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Abstract

Effectsofsurfacetreatmentson
shearbondstrengthofcompositeresinbondedto
variousceramiccoresafterthermocycling

Asthepopularityofhigh-strengthall-ceramicrestorationsincreaserapidly,
studiesandclinicalguidelinesonrepairmethodsforthefracturedveneerand
corehavebecomeanecessity.
Thepurposeofthisstudy wastoevaluatetheshearbond strength of

composite resin bonded to various high-strength all-ceramic core materials
with different surface treatments with and without thermocycling. The
hypothesis was thatthe tribochemicalsilica coating would be effective in
bonding composite resin to high-strength ceramic cores,especially in long
term,testedbythermocycling.
Sixty ceramic blocks for each ofthree ceramic cores(IPS Empress 2,

In-Ceram Alumina,Zi-Ceram)and feldspathicceramic(Duceram Plus)were
fabricated and embedded in selfcuring acrylicresin.Ceramicspecimensin
each materialwererandomly dividedintothreegroupsfordifferentsurface
treatments(airborne particle abrasion,acid etching,and tribochemicalsilica
coating).Silaneandbondingresinwasappliedonall240specimensurfaces
and compositeresin waslight-cured onto thesesurfaces.Foreach surface
treatment,20 specimens were randomly divided into two subgroups,10
specimensstoredinadesiccatoratroom temperaturefor24hoursandthe
other10specimenswerethermocycledbetween5℃ and55℃ for1200cycles
with dwelltime of30 seconds.Shearbond strength was measured using



- v -

universaltestingmachine(Instron3366,InstronCo.,Canton,MA,U.S.A.)with
crossheadspeedof2.0mm/min.Shearbondstrengthvalueswerestatistically
analyzedwith two-wayanalysisofvariance(ANOVA)andDuncanmultiple
comparisontest(α=0.05).
Regardlessoftheceramicmaterial,thehighestshearbondstrengthwas

producedbysilica-coatedgroups(Dro,Ero,Iro,Zro).Afterthermocycling,the
meanshearbondstrengthdecreasedinmostofthegroups.
From theresultofthisstudy,itwasconcludedthattribochemicalsilica

coating should be recommended for lithium disilicate ceramic or alumina
ceramic core. Although further investigation is needed to prove the
effectivenessoftribochemicalsilicacoatingonzirconiaceramic,thismethodis
morereliablecomparedtoacidetchingorairborne-particleabrasion.

Key words :allceramic restoration,intraoralrepair,tribochemicalsilica
coating,shearbondstrength
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DepartmentofDentalScience,
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(DirectedbyAssociateProf.June-SungShim,D.D.S.,Ph.D)
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Ⅰ.Introduction

Recentdevelopmentinstrengthandestheticsofhigh-strengthall-ceramic
materialshasmadethemetal-freerestorationsan often-usedalternativefor
metal-ceramic restorations.Since these high-strength all-ceramic materials
such asaluminaceramicandzirconiaceramicprovidethecorepartofthe
veneered all-ceramic restorations,they cannotpreventthe fracture ofthe
veneerorthe fracture ofthe core-veneerinterface.Previous studies have
reported the frequent fractures at the core-veneer interface of layered



2

all-ceramic fixed partialdenture(Kelly etal.,1995;Luthardtetal.,1999;
Aboushelibetal.,2005).
Concerning theincidenceofthefracturesofall-ceramicrestoration,there

wasan in vitrostudy reporting thatthebond ofveneering porcelain toa
ceramiccoreissimilartothatofthemetalceramicrestoration,suggestingthat
the clinicalbehaviorwould be similar(Al-Dohan etal.,2004).Goodacre et
al.(2003)reported theincidenceoftheporcelain veneerfractureamong the
single crown complications to be mean rate of3%.One study reported
porcelain fracture as the second mostlikely cause forthe replacementof
restorations following dentalcaries(Walton etal.,1986).Expecting similar
incidence ofveneerfailure forall-ceramic restorations,studies and clinical
guidelinesonrepairmethodsforthefracturedveneerandcorearemandatory.
Repairing thefracturedveneerwith compositeresin isoften betterthan

