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ABSTRACT

자가중합레진으로 부착된 금합금과 금속 브라켓의

결합강도에 silicacoating이 미치는 영향

Min-juRyu

Advisor:Prof.Sung-Nam Gang,DDS,MSD.

DepartmentofDentistry,

GraduateSchoolofChosunUniversity

Objective:본 연구는 자가중합레진을 사용하여 금속 브라켓을 금합금에 부착시에 세

가지 다른 금합금 표면처리방법의 효과를 비교하고자 하였다.

Methods:210개의 typeIII금합금 시편들이 세 가지 다른 표면처리방법(aluminum

oxidesandblasting/aluminum oxidesandblasting후 metalprimer도포/silicacoating

과 silanation)과 열순환 처리 유무에 따라 6개 군으로 무작위 분류되었다.시편들을 각

조건에 맞게 표면 처리한 후에,자가중합레진(Unite®,3M Unitek,Monrovia,CA,USA)

으로 금속 브라켓을 금합금 시편 표면에 부착하였다.금합금 표면에서 브라켓이 탈락

되는 순간에 전단결합강도(SBS)가 측정되었고, 시편 표면에 남아있는 레진이

Adhesiveremnantindex(ARI)로 평가되었다.

Results:금합금 표면에 Aluminum oxidesandblasting처리 후 metalprimer를 도포

한 군이 aluminum oxidesandblasting만을 시행한 군보다 더 높은 결합강도를 보였으

며(p< 0.001),silicacoating과 silanation처리한 군이 aluminum oxidesandblasting

후 metalprimer를 처리한 군보다 더 높은 결합강도를 나타냈다(p<0.001).열순환 처

리를 시행한 모든 군에서는 전단결합강도에 있어 유의한 변화를 보이지 않았다.

Conclusion:자가중합레진을 사용하여 금속 브라켓을 금합금에 부착 시,금합금 표면

에 silicacoating과 silanation처리를 하면 임상적으로 만족할 만한 결합강도를 얻을

수 있을 것으로 사료된다.
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I.Introduction

Orthodontictreatmentformiddle-agedpatientsisincreasing,andmiddle-aged

patientstypicallyexhibitmoredentalrestorationsandapoorerperiodontalstatus

comparedtoadolescentsandyoungadults.Orthodonticbandsaretypicallyused

forrestoredteethwheredirectbondingofthebracketisdifficult.However,dental

plaquemayaccumulatearoundthebandmargins
1
asaresultofthedifficultyof

fittingthebandstotoothsurfaces.Althoughsurfaceconditioningtechniquesand

adhesion materialsfordirectbracketbonding tothemetalsurfacehavebeen

developed,thebondstrengthoftheadhesivestothegoldalloyislesssatisfactory

thanclassicalmethodusingacidetchingofenamelsurface.

