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Abstract:Thepurposeofthestudywastoevaluatethemarginalleakagewithwetordrybondingtechniques

samplesbyEPMA afterlong-term storageindistilledwateroftherestorationtooth.Theadhesivesystems,

ClearfilPhotobondandSingleBondwereused.ThespecimenswerepreparedasclassVcavitieshavingadepth

of2mmontheCEJ.Thecavitywanand且oorsweretreatedwiththeetchantoftwobondingsystemseitherby

wetordrybondingtechniques.ThespecimenswereviewedwithanEPMAoftheWAXtypefortheelemental

distributionofcalcium,nitrogenandsilverontheresin-dentininterfacea洗erstorageindistilledwaterfor90-day.

Differentmicroleakageandnanoleakagepatternswereobservedwithdifferentadhesivesystemsanddifferent

applicationtechniques.Theinfiltrationofsilverparticleswasobservedtobelessinspecimenswherewet

bondingtechniquewasusedcomparedwithsampleswheredrybondingtechniquewasutilized.Theinfiltration

ofsilverparticles(in90-daysamples)wasnotablyprominentlythanday-1samplesl). Thisstudyshowedthatthe

bondingtechniqueandbondingmaterialsareimportantinestablishingasealfわrthecontrolofmarginalleakage.

抄録 :接着修復の技法,材料の発展に伴い,健全歯質の不必要な切削が減少し,複雑な症例の処置法も簡易化されて

きた｡しかし,接着システムは,エナメル質に対しては安定な接着関係が得られるものの,象牙質に対しては,依然,

辺縁封鎖性の問題が残されている0-万,露出根両のような象牙質宿縁を有する朗蝕歯或いは知覚過敏に対しても,

接着性レジン修復が多用されていることから,レジン･象牙質間の接着関係を強固で且つ長期安定なものにするため

に,レジン･象牙質接着界面の構造解明が必要とされる｡

レジン･象牙質接着界面において,脱灰コラーゲン層にレジンモノマーが浸透して形成される樹脂含浸層は,レジ

ン･象牙質間の接着強度を高めていると考えられている｡しかし､実際の臨床修復例では,レジン充填物の歯頚側に

色素の浸入がよく見られ,VanMeerbeekらは,アルゴンエッチング法による樹脂含浸層の象牙質側にモノマーの浸透

不充分な部分が残っていると指摘したO また,本研究の第-報では1),銀染色とEPMA元素分析により接着界面には

窒素に富んだ層が検出され,同部位では脱灰層全層への接着性レジンの浸透は,不充分であるためだと思われる｡ レ

ジン象牙質接着界面にこのような submicronあるいは nanometerサイズの微少欠陥を介する漏洩経路が存在し,

nanoleakageを起こすことが確認された｡

そこで,本研究では,2種の接着システムを用いて5級寓洞にコンポジットレジン充填を行った試片を長期水中保

管後に硝酸銀染色を行い,波長分散型X線マイクロアナライザー (Ef'MA)を用いてレジン象牙質接着界面の微細構

造学的観察を行い,nanoleakageの発生と葦着界面の耐久性との関係について検討を行った｡
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JNTRODUCT10N

Manyfactorschallengethemarginalintegrityof

compositeresinbondingrestorations.Atthetimeof

theinitialset,polymerizationcontractionproduces

forces,whichtendtopulltherestorationawayfrom

t九etoothstructure.Therea允er,chemical,thermaland

mechanicalstressescompromisetheintegrityofthe

bond.2.7'Intheclinicalsituation,theseforcesmaynot

alwaysresultinthelossoftherestoration,yetthe

sign述Canceofbondstrengthsisoftenoveremphasized.8'.

Thesealofrestorativematerialsagainstthetooth

structure,andthequalityanddurabilityofthesealare

majorconsiderationsforthelongevityofrestorations.