replacing the complete restoration in terms oftimeand cost(Ozcan,2003).
Intraoralporcelainrepairsystemsforfracturedveneeringceramicrelyonresin
bond strength and methods for creating microretentive surfaces(Latta and
Barkmeier,2000).Incaseswherethefractureinvolvesthefeldspathicporcelain
veneeronly,bondingisapredictableprocedureyieldingdurableresultswith
commerciallyavailableproducts,mostlyinvolvinghydrofluoricacidetchingand
application ofa silanecoupling agent(Blatzetal.,2003;Lacy etal.,1988;
Denehy etal.,1998).Roughening ofceramicmaterialsby airborneparticle
abrasionhasalsobeenusedasasubstituteforetching,butdetrimentaleffect
onthesurfacesoffeldspathicporcelainaftersandblastinghavebeenreported
(KernandThompson,1994;Llobelletal.,1992).
Among varioushigh strengthall-ceramiccorematerials,lithium-disilicate

core material(IPS Empress 2, Ivoclar-Vivadent, Schaan, Liechtenstein)
demonstratesrelativelylow flexuralstrength,butitshightranslucencykeptits
popularusageinanteriorregionsofdentition(Raigrodski,2004).Sincelithium
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disilicate glass ceramic can be etched with hydrofluoric acid,its surface
treatmentforrepairdoesnotdifferfrom theproceduresforveneers(DellaBona
etal.,2000).Forhigh-strength alumina- orzirconia-based ceramics,acid
etchantsdonotprovidesufficientmicro-irregularityduetolow silicacontent.
Alternative roughening procedures have been investigated to enhance
microretention ofcomposite resin to thesecore materials.Airborneparticle
abrasion with Al2O3 is proven to be more effective than acid etching for
rougheningaluminum-oxideceramicsurfaces(KernandThompson,1994).Kern
and Thompson(1994) reported that silica coating procedure by RocatecTM

system(ESPE,Seefeld,Germany)promoteschemicalbondbetweenthealumina
ceramicsurfaceand theapplied resin.In thissystem,silicicacid-modified
aluminaparticlesareblastedwithhighenergyontotheceramicsurface.The
high temperaturecreated by theimpactcausescomponentsoftheblasting
abrasive to be incorporated into the surface.This tribochemically coated
surfaceprovidesnotonlymicromechanicalretentionbutalsositesforchemical
adhesion(Sun etal.,2000).Forzirconium-oxide ceramics,Kim etal.(2005)
reportedthatthetribochemicalsilicacoatingtechniquewasmoreeffectivethan
othertreatmentssuchasairborneparticleabrasionandacidetchinginterms
oftensilebondstrength.
Concerninglongterm durabilityofceramic-compositebond,severalstudies

on porcelain repairsystems reported decreased bond strength values after
thermocyclingorlong-term waterstorage(Leibrocketal.,1999;Llobelletal.,
1992).Butpublicationsontheinfluenceofagingonbondingcompositeresinto
aluminum-oxideandzirconium-oxideceramiccoreareverylimited.
Thepurposeofthisstudy wastoevaluatetheshearbond strength of

composite resin bonded to various high-strength all-ceramic core materials
withthreedifferentsurfacetreatments(airborneparticleabrasion,acidetching,
and tribochemical silica coating) with and without thermocycling. The
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hypothesis was thatthe tribochemicalsilica coating would be effective in
bonding composite resin to high-strength ceramic cores,especially in long
term,testedbythermocycling.
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Ⅱ.MaterialsandMethods

Sixtyceramicblocks(10×10×2mm)foreachofthreeceramiccores(IPS
Empress 2,In-Ceram Alumina,Zi-Ceram)and feldspathic ceramic(Duceram
Plus)ascontrol,werefabricated(TableI).
Allspecimenswerefabricatedaccordingtomanufacturers'instructionsas

follows.
For fabricating IPS Empress 2 specimens, IPS Empress 2 wax

patterns(S-U-Dentalwax,SchulerDental,Ulm,Germany)withthespecimen
sizewerepreparedandinvestedinIPSEmpress2Speed-investment.Thewax
waseliminatedinaburnoutfurnace(EP 500;Ivoclar-Vivadent)andtheIPS
Empress2ingots(shadeA2)wereautomaticallypressedintothemoldinthe
furnace at1150 ℃.Afterpressing and cooling to room temperature,the
specimensweredivested.