Adhesionisdefinedas"themaintainedstatusoftwomaterialsattheinterface

bymechanicalandchemicalbondingforces."Acidetchingofenamelisagood

exampleofenhancingmechanicalbondstrength.Asfineirregularitiesareformed

attheenamelsurfaceby acid etching,efficientand strong adhesion can be

achieved by themicromechanicallock effectasbonding agentswith desirable

flowability are infiltrated into fine irregularities.2 However,the metalsurface

cannotbe acid-etched like enamel.Therefore,macromechanicalretention with

greenstone
3
anddiamondbur,andmicromechanicalretentionwithaluminum oxide

sandblasting
4
arewidelyusedinclinicalsituations.Inadditiontothemethods

used forenhanced mechanicalretention,chemicalbonding between the metal

surfaceandtheadhesionmaterialsusingametalprimerhasbeenstudied.
5,6
The

bondstrengthofthesemethodsmaynotreachtothebondstrengthofenamel

etching,andthereisacontroversyoverthesustainabilityoftheenhancedbond

strengthobtainedbytheapplicationofmetalprimer.6 However,moreandmore

orthodontiststendtousethedirectbondingtothemetalrestorationsbecauseof

theadvantagein the aspectoforalhygiene,aswellasconvenienceto the

practitioner, compared to the conventional method using bands. Recently,

chemicophysicalbondingwithasilicacoatingandsilanation(silicoating)7,8,which

canenhancethemechanicalandchemicalbonds,hasbeenintroducedinthefield



- 2 -

oforthodontics.Chemicallycuredresincanbemorefullypolymerizedthanthe

lightcured resin especially in thecentralareaofthebracketwhen ametal

bracketisbondedtothegoldalloy.
9
Thissuggeststhatthechemicallycuredresin

couldbebetterinthiscircumstance.Metalprimerispopularamongorthodontists

becauseitcanbeappliedeasilyafterroutinesandblastingusingaluminum oxide.

Untilnow,thebondstrengthattainedbydifferentsurfaceconditioningmethods

including sandblasting,application of metalprimer,and silicoating was not

thoroughly compared in the condition of using chemically cured resin for

orthodonticbondingsystem.

Thepurposeofthisstudywastocomparetheshearbondstrength(SBS)of

threesurfaceconditioning methodsincluding aluminum oxidesandblasting only,

aluminum oxidesandblastingandapplicationofmetalprimer,andsilicoatingwhen

ametalbracketisbondedtoagoldalloysurfaceusingchemicallycuredresin.

ThechangeintheSBS afterthermocycling wasalsoinvestigatedinorderto

examinetheinfluenceofthestresscaused by repetitivetemperaturechanges,

whichistheprimarycauseofbondstrengthweakeninginclinicalpractice.The

adhesiveremnantindex(ARI)
10
wasalsoevaluated.
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II.Materialsandmethods

Fabricationofexperimentalspecimens

Plate-shaped specimens of type III dental gold alloys used for casting

(GoldenianC-48,Shinhung,Seoul,Korea)wereplacedatthebottom ofacuboidal

siliconmold(2.4cm x2.4cm x1.9cm).BecausethetypeIIIdentalgoldalloyis

primarilyusedforonlay,crown,andcrownandbridgeinsmallareas,thetypeIII

gold alloy is thoughtto be appropriate forspecimens in this investigation,

assumingthattheadherendisaposteriortoothrestoration.Thegoldalloyusedin

the present study contains 48% gold, 38.2% silver, 4.0% Pd, and 9.8%

microelement.The orthodontic acrylic resin (Dentsply,York,PA,USA)was

pouredintothesiliconmold.Thespecimenwasexposedatthetopoftheblock

whenthemoldwasremovedaftertheresinblockswerecompletelycured.

ThegoldalloysurfacesweresequentiallypolishedwithNo.120,1000,2000,and

3000sandpapers(Singlediscpolisher,GangHaeIndustry,Gwangju,Korea)under

asprayofwater,andthenthespecimenswerehighpolishedwitharougefor

dentalalloys(Hi-rouge®,HighDentalKorea,Seoul,Korea)andacottonwheel

(Dae-MyungDental,Seoul,Korea)inordertobondthebracketstoflatsurfaces

ofthegoldalloys.Theadhesionareawaslimitedtoasizeof5mm ×5mm by

applyingascotchtapetothefinalpolishedgoldalloysurface,withtheexception

of the adhesion area.The totalnumber of gold alloy specimens for this

experimentwas210,andthespecimenswererandomlygroupedinto70samplesto

betreatedwithoneofthethreesurfaceconditioningmethods.Halfofeachgroup

was reclassified for thermocycling.Finally,the gold alloy specimens were

classifiedintosixgroups,consistingof35samplespergroup(Table1).

Bracketbonding

ThespecimensurfacesoftheAS,AST,MP,andMPT groupswereroughened

by an intraoralsandblaster(Microetcher,Danville materials,San Ramon,CA,

USA)filled with 50 µm-sized aluminum oxide (Blasting medium,Dentaurum,
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Ispringen,Germany)atadistanceof1cm,with3.6kgf/㎠ ofpressurefor10s.

