
NiigataDent.∫.33(1):4 9-55, 2003

一〇RJGINALARTlCLE-
StudyonMicrostructureofAdhesivelnterface

a批erCariesRemovalbyEr:YAGlaser

YoshimiSHIGETANIl,yasuakiTATEl,AkiraOKAMOTO 1,■
NeamatABU-BAKR2,MasaakiIWAKUlandKohichiKOTAl

lDivisionofCariology,DepartTnentOfOralHealthScience,

CouT･SeforOralLifeScience,

NiigataUniversityGraduateSc7WolofMedicalandDentalSciences.

2DepartmentofConseruatiueDentist7T,

Facu的′ofDeniistTγ,UniveT･SityofKhartoum.

Received5.1,2003/Accepted5.1,2003

Keywords:Er:TAGlaser,Adhesiveinterface,Cavitypreparation

Abstract:Thepurposeofthisstudywastoevaluatemicrostructureofadhesiveinterfaceafterremovalcariesby

Er:YAGlaser.ObservationofthemicromorophologyofadhesiveinterfacewasperformedbyLaserScanning

Microscope(LSM),ScanningElectronMicroscope(SEM)andWDXtypeofelectronprobeX-raymicroanalyzer

(EPMA).

Theresultswereasfollows:

1.LSMimagesontheenamelanddentincuttingsurfacesfilledbycompositeresinsystem

ThesurfaceoftheenamelcutbytheEr:YAGlasersystemwasshowingacrack.Whilesurfacecutbyanair･

turbinehandpiecewasnotshowingacrack.Thedentinalsurfacebylaserirradiationandcutbyanair-turbine

handpiecedidnotshowacrack.

2.EPMAAnalysisontheenamelordentininterfacefilledbycompositeresinsystem

lnSEM image,thecavitypreparedbythelaserhadcrackintheenamel.Whilethecavitypreparedbyturbine

hadhardlyanycracks.WhenobservedunderanSEM,peripheralirregularitiesweremoremarkedinthelaser

cutgroupthanintheturbinecutgroup.Thecavitypreparedbythelaserandturbineshowednocracksinthe

dentin.EPMAimagesshowedthatthedecreaseofcalcium andphosphorusontheenamelanddentinarea

irradiatedbyEr:YAGlaserweremoreremarkablethanthatonsurfacespreparedbyair-turbinehandpiece.

Theresultsofthepresentinvestigationsuggestedthatthesubsurfacelayersoftheenamelanddentinarea

irradiatedbyEr:TAGlaserweremechanicallyweakenedduetotheformationofstructuraldefectsand

denaturedlayer,leadingtoconsiderablyloweradhesivepropertiesofresinbondingsystems.

抄録 :本研究では,レーザー照射歯面におけるコンポジットレジンの接着機構を明らかにすることを目的として,

Er:YAGレーザーによるう触除去後の接着界面の検討を行った｡凝着界面の観察は,走査型共焦点レーザー顕微鏡

(LSM)およびⅩ線マイクロアナライザー (EPMA)を用いて行われた｡

1.コンポジットレジン充填後の歯質切削面のLSMによる観察

エナメル質において,Er:YAGレーザーによる形成商洞には,クラックが認められたが,タービンを用いた場合に

は,クラックは認められなかった｡象牙質では,Er:YAGレーザーおよびタービンを用いた形成席洞とも,クラッ

クは認められなかった｡

2.コンポジットレジン充填後の接着界面のⅩ線マイクロアナライザーによる観察

SEM像において,Er:YAGレーザーによるエナメル質形成蘭洞には,クラックが認められたが,タービンを用いた

場合には,クラックは認められなかったO形成碗洞の辺縁は,タービンを用いたものより,レーザーを用いた方が,

明らかに不規則であった｡象牙質では,Er:YAGレーザーおよびタービンを用いた形成蘭洞においては,共に,ク
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ラックは認められなかったQEPMA像において,エナメル質および象牙質とも,タービンを用いた形成寓洞よりレー

