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ŽXe integraŽµion of basic scien•ŒCe•ˆknow|edge•ˆand c|inical

PrOficiency is designedŽµo lead to improved treatmenŽµfor

the patienŽµ.‘\he art and science of endodonŽµics•ˆrequires

this inŽµegra—®Qn COnSummaŽµely. •ð desire•@Žµo dea| more effect-

ively wiŽµh•ˆrooŽµCanal sysŽµems c|inically•œ lead to this s‰Jdy

OfŽµhe sysŽµeŽXS embryoIogica||y•B

ThoseŽµreaŒ]ng patienŽµS endodonti•Illy are consŽµanŽµIy

remind•‡d ofŽµheŒÊyri‚Üd of forŽX“ûŠào•E—ì•_aŽµ“I•ZŽµcanalêGŠ›Žµems

ŒÇay•@•ï“šsume.•@YeŽµ,Žµhere•@‹T•Üe•@•Ío—}e•ˆ‹Tn“ûŽµ•Z’pical•@•ÍiŽµuaŽµi‡‡n—ì•@‚àŠÛaŽµ

are f–~ir|y constanŽµ•E WhaŽµŽµhen•‘•@are the•ˆreaSOnS•ˆfor boŽµh•@Žµhe

rules as we11 asˆêŽµhe excŠ³Ptions•ˆof ro‡‡Žµ“Ýnai `anaŽµOmy?“Q

explanations of developŽæental_meChani–|s cŒ°,n an•ÍWer•ˆthe

quesŽµion•œ•@–•en clinica| procedures may be enhanced fr“ç‚àhis

undersŽµanding. Thus,Žµhe inŽµegraŽµion of•®‚à•@md science

Wil•Hbe even’pere•@“I•EpleŽµe.

ŽXe pŽíe‰_enŽµŒoŽµudyƒZan–¨e’ö•@‚Åro•E‰¹’^‰¤c‘¸o—ì•›•›pic secŽµio‹£”n•ˆ‡…ŽŠ

‚àeeŽµh b•®ely“¯Ží’^•ÍdŽµ•Z•E•ïC“ISe•›pic•‚•Œure‰àofŽµeeŽµh•uearing

COmPleŽµion. The“–•”ulŽµiple directio–Qof•ä—yearCh h‹Tve |ead

Žµ•Z a varieŽµy of di‰_coVeŽíies”_•@c•›nCl“µio–Ql and h–û•ZŽµheses

Žµh‹}t have capŽµuredŽµhe auŽµhor asŽµh’öy have unfolded.
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’pe hisŽµoIogic ex•nmination of serial secŽµions of

developing feŽµa|“¼eŽµh is desigrledŽµO add information

regarding the fo11owingI

l. The denŽµa| 1amina; iŽµs•ˆrelation with the primaryŽµeeth•f

the permanenŽµ•ˆsuccessors}•@and the pemanenŽµ’^olars.’pe

topography of–Ge denta1 1amina during the enŽµire period

Of too”ÁdevelopmenŽµis a|so of interest.

2•E The basemenŽµmembrane; its presence adjacent toŽµhe

Oral epiŽµheliu’^•œ•@denŽµa| 1amihal andŽµOOth ger–QaŽµvario–Q

developmental stages•E Of special concern is the presence

Of the basemenŽµmembrane near the inner and outer enane|

epiŽµheli–¨.

. 3. The blood supp|y of the tooth and its adnexa;Žµhe origin

and disŽµribution of the bƒ†ood vessels–‰aŽµSuPP|y‹Oe

developingŽµeeŽµh. Relationships beŽµween the bloo‹Tvessels

and the denta| papilla, aS Well as the enanel org’Ûis a

•›•›nŽµroveŽxsial aŽíea.

4. Anato‹£ic aspects ofŽµheŽµooth germsi•ˆShapes ofŽµhe

deciduo–Q•ˆteeŽµh during various stages of development and

differenŽµiaŽµion of cellsŽµo produce the enamel organ•fand

Subsequen”¥yŽµO |ead to calcificaŽµion.

5.•fCalcification of the individualŽµeeŽµhl ageS Of initial

calcification and sequence of cuspal mineraliz”ation inŽµhe

molars. Comparison between these findings and those of

Other investigators are to be discŒ‚–¨ed.

1(
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6.ŒŒatomic a“špecŽµS Of the local enviro‹renŽµof—ZeŽµooth

gem•Íi•ˆrelationships of‹Oe surrounding denŽµal s“Öc, blood

VeSSel‰_, atVeOlar bone, and anaŽµomic landmarks.

“QisŽµoIogic and macroscopic examinaŽµion of incompletely

for•Eed ex–õacŽµedŽµeeth wi|1 conŽµribute to an understanding

Of“QerŽµwigls epithe|ial root sheathl the nature of furc‹TŽµion

fomation•‘•@and root developmenŽµ.

‹Oe combinaŽµion of the wealth of hi“{tOIogic and macro-

SCOPic daŽµa fro’y‹Ois sŽµudy is discus—ìed in relationŽµO rOOŽµ

fomaŽµion.’^e nature of this process and direcŠàons for

future research•®e objectives to be discussed.

‚¤.
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The topics ofŽµooth develop–QnŽµand rooŽµCa•äI anatomy

have been inves—®gaŽµed sinceŽµhe begiming ofŽµhe twenŽµieth

CenŽµury•f and in a f“çinsŽµances, Prior to 1900.’yile this

SŽµudy deals m‹}i”Çy withŽµOOth deve|op–QnŽµI iŽµis •ecr—ZialŽµo

rel•ïŽµeŽµhis•®eaŽµ‡… rOOt Cana| anaŽµo’py•E‹Îe root cana| sysŽµem

is the resu|ŽµofŽµhe |ong•œ invoIved developmenŽµofŽµhe ,entire

tooth. From an endodontisŽµ•œs sŽµandpoint•f’ne sŽµudy of develop-

ŒÇenŽµmay lead to/a better undersŽµanding of rooŽµCan•ï| sysŽµems.

’pe firsŽµp“¯•Hished sŽµudies ofŽí•›•›‚àcanalŒÊaŽµ•ZŒÇy i“ø

clude‘g•ˆ•ðmerican conŽµribuŽµion by G. V. Black(1)Žíand a

grOup Of”zuropean efforts sŽµarted by MuhlreiŽµer(2) in 18?O.

Those after‰–eŽµurn ofŽµhe cenŽµury include’^e work of

P”yeis–Q•Œ‚­‚¤) in 1901•E’Ûd’nsolŽåand•×•Ho•Ba•©)“yn‚Ü9Žm3.

‹Oese men a”Ç“çpŽµedŽµo duplicaŽµe the rooŽµCana|s by making

casŽµs out of Wood's meta|. Fischer(5•r, in •ö907 removed•phe

Pulps chemieally’Ûd injecŽµe‹ða cellu|—Èd ace—Ze so|•uon /:

inŽµ•ZŽµhe r•Z•ZŽµcŒÊal—eund•‡Žípre•Ð“du•ëe•œ

An a‰Ÿaren‘•y more successfu|Žµechnique waLS emP|oyed

by Hess and Zurcher(6) and Hes•eS(?) and Zurcher(8) independen”äy.

”ˆs involved the u—ìeŽÙf vulcaniŽµe replicas of the rooŽµcanals.

The pulps•ˆWere re‹îved byŽµhe p|acing of three per cenŽµ•@,

hydrogen peroxide (3Žo202) in theŽµeeŽµh for•ˆSeVera|•ˆweeks

before the vu|caniŽµe injec—®ons.ˆêOne ofŽµhe prob|ems‚Ê•eŽµ

they encounŽµered was a fai|ure of exacŽµduplication due to,

air bubble—ìOr VOids•E Nevertheless•œ rOOŽµCana| r–|ifications

Were found..ŽXeir findings conŠàadictedŽµhose of–ñtŽµenbiŽµ“¼r(9)•Í

7.



Who examined six hundred (6oo)Žµeeth in which he found on|y

two root canal ramificaŽµions.

ƒmGrove(10) see–QdŽµo make a disŽµincŽµion beŽµWeenŽµhe types

Of aplCa| openings that he was able to see•E He reporŽµedŽµhat

as high as sevenŽµy-five per cent (75‹¨of cerŽµain teeth have

ŽµWO Or mOre Cana|s at the•ŒaPeX. When referring to laŽµera|

cama|s, he re|ated thaŽµ•@"such condiŽµions are noŽµ•@found inŽµhe

ŽµeeŽµh of youŽµh, but,in•@Žµhe•@Žµeeth of middle life or advanced

age•E–ö•@He fe|tŽµhaŽµŽµhis was dueŽµo secondary dentin and

Cementum forming around apical vessels giving rise to laŽµeral

c’Ûal‰_.

WhileŽµhe Hess study is ofŽµen described as c|assicl

anoŽµher•ˆSŽµudy of his era is•ˆSŽµriking in its managemenŽµand

interpreŽµation of data. ReporŽµŒÝg inŽµhe DenŽµal Cosmos in

1925•E BarreŽµŽµ(11) sŽµudied five hundred andŽµwelve (512)Žµeetp

Of sixŽµeen of each of the thirtyˆêŽµWO PermanenŽµŽµeeth. He

used a wet grinding sŽµOne On teeth thaŽµhad been previous|y

•¹tained•ˆwiŽµh eo‰_in•E I–QŽµead of grinding untilŽµhe cen—ìr of

the main rooŽµcanai had been•freached,l he noticedl reCOrded,

and fo11owedŽµhe ranifications•ˆas•ˆhe was grinding•œ•@Unsur-

Prisingly, he•ˆfoundŽµhaŽµall types of teeŽµh had pu|pa|

•P branchings.•@See•@Žµab|e.

“Qe speak‘Pin terms of "accessory or laŽµeral canats"

and his accuraŽµe meŽµhodoIogy is reflected in his iucid ex’u

PlaLnaŽµions•E He refuŽµed Grove by sŽµaŽµing that‹Oe age of/

Žµhe individual has nothingŽµo do with the number of canals1

8.



’^ey being entireiy”Áe resulŽµof a develop–QnŽµal processlˆê

“ÖndŽµhe only change produced by advancing age may be•ˆa Slight

|en”©thening of‘€e canal—ì•@a‰_•@the cemenŽµum•@Žµhickens.•@B•®retŽµ

Wa•Ín•ZŽµaŽµa lo”©‘”•@•é•Aor aŒÇo—eŽµreasona‚ßle explanaŽµ‰¤on.•Í,ŽX‡ˆ

downward-grOWŽµh•ˆof the enamel organ known by many as the

SheaLŽµh of HerŽµwig and•@Žµhe interference with its downward

growŽµh by persisŽµenŽµblood vessels•f aS We|1 as•ˆSOme OfŽµhe

adjoiningŽµissue, determineŽµhe number of canalsŽµhaŽµmay be

pre•¹enŽµ. ,•œ

•HnŽµhi5•@a”Ýhor•Ís op|n|On, aƒmmOre detai|ed and meŽµhodi_

Cal study has noŽµbeen acco•Eplished since Barrett's despite

apparenŽµimprovements in techniques•œ

•ÅooŽµCana| anaŽµomy beganŽµo be•@Žµransformed from an

academic discussionŽµO a PrOb|em of clinica| relevance•Í

Several facŽµors le‹}dŽµoŽµhi‰àgreater si—‘ificance of •Œa knovy-

1edge of rooŽµCanat anaŽµomy' a) improved radiograŽ²icŽµech-

niques, and b)Žµhe emergence of endodonŽµics as a science.

RoenŽµgenogFaPhid inŽµerpreŽµaŽµion was rienŽµioned ty Muel|er(12)

in 1936. He observed •E•Ean o‚àsŽµruc—®on in a cana| may &PPe•®

inŽµhe roenŽµgenogran to be a dentiŒ‚|el when in facŽµI iŽµmay

be the fomation ofŽµwo cana|s. Churchiil(].3) describesŽµhe

apica| bifurc‹TŽµion oT–Qndibu|ar bicuspids inŽµhis•ˆS‹Tme era.

Clinicians such as C‡…Olid–¨e and GrossáÉn tidedŽµhe deve|op-

ment oŒ\/e—ZodonŽµics. and Orban(1’j•@dealŽµwith the issue bf

filling rooŽµcanalsŽµOŽµhe dentino-Cemental junction.

-A quarŽµer of a cenŽµury later, KuŽµŽµIer(15) expoused his

9.



raŽµional for•ˆfil|ing to•@Žµhe cemento-dentina|•@juncŽµion.•ˆHis

ŒÇicroscopic invesŽµigation of rooŽµapices leadŽµoŽµhe folloŒ¬

ing conclusions J

l.ŽMe cenŽµer ofŽµhe foramen deviates more and more from

the vertex or apical cenŽµer WiŽµh an increase in age and re”_

SultingŽµhickening ofŽµhe apical cemenŽµum.

2•E’^e diaineŽµer ofŽµhe foramen increases•uWiŽµh age because

OfŽµhe apposition of new layers of cemenŽµum.’^e average

diameŽµer of the fora–Qn inŽµhe 18-25 year age group and in

Žµhe group over 55 yeaLrS is somewhaŽµIarg‰Fr bucco•¡ingually

than mesio-distally.

3•fBecause ofŽµhe existence of an unevepness in the extremi-

ties ofŽµhe diameŽµer ofŽµhe foramen and because ofŽµhe•ˆfumel

Shape ofŽµhe cemenŽµum cana|!Žµhis po•Œion of the canal_ CamOŽµ

be fi11ed hermetica||y, un|ess it is overfi||ed•ˆwiŽµh cemenŽµ•œ

•¶InŽµhe majority of secŽµions,ŽµheŽµwo po‰¤n’®of union of

Žµhe cemento-dentina| caLnal are found /aŽµthe•Œ Sa–Qlevel. rn

OŽµhers, One POinŽµCe’ŠenŽµo-denŽµinaƒ†cana| was cIoser toŽµhe

for–|en•@Žµhan•@Žµhe o‚àher.

5.ŽXe minor di–|eter\Of the root cana| is found usually in

Žµhe denŽµin, just beforeŽµhe cana| peneŽµraŽµes•@Žµhe cemenŽµum

POŽtion, and fromŽµhaŽµpoinŽµit gradua||y widensŽµo•AŽµhe

for’Û—¿, taking on a funne| shape. A c6nstrieŽµed portion

exisŽµs in the c‘ˆnal•œ b—¼this consŽµriction is noŽµ|oca‚àed

in the foranen. The funne|•¡ike a•¹pecŽµofŽµhisŽµermina|

Part -OfŽµhe pana| is more marked in older peop|e, because

‚Ü0.
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Of the•@|arger diameter of the foramen and because of th‡ˆ

˜I’Ia11er diaŒÇeŽµeŽí•@o‚¬•@Žµhe c”anal.

6. The aver‘•geŽµhickn’öŠŸ•ˆof the apica| cemenŽµum was above

O•E“ª•”•E inŽµhe younger age group andŽµhicker inŽµhe older age

group. The thin |ayers of cementum o’^en found covering

the inŽµemal ends of‹Oe denŽµin tubu|es in the |asŽµport•}on

Of the denŽµinal canai and the oblique inclinaŽµion amd occa-

Sional verŽµicaiiŽµy ofŽµheŽµubules in the saLme POrtion direc•d

‚àedŽµowardŽµhe denŽµal cervix give justification for•ˆfilling

thg rooŽµcanaLI only as•ˆfar as O.5mm. before reachingŽµhe

foraŒÇen.

Green(16) agreed on an anaŽµomical basis thaLŽµthe apieal

for–|en is often found sho’dofŽµhe apex•‘buŽµOnly found a

–|all percenŽµage ofŽµeeŽµh w‘•’^accessory canais. Amos(17)

CarriedŽµhe limiŽµations on endodonti6Žµechni‹»e one sŽµep

•Ùrther. He sŽµ—ZiedŽµhe incidence of bifurcafions in man•ê

dibular bicuspids and concluded thaŽµ"Bifurcatio–Qof the

Cana|‰àOfŽµheseŽµee‹OWOu|d be of i”Ýerest to endodonŽµisŽµS

$ince rooŽµcamal therapy could noŽµbe perforŒÇed onŽµhem."

WhileŽµhe an”@Omy Of rooŽµcanal systems does noŽµchange

With the passage of so shorŽµaŽµime span as f’dŽµy yearsIŽµhe

Žµechniques•ˆfoi their•ˆstudy undergo an inŽµeresting evo|uŽµion.

ŒÊe ear|iesŽµŽµechniques invo|ved either a |os“oof tooth sŽµruc_

ture due to grinding. or a parŽµial loss in the dup|icating

PrOCeSS•E Beginning in 1957, neWer•ˆmeth’•s for tooth prep-

aration were reporŽµed.ŽJe first of these was developed
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by Rosen‰_Žµei|(18), Who injecŽµed a radiopaque maŽµeria| inŽµo

Žµhe pulpal area afŽµer‰°SubjecŒ]ng the pulp•sŽµo a papain

digesting solution. Radiographs were made for sŽµudy•‘buŽµ

Pr.OVed•@Žµo be of limited value due•@Žµo the |ack of three

dimensional reproduction.

Barker eŽµ•E al1.(19) introduced aŽµrueŽµhree dimensio–„|

me’^od of rooŽµcanal dup|icaŽµion•E TeeŽµh were reproduced ih

a\Clear polyester•ˆreSin andŽµhe root canal spaces were fi11ed

WiŽµh a red epoxyi reSin. RecenŽµIy, Fisher e‹Ê•Íal.(20•r

described -a mOdifiedŽµechniqueŽµhat should make even more

aCCuraŽµe models for sŽµudy.•HnŽµhis technique, an amber dyed

resin dup|icaŽµes•phe hard tissue form of/•AŽµheŽµOOthl WiŽµhŽµhe

root cana| sysŽµem a red•êdyed plasŽµicJ•ˆTheŽµeeŽµh are embedded

in individua| clear plasŽµic b|ocksŽµhaŽµCan be manipu|ated

byŽµhe sŽµudent fror sŽµudy from every ang|e•œ

•ð series of \nine meŽµhods for invesŽµig•Œing rooŽµ•Zanal

anaŽµomy waLS CategOriaed by Pineda and Ku’^Ier(21).ŒÇeir

grouŠŸas |isŽµed•ˆ•©ereI l) direct observaŽµion, 2) direc•\

ObservaŽµion wiTh the aid of a microscope. 3) macroscopic

ŒDeCt•}ons•‘•‰mi–¨roscopic secŽµions, 5) transvers•B SeC—®ons

and‰Bicrometric measuremenŽµs, 6) examinaŽµion llof inŽµraora|

rpenŽµgenographs. 7) fil|ing and decalcificaŽµion1 8) fil|ing

and clearing•E 9) gŽíinding and roentgenography•EŽJey sŽµudied

rooŽµcana| a•ã‚à—xy by means of roenŽµgenographs of,eXŠàaCŽµed

teeth.•ˆ•Ùeir•ˆfindings were similarŽµo/whaŽµone wou|d expecŽµ

from-‘l•ˆradiographic study.’pr exanple•œ they concluded that

12.
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all root canals are more•Œ Or |ess cone•ˆShaped and•@Žµhe conical

shape i‰àmosŽµpronounced inŽµhe middle and cervical one•Z

Žµhird ofŽµheŽµeeth. ByŽµaking fi|ms from multiple angles•f

Žµhey foundŽµhaŽµin eighŽµy-three per cent (\83“ßof their

CaSeS.Žµhe foramen of the main rooŽµCna|a was |ocaŽµedŽµO

One Side ofŽµhe apica| verŽµex. They were ab|e•@ŽµO find many

teeŽµh (3O.6%) wi˜NI ramifications ofŽµhe root cana|s, /and

undoubŽµed|y missed a large number of ramifica.Žµions dueŽµo

”¿eir form of sŽµudy.ŒCey did noŽµfind any inŽµhe bi•ÙrCa-

tion or•@Žµrifurca•ºion areas of mu|ŽµirootedŽµeeth.

In conŽµrasŽµio Pineda and KuŽµtler•fDavis eŽµ•E a|.(22)

Were able•@Žµo demonsŽµraŽµe accessory cana|s in furcaŽµion areas.

’peir method of sŽµudy involvedŽµhe u–¨e of an injectable

Silicone impression maŽµerial which allowed fine•A rOOt Cana|

‘DmificaŽµions to be duplicaŽµed.•@•Ht viou|d se”Jm thaŽµŽµhis

method of sŽµudy and•@Žµhe improveŒÇenŽµS•ˆSuCh as•ˆFisher eŽµ. al.

have conŽµribuŽµed, al|ow for maximum reproducabiliŽµy ofŠTe

root cana|•@system•Œ.

MosŽµof the recenŽµSŽµudies•ˆSeem•ˆŽµo focus on specific

areas of aŽµOOŽµh or•@ŽµeeŽµh for sŽµudy.•@Severa| sŽµudies con-

1

cemŽµhemselves wiŽµh the anaŽµomy of mandibular anŽµeriorŽµeeŽµh.

R‹Škine’uWilsoni and Henry(23) sŽµudied ,One hundred eleven

(111) maridibu|ar incisors while Benja’^ip and Dowson(2—^)

examinedŽµhree hunŒyed sixty four (364) /mandibular incisor

teeŽµh.‹Oe resulŽ°of the studies were quiŽµe siŒÇi|ar.’^e

followingŽµab|e compares•@Žµhe sŽµudiesI

‚Ü‚¤.
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Rankine-Wi|son and Henry poinŽµed outŽµhe poŽµenŽµial

endodontic prob|ems thaŽµmay be encounŽµered dueŽµo inade_

quaŽµe access•ˆCaVities•ãn these•@ŽµeeŽµh.

ŒŒother specific situation which may invo|ve single

Or m•E1Žµiple canals is•ˆfound inŽµhe maxi|1ary second bicuspid.

Ver”@cci eŽµ•E al. ,(25) direcŽµed themse|vesŽµ0( a SŽµudy of

this•ˆSingle enŽµiŽµy. They sŽµudiedŽµwo hundred ofŽµhese teeŽµh

by using an injection of hemaŽµoxylin fo|lowed by c|earing

Of the specimens. while mosŽµof theŽµeeth exhibited or‚Óe

canal aŽµthe apex, One quarŽµer ofŽµheŽµeeŽµh hndŽµwo or.even

three ma.in cana|s aŽµthe apex. They also pointed out some

0f the endodonŽµic•ˆŽµreatmenŽµprob|e–Qencountered when one or

mOre Canals are missed during cleaning and shaping procedures.

InŽµhis particu|ar•ˆŽµype ofŽµooth•‘‚àhey were ab|eŽµO rfind

nearly sixŽµy per cent with accessory cana’®usingŽçhe in-

jecŽµable dye. Le‰_sŽµhan two per cenŽµ|eadŽµoŽµhe furcation

a•xea•œ
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DescŽíi_Ptions/ Of root canal anatomy have evolvedŠ•om

Studies•ˆof group‚«Of teeth•œ•@tO individual types ofŽµeeŽµhl

and finally to a single rooŽµof a mu|ti-r•Z•loŽµedŽµOOŽµh. The
)•@\

mesiobuccal root- Of the maxi|lary molars lh\aS beenŽµhe sub-

‚«ecŽµOf a group of•A PaperS including those of Pineda(26) and

NosonowiŽµz ahd Brenner(2?). perhapsŽµhe reason :for this

ParticularŽµype of study has been the endodonŽµic•ˆSignifi-

CanCe Of thisŽçOOŽµ•E Weine et. al.(28) exp|ainI "We were

impressed byŽµhe facŽµŽµhat maxi11ary firsŽµmolars•ˆthaŽµdid

noirespend pro•Krly to rouŽµine surgical and/or nonsurgical

ŽµreatmenŽµwere broughtŽµO SuCCeSSfu| conclusions byŽµhe

discovery and trea•x–QnŽµof a second mesiobuccal cana|..'

•ð stndy by Pomeranz and Fi‰_he|berg(29) presenŽµS mOre

Of a clinica| probLem by discrepancies of•ˆfindiŒág‰_•‚

VerSuS in vivo•E Using a dye injection meŽµhod•Œ•‚•}‹Ê—¢,Žµhey

found a sing|e canal in onlyŽµhirty one per cenŽµ(31Žhof

theŽµeeŽµh studied. Clinical examinaŒ]on revea|ed a single

“¯esiobuccal caŽ“l si‰L‚ày nine per cenŽµ(69%) ofŽµhe timc.

Quite simi|ar resulŽµs were obŽµained by SeidbeŽªeŽµal.(30)

–Qing somewhaŽµdi–õerenŽµtechniques in
•P•P“ñ“ñ•P‰°

ViŽµro. •ð’^er•ˆŽ²beŠ³di•Æg

theŽµeeŽµh in b|oeks of acrylic re‘šinl they•ˆWere SeCŽµioned aŽµ

three mm. inŽµervals.‹Îis meŽµhod of i–Qpection revealed

Only•Ùrty eight per•ˆCenŽµ(3•›with a sing|e meFiobuccal

Canal•éwhi|e clinically sixty six per cenŽµ(66%•r of itheŽµeeŽµh

exanined had on|y one mesiobucca| canal’u•@•Gi|6 many oefŽµhe

SeCOnd me—ìiobuccal canals exiŽµŽµhe tooth aŽµŽµhe same for–|en

‚Ü‚¤.



as the priŒÇary •ecanal, this variance presenŽµS definiŽµe trea‚à•[

menŽµproblems in a number of clinica|•@cases.