Afterward,thescotchtapewasremovedfrom thesurfacesofthespecimens,and

thesurfaceswererinsedanddriedthoroughlywithanair-watersprayfor10s

each.A uniform coatofmetalprimer(Metalprimer,Relianceorthodonticproducts,

Itasca,IL,USA)wasappliedontothegoldalloy specimensofMP andMPT

groupswithamicrobrush.Thespecimenswerethenallowedtobedriedfor30s

accordingtothemanufacturer'sinstructions.

30 µm silicon dioxide (Cojet-Sand, 3M ESPE, Seefeld, Germany) was

sandblasted with an intraoralsandblaster(Microetcher,Danvillematerials,San

Ramon,CA,USA)atadistanceof1cm with3.6kgf/㎠ ofpressurefor10sfor

the SC and SCT groups.The gold alloy surfaces ofthese groups became

roughened and silica-coated.Afterward,the scotch tape was removed from

specimensanddryairwaslightlyappliedfor5s.Silane(ESPE-Sil,3M ESPE

DentalProducts,St.Paul,MN,USA)agentwasappliedwithamicrobrushand

evaporatedfor5minaccordingtothemanufacturer'sinstructions.

Standard metalbrackets for the upper centralincisor (Standard edgewise

bracket,TOMY,Tokyo,Japan)withabaseareaofabout14.22mm²werebonded

toallspecimensthatunderwentsurfaceconditioning.Thebracketbaseswerenot

specificallyconditionedpriortobracketbonding.Thebondingadhesivesusedin

thisstudywasachemicallycuredresin(Unite®,3M Unitek,Monrovia,CA,USA).

Thebracketbaseareaand thegoldalloy surfaceswerecoatedwith aresin

primer.Andaresinadhesivepastewasthenappliedtothebracketbasesinsmall

amounts, according to the manufacturer's instructions. The brackets were

subsequently positioned and bonded to the gold alloy surfaces with constant

pressure,and the excess resin extruded atthe bracket-alloy interface was

carefullyremovedwithanexplorer.Specimenswerekeptatroom temperaturefor

4min,allowingchemicalcuringtotakeplace.Afterthisprocess,theywerestored

in a 36.5°C waterbath (Waterbath,Jeio Tech.,Daejeon,Korea)with 100%

relativehumidity for24h in orderto achievea completecure.A seriesof

processessuchasthefabricationofgoldalloyblocks,surfaceconditioning,and

bracketbonding werecarried outby thesameresearcherforconsistency and
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reproducibilityofthestudy.

Thermocycling

TheAST,MPT,andSCT groupswerestoredinthewaterbathfor24hand

subsequentlythermocycled,basedontheworkofBisharaetal.
11
Specimenswere

thermocycled 1000timesin 5°C and 55°C distilled waterbaths(Thermocycler,

GangHaeIndustry,Gwangju,Korea).Thesampleswereimmersedineachbath

for20s,whichwasconsideredtobeonecycleofthermocycling.

MeasurementofSBS

A universaltestingmachinewith500N loadcell(LloydInstruments
®
,Ametek,

Berwyn,PA,USA)wasusedtomeasuretheSBSofeachspecimen.Theacrylic

resin blocks were fixed into the lower jig vice.The anterior/posterior and

right/leftpositionsoftheacrylicresinblockswereadjustedtomaketheadhesive

facebetween thebracketandthespecimen beperpendiculartothecrosshead

(Figure1).ThecrossheadspeedfortheSBSmeasurementwasestablishedas1

mm/min,and the maximum load atthe momentofbracketdebonding was

measured.TheSBS (MPa)ofeach specimen wasmeasured by dividing this

numericalvalue(N)withthebracket'sbasearea(mm²).