ザーを用いた方が,CaとPの濃度の低下を認めたO

以上の結果から,Er:YAGレーザー照射により,エナメル質および象牙質表層に,コンポジットレジンの接着性

を阻害する構造の欠陥や変性層が生ずることが示唆された｡

INTRODUCTlON

Themainproblem withtheconventionalcaries

treatmentprocedurewastheirritationofthepatient

bythesoundandvibrationcausedbytherotary

cuttingdevice.Therewerealsopossibilitiesoffriction

heatandcracksduringcuttingbytherotarycutting

device.Inrecentstudies,ithasbeensuggestedthat

theapplicationoflaserswouldsolvethisproblem,

resultinglnamorecomfortabletreatmentprocedure

forthepatientl).

In1975,Zharikovetal.2) developedtheEr:YAG

laserasanewtechnicalmodalityforcariestreatment.

TheEr:TAGlaserisconsideredtobelessinvasive

tosurroundingtissuebecausewavelengthsselectively

absorbedbywaterintissueareused,andtissue

destructionoccursbytheexplosivepoweratthetime

ofinstantaneouswatervaporization.Furthermore,

applyingthelaserwhilesprayingwaterreducedthe

damagecausedtonon-targetedtissueduetoheating,

andimprovedthecuttingefBciency.In1988,Hibstet

a1.3)indicatedthattheirradiationoftheEr:YAG

lasercouldperform withoutcausingcracksonthe

irradiationsurface.Sincethen,anumberofstudies

haveもeenconductedontheEr:TAGlaser.Clinical

trialsoftheEr:YAGlaserforcariestreatmenthave

graduallyincreased.Atpresent,thislaserisused

clinicallynotonlyforthetreatmentofdentalcaries,

butalsoforperiodontics,endodonticsandinother

dentaldisciplines4･10)

WhentheEr:TAGlaserisusedtorepairhard

tissueaだectedbycariesorotherdisorders,restorative

materialssuchascompositeresinseemtobesuitable

onthegroundsthatthesurfaceafterlaserirradiation

isinevitablyrough.ThesurfacethatEr:TAGlaser

wasirradiatedhasfeaturesfavorableforadhesion,e.g.,

theabsenceofsmearsandthepresenceofadentinal

tubuleorificell･14).Thesurfaceirregularitiescreated

bythelaserdonotleadtoanincreaseinthebonding

areaortheformationofsmear.Th包sefeaturesare

expected.tofavorablyaffectrepairwithcomposite

resin,andcontributetoimprovingthebonding

.･与

strengthandborderseal.Anumberofstudieshave

examinedthestrengthofthebondingofcomposite

resintoenamelanddentinlaserirradiated15･17)

Therefore,Studyingchangesinthecompositionof

toothtissuefollowingapplicationoftheEr:TAGlaser

isusefulindevelopingoptimaltechniquesof

restorationfollowingcavitypreparationbythislaser.

Thepurposeofthisstudywastoevaluate

microstructureofadhesiveinterfaceafterremoval

cariesbyEr:YAGlaser.Observationofthe

micromorophology ofadhesive interface was

performedbyLaserScanningMicroscope (LSM),

ScanningElectronMicroscope (SEM) andWDX

type ofelectron probe X-ray microanalyzer

(EPMA).

MATERIALSANDMETHODS

Apparatuses

lnthisstudy,theusedlaserapparatuswastheEr:

YAGlasersystem (Erwin;HoyaCorp..Tokyo,Japan,

andJ.MoritaCorp.,Kyoto,Japan.).Thecarieswas

removedbylaserirradiation,usinga0.6mmdiameter

tip(FTBl80)anda0.4mmdiametertip(FTB-60),and

sprayingamixtureofairandwater.Ontheother

hand,asacontrolthecarieswasremovedbyrotary

cuttingdevice.Theusedburswereround-わurs.