’pe pre‰àence of four root canals in molars is noŽµ|imi-

ted toŽµhe maŽÔ11a. Skidmor`e and Bjomdal(31) foundŽµhat

nearly one-third of mandibulaLr•ˆfirsŽµ•ˆmo|ars conŽµain four•ˆrOOŽµ

Canals and thaŽµnea•Ü|y fourŽµy per cenŽµOfŽµhese exiŽµed in

SeParaŽµe for‰ïmina.

The sŽµudies of the permanent mo|ar•¹•ˆSuggeSŽµŽµhaŽµdili-

genŽµefforŽµSŽµo“ïnd a|| ofŽµhe root cnaals presenŽµWil|

ultimaŽµely leadŽµO increased endodontic clinica| success.

A study of primaryŽµeeŽµh by Hibbard and•Hrel•nnd•q32) is noŽµ

as optomisŽµic. The root canal sysŽµe–Qof the primary mo|ars

Change with age and the resorpŒ]ve process. Variations in

rooŽµcanal anaŽµomy were more pronounced in teeth showing

evidence of resorp—®on•E They fe|ŽµthatŽµhe deposition•ˆof

SeCOndary denŽµin is•ˆreSPOnSible for‰–e v•eriaŽµion in the

anato—Zc‹}l form ‡…fŽµhe origina| root canals•E’^ese changesl

dueŽµo resorption and secondary denŽµin |eadŽµo alŽµerations

in the si‰ëand number of cana|sƒ^SO thaŽµc|inica| procedures

- are rendered extremely difficult. \•@•@•@•@•A

. ReeenŽµendodontic |iŽµeraŽµure has made incre•ïsing men—®on

Of porta|‰_of exit ofŽµhe root eana| sysŽµem oŽµherŽµhan the

foramina of the main canals. De Deus(33) classifies:lŽµhese

Canals inŽµo accessory, SeCOndaryl and |aŽµera| af‚àer a sŽµudy

Of bver one thousand transparent•ˆteeŽµh. The distincŽµions are

Cumbersome andŽµhe findings quesŽµionable•‘•@based on c|inica|

16.



eXPerience•E He found |ess•@ŽµhanŽµhirty per cenŽµofŽµhe tee–G

exhibiŽµing sQme fo‹Îof ramification•E The dyes•ˆreVealed

Very few laŽµ‚¨a|•@canals inŽµhe furcaŽµion area—ì•@and none that

OriginaŽµed inŽµhe pulp chamber proper.

However,•A’penigs et. a|. (34), uSing electron microscopy

Show mu|tip|e\ aCCeSSOry foramina in funeaŽµion areas of per-

•EanenŽµmolars.‹Oey did noŽµŽµrace the cana|s toŽµheir omg|n

inŽµhe pu|p a—ZŽµhey may have or|g|naŽµed inŽµhe morg coronal

regions ofŽµhe rooŽµcana|s as De Deus•ˆSuggeSŽµs•E The sŽµ‚àdy

by Koenigs, While histoIogica|ly inŽµeresŽµing•ãmay nOŽµbe

SignificanŽµon a clinica| 1eveƒ†since so’pe OgŽµhe.•fcanals"

Were Only four•ˆmic“In•áin diameter.

One consŽµanŽµ•ˆfinding of a|l of the sŽµudies /Of rooŽµCanal

anatomy is thaŽµabnom”al cana| /configuraŽµion i‰_•AnOrmal. This

PreSentS a Series of cha|lengesŽµOŽµhe c|inician and toŽµhe

reSearCher.’pe c|inici’ÛmusŽµdetermine the shape of the

root canal sysŽµem and deal with i‹Ê•Í•@andŽµhe researcher musŽµ

deŽµemine why sysŽµems deve|op the manner in which they do.
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PercenŽµages of Teeth wiŽµh RamificaŽµions of‰°‰°•}“fe_‰°RQQ“yg•c˜W•Œ‰¤

stem as DeŽµermined b BarreŽµŽµ

’y‹ìŽå‰¹—¢•¹•‘•±
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For purpo‰àes•ˆof discussion, the liŽµerafure conceming

tooth developmenŽµhas been divided into•@ŽµWO SeCtions—‹•@Pre-

and posƒ‚•[1950; prior to 1950. the |iteraŽµure is confined to

lighŽµmicroscop|C and gross sŽµudiesI WithŽµhe developmenŽµof

histoch•IisŽµry as•ˆaŽµOOl for•ˆsŽµudy. •ðfter 195O, SeVera|

developmenŽµS have changed our•ˆability to study odonŽµogenesis

and many oŽµher•®eas? These include the e|ecŽµron microscope

andŽµh—euse of radioacŽµive subsŽµances to |abe| changing

Žµiss–Q—ì•E’pere are liŽµerally thousands of arŽµic|esŽµhaŽµin

SOme Way re|aŽµe•@ŽµO tOOth developmenŽµ.•@This•ˆreView wil|

include many representaŽµive arŽµic|es but will o’yiŽµgroups

that ha“Çno bearing onŽµhe sŽµudy.

’pe first- efforŽµS aŽµdescribing tooŽµh develop–QnŽµ•ˆwere

limiŽµed by histoIogic capabi|i—®es. EvenŽµhoug“øŽµhe com-

POund microscope jrad been\ developed by the ear|y nineŽµeenth

CenŽµuryI microŽµOmeS Were nOŽµcomme’^ial|y avai|ab|e until

laŽµe inŽµhe cenŽµuny. SubsequentŽµOŽµhe microŽµOmel fixingl

embedding, and•ˆstaining techniques improved. Thus•œ ma–¦Of

the efforŽµs ofŽµhe lasŽµCenŽµury rtelied on•æ–QiaŽµively primi-

tive iechniques and apparatus•ˆaS Well asŽµhe, facŽµŽµhaŽµsub_

Pri‹»tes account for a greaŽµdeal ofŽµhe reporŽµed daŽµa.

The first writŽµen descripŽµions conceming dental ana-
\

tomy may have been penned by I,eeuWenhoek(35) soon a’^er his

WOfk•ˆwiŽµh opŽµics ieadŽµOŽµhe fabrication \ofŽµhe microscope.

In hi•ÍeSSay Of 1678 he describes, amOng OŽµher tissues•éthe
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dentinalŽµubutes which he•ˆreferred•ˆŽµO•ˆ‰¸’‰(Canaliculi•E

ŒŒ•ZŽµher•ˆSeVenŽµeenŽµh cenŽµury S•‚olaŽí,: De•H’ö“ø‚Åe(•Â‚³) ,

also s•GdiedŽµOOŽµh strucŽµ’^e and evenƒmcommenŽµed on imper-

fections in the en–|el of some teeŽµh.

Nearly aL CenŽµury after•ˆ‚àeeuwenhoek buŽµOVerŽµWO hundred

ye•®s agoI HunŽµer(37) prepared the first comprehensive sŽµudy

ofŽµOOŽµh developŒÇenŽµ•E He described in detail, developing

Žµooth germs from feŽµal tissues•E He describedŽµhe ena–Q| or-

ganlŽµerming itŽµhe "exŽµerior pulpous subsŽµance•E•E and noŽµed

the |ack of vascular elemenŽµS PreSenŽµtherein•E The ro|e of

thi•Ítissue wasŽµheorized•œ•@"iŽµSeCreŽµesŽµhe ename| in like

•Eamer as a g|and secretes its prod•ScŽµSl and in a |iquid

sŽµaŽµe--the |a’^er crysŽµal|izes aŽµŽµhe surface of theŽµOOŽµh

jusŽµaS it occurs in the producŽµion of t‹®egg-•xhel|, and

inŽµh•B bi|iary, VeSical and rena| concretions."

SinceŽµhese tissues were being described forŽµhe firsŽµ

Žµime•‘•@‚àhe investigaŽµors•ˆfoundŽµhe–Qe|ves inŽµhe position

of buing ableŽµO name the sŽµrucŽµures as’ney progressed.

•ön l?98•f Blake(•A38) describedŽµhe cemenŽµ•EŒÏof an herbivore

andŽµermed iŽµŽµhe..crusŽµa peŽµrosae."•@The following year.

Home/(39) design‹}ted the dentinƒmas being the "ivoryI., Pre—A

Sumably differenŽµthanŽµhe ivory des?ribed by LeŒDuvyenhoek.

In reviewing the various studies•\of tooth deve•Hopment

from the tiŒÇe Of HunŽµer until the present, a Pa”Áem See–Q

to •edevelop whereinŽµhe areas of focus•ˆSeem to becoŒÇe narrower

2o.



and namower. The•ˆfirsŽµinve5ŽµigaŽµOrS •ewere generalizing

as to•@Žµhe new and wQnd‘ärful•@Žµissues•@Žµhat•@Žµhey were ab|e•@Žµo

behold•œ•@They beganŽµO nameŽµhese strucŽµures in‹Oe |aŽµe

eighteenŽµh cenŽµury. DuringŽµhe nineteenŽµh century, mOre

names became aŽµŽµached to sŽµructures and•@Žµhen investigators

began to proposeŽµheories conceming their developmenŽµ•E

During the•@ŽµWenŽµieŽµh century,Žµhe cycle is•ˆrePeaŽµed, On|y

more ofŽµen.•@This is dueŽµo•@Žµhe rapid expansion ofŽµechno-

1ogical capabiliŽµies andŽµhe vasŽµincrease inŽµhe number of

“ocienŽµŽmsŽµ—ì.

ReŽµurningŽµO•@Žµhe early nineŽµeenth cenŽµury, this proces—e

b”£in•áŽµo _unfold.•Hn 1817•E Serres(•€o)•fin a sŽµudy using

basica|ly direcŽµobservaŽµion,\ described a numbeŽíofŽ²all

raised bodie‰_•@OnŽµhe gingival surface ofŽµhe feŽµus.

"I was led to•@Žµhe discovery ofŽµhese•@|iŽµŽµ1e g|andu|ar

bodies in ,|ooŠ¢ingtor•ˆŽµhe opening of‹Oe gubernacu-•@ˆê

Œê‹Þ•‘•ö‰à—••BŽ•ˆ¯‹ÞS‰Ãˆ¯—Ûi•c•B•¾dp–L“Ÿ
Žµhem firmly, a’^er having made a liŽµtle opening, a

WhiŽµe substance exuded fromŽµhem ofŽµhe consistency

Of wax and assuming a spiral form.•@On examiningŽµhe

•¡WO jaws aŽµŽµenŽµively,•H•@found a mu|ŽµiŽµude ofŽµhese
Same glands disŽµribuŽµed•@Žµhroughout al|•@the carŽµilagin-

OuS Substance which aŽµ•@this period forms the gums.•d
•P I deŽµached many ofŽµhese bodies whose size equa|led

thaŽµof a grain of mi||ŽKseedƒmand ar6 exacŽµ|y simi|ar

the Meibomian glands•c•EThese glands as we have preˆê

Vious|y sŽµaŽµed serveŽµO |ubricaŽµe the carŽµi|ages which
.inŽµhe foetus takeŽµhe p|ace of\(theŽµeeŽµh beforeŽµheir

appearancel but afterŽµheir erupŽµion•ˆŽµhey $eCr”JŽµe•@Žµhe
SubsŽµance which is known under•@Žµhe nane ofŽµarŽµar.•f'

Mummery(’d), who•ˆreviewed Serres•œ study and subsequent

OneS•œ Summarized his findings in 19221ŽNe do noŽµSuPPOSe
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that anyone sinceŽµhe•@Žµime of Serres has ever•ˆSuPPOSed thaŽµ

Žµhe bodies described by him were glands or possessed any

Of the funcŽµions which he a—ìsignedŽµO•@Žµhem, but various and

COnflicting op|n|OnS have been held as to the nature•ˆand

POSiŽµion ofŽµhese bodies and•@Žµheir relations•@ŽµO•fthe tissues

OfŽµhe gums and•@ŽµeeŽµh."

The .'g|ands of Serres"•@have been described as aborŽµive

enanel germs by An‘lrewŠ](—Ë), aS gingiv‹Tl g|/ands of co‚ÓecŽµive

tissue by Black(–Â), aS muCOuS COrPuSCles by Sa|ter(•û)•‘aS

POrŽµions ofŽµhe epiŽµhelial debris inŽµhe periodontal membrane

by Underwood(•I)— and as superficial epiŽµhe|ia| debris of

Žµhe•@ŽµooŽ²band by”ˆlassez(“i), Who wanted to in—Ère a dis-

tincŽµion beŽµWeen these bodies and the groups of ce|1s in‰°Žµhe

PeriodonŽµal neŽµŽ°rk knom asŽµhe rests of Matassez. Mu‹rery

a’^empŽµed‡`o clarifty•HheŽµerm "g|ands of Serres'•E as being•@-

"epithe|ial debris" inŽµhe superficia| ora| tissues.

While Serres' name is noŽµeŽµChed in the mind of every

SŽµudenŽµof anaŽµ•|y, the name of his contemporary,–Qcke|(”Ÿ),

CerŽµainly is. Meckel's carŽµilage or•ˆMecke|'s proIongation

‹ŠaS•ˆfirsŽµdescribed in 1817 a‰àbeingŽµhe skeleŽµon ofŽµhe

firsŽµvisceral•®ch. He noŽµed iŽµs -re|ationship wiŽµh the

–|all bones•ˆof the inner ear, the malleds and incu‰_Žq•A Meckel's

Studies also dea|ŽµwiŽµhŽµhe relationships of the deve|oping

ŽµooŽµh//ger–QandŽµheir order of ,aPPearance anŠ³calcification.

—íe described theŽµen week fetus as possessingŽµhe incisor
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and mo|ar•ˆŽµOOth buds and excluded the cuspid, Which he noŽµed

began to calcify before the second mo|•®.

‹Oe process of enamel formaŽµion or amelogenesi‰_ƒ^•@has

been the subjecŽµ•ˆfor many researchers sinceŽµheŽµime of

HunŽµer.•@The facŽµ•@ŽµhatŽµhis process is sŽµill under study

is•@ŽµribuŽµe to•@Žµhe complexiŽµy ofŽµhe problem.•@•H‚àis noŽµ

ŽºurPrising,ŽµherefoFe,Žµo see before us mulŽµip|e theories

based on chenges from•ZŽµhe use of primitiveŽµO mOre Sophisˆê

ŽµicaŽµed scienŽµific•@ŽµOO|s.•@The enamel producingŽµissues had

been noted by HunŽµer and oŽµhers•fPuŽµPurkinje, and Ra—ìchkow(+8)

first coined•@Žµhe•@Žµerm "organ ofŽµhe enamel..,/

Some of the earliesŽµinvestigaŽµors believed•@ŽµhaŽµ•@Žµhe

ame|oblasŽµgrew aŽµŽµhe distal end (Žµhe area adjacent toƒmŽµhe

future•ˆdenŽµino-ename|•@juncŽµion) , the newly formed parŽµbe-

COming d‚¨ecŽµ|yŽµransformed into enamel.•@ŽJis was•@Žµhe view

Of Schwann(1839)(’d) and Wa|deyer(1871)(jo)•‘•@others, Mar-

CuSen(1853)(51) and MorgensŽµem(1891)(52)\ felŽµth•ïŽµŽµhe entire

–|elob|asŽµis converted into parŽµof an ename| prism.’^is

WaS•ˆfollowed by •ŒŽµhe formaLŽµion of/ a SuCCeSSion of‹½eloblasŽµS

Žµo produce•@Žµhe fu11Žµhickness Qf ename|.

DuringŽµhe earlyl Period, John ,Tomes in 1848‰G3) described

The disŽµal ame|ob|asŽµic prodess•@ŽµhaŽµbears his name. He a|so

described the shape ofŽµhe interprismaŽµic subsŽµ‹Žnce as re_

Sembl‰¤ng a honeycombŽqWiŽµh ename| prism formaŽµion dueŽµo

Chemica•Hchanges occurring wiŽµhin and aroundŽµhe ame|oblasŽµic
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pr•›•›‚à‰àS•œ

Sub—eequenŽµinvestigaŽµors•ˆPrOPOSedŽµheories involving

boŽµh•ˆconversion ofŽµhe ameloblasŽµs coup|ed with a•ˆseCreŽµOry

CO•EPOnenŽµ•E Wi|1i–|S”è) felŽµŽµhat grinular bodies are foŽXed

by•@Žµhe nucle‹£s•ˆofŽµhe ameloblasŽµ.•@The granular bodies•ˆOr

globu|es fuse•@ŽµO•ˆform b|ocklike masses which then fuse•@Žµo-

gether |ongiŽµ•EdinallyŽµO formŽµhe pri–|s. Subsequently•E an

aLlbuminoid subsŽµance bearing ca|cium salŽµS flows around the

CO|umns to forŒÊŽµhe inŽµerprismaŽµic subsŽµance and furnish•@Žµhe

Calcareous maŽµerial for•ˆŽµhe ca|cificaŽµion of•@Žµhe enamel.

•ðccordingŽµO VOn Ebner(55),Žµhe cyŽµOPlasm—Èeach amelo_

blast becomesŽµransformed basally into a homogeneous mass.

This becoŒÇes confluenŽµWiŽµh the mass ofŽµhe adjacenŽµa–Qlo-

blasŽµ•˜. Ijater,Š›iŽµhin the mass, a fibrous•ˆSub‰_/tance is formed

in direct•A COnŽµin•‘Žµion of the ame|ob|a•Ð‚à•œ•@‰•erel granular

deposiŽµs coalesce and calcifyŽµO fom a yOung Prism. This

increases in size aŽµŽµhe expense ofŽµhe unca|cified homo-

geneous’yaSS•Í—Zich fomsŽµhe inberprismatic subsŽµance.

•ðddiŽµior–El’^eories of ame|ogenesis relaŽµeŽµhe impres-

S•fion•Pof enane| formaŽµion enŽµire|y by secretion. Andrews(56Žå

believedŽµhaŽµinŽµhe early sŽµages'•@Sma|l globu|eŒROf semi-

•¹Olid ca|coglobutin formed in the dytQP|asm of the ame|0-

blast near•ˆŽµhe•Ùeleus. They increase in size by coatescence

towardŽµhe basa| en‹TofŽµhe ce|| and are depoŽÔted,•Œ fusing

in a•ˆfibri|1ar fr”éeworkŽµo formŽµhe pris–Q•œ•@WithouŽµaL frame-

WOrkƒmthey fuseŽµo fom the inŽµerpris–Qtic subsŽµance.
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Schaffer(5?) and I'amS(58) modify some ofˆêŽµhe aLSPeCŽµS

Of a secreŽµion•ˆŽµheory, buŽµfail to change any major concepŽµ•¹.

Gol|ner(59), however, PrOPOSed a theoryŽµh‹Šwas quiŽµe dif-

ferent in its inŽµerpreŽµaŽµion.ofŽµhe events•@Žµaking place•œ

He felŽµŽµhaŽµŽµhickening of the peripheries ofŽµhe basa| ends

OfŽµhe amelob|asts producedŽµubu|ar prism•ˆmembranes•E They

became•ˆfil|ed by a succession of drops of prism subsŽµance'

which were elaboraŽµed by the ameloblasts and conŽµained al|

OfŽµhe e|emenŽµs ofŽµhe prisms. He a|so\\ felŽµŽµhaŽµTomes'

PrOCeSSeS are artifacts representing co|lapsed prism mem-

branes. Others•q60•f61•E62•E63.6•¶65) have the’@izedŽµhaŽµena-

‰Be| forŒŒation is who|ly or in part a product of the odonŽµo-

b•HasŽµs.•@•@•@•@•@. •g

Chase(66), uSing specimensŠàoml m•ïn— dog, CaŽµ, Pig,

rabbiŽµ, and raŽµI aŽµŽµempŽµedŽµO Clarify and summariŠŸŽµhe

PreVious theories before 1932•E He felt t’dŽµthe formaŽµion

OfŽµhe en–|e| prism was by deposiŽµion of initially dncal-

Cified subsŽµance wiŽµhin and aroundŽµhelŽµeminal porŽµion of

“¯’^esI processesl followed by sŽµages of calcific•Aa•Œon.

He concluded thaŽµŽµhe Tomes. processes are incorporaŽµed in

Žµhe prism because when they are pulled froŽX•ˆthe inŽµerpri—ì-

maŽµic subsŽµance'Žµhe resulŽµis a broken, frayed appear•eanCe

aŽµ•@Žµhe ends.

An inŽµeresting comparison beŽµWeen ename| and ecŽµoderm

WaS e•¹lained by Saunders et•E al.(67), Who sŽµudied raŽµ

molars. They fe|t•AŽµhatŽµhe modific‹Žtion of skin into an
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enanad organ was a‚Ër |ess radical changeŽµhan suspecŽµed•œ

‹Oe–|elob|a‰à‚àwas described as having preserved iŽµs essen-

tial and pri’yi—®ve”@nction as a ker•n—®n-PrOdueing ce|l.

’pe‰¨|l produeŽµs undergo some s|ight chemical change thaŽµ

Iea‰¨Žµo an•ˆa–õinity for the ca|cium complex•œ•@The–Qjor

diŽ²e•ßnce’n‘dŽµIe‹}dŽµOŽµhe ameloblasŽµas an enŽ²el producer

WaS•ˆai Change in orienŽµaŽµion ratherŽµ’Sn/a Chemical change.

The facŽµŽµhaŽµ–|•Ílo”ÇasŽµs are aŽµright anglesŽµoŽµhe den—®nal

Surface is apparen‰òy `reSPOnSible forŽµhe changesŽµhaŽµŽµake

Place•Í•@The a—Zhors listed a number of observaŽµions thaŽµ

Žµhey felŽµwould add\ŽµOŽµhe undersŽµanding of en–|e| formation•‘

SOme Of which areI

l.ŽXe inŽµema| enanel epiŽµhelium, jusŽµprior•ˆŽµoŽµhe

establish’yenŽµofŽµhe enane|•œ differentiaŽµes into two dis•E

‚àinc‘dveŽµypes•ˆof ce||s (1)Žµhe’Ûe|oblasŽµor ganob|a‰à‚àand

(2)‹Oe kion•‹blasŽµ.

2.‹Oe kionoblasŽµinitiaŽµes ename| formation by the

eStab|ishmenŽµof the denŽµino-en–|e| membrane and may give

ri—eeŽµoŽµhe enamelŽµuŽ²S, |anellae and spind|es.

10. ife have never observedŽµhe so•êCal|edŽµer•‚nal bar

aPParatus where•ˆfixation is good and shrinkage absenŽµ. We

believe theŽµerminal bar apparaŽµus is entireiy an ar”•acŒÃ•‘

ŒÊe co–QenŽµs of Saunders and his co•×WOrkeis wereŽµhe

reSult of wo—Zng wiŽµh newŽµechniques and materia:|s inŽµry—A

ing to solve soŒÇe PerŽµinent quesŽµio–„conceming en–|e|

for—Zion.‹ÎOugh somewhaŽµarfusing•œ TheirŽµype of effoat

26.



’IŠšŽíe‡XoluŽµionary inŽ·eŽår era.

•ð rebuŽµ‚Ël to the paper. of\Saunders eŽµ•E a|•E WaS Pub-

1Šàed the following year (1•J) by O•Œan et. a|—Y8Žå

Ž²’Ãeviewed the generally accepŽµed princip|es of anelo_

Ž²esis and sŽµudied raŽµmo‰¤ars as had Saunders. Inc|uded

”·their•ˆfindings were several noŽµable differences. They

•qŽµthaŽµ–|elogenesis sŽµa”·s wiŽµhŽµhe deve|opment ofŽµhe

ˆ ‚àino-enamel cuŽµicle•E a fusion ofŽµhe basemenŽµ‹rbrane

˜Y“×a cuŽµicul‹}r producŽµofŽµhe ame|ob|asŽµs•œ•@•™enŽµhe cu“ø

•qhas developedŽµhe an•‡|oblasŽµs produceŽµhe hexŒÄnal•f

•ãsmaŽµic TQmeS' processes•EŽXe boundary beŽµween ce||

ˆ es and Tones' processes is marked by prominenŽµŽµerminal

ˆ “¼•EŽXe denŽµinal ends of the Tomes•ÍprocessfS areŽµrans-

–õ’_–Qd into enamel rods, whereasŽµheir ce11ular ends a–Q

ˆ inueusly and simu|Žµaneously rebuilŽµby a•ˆSeCreŽµory

Ž²vity ofŽµhe a–QloblasŽµs. They described the fi‰JsŽµage

”·theŽµransformation of the Tomes' processes as a homogen-

”·‘ûJn Of their dentinal ends.\ This mate•qo| changes inŽµo

Ž²enamel matrix aŽµŽµhe,aPic•nl side of each rod. Rythmical

Ž²nsformaŽµion causesŽµhe se–|enŽµaŽµion of the rod which

”Ç•ŒsŽµs asŽµhe cross sŠàaŽµions of”Áe/mature enamel rods.

