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Subsurfacemorphologyofsmearlayeroncutdentin
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Abstract:Thepurposeofthisstudywastoknowthee鮎ctsoftoothcuttingondentincollagen.Theintact

humanteethwerecutwithhigh-SpeeddiamondbursanddigestedbytheHCl-Collagenasemethod,andexamined

underthescanningelectronmicroscope･Moreover,morphologicalchangesofcollageninthesuperficiallayerof

cavity且oordentinwereexaminedunderthetransmissionelectronmicroscope.Theseexaminationsindicatedthe

presenceofalayercontainingdenaturedcollagenunderneaththesmearlayer.

抄録 :本研究の目的は歯牙切削が象牙質コラーゲンに及ぼす影響を知ることであるO健全歯を高速切削下ダイヤモ

ンドバーで切削し,塩酸コラゲナーゼ法にて歯牙を消化したのちに走査型電子顕微鏡で観察 したoさらに富底象牙質

表層部の象牙質コラーゲンの形態的変化を通過型電子顧徴鏡で観察した｡その結果,スメア層直下に変性したコラー

ゲンを含む一層が存在することが明らかとなった｡

Introduction

High-speedtoothcuttinglnrestorativetreatments

hasbecomemuchmorebiologicallytolerableaswell

asacceptablewithregardtothetimeandcost

effectiveness.Incidentally,theuseofthesharp-edged

bur,feathertouch,andsu瑞cientwatercoolingare

indispensabletoavoidthebiologicaldamageforthe

tooth.However,thecoolante仔ectatthecontactsite

withcuttingbursontoothsubstanceshasbeen

evaluatedbyexamlnlngtheresponsesofdentalpulp

distantfromthecutsurface.Theultrastructuralcon-

cernswiththedirecteffectsoftoothcuttingonthe

dentinhavebeenveryscarce.

Thecutdebrislayerformedonthecavitywall

duringcavitypreparationwithcuttinginstrumentsis

calledthesmearlayer.SinceBoydeetal.1)andEicket

al.2)demonstratedthislayerbyscanningelectron

microscopy,whetheritshouldberemovedornothas

beencontroversialinthe丘eldofrestorativedentistry

concerningthepulpirritationanddentinadhesionof

theresin3)叫 .Iwaku7)andYamadaetal.8)digestedthe
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superficiallayerofcavityfloordentinwithHC1-

collagenasebythemethodofGunjietal.9)anddis-

closedalayerresistanttoHCl-collagenaseunderthe

smearlayer.

TIlepurposesOfthisstudyweretoexaminethe

relationshipbetweenthislayerresistanttoHCト

collagenasedigestionandthesmearlayerbyscanning

electronmicroscopy(SEM)andtoevaluatetheeffects

oftoothcuttingontheultrastructureofthedentin

collagenbytransmissionelectronmicroscopy(でEM).

北ater主alsandmethods

HCl･collagenasedigestionmethod

Freshlyextractedintacthumanpremolarswere

horizontallycutacrossthemiddleofcrownusinga

flat-endtapereddiamondbur(#103,Shofu,Japan)

undertherotationspeedof330,000r.p.m.andthe

watercoolantof27ml/min.Thepreparedteethwere

immersedin5%,10%,and20%dimethylsulfoxide

solutionsfor20minuteseach,placedinliquidnitro-

gen,andcryofracturedintotwosegmentswitha

chiselperpendicularlytothecutdentinsurface.The
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cutdentinsurfaceofoneofsegmentswastreatedwith

50%citricacidfor60secondsandcryofracturedagain

asaboveperpendicularlytothetreateddentinsurface.

Eachspecimenwasthen丘Ⅹedinamixtureof2.5%

glutaraldehydeand2% paraformaldehydein0.1M

phosphatebufferfor24hoursandwashedin 0,1M

phosphatebufferfor24hours.Halfofspecimens

treatedwith50% citricacidweresubjectedtoHC1-

collagenasedigestionasfollows.Thespecimenswere

demineralizedwithHCl(60℃,5N)for10minutes,

washedwithdistilledwaterfor10minutes3times,

anddigestedin0.1% collagenase(TypeII,SIGMA,

USA)in0.lM phosphatebuffer(pH6.8)at37oCfor12

hours.

Allthespecimensweredehydratedwithagraded

seriesofacetone,driedinacriticalpointdryer

Fig.1.a:SEM ofthedentinsurfacepreparedwithahigh-speeddiamondbur.a':Theprofileofsmear

layer(SL).DT:Dentinaltubule.b:SEMofthedentinsurfaceafterremovingthesmearlayerwith

50%citricacidfor60sec..b':Theapertureofdentinaltubules(DT)widelyopened.C:SEMofthe

undigestedlayer(UD)developedbyHCl-collagenasedigestionfollowingthesurfacetreatmentwith

50%Citricacid.C':Thehighermagnificationofundigestedlayer(UD).
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(HITACHI,HCP-2,Japan),coatedwithgold(Eiko,

IB3,Japan),andobservedunderascanningelectron

microscope(HITACHI,S-430,Japan).

Inaddition,aclass1cavityreachingthedentinwas

preparedinanintacthumanpremolarusingacylindri-

caldiamondburs(#311,Shofu,Japan)athigh-speed

underwatercoolantbeforeextractionfororthodontic

145

treatment.Afterextraction,thetoothwasvertically

fracturedin twosegments.Thecavityfloorofone

segmentwasobservedunderascannlngelectron

microscopyafterHCl-collagenasedigestionandthe

otherwasobservedwithoutHCトcollagenasediges-

tion.

