamsas® Most of the
literature reports marginal discrepancies in the range otaliaicceptability recommended by

McLean and Christenséf®?

Clinical Implication

Considering zirconia's high strength, this material enable<liheian to place the ceramic

restoration almost anywhere in the mouth. Single crowns, implannhehtd, and bridges can be

23



fabricated from zirconi&>®* Although some manufacturers indicate that zirconia ceranims al
for the fabrication of a prosthesis involving the full arch, FPD# wi maximum of five units
seem to be more reliabl2.This material can also be used for posts and cores or implant

abutments in prosthetic dentisff.

Y-TZP ceramics can be colored to simulate tooth structure; howdnesr are highly opaque.
This radiopacity can be very useful for monitoring their margiadhptation through
radiographic analysis, especially when intrasulcular and proxpneglarations are performé&t.
On the other hand, opacity might limit the esthetic outcome of zac@storations compared
with those made of conventional dental ceramics. Additionally, it been shown to be

biocompatible, without any reported cases of toxicity, patient allergy, citigins®

Tooth Preparation of Zirconia

The tooth preparation needed to accommodate a zirconia restoratieserdialy that of a
porcelain-fused-to-metal crown with a few modifications. Pr&gamns must follow the free
gingival margin, incisal/occlusal reduction should be at least 1.&mamaxial reduction should
be a maximum of 1.5mm. The range of reduction is related to theeiesteeds. The more
tooth reduction, the more available space for the lab technician topaispely layer various
porcelains to achieve better aesthetics. Some clinicians dmddiens advocate 2.0 to 2.5mm of
incisal/occlusal reduction for optimal appearance and anatomical®f&nmessively tapered
preparations should be avoid®§’ Chamfer or rounded-shoulder preparations are
recommended, because they increase material thickness asttratien margin&> Knife-edge

preparations might also be appropriate, since the fracture lgane@ for Y-TZP copings with
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this type of preparation was greater than that required for chardparations, regardless of
coping thicknes& Due to the limitations of the die-scanning process and the subsequent
machine milling, sharp angles in the preparation must be avoidadtyMlegree shoulders,

undercuts, or sharp line angles are not acceptable.

Cementation of Zirconia

The cementation process is vital for the clinical successl-okemic restorations. Although
superior in terms of mechanical performance (strength, tougharesgatigue resistance) there is
an inherent limitation associated with high strength ceramiemaés. Bonding of resins to these
materials is more difficult than it is for silica-basedarercs. Fortunately, it is possible to
conventionally lute zirconia crowns that rely only on micromechanet@ntion, due to their
high flexural strengtf?"° With traditional preparations, which provide mechanical retention and
resistance form'in addition to classical composite luting systems, conventional zing@patss
and glass- ionomer cements are used, as are resin-modifisstigi@mer and compomer
cements. The more recent generation of self-adhesive lutingnterare also indicated. These
conventional cements are less technique-sensitive. However, conventienantation
techniques do not provide sufficient bond strength for some clinicacapphs. These include
compromised retention and short abutment t€etBood adhesion is important for high
retention, prevention of microleakage, and increased fracture agdefaesistance, these are

maximized by the use of resin-based ceménts.

Investigations have been conducted to determine the ability of commsadlyluting agents to

retain high noble metal-ceramic crowrg! For better simulation of clinical conditions,
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investigation of the retentive strength of luting agents shouldudest using axial dislodgment
forces with crowns cemented on extracted human feétiCurrently, only a recent publication
by Ernstet al., evaluated the retentive strength of zirconium oxide—based crovimsevieral

luting agents and different ceramic pretreatments, using ameivo model for connection to a

crown during retention testirfg. However, the results may have been affected by the low 5

degrees of taper use@n the other hand, some investigators have examined and measured the

shear bond strength of different cements on zirconium oxide ceramigceas after different

pretreatments; these studies provided varying and controversial f&<uilts.

Luting agents of interest are those in common use with the potential of creatiogng interface
between dentin and the internal surface of the zirconium oxide—basedties. In the Errset
al., study, several types of cements demonstrated relative higbnizim oxide coping
retention’ Studies of shear bond strength to zirconia ceramic have shota ¢thenposite resin
cement containing an adhesive phosphate monomer (MDP) provided sigriicaehstrength
values’®”® The self-adhesive modified composite resin cement represents igpee of cement
and was developed with the goal of combining the ease of haraflithgabsence of required
pretreatment steps, along with favorable esthetics and highesiaaliie tooth structur®. This
cement has also demonstrated high shear bond strength to zirccam@cseunder specific

conditions®!