•ãinŽµerapod subsŽµamce is conŽµinuous with projec•Œns•ˆof

‹fterminal bar‰àbeŽµWeenŽµhe Tones' processes•ˆand may be

a•Goduct of‹OeŽµerminal bar apparafus. The rods•ˆform an

a’Ie wiŽµhŽµhe ame|ob|asts‰ad‹Oe“¯mes•‘processes.
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•ðnother•ˆreView which inŽµegrated newer biochemical con_

CePŽµS Wa—ìŽµhat of Nuc‚â|is eŽµa|.(69). Their exŽÔanation

OfŽµhe chemical changes invo|ved i‚êa–Q|ogenesis compared

Žµhe TomesI processesŽµO Pre-denŽµin, andŽµo bone. Tomes'

PrOCeSSeS may be partly a secreŽµory product ofŽµhe amelob|asŽµ

in whichŽµhe phosphaŽµe and calciun \ions are fixed indepen-

dently•f As maŽµuraŽµion ofƒCƒZhis area progŽíessesl the pre-

enamel subsŽµance (Tomes' process) undergoes a tfanSformaŽµion

to become the organic maŽµrix ofŽµhe enane| rod•E’pe phos-

Phate and ca|cium ions areŽµhen |iberated and becoŒÇe fixed

WithinŽµhe keraŽµin”_1ike sŽµru•ZŽµure ofŽµhe organicŒÇaŽµrix.

DuringŽµhe maŽµuraŽµion ofŽµhe ma‚¹ix•œ PhosphaŽµe and ca|ciuŽX

ions are being liberaŽµed continuously•œ•@The amelob|asŽµcon_

tinuesŽµo elaboraŽµe an organic maŽµrix as the ce|l moves

OutWard from q‚©e denŽµino-enamel membrane un—®| the fu|l

WidŽµh ofŽµhe enŽ²e| is formed.‹Oe maŽµuration processƒmCOn-

Žµinues unŽµil a|| ofŽµhe mineral- ions have be•‚n |iberated

and combineŽµo esŽµab|ish the fina| densi‚ày ofŽµhe enamel.

WhileŽµhe many theories of ane|ogenesis were being

developed anŠÏexpoused•‘OŽµher sŽµudies of enanel were taking

Place•E SOme Of which leadŽµo separate FOnŽµroversy•E•Hn 1837,

Retzius(70) firsŽµdescribed the brown |ines in ename| that

bear his n–|e•E These lines are due tdŽµhe visuaLlizaŽµi‰a

Of many rod segmpnŽµS in nondecalcified sections. pickeri|l

(71) claimedŽµhaLtŽµhese lines do noŽµexisŽµbecause brom

lines in enane| could not be pure white by reflecŽµed |ight1
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nor cou|d enamel beŽµrans|ucenŽµ•ˆwiŽµh |his lŽµype of pig’penŽµaˆê

Žµion. He used an•ˆapParaŽµus•@ŽµermedŽµhe odontograph to sŽµudy

the ename| surface and found sca|loped or imtricaŽµedŽµex•Z

Žµure of the ename| surface.•@These scalariform endings are

Žµermed the imbricaŽµion |ines of Pickeri|| and acŽµua||y rep-

resenŽµŽµhe ends ofŽµhe striae o/f Retzius. These opŽµica|

Žµricks did noŽµ•@end wiŽµh•ˆReŽµzius and Pickeri|l.•@To confuse

maŽµŽµers more, ZOneS Of Schreger musŽµbe exp|ained.

‡Ylen SeCŽµions of enamel are viewed wiŽµh ref|ecŽµed light;

alternaŽµing bands of varying widŽµhs are observed due•@ŽµO the

natura|•@curvaŽµure ofŽµhe enamel rods. A sing|e secŽµion of

–‰e enamel will show some rodsŽµO be viewed longitudina|ly

While oŽµheis are seen in cross secŽµion.‹Ois difference

leadsŽµo opŽµica|\b–~nŠ³s ca|led diazones and parazone—ì•œ•@’^e

diazones are areas in which•@Žµhe•ˆrOds have been cuŽµin cross

SeCŽµion. and the parazones are areas in whichŽ²e rods have

been cuŽµin |ongiŽµudinal sectiop•E -SŽµaz(72) reviewedŽµhe •e

reporŽµs o“y•œŽµhose previous worker—e—Zo coŒŒd noŽµexp|ain

Žµheir•ˆSignificance and foundŽµhaŽµhe could not exp|ain

iŽµ•@eiŽµher.

•ð differenŽµŽµype of ename| |andmaLrk has a|so been des-

Cribed by Schour(73). After•ˆStudying random deciduousŽµeeth,

he noŽµed a disŽµincŽµive/ incremenŽµal |ine inŽµhe ename| and

a correspQnding incremenŽµa| |ine in•AŽµhe dentin. The sŽµrik_

ing consisŽµency and posiŽµion ofŽµhe lines. suggested a con-

StanŽµcause.forŽµhe phenomenon•œ•@’pe lines were absenŽµin
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full_term S—®11bŠù“ÇinfanŽµS buŽµwere presenŽµin the•@Žµeeth

of children only a few monŽµhs old•E He concludedŽµhaŽµthese

lines represenbed a permanenŽµbioIogic |andmark•ˆŽµh‘dt•ˆcan be

usedŽµo deŽµermine the amounŽµ•@and a|so•@Žµhe qua|iŽµy ofŽµhe

enamel and denŽµin laid/ down before and afŽµer birŽµh.•@These

lines are termed•@Žµh6 neonata1 1ines and are found in•@Žµhe

deciduousŽµee”Á•A and the first permanenŽµmolars.

While the chrono|ogy ofŽµheo•}ies of ena’^e| formaŽµion•@+

is quite coIorfull if noŽµconfusingl the sŽµudy of denŽµino-

gene–¨is has many inŽµeres•A—®ng asbecŽµS Of i’®own. A|inosŽµ

Si–ëulŽµaneouslyŽ–•@theories conceming denŽµinog•nnesis and

amelogenesis beganŽµo_ apPear during the 1830's.•Hn 1833,

Cuvier(?4) wamed againsŽµCOnfusing denŽµin formaLŽµion with

bone developmenŽµ. The ivoryƒm(den—®n) was also termedŽµhe

OSSeuS SubsŽµance due•@Žµo iŽµS•ˆsimi|–~riŽµies•@ŽµO bone•ˆWhich were

known even as early as Cuvier•fs time.•@The•@Žµerm osseus was

inŽµended•@Žµo refer•@Žµo chemical composition and hardness and

notŽµhe mode of deve|opmenŽµ.

AmongŽµhe firsŽµinŽµensive sŽµudies of denŽµin, WaS the

WOrk of Retzius(70)•u in 1837. He e|aboraŽµed on previous

wor.ks of OudeŽµ(75) and Mul|er(76) who ex–|ined the•@Žµhree

basie curves of the denŽµa•H•@canalicu|i (denŽµinal•@ŽµubulesŽå

In addition, ReŽµzi•Es described a large•enumber of curves

Placed in succession, aS Wel|•@as•@Žµhe•@Žµubule wall.•@He

3•›•›



COnSidered‹Oe tubŒ«•@‚àO be specia|ized vesse|s•‘•@COnŽµ–~ining

a liquid secreŽµed byŽµhe surface ofŽµhe pulp when young,

and which chan.ged aŽµ|aŽµer•ˆage.•@To study o|derŽµeeth, he

Subjected‹Oe denŽµinŽµo hydrochloric acid which yie|ded

ŽµransparenŽµ, f|exible fibers.•@This method was laŽµer used

by”¥Qppe(77).

Given the resources ofŽµhe•@Žµime,Žµhere was considerable

question asŽµoŽµhe`Prigin ofŽµhe denŒ]n. Cuvier(‰«) and

OudeŽµ(75) believed it to•vbeŽµhe producŽµof secretion ofŽµhe

pulp.

Kol|iker(78) and Han‹­over(79) felt‹OaŽµdenŽµin was•@”Áe

resulŽµof direcŽµŽµransformation ofŽµhe pulp.

Huxley•q8O) decidedŽµhaŽµdentin deve|oped dueŽµo a depo-

SiŽµion of special fibers laŽµŽµhe pulpal s•Erface•œ

Legros andŠ×giŽµbŽµ(81) prQPOSed a spontane‰as genesis

OfŽµhe cel|s of denŽµin atŽµhe pu|p surface. Each ce|i rŽ²-

resenŽµed a living individual wiŽµh a|| ofŽµhe aLŽµŽµribuŽµes of

a compleŽµe organism•œ inc|uding properŽµies•ˆof nuŽµrition‹`•@Of

developmenŽµand of orlgin.

“¯dd and Bowhan(82) described‚àhe–|orphous border of

the pulp before•@Žµhe differen—®ation of the odonŽµoblasŽµs a•˜

the "Žµransparent homogenous membrane'•Í•E Apparent|•”they

feltŽµhaŽµŽµhis area gav? riseŽµoŽµhe dentinl and not the

Pulpal cel|s in the form of odontoblasŽµS.

LenŽµ(83) was able to more accurate|y focus onŽµhe
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PrOCeSŒRe‰_Žµaˆ¸ng plaee. He described a peripher—’| |ayer of

Cells of the pulp•œ•@Which heŽµemed the "membrane of the ivory1.

and which weƒMe felŽµŽµo be the real ce|ls of the denŽµin.

Lent describedl a•@"fundamenŽµaL|•@subsŽµance''•@or•ˆmaŽµrix as•ˆre•ÐulŽµˆê

ing from a secreŒ]on, but he did noŽµknow wheŽµher it was

fromŽµhe pulp or fromŽµhe ce||s of the ivory. However, he

WaS ab|e to describe•@Žµhe deposiŽµof calcium salŽµs in the

matrixl which bec–|e PrOIonged as•@Žµhe canaliculi.

ŽXe sub—ìequenŽµCa|cificaŽµion may occur in spherules

Or iŽµmay oc“çr linearly. The deposiŽµion of a globular

matrixŽµaŠ¢es p|ace in layersl followed by fusion and cal-

CificaŽµion in an orderly manner'•@•Hf differences in’ne

degree of calcificaŽµion of adjacent layers are pronouncedŽí

Žµhe l‹½ellar appearance is more pronounc‚£ed. In 18•I, Owen

(84) described this phenomenon when viewing maŽµure dentin.

Several years iaŽµer, Czermak(85) noŽµedŽµhe lack of uniform

Calci–õcation around spheru|es.’^e resu|Žµant hisŽµo|.ogic

areas are referredŽµo as•@"inŽµerglobu|ar denŽµin".

Significant progress inŽµhe undersŽµanding of dentino-

gene—¿s was made by’pmes(86), dueŽµ•B his is•B1a•o•Bn •Bf fib•BrS

in the dentin—Zich originaŽµed inŽµhe odonŽµoblastic layer.

He attribuŽµed a•ˆ—eenSOry functionŽµo these fibers which beaLr

‚Ëi—e•@na—–e.

To further clarify the siŽµuation, Neum‚Ón(87.) proved

ŽµhaŽµŽµwo separaŽµe structures exisŽµ•‘•@‚àhose being the fibers
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descr’d–ˆd by“¯’²eŠÇ•ˆandŽµubes•@Žµha‹Ê˜Iu•IOund—®eŒÇ•œ•@–¨‚©e“oe

Žµubes are ca|1•÷Neumann's•ˆSheaŽ².

Very |iŽµŽµ1e research was performed duringŽµhe lasŽµOne-

third of the•e nineŽµeen‹O•@cenŽµury regarding denŽµinogenesis.

Soon a’^er—¿e sŽµarŽµOfŽµhis cenŽµury, VOn Ebner(88) and•Y

OŽµhers beganŽµo describe more accuraŽµelyŽµhe ce|1 changes
\\

ŽµhaŽµIead to denŽµin•ˆformaŽµion.•@Von Ebner•ˆfound•@ŽµhaŽµ•@the

denŽµinal maŽµrix is noŽµ•Ahomogeneous, but is fibrous like

thaŽµof bone. He felt thaŽµ•@the primary builders of denŽµin

WereŽµhe odonŽµOblasŽµS Which elaboraŽµe a homogeneous maŽµrix,

Žµhe predenŽµin, in which•@Žµhe fibers laŽµer appear.

This idea was quesŽµioned by von Korff(89) who was•@Žµhe

firsŽµŽµo use special fixing and sŽµainingŽµechniques.“Qe

WaS OfŽµhe op|nlOn th‘ˆŽµ•@Žµhe firsŽµmaŽµrix•u of•@Žµhe denŽµin is

not homogeneous, buŽµis•ˆfibrous.•@•Hn the beginning of de”ˆ‚àin

developmenŽµ,Žµhere are fibers which run from the pu|p to the

inner enamel epiŽµhe|ium where odonŽµob|asŽµS•ˆhave noŽµyeŽµ

developed.•@Thses fibers inŽµerweave wiŽµh each other•ˆto form

the firsŽµdenŽµin maŽµrix•E SubsequenŽµŽµo•@Žµhis descripŽµionl

Žµhe–¨e fibers bebame known as•ˆKorff's•ˆfibers.•@Von Korff

ClaimedŽµhaŽµŽµhese fibers areŽµrue collagenous•ˆfibers, a

SŽµatemenŽµquesŽµioned by von Ebner(90),‰J6 s•êWedŽµhaŽµthere

are no collagenous•ˆfibers inŽµhe embryonic pu|p tis“çe•œ

Studnicka(91) helpe•fdŽµo clarify maL’^ers by deŽµerminingŽµhaŽµ

Žµhe nature ofŽµhe KorffIs fibers•‘While noŽµcollagenous•f
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are of a somewhaŽµ•@Simi|ar naŽµure, and are•@ŽµerŒÇed•@"precol-

1agenou‰_•œ •œ,

Orban(92) explainedŽµhaŽµŽµhese precoilagenous fibers

have an affiniŽµy for silver sŽµaining and have been named

argyrophil fibers. The collagenous•ˆfibers ofŽµhe dentin

•Eatrix-are th6 result pf a chemica|•@ŽµransformaŽµion of ar-

gyrophil fibers into collagenous fibers. The Korff's

fibers are argyro˜jhil, PreCO|1agenous fibers.

StrucŽµura|•@aspects of dentin were furŽµher described by

Bodecker(93), Who was able to noŽµe•@’ne branching of the

OdontoblasŽµic•@Žµubules and•@Žµhe resulŽµing ana•¹‚àOŒÇOSeS.•@He

explainedŽµhe reason‰¤Or•ˆregarding the odonŽµob|asŽµicŽµubes

as•ˆSOlid fibers.•@The conŽµen‚àS Of•@Žµhe processes are' in

life, fluids.•@The deaŽµh ofŽµhe pu|p or•£e fixing agents

usedŽµO PrePare•@’^e specimens cause•@Žµhe•ElŽµo coagu|aŽµe, g|Vlng

Žµhe appearance of solid cores when viewed microscopica|ly.

AnoŽµher apatomic enŽµiŽµy that bearsŽµhe name of an early

researCher is NasmyŽµh's meŒÇbrane which has•ˆmOre \reCenŽµ1y

beenŽµemedŽµhe primary ename| cuticle.•Hn 1839, NasmyŽµh(9Œù)

Showed•@ŽµhaŽµ•@a membrahe could be raised from•@Žµhe surface of

the enamel when treated with acids.•@Nasmyth believed the

"persisŽµenŽµdenŽµa|•@bapsule"•@was•@Žµhe remain—e•@ofŽµhe connec-

tive tissue of the wall of the fol|icle adh–ˆrenŽµ•@ŽµO the

tooth after erupŽµion.•@’pus,Žµhe me’^brane was beƒ†ieved to

be a producŽµof•Ùe me•˜odermic ce11s ofŽµhe fol|ic|e and,

therefore, Similar•@ŽµO CeŒÇenŽµum.
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’^|bot(95`) suggested thatŽµhe membrane was a vestigial

remnanŽµof a sŽµincŽµure in lower verŽµebraŽµes.•™rmery(96)

more accuraŽµely \described•A theŒÇembrane as being a portion

OfŽµhe entŠceƒGorgan` and not relaŽµed to the cemenŽµum.

CoincidenŽµwiŽµh the studies concerning amelogene‰àis

and dentinogenes|S, a•f|arge number of researchers were in-

VeStigaŽµing peripheral areasJ This•ˆreView will aŽµtenpŽµto

Cite severa| of these reSearch accomplishmenŽµSl many Of

Which have |ead to subsequeriŽµSŽµudies.

One deve|opment inŽµechniqueŽµhaŽµfound applicabiliŽµy

in denŽµal hisŽµoIogy was the advent of hisŽµOChemistry. Histo-

ChemisŽµry may be defined\ as microscopic sŽµudy ofŽµhe chemisˆê

Žµry of tissues;•ˆuSua|ƒGy byŽµhe use of dyes or oŽµher•ˆreagenŽµs

that produce visiŽµ|e reactions(97). special fixaŽµion, SeC-

tioning and sŽµainingŽµechniques are emp|oyedŽµhaŽµwi|| show

the presence of cerŽµain body chemicals in tissues•Z•E

This meŽµ‚àOd has been usedŽµo greaŽµadvanŽµage inŽµhe sŽµudy

Of mineralizing tissues•ˆS\uCh as bonel denŽµin and enamel. One

OfŽµhe firsŽµa’^empŽµS involving hisŽµochemistry was done by

Robi;on and Soames(98) in 1924•‘tO SŽµudy bone ossificaŽµion.

’peŽµechniques were improved by GomoŒá(99,100) and usedŽµo

advanŽµage in ora| and oŽµher bodyŽµissues(101,1O2,103,1O’j.

Engel and FuruŽµa(1.05•r•@were ab|eŽµo demonŽºirŽOŽµe alka|ine

PhosphaŽµase in cel|s ofƒmthe dental lamina.

Bevelander and Johnson(106) used hisŽµochemical tech_
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niques(tO isolaŽµe\ a|ka|ine phosphatase in developing dentin.

They found•@ŽµhaŽµduring the differenŽµiaŽµion of i‚©e odonŽµO_

blasŽµ•‘•@alka|ine ihosphaŽµase becomes Iocalized wi’ninŽµhe

nucleus, CyŽµdplaLSm andŽµhe dentinal fibrils before and during

the e•ïrly calcificaŽµion of denŽµin.•@•Hn older dentin•@Žµhis

Same SiŽµuaŒ]on is•ˆfound and addi—®ona11yl Tomes'•@fibers are

StrOngly phosphaŽµ•nse pbsiŽµive. Since by theirŽµimeŽ²e

funcŽµion of phosphaŽµase in nomal ca|cification was known,

they conc|udedŽµhaŽµŽµhe function ofŽµhe odonŽµObiasŽµand

“ImesI fibril,Žµo a great exŽµenŽµbiochemica11yl isŽµo pro-

duce and mediate phosphaŽµaseŽµransfer•ÍWhich inŽµurn, |eads

Žµo`Žµhe sp|iŽµŽµing of phosphaŽµe where iŽµis knomŽµo be de_

. po˜UiŽµed.•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A

0Žµher’^eŽµhods•ˆforŽµhe sŽµudy of ca|cification were im_

PrOVing•E In 1928, BeusŽµ(1O7) used radiographic sŽµudiesŽµo

ShowŽµhaŽµcalcification of ,enamel occurred in several sŽµages.

KiŽµchin(108) c6nfirmed-Žµhis by po|arized lighŽµsŽµudies,

while App|ebaum(109) used Grenz•ˆray Or•ˆSOfŽµ‡]-ray teChniques

Žµo furŽµher•ˆSubsŽµanŽµiateŽµhe findings.

Before concluding the review ofŽµhe older |iteraŽµure•f

menŽµion must be lmade of\ several sŽµudie\S involving the use

OfŽµOOŽµh ger–Q, Or POrtions ofŽµooŽµh germs•Ø‘§Žµhave been

removed from their•ˆnOrmal environment•E One such sŽµudy was

undertaken by Glasstone(110) in order to find wheŽµher e•Ebry-
•Œ•¡

Onic denŽµal tissues would differenŽµiaŽµe norma||y when iso-
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laŽµed Fnd cu|tivlated(in viŽµro. He used 18-21 day raŽµ

embryos•E forŽµhe sŽµudy. Molars and incis‚ÞrS Which had not

yeŽµbegunŽµO for’Ùden—®n were exp|anted whole; While in

Žµhose wiŽµh den—©‚ê,Žµhe papilia was•ˆeXP|anŽµed. His resu|ts

ShowedŽµhaŽµwho|e or parŽµia|•@Žµooth germs cultivaŽµed in vitro

Showed remark‚ |e powers of hisŽµo|ogic differenŽµiaŽµion. The

dentinal papiila deve|oped normal|y, for•‚ng odonŽµoblasŽµs

Whieh deposiŽµed no–|a|,Žµubular denŽµin. G|asstone a|so

found‚àhaŽµŽµhe inner enŠcel epiŽµheliu•Eis essenŽµial for

Odontoblast•ˆformaŽµion.•@However, dentin formaŽµion could

take place in the absˆóce ofŽµhe enamel epiŽµhe|ium, PrOVi-

dedŽµhaŽµodonŽµoblas’®-Were PreSenŽµinŽµhe expla”Ý•œ•@This

type of finding wasŽµhe- basis•ˆfor |aŽµer sŽµudies involving

epiŽµhelial-meSenChymal inŽµeracŽµions and induction mechanisms.

Hahn(111) transp|anŽµed porŽµions ofŽµhe deve|oping teeŽµh

Of young fema|e dogs to•@Žµhe ovaries orŽµo the abdomina| Wa|1s

OfŽµhe same aniáÉls. \Where odonŽµoblast-PulpŽµissues were

transpl.anted, the odQntOblasŽµS reŽµainedŽµheir for’E‚àion•ˆ‹}nd

PrOdue—®on of hisŽµ1ogica11y normal denŽµin afŽµer•ˆfifteen

days.˜IansplanŽµed secŽµions of iso|aŽµed en–|el epiŽµhelium

Were foundŽµo produce no organizing effecŽµonŽµhe connective

—®ssue fibrobiasŽµs ofŽµhe ovary.•Hn each c‹ÕelŽµhe enanel

epithelium•ˆfai|edŽµO–QinŽµain iŽµs ce||u|ar pa’^em a—Zsur—A•E

Vived as straŽµified epiThelium ofŽµhe basoŽ°SquamOus VarieŽµyl

Which formed epiT‹®lial-|ined cysŽµSŽµhaŽµwere hisŽµoIogical|y
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Simi|ŒRŽµoŽµhe•A Simple ,ePiŽµhelia| fySŽµS OCcurring in•ˆh”´an

jaws”_

•Hn •ZŽµherŽån•xŽµ‰¸–QeS•›•@•›d0nŽµ•Zbla“š‚àˆê‘gee–ìu•Hp—®ssue–¨ur-

rounded by en–|el epiŽµhelium was•ˆŠàansplanŽµed intoŽµhe con-

necŒ]ve•@Žµissue ofŽµhe abdominal wa|1.•@After SeVen days•‘•@•ûe

enamel epiŽµhelium had changedŽµo the baso-SquamOuSŽµype which

Subse‰°quenŽµ|y formed small epiŽµhe|ia| cysŽµS•E •A’pis epiŽµhe|ium

faiied to ind’^ce any changes inŽµhe ce||s oƒrthe pu|pŽµissue

SuggeSŽµive of odonŽµOb|asŽµ•ˆformaŽµion. Hahn concludedŽµhaŽµ

the ename|•@epiŽµhelium is noŽµe‰_senŽµia|•@for mainŽµainingŽµhe

formaŽµion ofŽµhe•ˆdenŽµin once a layer of ca|cified•@Žµissue

has been deposiŽµed, He suggesŽµedŽµhatŽµhe failure ofŽµhe

ename| epiŽµhe|iumŽµo sŽµimulaŽµe odonŽµOb|asŽµformaŽµion from

Žµhe cel|s ofŽµhe pulpŽµi‹œSue WaS dueŽµO The•ˆfact thaŽµonce

Žµhe amelob|asŽµS beginŽµhe producŽµion of enapel•fŽµhey are

no |onger capabie of inf|uencing the comecŽµiveŽµissu6•P cells.

A number of invesŽµigaŽµions ofŽµhis early period will

be inc|uded inŽµhe specific discussions•eŽµo whichŽµhey are

PertinenŽµ, |aŽµer inŽµhis paper.
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Tne |iteraŽµure concerningŽµOqth deve|opment from the

ye‹Š1959 unŽµilŽµhe presenŽµhaLS PrO|iferaŽµed•A aŽµ•ïn almosŽµ

exponentia| raŽµe. Ear|ier theories, hypo’neses•ˆand guesse“š

have been rep|aced by subsŽµanŽµive findings in many cases.

ŽMere are many re‹Õons•ˆfor recenŽµŽ²vances and several wi|1

be reviewed.