Thismayinfluencetheselectionofrestorative

materialsandcanbeaslgni五cantfactorinpreventing

pulpdamageandsecondarycaries.Bacteriawill

rapidlycolonizeanygapspresentbetweenthe

compositeresinandtoothstructure9}asbacterial

infectionhasbeenshowntobemainlyresponsiblefわr

inaammatorypulpreactions.Therefore,themarginal

integrityofrestorationsisofprimaryimportancein

maintainingthelong-term functionofcomposite

restorations.Theclinicallyimportantissueisto

achieveabioco'mpatiblerestorationthatwillnot

compromisethepulp,Withmaterialswheretechnique

sensitivityinnotanissue.10) Thus,thestudyof

bacterialandfluidpenetrationattheinterface

betweentherestorationandtoothstructure,thatis,

microleakage,hasbeenofgreatconcerninrestorative

dentistry.

TheacidetchingtechniqueproposedbyBuonocore

(1955)hasprovedsuccessfulinenamelbonding,has

effectivelyeliminatedmicroleakageattheenamel-

restorationinterfacell)andhasbeenfoundto

effectivelyinhibitmicroleakageatthedentinand

cementum marginsofcavities.12)San°etal.ユ3･15)have

describedanotherpatternofleakagebyobservingthe

penetrationofsilvernitratealonggap-freemargins

withseveraldentinadhesivesystemsusingSEM and

でEM.Theydescribedleakagepatternsoccurring

withinthemanometer-sizedspacesaroundthecollagen

fibrilsofthehybridlayer,andtermedthem

nanoleakages.Realizingthepresenceofsuchgaps,an

appropriateadhesivesystemappliedusingan efBcient

bondingtechniqueisimportantinthepreventionof

suchmicroleakagesandnanoleakages.

Thechoiceofanappropriateadhesivesystem

togetherwiththebondingtechniquehasalwaysbeen

animportantconcernfわrclinicaldentistry.Anumber

ofadhesivesystemsarecurrentlyavailable.Manyof

thesecurrentgenerationdentinadhesivesystems

involvetheremovalofthesmearlayerl抑 tofacilitate

theinfiltrationofhydrophilicresinintoacid-

conditioneddentin.Forinstance,theuseofthetota一

etchtechniquetoenamelanddentinsurfaces18J

removes the inorganic mineralized material

surroundingthecollagen丘brilsindentintoadepthof

approximately8-10〟m.19-However,recentlystudies

haveshownthat32% phosphoricacid(All-Bond2

Biscocorp)andlO%maleicacid(ScotchbondMulti-

purposeplus,3M)inthepresenceofexcesswaterwill

leadtolowerresinbondingstrengthvalues.劫j

Resinadhesives,alongwithglass-ionomercementor

amalgam,arewidelyusedasrestorativematerialsin

dentistry.Comparativelyhighbondstrengthsofresin

toenamelandtodentinhavebeenachievedinshorト

term invitroexperiments;however,unfavorable

resultssuchasmarginaldiscoloration,secondary

caries,andlossofmaterialhavebeenreportedinlong-

term clinicaluse.21'Therefore,theproblemregarding

theevaluationofthelongevityofresinrestorations

underinvivoconditionshasbecomeanimportant

researchtopic.22∫

TheuseofEPMAtoobservetherelationship

betweentheadhesivematerialandtheresin-dentin

interfacehasbecomepopular.Acommonobservation

insuchstudiesisthepresenceofathicknitrogen

layerinreglOnSWheretheadhesiveresinmonomeris

notabletoin別tratethedecalci五edlayerontheresin-

dentininterface.Inotherstudiesitwasclarifiedthat

thiswaseasilygeneratedinregionsofleakageonthe

dentinsideofthehybridlayer.23)

Theaim ofthisstudywastouseanWDX-type

(WavelengthDispersiveX-RaySpectrometer)electron

probeX-raymicroanalyzer(EPMA)tocharacterize

ultra-morphologicallytheresin-dentininterface

producedbythetwoadhesivesystems,wheneithera

dryorawetbondingtechniquewasappliedafter

long-termstorageindistilledwater.

MATERfALSANDMETHODS

Forthisexperiment.tworesinbondingsystems

(Table1)andfourtestgroups(Table2)wereused.
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Thatare,materialsusedwerethePhotoBondsystem

(CPB)andtheSingleBondsystem (SB);山rthermore,

twoapplicationtechniqueswereused:thedry-bonding

technique(withair-drying)andtheweトbonding

technique(withblot-drying)fortheeachmaterial.