The success of the cementation process is dependent on the compbsiteoneramic material.
The bond of the resin luting cement to the tooth structure is enhap@aidbetching of enamel

or dentin and by the use of a dentin adhesive. The penetration of monaorteerthe
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demineralized dentinal matrix, followed by polymerization, promdtesiticromechanical bond
via hybrid layer formatiofi*®* In a similar way, the internal surface of the cerareitaration

must be prepared to optimize the micromechanical bond between the ceramic and.the res

Surface Treatments and Resin-Ceramic Bonding

Ceramic/resin cement bonds may be more effective and durablassibciated with
micromechanical retentions: the achievement of roughened cesarfaces may allow the resin
cement to penetrate and flow into these microretentions, thus ngeai stronger
micromechanical interlock®>®" The common treatment options available for surface treatment
are (1) grinding® (2) abrasion with diamond rotary instrumeft€’ (3) airborne particle
abrasion with aluminum oxid&;”? (4)acid etching® and (5) combinations of any of these

methods.

e Acid Etching

Acid etching with solutions of hydrofluoric acid (HF) or ammonitmfiuoride can achieve
proper surface texture and roughness to silica-based cer&iflicShe glassy matrix is
selectively removed, and crystalline structures are exposehiofyoric acid solutions between
2.5% and 10% applied for 2 to 3 minutes seem to be most succeéséfiihe number, size, and
distribution of leucite crystals influence the formation of micropdres that acid etching
creates® For the leucite-reinforced feldspathic porcelain IPS Emprssisitions of 9% HF
applied for 60 seconds were most successfTie lithium-disilicate glass-ceramic IPS Empress
2 has a high crystalline content and exhibits significantly higimrd strengths than IPS

Empress independent from surface conditioning. It seems thaeithenic microstructure has a
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significant influence on the fracture resistance of the conmgosiamic adhesion zoh€.
Application of a silane coupling agent to the pretreated ceramiacsuprovides a chemical
covalent and hydrogen bontf;*°?and is a major factor for a sufficient resin bond to silica-dbase
ceramics 190101 1%gjlanes are bifunctional molecules that bond silicone dioxide WwihOH
groups on the ceramic surface. They also have a degradable fungtauathat copolymerizes
with the organic matrix of the resifi’®Silane coupling agents usually contain a silane coupler
and a weak acid, which enhances the formation of siloxane BbBdanization, also increases

wettability of the ceramic surface. Sorengeal., showed that ceramic etching and silanization

significantly decreased microleakage, which was not achieved by exclishetseatment®

Unfortunately, because of the chemistry and the high crystallinerdoat zirconia that differ
from those of conventional silica-based materials, neither hydrafluaeid etching nor

silanization result in a satisfactory resin bond to zirc8AT4°

e Air-Abrasion

Air-abrasion with aluminum oxide particles is routinely perfednto remove layers of
contaminants, thus increasing micromechanical retention betweeredime cement and the
restoration-****?Usually, air abrasion units use aluminum oxide particles witessianging

from 25um to 25@m. The application of a tribochemical silica coat that allésschemical

bonds to a silane coupling agent and to composite has been recomiténtied.

The effect of air abrasion on the mechanical properties of zadws been repeatedly discussed
in the literature, and both positive and negative results have beerbeestt®'’ Some
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authors have stated that air abrasion increases the flexuistames of zirconia ceramics,
because it induces-¥M phase transformations, creating compressive layers on traeesiir'®
Apparently, the depth of the surface flaws induced by air abrasion dxcexd the thickness of
the compressive layers, justifying the improved properties aitaided surfacés® When the
effects of air abrasion and milling with fine-grained diamondrimsénts (20m-40um) were
compared with the use of coarse diamond bursyt255Qum), it was observed that less severe
protocols reduced surface roughness and provided the formation of corgtagsrs on the
surface. Conversely, coarse diamond burs reduced the flexural staexgteliability of Y-TZP
ceramics’ In a different study, air abrasion and coarse diamond burs alsEnfgepposite
effects on the flexural resistance of a zirconia ceramie. duithors of that study added that,
during milling with the diamond bur, a vast amount of material wamved and sparks were
commonly observed despite the use of constant water spray, indidaingoth stress and

temperature were high during the operafidn.