Perhaps the biggesŽµSingle advancement has b6en the

development of•@Žµhe elecŽµron microscope as aŽµOO|•@for denŽµal

hisŽµology. •P•@One ofŽµhe firsŽµapplicaŽµions of the elecŽµron

microscope in dentisŽµry was•@Žµhe work of ScoŽµŽµand Wyckoff

(112) perŽµainingŽµo/ t‚éoŽµh surface sŽµrucŽµure. 0Žµhers, in-

Cluding Menke(113•r•‘•@Pease(114), SyrrisŽµ”Nnd GusŽµ•nfson(115•r,

and Sognnaes eŽµ. al. (116) soon fo||owed wiŽµh qescripŽµions

Of boŽµh enamel and denŽµin.

ŒCe ce11s of the layers ofŽµhe ename|•@organ were more

CIosely seen than previously and by viewingŽµheir ulŽµra-

StruCŽµuref aCCuraŽµe judgemenŽµS COu|d be made concerning

Žµheir iuncŽµion. Pamese(117) describedŽµhe ce|ls ofŽµhe

Ste11aŽµe reŽµiculum as•ˆranging from polygonal wiŽµh numerous

ShorŽµprotoplasmic projecŽµions,Žµhrough stel|aŽµe•@Žµo elon-

gaŽµe spindles wiŽµh \fewer buŽµ|onger proŽµoPlasmic processes.

•ðdjoining ce•HIs inŽµercommunicaŽµe viaL desmos‡K’yeS(118) which

SerVeŽµO bindŽµhe cells•@ŽµOgeŽµher. Pamese further described

Žµhe inŽµrace|lu|ar consŽµiŽµuenŽµS.•@WiŽµhin the ce|l are the

nucleus, Golgi.comp|ex, miŽµochondria, endoplasmic reŽµiculum
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andŽµh? filamenŽµS1. These cel|s remain inŽµacŽµunŽµil after

appreciable q’¼ŽÊnŽµiŽµies of enamel and denŽµin have been de—A

POS•Œed, aŽµwhich•@Žµime•@Žµhe layers of the stel|aŽµe reŽµiculum

appear•@Žµo cb||apse•A inward.

BeŽµween•@Žµhe sŽµel|aŽµe re—³icu|um and•@Žµhe inner ename|

epiŽµhe|ium` |ies the sŽµraŽµum intemedium.‹Ois |ayer•ˆof

Ce11‰_may vary from a sing|e ce|l•@Žµ0ƒmŽµhree ce11s inŽµhick-

ne‰_s.ŒCe cel|s ofŽµhe sŽµraŽµum inŽµermedium are re|aŽµively

Small polygona| cells wiŽµh numerous•ˆShorŽµproŽµop|asmic

PrOCeSSeS eXŽµending frlbmŽµhe ce|1 body, a COhdi—®on which

is idenŽµica| with•ˆŽµhaŽµofŽµhe ce||s ofŽµhe sŽµellaŽµe reŽµi_

CuluŒÇ•E‰¤nŽµerna||y; these ce||Žµypes afe identical.

Nylen and Sco’¸(119) noŽµedŽµhe differenc.es beŽµWeen

Žµhe cells ofŽµhe inner ename| epiŽµhe|ium ,asƒm’ney approached

Žµhe sŽµage of–|elogenesŽms.•HniŽµia||ylŽµhe cells are of a

low-COlu•Œnar varieŽµy wiŽµh \miŽµOChondria ho•Eogeneously dis˜^

PerSed in ,Žµhe cyŽµoplasm.ŽXis•ˆarrangemenŽµwill change as

Žµhe se‚¨etive properties ofŽµhe ce||s deve|op•œ _ A gradJa|

tra–Q•ÚormaŽµion toŽµa||-COlumnar occurs, WiŽµhŽµhe cel|s

a’^aining a 40 micron lengŽµh•E The mosŽµconspicuous change

inŽµracel|ular|y involves a shi’^in po|ariŽµy ofŽµhe ce||u-

1ar constiŽµuenŽµS•E The nucleus and miŽµochondria migraŽµe

basa|1y, whi|e the cenŽµriole and Go|gi sŽµrucŽµures shi“ê

d‰¤–¨‚¨11y.

•E The ce|| membranes ofŽµhe ane|obiasŽµS may be straight

Or•ˆfolded as•ˆdescribed by ScoŽµŽµand Ny|en(12O). They also

found deŽ²osomes present aŽµŽµhe inŽµerfaces of adjacenŽµ.cell
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membrapes•‘•@’pe desmosomes•ˆ are also presenŽµaŽµŽµhe contact

poinŽµS Of ameloblasŽµS•ˆandŽµhe ce||s ofŽµhe sŽµraŽµum inter-

medium. Moe •AeŽµ”_•@al.(121) have |ocaŽµedŽµermina•Hbars aŽµ

Žµhe polar reg|OnS'Of/Žµhe ame|oblasŽµS.‹Oese areŽµhoughŽµ

to be modified desmŠŸo‹©eS WiŽµh•ˆsubmembranous accL‘ÚulaŒ]ons

Of dense CyŽµoplasm.

‹Oe work of peo”·and Nylen(120) furŽµ˜Sr describesŽµhe

inŽµernal composition ofŽµhe amelob|aŽºŽµS.•@The \Organe|1es

are simi|ar•ˆŽµo•@Žµhose in•@Žµhe odonŽµOb|asŽµS buŽµ•@differ in

quanŽµiŽµy and locaŒ]on.•@The nucleus becomes basal|y |ocaŽµed

WiŽµhinŽµhe cel| and is•ˆe|ongaŽµe•E The nuclear•ˆmembrane is

double—AWalled and su’¬oundsŽµhe chromaŽµin granules and

nucleoli.•@The miŽµochondria are resŽµricŽµed•@ŽµO the basa|most

region ofŽµhe cel|, |ying beŽµWeenŽµhe nuŠ¢eus andŽµhe ce|l

membrane.•@DisŽµa|•@Žµo•@Žµhe nucleus is a regiori of endop|as-

mic reŽµiculum•‘•@‚àhe componenŽµS Of which are arranged as -

Pa|isades/ paralle| wiŽµh•@Žµhe•@|aŽµeral ce|| membrane.•@‘‚he

nexŽµdisŽµa|•@zone is occupied byŽµhe Go|gi compƒGex—¿d numerous

SeCreŽµion granules.•@The disŽµal-mOSt region of the cell is

fil|ed with aLnO‹Oer•ˆZOne Of endoplasmic reticulum which is \

SimilarŽµo•@Žµhe zone adjacenŽµŽµo•@Žµhe nucleus.

The ame|oblastls•ˆfirsŽµ•@funcŽµion is•@ŽµhaŽµ•@of conŽµribu•Z

ŽµingŽµ0Žµhe forma—®on ofŽµhe den—®no-enamel juncŽµion byŽµhe

deposi—®on of a layer of maŽµrix which is desŽµined `to beŽµhe

foundaŽµion on whichŽµhe rods wi|| resŽµ•E This layer is

•j’…



PrOduc•\abouŽµŽµhŽÉti•ÃeŽµhaŽµŽµhe firsŽµ|ayer of denŽµin•ˆma-

Žµ•dx ngs pegunŽµo calci•¹y(122). The amelobla•¹t is now pre-

pa•ÜedŽµ•Z per•éo—xiŽµS m‹pOrƒSun•ZŽµion,Žµ‚ËaŽµ•Z‚ÅproducingŽµ‚Ëe

maŽµrix for‰a‚à“¤r•F•Pename| rods and interprisma—®c maŽµeria|.

‹Îe organizaŒ]on of/Žµhe maŽµrix for•ˆŽµhe enamel pri–|s

andŽµhe inŽµerprismatic area involves three. sŽµeps.ŽXe firsŽµ

Of which is•@Žµhe formaŽµion ofŽµhe Toines process which is a

fingerlike disŽµal•@Žµerminal ofŽµhe ame|oblasŽµ.•@This involves

Žµhe e|aboraŽµion of ah inŽµercel|ular maŽµrixŽµemp|aŽµe as

described by Quig|ey(123). The mold makes iŽµS aPPearanCe

as irregu|ar amorphous aeposiŽµs inŽµhe laŽµeral inŽµercel|u|ar

SPaCeS'•@•Ùe depo‰_iŽµs-•faccreŽµe unŽµi|Žµhe disŽµa| seg–QnŽµbe-

COŒÏeS COmPleŽµe|y ensheaŽµhed by maŽµrix.

The second sŽµep invo|vesŽµhe formaŽµion ofŽµhe rod space.

AsŽµhe Tomes process is compleŽµed•‘‚àhe–|eloblasŽµre‚¹eaŽµS,

CreaŒ]ng a space which subsequenŽµIy isŽµo be fil|ed wiŽµh

Žµhe secreŽµory producŽµs ofŽµhe cel|. TheŽµhird sŽµepƒ^Or

formation ofŽµhe rod segmenŽµ9 OCCurS WhenŽµhe pod space

becomes fi11ed with an amorph•BuS Organic maŽµrix•Í•@The maŽµrix

is depoŽÔŽµed progressively unŽµi| an entŠÊe rod se“@enŽµis

foŽJed. IJengŽµhening ofŽµhe ename| rod is accomplished by

Žµhe repeŽµiŽµive aet•Œities ofŽµheseŽµhree sƒmteps.

The nexŽµseries of changes invoIveŽµhe minera|iza—®on

OfŽµhe“Çurix and has been sŽµudied by‰Ÿank and Sognnaes(12•q

ŒÝ2.



Frank•PŒê•E a|.(125)•‘Johansen and Parks(126), and ReiŽµh(127).

InŽµhe iniŽµia| or pri‘ëary phase of calcificaŽµion, the firsŽµ

ŽµwenŽµy-five(2‰™) per•ˆCenŽµor more ofŽµhe definiŒ]ve mŽåneral

COnŽµenŽµis received byŽµhe maŽµZ`ix. This is•ˆfo|lowed by the

maŽµuraŽµion phase during whichŽµhe final sevenŽµyˆêŽµWO•@Žµo

SeVenŽµy-five(•T-7Žã) per cenŽµOfŽµhe mineral conŽµenŽµis

acquired by••‘žmaŽµrix!•HnŽµhe•fprimary phase' initia| nuc-

1eaŽµionŒÇd |engŽµhwise growŽµh resu|Žµs in the formaŽµion of

|ong ribbon•dSh‹Tped crysŽµals•E•HnŽµhe maŽµuration phase•‘•@‚àhe

Change in minera| conŽµenŽµis ref|ecŽµed in gradual increases

in boŽµh’yickness and widŽµh ofŽµh/e crysŽµa|s.•Hn maŽµure

enamel•Í•@’ne crysŽµa|sŽµakeŽµhe fom of hexagona| rod|eŽµs.

We have seen how the cel|s ofŽµhe inner ename| epi••elŠì

ium changeŽµheir shape and configuration•v of•AŽµhe organelles

Žµo become amelob|asŽµs. •eperhapsŽµhere is an •veven greaŽµer

Change in\Žµhe periphera| ce||s ofŽµhe denŽµa| papil|aŽµhaŽµ

becomeŽµhe/ OdonŽµob|asts.•ˆThroughouŽµthe papil|aI are nu-

merous•ˆCe11s—Zich are \relaŽµive|y undifferenŽµi”@ˆêe•B•œ•@Avery

and Han(128) describeŽµhese •gcel|s as being sŽµe||aŽµe or•ˆfu_

Siform-Shaped•‘WiŽµh nume”@us proŽµop•H‹}smic proceŠ]ses which

inŽµerco‹÷unicaŽµ“•. These are primiŽµive’Žbrob|asŽµs and,

mesenchyma| ce|1s. The `differentiaŽµion ofŽµhe denta| papilla

Cells inŽµo odonŽµoblasŽµs sŽµa’dS WiŽµh a quanŽµiŽµa—®ve increase

OfŽµheir cyŽµop|‹T–|aS described by Takuma(129). AŽµthe

Žµerminal bar |evel, |ong cyŽµoplasmic fi|a–Qnts projecŽµinŽµo

•I.



Žµhe cell for’^ingŽµheŽµerminal ce|i–Qb of Kallenbach eŽµ•E

al.(13,O).ˆêThe cyŽµop|asm disŽµalŽµO the ce||’Ùb appears |ighŽµ

dueŽµO a SCarCiŽµy of_ Organelles! a SŽåŽµuaŽµion seen proxima|

a—Z1aŽµera|ŽµoŽµhe mie|eus. 0Žµher cell condiŽµions inŽµhiŠ]

sŽµage have•EŽµhe organel|es presenŽµbuŽµrandom|y disŽµribuŽµed

Žµhro•E“oho”ÝŽçhe cyŽµ•Zpla“šŒC•E

Takuna and Nagai(131) describe the changesŽµhaŽµtlese

cells•ˆundergo duringŽµheirŽµenure as odonŽµOblasŽµS.‹Oe

papi|1ary cel|s' having begunŽµO differenŽµiaŽµe. become longer,

narrower and columnar.•@•¦he nuclei and Golgi area beginŽµo

po|arize and becomeŒÊOfe distincŽµ•E The ce||s are orienŽµed

perpendicu|arŽµoŽµhe predenŽµin surfaceI WiThŽµhe nucleus

having migraŽµedŽµOŽµhe proximat or denŽµa| papi||a side of

Žµhe cel|. We||-developed Go|gi e|emenŽµs are found disŽµa|

Žµo•@Žµhe nuc|eus. GranuƒGar endoplasmic re—®cu|um lies beŽµween

Žµhe Golgi sŽµrucŽµures andŽµhe nucleus wiŽµh miŽµochondria seen

randomly’ÙŽµhinŽµhe cy‚âP|asm.•HnŽµhe more difŠ•renŽµi“ûŽµed

cellsI a Sing|e disŽµa| proŽµOP|asmic exŽµension•Í/Žµhe Tomes

PrOCeSS ,is seen.

Sco‰Øand Nylen(12P) exp|ainŽµhe nexŽµOCCurrenCeS in

Žµhe formation ofŽµhe denŽµinl However, they distinguish

beŽµween manŽµ1e denŽµin and circumpu|pa| cenŽµin.•@The manŽµIe

denŽµin isŽµhaŽµ—Zich is formed iniŽµial|y, and lies adjacenŽµ

Žµo the de•‚ino-ename|•@junc—®on.‹Oey cormenŽµupon a -fan-

1ike arrangemenŽµof coarse col|agen fibri|s whichŽµhey feit

•{‚ð.



WereŽµh‹ø•AŽµerminaŽµions of•ˆKorff's•ˆfibers.‰¤n the circum-

Pulpa| denŽµinƒ^•@‚àhe matrix was composed of considerably finer

fibrils arranged inŽµhe form•ˆof-a•PneŽµwork. Nob|e eŽµ. al.

(132) demonsŽµraŽµed whaŽµŽµhey regarde‹Tas Korff's fibers in

Žµhe area of HerŽµwig•f's rooŽµSheaŽµh, Whi|e Bevelander and

”Ùkahara(133) describ•eed co||agen of aŽµhick naŽµure beŽµween

newly formed odonŽµoblasŽµs. IJeSŽµer•ˆand Boyde‚­1ƒj’o) confir’^

the presence of ,CO|1agen bund|es ihŽµhe mantie denŽµin zone

and regard these as Kor’ûls•ˆfibers.•Hn sŽµudying boŽµh humaˆª

feŽµuses and mice, WhiŽµŽµaker and Adams(1‚¤5) found silver

deposition associaŽµed wiŽµh bund|es of co||agen fibri|sŽµhaŽµ

—¿ere presenŽµbeŽµween n9Wly differenŽµiaŽµed odonŽµoblasŽµs.

These findings were conŽµradicŽµed byŽµhose of I,enZ•q136) and

•°ank and Nalbandian(137), Who cou|d noŽµdemonsŽµrate•@Žµh•Œe

Žµypes of fibers describ?d by von Korff.
•P•P‰°‰°•R

•Hn ahy evenŽµ,Žµhe overwhel’^ing evidence supporŽµsŽµheƒm

SuggeSŽµionŽµhaŽµŽµhe major•ˆfibrous•ˆCOmPOnenŽµofŽµhe manŽ²e
\ •R

denŽµin maŽµrix isŽµhe Korff's•ˆfiber•œ•@The fibers are be|ieved

to orlgmaŽµe inŽµhe inŽµercel|u|ar spaces ofŽµhe denŽµal pa-

Pil|a. These precollagepous fibers pass beŽµweenŽµhe odonŽµ0_

blasŽµic ce|| bodies and inŽµhe inŽµer-OdonŽµoblasŽµic spaces

ar`eŽµransformed inŽµO COl|Š•enOuS•ˆfibers. Meanwhileƒ^‚àhe

OdonŽµob|asts have begunŽµo migraŽµe away fromŽµhe inŽµerface

WiŽµhŽµhe•©e|oblasŽµic area. Their•ˆreŽµreaŽµ|eaves a region

fil|ed wiŽµh man“ùe denŽµin maŽµrix•E Ehabedded inŽµhe man•–e
\•@\

•I.



PredenŽµin are‰°Žµhe sing|e •¥PrOŽµoplasmic pro•èecŽµionsŽµhaŽµare

Žµhe odonŽµoblasŽµic proc‘äSSeS•E SubsequenŽµŽµo•@Žµhis, the ma-

Žµrix denŽµin which is pro‹Tuced is•ˆofŽµhe circumpu|pal vari-

eŽµy and differs fromŽµhe mant|e denŽµin maŽµrix onŽµhe basis

OfŽµhe predominaŽµing fiberŽµype.•@The Kor•ˆ's•ˆfibers are

\fewer in number and are referred to as•@"alpha fibers."

ŒCe principa|•@fiber componenŽµis more de|icaŽµe•‘•@forming

a fine reŒ]cu|um adjacenŽµ•@ŽµO•@Žµhe lengthening odonŽµob|asŽµic

PrOCeSS.•@These are the•@"beŽµa fibrils."

For descripŽµive purposes, denŽµinogenesis may be divided

•ginŽµo•@Žµhree phases. The firsŽµphase consists oƒmf e|aboraŒ]on

OfŽµhe beŽµa fibrils. _SimulŽµaneous|y•‘•@aCCumu|aŽµions of gran-

tl|es are observed in•AŽµhe ground subsŽµance adjacentŽµo•@Žµhe

disŽµal surfac‘äofŽµhe odonŽµOb|asŽµS andŽµheir processes•œ

The second ph•ïse is marked‰°byŽµhe maŽµuraŽµion ofŽµhe denŽµinal

maŽµrix as effecŽµed by’ne influx of ground subsŽµapce•E This

influx obscuresŽµhe fibril•Har network and presenŽµs a fair|y

SOlid homogeneous appearance•E When a relaŽµively wide fronŽµ

Of maŽµrix has been elabora•Jd,ŽµheŽµhird phase may begin.

This isŽµhe mineralizaŽµion or ca|cificaŽµion phase. Takuma

(129) suggesŽµS•@ŽµhaŽµŽµh•‡firsŽµevidence of ca|ciTicaŽµion is

Žµhe deposiŽµion of spherule and spicu|e-Shaped bodies. Dif-\

fracŽµion sŽµudies•ˆSee•E‚ào shoWŽµhaŽµŽµhese are hydroxyapaŽµiŽµe

deposiŽµs. With conŽµinued growŽµh•Í•@Žµhe spheroid calcified

masses conŽµinueŽµo increase in densiŽµy formingŽµhe peri-

“i.



Žµ•E—Zl”—de’†i’†•A/

’pe eiecŽµron mic‡aOscope has, indeed, |‡ˆadŽµo advances

i‘d•@‚à‚Ëe•ˆsŽµaŽµe o•Ì•@‚àhe•P arŽµ•q‚ËaŽµ•@‘\Ome•Ð•@and o’ne‹­“d•@woŠT‰¤d•@‰¤ind

difficulŽµŽµo comprehenq. However'•@•uere i‰_sŒ]Ii a greaŽµ

dea| mor–½•@Žµo know abouŽµŽµhe processes that |eadŽµo•@Žµhe final

–¨om•ˆc‰¤aŽµ•Z•Z”Á•EŽXere are •ZŽµherŽµ•Z•Z1s•ˆfor—®‰¤Š]‰à‚àudyl aS

We|1. One suchŽµool isŽµhe use of radioauŽµography inŽµhe

Sfudy ofŽµooŽµh dev’Ù|op–QnŽµ•E•HnŽµhe invesŽµiga•E‚àion of boŽµh

•ÇŠ|O—¼h anid repair proceŠŸesl iŽµsee–QapprOPriaŽµeŽµo wa—Z

- tO deŽµermine whichŽµiŠ˜sues •eand ce“øs are active aŽµany g|‡X’ön

Žµime•E The use of•ˆradioauŽµography a|1ows for The l•ebel|ing

•P‚àf•@‰_uch cells.

RadioacŽµive isoŽµQPeS inŽµissue secŽµions are capable

Of red•ECing si|ver sa|Žµs in a phoŽµographic“çuision. SecŽ°

tions conŽµainingŽµhe radio_aCŽµive maŽµeria|l if p“Icessed

accordingŽµb prescribedŽµechniques(138), Wi|1 yie|d silv‚¨

‰¹\

’Øe6ipiŽµaŽµe over areas where the isoŽµopŠŸare locaŽµed•B A

numbef Of i“šoŽµopes have been used in denŽµai FeSeŒÝrch in-

c|uding’Ýritiated histidine(139), S35-SulŽ²e(14o), gly-

cine—AH3(’o1)•fŒÊd•H131-fibrinogen(’d). However,Žµhe more

COmmOnly used a–QŽµrŠàum and tri—®aŽµed proline.

•EiŽµ‰¤u–Qhas long beeh advocaŽµed(1’d,‰¤—H,’S‚¤) dueŽµ•B

iŽµs incorpora—®on inŽµoŽµhe D•™mo|ecule. Ce||s•ˆwhich are

abouŽµŽµO divide are active|y synŽµhesizin–¨D•™•E’^ymi–Qis

ineorporaŽµed inŽµoŽµhe moleculel and i•öŽµriŽµium-|abeELed

”·.



thyŒhidine i$ aVa’Çable•fit will be uti|ized.’pus, Cells

syn–•esizing D•™and,Žµherefore' abouŽµto divide, ean be

identified wiŠàin a•ˆSeCŽµion. Thymidine has been used i–õ

g‹cin‡ˆa Pigs by HunŽµand PaynŽµer(•w)ŽµO SŽµudy the cells

ofŽµhe sŽµraŽµum inŽµermedium. Ce11s ofŽµhe enamel epitheliu’^

in raŽµS have been•ˆeXanihed wiŽµhŽµhymidine/uSage by SŽµal|ard

eŽµ. a|.’S‚°) and Diab \eŽµ•E +(148)•E Whi|e Hwang eŽµ•E a|.(‰Ï)

used mice. Scott(15O) used the e|ecŽµron microscopeŽµo sŽµudy

denŽµinogenesis and osŽµeogeneSis in raŽµS WiŽµhŽµhe aid of

Žµhymidine.ŽXymidine h‘ˆS also been used in raŽµSŽµO eXanine

responseŽµO in’Sry iri the pu|p(151•f132) and periapica| tis-

–¨ue—ì(l‚¤‚¤).

Diab and Staliard(154) u‰_ed boŽµhŽµhymidine/ and proline

ŽµO SŽ²dyŽµhe root sheaŽµh and rooŽµdevelopment in raŽµS. They

foundŽµhatŽµhe life cyc|es ofŽµhe ce||s of the cervical ioop
\

of the enamed orgap•ˆand the |ower portion of the rooŽµSheaŽµh

sho–Qd a definiŽµe similarity. The precemenŽµOblasŽµS, how-

ever9•ˆWere mOre CIosely re|aŽµedŽµO deve|opmenŽµal ,SŽµage and

funcfionŽµh‘ˆnŽµhe sŽµaŽµe of activiŽµy inŽµhe root sheaŽµh•E

The cells ofŽµhe rooŽµSheaŽµh appe•®edŽµO degeperate within

Žµhe periodonŽµa| membrane or becaneŽµfapped in the cemen‚àum

ratherŽµhan -become epiŽµhelial `reSŽµS. They also fe|tŽµhat

the region of‘³e rooŽµapex-reŽµained spaŽµialL sŽµabiliŽµy be-

cause of a cessaŽµien of osteoclastic acŽµiviŽµy opPOSiŽµeŽµhe

cer‡Xical |oop andŽµhe factŽµhaŽµthere were more labeileŠ³

Œù8.
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connecŽµivŽµŽµissue \Cells pear the bifurcaŽµion.