ARImeasurement

Eachadhesivefaceofthegoldalloyspecimenswasphotographedwithadigital

camera(Nikon D90,105mm microlens,1/125,F25,ISO 200,-0.3eV)after

measuring the SBS.Allphotographed images were cropped,exceptfor the

adhesivefaceareaontheimageprocessingsoftware(PhotoshopCS5Extended

12.0,AdobesystemsInc.,San Jose,CA,USA).Gridswith 1mm width and

lengthweredrawninthecroppedimages,andtheresinremnantswereevaluated

usingtheARIoftheeditedimagesonamonitor.Thecriteriaforevaluatingthe

ARI
10
areshowninTable2.

Statisticalanalysis
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TheShapiro-Wilktestwasperformedandallsix groupsfollowedanormal

distribution.Two-way analysisofvariance(ANOVA)wasusedtoassessthe

effectofthesurfaceconditioningmethodsandthermocyclingprocessontheSBS.

TheKruskal-WallisH testwasusedtoinvestigatethestatisticalsignificanceof

theARIamong groupsforthedifferentsurfaceconditioning methods,andthe

Mann-Whitney U testwas performed with Bonferronicorrection formultiple

comparisons.The Mann-Whitney U testwas used to evaluate the effectof

thermocyclingontheARI.AndthecorrelationbetweentheSBSandARIforeach

groupwasevaluatedbytheSpearmancorrelationanalysis.Allstatisticalanaylses

wereperformedusingSPSS12.0(SPSS,Chicago,IL,USA).
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III.Results

Themeanvalue,andstandarddeviationoftheSBS foreachgroup,andthe

statisticalsignificanceoftheSBS amongthegroupsaredescribedinTable3.

ThemeanSBS oftheAS,MP,andSC groupswere14.0,18.7,and21.9MPa,

respectively.TheMPgroupexhibitedahigherSBSvaluethantheASgroup(p

<0.001),andtheSCgroupshowedahigherSBSvaluethantheMPgroup(p<

0.001)(Table3).

AlthoughthemeanSBSoftheMPT andSCT groupsslightlydecreasedafter

thermocycling,nosignificantdifferenceofSBSwasobservedafterthermocycling

(p = 0.133) (Table 3).And there was no interaction between the surface

conditioningmethodsandthermocyclingprocess(p=0.340).

ThedistributionoftheARIforeachspecimenisshownbelow (Table4).A

scoreof0intheARIwasmostfrequentlyobservedintheASandAST groups;

ascoreof1wasmostfrequentlyobservedintheMPandMPT groups;anda

scoreof2wasmostfrequentlyobservedintheSC andSCT groups(Table4,

Figure2,Figure3,Figure4).

TheresultsoftheKruskal-WallisH testandtheMann-WhitneyU testwith

Bonferronicorrection (p < 0.0167)revealed thesignificantdifferencesofARI

among threesurfaceconditioning methodsregardlessofthermocycling process.

TheMann-WhitneyU testshowedthattherewasnostatisticaldifferenceofthe

ARIbetweentheASandAST groups(p=1.0),orbetweentheSC andSCT

groups(p=0.194)(Table4).

TheSCandSCT groupsexhibitedahigherSBSvaluethantheMPandMPT

groups,respectively.TheMPandMPT groupsshowedahigherSBSvaluethan

theASandAST groups,respectively(Table3).Similarresultsareshowninthe

ARI(Table4).Basedontheseresults,thecorrelationbetweentheSBSandARI

wasinvestigated,andamoderatelypositivecorrelationwasobservedbetweenthe

SBSandARI(Spearmancorrelationcoefficient=0.637,p<0.05).
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IV.Discussion

Severalstudies
7,12,13

reportedthatthealuminum oxidesandblasting effectively

enhancethemicromechanicalretentionbetweenthemetalandtheadhesiveresin.