e Tribochemical Coating

Tribochemical coating is an effective method to roughen glassatéd-based ceramic. In this
technique, air pressure impregnates the ceramic with silaréicles, and further silane
application renders the impregnated surface chemically vedctithe resin cemeft® Rocatec
(3M ESPE) system is an example of this method, This system isvcl@ning the surface to be
coated with 110um of high-purity aluminum oxide (Rocatec Pre; 3RH) at 250KPa for 14
seconds, creating a uniform pattern of roughness. This is followedtblgochemical coating
with 110pum (Rocatec Plus; 3M ESPE) or a less abrasive 3Rocaiec Soft; 3M ESPE) of

silica modified high purity aluminum oxide. The aluminum oxide leahessurface partially
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coated with SiQ which is then conditioned with silane (3M ESPE Sil; 3M ESPHréate a
bond to the silicate surface of the metal or oxide ceramiondifidthe composite resitt® The
volume loss through this tribochemical process was found to be 36 w®eddr a glass-
infiltrated alumina (In-Ceram Alumina; VITA Zahnfabrik) thaor fa feldspathic glass ceramic
(IPS Empress; Ivoclar Vivadent) and did not change its surfacpasition™'® Pretreatment of a
glass-infiltrated alumina (In-Ceram Alumina; VITA Zahnfabrikjth the tribochemical process

(Rocatec; 3M ESPE) resulted in a durable resin bond over5Yy&ars.

Tribochemical seems to be less effective for zirconia cemanthan for glass-infiltrated
ceramics’" Siloxane bonds (including silica, silane and resin cement)oaneeti only if the
surface presents oxygen and silica, because both molecules prasent dites between silane
and the ceramic. Y-TZP ceramics present greater hardnegsiadnwith systems with a glassy
structure, which prevents the impregnation of silica onto the surfaEer this reason, silane
agents do not bond adequately to zirconia cerafigihough some studies have demonstrated
good results with tribochemical treatménf’the question might be posed whether the improved
bonding was caused by the siloxane bond or micromechanical retentiohjsafett should be

investigated in further studies.

According to some other studies, surface treatments, suchadgasion, might increase ceramic
degradation over time. It was demonstrated that the strength abr@ded Y-TZP ceramic
decreases significantly when specimens are submitted to faligisemight be indicative of the
presence of surface flaws, which increase with cyclic loadimgjtleey can negatively affect the

material’s properties. Any further grinding or abrasion perfarrdering the luting procedure
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might exacerbate superficial flaws created by air abrasésnjting in fracture propagatiofr.
In such cases a non-destructive, simple method for treatingtamic surfaces would be very

useful.

Despite the possible negative outcomes of surface treatmerite orethanical properties of Y-
TZP materials, the application of resin cements to untreatedcssriapparently result in low
bond strength, which is unable to resist water storage. Thimfght indicate that some surface
alteration is fundamental in order to obtain a durable bond to zirtGuidditionally, in a long-
term clinical study with alumina and zirconia FPDs, the authorednthat fractures only

occurred at untreated sites, never at air abraded sutfaces.

Although an improvement in the average surface roughness by airbotiode pgbrasion has
been recorded on a micrometer scale, the treatment appeared atadeqestablish reliable

ceramic/cement bondzg.

e Selective Infiltration Etching

Alternative technologies are advocated in the attempt to change tigh-strength ceramic
cores into more retentive substrates. Selective infiltratimhiregy (SIE) has been recently
proposed achieving promising results in terms of bond strengthssvatuihe zirconia—resin
cement interface¥3 This treatment, that is based on the principle of the heat-indufigiion
process, may determine zirconia crystal rearrangementselhsasvintergrain nano-porosities
formation where low-viscosity resinous materials may flow anderlodk after

polymerization®"*2
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e Hot Chemical Etching Solution

Considering the metallic nature of pure zirconium, it can be asstimetteatments originally
performed for conditioning metals or alloys may be somewhat legefr etching zirconium
dioxide crowns or bridge frameworks. The application of the hot ecbatutionresulted in
modifications to the zirconia surface, and significant increasariiace roughness. These results
are similar of those previously achieved by Ferrari whenmgchigh strength Ni—Co alloys for
enhancing the retentive potential of Maryland bridges wiigéhe action of this hot acid
solution is basically a corrosion-controlled process. It can be gpeduihat the hot chemical
etching solutionmay determine a chemical dissolution of the grain structure erzitbhonia
surface'® enlarging the grain boundaries throughout the preferential removtieofess-
arranged, high-energy peripheral atoff<Etching rate depends on solution movement over the
ceramic surface and on temperature. The temperature tesf&i\uag suitable for conditioning
the substrate in a reasonable application time 10 min. Improvemid@iLirconcentration would
also increase the etching rate, although this approach mayenm@commendable for dental
purposes. Once resin cement systems penetrate the intergras fmacing micromechanical

interlocks with the substrate, a superior strength would be necessary to déBond it.
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Materials and Methods

Experimental Design

This study measures the shear bonding strength between diffesentadhesive cements and

zirconium-oxide ceramic specimens treated with various surface conditiorthgats.