“øiŽµiaŽµed prdŒ]ne has been used inŽµhe sŽµudy ofŽµissues

whieh are capable of ca|cificaŽµion•B Pro|ine and hydroxy- •Œ

proline constituŽµe arlarge fracŽµion ofŽµhe proŽµeinsŽµhat are

incorporaŽµed inŽµO COllagen•E Bonel Ce–QnŽµuŠã, denŽµin'•@and

enamel undergo calcificaŽµion a’^er an iniŽµia| co11agen ma-

trix is formed. •ðndeI•ASOn(1”£) used triŽµiaŽµed proline in

hamsters and found labelled pro|ine•@ŽµO be stable in dentin

and alveolar bone for two monŽµhs. Sayegh(156) used this

-isoŽµOPe in raŽµS in an efforŽµ‚àO determine the dai|y raŽµe

Of denŽµin maŽµrix formaŽµion.•@Whi|e this was not accdmplished,

he noted•@ŽµhaŽµOne-half hour after iŽÔjecŽµion,Žµhe maŽµerial

WaS•@|ocalized wiŽµhin the amelob|asts, OdonŽµOb|asŽµS, OSŽµeo•ê

blasŽµS, CemenŽµob|asŽµS, and fibrobla“oŽµ•˜•@OfŽµhe periodoata|

liganenŽµand the denŽµ‹Ž1 pulp. Bau—Zammers eŽµ. a|.(157)

usedŽµriŽµiaŽµed prolin—eas a bone labe||er inŽµhe •P–ˆ‚àudy of

growŽµh /incremenŽµS in mice.

TritiaŽµed bro|ine is also usefu| in examining the subŽµ|e

inŽµeracŽµion ofŽµissues involved.inŽµhe erupŽµive process.

Using proline in mice, SŽµa11ard(158) was•ˆabie to fol|ow

tooŽµh movemenŽµin two direcŽµions.•@Vertica|•@movemenŽµ•@WaS

accomplished by cel|u|ar (cemenŽµum additionŽµO rOOt aPices,

COuPled with new alveoŽmar bone ln the bifurcaŽµion.•@DisŽµa|

drift, COmmOnŽµo•ˆraŽµS, WaS•ˆSeen WiŽµh bone resorption on

Žµhe disŽµal wa11 -ofŽµhe sockeŽµand apposition onŽµhe mesial

Wall. ErupŽµion was simulated by reduction of the occlusal

Œù9.



Surface, WiŽµh a.resultant change in ace|lu|arŽµo cel|ular

Cementum.

•Žs\o using proline, Formicola and Ferrigro(159) were

ableŽµo corre|aŽµe‹OeŽµime of erupŽµion wiŽµh a change from

ace|1ularŽµo ce|lular cemenŽµum. They a|so found the disŽµal

drift of the molar t6eŽµh. RecenŽµ1y, Kameya’E(160) sŽµudied

erupŽµion inŽµhe rat using pro|ine•œ •AThe paŽµŽµem of alveolar

bone ac—®vity changed`COnŽµinuousiy with the developmenŽµ

and erupŽµion ofŽµheŽµeeŽµh•E The alveo|ar bone surrounding

ŽµheŽµeeŽµhƒmwas•ˆunlabe|1ed aŽµbirŽµhl Whi|e labelling became

apparenŽµWithin one we6k aŽµ•@Žµhe mesial and disŽµai,alveo|ar

“ourfaces•E The mo|ar‚âoŽµh began to show rooŽµŽOormaŽµion,

buŽµaŽµno time wasŽµhel fundus opposiŽµeŽµhe rooŽµapex |abelled.

This agrees wiŽµh Sicher(161), Who staŽµedŽµhaŽµbone f6rma_

Žµion opposiŽµeŽµhe fundus •gdid noŽµoccur unŽµi|Žµhe rooŽµS Were

fully for’^ed.

ˆêThe previous sŽµudies have a|l dealŽµwiŽµh sub’uPrimaŽµes•œ

however, there have been several primaŽµe experimenŽµs which

deal wiŽµhŽµhe rooŽµsheath andŽµhe erupŽµive process. using

Rhesus monkeys, McHugh and Zander(162) injecŽµedŽµritium

td study various•ˆStageSƒmOf developmenŽµand eruption•E They

foundŽµhaŽµduring erupŽµionŽµhere was significanŽµ1y more

|abe•Hling inŽµhe furcaŒ]on area than aroundŽµhe deve|oping
/

apex. This is in agreemenŽµwiŽµh Diab and Sta|lard(154)

and K’Ûeyama(160).•P•@This also adds supporŽµŽµOŽµhe idea thaŽµ

Žµhe apica| region.is a stab|e poinŽµfrom which emption

‚¤0.



Conf|ic—®ngl reS‰¸|ts were obŽµained by Kenney and

Ranfjord(163) who used•g pro|ine in\ ViewingŽµhe s–|eŽµissues

in Rhesus monkeys. the bone surrounding the\root apex of

eru•ŒingŽµeeŽµh showed acŽµiviŽµyŽµhroughouŽµa nineŽµy(90) day

Period'•@They found fundic bone in funcŽµioningŽµeeth, buŽµ

COnSiderably more in empŽµing teeŽµh. In additionlŽµhey

found evidence of |aŽµeral movemenŽµof the sockeŽµduring

eruption. These resu|ts leaLdŽµo•@Žµhe conclusion thaŽµŽµhe

apical region is noŽµSPatially sŽµab|e, buŽµis an area of

dynamic bone deposiŽµion•EƒGn a histoIogic study•E Baume(161y)

found resorpŽµion•ˆfol|o•€d by deposiŽµion in the apica| re-

gion of erupŽµing monkey incisors•E TheŽµritium isoŽµope was

used in ancther•ˆStudy by/ Kenhey and Ranfjord(165) who were

ab|eŽµO |abe|Žµhe cel|s ofŽµhe epithelia| rooŽµsheaŽµh.

They a”·empŽµedŽµo follow JŽµhe ce||s inŽµoŽµhe periodonŽµal

SPaCe /WhereŽµhey are supposedŽµo be‚«omeŽµhe ce|| resŽµS Of

MalaLSSeZ.ŽXis was nbŽµŽµhe car3el and /furŽµher sŽµudies in

Žµhis area are indicaŽµed•E TheŽµechniques used were based

On the meŽ²ods of Engler eŽµ•E al.(166) who exaninedŽµhe de-

Veioping epiŽµhelia|•AatŽµachment in monkeyso

In addiŽµion•ˆŽµO radioacŒ]ve isoŽµope injections, OŽµher

meŽµhods are availableŽçor labe|ling acŽµive|y growingŒ]s-

“šueS•‘eSPeCially bone and dentin. A number of agenŽµs have

been used dueŽµoŽµheir abiliŽµy to mark ca|cifiedŽµissues.
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Once deposiŽµed,ˆêŽµhese-‰°maŽµerials•@Žµend to remain aŽµŽµhese

SiŽµes. Idea||ylƒm‹Åese agenŽµS Shou|d |ocalize the growŽµh

siŽµes accuraŽµely. They“ªOuld give informaŽµion in respecŽµ

Žµo•@Žµhe amounŽµOf bone formed in any locaŽµion and also should

hoŽµhave any appreciab|e influence onŽµhe qua|iŽµy or quanŽµiŽµy

OfŽµhe growing bone or denŒ]n.•@The agenŽµS Should be sŽµabƒ†e

during•vŽµhe experimenŽµal period andŽµhey should noŽµbeŽµOXic

Žµo•@Žµhe experimenŽµa|•@subjecŽµ.

Alizarin red S has been used as a bone marking agenŽµ

by many invesŽµigaŽµOrS, i’@luding Mass|er and Schour(167)•E

Craven(168) used a|izarin red SŽµO SŽµudy grow‘•inŽµhe widŽµh

OfŽµhe head of\Žµhe Rhesus monkey. Two monkeys \were injecŽµed

WiŽµh aŽµwo per cenŽµSOlufion ofŒ€ne dye at monŽµh|y inŽµerva|s

forŽµwo monŽµhs•‘•@He was ab|e•@ŽµO fo|lowŽµhe cranial growŽµh

along suŽµure |ines as well as•@Žµhe surface areas ofŽµhe cra—A

nial bones, includingŽµhe lmandible. Ericks•Aon and Ogilvie/

(169)/foundŽµhe dyeŽµo be preŠìenŽµinŽµhe bones•eand denŽµin

WiŽµhin five•YminuŽµes of injecŽµion.

AnoŽµher group of agenŽµS•@ŽµhaŽµhave shown an abiliŽµy

Žµo mark calcifyingŽµissues are•@Žµhe teŽµracyc|ines.•@•Hn 1957,

Milch eŽµ. al.(17O) showed thaŽµanŽµibioŽµics of theŽµeŽµracy’u

Cline series;ŽµeŽµracyc|ine, ChlorŽµeŽµracycline and oxyŽµetra-

CyCline, SPeCifica|ly loca|ize in bone. In a sŽµudy using

raŽµs, rabbiŽµs and humanŽµissue, Mi|ch eŽµ. a|.(171) found

thŠI‚àeach ofŽµhe•@ŽµeŽµracyclines•@|ocalizes in i;he ske|eŽµon

‚¤2.



in a spe/Cific paŽµŽµern‰°Which is quiŽµe uniform in’ne species

SŽµudied, and whieh is•findependent of sex, rOuŽµe of admin-

isŽµraŽµion and dose ad’^inistered.•@‹Oey did find a direcŽµ

relaŽµionship beŽµweenŽµhe inŽµensiŽµy and localizaŽµion ofŽµhe

fluorescence and•@Žµhe •fage ofŽµhe anima|•d•@Once esŽµablished,

Žµhe fluorescence remains•@|argely unaffecŽµed for proIonged

Periods ofŽµime. BoneŽµhaŽµwas already mineralized or

ParŽµ1y minera|ized did nolt become fluorescenŽµ.
ƒm

The capabiliŽµy ofŽµhe•@ŽµeŽµracyc|inesŽµo produce heavy

fluorescenŽµincremenŽµal lines inŽµhe boneŽµhaŽµ•Ais changing

aŽµa specificŽµime•Í•@Offers many meŽµhods•ˆforŽµhe sŽµudy of

OSŽµeogenesis and denŽµinogenesis. Fluorescence is defined

asŽµhe properŽµy possessbd by cerŽµain subsŽµances of conve’ding

ShorŽµWaVe •f|engŽµhs of |ighŽµinŽµo•ˆradiation of |onger visi-

b|e wave |engŽµhs•E’pis is\•éin rea|iŽµyŽ–the proce•áS Of ab-

SOrbing radianŽµenergy and raLdiaŽµing a portion of this energy

in wave lengŽµhs differenŽµfroŒÇthose absorbed(172).ˆê

Primary fluorescence (auŽµofluorescence) is•@Žµhe inherenŽµ

CaPaCiŽµy of subsŽµances\Žµo f|uoresce when exposedŽµO an eX-

citing ulŽµravio|eŽµ|ight source•E Secondary f|uorescence

isŽµhe f|uorescence induced in subsŽµances byŽµhe applica-

tion of fluorescenŽµcompounds or dyes (fluorochromes)•Z“ñ

F|uorescence microscopy is usedŽµo sŽµudy subsŽµances

Which converŽµu|Žµravio|etl near-u|travio|eŽµ•Í•A Or b|ueŒŸVioleŽµ

|ight inŽµo visible lighŽµof specific co|ors. This meŽµhod
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of sŽ²y has Peen u•Kd iŒÜŽµhe fie|ds of immuno|ogyˆ¼3),

exfo|iaŽµive cyŽµo|ogy•q‰¤‰«) and in bone deposi’ˆon(17O).

JwisoŽµzky(’@5) sŒŒdied/Žµhe effecŽµofŽµeŽµracyc|ine noŽµ

On•@Žµhe fluorescence of•@ŽµeeŽµhl but on the phosphorescence`

Phosbhorescence is the induced |uminescence•@ŽµhaŽµpersists

after q cessaŽµion ofŽµheTadiationŽµhaŽµcaused iŽµ.•d•Emer-

Sion of tooŽµh secŽµions in aŽµwo per cenŽµSOluŽµion ofŽµeŽµra-

cycline for one hour caused a |oss of phosphorescence of

Žµhe enamel•fŽµhe pu|p chamber and cerŽµain /regions of cemenŽµum.

There has been some•e•fquestion as•@Žµo•@Žµhe effecŽµs ofŽµhe

use ofŽµeŽµracyc|ines onŽµhe deve|opingŽµissues. Harris(i?6)

foundŽµheŽµeŽµracyc|in•ŠSŽµo be more saŽµisfacŽµOryŽµhan a num-

ber of dyes, including a|izarin red S.•@FrosŽµand Vi||aneuva

(177) describe a quiŽµe usefulŽµechnique for using Achromycin.

Cleall eŽµ•E al.(178) incorporaŽµeŽµheŽµeŠàacyclines in a serial

ŽµechniqueŽµhaŽµincludes dyes•ˆand radio•AacŒ]ve catcium. Narang

and We’US(179) usedŽµeŽµracyc|ine in bone gra’^ing experimenŽµs

in dc`gS•E None ofŽµhe previous auŽµhors mentioned any inhi-

biŽµing effeeŽµofŽµheŽµeŽµracyc|ineŽº•œ

ˆê•wowever, Yen and Shaw(180) foundŽµhaŽµ•@’ne effecŽµof

ŽµhreeŽµypes ofŽµetracyc|ines on membranous bone growŽµh in

Rhesus monkeys was inhibiŽµory•E Ch|orŽµeŽµracyc|inel OXyŽµetraŽí

CyC|ine, and de’^eŽµhylch|orteŽµracyc|ine al| showed sope ar-

resŽµof bone growŽµh inŽµhe anima|s.

’Ie u–¨e Of teŽµracyc|ines in experimenŽµa| denŽµin depo-

‰àiŽµion has been |imiŽµed, Perhaps dueŽµoŽµhe use of mor‚à
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SPeCific agenŽµs sudh asŽµh6 radioacŽµive isoŽµopes•E One

possible usel howeverI COuld beŽµhe comparison of rooŽµ

denŽµin and deve|oping alveolar bone during the erupŽµive

proce“šSe

˜J.



AnaŽµomica|ly arid developmenŽµa11yŽµhe•@ŽµeeŽµh are unique

as organs ofŽµhe hunan body.•@The•@Žµee•û•@are•@Žµhe on|y or“oa–Q

thaŽµChange shape as\COnŽµinuously and as far inŽµo•@Žµheir

OntOgeny SO•ˆ‹OaŽµ’nery are sŽµill forming after birŽµh. Like-

Wise•‘•ZŽµhe anaŽµomic pecu|iariŽµy ofŽµhe puƒ†pa| vascular sysˆê

Žµem is•Aunique. The vascular sysŽµem of bo’n•@Žµhe pu|p and

Žµhe developingŽµooŽµh as a who|e is of parŽµicular inŽµeresŽµ

inŽµhi”¤•@sŽµudy.

ŒCe b|ood supplyŽµO a SPeCific tissue may represenŽµ

Žµhe•@–|ounŽµOf celi division in an area,Žµhe amount of oxygen

needed, Or•@Žµhe |ocation ofŽµhe•@Žµissue wiŽµhinŽµhe body. A

relaŽµively |arge blood supp|y (WOu|d be expecŽµed inŽµhe areas

Of deve|opingŽµeeŽµh and a|veo|ar bone. PriorŽµo•@Žµhe develop-

menŽµof perŠÛsionŽµec•fhniques, VaSCulariŽµy was•ˆsŽµudied by

review of sŽµained hisŽµo|ogic secŽµions.•@This meŽµhod is s—®1|

Valuable in cerŽµain insŽµances•el Particu|arly when comparing

VeSSeiŽçelaŽµionships wiŽµh surrounding sŽµrmcŽµures.

OneŽµopic of de’Ù.Žµe concemsŽµhe blood supp|yŽµo the

enamel orga.n•‘•@As•ˆSOOn aS•@Žµhe •AŽµooŽµh bud begins•@Žµo form.

Žµhere is abundanŽµvasculaŽµure re|aŽµedŽµO iŽµ•E The papi11al

as •vwel|•@as•@Žµhe enane|•@organ receive•@Žµhei•Ü•ˆShare of forma-

tive subsŽµances fr’@the surrounding vesse|s.‹Oe familiar

fouƒF•E-|ayered sŽµrucŽµure ofŽµhe ename| organ is usua|ly

described as being avascularI aŽµ1easŽµinŽµhe earƒ†y sŽµages.

Hopewell-SmiŽµh(181) and Noyes and Thomas(182) J}OnŽµend thaŽ›

in higher mamma|s the enamel organ conŽµains•ˆ–¨aPillaries•œ
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Skillen(183•ãand Jordan(184) failŽµo•ˆfind any vessels

in the I'enaLmel puŽÔ,, orŽµhe•Œe|1aŽµe•ˆre“Ðculum as iŽµis

usuallyŽµermed•E Jord‰a/ SŽµudied theŽµeeth of rats and kiŽµŽµens

thaŽµhad been•ˆSŽµairied wiŽµh hemaŽµoxylin and eosin. The en–|el

Organ ofŽµh\e ki’^en:is described as being a fu|1 covering

OfŽµhe papil|a, WhileŽµhe conŽµinuously growing raŽµincisor

has one side ofŽµhe papilla less developed for ename| pro-

ducŽµ‰¤on.

•Hn animals‰°WiŽµh a "fu11" enane| organl SuCh as man,

OnCe denŒ]nogenesis has begun•œŽµhe nutrienŽµs•ˆfor•ˆthe–|elo_

blasŽµs musŽµbeŽµransporŽµed across’ne ename| organ. This

C‹ŠeiŽµher be direcŽµIy via b|ood vessels or by ce11 trŒÇs-

POrŽµacross’Še ste||aŽµe reŽµiculum•E Jordan•ˆfound no evi_

dence in any of his•ˆSeCŽµions of paŽµs and ki’^ensI Of capi|-
‰¹

lary invasion of‹Oe sŽµe|laŽµe reticulum. NeiŽµher did he

find a breaking up ofŽµhe outer ename| \ePiŽµhelium•ˆdueŽµo

VaSCu|ar/e|emenŽµs. He was ableŽµo find whaŽµhe cal|ed

llan inŽµimaŽµe fu‰_ion aŽµcerŽµain poinŽµs beŽµween the ce|ls

OfŽµhe ouŽµer enamel,ePiŽµhelium andŽµhe endoŽµhe|iuŽXOfŽµhe

CaPi11aries..'•@This wou|d a|low for the occasiona| red blood

Cell inŽµhe sŽµel|aŽµe reŽµicu|um•œ’©‚àthere were no ve“äels

a‹øua11y inside of the outer ename| epiŽµhelium.ŒŒimpor•ê

‚àanŽµobservaŽµion was•ˆmade by Jo•ëdan•fWho explainedŽµhe ap-

ParenŽµSighting of vessels inside ofŽµhe enane| organ.

These, he expiained•fare reallyŽµransverse sections of

capi|lary loops invaginaŽµed inŽµo—®e surface of the enanel

—‘.



Organe// When compared iviTh the vasŽµblood supp|y ofŽµhe

PaPilla, iŽµSeemed c|eaf’naŽµŽµhe enane| organ did noŽµpos-
1

SeSS inŽµrinsic vascu|aŽµure.

•ðd•fdison and Appleton(185) agreed with Jordan concerning

the raŽµincisor•ébuŽµin a separaŽµe study ofŽµhe raŽµmo|arl

Žµheir•ˆfindings were disŽµinc‚àIy opposiŽµe•E They usedŽµissues

•gom very |aŽµe feŽµuses amd young raŽµS. Ih additiopŽµo sŽµain-

ing wiŽµh hemaŽµoxylin and eosin' alum cochinea|•ÍOrange G

and borax carmin were used.•HnŽµwenŽµy•êOne dayƒ^Or |asŽµday

Of gesŽµaŽµion feŽµuses,l definiŽµe blood vesse|s were seen peneˆê

ŽµraŽµingŽµhe ouŽµer en–|e| epiŽµhelium inŽµo the sŽµe|laŽµe reŽµicu_

lum. They did noŽµpepeŽµraŽµe deeplyI buŽµmu|tip|e vessels

Were judgedŽµO be presenŽµenŽµering from boŽµh buccal•A and

|ingua| aspecŽµS OfŽµheŽµOOŽµh germ. Why is™òere a differ-

ence inŽµhe findings of incisor versus’^O|arŽµee•£inŽµhe

albino raŽµ?‹Oer•ee are‚Öseveral posŽµulaŽµed reasons for this.

’pere -isŽmhe possibi|iŽµyŽµhaŽµŽµhe enaneƒ†organ may be avas-

Ccu|ar aŽµone sŽµage of\ deve|opmenŽµand vascular aŽµa |aŽµer

SŽµage.•Hn addi—®on•Í•@Žµhe- sŽµe|laŽµe reŽµicu|um is felŽµŽµo//have

SOme•Pro|e inŽµhis deŽµerminaŽµion. As Addison and AppleŽµor!

POinŽµouŽµ,Žµhe very poor development of’ne sŽµellaŽµe reŽµicu_

lum inŽµhe incisor-Of lŽµhe a|bino raŽµmechanical|y permiŽµs

a c|ose approximaŽµion ofŽµhe b|ood vesse|sŽµo‹Oe anelob|asŽµs.

This may obviaŽµeŽµhe necessity for peneŽµraŽµion of blood

VeSSe|s inŽµoŽµhe e’Ine|.ƒÀrgan.
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•Hn‹Oe molarŽµee‚­Žµh,\•PŽµhere is•A nO ame|ogenesis unŽµi|

afŽµ•®blood vessel pene•AŽµraŽµion. This •˜uggeSŽµs a direcŽµ

corŠÃ’‰1ation beŽµWeen en–tnel produc—®onƒmand availabiliŽµy of

Va—w“ç|ar nuŽµrienŽµS.•Hn facŽµ, Bolk(186) suggesŽµedŽµhe same

•PfuncŠàon•ˆfor the bloQd vesse|s andŽµhe ce||s ofŽµhe sŽµel|aŽµe

re—®cu|um, a SŽµaŽµemenŽµrefuŽµed by Addison and •ðpp|•‡Žµon.

Jump(18?) s‰JdiedŽµhe same processds in hum•®is. His

Žµee•Gwere from infanŽµs rahging fro’^a PremaŽµure sixŽµh fetal

mon“Îh•@ŽµO a fo”¥rŽµeen•ˆmOnŽµh/ o|d fullˆêŽµerm infant.•@He was

COnSisŽµenŽµ1y able•@Žµo` find blood vesse|s wiŽµhinŽµhe enamei

Org“[‹••@The vessels were iniŽµia|ly,found nearŽµhe cusps,

and laŽµer overŽµhe occlusa| grooves and fossae. These vas-

Cular peneŽµraŽµions were seenŽµO bel cIose|y relaŽµedŽµo•@Žµhe

OnSeŽµof ame|ogenesis, furŽµher suggesŽµing a correlation

bet–Qen incre–±ed av(ai(•HabiliŽµy of nuŽµrienŽµS and cellular

SeC•ËeŽµion by the amelob|asŽµS.•@•@•@•@•@•@•@•@\ /

•ŒaŽµer•ˆSŽµ•Edies o—ÊŽµhe vascular•ˆSuPP|y ofŽµheŽµeeŽµh were

accoŽXP|ished dueŽµo•@Žµhe use ofŽµechniques•ˆwhich invo|ved

Perfusion of•ˆŽµhe ve$Sels wiŽµh a maŽµerialŽµhaŽµwould_ be easi|y

SeenŽí•@eiŽµher macroscopica|1y or microscopical|y or•ˆradio-

graŒyically, PeŽÔnŽµ(188) used an injecŽµable so|uŽµion con-

fai—Zng 6ogr. |ead compound,•Igr. peŽµro|aŽµum, and 130gr.

Žµu•£enŽµine oil•EŽXe suspen’•on w‘ˆs injecŽµed (The locaŽµion

Of which was noŽµmenŒ]oned) in orderŽµO eXamineŽµhe blood

SuPŽÔy ofŽµhe JaW‰_andŽµeeŽµh. One ofŽµhe prob|eŒÇS enCOunŽµered
•œ
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WaS tf–EŽµ•Xe fine capill’Ù•Eies 'Were nOt•ˆfilled by the sus-

PenSion. •ˆThis w‹Ts •edue•@ŽµO•@Žµhe facŽµŽµhaŽµthe |ead pŽ].Žµic|es

Were•@Žµoo large•@Žµo p•e‘šŠ}•@Ž›hrough•@Žµhese smaller vesse|s.

In order•@ŽµO Perfuse mor–´•@OfŽµhe vascul‘lr neŽµwork,

Keller and Cohen(189l injecŽµed•H”Ÿia ink thaŽµhad been re-

PeaŽµedly subjecŽµedŽµo/•fvacuum•ˆfilŽµraŽµion a–„CentrifugaŽµion\.

To obviaŽµe•@Žµhe sIowing ofŽµhe injecŽµed mass, a PulŠ]aŽµing

Perfusion was emp|oyed. The maŽµeria.l was injected viaŽµhe

COrmOn ,CarOŽµid arŽµery ofŽµhe dog over aŽµWO hour period,

in orderŽµO mQre COmP|eŽµely fillŽµhe vascu|ar sysŽµem.

Saunders and Knise|y(190) had deŽµerminedŽµhatŽµhe

arŽµeriolar di’Ûeter ofŽµh6 dog was approxi–ëaŽµeiyŽµen microns.