Twentyfreshlyextractedhumanpremolars

surgicallyremovedfororthodonticreasonswere

storedat4gCinisotonicsalinenolongerthan2

monthspriortotheiruse.Theteethwerecollected

afterpatients■informedconsenthadbeenobtained

underareviewedprotocol.ClassVcavitieswere

preparedonthecervicalareaofenamelanddentin

withanair-turbinehandpieceandrounddiamond

burstoadepthofapproximately2mm. The

specimensweredividedrandomlyintothefourresin-

bondingapplicationgroupsandbondedwithoneof

thebondingtechniques(Table2).Theconditioned

cavitieswereeachrestoredwithcompositeresins

Clear別 Ap-Ⅹ(Kuraray,Osaka,Japan)andZ250(3M,

Minnesota,U.S.A.),andlightcuredfor30secondsby

XL3000(3M,Minnesota,U.S.A.).

Thespecimenswerestoredindistilledwaterat

37℃ for90daysafterthemarginswere五nishedand

polishedwithfinishingdiamondpointandsilicone

point(Shofu,Tokyo,Japan).Theapicalrootportionof

TabJel Materials,Compositions,Manufacturersand
Batchnumbers.

Adhesivesystem Etehant AdhesiveResin Manufacturer

PhotoBondsystem(CPB) 37%Phosphoric MDP.HEMA Kuraray.Osaka

(BaethNo:30tiJ) acid(apply30sceJ Phot(血itialor Japan

(Lighteurc10see.)

SingleBondsystem(SB) 35%Ph()sphorie Bis･GMA.IIEMA 3Mdental

(BaethNo:19970131) acid(apply15see.) L)imetllaerylatt>s Products.Divisiun

Photoinitialor StPaul,MN.USA

(LightCure10see.)

Table2 Adhesiveproceduresallofthetestgroups.

GroupHPhotoBond.byblot-dry)

Group2tPhotl)Bond,byair･dryI

Group3(SingleBond.byblot･dry)

Group4(SingleBond.byair･dry)

Etching:apply30see.waterrinse10see.

blot-drybycottonpelleL

Bonding:withpel一etbrushtwoeonseeutive

geTltlyairthin2･3see.Lightcure10sell.

Etching:apply30see,waterrinseユOsec.

air･drylOseebythreewaysyringe.

Bonding:withpelletbrush.gent一yairthin

213scc.Lightcure10see.

EtchinLt:apply15see,watel･rinse10see.

blot･drybycnttonpellet

Bonding:withpelletbrushtwoconsecutive

gentlyairthin2･3see.LightCure10see.

EtchinLnapply15see.waterrinse10see.

air-dry10seebythreewaysyringe.

Bonding:widlpelletbrush,gentlyair山in

2･3see.Lightcure10see.
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eachspecimenwassealedwithcompositeresin(Ap-Ⅹ),

andtheentiretooth,exceptfortheareaofthebonded

marginand1mm ofthecompositeresin restoration

adjacenttoit,wascoatedwithtwolayersofnail
varnish.

Amodi五edsilverstainingtechnique34'wasusedwith

basic50wt%ammoniasilvernitrate(pH=9.5)toavoid

thepossibilityofartifactdissolutionoftheenamel

apatite.Thesolutionwaspreparedbythedissolution

of25gofsilvernitratecrystalsin25mlofdistilled

water.Concentrated(28%)ammoniumhydroxidewas

usedtotitratetheblacksolutionuntilitbecameclear

astheammonium ionscomplexedthesilverinto

diaminesilver(lAg(NHS)2]+)ions.Thesolutionwas

dilutedto50mlwithdistilledwatertoachievea50-

wt%solution.

Theteethwereplacedinthe50wt%silvernitrate

solutionintotaldarknessfor24hoursandrinsedin

runningwater(tapwater)for5minthereafter,

immersedinphoto-developingsolutionandexposedto

afluorescentlightfor8hoursinordertoreducethe

silverionstometallicsilver25)forthe90-daysamples.

