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Abstract:Thee庁ectsofvariousdentinconditioners,usedtoremovethesmearlayer,Onthecutdentinsurface

ofintactandcarioushumanteethwerestudiedbytransmissionelectronmicroscopy.Ⅰnintactteeth,alayer

showingdestructionofcollagenduetocavitypreparationwasfoundunderneaththesTrlearlayer.Thecollagen

inthislayerwasfurtherdenaturedbythesubsequenttreatmentwithacidssuchasphosphoricacidandcitric

acid.Incariousteeth,collagenshowingmorphologicchangessimilartothoseofintactteethwasfoundinthe

super丘Ciallayerofcavityaoordentinafterremovalofinfecteddentinandtreatmentwithacids.

抄録 :スメア層を除去するために用いられている各種象牙質処理剤が,ヒト健全歯及び顧蝕歯の切削象牙質面に与

える影響を透過塾電子顕徴鏡を用いて観察した｡その結果,健全歯では罵洞形成によりスメア層直下に基質コラーゲ

ソの構造的破壊を示す-層が存在し,この層内のコラーゲンは続 くリン酸やクエン酸等の酸処理により,さらに強く

変性することが明らかとなった｡また顧蝕歯においても,感染象牙質除去後および酸処理後の富底部象牙質表層に健

全歯の場合と同様の形態変化を示すコラーゲンが存在することが明らかとなった｡

Introductiom

Thecutdebrislayerformedonthecavitywallby

cavitypreparationwiththecuttinginstrumentis

called"smearlayer".Theclinicalsigni丘canceofthis

layerwithrespecttopulpirritationanddentinadhe-

sionhasbeendiscussedbyanumberofinvesti-

gatorslト 4).Ⅰnourpreviousstudies,thesmeareddentin

resultingfrom routinetoothcuttingwastreatedby

HCl-collagenasedigestionmethods)･6)andanundigest-

edlayerof1.0-2.0/Jminthicknesswasdemonstrated

underneaththesmearlayer,indicatinganeぽectof

cuttingheatonthedentincollagen7). Wefurther

observedmorpbologicalchangesofdentincollagen

underneaththesmearlayerbytransmissionelectron

microscopy(TEM)8).

Inthisstudy,theeffectsofvariousacidcondi-
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tioners,whichareusedtoremovethesmearlayerin

restorativetreatments,Onthecutdentinsurfaceof

intactandcarioushumanteethwereevaluatedultra-

structurallybyでEM.

Materialsandmethods

lnintacthumanpremolar,class1cavitiesreaching

thedentinwerepreparedbeforeorimmediatelyafter

extractionforanorthodonticreason,byhigh･speed

cuttingusinganat-endtapereddiamondbur(#103,

Shofu,Japan)underwatercoolant.Then,thefollow-

ingtreatmentswereappliedonthesurfaceofcavity

floordentin:a)Untreatedascontrol,b)400/.phos-

phoricacidfor5secリC)40%phosphoricacidfor60

sec.,d)50%citricacidfor60secリe)asolutionoflO%

citricacidand3%ferricchloride(SuperBondC&B
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cleaningagentfordentin,SUNMEDICAL,Japan)for

30see.,i)10%.polyacrylicacid(Dentin Conditioner,

GC,Japan)for20sec‥

Ⅰncarioushumanteeth,theinfecteddentinwas

removedusingalow-speedroundsteelburwiththe

guidanceofstainingwith1% acidredpropylene

glyc019)(CariesDetector,Kuraray,Japan).Thecavity

floorswerethentreatedwitha),C),ore)oftheabove

treatments.

Thespecimenswerefixedinamixtureof2.5%.

glutaraldehydeand2% paraformaldehydein0.1M

phosphatebuffer(pH7.2)for24hours,demineralized

with5% EDTA for30days,post丘Xedwith1% os-

mium tetroxidefor2hours,dehydratedthrougha

gradedseriesofethanol,andembeddedinEpon812.

Theultrathinsectionsperpendiculartothecavity

floorweremade,stainedwithtannicacid,uranyl

acetateandleadcitrate,andobservedunderatrans一

mission electron microscope (HITACHI, l l-Ds,

Japan).

Results

1.Imtactteeth

Fig.1showsatransmissionelectronmicrographof

Fig.1

a:TEM ofthesuperficiallayerofcavity月.oordentin

preparedwithahigh-speeddiamondbur.Collagen丘brils

werepartiallybrokenupandraveled(betweenarrows).

CF:Cavityfloor.

b:Highermagnificationofthedeformedcollagenfibrils.

Fig.2

a:TEM ofthesuperficiallayerofcavity貝oordentin

treatedwith40%phosphoricacidfor5sec‥Thehomoge-

neouslayercomposedofthe丘nefilamentousorgranular

structuresappeared(betweenarrows).CF:CavityBoor,
DT:Dentinaltubule.

b:Highermagnificationofthefinefilamentousorgranu-
larstructures.

untreatedcavityBoordentin.Becauseofdemineral i -

zationwith5% EDTA,allinorganicsubstancesin-

cludingthesmearlayerwerecompletelyremoved.