The parŽµic|e size used by Kel|er and Cohen was abouŽµOne

micron, and using w•ám Carmine ge|atin, L•E Cohen(191) was

also dea|ing wiŽµh parŽµic|es of one micron.•@This•ˆ’^aŽµerial

WaS uSedŽµo sŽµudyŽµhe vascular disŽµribuŽµion 6fŽµhe caŽµmandi_
l

b|e. _ The inferior denŽµa| arŽµery•œ•@While•@Žµhe main nuŽµrienŽµ

arŽµery ofŽµhe mandiblel WaS•ˆfoundŽµO anaSŽµomose wiŽµh peri-

OSŽµeal vessels of•@Žµhe inferior border ofŽµhe mandib|e.

Boyer•©and NepŽµune(192) used aŽµechnique involvingŽµhe

inŽµravascu|ar precipiŽµaŽµion of |ead chromaŽµeƒ^followed by

dehydration and clearingŽµo show vesse|s of Yery Sma|1 dia-

meŽµer•E ExperimenŽµa| animals includedŽ²e ratl rabbiŽµƒ^h–|—A

—ì‚àer’Ød opossu’I. Where size peŽXiŽµted,Žµhe femoral vein •A

and arŽµery were used to flushŽµhe vascu|ar•ˆSySŽµem wiŽµh

Saline solution. AfŽµer the sy•¹Žµem was•Reed of bloodƒ^
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POŽµassium dichro”ˆte soluŽµion wasŽµhen perfused sIowly into

the vascular sysŽµŽ²until the ears and gingiva appear•eed

yellow”_Orange•E ,This wa‰àfollowed by the inject•}on of a

diluted lead aceŽµate solution which leadŽµoŽµhe instanŽµan_

eous formationƒBof`a bright yel|ow _PreCipitate within the

injecŽµed vesse|s. The precipiŽµate was |ead chrom•ïŽµe, which

Boyer and NepŽµune were/ able to find even in minute capil-

•Ha‘¸‰¤e“š.•@•@•@•@•@•A

The vascular patŽµems of the animals involved were
/

quiŽµe similar•‘given the differences in respective anatomy.

ŒCe blood supp|y ofŽµhe teeŽµh was•ˆfoundŽµO COme eSSentially

froŒÇ•ˆfour sources•é1•E -the periosŽµeal ve•Ísels1 2. the vessels

emanating from the pedu|lary portion of adjacent surrounding

bone•E 3. thp—¿v—esselS which supp|y ad‚ËcenŽµor cIosely

re|ated muscu|aŽµure, ahd dy. the \intrinsic n–|ed arŽµeries,

SuCh asŽµhe superior alveolar or -the inferior a|veolar.

Every tooth sŽµudied had as iŽµs principal source of va‹»u-

1ariŽµy one or more ofŽµhe four s(OurCeS. They a|so four•£d

ŽµhaŽµeveryŽµooŽµh was surrqunded by a periodonŽµal plexus•@/

which was IocaŽµed beŽµween the external surface of—®eŽµooth

amd the compacŽµbone ofŽµhe alveollus•E Every tooŽµh has an

intrinsic blood supply which co•Eprises the ve“šsels of’ne

Pulp' and these may be derived directiy from n–|ed arŽµeries

Or from arteries of the medu|1ary bone.

•ð more recenŽµperfusion technique was used by Cu—ZghŽµ

md Bhaskar(193) to sŽµudyŽµhe ora| microvasculaŽµure of the
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monkey.ŽXey fiushedŽµhe vascular system with saline via

the aor‚Ëusm—‹a Sine wave perfusion pump. When the exiŽµing

fluid was c|earr a/ red silicone rubber was injecŽµed via the

Carmula unti|‰°‚àhe ani’ya|ls face became rust coIored•œ•@The

Si|icone fubber has a parŽµicle Size of one micron or less.

allowing iŽµ•EtO enter the capil|ary bed. Arterial openings

lWere Cƒ†amped a—Zthe animal waLS Placed under•ˆre•Ãigeration

for‚ªy hourŠìto allow Wlcanization. Their observations.

On the vascul•®supp|y of the periodonŽµal ligament were

basically simil–û•ˆto the findings of Boyer and JNepŽµune.

The b|ood supplyŽµO the mandibular periodontium ong|nateS

ˆ¬'OmŽµhe inferior aiveolar via severa|•@channels.•@ŒCese

Chamels `JO|n WiŽµhin th”JPeriodonta| 1igamenŽµŽµo form a

reŽµicu|ated plexus o–¨an‘ˆSŽµOmCSing vesse|s which encircle

Žµhe tooŽµh.’^•Âe mandibularŽµeeŽµhŽµhaŽµIie anŽµeriorŽµO the

menŽµaLl foranen were found to receive‚Êeir blood supply

fromŠÛight|y differg’†t channels than the posŽµerior•ˆteeth.

The periodonŽµal plexus of the posŽµerior teeƒZh arises

fro‰Bseveral sourcesrŽµhe apical portion from•ˆŽµhe inŽµra-

alveolar and apical arŽµeriesiŽµhe middle parŽµfrom•ˆthe intra-

alveolar arteries which emanate from the alveolar septal

PenetrateŽµhe bony sockeŽµwa11•fand enter the periodontal

|ig“ÆŠwnŽµ•ö and the cervical portion fromŽµhe intra-alveolar

arteries as we|1 as the vascul•ˆplexus of the gihgiva.

’^e labia| periodonta| 1iga’^enŽµofŽµhe mandibular anŽµerior
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teeth is supplied by a gro–¦of vesseis•ˆwhich traverse the

1ŠÊbial soŽè‚àŽµiŠŸuŠŸŽ–•A enŽµeŽíŽµ•‡IabialŠ³lve01•®bo–Q”á•³ug‚Ê

a nŽXber oƒSforaŒŒn•‡l g•ZŽµhŽíoug‚Ë‚à‚Ëe l‘d–Gal b•‹ne•‘’Ûd enŽµer

Žµhe periodo—Zal li”©amenŽµ•E An interesting finding ‡…fŒ»e•ëe

investigators w—¿(ŽµhaŽµthe arŽµery to the pulp is no |arger

Žµhan oŽµher apical arŽµeries `ŽµhaŽµsupply the periodonŽµa|

plexu‰_.•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@\

Using the various techniques, investigators have 9X-

aminedŽµhe blood supply toŽµhe teeth fro‹£the eariiest sŽµages

of developŠTenŽµ•EŽío•E”©•Œ•×•H1y eŽí•EˆóedŽµeeŽµ•d•@On a developˆê

•EenŽµal basis,Žµhe va“šc•El•®S–¦plyŽµ•ZŽµhe den“]1 1–|‰¤na would

be- the firsŽµstage in,OntOgeny tO SŽµudy. GaunŽµ(19’jhas

ex–|ined the b|ood supplyŽµoŽ‹e l’Ûina inƒZhe caŽµI and

notes a–Qu esŽµab’Çshed vascular•ˆ$yStem eVen before the

PrOliferaŽµion of–•e denŽµal l–|ina•E UnderlyingŽµhe fuŒŒ‘Še

POSition ofŽµhe l•ñinal•v a COndensation of b|ood vessels

SŽµeŽXing fromŽµheŽXŽ²dibu|ar arŽµery may be seen. These

capi11aries are more numerou‰_“ñn the anŽµerior half ofŽµhe

developing ma—Zible.

/ƒGn it‰_\early sŽµages, the lamina is surrounded by a

Periƒ†ariinar–QsepehyŽXe Which also su’²ou—Zs the tooth buds.

’pe sub•¡ingua| arŽµery sends off branches which anasŽµomose

Wi•®branches of the inferior alveolar arŽµery to surround

’ûe perilanin•®mesenchyme•EŒÊis conde–Q•°ion of comec—®ve

tissue begins to withdraw from tne ora| end of the lamin•ï•‘

Ž²d a—eiŽµdoes•ˆSO,‹Oe capi||aries are able to approachŒÊd
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CO–Qinto coŽtacŽµwiŽµh \•AŽµhe base’^enŽµ•ˆmembrane.ˆêBy the time

thaŽµŽµhe cap stage is reached. the papilla i“dinvaded by

VeSSels which a•³seŠàom a newly established arŽµery running

immediaŽµely beneat‚Ëthe tooth•E Gaun‚³ca11sŽµhi˜Uvessel‹Oe

SubodonŽµal arteryŒ¾‹Oe capil|ary plexus persisŽµS tO•ˆSuPPly

Žµhe denŽµal sac, 1–|ina and the ouŽµer•ˆename| epithe|ium.

ƒGn subsequenŽµsŽµŠ³ges, the lamina begin•˜ŽµQ’ÈsintegraŽµe

and the vessels buccal and |ingua| to iŽµare allo••ed to

PeneŽµrate the region where they anasto’^OSe.

The next sŽµages of tooth develoŽXenŽµinclude the ap-

POSitional periods where the calcific processes begin.

Bemick(195) sŽµudied the vascul•®•ˆSuPPlyŽµOŽµhe \deve|oping

teeth of raŽµS during\\this period. In the bell s‚Êge of•ˆ ~

deve|opmenŽµ•ÍVaSCular•rPlexuses arise“øom the main alveolar

VeSSelsŽµo encircie The denŽµa| sac, g|Vlng-off capillaries

at the region of the outer enanel epi‹Oe|ium. Ai•‚he basal

region small ca|iber vessels originating fro’yŽµhe maLin vascu_

1ar •uŽ²nk enŽµerŽµhe pppilla•EŽXey soon•ˆdivide and become

distributed mainly in‹Oe core of the connecŽµive tissue.

The pe•d‚Ë•£al limits of’^ese vessel•es are |i’Ùted by the

inner enanel epiŽµhe|ium.•A •ðs the differenŽµiation of the

Odontoblasts takes plalce andŽµhe calcificƒmCyCle begins•‘a

rich capi11ary plexuŠ]develops adjacent i;O the cusp are•ns•Í

In fact•‘in the region of the cuspal horns•‘‚àhe cap”Ç•®ies

have•ˆreached the predentin to f•®m a ful| vas‰al’“—Ö•ˆnetwork.

Bernick explain‰_Žµhat this•ˆrelaŽµionŽ²ip of vesse|s to the

•f•@•@•@•@•@•@•@•@•@•@•@•@•ƒ.



forming—înŠàn should not be unexpecŽµed•E’^e“[anufacturing

Of the organic inŽµerce|1ular–QŽµrix and the ,SubsequenŽµCal-

cŽm‚ÅicaŽµiŽ²Ž]e d—ependenŽµ•‹nŒÊadeq”ˆŽµe–¨up’Sy o•˜”§‚à•³enŠ›

and mineral‰_bro‰\hŽµto the area by the blood supply.•Ht

is more •eefficientl argu S BemicklŽµO have these essential

minera|s br‡Lught in directlyŽµO the -unCalcified preden—®n

instead of diffusingŽµhrough an odontQblastic layer.

A number of other investigators have studied the“¼

VasCulaƒM•A supply toŽµhe developing teeŽµh, boŽµh in•¨ experimenŽ°

Žµ•ƒŒ¾ŒÊi“¯’ns‘³d in‘e’Û. Ad–|–¨(Žm96)‚ß110W•ÍdŽµhŽå‘è•A–ì•›•›e$S

in the oaŽµ•E He describes a gradient of capillary cIoseness

baˆód onŽµhe sŽµage of-advancement in a pa’dicular“–‘¡ea of”Áe

Papil|a. A•} the base ofŽµheŽµoo‹Owhere odontob|asts had not

yet diff•Írentiated•œ Capill•®ies lay aŽµSOme distance•ÃomŽµhe

Periphery of the puip.•Hn the region—Zre odonŽµob|asŽµSƒm

formed a single layer of columar cel|sŽ²d denŽµin produc-

Žµ‰¤on had si;aŽoed•fa•ˆfew capi11aries lay atŽµhe inner aspecŽµ

Of the layer. His description then becc–Qs cIouded based on

the r/ealŽ²aŽµomy of•e developing dentin. rmere the produc-

tion of the dehtin had reached the surface area of the pulp

Ž²dŽµhe odo—ZoblasŽµs had becoŒÇe CrOWded and pseudo–¨‚àratifiedl

•c CaPillaries lay–|ong the outer aspects of the odonto-

blasŽµs•ˆclo–¨eŽµ•Z‹Oe preden‚àin•E•E•E•HŽµsee•E—eŽµh”a‚à•ðd–|‰_’y•yy‹ãave

been viewi•Eg •˜eCtions•ˆWiŽµh histoIogic arŽµifacts that gave The

inpression of a /SŽµr–¨Žµification of odontoblasts. He was

PrObably looking aŽµa tra–Qverse secŽµion through severa1
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OdontoblasŽµ‰_, giving the appeara–Qe of stratifieaƒZion.

Findings•ˆSi’ÙlaitoŽµhose of Bernick(195)Ž²d •ðd‹½‰à

(196) were repor•od by CuŠàig•aand Bhaskar(i97) who exanined

”¿e deve|oping •eteeth of monkeys.’^eir•ˆfindingŒDWere”@r-

ther•ˆSubŽº‚àanŽµiaŽµed by findings in human tissues of Tobin

(198). He sŽµudied the jaws of atoTŽµed feŽµusŠŸand new_bom

infants.ŒCe dental sac was found to\be surrounded by a

Plexu$ Of vessels fromed primarily by branches from the

inferio‡` alveol•®arŽµery andŽµhe pala—®ne a,rteri‘M. •ðd_

ditional branches from the buccal‚©l•ïbi•ïll and lin•xual vŒ¦-

Sels contribute smaller co’^POnentS tO thi—ìplex‰¨‚±•@The

exŽµenŽµ•Z‚Åcu•¹p fom–½—®onŒÇdŽµhe•ˆSequenc‡ˆ oŽŠgrQWŽµh–~‰ò‹T

erupŽµion are re|ated directly to their blood•ÍuPPiy. Th‚ç‚µ

tee‘³growing-–Q•˜Žµrapidly, and which eŒCPt e•®liesƒZI re-

ceive the large—ì‚àP|ood supply.

’^e p•Â•FvŽåo–Q/–¨‚à—Z“ye$‚Ëav•‡de‹T1ŽµŒÇ‹Tinly wiŽµhŽµ‚Êe vas-

culariŽµy o‚Å‚à‚Ëe p‚²‚Üm•®y–ÂeŽµ‚Ë. C’²Žµ‚Åig‚Ë‚à(‹T99)‚ÊŠÕ‰_•{•ïied

Ž²e v–Ôcu•HaŽí•ˆ“šupplyŽµ•ZŽµhe perŒÇ‰aenŽµŽµee’^ofŽµ‚ËeŽ²esu•d

•Eonkey•EŒCe”Ç•›•›d•ASupp•HyŽµ•ZŽµh•‡—eeŽµeeŽµh is’SiŽµe si–Qil“ä

to’^aŽµof the prih—¿y dentif’Ùn.. •ð cireul•®plexus of

VeSSels suFTOu—Zs \the pemanent too’Šgem which en|arge“d

‹@i’^t‚Ëe gro—ih o•öŽµheŽµOOth•d ]”cOm the apica| end ofŽµhe

Plexus•‘there arises a serie–¨Of vessels that grow up inŽµo

’^e papiiia. AŠIthe tooth germ deve|ops•èhe papil|ary

network assumes a/ŒÇOre CO—´Plex anato’yy. Wi’^dentin forma_
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tionŠñ•@a Subodontob|astic plexus arises wh•}ch ouŽµ1ines the

Pulp chaŒÇber a5 the dentin is deposiŽµed•E Concurrently•‘‚àhis

Plexus aŽµrophies as the maŽµure thicknesŽ••@of•éentin is estab’u

lished near th6 coronal portion.

In a similar a’^angement to that of severa| laboraŽµory

animal8(192)•‘CutrighŽµ•ˆfound the vascular•ˆSuPPly toŽµhe

/developing anterior•ˆŽµeethŽµO be via large vessels fromŽµhe

labia| alveolar'•ˆ’@COSa, With only‚µ•fˆ°mall con‚¹ibuŽµions•gom

the a|ve$lar bone and |ingual mucosa. This is in conŽµrast

to’^e posterior teeŠ|,—Zich receive most of”Áeir b|ood

•Í‚âply“ø•‹•E‹Oe alveolar ve“ÅŠQel—ea‰òd•He‰às•@•Ro‰Ÿ•ã\Žµhe‰_e•ƒ

Žµ‰¤ssues.

’^Žµ‚²‚ÜghŽµŒÊd‹O”as—••ï‚²‚­‹T—‘)‚Ëave“Æ—ìO‰_‚àudŽåed’^e—–•›•›d

SuPPly of fully formed teeth in The Rhe“šus monkey.ƒFn thes‰ï

teeŽµh a number of vessels of varying- Size enŽµerŽµhe apica|

foŠ“nen.ŽJese v‰¨sel•¹arise from and coŽXuhicaŽµeŠ•ee|y

WithŽµhe periodonŽµal ple‘ªS Of ve•¹selsl and many of them

are\ CurV•Œaround the ends of •õhe•ˆroOt. [hey are s–Ql|

near the apex, butƒmenlarge as they reach the midportion

OfŠTe root.•Hn mulŽµirooŽµedŽµeeŽµhl”Áe pu|p chanber sho–Q

a free anastcunosis\\Of the blood vesseis ofŠTe aŠŸociated

•x•Z•ZŽµ•@•Zanal‰à.

•Hn hum•»lŽµeeŽµ‚Ë•E Provenz•ï(2•›•›) fQun‹T”agi’y‰¤1ŒÊa’^ŒÇge“ˆ

n•It in‹Oe pulpa| v•ŠSSels.’pe vessels bec–|e- 1‹}rg“Öas

they traLVelled co’^na|1y from the apical foramenl WiŽJ•ãŒCe

•®teriole$ POSSeSSing thick, muScu|ar wa|1s.”@oŽµheri SŽµudy

67.



invoIving human teeŽµh was performed by K•}–|er(201)•E He

WaS ableŽµ•Z•@‚Åi‰¤1’Š•‡pulpal vasculaŽích‹³‘ge‰¤‰àwiŽµh•@•Hndia

ink.•@Th‚³narrow, SmOOŽµh-Wa11ed vesse|s which enter through

the apical for‚Ómina are direcŽµed towardŽµhe ocelusa•Harea

buŽµgiv9 Off branches which divide inŽµO a rich subodonŽµO-

blastic capillary p|exus.•@Severa|•@capillaries peneŽµraŽµe

Žµhe odonŽµobl‹}•˜tic layer and reside among the predenŽµin.

‹Oe pulpal blood supply was drained byŽµhe larger, mOre

centra‚â1ocaŽµed veins which are reduc•Kin•ˆnumber as they

approachŽµŒÜe foramina. KraŒÇer also found the prese–Qe Of

iarge vessel•ëin–x‹àbifurcaŽµion or trifurcation areas of

SOmeŽµeeŽµh. /When found,Žµhey were o•ƒen lar‹ŽerŽµhan the

VeSSels eutering •fŽµhe apical for–|ina.

’^e use of the e|ecŽµron microscope in sŽµudies of pulpal

VaSCulaŽµure ha•Ða’Èed know|edge of”Áe capillary vessels

andŽµheir possibie modes of per–QabiliŽµy. Dahl and Mjor

(202)”_C—¿pŽío‚ç•v“IeryŒÊd‚àee(”V0‚¤)•‘’Ûd Riedel, FŽ¿eŒC•Ee•ÍŒÊd

–Âllen(204) h—¿e ail found fenesiraŽµiQnS in the endoŽµheliu’^

Of pulpal capillaries. GaranŽµand Gillespie(205) have fou—Z

Similar fenestrati\ons inŽµhe capi|laries adjacenŽµto the

ename| organ in the•@Žµeeth of young nice”_

’nnŠc’†Ž¨very(20‚³) n•ZŽµe’ŠaŽµin so‰Be reg‰¤ons, Only

ce“y•Hs wiŽµh a cŠe—¿•PciŽµy fQr–|eboidŒÇ•›Ve–QnŽµ•ˆc•‹•E•Hd pa‰à—ì•Z—¼

OfŽµhe capi11aries dl’åe•@ŽµO an absence Qf fenesŽµraLtion‰_in the

are”Ú•E’pus, the/PaSSage Of red b|ood ce|l—ìwouid be pre-

VenŽµed.

OŽµher sŽ²dies ustn•x’^e elecŽµron microscope have de–£

‚³8.



ŽµaileŠ³Žµh’ö•ˆrel‘l—®Ž²Š³‚Êip ‡…ƒSŽµ‹ãe odonŽµ•Zbl‹TsŠ›–~—Z‚à‚Ëe ne‰¤gh-

bo•³ng ca•d•H‹Ê˜Iyˆª‚«Ž²•›••‚­20?,208).•Ùe l‹cgeŽíVe—ìŠ]el•Í“]ve

be‡ˆn•ˆ“ÖV‡†Žåde“Ô•õ˜E•@aŒo•íeaŽµex•ë“û‚âŠñ•@buŽµ•JaŽµŽµhe–Q,•Úo’Š•Ûn•ˆ•Ûnd

Bi—e‚Ëop(209) ex—¿‹X–Qd—®eŠ{ƒ‘‰Derio•He–¨a—Z’Šei‹`•ˆ•EerV‡‡–Q

c•›unŽµe–ì‹×“o‹Ê•§•‘•@•¦‚Ëey•@”@u•Ed“d•òall aggregaŽµe”lOf mus–¨le•ˆ‚³leŒÇ“ç‚à$

a•Â–xe poinŠ›‰°O‰¤“]ŒÊChing of visceral arŽµerio|es•E‹ÎeŒ‚e•‘

Sp•ŒincŽµ•‡‚Å•ê1Žåk‘S•í–Q”¹le•@–õ‚à•³1s•Œave abunŠ³•nnŽµime•ÜV•n‚àion

—Z‰¤ch‘dŠËe felŽµŽµ•Z‘\eg•E•HŒe‚âeŽµ‚Êe bl•›•›d‰_•E‹r’d‚ào $pec“y‰òc

•®e–·W•Œ“ø”¥’Šel‘¦•H•Þ

P•E•Hp“ø‚Å•””n“I•H’ö‚à‰ã”y‘‚, n‹}‰J‹Î‰¤1yl cOnŒ]me–¨‚Åro“¯Ž‹e p”¥lp

cha•EbeŠÑŽµ•Z•@‚à‚ße•Â•F•ŒŽX1•®p•Z—¼io–Qof’^e‚à•ZŽµh.•HŽµi•¹‰¤n

—®e‰àe radic”Ý“å•¿•‡aSŽµhaŽµreseaŽích‚Ëas b”¹‚à•E‚Å•‹ŒŒd w’ÛŒ]n–¨.

DescripŽµio–Qof thŠŸe vesse|s•®e abundanŽµeno•Eghl buŽµ—efudies

•Hin“øng‰°Š|e•Q•›•›—³‡X‹cculaŠÑ—ey“š‚àe•E•ˆŽµ•Z‚Å•›•›‚àfeŽXa—®oh”a‚Åe‰¤‰ào•E

1aŽµed. There appe•®sŽµ‡† be a definite relŒDŒ]onship beŽ²een

the radicular vessels and HerŽµWig•‘s epiŽµhelia| rooŽµShea’^

inŽµhe developingŽµoo’n.ŽJe rooŽµsheaŽµh•ˆwiil be discuŠŸed

in de‚Êil in following sections•ÍbuŽµa cursory description

is wa‰’renŽµed h•®”O•E ,ƒGn’^e single’urOOted teeth•‘•ûe rooŽµ

•˜heaŽµh main‚à•ïins—¬e‡Xa| or rounded appe•®ance asŽµhe rooŽµ

elongates.’proughŽµhe opening in the“Io•} •esheaŽ·passŽµhe

VeS–¨elsŽµ‹ÅŽµˆê•¹uŽX1yŽµhe develop‰¤ng’plp•œ•@A•¹“I‹Å‚ÅoŽXaŽµ‰¤on

end”Ö•Í•@”øe •‹penŽångŒ¾‚à‡‰•›•›–Q–¨n‘±‚ÅOWe‘¸, WiŽµh‚àhe va“š“I‰¤ar•ˆele_

Š|•‡nŽµŒ‚Œ‚as“oing’n“Iu”@One or•ˆ‰_e“Ö‚àŠÑ•ïl–|‹}’Ç‘l‚©c‹}ƒGƒSoŠð—w‘gin•n.

•HnŽµhe•ílti‚ºOOŽµedŽµee‰Ì•‘the root sheaŽµh gro–Qin so-Ca|1ed
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inŽµer-radieuiarŽµongues that divideŽµhe growing•ˆapic–~|

region inŽµO•d–ûor“ñmore rooŽµS. Pas•˜ing beŽ²een these•ˆePi-

Žµheli•Ù—ÊŽµ•ZnguŠŸ“äeŽµh‡ˆ‘Öul—Úl ve‰à‰àels•E•œhe‘ˆ‹ce‰¥‹®o‹P‰¤•Í

now raised as io wheŽµ‹ãeŽíŽµhe rooŽµSh•‚•Œh dicŽµatŠŸ•@‚àhe•Ai‡†–¨a_

Žµion of the ve—e•¹els or•ˆWheŽµher’ne opposite is“Ôue.