TableⅠ.Ceramicmaterialstested

 

Productname Ceramicmaterial Manufacturer Composition

Duceram Plus Feldspathicceramic DuceraDentalGmbH,
Rosbach,Germany

SiO260% Al2O320%
Na2OK2OB2O3ZnO

IPSEmpress2 Lithium-disilicate
ceramic

IvoclarVivadent,
Schaan,Liechtenstein

SiO260% Li2O15%
K2OP2O5

In-Ceram Alumina Aluminaceramic VitaZahnfabrik,Bad
Säckingen,Germany

Al2O385%
La2O3SiO2CaO

Zi-Ceram Zirconiaceramic Adens,Seoul,Korea
ZrO2(Y-stabilized)
Coloringoxides
(<1wt%)



6

ForIn-Ceram Aluminaspecimens,thealuminum oxidepowderweremixed
with aspecialliquid(VitaIn-Ceram Aluminamixing liquid;VitaZahnfabrik,
BadSäckingen,Germany),andultrasonicated(VitasonicII;VitaZahnfabrik,Bad
Säckingen,Germany)for7minutes.Aftershapingtheslurrymixturetofitthe
specimen size,it was fired at 1120 ℃ in the oven(Inceramat II;Vita
Zahnfabrik,BadSäckingen,Germany)for10hours. Glasswasinfiltratedby
coating the aluminum oxide framework with a glass
powder(silicate-aluminum-lantanium)-distilledwatermixtureandfiring inthe
furnacefor4hoursat1100℃.
Zirconium-oxide ceramic specimens were fabricated with zirconia

powder(TosohCo.,Tokyo,Japan)mixedwithsmallquantityofFe2O3powder.
Themixturewasgroundtoobtainparticlesthatarehomeogenousinsizeand
pressedtoablock.Pressureof160Mpawasappliedinvacuum environment
anditwassinteredattemperatureof850℃ to1200℃.Afterprocessingitto
theshapeofspecimens,itwasre-sinteredat1500℃.
Thefeldspathicceramicspecimenswerefabricated using amold created

with putty typevinylpolysiloxane(Exafine,GC Co.,Tokyo,Japan).Ceramic
powder(Duceram Plus;shadeDA2;DuceraDentalGmbH,Rosbach,Germany)
andliquid(DuceraLiquid;DeguDentGmbH,Hanau-Wolfgang,Germany)were
condensedin thespaceinsidethemoldandthecondensedspecimenswere
firedat910℃.

Total of 240 ceramic blocks were embedded in self curing acrylic
resin(Orthodontic resin;Dentsply Caulk,Milford,DE,U.S.A.),exposing one
ceramic surface forsurface treatments(Fig.1).The ceramic surfaces were
polishedwith100gritand600gritsiliconcarbidepaperconsecutivelyunder
water-cooling.
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Fig.1.Testspecimen:ceramicblockembeddedinacrylicresin.

Table Ⅱ. Summary of surface treatments on ceramic materials

Sixtysamplesofeachceramicmaterialwererandomlydividedintothree
groups for three different surface treatments(Table Ⅱ). Specimens for
airborne-particle abrasion(ab) group were sandblasted using
MicroetcherTM(DanvilleEngineering,SanRamon,CA,U.S.A.)with50 μm grit

Ceramicstested Group Surfacetreatment

Duceram Plus
Dab Airborne-particleabrasion
Dae Airborne-particleabrasion/Acidetching
Dro Airborne-particleabrasion/Tribochemicalsilicacoating

IPSEmpress2

Eab Airborne-particleabrasion
Eae Airborne-particleabrasion/Acidetching
Ero Airborne-particleabrasion/Tribochemicalsilicacoating

In-Ceram Alumina

Iab Airborne-particleabrasion
Iae Airborne-particleabrasion/Acidetching
Iro Airborne-particleabrasion/Tribochemicalsilicacoating

