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Clinical Relevance

Air abrasion and the use of special functional nmeis able to chemically bond to zirconium dioxide ¢

improve bonding to a highly dense zirconia ceramic.

SUMMARY
This study evaluated the influence of surfacetreatments
and metal primers on the bond strength of resin
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cementsto a yttrium-stabilized tetragonal zirconia (Y-
TZP) ceramic. Two-hun-dred and forty plates of Y-
TZP ceramic were randomly assigned to 24 groups
(n=10) according to the combination of surface
treatment (none, air abrason with Al203 particles,
Er:YAG laser irradiation), metal primer (none, Alloy
Primer, Metal Primer Il or Metaltite) and resin cement
(Calibra|BisGMA-based] or Panavia F2.0 [MDP-
based]). Fragments of dentin with a cylindrical edge
(0.8 mm in diameter) were fixed to ceramic surfaces
with the resin cements. The micro-shear bond test
was carried out at a 1 mm/minute speed until failure,
and the ceramic surfaces were examined after
debonding. Bond strengths were analyzed through
threeeway ANOVA/Tukey test with a 5% significance
level. Changes in  topography  after surface
treatments were evaluated with scanning eectron
micr oscopy. Surface treatments significantly
modified the topography of the Y- TZP ceramic. Air
abrasion resulted in increased bond strength for both
resn cements. However, air abraded and laser
irradiated specimens presented higher bond strength
with the BisGMA- based resin cement than with
the MDP-based cement. Both cements presented
similar behavior on untreated surfaces.
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The three metal primers yielded a significant
increase in bond strength, regardless of the surface
treatment and resn cement. Adhesive failures were
the most prevalent. Air abrasion with Al203 particles
and the application of metal primers increased bond
srength to Y-TZP surfaces for both resn
cements.

INTRODUCTION

The evolution of y INTRODUCTION tetragonal zirconia
(Y-TZP) materials has introduced a new class oftalen
ceramics to the market.1 Although Y-TZP has beerdus
as a ceramic biomaterial in medical applicatiomgesithe
late 1960s, its use in dentistry is relatively recand
occurred following advances in CAD-CAM (com-
puter-aided design/manufacturing) technology.1-4esEh
high-strength materials offer a wide variety ofnatal
applications, such as orthodontic brackets,stg0
implant abutments and frameworks for crownsd a
bridges>®

Zirconia materials differ from other high esigth
dental ceramics because of their distinct mechargém
stress-induced  transformation  toughening, chwhi
means that the material undergoes microstraictu
changes when submitted to stress.2,4 Y-TERmics
can actively resist crack propagation through fans
mation from a tetragonal to a monoclinical phastheattip
of a crack, which is accompanied by a vaum
increase.2 The mechanical properties of Y-TZPenmat
als, such as flexural and fracture resistance, care
siderably higher than those of other dental cerafnic

The flexural resistance of Y-TZP ceramics can reaalh
ues from 700 to 1200 MPa.7-8 These values exttezd
maximal occlusal loads during normal chewing.8 ZPT
materials might also exhibit fracture resistanghkr than
2,000 N, which is almost twice the value obtained f
alumina-based materials and at least three timesstiue
demonstrated by lithium disilicate-based cerathic

Although improved mechanical properties are impant
for the long-term performance of a ceramic mataiithe
clinical success of fixed ceramic prosthesess to be
strongly dependent on the cementation pro- cedurere
is a common thought that conventional methods of
adhesive cementation, which include prior acidhietg of
the ceramic surface with hydrofluoric acid docher
silanation, are not efficient for Y-TZP ceramicbecause
of their lack of silica and glass phase.3,Even
though some Y-TZP manufacturers sug- gest the afse
air abrasion or tribochemical coating priorathesive
cementation, the effect of those sur- face treatsnen the
mechanical properties of Y-TZP materials is corgrsial,
and both positive and nega- tive results haveenbe
described in the literatuf&:?

Therefore, the most appropriate surface treatnoe

Y-TZP ceramics still has to be determined. Some-sites
have suggested the use of Er:YAG (erbium-dope
yttrium aluminum garnet) laser to enhance the &inehgth
of adhesive materials to resin composites usedirfiolirect
restorations and lithia-based ceramics.