Thesampleswereplacedinrunningwaterfor5min

afterremovalfrom thedevelopingsolution.The

specimenswerelongitudinauysectionedthroughthe

centerofthecavitieswithalowspeeddiamondmicro-

cutter(MicroCutter201,Marumoto,Tokyo,Japan),

makingatotalof10specimensforeachadhesive

conditioninggroup.Allsurfacesofthespecimens

werepolishedwithsiliconecarbidepapersof

decreasingabrasiveness(#600,80Ciand1200瑠rit;

Maruto,Tokyo,Japan)underwatercoolant.A点nal

polishwasperformedwithasoftclothusinganalpha-

aluminapowder(1FLmMarumoto.Tokyo,Japan)with

distilledwater.Thespecimenswereanalyzedfわrthe

elementaldistributionofcalcium(Ca),nitrogen(N)and

silver(Ag)Ontheresin-dentininterfacewiththe

EPMAofWDXtypeaftercriticalpointdryingand

coatingwithcarbonandaluminum.TheEPMAofWDX-

typelWavelengthDispersiveX-raySpectrometerl

electronprobeX-raymicroanalyzerwasusedto

observethemicromorphologicalchangesoftheresin-

dentininte血ce.19･盟)

RES〕LTS

Therelationshipbetweenthedentinsurface

conditioningtechniquesandtheelementaldistribution
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ofCa,NandAgontheresin-dentininterfacesare

summarizedinFigs.114.Theevaluationofspecimehs

forresin-dentininterfacesconsistedoffiveteethin

eachgroup.

Fig.1(Group1)showstheresin-dentinadhesive

interfaceofCPBusingtheblot-dryapplication

technique.Thesilverdepositsoftheresin-dentin

interfacecouldbeclearlynotedintheSEI.The

decalcifiedlayer(Ca-Calcium)ofthespecimenwas

observedashavingawidthof8-10FLm (Ca,arrow),

whiletheNlayer(-Nitrogen)whichisalsoshown

here(wasabout8-10FLm:N,arrow).Additionally,the

mappingpictureofAg(-Silver)showedasilver

stainedband(Ag,arrow)of2-3/Jm inthedentin

surface,notablyarounddentinaltubules.However,

theelectrondensityoftheNandAgareshownmore

thicklyonthedentinsideofthespecimenofthe90-

daycomparingtothe1-dayspecimenl).

Fig.2(Group2)showstheresin-dentinadhesive

interfaceofCPB usingtheair-dryapplication

technique(withadentalunitthree-wayairsyringe).

Thesilverdepositsoftheresin-dentinadhesive

interfacewasabout6-7FLm thick(SEI),theNlayer

Blot-dry

Fig.1 EPMAelementmappingofresin-dentininterface

withphotoBondadhesiue町StemR'ywet-bondingtechnique)
(3000Ⅹ).Silverdepositswerewithintheresin-dentin

interfaceandwerenotedalongthehybridlayer.The

adhesivelayertookupnumeroussilverdepositsonthe

samplethatstoredinwater90-day(SEI:secondaryelectron

image,Ca:Calcium,N:Nitrogen,Ag:silver)

thicknesswasabout8FLm (N,arrow)andthesilver

stainedband,6-8〟m (Ag,arrow). Silverdeposits

wereclearlyshown(SEI)intheresin-dentininterface.

Fig.3(Group3)showstheresin-dentininterfaceof

SBbyusingtheblot-dryingtechnique.Thesilver

depositsintheresin-dentininterfaceshoweda

thicknessof2-3FLm(±)ontheSEI;theNlayerhasa

thicknessofabout3-5FLm (N,arrow)andtheAg

(Silver)showedasilverstainedbandof3-4pm

thickness(Ag,arrow)･.Thethicknessofthesilver

depositslayerswascomparabletoGroup1samples.

Fig.4(Group4)showedtheresin-dentinadhesive

interfaceofSBusingtheair-dryingtechniquethrough

adentalunitthree-wayairsyringe.Agdepositsofthe

resin-dentininterfaceshowedathicknessof7110FLmin

theSETwhiletheNlayerexhibitedathicknessof

about10-12JJm (N,arrow).TheAg(Silver)showed

silverdeposits(Ag,arrow)thatinfiltrateddeeplyinto

thedentinaltubules.Thelayer(Ag)formingthesame

Nlayercorrespondstothedecalcifiedlayer.Mostof

Group4samplesshowsilverdepositsresemblingCPB

sampleusedwithair-dryapplicationtechnique.