Zi-Ceram

Zab Airborne-particleabrasion
Zae Airborne-particleabrasion/Acidetching
Zro Airborne-particleabrasion/Tribochemicalsilicacoating
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aluminaparticlefor 5secondsata10mm distancewithpressureof40psi,
withthetipperpendiculartothesurfaces.Remainingparticlesonthesurface
wereremoved with air/waterspray for10seconds.Acid etching(ae)group
specimenswerealsosandblastedidenticallyasabgroup.Then4% hydrofluoric
acid(PorcelainEtchant;BiscoInc.,Schaumburg,IL,U.S.A.)wasappliedfor5
minutesandwashedwithair/watersprayfor15seconds.RocatecTM system
treated(ro) groups were sandblasted in the same manner and silicic
acid-modified 30 μm alumina particle(Rocatec Soft; 3M ESPE, Seefeld,
Germany)wasappliedfor5secondswithpressureof40psiatadistanceof
10mm,perpendicularto thesurfaces.Remnantparticleswereremoved by
gentlestream ofcompressedoil-freeair.Silane(ESPE Sil;3M ESPE,Seefeld,
Germany)wasappliedonall240specimensurfacesandwaslefttodryinair
for5minutes.Bonding resin(One-Step;BiscoInc.,Schaumburg,IL,U.S.A.)
wasappliedon thesesilanecoatedsurfacesandlight-curedfor20seconds
using light curing unit(Elipar™ Freelight2 LED Curing Light;3M ESPE,
Seefeld,Germany).
Each specimen wasplaced on aspecially designed holderand aplastic

mold withcylindricalhole(2.39mm indiameterand3mm inheight)was
locatedontopofthetreatedsurface(Fig.2).Compositeresin(Z100Restorative;
ShadeA1;3M ESPE,StPaul,MN,U.S.A.)waspackedintothecylindrical
holeincrementally.Thefirstincrementwas2mm inheightandthesecond
incrementwasappliedtofillthetopofthecylinder.Eachincrementwaslight
curedwithlightcuringunit(EliparTM Freelight2LED CuringLight;3M ESPE,
Seefeld,Germany)for40seconds. Theintensityofthelight(650mW/cm2)
wascheckedperiodicallywithColtoluxLightMeterTM(ColteneWhaledentInc.,
Mahwah,NJ,U.S.A.).Specimenswereremovedfrom theholderandthemold.
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Fig.2.Specimenplacedonaspeciallydesignedholder,plasticmoldlocatedon
top.

Foreachsurfacetreatment,20specimenswererandomlydividedintotwo
subgroups,10specimensstoredin adesiccatoratroom temperaturefor24
hoursandtheother10specimenswerethermocycledbetween5℃ and55℃

for1200 cycles with dwelltimeof30 seconds.Shearbond strength was
measured using universaltesting machine(Instron 3366,Instron Co.,Canton,
MA,U.S.A.)withcrossheadspeedof2.0mm/min(Fig.3).

Fig.3.Specimen positioned on universaltesting machine for shearbond
strengthmeasurement.

shear knife

composite resin

acrylic resin block

surface treated ceramic



10

Statisticalanalysiswascarried outusing SPSS 12.0forWindows(SPSS
Inc.,Chicago,IL,U.S.A.).Shearbond strength valueswereexamined with
two-wayanalysisofvariance(ANOVA)andDuncanmultiplecomparisontest(α
=0.05).One-way ANOVA,followedby LSD(leastsignificantdifference)post
hoctestwasapplied todeterminesignificantdifferencesamong thevalues
withineachceramicmaterialgroupsindryconditionandafterthermocycling(α
=0.05).
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Ⅲ.Results

TheresultsoftheshearbondtestareshowninTableⅢ andfigure4.
Regardless ofthe ceramic material,the highestshearbond strength was
producedbyRocatectreatedgroups(Dro,Ero,Iro,Zro).

TableⅢ.Themeansandstandarddeviationsofshearbondstrengths(MPa)of
composite resin to the ceramic materials for three surface treatments in
dry/thermocycled condition(n=10),with statisticalcomparison using one-way
ANOVA andLSDposthoctest