Inthepresentstudy,therewasnosignificantchangeinthebondstrengthafter

thermocycling,similartotheresultofpreviousstudy.
13

Theeffectofchemicalconditioningmethodsusingmetalprimersonthebond

strengthalsohavebeenevaluated.
6,8,14

Amongthevariouscommercializedmetal

primers,itisknownthattheacidanhydridegroupofthemetalprimercontaining

4-META (methacryloxyethyltrimelliticanhydride)combineswith the hydroxyl

groupsandoxygenatomsinthemetaloxidelayer,andmethacrylategroupof

4-META polymerizeswiththecompositeresin.
8,12
Bythismechanism,themetal

primercontaining4-META increasesthebondstrengthbetweenthemetalsand

thecompositeresin.
8,12

In the present study, sufficient bond strength was maintained after

thermocycling when themetalprimerwasusedaftersandblasting.Thisresult

correspondswiththeinvestigationbyMatsumuraetal.15 inwhichthesamples

werethermocycledafterV-primerandMetaliteapplication.However,Leeetal.
6

found thatmetalprimers including V-primer,Metaltite,and theAlloy primer

significantly increased the bond strength to the gold alloys,while the bond

strengthofthespecimenstreatedwithallthreetypesofprimerdecreasedafter

thermocycling,andconcludedthatthemetalprimerhadnoadvantageinthebond

strengthoveraluminum oxidesandblasting.Thisresultiscontrarytotheresultof

thepresentstudy,andthereasonseemstobetheuseofdifferentresintypesin

eachstudy.YoshidaandAtsuta16reportedthattheeffectivenessoftheprimersfor

noblemetalsmaybeinfluencedbytheinitiatorsystem oftheresinbondedtothe

metal.Accordingtotheirstudy,whenV-primerwasappliedtogoldalloys,the

tri-n-butylborane (TBB)resin and benzoylperoxide-amine resin exhibited a

higherbondstrengthtogoldalloysrelativetothecamphoroquinone-amineresin,

withorwithoutthermocycling.
16
Leeetal.

6
usedalightcuredresincontaining
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camphoroquinone as the photoinitiator.There has notyetbeen a study that

evaluateswhetherthebondstrengthofthegoldalloyspecimenstreatedwiththe

metalprimercontaining4-META ismaintainedafterthermocycling.Therefore,no

dataisavailablefordirectcomparisontoourstudy.

Ifabrasiveparticleswithasilicatedsurfaceareblastedontothemetalsurface

athighenergies,thenthehightemperatureformedbytheimpactofabrasive

particlesproducessilicatobeincorporatedandembedded intothemetaltoa

depth of15㎛,converting kineticenergy intothermalenergy.17 Atsü etal.18

reported thatthesilica particles wereincorporated into themetalsurfaceby

blastingpressure,formingafineroughenedsurfacewhenthemetalsurfacewas

blasted with 30 ㎛-sized aluminum oxide,chemically modified with silica

(Cojet-Sand,3M ESPE,Seefeld,Germany).Watanabeetal.19verifiedthatasilica

layerwasformedonthesurfaceofdentalgoldalloysusingelectronmicroprobe

analysiselementmapping.

Whenthesilaneisappliedtothesilicalayerformedonthemetalsurface,silane

andsilicaareknowntostronglycombinebyadehydrationreaction,separatingthe

hydroxylgroup.
8
Silanes have a dualreactivity.Non-hydrolyzable functional

groupscancombinewiththeresincompositemonomerscontainingC=C double

bonds,andthehydrolyzablealkoxygroupcanbondwiththehydroxylgrouprich

inorganicsubstratessuchassilica.18,20Becausesilanesuppliedasaconditioneris

aliquid dissolved in avolatilesolventsuch asalcohol,itsapplication isnot

difficult.However,sometimefortheevaporationofthesolventisrequiredfora

strongerbond,andthechemicalreactionbetweensilicaandsilanealsorequires

time.Therefore,anappropriatetimeintervalwouldbenecessaryforsuccessful

silicoating procedures.
21
Manufacturers recommend 5 min ofsilanation before

applyingtheadhesivefortheextraoraluse,and1minfortheintraoraluse.In

thisstudy,atimeintervalof5minaftersilaneapplicationwaschosentoavoid

theeffectofinsufficienttimefortheevaporation ofthesolventandchemical

reaction.Inclinicalapplications,1minaftersilaneapplicationmaybeadequate.