Air-dry

Fig.2 EPMAelementmapplngOfresin-dentininterface

withPhotoBondadhesiue町Stema)ydry-bondingtechnique)

(3000Ⅹ).Silverdepositswerewithintheresin-dentin

interfaceandwerenotedalongthehybridlayer.The

adhesivelayertookupnumeroussilverdepositsonthe

samplethatstoredinwater90-day(SEI:secondaryelectron

image,Ca:Calcium,N:Nitrogen,Ag:silver)
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Blot-dry

Fig.3 EPMAelementmappingofresin-dentininterface

withSingleBondadhesiue町Stem伽′wet-bondingtechnique)

(3000Ⅹ).Silverdepositswerewithintheresin-dentin

interfacewerenotedalongthehybridlayer.Theadhesive

layertookupnumeroussilverdepositsonthesamplethat

storedinwater90-day(SEI:secondaryelectronimage,Ca:

Calcium,N:Nitrogen,Ag:silver)

DISCUSSl0N

Inthepresentstudy,therewerelargedifferences

betweenspecimenPofshort-terml)andlong-term

storageindistilledwater.Therewerealsonotable

differencesbetweenspecimensoftheair-dryingand

blot-dryingapplicationtechniquesasobservedwith

EPMA.UsinghighermagnificationsofSEI(3000×)

andtheEPMAoftheelementalanalyzer,thesilver

elementin thisstudywasobservedtohave

penetratedfurtherintothehybridlayerthancouldbe

detectedatlowmagnifications.(EPMAwasnotonly

usefulforelementalanalysis;italsoallowedasecond

electronphotographtobetaken).

Marginalleakagemayhavebeennotcaused,ifthe

adhesiveresinmonomerin丘ltratedtodeeperlayersof

thedecalcifieddentinsurface.However,therelative

thicknessofthedecalcifieddentinthatmeasured

approximately10-15FLm,andthethicklydecalcified

layerdisturbedtheefficientdiffusionfortheadhesive

resinmonomer.Additionally,thisledtotheformation

ofminutegapsonthedentinsideofthedecalcified

layerresultinginsubsequentleakageintheresin-

Air-dry
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Fig.4 EPMAelementmappingofresin-dentininterface

withSingleBondadhesivesystem伽 dTy-bondingtechnique)

(3000Ⅹ).Silverdepositswerewithintheresin-dentin

interfaceandwerenotedalongthehybridlayer.The

adhesivelayer,tookupnumeroussilverdepositsonthe

samplethatstoredinwater90-day(SEI:secondaryelectron

image,Ca:Calcium,N:Nitrogen,Ag:silver)

dentininterface,theso-callednanoleakage14-15)

Afterwards,withthedecompositionoftheexposed

collagenfiberlayer,largergapsareformedand

subsequentleakageontheresin-dentininterfaceofthe

dentinside,theso-calledmicroleakage. This

manometer-sized space causes nanoleakage

immediatelyfollowingtheplacementofrestorations,

whilethemicrometer-sizedspacecausesmicroleakage

followinglong-term observationofrestoredteeth.

Bothwereobservedonthedentinsideoftheresin-

dentininterface.Thenanoleakageseemstoresultin

microleakage.

Somedifferenceswerealsoseenintheresin-dentin

interfacebondedunderdrybondingversusweL

bondingtechniquesusedEPMAanalysis,Theresin-

dentininterfaceshowedan8-10pmthickcollagen-rich

layer(nitrogenlayer)inthewetbondingsample(Fig.