Group
Dry-conditioned Thermocycled

Mean SD
*statistical
comparison mean SD

*statistical
comparison

Dab 22.2 5.3 a 16.9 3.9 a
Dae 26.0 6.3 a 19.1 5.6 a
Dro 26.9 7.4 a 21.7 6.0 a

Eab 21.5 4.2 a 14.0 3.0 a
Eae 21.2 4.5 a 16.6 4.4 a
Ero 26.4 5.0 b 23.9 5.5 b

Iab 22.6 4.5 ab 19.0 4.4 a
Iae 20.7 4.4 a 15.2 4.6 a
Iro 26.7 4.0 b 25.9 3.0 b

Zab 20.2 4.0 a 14.2 4.7 ab
Zae 24.3 5.2 ab 10.2 3.7 a
Zro 25.4 3.8 b 17.3 5.9 b

 *Identicallettersdenotenosignificantdifferencesamongsurfacetreatmentsin
eachceramicmaterialgroup(p > 0.05).
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Thermocyclinghadadverseeffectonthemeanshearbondstrengthinmost
ofthegroups,butthedecreasewasstatisticallyinsignificantinIroandEro
groups(TableⅢ,figure4).
StatisticalanalysisinTableⅣ showedthattheceramicmaterial,surface

treatment,andthermocyclinghadastatisticallysignificanteffectontheshear
bond strength(p<0.001).As ceramic+surface combination is shown to have
statistically significant effect on shear bond strength(p=0.04), one-way
ANOVA,followedbyLSD posthoctestwasappliedtodeterminedifferences
intheshearbondstrengthbetweenthesurfacetreatmentsineachceramic
material(TableⅢ).

TableⅣ.Statisticalanalysisoftheresultsoftheshearbondstrengthtestby
two-wayanalysisofvariance(ANOVA)

Source df Sum of
square

Mean
square F p

Ceramic 3 444.936 148.312 6.240 .000
Surface 2 1503.720 751.860 31.633 .000

Thermocycling 1 2063.835 2063.835 86.833 .000
Ceramic+Surface 6 320.985 53.497 2.251 .040

Ceramic+Thermocycling 3 296.781 98.927 4.162 .007
Surface+Thermocycling 2 136.657 68.328 2.875 .059

Ceramic+Surface+Thermocycling 6 167.887 276.981 1.177 .320
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Ⅳ.Discussion

Inconventionalintraoralrepairsystemsforfeldspathicceramic,hydrofluoric
acidisappliedtodissolvetheglassmatrixselectively,thuscreatingphysical
alterationtopromoteadhesionofcompositeresin(Calamiaetal..1985;Sheth,
etal.,1988;Thurmond etal.,1994).Airborne particle abrasion is another
methodforrougheningsurfaces,especiallyincasesofporcelainfracturethat
involves metalorceramic core exposure thatis resistantto acid etching
(Schneideretal..1992;Lacyetal.,1988;Thurmondetal.,1994).
Inthisstudy,feldspathicceramicwasusedascontrolforcomparingshear

bondstrength,sincesufficientdataregardingbondingmethodstofeldspathic
ceramichasbeen published and clinicalrecommendation isgiven from the
previous porcelain repairstudies(Kupiec,1996;Latta,2000).Forfeldspathic
ceramics,theshearbondstrengthvaluesamongconventionalacidetchingand
airborneparticleabrasion and tribochemicalsilica coating method(Dab,Dae,
Dro)did notshow significantdifferences with and withoutthermocycling,
whichdenotedthevalidityoftheseconventionalsurfacetreatmentmethods.
Thecompositionandphysicalpropertiesofhigh-strengthceramicmaterials,

such as alumina ceramics and zirconia ceramics,differsubstantially from
silica-basedceramicsandrequirealternativebondingtechniquestoachievea
stronganddurableresinbond.
The In-Ceram system, which uses high-temperature sintered-alumina