One hundred twenty 9 x 9 x 7mm (£0.3, £0.3, and £0.4mm, respectively) blaresmilled
from partially sintered 3% Y-TZP (IPS e.max ZirCAD C15Lo8&ks; Ivoclar Vivadent AG,
Schaan, Liechtenstein) using an electrical high precision ssoMét 1000 Precision Saw;
Buehler Ltd, Lake Bluff, IL) under water irrigation with a diamonafering blade (4-inch
wafering blade, High Concentration, M412H; MetLab Corp, Niagara ,RsdN9. The blocks
were sintered at 1500°C for 2 hours in a high temperature sintarmngce for zirconia
(Programat S1; Ivoclar Vivadent AG). The dimensions of the blockswioly 25% volumetric
shrinkage associated with the sintering were 6 x 6 x 4mm (xM2, fand +£0.3mm,
respectively). Ceramic blocks were randomly divided into threemgaoups (40 samples per

group) according to the different mechanical and/or chemical treatméotrped:

1) Group | (C): No surface treatment (control group).
2) Group Il (APA): Airborne particle abrasion using 50um aluminum oxide powde®y).

3) Group Il (HES): Experimental hot etching solution.

Each group was randomly divided into five subgroups A, B, C, D, and E (8esmpgi group)
according to the resin cement technique used: subgroup IA, IIA, Bkdvdre cemented by

RelyX™ Unicem (3M ESPE, St. Paul, MN), subgroups IB, IIB and MWBre cemented by
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Panavia F2.0 (Kuraray America CO, NY), subgroups IC, IIC, ANIZ Mvere cemented by
Panavia F2.0 plus its ceramic primer (Clearfil ceramic piinseibgroups ID, 11D, and IIID were
cemented by Multilink Automix (lvoclar Vivadent AG), and subgroulgs IIE, and IlIE were

cemented by Multilink Automix plus its ceramic primer (Monobound Plus). (Figl)

The test specimens in each bonding group, after they have been bondegadsitoylinders
by using different resin cement techniques, were stored inatisiiater at room temperature for
30 days, during which they underwent 5000 cycles in thermocycling mackhifter
thermocycling all specimens were stored in distilled waten@n temperature before starting of

shear strength test.
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n 120

Group | (C) Group Il (APA) Group IIl (HES)
Abrasion Solution
(n=24) (n=24) (n=24
Group Il A
RelyX Unicem  — RelyX Unicem (n=8)
(n=8) (n=8)
Group I B Group II B Group Il B
Panavia F2.0 = Panavia F2.0 Panavia F2.0
(n=8) (n=8) (n=8)
Group I C Group Il C Group Il C
Panavia F2.0 +Prime¥r Panavia F2.0 +Prime Panavia F2.0 +Prime
(n=8) (n=8) (n=8)
Group I D
Multilink Automix Group IID Group 1D
(n=8) — | Multilink Automix Multilink Automix
(n=8) (n=8)
Group | E Group Il E Group Il E
Multilink Automix + | | | Multilink Automix + Multilink Automix +
Primer Primer Primer
(n=8) (n=8) (n=8)

Fig 1. Flow chart of the grois and subgroups
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Surface Treatment of the Substrate

To increase the surface area for bonding and to decrease dariamn, the surfaces of the

substrates were treated by one of the following methods.

1) Group | (C): Underwent no mechanical or chemical surface treatmentifajlgmtering

2) Group Il (APA): Airborne particle abrasion performed perpenditylto the ceramic surface
by means of a 50um AD; Particles (Aluminum Oxide Blasting Compounduf9240 grit fine
grain size; Ivoclar Vivadent, Inc, Amherst, NY) applied for 108 avorking distance of 10mm

and a pressure of 3 bars (KaVo EWL Type 5423; KaVo Dental GmbH, Biberach, iggrma

3) Group Il (HES): Experimental hot etching solution (a solutiothv0Oml of methanol,
200ml of 37% HCI, and 2gr of ferric chloride) that was heated UtD€C in water path and
applied for 30 minutes according to a protocol previously proposed bgrif@hen he etched

high strength Ni—Co alloys for enhancing the retentive potential of Marylésgelsrwings:*

After being treated, specimens were ultrasonically cleanedisiilled water for 10min and

gently air-dried prior to bonding.