Cuttingwasperformedunderhigh-speedwater

infusion.CuttingconditionsareshowninTable1.

Dentaladhesivesystemsandcompositeresinsas

restorationmaterialswereused.Materialsusedare

showninTable2.Bytheroutinemethod,pretreatment

usingMega-bondsystem (Kuraraymedicalinc.,

Okayama,Japan.)wasperformed,followedby

restorationusingClearfilAp-X (Kuraraymedicalinc.,

Okayama,Japan.).

Thefollowinginvestigationswereconducted:

Inthisstudy,newlyextractedcariousteeththatwere

diagnosedasunpreservablewereused.Theteethhad

cariesthatextendingtothedentin.Thecariesareaof

theexaminedteethwasdyedwiththeacidred

(CARⅢSDETECTOR;Kuraraymedicalin°.,Okayama,

Japan.).Thecariousteethwererepeatedlydyedtill
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Table1 Cuttingconditionscariesremoval

rotarycuttingdevice

rotarycullingdeviceused bursused

air-turbinehandpjece carbidebur,round,

lSOOIO(0･lmmb),018(0118mmc5)

micro-motorhandpiece slcelbur,round,

]SOOO6(0.06mmi),010(011mmめ),012(0･12mmi)

014(0･14mmb),016(0･16mm95),018(0･18mmめ)
Er:YAGlaser

outputenergy enamel200mJ/pulse

denlinl00 mJ/pu】se

repetitionrate 10pps

volumeofwater 5.0ml/1min

contacttlP FTB-P60(04bx5.0mm),FTBl80(0.6め×5.0mm)

Table2 FillingmterialS

adhesivesystem Batchno. Manufacture

Mega-bondsystem 011192 Kuraraymedicalinc･,Okayam a,Japan

Compositeresin Batchno. Manufacturer

ClearfllAp-X OO436A KuraraymedicaHnc･,Okayama,Japan

theywerenotdyed.Thecavitieswereprepared

usingEr:YAGlaserortherotarycuttingdevice.

Preparedcavitieswerefilledbycompositeresin

system.Sampleswerewashedbynormalsalineafter

themarginswerefinishedwithafinediamondbur.

Thespecimenswerecross-sectionedlongitudinally

throughthecenterofthecavitieswithalowspeed

diamondmicro-cutter(Microcutter201,Maruto,

Tokyo,Japan).Themicro-structuresofcavities丘lled

compositeresinwereobservedusingLSM (OLSllOO;

OLYMPUSOPTICALCorp.,Tokyo,Japan)from the

lateralsideaftersectionlngthespecimens.Andan

ElectronProbeMicroanalyzer(WAXtype,EPMA

8705,Shimadzu,Kyoto,Japan)wasusedtoproduce

theSEM image.Specimenswerealsoviewedwith

EPMAforelementaldistributionofCaandPonthe

enamelordentininterface.

RESULTS

(1)ObservationofMicrostructureontheirradiated

surfacebylaserscanningmicroscope(LSM)

Fig.1showsthereferencespecimensofLSM

imagesontheenamelanddentincuttingsurfaces

afterremovalcaries.Theenamelcuttingsurfacesby

laserandanair-turbinehandpiecedidnotshowa

crack.Also,thedentinalcuttingsurfacesbylaserand

anair-turbinehandpiecedidnotshowacrack.Fig.2

showsthereferencespecimensofLSMimagesonthe

enamelanddentincuttingsurfacesfilledbycomposite

resinsystem.Thesurfaceoftheenamelcutbythe

Er:YAGlasersystem wasshowingabigcrack.