Fig.2.a:SEMofClass1cavityfloordentinshowingtheprofileofsmearlayer(SL).DT:Dentinaltubule,

CF:Cavityfloor.b:SEMoftheundigestedlayer(UD)developedbyHC1-collagenasedigestion.

･.･▲-v A.I

Fig.3.Transmissionelectronmicrographofthecavity Fig.4.Thesuperficiallayerofcavityfloordentin.

floordentin.CF:Cavity floor,DT:Dentinal Collagen fibrilspartially deformed into the

tubule. Blamentousstructures(betweenarrows).CF:Cav-

ityfloor.
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PreparationofspecimenforTEM

Thesameclass1cavitypreparationasforSEM

observation was carried out in intact human

premolars before extraction.Immediately after

extraction,theteethwerefixedinamixtureof2.50/.

glutaraldehydeand2% paraformaldehydein0.1M

phosphatebuffer(pH7.2)for24hours,demineralized

with5% EDTAfor30days,post丘Xedwith1% os-

mium tetroxidefor2hours,dehydratedthrougha

gradedseriesofethanol,andembeddedinEpon812.

Theultrathinsectionsperpendiculartothecavity

月oorweremade,stainedwithtannicacid,uranyl

acetateandleadcitrate,andobservedunderatrans一

missionelectronmicroscope(HITACHI,HU-llDs,

Japan).

Results

HCl-collagenasedigestion

Fig.Laanda'Showacutdentinsurfaceandits

profile,respectively.Thedentinsurfacewascovered

withthecutdebrislayer,so-calledsmearlayerof1to

Fig.5.Highermagnificationofthefilamentousstructures

inthemostsuperBcialregionofcavityfloor
dentin.

2/Jminthicknessandnoaperturesofdentinaltubules

wereobserved.Thecutdebrislayerwasremovedby

surfacetreatmentwith50%citricacidfor60seconds,

andtheaperturesofdentinaltub山eswerewidely

opened(Fig.1-bandbり.Moreover,HCトcollagenase

digestionaftertheremovalofcutdebrisrevealedan

undigested layer1to 2/Jm in thicknessin the

super丘cialregionofcutdentin(Fig.1-candc').This

undigestedlayerwasalsoobservedinClass1cavity

月oordentinwiththethicknessof1to2pm(Fig.2).

Transmissionelectronmicroscopic丘ndings

Because the dentin specimen was completely

demineralizedbyEDTA,allinorganicsubstancesin-

cludingthesmearlayerdisappearedandthecollagen

networkofdentinmatrixcouldbeobserved(Fig.3).In

amagni丘cationofthesuper丘Cialregion(Fig.4),the

collagenfibrilsbeneaththecavity月.oorweredeformed

into丘1amentousstructures,andsuchadeformed

collagen丘brilswerecoexistedwithnormalcollagen

丘brilsof1to2JLm inthickness(Fig.4,between

arrows).InagreatermagniBcation(Fig.5),thecol-

Fig.6.Dentincollagenfibrilsunaffectedbytoothcutting

(Ademineralizedsection).
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lagenfibrilsinthemostsuper負cialregionwerebroken

upandraveledshowingthedenaturedcollagen丘brils

withoutthecross-bandstructureincomparisonwith

themorphologyofcollagen丘brilsindeeperregions

una庁ectedbycutting(Fig.6).

Discussiom

Thesmearlayerformedonthedentinwallby

cavitypreparationisconsideredtobeito5FLm in

thickness5).Yamadaetal.8)treatedthecavityfloor

dentinbytheHCLcollagenasemethodanddemon-

stratedtheformationofalayerresistanttoHCl-

collagenasedigestionbySEM.Inthisstudy,thesmear

layeronthesurfaceofcavity月.oordentinwas

removedbytreatmentwith50%citricacidinadvance

and an undigested layer resulting from HCl･

collagenasedigestionappearedunderneaththesmear

layerremoved.Itisconsideredthatthisundigested

layercorrespondstothelayerresistanttoHCL

collagenasedigestionreportedbyYamadaetal.8).

TEM alsoshowedthattherewasalayerindicating

thestructuraldamageofcollagen丘brilsunderneath

thesmearlayergeneratedbycavitypreparation.

Bowenetal.10) abradeddentinagainsta320grit

abrasiveclothstrip,demineralizeditwithEDTA,and

observeditunderでEM.Theynotedalayerwhichwas

aboutlJJm inthicknessandlesselectron-stainable

thandeeperlayersontheabradeddentinsurface,and

observedamorphoussubstanceswithoutnormalcol-

lageninthislayer.Eicketal.ll)alsoreportedsimilar

observationsbyでEM.Thethicknessofthislayerwas

similartothatofa layerundigestedby HCト

collagenasetreatment.From these員ndings,itis

certi丘edthatadentinallayercontainingdenatured

collagenpresentsunderneaththesmearlayeronthe

preparedcavity.Thedenaturationofcollagenmaybe

causedbythefrictionheatofrotarycuttingin-

struments12)･13).Currently,variousacidicconditioners

andprimersareusedtoremovethesmearlayeroncut

dentinfortheadhesiverestorations,buttheanxiety

thattheseacidicsolutionsmaydenaturethedentin

collagenissuggested14)･15). However,thepossibility

thatcollagen丘brilunderneaththesmearlayeris

alreadydenaturedbytoothcuttingpriortosuchacid

treatmentsshouldbekeptinmindinfurtherstudies･
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