glass-infiltrated copingsforall-ceramiccrown,hasflexuralstrength of450
MPa(SehgiandSorenson,1995). Alumina(Al2O3)represents85% byweightof
alumina ceramic. It is infiltrated by lantanium-aluminum-silicate glass
containinglessthan5% ofsilicabyweight.Asthesilicaphaseistheonly
phaseabletobeetchedbyhydrofluoricacid,theetchingisconsideredtobe
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inefficient(Borges,2003).Concerning the use ofairborne particle abrasion.
Borgesetal.reportedthatairborneparticleabrasionwith50 μm aluminium
oxide on the In-Ceram Alumina did not change their morphologic
microstructureonSEM.Thisresistancetoairborneparticleabrasionseemsto
berelatedtothesurfacehardnessofaluminaceramic,sincereportedhardness
ofIn-Ceram Alumina(9.82GPa)issignificantlyhigherthanthatoffeldspathic
ceramic(5.42 GPa; Seghi et al., 1995). In the study by Kern and
Thompson(1994),airborneabrasionwith110 μm-gritparticle(RocatecPreonly)
wasshowntocreatemicroretentivesurfacesforIn-Ceram ceramic,butthe
applicationofthetribochemicalsilicacoating wasrecommendedforcreating
chemicalbondtocompositeresin.Inaccordancewiththepreviousstudies,the
shearbondstrengthvalueofIaewaslowerthanthatofIroindrycondition.
Afterthermocycling,IabandIaevaluesremainedsignificantlylowerthatof
Iro.
The mostrecentcore materials forall-ceramic FPDs are the yttrium

tetragonalzirconia polycrystals(Y-TZP)-based materials.In vitro studies of
Y-TZP specimens demonstrated a flexural strength of 900 to 1200
MPa(Christel,1989)andsurfacehardnessof13GPa(Guazzatoetal.,2004).As
with alumina ceramic,previous studies have shown thatacid etching and
airborneparticleabrasionhavelittleeffectonthebondstrengths.Derandand
Derand(2000)examinedthesurfacetreatmentsforzirconiaceramicandshowed
thathydrofluoric acid etching produced the lowestbond strengths.These
authors also observed thatsandblasting with aluminum oxide particles did
produceanirregularpattern,butwithlittleinfluenceonthebondstrength.In
thestudybyDellaBonaetal.(2007),sandblastingIn-Ceram Zirconiasurface
withaluminum oxideparticlesrevealedsignificantlyhighermeanbondstrength
than hydrofluoricacidetching,yetthevaluesweresignificantly lowerthan
thoseoftheintraoraltribochemicalsilicacoatingsystem(CojetTM system;3M
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ESPE,Seefeld,Germany)treatedgroup.
Indrycondition,theshearbondstrengthforZabwassignificantlylower

thanZrogroupinthisstudy.ThereasonforthehighervalueofZaecompared
tothatofZab in dry condition can beexplainedby thesurfacetreatment
method,sincethespecimensweresandblastedpriortoacidetching.

RocatecTM system usestribochemicalmethodforcoatingsilicaontovarious
surfaces.ThefirststepintheRocatecTM system ismicroblastingwiththe110
μm-sized aluminium oxide(Rocatec Pre)to obtain microretentive roughness.
Then,110 μm-sized silicic acid-modified aluminium oxide(Rocatec Plus)is
blastedontotheroughenedsurface.Theseparticlesimpactthesurface,andthe
resultantheatcan reach upto1200°C.Thisrapid momentary risein the
temperatureiscausedbythetransferofkineticenergytoheatenergy.The
silica layerformed during this process is immediately embedded into the
substratesurface(Guggenberger,1989).RocatecSoft,developedforsubstrates
whicharehighly susceptibletoabrasion(e.g.thinelectroplatedmetaledges),
hasthecarrieraluminium oxidewhosegrainsizeisreducedto30 μm.Inthis
study, it was used to simulate intraoral repair of restorations since
commercially available in-office silica coating system uses 30 μm blast
grit(CojetTM system).
Thehighshearbondstrengthsaftersilicacoatingobservedinthepresent

studycanbeexplainedbytwomechanismsthatimprovethebondingtothe
repairresincomposite.Microscopicanalysisoftheblastedsurfacerevealsa
thin and microretentive layer,which should increase the bond strength to
resin(Frankenberger,2000).Simultaneously,the increase in silica content
promoteschemicalbondingbetweenthecompositeresinandthesilica-coated
surfaces(KernandThompson,1994).
TheIPS Empress2system,using lithium-disilicateglasscorematerial,