Asthesilicoatingisachievedbyincorporationofsilicaparticlesintothemetal

surface,thismethodislessaffectedbythegoldalloycompositionandoxidelayer
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formation,compared to the metal primer application after aluminum oxide

sandblasting.
8,22
Inthepresentstudy,silicoatinggroupexhibitedSBSof20.73±

2.46(mean±SD)MPaafterthermocycling,whichishigherbondstrengththan

themetalprimerapplicationafteraluminum oxidesandblasting.ThisSBSvalueis

comparabletotheSBS ofmetalbracketbondedtotheenamelsurface.
23
Also,

ThisSBSvalueisstrongerthantheSBSvalueof13.63±2.55MPareportedin

thestudyofJungetal.
8
inwhichlightcuredresinwasusedwithsilicoating.

Typically,theweakerthebondbetweentheadherendandtheadhesives,the

lessertheresinremnantswillbeleftontheadherendsurface
21,24
;thistrendwas

alsoobservedinthepresentstudy.Moreresinremnantswereleftonthegold

alloyspecimensintheSC groupthantheMPgroup,andmoreremnantswere

presentintheMP groupthantheAS group.Thistrendwasmaintainedafter

thermocycling.AccordingtoastudybyJungetal.
8
,theARIwashigherwhen

thesilicoatingwasusedinsteadofaluminum oxidesandblasting;however,there

wasnostatisticalsignificance.Jungetal.
8
regardedthecauseoftheresultasthe

use of light cured resin adhesives in their study,and reported that the

insignificantdifference in ARImighthave been produced by uncured resin

remainingnonuniformlyonthespecimensurface.

Although thebond strength would beincreased when treated with ametal

primerafteraluminum oxidesandblasting,moresatisfactorybondstrengthscanbe

attainedwhenthesilicoatingisused.Basedonthisresult,thesuccessrateof

directbondingtothegoldalloyrestorationsorprosthesiscanbeincreasedbythe

silicoatingtothesurfacesofthegoldalloys.

Silicoating may increase the bond strength in both lightcured resin8 and

chemicallycuredresin.ButtheremaybedifferenceinthebondstrengthandARI

according to theresin types.Thisshould bestudied in thefuture.And the

bracketswerebondedtoflatsurfaceofthegoldalloysinthepresentstudy,but

theactualsurfaceofrestorationswithgoldalloysisnotflat.Sothegapbetween

thesurfaceofgoldalloysandbracketscanbeformedinevitablyandtheclinical

bondstrengthwouldbelessthanthevalueofthein-vitrostudywhenchemically

curedresinisused.Clinicalstudiesarerequiredregardingtothebondfailurerate.
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V.Conclusion

Whenachemicallycuredresinisusedtobondmetalbracketstogoldalloys

usingsurfaceconditioningmethodsofaluminum oxidesandblastingalone,metal

primerapplicationafteraluminum oxidesandblasting,orsilicoating,

1.ThehighestSBScanbeattainedwithsilicoatingtechnique.

2.Themetalprimerapplication aftersandblasting increasesSBS compared to

sandblastingalone.

3.TheSBSismaintainedafterthermocyclingforallsurfaceconditioningmethods.



- 12 -

References

1.BoydRL.BaumrindS.Periodontalconsiderationsintheuseofbondsorbands

onmolarsinadolescentsandadults.AngleOrthod1992;62:117-26.