However, the capacity of the Er:-YAG laser to inaeghe
roughness of Y-TZP ceramics for adhesive nditi
procedures has not been investigated.

There is some evidence that improved bonding tar'XP
ceramics might be achieved using materials withengcal
affinity for metal oxides.1,5,10,15-16 Phloate ester
monomers, such as MDP (10-methacryloyloxyi-yec
dihyidrogenphosphate), chemically react with zioniom
dioxide, promoting a water-resistant bond &mskly
sintered zirconia ceramic.10 Phosphate esteromers
can be present inboth resin cements and adhes
systems. In addition, special adhesive muers for
improving bonding to metal alloys have been dewetipmand
their effects on adhesive bonding to Y-TZP cewami
should be evaluated. These metal primers coMdP

and other monomers, including VBATDT (6-[4-
vinylbenzyl-n-propyl]amino-1,3,5-tri-  azine-2,4-dibne),
MEPS (thiophosphoric methacrylate) and MTU-6 (6-

methacryloyloxyhexyl-2-thiouracil-

5-carboxylate)/

Despite the increase in clinical use of zirconieaoe ics,
further evidence regarding the adhesive cemeraa-di Y-
TZP restorations is necessary to establish the netisble
technique.19 There are still some possibil- itfes
improving bonding to Y-TZP ceramics that need to be
tested, including modern techniques for surfacatinents
and adhesive primer materials. Therefore, the ntistidy
evaluated the effect of different metal primersd asurface
treatment methods on the bond strength of teginr
cements to a Y-TZP ceramic. The hypotheses testetk
that surface treatments and metal primerliggpn do
not influence  bond strengths to Y-TZP ceramic
regardless of the type of resin cement used RNéBsed
and Bis-GMA-based).

METHODSAND MATERIALS
Figure 1 presents the method of the current study.

Forty recently extracted non-carious humarrdthiolars
were used to obtain cylindrical dentin spemis After
extraction, the teeth were gathered after apprbyathe
Commission for Ethics of Piracicaba Dental School
(#108/2006) and stored in 0.1% thymol solutionléss than
six months. Dentin slices 3.5-mm thick were obtdirgy
removing the root portion and the occlusal eramé
each tooth. The dentin slices were polished wilicon
carbide papers under water to remove remnants afieh
over the dentin surface and to standardize 8#meear
layer. The slices were sectioned in the “x” dyidaxis,
which resulted in six



sticks with a 2 x 2 x 3.5-mm dimension. eTkticks
were placed in a specimen-former device and trimmed
with fine diamond burs (FG507, Kerr Diamorilu
White Burs, Kerr Corporation, Orange, CA, USA) in a
high-speed handpiece with constant water-cgolfter
trimming, the fragments had a cylindrical ertity 1.3
mm high and 0.8 mm in diameter. Two- hundred amty fo
dentin specimens were obtained in this manner tondds

in distilled water at 37°C.

Two-hundred and forty plates with a dimension of 3 x
0.75 mm were obtained from a 94% ZrO2 stabilizeg
5% Y203 ceramic (Cercon Smart Ceramics, Degud
Hanau, Germany). The ceramic plates and the trimmed
dentin specimens were randomly allocated into 2ugs
(n=10) according to the combination of surface ttremt,
metal primer and resin cement.

Three groups with 80 Y-TZP plates were submittedrte

of the following surface treatments: none (contraly
abrasion or laser irradiation. In the airest®@d and
laser-irradiated groups, the superficial area tdfuséher
treated (1.76 mm2) was delimitated with adhesiyeeta
Surface treatments were performed as follow:

- Surface treatment control: Specimens were only
ultrasonically cleaned with 96% isopropanol for ethr
minutes.

- Air abrasion: Air abrasion was performed with 53 um
aluminum oxide particles (Aquacut, Medivance
Instruments Ltd, London, UK) at a 2.5 bar presdarel5
seconds at a distance of 10 mm perpendicular to the
surface. The adhesive tape was then removed and the
plates were ultrasonically cleaned with 969%o0-i
propanol for three minutes.