One hundred twenty composite cylinders (Filtek™ Supreme Ultra UnivdRgstorative,
capsules and gun dispenser shade Al1B, 3M ESPE, St. Paul, MN) wpexegr by filling a
plastic mold with an inner diameter of 4.7mm and a height of 3ntma.tdp and 2 sides were

each light-polymerized (Elip&2500, Halogen Curing Light, 3M ESPE, St. Paul, MN) for
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40 seconds for a total of 120 seconds and at equal light source-ctengydisider distance for

each cylinder. The output was measured for each group of specimens to ensure adguuate

Luting procedure

Five minutes after light curing, the composite resin cylinderg wended to the treated ceramic
surfaces using five different bonding techniques with dual-cured ¢esients which resulted in
five subgroups for each surface treatment:

(A) RelyX™ Unicem (3M ESPE, St. Paul, MN). (RXU)

(B) Panavia F2.0 (Kuraray America CO, NY). (Pan)

(C) Panavia F2.0 with Clearfil ceramic primer (Kuraray Amm@iCO, NY). (Pan+)

(D) Multilink Automix (Ivoclar Vivadent AG). (Multi Auto)

(E) Multilink Automix with Monobond Plus (Ivoclar Vivadent AG). (Multi Auto+)

All the materials were handled following manufacturer’s reconda#gons at room temperature.

The chemical compositions of the investigated materials are reported inlTable
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Product

Composition

Manufacturer

Panavia F 2.0 Cement

Paste A

BPEDMA/MDP/DMA/silica/ barium
sulfate/dibenzoylperoxide

Paste B

N,N-diethanolp-toluidine/silica sodiumfluoride

Kuraray America
CO, NY

RelyX™ Unicem

Methacrylated phosphoric ester,
dimethacrylate, inorganic fillers,
fumed silica, chemical and
photoinitiators

3M ESPE, St. Paul,
Minn, USA

Multilink Atuomix

Base and Catalyst

Hydroxyethyl methacrylate (HEMA),
Dimethacrylates, Inorganic fillers,
Ytterbiumtrifluoride, Initiators,
Stabilizers and Pigments

Ivoclar Vivadent AG

Monobon&Plus Alcohol solution of silane methacrylate, phosphagrigoclar Vivadent AG
acid methacrylate and sulphide methacrylate.
Clearfil™ceramic MDP, Trimethoxysilylpropyl methacrylate, EthandKuraray America

CO, NY

Table 1: materials that were used in the study
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The Ceramic-cemerm@emposite resin sewere placed in a bonding clamp (Ultradent Prodt
Inc) with the interface perpendicu to a vertical load 300g (Fig 2f room temperature, in ord

to standardize the applied pressi
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Fig 2: The Ceram-cement-composite resin set in a bonding clamp

The excess resin luting agent was removed Foam pellets (Disposable m-sponge
applicators; 3M ESPESt. Paul, MIN and microbrushes (Microbrush Disposable M-
Applicator; Grafton, WI) (Fig 3’ The specimens were light polymerized from 4 sides20

seconds for each side. (Fig®)e specimens ere then removed from the alignm device after

10 minutes, and stored in distilled water.

Fig 3: removing cement excess Fig 4: Light curing
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The cementation procedure was conducted immediately aftezgb@ed surface preparation for

every test group to prevent possible contamination of the specimens.

Aging Methods

The test specimens in each bonding group were stored in distilledavat®m temperature for
30 days, during which they underwent 5000 cycles in water baths cartdG5°C (dwelling
time 15 seconds). After thermocycling all specimens were cstioredistilled water at room

temperature before starting of shear strength test.

Shear Bond Test (SBS)

The bonded specimens, after water storage and thermocycling were placedon shiegar bond
strength testing and loaded to failure with a crosshead speed dfrimby using Universal
Testing Machine (Model 5566; Instron, Canton, MA, USA) (Fig 5). The uraVeesting
machine were controlled via a computer software system (BIt2i8bftware, MAUSA), which
also will complete the stress-strain diagram and records ¢lagibg load. The bond strengtf) (
values (expressed in MPa) were calculated using the formula:

a=L/A

(L) is the load at failure (in Newton) and (A) is the adhesive area (if).mm
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Fig 5: Universal Testing Machine (model 5566, Instron Corp. Canton, Mass)
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Statistical Analysis

1. The statistical analysis was processed using the PASW 18.0 versiorcatatcftware.

2. Data was analyzed with a two-way ANOVA with surface ttrets, and cement types as
variables. Multiple comparisons were performed by Tukey’s HSi®. dritical level of alpha

was set at 0.05.

3. Means and standard deviations were calculated for each group anutguese tables. Box

plot graphs were also used to illustrate the results.

Debonded specimen surfaces were examined by the same obsénvan wptical microscope
(Busch & Lomb, Rochester, New York) to assess the mode of faldireesive and/or cohesive

failure of bonding could occur in 3 locations:

(1) Adhesive failure at the interface between the ceramdcrasin luting agent or between the
resin luting agent and the composite resin interface.