1,N),andsilverdepositswidthrangedfrom 213FLm

(Fig.1,Ag).Moreover,thesilverdepositswere

fragments. Thisindicatesthatadhesiveresin

monomerdiffusedtodeeperpartsofthedecalcified

layer.And,inthedry-bondingtechniquesamples,the

resin-dentininterfaceshowedacollagen-richlayer

measuring617FLm(Fig.2,N);silverdepositsmeasured
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approximately6JJm(Fig.2,Ag).Itwasalsoobserved

thatthesilverdepositsshowedabiggerlump(Fig.2,

SE‥).Thisindicatesthat1)thetoppartofcollagen

fiberlayeronthedecalcifieddentinmayhave

couapsedafterbeingair-dried,because,thediffusionof

theadhesiveresinmonomerwereobstructedbythe

collapsedcollagenlayer,and2)theexposedcollagen

layerunderwentdecompositionafterlongterm

placementofarestoration,andthegapgrows.inthe

resin-dentininterfaceofthedry-bondingtechnique

samples.

ThesamephenomenonwasobservedinSBsamples

forbothdryandwet-bondingtechniques.Silver

depositsrangedfrom3-4FLm (Fig.3,Ag)anditwas

foundscatteredontheresin-dentininterface(Fig.3,

SEI)inSBsamplesthatusedtheweトbonding

technique.Incontrast,thesilverdepositsinthose

samplesthatutilizedthedry-bondingtechnique

measuredabout10〟m(Fig.4,AgandSEI);theyalso

exhibitedahigherdensity(Ag).Thisindicatesthat

theadhesiveresinmonomernearlyfailedtoin丘itrate

intothedecalci丑edlayer.Thismaybeattributedto

theexposureandsubsequentcollapsedofthe

super丘cialpartofthedecalci五edlayerafterthetooth

wasconditionedwithetchantandair-drying.This

madeitdifficultfortheadhesiveresinmonomerto

diffuseintothethickdecalcifiedlayer.Thus,the

collagenlayerthatsupportstheadhesiveresinlayer

undergoesdessicationovertime,resultingintogap

formationandeventualmicroleakagewerecaused.

Pashley&others(1993)26)examinedtheeffectof

phosphoricacidondentinandreportedthata

collagen-rich layerdeveloped asa resultof

demineralization,whichcould主nterferewithadhesive

agentpenetration.Dehydrationoftheacid-conditioned

dentinsurfacethroughair-dryingisthoughttoinduce

surfacetensionstress,Causingtheexposedcollagen

networktocollapse,Shrinkandbrmacompactlayer

thatisimpenetrabletoresinmonomer.19･231

Thewet･bondingtechniquecanpromoteefficient

diffusionofresinmonomersintothedecalci丘edmatrix

onlyifexcesswateronthedentinsurfaceis

eliminatedwithdrycottona洗eretching,water-rinsing,

andthenreplacedbymonomersduringsubsequent

primingsteps.Inthecurrentlyavailableadhesive

systems,hydrophilicprimermonomersaredissolved

involatilesolvents,suchasacetoneandethanol;these

aidinthedisplacementoftheremainingwateraswell

aspermitting thepolymerizablehydrophillic

monomersintoopendentinaltubulesandthrough the

nano-spacesofthecollagenweb.27'

Theimportanceofahybridlayerforresin-dentin

adhesioniswellrecognizedamongresearchers.The

hybridlayerisfわrmedbymonomerimpregnationinto

exposedcollagen飢rilsofdecalci五eddentinsurfaces

followingacidtreatmentofthedentin.温･% flowever,a

resin女eedecalciBedden血 zoneexistsatthebaseofthe

hybridlayer,duetoincompleteresinin五ltradorL30･31'Thus

collagen丘brilnetworksofresin-freezoneshavebeen

thecauseofnanoleakageormicroleakageonresin-

dentininte血ces.

Previously,acompleteair-dryingbondingtechnique

forappliedcavitywallswasgenerallyusedafteracid

etchingandtapwaterrinsing(byathree-waysyringe)

oncompositeresinrestorations.Atthattime,itwas

thoughtthattheadhesivemonomerscouldnotdiffuse

intowetdentinlayer. However,theadhesive

monomersdiffusionintotheair-dried,collapsed

collagenlayer.maybeneedalongertime;however,

giventheapplicationtimeofonly2-3seconds,itwas

notpossibleforadhesivemonomerstoeffectively

diffuseintothedecalcifiedlayer.Incontrast,when

usingblot-dryingafteretching,thepresenceofsome

waterinthedecalcifiedlayerrendersthedentin

surfacemoistened/wetthuskeepingthecollagen

丘brilsseparated,asuitableconditionofhydrophilesfor

adhesivemonomerdi乱sion19).