Surfacecollagen丘brilswerebrokenupandraveled

(Fig.1-b).Thesecollagen丘brilscoexistedwithnor-

malfibrilsoverathicknessof1.5FLm (Fig.1la,

betweenarrows).

Whenthecavity800rwastreatedwith40% phos-

phoricacidfor5seconds,acomparativelyhomogene-

ouslayercontainingnocollagennetworkwasobser-

vedoverathicknessof0.5-1.0/Jm(Fig.2-a,between

arrows).Inagreatermagni丘cation,丘ne丘lamentousor

granularstructureswereobservedhomogeneously

anddensely(Fig.2-b).

Thetreatmentwith40% phosphoricacidfor60

secondsshowedarelativelyhomogeneouslayerwith-

outnormalcollagenonthesurfaceofthecavityfloor,

andthislayerwasconsiderablythicker(Fig.3-a,

betweenarrows)thanthataftertreatmentfor5sec-

onds.Inagreatermagni丘cation,raveledcollagen

fibrilsandfinefilamentousorgranularstructures

suggestingdenaturationwereobserved(Fig･3-b).

Ⅰncaseoftreatmentwith50% citricacidfor60
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Fig.3

a:TEM ofthehomogeneouslayerincaseoftreatment

with40%phosphoricacidfor60sec.(betweenarrows).

CF:CavityBoor.

b:Highermagni丘cationofthehomogeneouslayer.

Fig.4

a:TEMofthecavity800rdentintreatedwith50%citric

acidfor60sec‥Collagen丘brilsinthesuper丘Ciallayer

weredeformed intotheindistinctfeature(between

arrows).CF:Cavityfloor,DT:Dentinaltubule.

b:Highermagnificationofthedeformedcollagenfibrils

showingthefinenlamentousorgranularstructures.

151

seconds,themorphologyofcollagen丘brilswereindis-

tinctinalayerof0.2-0.5JJm inthicknessonthe

surfaceofthecavityfloor(Fig.4-a,betweenarrows).

Inagreatermagni丘cation,raveledcollagen丘brils

wereobserved,and丘ne丘lamentousorgranularstruc-

turessimilartothoseobservedafterthetreatment

withphosphoricacidwerepresentunderneaththetop

surface(Fig.4-b).

ThetreatmentwithasolutionoflO% citricacid

and3% ferricchloridefor30secondsshowedalayer

containingcollagen丘brilswithindistinctmorphology

onthesurfaceofthecavityflooroverathicknessof

0.5/Jm (Fig,5-a,between arrows).In agreater

magnification,raveled collagen fibrils and fine

丘lamentousorgranularstructureswereobserved(Fig.

5-b).

Whenthecavityfloorwastreatedwith100/.polya-

crylicacidfor20seconds,alayercontainingcollagen

丘brilswithindistinctmorphologyof0.5-1.0/Jm in

thicknesswasobservedonthesurfaceofthecavity

floor (Fig.6-a,between arrows).In a greater

magni丘cation,alargenumberofraveledcollagen

丘brilswereobserved.But丘ne丘lamentousorgranular

structureswereabsent.ThisTEM proaleresembled

Fig.5

a:TEMofthecavityfloordentintreatedwithamixture

oflO% citricacidand3% ferricchloridefor30sec‥

Co11agen丘brilsinthesuperficiallayerweredeformedinto

theindistinctfeature(betweenarrows).CF:Cavityfloor.

b:Highermagni丘cationofthedeformedcollagen丘brils

showingthefinefilamentousorgranularstructures.
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Fig.6

a:TEM ofthecavityBoordentintreatedwithlO%

polyacrylicacidfor20secHCollagen丘brilsinthe

superficiallayerweredeformedintotheraveledfeature

(betweenarrows).CF:Cavitydoor.

b:Highermagni丘cationoftheraveledcollagen丘brils.

thatofcontrolwithoutacidtreatmentandwasconsid-

eredtoindicatethatpolyacrylicacidhastheleast

effect on dentin among the dentin conditioners

examinedundertheconditionofthisstudy(Fig.6-b).

2.Cariousteeth

Fig.7showsaTEMimageofuntreatedcavity貝oor

dentinafterremovalofinfecteddentin.Inorganic

substanceswerecompletelyremovedbydemineraliza-

tionwith5% EDTA,andalargenumberofcollagen

丘brilswereobserved.Inthesuper丘Cialregion,broken-

upandraveledcollagen丘brilswereobserved(Fig.7

-a,betweenarrows)aswellasinintactteeth,butthe

degreeoftheirmorphologicchangeswassmallerthan

inintactteeth,withsomecollagen丘brilsretaining

theirnormalmorphology(Fig.7-b),

AfterthetreatmentofthecavityRoorwith400/.

phosphoricacidfor60seconds,arelativelyhomogene-

ouslayerwithoutnormalcollagen丘berswasobserved

(Fig.8-a,betweenarrows)asinintactteeth.Ina

greater magnification,this layer contained fine

丘lamentousorgranularstructures,butmore丘brils

retainedthe丘brousstructurethaninintactteeth(Fig.