demonstratesflexuralstrength ofarangeof300-400MPa(Schweiger,1999)
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and hardness of5.3 GPa(Guazzato etal.,2004).Studies on the surface
treatment for bonding composite resin recommend a combination of
airborne-particleabrasion,hydrofluoricacidetching,andsilaneapplicationas
for the feldspathic ceramic(Blatz,2003).When the surface topography of
lithium disilicateceramicisobservedwithscanningelectronmicroscopy(SEM)
aftersurface treatments,airborne particle abrasion performed with 50 μm
aluminium oxide particles increased the irregularities on IPS Empress 2
surface,whereaselongatedcrystalsandshallow irregularitieswereobserved
fortheacidetchedsurface(Borges,2003).Thiscanbeexplainedbytheability
oftheacidtoremovetheglassmatrix,thuscreatingirregularitiesbetweenthe
lithium disilicatecrystals.Thischaracteristicmicrostructureisconsidered to
haveasignificantinfluenceonthefractureresistanceofthecomposite-ceramic
adhesivezone(Dellabonaetal.,2000).Inthedataofthepresentstudy,the
shearbondstrengthsofEabandEaegroupwerenotsignificantlydifferent.
The highest value obtained for Ero group can be explained by the

combinationofmicromechanicalandchemicalbonding effectoftribochemical
silicacoating.However,itshouldbenotedthatinKim etal.'sstudy(2005),
tensilebondstrengthforacidetchedEmpress2groupswashigherthanthat
oftribochemicalsilica coated group.This difference between tensile bond
strengthandshearbondstrengthneedsfurtherinvestigationtoprovideclinical
recommendationsforintraoralrepairofIPSEmpress2systems.
For evaluation of long-term durability of surface treatment methods,

specimens were thermocycled to determine its suitability in clinicaluse.
Exposureofspecimenstothermocyclingspeedsupthediffusionofwaterin
between the composite resin and the ceramic.Changing the temperature
createsstressattheinterfaceofthetwomaterialsduetodifferentcoefficients
ofthermalexpansion(Ozcan,2003).Thedry conditionedgroupwasusedas
controlforcomparing thevalues.Thestorageinadessicatorfor24hours
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priortoshearbondtestingwastomaintainhumidityfactorasclosetothe
baselineaspossible.
Althoughthemeanshearbondstrengthdecreasedinmostofthegroups

afterthermocycling,thedurabilityofthebondstrengthsofcompositeresinto
Rocatec system treated In-Ceram and IPS Empress 2 surfaces have been
showntoberatherstable.Thisresultwassimilartothoseofpreviousstudies
with durablebond to In-Ceram ceramicwith anotherBIS-GMA composite
resin(KernandThompson,1995).
In Zi-Ceram group,theshearbond strength valueofZroremained the

highestafterthermocycling,buttherewasnosignificantdifferencebetween
ZroandZabgroup.
Itshould be noted thatthe shear bond strength value ofZro after

thermocycling was not significantly different from the values of the
conventionally treated feldspathicceramiccontrolgroup,suggesting thatthe
long term durability ofbond between tribochemically silica coated zirconia
ceramicandcompositeresiniscomparabletothatobtainedby conventional
porcelainrepairsystemsonfeldspathicceramic.
Theresultspartiallyconfirmedthestudyhypothesisthattribochemicalsilica

coating produceshighershearbondstrengthvaluesincertainhigh-strength
all-ceramiccorematerials(IPSEmpress2,In-Ceram Alumina),intermsoflong
term durability.Furtherinvestigationisneededtoprovetheeffectivenessof
tribochemicalsilicacoating forbonding compositeresintozirconiaceramics.
Assessmentofthe bond strength with differentmeasurementmethods or
analysis of the data in different statisticalmodel(i.e.Weibull statistical
analysis)would be helpfulin future studies.Fora reliable assessmentof
long-term durablility,various mechanical,thermal and hydrolytic loading
parameterssimulatingintra-oralconditionshouldbeasrealisticaspossible.



19

Ⅴ.Conclusion

Thisstudywasconductedtoevaluatetheshearbondstrengthofcomposite
resin bonded to three high-strength all-ceramic core materials with three
different surface treatments(airborne particle abrasion, acid etching, and
tribochemicalsilica coating),and to figure outthe surface treatmentmost
suitableforeachcorematerial.
Withinthelimitationsofthepresentinvitrostudy,itcanbeconcluded:

1. For feldspathic ceramics, the shear bond strength values among
conventionalacidetchingandairborneparticleabrasionandtribochemicalsilica
coatingmethod(Dab,Dae,Dro)didnotshow significantdifferenceswithand
withoutthermocycling.