2.VanMeerbeekB,DemunckJ,YoshidaY,InooueS,VargasM,etal.Adhesion

toenamelanddentin:currentstatusandfuturechallenges.Operativedentistry

2003;28:215-35.

3.WoodDP,JordanRE,WayDC,GalilKA.Bondingtoporcelainandgold.Am J

Orthod1986;89:194-205.

4.ZachrissonBU,BuyukyilmazT.Recentadvancesinbondingtogold,amalgam

andporcelain.JClinOrthod1993;27:661-75.

5.AntoniadouM,KernM,StrubJR.Effectofanew metalprimeronthebond

strengthbetweenaresincementandtwohigh-noblealloys.JProsthetDent

2000;84:554-60.

6.LeeYK,ChaJY,YuHS,HwangCJ.Effectofmetalprimerandthermocycling

on shearbonding strength between theorthodonticbracketand gold alloy.

KoreanJOrthod2009;39:320-9.

7.NergizI,SchmageP,HerrmannW,ÖzcanM.Effectofalloytypeandsurface

conditioningonroughnessandbondstrengthofmetalbrackets.Am JOrthod

DentofacialOrthop2004;125:42-50.

8.JungMH,ChungSH,ShonWJ.Shearbondstrengthbetweengoldalloyand

orthodonticmetalbracketusing lightemitting diodecuring light.Korean J

Orthod2010;40:27-33.



- 13 -

9.ShonWJ,Kim TW,ChungSH,JungMH.Theeffectsofprimerprecuringon

theshearbondstrengthbetweengoldalloysurfacesandmetalbrackets.EurJ

Orthod2012;34:72-6.

10.ÅrtunJ,BerglandS.Clinicaltrialswithcrystalgrowthconditioningasan

alternativetoacid-etchenamelpretreatment.Am JOrthod1984;85:330-40.

11.BisharaSE,AjlouniR,LaffoonJF.Effectofthermocyclingontheshearbond

strengthofacyanoacrylateorthodonticadhesive.Am JOrthodDentofacOrthop

2003;123:21-4.

12.Büyükyilmaz T.Zachrisson BU.Improved orthodontic bonding to silver

amalgam.Part2.Lathe-cut,admixed,andsphericalamalgamswithdifferent

intermediateresins.AngleOrthod1998;68:337-44.

13.BüyükyilmazT.ZachrissonBU.Improvingorthodonticbondingtogoldalloy.

Am JOrthodDentofacOrthop1995;108:510-8.

14.BulbulM,Kesim B.Theeffectofprimersonshearbondstrengthofacrylic

resinstodifferenttypesofmetals.JProsthetDent2010;103:303-8.

15.Matsumura H,Shimoe S,Nagano K,Atsuta M.Effectofnoble metal

conditioners on bonding between prosthetic composite material and

silver-palladium-copper-goldalloy.JProsthetDent1999;81:710-4.

16.YoshidaK,AtsutaM.EffectofMMA-PMMA resinpolymerizationinitiators

on the bond strengths ofadhesive primers for noble metal.DentMater

1999;15:3326.

17. Sun R, Suansuwan N, Kilpatrick N, Swain M. Characterisation of



- 14 -

tribochemicallyassistedbondingofcompositeresintoporcelainandmetal.J

Dent2000;28;441-5.

18.Atsü SS,GelgörIE,Sahin V.Effectsofsilicacoating andsilanesurface

conditioningonthebondStrengthofmetalandceramicbracketstoenamel.

AngleOrthod2006;76:857-62.

19.WatanabeT,InoS,OkadaS,KatsumataY,HamanoN,etal.Influenceof

simplifiedsilicacoating methodonthebonding strength ofresin cementto

dentalalloy.DentMaterJ2008;27:16-20.

20.Matinlinna JP,Lassila LVJ,Özcan M,Yli-Urpo A,Vallittu PK.An

introduction to silanes and their clinicalapplications in dentistry.Int J

Prosthodont2004;17:155-64.