‰NuŽµle‹`(210) •›•›nŽµend‰_•@‚ÅhaŽµw‰¤Žµhin a ce•ŒaŽån di•ÍŽµan’D’ö

Of the poinŽµˆêOf enŽµ‘••vQf a blood vessel, grOWŽµh of He•Øwig•Es

rooŽµsheath is•ˆaPParenŽµ|y\ inhibited.ƒGnterƒ[adicular ton‰_ues

Can deveaop c‹rpleŽµely on|y when •AŽµhe blood •uvessels•ˆ‹}re•ˆS•B

‰¤‚çŽíseparaŽµeŠ³ŽµhaŽµŽµ‚Êeir inh“ybiŽµ•Z‘\y fielŠ³Œ‚do n•ZŽµŒC’‰•‡Žµ‚Ü

Otherwise on|y a rudimenŽµary tong•Ee deve|opsŠñforŒÇing a

groove•ˆOn a foot which conŽµains two root aa–Q|s. There is

a great de‹}l of–QriŽµinŽµhis theory and iŽµS,r‹}mificatio–Q

W‰¤1•Hbe•@Œy“d‰aŽáŒN•‡d•‡•H$•‡—Z‚©•‡•ëe.

GŒCnŽµ(•Ù)ŠÛ‘¹s pe‹b•BŽXe•ïa’norough•É‚à•êy •Z”N‚Ëe re-

|ations‚Ëip be”·een root fo•×ation and v‹ccul‰kr•ˆSuPP|y in

the posteriorŽµee‰–ofŽµhe’pOuSe•œ•@`”¥e sŽµudied a, Series of

mice \after•ˆ—ìeCtions•A ten micrQnSŒ@icŠ¢had b‹Ten sŽµained.

’pe a•—erent and efferenŽµpu|pal vessels were counŽµedl

me“Ö“šu‹`ed•EŒÇd p•H•BŽµŽµ—¼Žµ•Z •Zl•®Žå‚ÅyŽµhe vascul•®‘ª’nly aŽµ

‚âarious•ˆSŽµages of de+e|opmenŽµ•E During\ the early sŽµages

6f developmenŽµ•E \Žµ–QmajoriŽµy of vessels are congrŽ°ated

Žµ•Zward—e‚àhe’ÛŽµe•Üior en•‰ofŽX—eapicaƒGƒSor“ÆŒØ. AŽè“ç

Ve“š“de•H‰_•®e gŽíou–²ed‰¤nŽµhe po‰_‚àeŽíŽåo•Ü•Jg‰¤on, W‰¤“øa pauciŠÃ

Of vessels be‰Jeen the—io groups'•@As’^e root sheath
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is foming, apiáÉl–ñr–|inaL become circu–•Seribed an‚àeriorly

and posŽµeriorly.’pe rooŽµsheath exp’Ûds a|mos‚àCOnCurren“ùy

fromŽµhe |ingual and buccal side intoŽµhe region of least

densely p•ïcked•ks5e|s•E The xpaxillary teeth presenŽµa more
ƒm•@\

COmPlex siŽµuation‹|butŽµhe resu|Žµis what one wou|d expecŽµ

based on•@Žµheƒ†ocaŽµion of the vessels.

Vascular density, aS PreViously menŽµioned, is•ˆrelaŽµed

Žµo the metabolic le•‚l of The tissue supplied.•Hn ea‘ëy

OnŽµogeny bf–•e mahdibular mol•®s Qf the mouse. the_blood

Ve•ŒSSels congrega.Žµe•EOSŽµdenseƒ†y•ˆaŽµŽµhe anŽµerior end of the

denŽµal papilla, and are less dense posteriorly.•HŽµwould
•R\•©

Seem reasonaŽ²e to presume that the tissue of\ the papi||a

has a higher meŽµabo|i6 1evel anŽµeriorlyl aŽµ|easŽµaŽµthese

early stages.Œ—qua|iŽµy inŽµhe number of anterior’Ûd poster-

ior blood vessels is only att•qined wh\en the primary apica|

foranen haŽºbegun to be subdividedŽµo •}orm theŠà6 rooŽµs.

} •ðsŽµhe rooŽµaperŽµures become reducedl SO does theŽM’^ber

Of ve—¿els passing throu‰µ•\“Iem. The rooŽµsheaŽµh has a

markedly reduced di•nŒŒeŽµer whieh is accompanied by a dirŽµh

Of mitoŽµic f gures in the ce|ls of the sheath. GaunŽµposŽµu–£

lates thaŽµsheer physica1 1imitations\ Of cell crowding can

aCCOunt forŽµhe celS$aŽµion of ce11 divi—Èon at‹Oe free edge

ofŽµheŽx•›•›‚àsheaŽµ“ø

By pIot—®ngŽµhe siae and number of vesŠŸl•ÈtO th?

developing papil|a•‘GannŽµwas able to correlaŽµe blood flow
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Wi‹OhistoIogic changes of t‚Ëe tooŽµh germ.ŽXe–Qnber of

VeŽºS•‡ls supŽÔying ,’Še de’p‚àal papi•Hla‚Ü‰_—´•ZŽµ—e‚àa—®cŽµhrQugh-

ouŽµ•Z‘d‚àOgeny•œ•@•HnƒmŽµhe•ˆcap•¹‚àage,’Še ve•Íse•H•Í•@a’ß‹Tof s’^‹T1•H

diameter and h‹}ve very thin wa•Hl‰_. PriorŽµo’^e differen-

ŽµiaŽµion of-the odontoblasts, there is a•A marked nuŽXerical

increase in‹Oe vesse|s. This is followed by a decrease

in toŽµal cross-Seetional area, Which is•ˆfollo–ñed by another

inerease.ŽJe decrease corresponds with the onseŽµof den”_

‚âinogene’}s, WhiLe the increase para|le|s–|e10gqneSis.

’yis may be explai–Qd by the facŽµŽµhaŽµas dentino”©enesis

beginsl theƒ†ayeŠŸof the ename| organ are cut o•®from

the pu|pal b‰¤ood•¹t•£P|y. Thus, aŒÇuCh s‚Óal•fler vol’^e Of

Cells are suppiied by the vessels ofŽµhe,papil|a•œ•@•ðs

ame|og•‡ne‰_is com–QnpeSl the irmer ename| epithelium is sŽµi|l

SPreadin‹{1aŽµera||‹‘•@and with iŽµŽµhe, Pulpal voiu’^e also ex-

Pands•E CreaŽµing the need for•ˆ’yOre Pulba| blood supply.
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me dental ianina andŽµhe•e en–|el organs are producŽµ”©id

Of the epiŽµheiium. During their existancel they may be

SeParaŽµe”_•@fromŽµ—£! ad‚Ëcent mesodermal hissues‚¤•@whatever

their nature, by/,a layer of material cal|ed the basemenŽµ

membrane•E•A’pis layer is presenŽµnot` Only beŽµween the oral

epiŽµhelial strucŽµ“]es and connective tissue, buŽµbeneaŽµh

epiŽµhelŽm•nel“še—Ze‹`e inŽµhe body•œ

The bas“çenŽµmembrane was former|yŽµhought to be a

condensa‰òon of ground subsŽµan•B•B •Bf th•B •B•Bm•B•BtiveŽµissu•B

at its inŽµerface wi’^’ne epiŽµhelium•o2)•E–ÊoweveŽí, reCe’†

research indicaŽµes•ˆthaŽµŽµhe origin of the basemenŽµmembrane

‰¤‰_epiŽµheli‹}‰¤(2‰¤‚ç”[ŽÔ).•@•@•@•@•@•@•@•@•P\

Basement membranes appear to have•ˆ‰Jo main•ˆfuncŽµioŠŸ!

Žµhey suŒ‚po‹øadj•¿•‡nŽµŠ]ŽµŽíu•ZŽµuŽíe•‘•E’ÛdŽµhey a•‘‚«di“¶‚ÅeŽíen—®a“y•Hy

Permeabie to moiecules moving acm•˜s capillary•‘|l‰à•ˆ‹Tnd

epiŽµhelial surfaceS. Even l•®ger subsiances•ˆSuCh as—ZiŽµe

blood cells and macrophages are able to pŠŸsŽµhrough the

ba‰_em—¿t membranel While\Cel| processes of ner‡Xes and fibro_

blasŽµs enŽµer‰°the m—¿brane as–Qll(215).

’pe basŽ²enŽµhembrane is difficult to see by hemaŽµoxy-

|in amd eosin sŠßining, but wŽµh the periodic_aCid_Schiff

reacŽµion or•ˆSi|‡X•qimpregnation methods iŽµis clearly vi•˜i-

”¿e(216)•E•¦h•‡PA‰G–Õ’öcŽµ‰¤on“o—ZnsŽµhe’pu‚³o‹»1y‰_a•›•›‚ËŽ]Žåde—ì,

while•Œ the silver salts beco–QimpregraŽµed in t‹®reŽµicular

fiber co’IPOnent Qf the basemeht me–ëbrane.
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Using eƒGectron microscopy•f the layer is revealed‹}Š³

being coŒÇposed of two or more componenŠ›•ãƒmin con“¢asŽµto

the singie layer ap•êearanCe Of lig’^miQrOSCOPy•B‹Îe basal

1anina, aS it is c”alled,by•A elecŽµron microscopis–Â, iŽá•A com-

POSed of \a COnŽµinuous•ˆSheet 500-8OOŒŒgs‚¹O–Q•@thick and a

fine filamentous meshwork 30‹©O Angstroms•ˆthick embedded in

an amorphous–QtrixQ•æ•Ht appears•ˆto conŽµact the plasma mem-

brane of the epithelial ce11s•Í‰°but is of low density for•ˆa

thickne–¨‘äof beŽ²een 30O-“IO Angstro–Qfrom’Ûe membrane

S’^fade.’^e outer acne is of greaƒZe‹œcondensation and the

e•Etire basal l•ïmina parallels the ,cOntOurS Of the epiŽµhelial

cell•¹(217•r.•@•@•@•@•@•@•@•@•@•@•@•@•A\

NexŽµto the basa| 1•nŒÇina a•¶eŽ²all) aggregatio–Qof

COl|agen fibers wŒlch are embedded in a proteinƒZOly—eaccharide

ground subsŽµance.’pe combination of the basal la‰Bina•‘
•Œ

ground sub$tance•fŒÇd co||agen or•ˆreticular •ffibe•w. togeŽµh•®

COnStit”Ýe the baseinenŽµmembrane of |i•d‚©t mier•EOSCO‰Ÿ.

•@na•Hys‰¤—eeƒSŽ²‚âbasal laŒÊin•nofŽµhe kidney reveal–¨Žµh•ïƒZ

the main structura|l COmPOnent is a form of collagen. _•A How-
1

ever, this collagen doeŒDnOŽµforŒÇthe u”iu–~i cro$S Striations

Of •Efibrils.’Ie hydroxylysine and hydroxyproline conŽµents

are high amdŽµhe c—r–Œbohydrate component is lO-20 per cent.

’^isŒÇaŽµerial’p”ay‚à•‡o—‹epiŽµheli‹T•Hor‰¤g‰¤n b•ï—eed onŽå–QŒÇun•›•›

‚Ë‰¤ŽºŽµ•Zchemica•H‰à“¯d‰¤e’‚—Z‰¤c‚Ë$howŽµ‚Ê–¨‚àprove‘ÅbŠ³s)eŒÇenŽµ–Q•E-

brane‰_of epiŽµhelial origin•®e antigenica‹©y simil–~‘¸to

’^e basemenŽµmemb—Öpes ofŒÇOSt ePithe|ia(?18). At leasŽµ
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three antigenie cbŽXPOnentS Of the basem‡ˆnt membrane h‹}ve

be‚Ófound by Kef‹Tlides(219)•ÍCOƒGIagen, a low–QleculaF

WeighŽµgiycoprotein •vand a high•ˆmo|ec”Çar weigh•} glycQPrO-

Žµei”¿•E’^e reticulaƒMfibeŠŸand the polysaccŽ²ride matrix

are•Í•@however. the p‚ÜOducŽµS Of the connecŽµive tissue fibro-
•l

‚à•HaŒD‚à•ê.

•ð bas—¿ent me’^brane adjaeent to developing teeth should

be expectedc,d”¥e tO•g its epithelia| conŽµent. The oral eeto-

dem is•ˆSePa—Öted fromŽµhe under|ying mesenchyme by a b—we-

•EenŽµ•kmbrane. Provenz•q(22O) addS thaŽµJ"‰¤f one co–Qiders

thatŽµhe en’Ûel organ is noŽµhing‚µ’yOreŽµhan a speeialized

relocated segment of the oral ecŽµOderm, i‘een a baseŒÇent

–Qmbrane is to be expecŽµed inte–ìening be‰JeenŽµh˜hb•ãal-

–Q•˜t layer of the enanel org’Û(imer\en–|el epitheliŽ²)

ŒÇdŽµhe denŽµ–~l“ñpapi’Ua (ŒÇesench’@al c•›n–QcŠà‚âe—®Ž•–QŠ¾•E

‰\1enŒÊd Sc•›’^(1”V‚©•‘‚àen•¹(22Žm),ŒÊ’‰—ZQmhe•€222) h•ïve

noŽµed a delicaŽµe ba?e’yent membrane in this area.

’pe inner enamŽÔepiŽµhe|ium and the adjacenŽµCe11s of

Žµhe papilla•®e to undergo a series of changes thaŽµwill

end in caleificatiorŒû•”d the establishment of the den—®no-

enariel junction•EŠ¨ae basement–Qmbrane is direcŽµIy involved

in these changes.Šàhas been previously described.Žµhe

Cells of the den—Zpapi||a lying n•¾Œ¥e i‹Õr en–|el

epithelium musŽµundergo differentiation••beco–Qorganized

Odontoblasts. The distal end•Íof the young odonŽµob|asŽµSr
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\ Show a number of smali projecŽµions,•A SeVeral of—Zich extend

to the basemenŽµne’ybrahe and may even\pene‚¹ate it(223).

Concurrently,‘ee /ba˜D“ÝenŽµmembrane and the inne•]en–|el

epiŽµhelium becQme folded. As’^e fir•˜Žµdentin maŽµri•Äis

being deposiŽµedl the odontoblasts•ˆreCede fro“¯Žµhe area for_

‹£erly occupied by the basemenŽµmembrane./ The ce||s o‘ùthe

imer ename| epiŽµhelium are rapidly taking on The ch•®acr

Žµeristics oŒß•Aame|ob|asts. Their•ˆfirst job is to e|aboraŽµe

the or”©anic–Qtrix which conŽµacŽµs the iniŽµial oráÉn’^e

denŽµin. This i“d•òe area of the basemenƒZmembran‡…•Ù‘§‚ànow
(

WiŽµh the deposiŽµion of‹Oe dentin and enanel–QtricŠŸwii|

eSŽµablish the permanent conŽµour of the denŽµino-e”ˆnel jŽXe“›

‚à‰¤on.

•ðt the margins \Of/the en–|e| organ |ie the cer‡Xica|

1oops which are areas of epithe|ial grow’^I aS Well as the
/

POints whereŽµhe in–¦’Ûd outer enamel epiŽµhelial layers

meeŽµ•E LaŽµerlŽµhe lobps will narrow to become•ˆthe epiŽXe|ia|
•R

diaphragm -Or•ˆHerŽ²ig•Es epithelial root sheath•‘•@“Ible eŽµ.

‘e•E(22•£have’p•÷•ua ba•¹e’^entŒÇeŒÇ‚à‹`ŒÇe—}oundŽµhe r•Z•ZŽµ

SheaŽµh of human‰Øy’Š. The basemenŽµ’peŒÇbrane on the pulpal

Side•ˆShowed a marked increase of fibril|ar materia| as co“ø

Pared with thaŽµof the denŽµal sac region•E•Hn the area of

the cervica| 1oop of the caŽµ, Si|va a—ZKai|isŠm‚¨) f•Bu—Zn•B

‹Tifference in the qua|iŽµy ofŒÊe b‹}semenŽµŠ‘Ž²“]ane. r

fn a sep•®atet study•E Silva•¹d Kailis(226) found fibri|_

1a’Íaterial on both sides of–•e loop•E WiŽJco|1agen fibrils
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•© and fibrillar‰Bat’Ûiai in contact with‹Oe base–Qnt mem‚àrane.

Shibata–|d SŽµern(22?) perfomed a s”@dy ofŽµhe epi-

Žµhelial rooŽµ—ì‚Êea’n\in•ˆ”•e rat incisor.’^ey found a dis_

tinct— nOn-–Q‚àa—ZromaŠàc. periodic acid-Schiff (P•ðS)_atCian

blue posiŽµive basemenŽµtnembrane separaŽµing the imer and

OuŽµer enŠce| epiŽµhelia from the adjacenƒZCOrmeCŽµive tissu•á.

’pe membrane n•XtŽµO the inner enanel epi‹Oelium•ˆŽ÷aS able

to be followed incisally to’^e region of the dentin.•Hn

looking for e•Ø‚¹helial rests within—Z•‡Periodontal |ig–|ent

‰àPace,l they–Q•Ëe unable to find is|anŠ³s of epithelial cells

•˜u‘¡Ounded by a definite basemenŽµmembrane.

A—ei‰Bil“ûˆÓ•ˆ‰_‚àudy of’^e’^o–Qe‰°i•Eci•ÐoŽíby˜Uelvig(228)

. ShowedŽµhe basem“Ö•Imembrane beŽµ–Qen The pulp- and the imer

•äŒÏel epiŽµheli‘dŒÇ•E Selvig‚âas•ˆal“™o•Œ1eŽµ•Z“ênd a‚àasem“[Žª

membrane around’^e epi•òe’Çal“IoŽµsheaŽµh s—‹Œ‚aratingŽµhe

epitheƒ†ial cei|“{fro’y‹Oe denŽµal sac. NonsŽµriaŽµed fibri|‰à

•H‚ÜnedŽµ‹®me—Z•RŒÇ‚à‰¤—§“[a‘Š’Ûge–QenŽµS‰¤’y‘ë•®Žµ•Z’ŠaŽµ•Z‚Å

Žµhe pulp•Û‰¤—euƒGƒSace•E •ð‰àpŽíedenŽµin wa—ed•‡Œ‚o‘¸‰¤‚àed •äŽµhe pu•H-

Pal\ Side, the fibriis onŽµhe denŽµal sac side bec’Ûe shorter

and fewer in’y‹ìbe‰T•‘•Œ PreSumab|y prior toŽµhe invasion of

the area by c•IenŽµob|asts.

Provenza a—ZSisca(229) a|so described the cervica|

loop area baseˆŸon electron microscopic study.‹O“Å•ã•BS•B.ib•Bd

a wel| defined basal |anina ad‚³acentŽµo the ce|is—‹the\

OuŽµer enamel epiŽµheliin' but did not mentionŽµhe disŽµance
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i•Eci•Ía•H‚à•ZŽµhe cervi8a1 1•Z•‹pŽµhaŽµŽµ‹ã‰¤s me”z“]’Ûe W•ï‰à•ˆ‹ðeen.

’yey.described a diffe•¶ence in the- fibril conŽµent/ OfŽµhe

basemenŽµmembrane inˆ¸i•ëerenŽµar•‡as. Aperiodic fibrils

Were Seen adjacenŽµto•@Žµhe ouŽµer enamel epi‘³elium and‹Oe

CerVical loop proper.•@They were not observed in association

WiŽµh the basal lani‰\OfŽµhe imer e“Emel epi”¿e|ium.

’pe root sheath and cervical loop regions were ex–|ined

in the cat by Grant and Bemi•Ack(230).ƒGnŽµhe early sŽµages,

the entire papi|1a—Zt5 SeParaŽµed from the\ inner•ˆenamel epiˆê

Žµhe|i—³m by a PAS-POS‹øive basemenŽµ’œŽ²bra–Q.’Èditionally,

the membrane separated the` outer en–|el epithe|ium‘g6m the

denŽµal sac. •ðs the(tOO’^germ en|arged and the cervical

loop•êdeve|oped, SO’ye ChangeŒRWere Seen•E’^e PAS-PO‰àitive

membrane was still lsech separaŽµing the inner en–|el epi’^elium

from theT denfal papil|a.“QOWeVer.Žµhe mem‹Åane continued

aroundŽµhe cervic‰k|6op and coursed coronal|y for on|y a •A

ShorŽµdistance betweepŽµhe outer en–|el epiŽµhelial‚µ•ïnd˜Ye

dental sac.•HnŽµheˆóronal two-ŒCird$ OfŽµhe crom,Žµhe

P•ðS-POSiŽµive me’^brane became disconti”§ous over the ouŽµer

Surface of the en—¿leƒ†organ.
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’^e denŽµa“y•H•ÛŒÇi“û•ni‰_•@‹Oe ep“yŽµ‚Ëel•Aial p•®olŽå‚Åe‘\–~‚àion o‚Ü
•AƒV‚à

Cells•@ŽµhaŽµleads to•@Žµh‚³origin of the individual too‚àh ger–Q•œ

’Ii•˜ band of epiŽµhe”Ç‘§1 cells arises early in embryonic |ife.

‹TlŽµho•Egh iŽµŠ]iniŽµiŒŒ\Žµi•Ee of onseŽµ“y—e•ˆ•¹til•Hque“o’¸oned.

“¯nge(231) exp•H•Aained•hhat the disparity that exisŽµS in the

liŽµerature aLS tO the $‡]act time of initial tooŽµh formation

is, in parŽµ, due to the difficulty of assessing age in ter–Q

Of measurement.•@•Hn eŒÇbryos beŽµween the beginning of‹Oe

fourŽµh and the end of the fifth weeks,‚µ‚­COunting‹Oe somites

is \a reliable guide to e•EbryonŽåc age.. }n laterl SŽµages, in

the absence of an exacŽµmenstrua| history and’^e time of

fertilization, eSti—üaŽµion by measuremeriŽµis indicated.

Tonge examined Sections from hu•Ean embryos to •fco–QideŒ{

Žµhe bucca•HepiŽµh‚«lŽåuŒÏw•Œich g‰¤ves•ˆ‹`ŽmseŽµ•Z•@Žµhe l‰¤p•Ía–¨–Qll

as the dental lanina)and enanel orga–Q•E As e•®ly as the
‚±•u

?m•E•E SŽµage, the buc•¾I epiŽµheli‹ris of a low colunnar type‰°

and inŽµhe 1“ªm. emb‘ˆjo, the epi’Šelium has aiready thickened

to as •Œmany as eigr’Sce11s\ in the area thaŽµis to give rise

Žµo \the denŽµal l–|in‘ˆ•œ•@’pis’pickening is contra”ited with

Other areas of epiŽµ‚Ëe|ium such“ä•@the fuŽµure che—et wall.