- Er:YAG laser irradiation: The surfaces were coated with
graphite prior to laser irradiation to inceaenergy
absorption. The laser equipment used was an Er:YAG
laser (OPUS 20 Er:YAG/CO2 Dental Laser Swbic
System, Sharplan Medical Systems, Yokneam, Israel)
emitting a 2.94 pm wavelength. A 1,000-um-ditene
straight-type contact probe was used perperatitalthe
surface. The surfaces were irradiated for five sdso
using a fine water spray. The pulse repetititate was
set at 10 pps and the energy intensity waats&d0 mJ.
After irradiation, the adhesive tape was removed tie
surfaces were ultrasonically cleaned in 96% igpanol

for three minutes.

The 80 ceramic plates from each surface treatmemipc
were divided into four subgroups (n=20): ruating
(control), Alloy Primer (VBATDT/MDP-based [Kuraya
Medical Inc, Okayama, Japan]), Metal Primer(MEPS-
based [GC Corporation, Tokyo, Japan]) or Mdtalti
(MTU-6-based [Tokuyama Dental Corporation, Tokyo,
Japan]). The respective metal primer was apjhiea thin
coat and left undisturbed for 60 seconds.

Following the respective surface treatment aredal
primer application, the 20 plates were divided itz
groups (n=10) according to the resin cement usedDP-
based resin cement (Panavia F2.0, Kuraregidal
Inc) or Bis-GMA-based resin cement (Calibra, Dphts
Caulk, Milford, DE, USA). The dentin specimensre
cemented onto the ceramic plates with the folgw
recommendations.

- Panavia F2.0: Equal amounts of adhesive system
solutions A&B (ED Primer IlI) were mixed and appliéal
the dentin cylinder. After 30 seconds, the adhdsiyer was
gently air dried. Equal amounts of paste A&Bthe
resin cement were dispensed and mixed for 20 skscon
This mixture was applied to the dentin suefaevhich
was seated onto the ceramic plate. Excessntemas
removed with a dental explorer. The marginsewaght
cured for 20 seconds per surface, and oxygerkiblgcgel
(Oxyguard 1) was applied for three minutes, thveashed
with air-water spray.

- Calibraz The dentin surface was etched with 35%
phosphoric acid for 15 seconds, rinsed with watertfie
same amount of time and dried with absorbempefs.
One drop of the adhesive system (Prime & Bbd
Dentsply Caulk) and another of the self-cure atbivavere
placed into a clean plastic mixing well. The comtsewere
mixed for two seconds with a brush tip. The mixed
adhesive/activator was applied to thoroughly wet dlentin
surface. After 20 seconds, the excess solvent neasved
by gently air drying for five seconds. The nixe
adhesive/activator was light cured for 10 seconds.

A single coat of mixed adhesive/activator was agupto the
ceramic surface and air dried for five seconds. aEqu
amounts of the base and catalyst paste of the cesirent
(regular viscosity) were mixed for 20 seconds. Afarm
thin layer of cement was applied onto the dentifese and
the cylinder was seated onto the ceramic platess
excess cement was removed from the marginal argag u
the dental explorer. All marginal areas were lighted for
20 seconds from each direction, for a total of 80osds of
light expo- sure.

During the restorative procedures, the light outplithe
light-curing unit (Optilux VCL 401, DemetroreRearch
Co, Danbury, CT, USA) was measured with a radiomete
(Demetron Research Co) and was greater than
660mW/cm2. The specimens were stored in distill
water at 37°C for 24 hours. Then, excess resin ceared
adhesive were removed using razor blades undesital
microscope (45x, SDZ-PL, Kyowa Optical Co, Tokyo
Japan).
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Each ceramic plate with its dentin cylinder wa®fixo a
microshear device adapted to a miniature -ltesling
machine (SMAC LAL95, SMAC Europe, Horshe
Sussek, UK) with cyanoacrylate glue

(SuperGlue Loctite, Henkel Loctite, Hertfordshiti). A
thin wire (0.2-mm thick) was looped around the dent
cylindrical extremity, and the shear force was @uplat a
crosshead speed of 1 mm/minute until debondgé
values were converted in MPa. After debonding, the
fractured surfaces were evaluated with an optical
microscope (100x magnification) to classify thelue
modes into one of the following categories:

(A) adhesive failure at the interface betwedme
ceramic and resin-luting agent or between the résimg
agent and the dentin interface; (C) cohesive failithin
the ceramic, within the resin-luting agent or withthe
dentin only and (M) adhesive and cohesive failur¢éha
same site or a mixed failure.