(2) Cohesive failure within the ceramic, within the resin lutiggrd, or within the composite
resin only.

(3) Adhesive and cohesive failure at the same site or a mixed failure.
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Results

The shear bond strength (SBS) values, for the fifteen bonding groupsinanearized in Table
2. The shear bond strengths between zirconia and adhesive cements wecardigniifluenced
by the surface treatmer® £0.001), and the cementing medium<0.001). ANOVA analyses

showed no statistically significant interaction between cements and sudaireent P =0.240).

Luting Cement Control Air Particle Hot Etching
Abrasion Solution
RelyX™ Unicem 8.3 (2.4) 13.8 (3.2) 7.1 (1.8)
Panavia F2.0 8.1(2.8) 16.5 (7.5) 11.2 (6.1)
Panavia F2.0 8.6 (1.9) 14.3 (2.3) 10.02 (6.4)
+ primer
Multilink Automix 0 (0 2.7 (3.01) 1.5(2.1)
Multilink Automix 6.2 (0.9) 10.3 (2.1) 4.6 (0.8)
+ primer

Table 2 Mean shear bond strength values [MPa] &mad&rd Deviation (SD) to zirconia ceramic withfeliént
treatment methods

The Tukey honestly significant difference (HSD) post-hoc pair-w@®aparison test indicated
that all test cements revealed higher bond strengths to #olpabraded zirconia surfaces than
to the untreated or the chemical etched surfa@es0(001). Mean bond strength values of test
cements were 6.2, 11.5 and 6.9MPa for the control, APA, and the HES, nesdgedthe hot
etching chemical solution show better results than the control groupvdsuinot statistically

significant £ =0.726 ).
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Specimens bonded with Panavia bn F2.0 (MDP-containing resin cement)dshmler bond
strengths than specimens bonded with the R&lyXinicem resin in the airborne- particle
abrasion and the hot etching solution groups, and it showed lower bond strédragththe
RelyX™ Unicem in the control group. However, all these differences wetestatistically
significant @ =0.244). Multilink Automix showed very low bond strengths, and these results

were statistically significant from Panavia F2.0 and RE¥/Knicem P <0.001). Table 3

Sample size Mean SD
RelyX Unicem 24 9.7%¢ 3.8
Panavia F2.0 24 11.9° 6.6
Panavia F2.0 24 10.9° 4.6
+ primer
Multilink Automix 24 1.4° 2.3
Multilink Automix 24 7.05° 2.8
+ primer

Table 3 Mean shear bond strength values [MPa] tamtiard deviation (SD) of different adhesive cement
techniques. Same lower case subscript lettersatalito statistical difference

Using zirconia primer (Monobofi®lus) with Multilink Auomix resin cement showed
significant improvement in the shear bond strengfs<Q.001). Zirconia primer (Clearflf
ceramic primer) with Panavia F2.0 did not show any statistisalyificant in the bond strengths

(P =0.885). Table 3
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When Multilink Automix was used without the Monob&idus primer (Subgroups D) all of the
specimens debonded spontaneously in group ID (untreated zirconia). In gro{gantiblasted
zirconia) four of the eight specimens did not debond. These four specimaned low bond
strengths of 4.8, 6.6, 6.2 and 4.2MPa, respectively. Additionally, in gridgdhemical etched
zirconia) four of the eight specimens did not debond, low bond strengdh@2f5.3, 2.9 and 3.4

MPa, respectively where demonstrated in these four specimens.

Failure modes were 100% adhesive at the ceramic bonding intefadktest cements and with

all surface conditions.
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Fig 5: Box plot of SBS of all used adhesive cenwitit untreated surfaces.
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Fig 6: Box plot of SBS of all used adhesive cenweitit APA.
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Fig 7: Box plot of SBS of all used adhesive cenweittt HES.



Discussion

The achievement of reliable bonds between zirconium oxide ceramétcsesin-based luting
agents is a prerequisite for ensuring clinical success anevitng'®*°Several studies have
been concerned with choosing the best luting cement in order to gain optimabneté bonded
zirconia crowns and bridgédHowever, concerns still remain regarding the identificatiothef
best luting methodology. The purpose of this study was to evaluatefthhence of surface

treatments and cement type on bonding to zirconia.