8-b).

Fig.7

a:TEM ofthecavity800rdentinaftertheremovalof

cariousdentinguidedbyCariesDetector.Collagen丘brils

inthesuperficiallayerwerepartiallybrokenupand

raveled(betweenarrows).CF:Cavityfloor,DT:Dentinal
tubule.

b:Highermagnificationofthedeformedcollagenfibrils.

a

Fig.8

a:TEM ofthesuper丘ciallayerofcavityfloordentin

treatedwith40% phosphoricacidfor60sec.afterthe

removalofcariousdentin.Thecomparativelyhomogene-

ouslayercomposedofthefinefilamentousorgranular

structuresappeared(betweenarrows).CF:Cavityaoor,
DT:Dentinaltubule.

b:HighermagniBcationofthefineBIamentousorgranu-
larstructures.
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Fig.9

a:TEMofthecavityfloordentintreatedwithamixture

oflO%citricacidand3%ferricchloridefor30sec.after

theremovalcariousdentin.Collagen丘brilsinthe

superficiallayerweredeformedintotheindistinctfeature

(betweenarrows).CF:Cavityfloor.

b:Highermagni丘cationofthedeformedcollagen丘brils

showlngthefinefilamentousorgranularstructures.

IncaseoftreatmentwithasolutionoflO% citric

acidand3% ferricchloridefor30seconds,alayer

containingcollagen丘brilswithindistinctmorphology

appeared(Fig.9-a,betweenarrows)asdidinintact

teeth.Inagreatermagni丘cation,raveledcollagen

fibrilsandfinefilamentousorgranularstructureswere

observed,butthe丘brousstructureswereretained

morefrequentlythaninintactteeth(Fig.9-b).

Discussion

lnthisstudy,intacthumanteethweredemineral-

izedaftercavitypreparationandexaminedunder

TEM.A layercontainingdeformedcollagen丘brils

wasobservedunderneaththesmearlayerinthe

superficiallayerofcavityfloordentin.Wepreviously

identi丘edthislayer8)withthelayerresistanttoHCl

-collagenasedigestionreportedbyYamadaetal.6).

Collagenaccountsforabout90%oforganiccompo-

nentsofdentin,andmostofitisreportedtobeinsol-

uble,Verystable,andresistanttoacidslO).Itwasalso

showntobestableagainsttreatmentwithpepsinll).

153

Takahashietal.12)examinedthecutdentinsurface

aftertreatmentwith variouscavity conditioners

underthescanningelectronmicroscopeandobserved

alayerpresumablyofdenaturedcollagenbelowthe

smearlayer.Mizunuma13)andOkamotoetal,14)bio-

chemicallydemonstratedthatthesolubilityofbovine

dentincollagenbypepsinandtrypsindigestionin･

creasedwhenithadbeentreatedwithphosphoric

acid.

Inthisstudy,collagen丘brilsinthesuper丘ciallayer

ofcavityfloordentinchangedintofinefilamentousor

granularstructuresaftertreatmentwithphosphoric

orcitricacid,indicatingthatdenaturationofdentin

collagencausedbytooth cuttingunderneaththe

smearlayerwasenhancedbyacidtreatment.

Clinically,adhesiveresinrestorationismoreoften

performedincariousteeth.Therefore,Wecarriedout

similarevaluationsuslngCariousteeth.A layerof

denaturedcollagen丘brilssimilartothatobservedin

intactteethwasnotedalsointhesuper丘ciallayerof

cavityfloordentinincariousteethafterremovalof

infecteddentinandacidtreatment.Thedegreeof

denaturation,however,waslessincariousteeththan

inintactteeth.Inthisstudy,thecavityfloordentin

afterremovalofinfecteddentinaccordingtothe

stainingwithCariesDetectorcorrespondedwiththe

innercariousdentinofFusayama15).Ultrastructural

featuresofcollageninthislayerwereshowntobe

similartothatofsounddentincollagen16).Therefore,

thedifferenceinthedegreeofdenaturationofcol･

lagenobservedbetweentheintactteethandcarious

teethmaybeascribedtothedifferenceinthecutting

condition,i.e.thedifferencebetweenhigh-speedcut･

tingandlow-speedcutting.Usamietal.7)investigated

thee庁ectsofvariouscutting conditionson the

superficiallayerofcavityfloordentinusingtheHCト

collagenasemethodandreportedthattheeffectof

low-speedcuttingwasslightlylessthanthatofhigh-

speedcutting.

Furtherstudiesareneededtoclarifytheeffectsof

dentinconditionersaccordingtheirconceI止ration,pH,

anddurationoftreatment.
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