Bond strength data were statistically analybsdhree-
way ANOVA, with the main factors resin cement, sag
treatment and metal primer. All possible inter-iacs
were included in the model. Multiple pairwise
comparisons were done with the Tukey test. Stegilsti
analysis was carried out in SAS 9.1 (SAS itut,
Cary, NC, USA) with a significance level of 5%.

Six additional Y-TZP plates were examined ngsi
scanning electron microscopy to evaluate chsnm
the ceramic topography after the surface treatmdrite
ceramic plates (n=2 for each surface treatgesup)
were treated and cleaned as described pidyiothey
were then placed in a metallic stub, keeping tleatéd
surface face-up. The surfaces were gelotter coatec
(E5100, Polaron Equipment Ltd, Hertfordshld)
and viewed in a scanning electron microscope
(SEM/Hitachi S-3500N, Hitachi High- Technologies,
Tokyo, Japan).

The microscope operated at an acceleratingge of 15kV,
with a working distance of between 15 and 27 mm.

RESULTS

Table 1 shows the bond strength results. A sigmific
statistical interaction between the resin cemeartd surface
treatments was detected (p=0.004). Therefore, the
association between these two main factors sirailar

in the four levels of the factor metal primer. Ayrsficant
difference was also noted in the factor metal prime
(p<0.01), and the three solutions increased thed bon
strength to a similar extent, regardless tbe resin
cement and surface treatment.

In the surface treated groups (air abrasiod Er:YAG
laser irradiation), the Bis-GMA-based resin eathad
higher bond strength than the MAsed cement. Bot

materials presented similar bond strengthenwho
surface treatment was used. With the groups cemavith
the MDP-based matel, air abrasion resulted i
significantly higher bond strengths, while sda
irradiation and the absence of surface tremtme

presented similar results. In the groups lutgl the Bis-
GMA-based material, there was a significant edéhce
among all surface treatments; air abrasion ptedththe
highest mean bond strength followed by Er:YAG laser
irradiation and no surface treatment.

Table 2 describes the distribution of failure modeshe
groups cemented with MDP-based and Bis-GMA- based
resin cements, respectively. Adhesive failwese most
prevalent in the 24 experimental groups, withaverage
of 78% adhesive failure between the ceramic anth+res
luting agent or between the resin- luting agent dedtin
interface and 22% mixed failures. No cohesivelufai of
the substrates (ceramic, resin cement or demias
observed.

Figure 2 SEM images (original magnification 500x) of ceiarsurfaces. Figure 2a: Y-TZP surface untreatedtfoy Figure
2b: Y-TZP surface treated air-abrasion with 53 pt08 particles; Figure 2c: Y-TZP surface irradiateith the Er:-YAG
laser, asterisks(*) indicate cracks on the surfaces



Teble 1: Maan (standard.deviation) of the Microshear Bond Strength in MPa

Metal Primer Rasin Cement Surface Treatmant
Norne Bir Abrasian ErYAG Laser
None Fanavia F2.0 17.0 (3.5) Ab 223 (5.2) Ba 15.8 |35 Bb
=10 n=10 =0 &
Calitra TEE (2.1) AC 24.3 (3.0) Aa 3.0(4.1) Ab
= M=7 =0
Alloy Primer Panavia F2.0 204 (4.5 Ab 242 (2.5) Da 19.6 1.5 Db
n=4 n=~F n="0 .
Calitra 21.C (2.3} Ac 266G (2.4) Aa 20.7 1G.4) Ab
n=4 n=11 n=7
Metal Frimear | Panavia F20 MA (RN AR A (349 Ra 198 373 Bh
n=9 =5 n=2 +
Calibra 2760 (387 Ac 2700 (£.48) Aa 2272528 Ab
n=>5 =5 n=8
Metalite Panavia F2.0 208 (5.2 Ab 24.5 (3.9) Ba 193 (3.2 Bb
n=7 r=£ n=3 »
Calibra 207 (24 Ac 265 (3.5) Aa 230 [2.0) Ab
n=r =g n=8

Cosficient of vasason - 15,753
Same lefters are not statistically diflerent (Three-way ANOVATukey teat, w=0005]. Upper case letiers compars sezin coments within suriace freatment'metal paimes. Lower case bt-
1803 compans suface Meammens Mnin iegin camendmetal prmer. Symboka (# ¥ repreceat @herences beayeen mefal prime .