Inthepresentstudy,silverdepositswerefoundto

beintensewithinthehybridlayer;silverparticles

werenotedalongthetubulewalls.Thesilver

particleswereconcentratedmainlyinthehybridlayer

ofthedentinsidecomparedtotheadhesiveresinside,

becausethedentinsideofthehybridlayerislocated

fartherawayfromthetopofthedecalci五edlayeras

wellastheadhesiveresinlayer.Thesilverlayerwas

thickeronthelong-termspecimens(comparedtothe

1-dayspecimen)1'.Thenitrateofsilverstaining

methodisoftenusedbecauseitpermitsthe

microleakagepathwaytobestudiedbysecondary

electronandbackscatteredscanning electron

microscopy.3L'-33}Silverstainingmethodprovidesa

muchsharperphotographofthepenetrationalong

tooth,restorationmarginscomparedwithothers

stainingtechniques.34' However,microleakage

assessmentsareusuallyperformedusingalowpower

opticalmicroscopeprovidingonlygrossinformation,
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suchasthedepthofpenetration.35'

Withregardtotheresultofthecomparisonofthe

wetvs.drybondingtechnique,itwasnotedthatthe

uptakeofthesilverelementincreasedintheresin-

dentininterfaceofthedry-bondingtechnique

specimens(Fig.2and4)comparedtothespecimensof

thewet-bondingtechnique(Fig.1and3).Inspecimens

treatedwiththewet-bondingtechnique,waterthat

wasrequiredforoptimaladhesiveresininter-diffusion

andhighershearbondstrengthgenerationwas

availabletomaintainopentheinter一五brillarspaces.36)

Inthespecimensofthedry-bondingtechniqtle,the

presenceofacollapsedthickdecalci五edcollagen五bril

layer,i.e.acollagensmearlayer,interferedwithresin

infiltration.Thislimitstheadhesiveresininfiltration

tothesurfaceofthedecalcifiedlayer(Fig.2and軋

Withtheweトbondingtechnique,theexpanded

collagenfibrilnetwork37'allowedfordeeperadhesive

resinin五1trationintothedecalcifiedlayer.However,

evenwhenusingtheweトbondingtechnique,a

nitrogenrichlayerwasdetectedbyEPMAinthe

resin-dentininterface(Fig.1,3).

Thewetordryconditionofthedentinsurfacewas

significantforadhesionofrestorationssuchas

compositeresin.Thishasanextremelyimportant

in且uenceontheprognosisoftherestorationofteeth.

Theresultsofthisstudyindicatethatavarietyof

factorsaffecttheperformanceofdentinadhesive

systemsandapplicationtechniquesforadhesive.

Naturally,thepassageoftimeafterrestorationalso

producesanimportantinfluenceontheresin-dentin

interface.

Presumably,ifthisinvitrodemonstrationoccurred

invivo,itwouldcausemarginalnanoleakagethat

couldprogresstomicroleakagewithintheadhesive

resinmonomeruninfiltratedcollagenlayer.The

adhesiveresinmonomerinfiltrateintotheexpanded

decalcifiedlayerwouldpreventoccurrenceof

nanoleakageormicroleakage.38-39)Thewet-bonding

techniqueseemstobemoreusefulfortheprevention

ofthenanoleakageandmicroleakage.

CONCLUSION

Thepresentfindingsindicatethatmoistdentin

surfacesarerequiredfortheoptimuminfiltrationof

adhesiveresinintothedecalcifiedlayerwhenthe

dentinconditionerusedisanacidictype,suchas
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phosphoricacid.Adhesiveresinmonomersshould

havegoodfluidity,goodpermeabilityandgood

hydrophilicpropertiesforthistobeachieved. Ⅰn

addition,marginalleakageofthecompositeresin

restorationwasincreaseafterlong一七ermstorageas

observedinalltestspecimens.
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