21.JungMH,ShonWJ,ParkYS,ChungSH.Effectsofsilanationtimeonshear

bondstrengthbetweenagoldalloysurfaceandmetalbracket.KoreanJOrthod

2013;43:127-33.

22.SchneiderW,PowersJM,PierpontHP.Bondstrengthofcompositestoetched

andsilica-coatedporcelainfusingalloys.DentMater1992;8:211-5.

23.CozzaP,MartucciL,ToffolLD,PencoSI.Shearbondstrength ofmetal

bracketsonenamel.AngleOrthod2006;76:851-6.

24.PatuscoVC,MontenegroG,LenzaMA,AlvesdeCarvalhoA.Bondstrength

ofmetallicbracketsafterdentalbleaching.AngleOrthod2009;79:1226.



- 15 -

Surfaceconditioning
Thermocycling

No Yes

Al2O3sandblasting AS AST

Al2O3sandblasting

+metalprimer
MP MPT

Silicacoating+silane SC SCT

Tables

Table 1.Experimentalgroups classified by surface conditioning method and

thermocycling.

Table2.ThecriteriaofevaluationofARI

ARI Criteria

0 Noadhesiveleftonthespecimen

1 Lessthanhalfoftheadhesiveleftonthespecimen

2 Morethanhalfoftheadhesiveleftonthespecimen

3 Alladhesiveleftonthespecimen

ARI,Adhesiveremnantindex.
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Table 3.The mean value and standard deviation ofshearbond strength of

samplesandstatisticalsignificanceofshearbondstrengthbetweengroups.

Group
Shearbondstrength

(MPa)

Sub

group
Significance

AS 14.00±3.28 a Surfaceconditioning
*

AST 14.21±2.99 a AS<MP<SC

MP 18.72±3.41 b

MPT 17.82±2.49 b Thermocycling

SC 21.94±3.34 c AS=AST(p=0.133),MP=MPT(p=0.133)

SCT 20.73±2.46 c SC=SCT(p=0.133)

Theshearbondstrengthvalueispresentedasmean±standarddeviation.

Measurementswiththesamesubgroupletterindicatenostatisticallysignificant

differenceusingmultiplecomparisonswithTukey'stestatasignificancelevelof

p>0.05.

*indicatesasignificantresultaftertwo-wayanalysisofvariance.

Table 4.Each experimentalgroup's ARIand statisticalsignificance ofARI

betweengroups

Group
ARI Sub

group
Significance

0 1 2 3 N

AS 35 0 0 0 35 a
Surfaceconditioning

*

AS<MP<SC
AST 35 0 0 0 35 a

MP 1 25 9 0 35 b

Thermocycling

MP>MPT
*

AS=AST(p=1.000),SC=SCT(p=0.194)

MPT 9 26 0 0 35 c

SC 0 5 28 2 35 d

SCT 2 9 21 3 35 d

ARI,Adhesiveremnantindex.

Measurementswiththesamesubgroupletterindicatenostatisticallysignificant

differenceusingMannWhitneyU-testatasignificancelevelofp>0.05.

*indicatesasignificantresultafterMannWhitneyU-test.
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Figures

Figure 1.Schematic diagram ofspecimen used in experiment,and crosshead

positionforshearbondstrengthmeasurement.
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Figure2A. Figure2B.

Figure2.Representativesamplesofeachgroup.A,ASgroup;B,ASTgroup.

Anadhesiveremnantindexof0wasmostfrequentlyobservedinASandAST

groups.
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Figure3A. Figure3B.

Figure3.Representativesamplesofeachgroup.A,MPgroup;B,MPTgroup.

Anadhesiveremnantindexof1wasmostfrequentlyobservedinMPandMPT

groups.
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Figure4A. Figure4B.

Figure4.Representativesamplesofeachgroup.A,SCgroup;B,SCTgroup.

Anadhesiveremnantindexof2wasmostfrequentlyobservedinSCandSCT

groups.
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