Teble 2: Percentage of the Feilure Modes in Each Expedmental Croup

Raein Cement Metal Primar Surface Treatment

Mone Air Abrasion Er:YAG Lagar

Adhacive Mixad Adheeive Mixed Adhesive Mixed
Panavia Mane 70 30 71 28 7B 22
F2.0 Aloy Primer 75 25 73 25 71 29
Wetal Primer |l 70 30 67 a3 75 25
Wetaltite 78 22 70 30 BB 14
Caitra Mone B0 20 1C0 0 100 C
Aloy Primer B0 40 73 25 100 C
Metal Primer |l 75 25 B5 14 BB 13
Metaltite 70 30 B3 17 7 249

SEM images show nrphologic differences among the-
TZP plates after surface treatments (Figure 2). Air
abrasion with 50 um Al203 particles (Figure 2lgated

a rougher surface compared with the control surtaod
Er:YAG laser irradiation (Figures 2a and Z&.YAG
laser irradiation originated a smooth surface, vetme
perceivable cracks (Figure 2c/asterisks).

DISCUSSION

Previous studies ha DISCUSSION he bond strength of
adhesive restorative materials to Y-TZP ceranttsear
and tensile bond strength testsre the methods mo:
frequently used in those investigations5t310,15-
16,19-21 In both methods, the specimens had amlg
adhesive interface to be tested, thatbésween the
ceramic and resin-based materials.

However, in the clinical situation, both irfézes
between the ceramic and adhesive restorative rabserd
between the adhesive restorative material tanth
structure are present.

Thus, the performance of the complex tooth streetur
restorative material—Y- TZP ceramic unit—must be
investigated.

During preliminary investigations for the curtestudy,
Y-TZP plates were luted to dentin surfaces and the
specimens were sectioned for the microtensile fsbreshgth
test. The incidence of premature failures duringfiseing
was very high (almost 100%), yielding unrelé@results.
The long period necessary to section the densetgred Y-
TZP ceramics seems to weaken the adhesive interface
resulting in the premature failures. To overcomés th
limitation and to test both interfaces, a modificatof the
shear bond strength test was per- formed in theegur
study. The microshear test was conducted using
cylindrically-trimmed dentin specimens luted omtelr ZP
plates (Figure 1), instead of the conventional m&hear
method??

The surface treatments investigated in the curstady
resulted in significantly different bond-strengths.
Moreover, SEM images demonstrated considerable
qualitative differences in the surface topograpify Y-TZP
plates after the surface treatments. Imageseshthat air
abrasion appears to be a more efficient method ddifsn
zirconia surfaces compared with laser irradiatiemich
uses the parameters set for this study.

This finding can be directly related to bond sgtbnresults,
which showed that both resin cements yieldeghédri
bond strengths after air abrasion.
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Some investigations also indicated that superiadb to
zirconia is obtained when surfaces are air abraded.
Air-abraded surfaces might present an increasddcst
area, which favors wettability. However, soraathors
have stated that the micro- porosities createy
surface treatments may act as crack initiators
weakening ceramic materidfs®®

Thus, the effect of those alterations on the dlitslof

Y-TZP restorations should be investigated in losgrt
clinical trials to determine whether the higher retentiof
air-abraded surfaces compensate for thegdgsain
mechanical properties.
In the current study, irradiation of Y-TZRurfaces
with Er:YAG laser was proposed as a surfaesat-
ment method. The Er:'YAG laser has the abilib
remove particles by micro explosions and by vaporiz
tion, a process called ablation. During laser tnest,

local temperature changes due to heating and gpolin
phases create internal tensions that can damage the
material.14 The mechanical properties of Y-TZPaoer

ics can be negatively affected by changes in teaer,
which can induce phase transformatfon.