The results of this study disapproved our first hypothesis whiakimng a hot etching chemical
solution as surface treatment will increase the mean shear tvendts between Zirconia and
adhesive cements, compared to airborne-particle abrasion and conhol. chemical etching
solution has been proposed by Ferefl., to etch the wings of Maryland bridges in 198and
recently he proved that the application of same solution resultaddifications to the zirconia
surface and significant increase in surface roughness campariirborne-particle abrasion.
These results have been shown by using the atomic force nopeog&FM) and scanning
electron microscope (SEM). In this study, the hot chemical ejdotution has been tested with
different adhesive luting cements and showed higher bond strengths tramtioe group, but
these results were not statistically significant. However,bihved strengths were significantly
lower than they were for airborne-particle abrasion group. Thelp@ssiplanation to this is that
the hot chemical etching solution might increase the surfa@edreirconia by widening the
grain boundaries without creating undercuts which is important in fgrithie micromechanical

interlocking with the cement.
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Airborne-particle abrasion with AD; is the preferred treatment method for high strength
ceramic material®%*“Surface roughening methods increase energy and wettabilinaynd
decontaminate bonding surface$*?’ Della Bonaet al., showed that treatment of In-Ceram
Zirconia with airborne particle abrasion systems (sandblastingsiéicd coating) produced
significantly greater Ra values, which should benefit the mechHdoa mechanisms to resin-
based materiaf§* In a recent study, Quaasal., found that air-abrading contaminated zirconia
surfaces led to significantly higher resin-ceramic bond gthervalues than cleaning the

contaminated ceramic surfaces with phosphoric acid or aléthol.

The results of the current study also confirm that air parabtirasion of zirconia surfaces with
Al,O3 increases bond strength values of adhesive luting cements tacsuafaces. Qeblavat
al., study was the only investigation identified in the literaturéhenresin bond strength to the
same zirconia system (IPS e.max ZirCAD; Ivoclar Vivadaf). They evaluated the bond
strength of adhesive luting cement to a zirconia ceramic pétdorming four different surface
treatments. They found that airborne-particle abrasion resultéghifiantly higher initial bond

strengths?®

In contrast to the majority of studies, which support the positieetedf air-particle abrasion on
the bond strength of luting cements to zirconia surface. Desiaad, evaluated the effect of
different pretreatment of zirconia ceramics (Procera),lrentbund that sandblasting negatively
affect the retention of ceramics with zinc phosphate cefigRhark and Blatz have shown the
same result after testing the shear bond strength of diffeidimésive cements to zirconia

ceramics (Procera) with and without airborne-particle abrasidncancluded that an airborne-
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particle abrasion of the modified zirconia surface is not recended Apparently the
production process of such ziconia ceramic (Procera) gives roughiacesurthan the

sandblasting process that possibly polishs the sutace.

Although there are studies indicating that air abrasion afteetsurface of zirconia ceramic
which leads to a reduction of the flexural strength of theseniesa’’ there are other authors
who showed that air abrasion might even strengthen zirconia ceramicthermore, a negative
effect of the microcracks on the ceramic surface causedirbybaasion on the clinical
performance of resin-bonded all ceramic restorations is queskona a long-term clinical
study with two- and single-retainer all-ceramic (In-@er@umina and In-Ceram zirconia) resin-
bonded fixed partial dentures fractures occurred at the connectervdiiech were not air

abraded, but never at the retainer wings which were air abraded prior to bAding

In this study three different types of resin cement, RBfyMnicem Clicker a self adhesive resin
cement containing methacrylate monomers, Panavia F2.0 an adhesiveement containing
MDP group and dentin bonding system, and Multilink Automix resin cemeifit eentin
bonding system , were compared. The results reject the hypothbagih, states that using the
self adhesive resicement (RelyX" Unicem) will result in the highest mean shear bond strength
among the other adhesive cements, and showed that Panavia F2.0dxnbitest performance

in shear bond strength to the modified surface after artifagjadg. But the difference in shear
bond strength values was not significantly different compared tgXRélUnicem. However,
both were significantly different from Multilink Automix. In agmeent with these findings,

study by Kumbuloglet al., has shown that in combination with air-particle abrasion methods,
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Panavia F 2.0 and Rely¥ Unicem resin luting cements with phosphoric-acid methacrylate

content provide a strong resin bond to zirconium oXide.

The shear bond strength to zirconia ceramics study by Kern andeegs shown that only the
phosphate modified composite resin cement with MDP (Panavia and P2davmovided a
long-term durable bond, and resulted in the highest bond strength valuesirbftene particle
abrasion’ Aslo, Blatzet al., study of shear bond strength to zirconia ceramics has shown that
composite resin cement containing an adhesive phosphate monomer MDP cosigidicant

bond strength valu€é.Results of the two previous studies are in partial agreementtie
results of this study; in group Il (APA) and Il (HES) the SB&8ues of Panvia F2.0 cement
were the highest, while in group | (Control) Ref{’)XUnicem resin cement was the highest.
However, the differences in the SBS values of these two cenmerdd groups were not

statistically significant.