While,thesurfacecutbyanair-turbinehandpiece

51

Fig.l LSMimagesoftheenamelanddentincutting
surface.

a:theenamelcuttingsurfacebyEr:YAGlaser
b:thedentincuttingsurfacebyEr:YAGlaser
c:theenamelcuttingsurfacebyair-turbine
d:thedentincuttingsurfacebyair-turbine

Fig.2 LSMimagesoftheenamelanddentincutting
surfacesfilledbycompositeresinsystem.

a:theenamelcuttingsurfacebyEr:TAGlaser
b:thedentincuttingsurfacebyEr:YAGlaser
c:theenamelcuttingsurfacebyair-turbine
d:thedentincuttingsurfacebyair-turbine

wasnotacrack.Thedentinalcuttingsurfacebylaser

irradiationandthesurfacecutbyanair-turbinehand

pleCedidnotshowacrack.

(2)WDXAnalysisontheenamelordentininterface

filledbycompositeresinsystem

Fig.3showsrepresentationsoftheSEM andthe

EPMAimagesoftheenamelafterresinfilling.In

SEM image,thecavitypreparedbythelaserhad

crack.Whilethecavitypreparedbyturbinehad

hardlyanycracks.WhenobservedunderanSEM,

peripheralirregularitiesweremoremarkedinthe

lasercutgroupthanintheturbinecutgroup.
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Fig.3 SEMandWDXimagesoftheenamelafterresinfilling.
a-1:SEMimageofcavitypreparationbyEr:YAGlaser
a-2:Calciumcharacteristicdensity
a-3:phosphoruscharacteristicdensity
b-1:SEMimageofcavitypreparationbyair-turbine
b-2:Calciumcharacteristicdensity
b-3:phosphoruscharacteristicdensity

DecalciBedlayers,i.e.layerswithreducedcalciumand

phosphoruslevels,wereseeninthelasercutgroup.

Fig.4showsrepresentationsoftheSEM andEMPA

imagesofthedentinafterresin五lling.InSEMimage,

thecavitypreparedbythelaserandturbineshowed

nocracks.Thelasercutsurfacehadmoreminute

crackscomparedtotheturbinecutsurface.When

observedunderanSEM,thelasercutsurfacewas

poorlydemarcatedandhadmoreminutecracks

comparedtotheturbinecutsurface.Decalcified

layerswereseeninthelasercutgroup.

DISCUSSJON

Previousinvestigationshowedthemorphological

changesthatoccurinthehardtissueafterthe

applicationofEr:YAGlaserbyLSM14).Thesurface

oftheenamelpreparedbytheEr:YAGlasersystem

wasrough,showingmicro-cracks,andthatprepared

byanair-turbinehandpiecewasflat,showingcutting

scars.Thedentinalsurfacepreparedbylaser

irradiationshowedaroughsurfacesimilartoscales,

andexposeddentinaltubuleswereobserved.

二二二二二二二二二

10pm

RegardingthemorphologicalchangesbyEr:YAG

laserirradiation,Takanoll)observedsectionsofthe

cavityirradiatedbyEr:YAGlaserusingSEM,and

reportedthatcracksrunnlngparallelalongthecavity

wallwerefrequentlyobservedinsubsurfaceareasof

enamelspecimens.Toyamaeta1.18)confirmedthatthe

occurrenceofcracksbyEr:YAGlaserirradiation

wasobservedduetopenetrationofthebondingagent

whichwasobservedundertheirradiationarea.Aoki

eta1.12)Observedthecervicalenamelandrootdentin

aftertheremovalofrootsurfacecariesbyEr:YAG

laserirradiation,andreportedthatsomethickcracks

andanumberofminutecrackswereseeninthe

peripheryoftheenamel.However,theycouldnot

determinewhetherthemicrocracksdevelopedduring

laserirradiation.Inthepresentinvestigation,acrack

wasseenonthelaser-appliedsurfaceoftheenamel

aftercompositeresinfilling.Itislikelythatcracks

appearedasaresultoftissuedestructionthat

occurredwhenthetissuecouldnotresistthe

shrinkageofcompositeresinduetothepresenceof

laser-induceddegenerationofthetissueconstituting

thecavitywall.Thesecracksmayaだecttheoutcome
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Fig.4 SEMandWDXimagesofthedentinafterresinfilling.
a-1:SEMimageofcavitypreparationbyEr:YAGlaser
a-2:Calciumcharacteristicdensity
a-3:phosphoruscharacteristicdensity
b-1:SEMimageofcavitypreparationbyair-turbine
b-2:Calciumcharacteristicdensity
b-3:phosphoruscharacteristicdensity