Therefore, in the current study, a lower powerirsgtfor

the Er:YAG laser was selected in accordance with th
results of a preliminary investigation (200mJ) ate
surfaces were irradiated with constant water cgolBond
strength results indicated that laser irradiatiaswot as
effective in improving bond strength as air abrasfor

both resin cements. When the MDP- based resineicem
was used, laser treated and untreated surfaces
presented similar results. The manufacturenefMDP-
based material does not recommend the applicafian o
layer adhesive system on the ceramic surface, wkiah
contrast to the instructions of the Bis-GMA-kAseesin
cement. Since the MDP-based resin cement
applied directly to the laser irradiated cergrbiath the
slight surface modification provided by the Er:YA&ser
and the lack of contact between the resin céneerd
surface might have contributed to bond strengtiad t
were similar to the untreated surfaces. On therdihad,
when the Bis-GMA-based material was used, the bond
strengths of the laser irradiated surfaces wererspto
those of the untreated surfaces, thus, the bettability

of the adhesive system applied to the Y-T&Rface
prior to the resin cement might have compensatethfo
limited surface modification promoted by the laser
irradiation.

Metal primers were developed as an altereativ
approach to promote a durable bond to nobletal
alloys.18,23 The VBATDT monomer, a thionethio
tautomer, was the first product introduced as aploog
agent between methacrylate-based monomers abie n
metal alloys**

The coupling mechanism of this monomer has been
assigned to the transformation of thione to thigugs on

the noble metal surface, subsequently, primary bond
formation and to the copolymerization of vinylrogps
with the methacrylate- based resin monomer.23

was

The metal primers investigated in the rent study are
vinyl-thione coupling agents with different funaial
monomers. In addition to their different compiosis, the
bond strength results indicated a similar perfarcegfor the
three systems, thus significantly strengtheninghibed to
the Y-TZP ceramic for both resin cements. This ifigd
might suggest that vinylthione coupling agerdsso
present a chemical affinity to zirconisurfaces.
Previously, it was stated that the application oMBP-
containing bonding/silane coupling agent ise tlkey
factor for a reliable resin bond to a Y-TZP ceramid is
not influenced by the resin-luting agent.3 The don
ing/silane agent improves the wettability die air-
abraded zirconia surface. Although a different wéca
material was investigated in the current wtutthe effect
of the metal primers might have been simildrich is
increasing the surface wettability of resimeats.

In contrast with the results of some previous ssidvhich
have shown that the chemical affinity between M2RBedul
material and Y-TZP ceramic creates a stromglpwhich

is able to resist thermal aging and water storagdQ in
the current study, the MDP-based resin cement did n
present higher bond strength to Y- TZP surfacespeoed
with the Bis-GMA-based material. Both cements vatm
similar results only on untreated surfaces, ahil the air-
abraded and laser- irradiated surfaces, the Bis-Gislged
resin cement showed significantly stronger bondDige of
the components of the adhesive system used, tagettie
the Bis-GMA based resin cement, is a monopteatep
monomer (PENTA). The chemical bond between the
phosphate groups and zirconium dioxide was previtys
suggestedl1,5,15 and might be a reason for the araile
bond between both resin cements on untreated ssrfac
Nevertheless, other investigations indicated thathtonding
of Bis-GMA composites to zirconia is not resistant
long-term storage and thermal aging.1,1théndurrent
study, only the immediate bond strength (measudeaaRirs
after the polymerization of the resin cements) wested.
Since a water expo- sure period of only 24 hours is
insufficient to permit diffusion of water into thedhesive
interface, it should be considered that differersuits might
have been found if the specimens were submittednto
aging protocol. Therefore, further in vitro dies with
longer storage periods should be performed to ohiterthe
long-term durability of the bond.

The failure mode results indicated that, regardigfsshe
experimental group, most failures of the complertho
structure—resin cement—Y-TZP ceramic—were adhesive,
which left the zirconia plates free of remitsaof
adhesive materials. This finding might suggest, tiezen
when higher bond strength to zirconia is obtairieis, bond

is not as strong as the adhesion between dentin and
restorative material.

CONCLUSSIONS
The hypotheses tested rejected, since surfaegntents

and metal primer application have significantlyluehced
the bond strength to a Y-TZP ceramic.



It could be concluded that metal primers aanl
abrasion with 50 um AI203 particles can have a gyme
effect on dentin bonding to Y-TZP ceramicss-BMA
based resin cement presented a stronger immediat b
on treated surfaces than MDP-based material.
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