RelyX™ Unicem showed the capability of bonding the substrate, regardlee aferamic
surface treatment and without additional coupling agent application. Bonu#&etpanism of
RelyX™ Unicem is similar to the self-adhesiveness of glass ionoements and a possible
improvement in bond strength may occur after cement maturationmeéttiHigher shear bond
strengths of the cement to sandblasted ceramics have beenyreepotted after 14 days of

water storage and thermocyclifig.
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The last hypothesis, which states that among the Panavia F 2.0 ailohiM&ltomix cements,
using a zirconia primewill increase the mean shear bond strength is rejected lpbeause
the zirconia primer did not show any improvement in the mean shearstrendth when it is
used with Panavia F2.0. However, it provided significant bond strengtiesvalith Multilink
Automix. The possible explanation for this observable fact is that Panaviaal@a@dly has the
MDP phosphate monomer in its composition, but Multilink Automix does not. eTdrey,
zirconia primer which contains MDP would be more beneficial whemsed with Multilink
Automix. In accordance to this study, Qeblaavial., evaluated the bond strength of Multilink
Automix resin cement after different mechanical and chemieatrhent of zirconia (IPS
e.maxZirCAD, Ivoclar Vivadent AG) and found that air-particle alma followed by the
application of a zirconia primer has resulted in improved resin boernigsir*?® Also, Atsuet al.,
evaluated the SBS of Panavia F2.0 to zirconia ceramic (Cerciam)using different surface
treatments and primer/bonding agents and showed no significanmeddé&of using the MDP-

containing bonding agent after the airborne-particle abrdsion.

Long-term water storage and thermal cycling are commonly tassimulate aging of resin bond
interfaces. Because these 2 parameters coexist clinichif/,study used the 2 techniques
combined. In the literature, there is no consensus on a relevamierepr artificial aging>?
Gale and Darvel reviewed 130 thermal cycling studies and repoeddmtemperatures of 5
and 55°C for the low and high temperature tanks, respectively. Harglernoted that a patient
would not tolerate direct contact of a vital tooth with extrennelyor cold substances for longer
than 15 second$® Cycling numbers in the literature range from 100-50 &afes’***** The

number of cycles is usually arbitrarily set, which makesfiitcdit to compare results. The ISO
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TR 11450 standard indicates that 500 cycles in water at 5-55°C ip@ppdate aging
regimen'*® However, Gale and Darvell concluded that 10,000 cycles corresponds to
approximately 1 year o vivo function!*?> The number of cycles in this study was arbitrarily set

at 5000 over 30 days.

In this study the ceramic were cemented to composite resin blatker than to natural tooth
structures, because of the uniform structure of the composite rgBimdecs and the

microstructural variations in tooth structure (enamel or derkia) could result in incorrect
interpretation of the resultBurthermore, the purpose of the present study is to evaluatéhenly
bond strength of resin luting agent to ceramic, while varyingrédarent applied to the ceramic

surface.

In vitro studies such as this shear bond strength study do not replacal dingies, and their
outcomes should be interpreted with caufidfor this study, the shear bond strength test was
used because it is a commonly used method and its reliabiityden demonstrated in previous
studies”®® The limitation of the shear bond test is that it may fail ltmieate nonuniform
interfacial stresses causing cohesive failures in the bondibgtrate, which may result in
misinterpretation of the data. However, the present study found pyinaaihesive failures,
which may indicate the validity of the applied testing methidte ceramic composition and
intaglio surface are specific for each commercial systdms, conclusions drawn for one

zirconia ceramic system may not be applicable to others.
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All in vitro studies have limitations and randomized clinical trials areuthmate tools to
evaluate the benefits of a certain clinical procedure. Numeaaotsr$ such as preparation design
and 3-dimensional geometry of the restoration may influence thetéomgclinical outcome of
resin-bonded all-ceramic restorations and cannot be included in amarstuitly. Two of the
primary objectives oin vitro studies are the elimination of influential parameters anddtrart

of the variables. Hypothesis-driven focus on narrowly defined paeasnetay not sufficiently
simulate intraoral conditions, but allows for preliminary testamgl identification of superior

materials and methods that may later be tested in a more relevant setting.

Conclusion

Within the limitations of this study, the following conclusions were drawn:

1. Airborne-particle abrasion with ADs is the preferred treatment method for zirconia.

2. The use of composite resin cement with a dentin bonding system dileltbtgreater
retention.

3. Using zirconia primer with non MDP-containing resin cement iessary to achieve durable

bond to densely sintered zirconia ceramics.
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