ofcompositeresinrestorationfollowinglasercavity

preparation.Previousinvestlgationshowedthere

werenosignificantdifferencesbetweentheEr:YAG

laserandtheair-turbinehandpieceinthemarginal

sealingoftheenamelordentin19).However,thedata

wasdispersiveattheenamelcavitymarginafterlaser

irradiation.Thisresultcouldbeduetounclearnessof

thecavltymarglnaftercavitypreparationbyalaser

systemaloneandunfitnessofthemarginalareaafter

thecavltyfilling.Inaddition,theoccurrenceofmicroI

cracksafterlaserirradiationmayaffectmarginal

leakagen23).TheEr:YAGlasersystemuseswavelengths

thatareselectivelyabsorbedbymoistureintissue.It

cutsthetoothbytheexplosiveforcecreatedwhen

waterevaporatesinstantaneously.Forthisreason,the

differenceinwatercontentsandstructurebetween

enamelanddentincancausedifferencesinthecut

plane,possiblyleadingtotheformationofcracks.To

preventcracks,itseemsadvisabletousepretreated

materialswithhightoothpermeability,toapplythe

laseratlowpowerlevelsattheendoflasercavity

preparationforthepurposeofremovingdenatured

layers,andtoperformroundbeveling.

｣二

10pm
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Takanoeta1.ll)measuredchangesincalcium and

phosphoruslevelsinthelO130FLm areaShowing

cracks,uslngEPMA.Intheiranalysis,thedecreasein

calciumandphosphoruslevelswaslessmarkedinthe

enamelthan in the dentin. In thepresent

investigation,theenamelshowedsharpchangesin

bothcalciumandphosphoruslevelsfollowingexposure

tothelaseratapowerlevelof200mJ/pps.The

dentin,ontheotherhand,Showednosharpchangein

calcium orphosphoruslevelasthelaserpowerwas

changed.Asthelaserpowerwasincreased,the

numberofcracksformedintheenamelincreased,

whilehardlyanycrackswereformedinthedentin.

Wepreviouslyconductedamorphologicalstudyusing

anLSM ofteethfollowinglaserapplicationand

determined the optimalconditions of laser

application14).Inthatstudy,theoptimallaserpower

wasestimatedas200mJ/ppsfortheenameland100

mJ/ppsforthedentinwhenthecuttingefficiencyand

effectsonthepulpduringcavitypreparationwere

takenintoconsideration.EPMAimageshowscalcium

andphosphorusconcentrationontheenameland

dentinareairradiatedbyEr:YAGlaserwerelower
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thanthatcutbyair･turbinehandpiece.Thepresent

studysuggestedthepresenceofadegenerativelayer

afterlaserirradiation.Itisparticularlysuggestedthat

resincomponentspermeatedintodegenerateddentin

butdidnotreachnormaldentin,andthedentincould

notresistthepolymerizationcontractionofthe

compositeresinorloadingtestsandwasdestroyed,

whichdecreasedmarginalsealing.

Conclusions

Theresultsofthepresentinvestigationsuggested

thatthesubsurfacelayersoftheenamelanddentin

areairradiatedbyEr:YAGlaserweremechanically

weakenedduetothefわrmationofstructuraldefects

anddenaturedlayer,leadingtoconsiderablylower

adhesivepropertiesofresinbondingsystems.

Inordertoperform effectivecariesremovaland

cavitypreparationusingEr:YAGlaser,further

studiesarerequiredontheconditioningofthe

irradiatedsur血｡eforadhesiverestoration.Especially,

structuralchangesand丘nishingofthemarginonthe

irradiatedcavityshouldbeinvestigatedmore

minutely.
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