2.Thermocyclingdidnothavesignificanteffectontheshearbondstrength
valuesoftheRocatec-system-treatedIn-Ceram(Iro)andIPS Empress2(Ero)
groups.

3.In Zi-Ceram group,theshearbond strength valueofZroremained the
highestafterthermocycling,buttherewasnosignificantdifferencebetween
ZroandZabgroup.

4.Bond strength obtained by tribochemicalsilica coating ofZi-Ceram is
comparable to bond strength ofconventionalporcelain repairsystems for
feldspathicceramicafterthermocycling.

In cases ofporcelain fracture involving high-strength all-ceramic core
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materialexposure,sincenostatisticaldifferencewasfoundamongthethree
surfacetreatmentsforfeldspathicporcelain,theselectionofsurfacetreatment
may besimplifiedtochoosing thesurfacetreatmentmosteffectiveforthe
exposed core material.From the resultofthis study,tribochemicalsilica
coating could be recommended for lithium disilicate ceramic and alumina
ceramiccore.Althoughfurtherinvestigationisneededtoprovethelongterm
stabilityoftribochemicalsilicacoatingonzirconia,thismethodismorereliable
comparedtoacidetchingorairborne-particleabrasion.
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국국국문문문요요요약약약

전전전부부부 도도도재재재관관관용용용 코코코어어어 재재재료료료의의의 표표표면면면처처처리리리 및및및
thermocycling에에에 따따따른른른 복복복합합합레레레진진진과과과의의의 전전전단단단결결결합합합강강강도도도

이이이 현현현 정정정
연세대학교 대학원

치의학과

(지도교수 심 준 성)

심미적인 이유로 사용이 증가하고 있는 전부 도재관에서 파절된 베니어 도재
를 구강 내에서 복합레진으로 수리하는 방법에 대한 임상적인 지침이 필요하게
되었다.도재 파절로 코어가 노출된 경우 강화형 도재는 알루미나 분사,불산을 이
용한 산부식으로 표면이 충분히 거칠어지지 않아 복합레진과의 결합이 어려운 것
으로 알려져 있다.
본 연구에서는 전부 도재 수복물의 코어를 이루는 다양한 강화형 도재에 세

가지 다른 표면처리를 시행하고, 보다 장기적인 결합력 평가를 위하여
thermocycling전과 후의 전단결합강도를 분석하여 각각의 코어 재료에 적합한 표
면 처리 방법을 찾고자 하였다.
리튬 다이실리케이트 도재,알루미나 도재,지르코니아 도재와 대조군인 장석형

도재로 각각 60개의 시편을 만들고 여기에 알루미나 분사, 불산 산부식,
tribochemical실리카 코팅 세 가지의 표면처리를 시행하였다.표면처리된 총 240
개의 시편에 실란과 접착레진을 도포하고,복합레진을 광중합시켜 부착시켰다.각
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표면처리 군을 다시 나누어 한 군은 실온에서 건조기에 24시간 보관하고 다른 군
은 5℃에서 55℃ 사이를 1200회 thermocycling시행한 후 만능시험기로 전단결
합강도를 측정하여 two-wayANOVA와 Duncanmultiplecomparisontest로 통계
분석하였다(α=0.05).
모든 도재 재료에서 tribochemical실리카 코팅 시행했을 때 가장 높은 전단결

합강도를 보였으며,thermocycling후에는 대부분의 군에서 평균 전단결합강도가
감소하였다.
본 연구의 결과에서 리튬 다이실리케이트 도재와 알루미나 도재에서는

tribochemical실리카 코팅 방법이 복합레진 접착에 가장 효과적인 것으로 나타났
다.지르코니아 도재와 관련해서는 더 많은 연구가 필요하나, tribochemical실리
카 코팅 방법이 다른 두 방법에 비해서는 효과적인 것으로 사료된다.

핵심어 :전부도재관용 코어,구강 내 수리,트리보케미컬(tribochemical)실리카
코팅,전단결합강도


	Contents
	Abstract
	Ⅰ.Introduction
	Ⅱ.MaterialsandMethods
	Ⅲ.Results
	Ⅳ.Discussion
	Ⅴ.Conclusion
	Ⅵ.References
	국문요약