•Hn the 12rm. specimenl a diffuse condensation/ Of mesenchy–Q|

Ce11s was•ˆSeen beneath the epithelium ofŽµhe future too—®ƒj

bearing area. The—¿esenchyme will evenŽµua|1y give rise tQ•ˆ\

Žµhe denŽµal papilial denŽµa| follic|e and’^e“çpporting

come•ZŽµive—®ss–QofŽµhe gingiva.
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The buccal epŽèthcŠ^um is |inked\ CIosely with the de_

Ve|opment of the oral cavi•£itse|f. Nery eŽµ•œ al.(232)

Studied’^e ora| d‡ˆVe|opment of human embryo$‰µŒÇthe age

of 24.‚Ã? days. AtŽµhe twenty-eighŽµh day•œ the primordia of

the maxi|1ary proces’ˆeS Can be seen. on’^e inferior bor_

de•wof the•˜e PrOCeSSeS and on the superior borders of the

–Qandibular arch. the epiŽµhe|ium begins to prolifer•ïte a—Z

gives the appearance of epiŽµhelial thickening.‰°•@”Çs is the

epithelium described by•A TongeI amd will beco’^e‘³e odo”Ýo_

genic epiŽµh‹à•H‰¤u—–.•@•@•@// /

During’^is period. the nasal•œ”•‡]il|ary and’^a—Zi‚Þu|ar

p‹`•›•›e•É‰_eS‹®eŽ²iŒ]d b”Ýsep•ˆ•ïŽµe SŽµr•EcŽµ—³e–¨th‹}Žµ•J‡ˆ ce“ø

Verging toward’^e facial—Zline•E AŽµthirty-thr•˜e days,

Nery eŽµ•E al. have idenŽµified\ the epiŽµhelium of’^eŒÇedi‹Tlly

cOnVer”©ing m—£il|•®y’ÛdŠTandibular processes as the p•Œm•a•E

•vdiu’^Of the mo|ar teeŽµh. By the—ZrŽµy-five day mark,Šà

Odontogenic epiŠ|elium of the upper jaw may be found in f“Ýr

ZOneS•E/“¢O are located in the”ˆri11ary processesl wh•Û1e

The\ OŽµher twoŽ]eŒÉŽµuaŽµed latera11y on the frontonasal pro-

IdenŽµica| fi—Zings•ˆ–QŠÑe repo’dd _by Ooe(233) , who called

the epithe|ial thickenings denta| p|aŽµes or‰\ahnp|atŽµe"•œ

—Zich he felƒZ–Qre a—ZogQuS•ˆto the neurai plaŽµe orj '’©eura|_

ŽÔaŽµŽµe˜^•B•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@.ƒg

Nery et. al. and Ooe are in agreeŒÇent that sho”Çy

Žµhereafter, there are continuous p|aŽµe˜Iof epitheliu’^in
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\ boŽµh arches.‹Oe’Pee margins ofŽµhese pla“¼s•®e no—³1‰¤–Qar,

but possess a wavy•A,COnŽµOur and are now calledŽJe dental

1a•Einae. /

Gaunt eŽµ. al—È23’jmainŽµain that the bands do not uniŽµe

at the midline as early asŽµhe other invesŽµigaŽµOrS. They

Claim that inŽµhe human embryo, the band uniŽµes in the mid_

1ine at the 1”£•Em•ˆc.R.(crom-rumP) stage which is many weeks
I

laŽµer in onŽµogeny•ˆ

•ð simi|ar l•etype of study was pc‚¬formed by Bivin and

–QClufe(235) who ek–|inedŽµhe denŽµa| 1amina of the do–Qstic

•APig•E•Hn early speciŽXenS Of 22mm.1 tWO SeParate areaS Of

fuŽµure•@Žµooth foFŒÊa•Âion were identified.•@ŽJe more anterior

region ofŽµhickened/ epithelium gave rise to the inciso‰L

and caninel while.•òe posŽµerior region lead to the forma-

tion ofTŽµhe mo|arsŽq•@The denta1 1‹½ina–Qin‚ËinedI a Wavy

COurSe•fanŽµero-POSteriorly and was at iŽµS deepesŽµboinŽµinto

Žµhe mesenchymeŽ«‚àhe distal end. By the 29mm. stage, the

tooth•Œgerm•ˆfor the deciduous third molar was•ˆSeen.•@The

•fdenta| |amina be‚³an to show areas of discontinuiŽµy asŽµhe

Žµooth gemS deve19Ped and was•ˆSOmeti–Qs absenŽµbeŽµ–Qen the

Canine and firs˜Uholar‚Öger–Qin‹Oe 93 mm.(‹Ðday) specimen.

•ðŽµthe time thaŽµthe epithe|ial bands ar‚çqifferentiated

enough to be called the denta| |–|“ynae, thez•Ae i‰_no or‹}l

VeStibule or•ˆSPaCe SeParaŽµing‹Oe lips and the cheeks fro’^

the denŽµal arches•E InsŽµeadl there is a continuous mass of

SOlid tissue which includes the lips•œ•@Cheeks and future

8‹T.



\ •Aa|veolar ridge.Šcue separation of•GŠŸe SŽµrucŽµureS is

accoŽXPlished by˜Nhe proliferation of cells thaŽµfo‹ÎŽµhe

vestibular l–|ina orƒGip furrow band. Scott and SiŽ{OnS(236)

and•ãOr and Pindborg(237) maintain thatŽµhe vŠŸtibul“ä

lamina andŽµhe dental lamina arise from the original thick-

ening of epiŽµhelial ce11s. They explaLin that the epiŽµhelial

band begins to divide on its deep aspect into theŽµwo laninar

processes.ŽXis•Œ•f‹Oeory is dispuŽµed by Provenza(22O) who

feels thatŽµhe +estibu|ar lamina is•ˆa SePapate PrOCeSS Of

digtincŽµOrigin.•@The facŽµthatŠTe•@Ž²o_are Seen•ˆat nearly

Žµhe sa—–e time g|VeS•ˆri‰_e to the confuŒDion as to the exacŽµ
•œ•@•@•@•@•@•P

\•T

1ocation of origi‹Êof- the vestibular lŠcina•B

Soon a“Ýer the formaŽµion of the dental |amina, at ten

POints on the epi‹Oelial border of each jaw. parŽµicul•®cel|s

Of the•ubasal layeƒLb‡ˆgin to proliferate aŽµa more rapid raŽµe

Žçham doŽµhe ad‚«a“Ðnt ce|1s(238).ŒCe increase in mit—Èic

activiŽµy is evideneed by knoblike evagination‰_•@of the denŽµal

lanir|a On i’®labi•Œ1 surface.•@Each of these downgrowths

represenŽµs the begihning of the dental organ of a deciduous

tooth. AccordingŽµO Sicher‚¯23), nOŽµ•ˆall of these sŽµarŽµŽµo

develop atŽµhe s’Ùe time. The firsŽµto appear are in the

mandibular anterior•ˆregion.

Just prior•ˆto these areas of prolifer•Í‚àive acŽµivity,

Gaunt(194) has noticed an increase in capili•ˆy densiŽµy.

Thi–¨increase is seen before the lamina appears and is seen

8”V.•f



i—´mediately priorŒÄ•©`the tooŽµh gerTnS. Conversely' 1ow capil—A

1ary densiŽµy exis“¼in areas between’^e new too–•ger–Q”_

‹îŽµhin a week•‘•@‚àhe pri’^•Z—¼ia for’Ûe anŽµ•‡•ÜŽåo‘¸a’^d•b•›Œx“¼•ë-

ior teeth have made their appe‘ˆranCe•E •ð1l of the cell“o•ˆwhich

COnStituŽµe the toQ“[bud are cyŽµOIogically the same. How-

e‡Xer, the raŽµe of cell division is not the sameŽµhroughout

the b“¤d. Disproportionate acŽµiviŽµy•fat the periphery pro-

duces the formaŽµidn of the cap sŽµage.ŒÊe tooth germ is

attached laterailyŽµO the dental lami‹P•ïduring the cap sŽµage.

•ðs the tooŽµh g•®’ygrOWS, it pul|•Ía–Qy from the lŽvmina‰knd

•˜treŽµche˜IŽµhe‰¤anina l•ïtera|1y. •ðn ingrowing mesenchy–Q

prod“¤Ce—e•@‚àW•Z•@Žµr‰¸n$ŽåenŽµanaŽµ•Zmic‰à‚Þu‚«ŽµureŒxŽè•@Žµhe laŽµeral

lamina andŽµhe me$enChymal enamel niche.

•Re dent‹T| 1apina–Qintains a more or lŠŸS free-g–áO••iŠ…

end on•\Žµhe ling‰\i of each pri‘Úa“I‚à‡QO‚àh—î•e‘D•œ•@R“ø—ì’Le‘F,

PrOliferaŽµes ai the anlage ofŽµhe permanenŽµanŽµerior and

bicuspid tee”Á.‰°•Ùese conŽµinuaŽµion‹ðof the lamina are

referred to asŽµhƒ`successiona•Û |aŒÇina•B‹Oe permanenŽµmolars

arise froml the distal extension of the initial denta1 1amina.

’^e time of initiaŽµion is abouŽµfour•ˆmOnŽµhs in u–Âro fQr the

first pemanenŽµmol•®'Žµhe first year forŽµhe•ˆSeCOnd permanenŽµ

mo|ar, aLnd the fotirŽµhŽµO fifth year for the”Áird peŽXanent

molar•E‘\hus•œ•@theŽçO–ÂI activity ofŽµhe denŽµ–~l l–|ina exŽµends

OVer a period of•qbouŽµfive ye•®s.

ŽXe initiai broaLd connection ofŽµhe dentai |‰kmina with

8‚¤.



the tooth gems/ i‘lihe cap sŽµage b•AeCOmeS increa•ÍinglyŽµenu-

Ous aSŽµhe bell sŽµa•ye develgps•E Proliferating mesenchy–Q|

Ce11s invadeŽµhe denŽµal |anina which subsequently undergoes

d‘Neneration.’^e rŽ²ains of the dent•ï1 1anina may be found

as epithelial aggrggations knom as epithelial pearls or

the glands of Serres.



Soon after•ˆthe”@ental |amina gives•ˆrise to the tooth

ger–Q, a Serie•¹of characŽµerisŽµic changes take—ePlace’^aŽµ

Will prepare the tooŽ²gepm for it–¨immediaŽµe g•Xl! tha‚¹
‚­•@‰¹

Of deposiŽµion of theˆóamel and dentin. Schour and Massler

(238) have caŽµegori•id this period before calcifi•BaŽµi•Bn

begins into an overlapping sequence of phasesl the cardinal

feaŽµure of which i“šgrowŽµh of the tooth germ.

•œhe•ˆf‰¤Ž•‚àpha“de is•@ŽµhaŽµ•Zf inŽåŽµiaŽµion •ÇŠ^•m‘Y•®”B
Which has been descr\ibed underŽµhe sectionJconceming the

denta| lanina.‰°•@The tooth buds—Zich consisŽµof epitheli“ø

Cells. as well as the ad•ãacent mesenchymal cells begin rapid

division. This becomes the stage of—•’y. unequaƒ†

grOWth aŽµŽµhe sides 6fŽµhe tooŽµh germ le‘ˆd to a change in

Shape of the germ re‰_ulting in a cap shape. A mesenchysal

COndensaŽµi‚ân is se•qadjacenŽµto th6 concavity of th•B •BaP

Of epithe|ial ce|is•E/ The cap •ŒsŽµage i5 but aŽµransient fea_

ture•ÍaS the epithelial ce/lls soon begin to form•ˆthe familiar

four-1ayered sŽµrucŽµure of the enane| organ.ŽXese ce|1

1ayersi Outer•ˆena’^eƒ†epiŽµheliuml •˜tel|ate reticulum, StraŽµum

intemedium’Ûd ihner enapel epiŽµhelium are found during the

bell”@age ofŽµooth development. The mesenchymal tissue

has continuedŽµO PrO|iferate, blood vessels course freely

throughout, a—Z•Gis tissue haay now be r.eferred to as the

denŽµal papi|la.ŒCe connective tissue surroundingŽµhe•ˆenamel

Organ and de”Ýa| papi|1a conde–Qes and foms the denŽµa| sac.

8‚¤.
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‹Oe pŽíeviouŒDŽçe•Œures o‰¤‚ËisŽµ•ZdiƒSƒreren—®a—®on c•›n—®me

a”JSOme Of the peripheral ce11s of the dental papi11a“ùa–QŽí

‚Åor—³•@‰¤nŽµ•Z•@•Z/donŽµ‡‡b”b•”sŽµ—ì•@and•@Žµ‚Ëe cell‰_•@of•@Žµhe inner enaŒÇel

eŽÔtheliu•Ebecome6ameloblasŽµS. This is followed by the

Œ\‘Y—¤ŽY–„_Š^Of the matrix whichŽµher•‡after becomes

calcified as the ena‰Be|•@and dentin.

The human/ dentition consists of four differenŽµ•@kinds

OfŽµeeŽµh! incisors•é•@CuSPids, PremOlars•ˆ•ïnd molars.•@‹Oe
\\

mode of these differences musŽµbe accounted for considering

Žµhe facŽµthat each tooTh geŽXCOnŽµains the •˜ame four laye—w

Of epiŽµhelial cells amd adjac•eenŽµinesenchym–~l cel|s.

The differen‚âeS in tooth shapes_ are |ar”©ely–Qriifest

by the nuŒÇber md bosiŽµion of’^e cuˆós ofŽµhe incisal op

OCClusal surfaces. A cusp may be idenŽµified by i–Âtip.

/but is usually co–Qidered as a coriveF•®ea Of the crom diviˆê

ŽM

ded o–õˆçŽíoŒÇadjacenŽµcŽ°’‚pS by v’…•H1eys.’pe cŽíO’Imay‹®\

COnSidered as being made up of a number of cuspal areas(210).

|n man the majQr,•QSPal areas meet in‰°-Sulci—Zich may be

Seen eVen whenŒ¥elll CuSP tips have been rŽ²oved by at“]ition.

Cusp tips do not’Svide, buŽµnew cusps’^ay arise on the

SIpoes of o|der cu8PSl reSulting in the division of a cuspal

area byŽµhe appearance of a new valley.

|n addition {o being e|evations of the cŒÁO”–‚ê. Surfacel

CuSPS COntain cenŽµers aŽµWhich dentin and en–|el formation

begin, COmParable wiŽµh the 6enŽµers of ossificaŽµion within

86.
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developi‘d‰_•\one. •A •A

DuringŽµhe beil s‘î‹}ge of developmenŽµ•AI the inner•ˆŽ²amel

epi’^eliu’ybulges toward the ora| epi‘³e|ium in one or more

•®eqs.–¨he enchre concave ba•˜e (is fi|led•¨WithŽµhe cells

Of the denŽµal papi11a.‹Oe future crom pattern is”_in large

Part’u•@deteŠcine˜Dby the inŽµeraction of forces of the sŽµe||ate

•ÍeŽµ‰¤culuŒÇ,Žåmer‰Ÿ‘ªel epiŽµheliu•EŒÊdŽµhe denŽµa•Hpapilla•œ

GaLunt(234ŽåcOmP‹TreSŽµhe developing tooth germ wiŽµh a fluid_

fi|led sphere whose shape is maintained by the denŽµal fo11i-

Cle, aprOŽºS the c6nƒZer of which is,a ParŽµiŽµion,Žµhe inner

enamel epiŽµheli“¬”Ú•ˆ The stellate reticulum conŽµains acid

mucopo•Hysapcharide, which leads to the absoxption of waŽµer

frŽ²the surroundipg tissues.’^is hydrosŽµatic pressure

is balanced by the- PreS•¹‚âe eXerŽµed by the denŽµal papilia•œ

The inner epiŽµhe|i—¬is free to grow•ˆand to change‘šhape

due toŽµhe equili‚à•‚Œ€of pre‰àsdres on each side. This

intrinsic gro—Zh of c—¿tain are“äofŽµhe inner•ˆen–|el epi-

theliun re—¿|“¼ih`–•e bu|ges of one or’yOre•®e—w.

•R‚Ëe cells in‹Oe cen•or o‚Å‚àhe bŒŒge—eq”Ýckly lo“oe

Ž·eir‰Bitotic chaLraCteri•Œics whileŽµhe peripheral ceils

COnŽµinueŽµO divideŽå•@Ž²e cells aƒZthe heighŽµof the butge

become di–õeren—®ated inŽµO ameloblasts and the initial

Calcifi”QŽµion o•} the cusp tip wi11 begin he’Ù$•@By cdnŽ²ued

division along the sidŠŸo•ö‚âe bulgel the cu˜DP tip wi11 be

increa‰_ed in heigh•Œas iŽµis pushed inŽµo‘³e area of the

87.
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\ Stellate reticŒŒ•‘•E‰¤n m–|mals•œ•@the‘gŠŸt—£eas to ca|cify

are ca11ed th? PrimŠ³ry cusps. Secondary cusps areŽµhose

which fom o“Çthe•ˆSIopes•ˆOr•ˆat–•e bŠŸe of the pri–Qry cus”@

t9 PrOduce th5‚ÁŽåypica11y multicusped m‘³ŒÊalianŽJOl•®.

Se6ondary cpsps arise `as•PŒÇinori COnVeXiŽµi—¿of the inner

enamel epithelium in the growŽµh zone aŽµŽµhe base of the

Primary cusp•E \The relief of the crown beeomes more exag•Í

gerated as development ofŽµhe occlusal su‘[ac‚àproceeds•œ
(

The developing higher•ˆrelief of‹Oe croun is•Eainly due

to a deepening of‹Oe va11eys between cusps•Rwhile the tips
•Œ•P

•ïpproach the ouŽµer enamel epi’^elium oniy in later stages.

Butler”Ù0) explains thaŽµtheŽµip i•d•Ee first region to

CeaSe grOWing, jusŽµas it is the“êrsŽµŽµd produce enamel and

dentin. •fGrow’ncontinu’Ùs in the valleys beŽµweenŽmhe cusps

ŒÇd •EŽµh–QincŽí‡ˆ‰•‚«•“‚à‚Ëe c•xown‰¹re•Hi•‡‚Å•E•A’ye c–Qƒmp is•œ—®eŽí•‡’{oŽíe,
ƒm

ƒ“

regaLrded noŽµas a center of\ grOWth, but as a center•ˆof pre-

cocious maturity of the cells of the inner enŽ²e| epiŽµheliuŒÊ.

GrowŽµŽmin the va–„eys not only deepen•˜ them but may widen

Žµhem•fŽµhus increasing the di•¹t—¿ce between the cusps•œ•@Once

these areas•®e linked by calcific bandsl nO furtherl SePara-

Žµion of cuspsŒÇay•ŒŽµake p|ace.

’^eŽµerm;Cih“@lum is known to most dentists as a |in_

gual elevation of\ anterior \teethi nOt l“äge enough to be

temed a cuˆó' bt•}Žµan elevation neveatheless•E Deve|opŒÇenŠì

ŽµaLlly speakin–¨•‘theisem cingulum i‰_•ˆaPP|ied to a ridge

PaSSing a••und the base of the crown and bounded intemally

/•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@88.



by a valleyŽ°ich rong“øy parallels the basa| ou•–ine of

‹Oe tooŽ‹(21O,).•HŽµis•fnarrowest near•uŽµpe ba“de Of a cusp

and‰°WŽmde—eŽµaŽµŽµhe ends ofŽµhe‰¤nŽµeŽícu”Jpal s•Sace—e.•Q–Q

Ci‚âgulum is \\u•˜ually broken inŽµo shorŽµlengThs and is a

8OurCe Of ne‚âcusps fQr the•© developing crowns. This sone

isŽµhe most basal part of the crown•ˆand wi|l be the lasŽµ

region to m•Šure in ontogeny. The inner ehamel epiŽµhelium

Of this r”£ion retains its powers of growth and has not

begunŽµo differenŽµiate in‚âamelobl•n•ŒS•ˆ The origin of ,a

SeCOn4ary cu’ûmay be de‰°SCribed—¿“¯e precocious matura-

tion of a group of cel|s wiŽµhin the•ˆCingui‹r-•®ea. Gro•k’dh

in the—ee Cells ceapes,•ˆand the cingulum becomes divided

inŽµo a basal zonell which adds tdŽµhe hei‹{ht of’^e cƒ[OWn,

and a“Ine above•òe new cuspl which deepens •Pthe va|1ey

8eparaŽµing iŽµ‚â’@ŽXe pŽíiŽXaŽíy’@Sp•E WiŽµŠÛŽqu’d‚Ë•É–]‚Ödeve•Hop-

menŽµthe proeess may be•ˆrePeaŽµed, 1eading to theŽçormatioˆª

Of anc additional marginal cusp. Cusps which arise late in

development•fwhen•·he crown is al—¿st compleŽµe,•P will be

•àtuated near the basal–Qrgin and wil1 1ook as if they fo‹Î

Part Of a cingul‰J‹G•@‹Oe e•nrlier the appearancel the more

OCClusal the fin‘eIocaŽµion of these cusps. The varieŽµy of

fomations which\ are observed on completed teeŽµh may largely

be aLŽµŽµributedŽµO\variations in the ti–Qof appe‘Ÿance of

Žµhe‚³usps\ du‹ž‰¤ng •ZŒÜŽµ•Zgeny.•@•@•@•@•@•@•@•@•k

While indivi”@at cusps of individua| teeth do not calcifty
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at th•B Sa.m•B ti’•, n•Bither d•B all of’^e teeth begin calci-

fication simul—™’Øeously•E•Hn fact, there has be‰Fn a greaŽµ

deal of confusi8n as to the correct time of initia| miner-

ali•AZaŽµion of `‚à‚Ëe teeth.’^e chronoIogical study of‹Oe

Calcification pf the human deciduous denŽµition has been

Performed in m‡‡•‘ŽµCaSeS by one of three methods6•@hisŽµOIogy,

radioIogy, and gr.oss•ˆObservation.

Š›Žå‚à•‘h‰¤•Í•E•H0gic—‹e•ZŽµio•w—e•@fŽío’^a‰_ingle feŽµu‰à,•Œe“o‚ÅoŒ‚

and Magitot(’Õ9) formulaŽµed a table i—Zicating•Eat/ calci”Ír

cation •ebegins in‹Oe anŽµ—¿ior deciduous teeŽµh at 16 week•Ð

ŒÇd“ynŽµhe’^01•Ã“d/•ïŽµ‚Ü7 weeks in—¼—¿0.•Hn•qƒ†aŽµ•®Žº‚à•EŽN

LegroŒR‚Öand Magi‚àpi(2“I) ex”éined more fetuses and advan—Éed

the a•¹es•ˆat whieh`Calcification •Pcormences by one–Qek.
ƒm

•Hn 189‚çRose(•×1) reported his finding•¹of sectio–Q•Rom
l

ƒmeighŽµeen feŽµuses.—¹•@The initia•ö calcification of the deciduous

incisors was•ˆfound to be•@20 weeks, While the eanines and

•Eolars did not Pe•¹in to calcify unŽµil the 2ŒÝth week in uŽµe—¿.
•P•f•P•P•@‰¹•@•@•@•ˆ•f‰°_•@‰°•ˆ‰¹•@‰¹•@•v•ˆi•ˆ“ñ•@“ñ

Broo’^el and Fischelis(2’d) deŽµerminedŽµhaŽµthe-incisors began

CalcificaŽµibn aŽµfour months, the canines and fir‰_‚àmdlars

at five month—ì•@and the second molars at five•@ŽµO Six month•Í

‰¤n uŽµe—‹o-.

I‚Ëg•q—´and Kronfeld(2’d) and Kronfeld(2‹f) conducted

Subsequent hi—w‚àOl‚àgic sŽµudies•ˆOn bo’^primary and pe‹ÎanenŽµ

denŽµiŽµions•A•E Theii–Qin emphasis was p|aced 6n the pe‹ÎŠce•Et
/\_

teeth, however, and they added little to•@•Ee discussIOnS

•A•@•@•@•@•@•@90•œ
\



‚ð•g“ñ

emŠcating fro’^•fthe works of earlier inves—®gaŽµOrS.

Radiogr•qvic techniques we•õe PuŽµtO uSe by Gantz‚Í•I)

in 1922. He •˜•edied fifŽµy fetuses and twenŽµy”_‚âhree skulis,

anŽHdetermine\d ages by measuremenŽµ. HoweYer, he did noŽµ

give specific“ñages for•ãniŽµial ca|cification. His radio-

graph•˜ Showed•A•AŽµhaŽµCalcification was similar, timewise, in

the maxillary and mandibular arches.

Aoki(”@6) examined eighŽµy Jap•¹ese fetuses•ˆ—Ödiographi-

cally and hisŽµoIogical|yl He found\Žç‚êe begihnings of c•ïlci_

ficaŽµion ofŽµhe primary teeŽµh as•ˆfollow”JI CenŽµra| incisors

at 18 weeksl late‰•ls aŽµ19 weeks'•@Ca•uirleS and first molars

‹TŽµ2•Z—¼e•‡k•Íl’^”aXi•HlaŽíy‰_ec•›ndŒÇola•Üs aŽµ2”Vwee“Ô—ìl a•Ed mandi—Z-

1ar‰¹SeC•›ndŒÇ01a—w•@•qŽµ•@2‚¤we•‡“Œs.

•Hn 19“I, S•è‚¦o‚ÎŒÏd”•Sle‚²‚­2”·) pŽíoclaimedŽµh–~‚à‹Oe

/anterior teeŽµh are •}ormedŠ•pm‰Ghe coateŠìcence ofŽçhre‡ˆ

growŽµh cenŽµers situaŽµed mesio-dis‚àallyl WiŽµh the cuspids

also 6ontainirig \\‹Oree growth centers•ÍŽµhe middle one being

•Eore inci–¨al‚àhan the others.’yeir observaŽµions showed

Žµhat calcificaŽµion ofŽµhe deciduous teeth progresses in

regular order fr9’Ù•ˆ he cenŽµral incisor•ˆŽµOŽµhe second molar,

the maxi|lary teˆóh being s|igh“ùy more advanced”Áan the

mandibularŽµeeŽµh at any given time•E’^eir charŽµdepicŽµing

this gro–Êh se‹»e–Qe is faniliarŽµo most denŽµisŽµsl having

appe—¿ed in ma’@ŽµexŽµS and dental offiees overŽµhe past 35

year—e•œ
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‹Oe meth—Zof direct observation wŠŸperfecŽµed in a

•Ítudy by Kra•€(2•ø) in 1959. He was quite direct in both

his observations a‰òd his •e\out‰àpokennes’‚concerning some aspects

Of `\reSearCh. \ \,”Ún al—ÄOSŽµtlniversal cha.racŽµeri•Œic ofŽµext-

books in the iie|ds of anatomyl histo|ogy and embryoIogy is

the occa“šional pronouncement of docŽµrine wiŽµhout the sup-

Porting eviderlce, Or the repitition of undocumenŽµed staŽµe_

’yentS‰°aS facts.•Hn so•¿e insŽµanc”JS SŽµatemenŽµ•êare PreSenŽµed

as facŽµs without even reference to the originai sources.ƒGn

this Way e’^o”S•ˆ’^ay be perpeŽµuaied•funChallengedŠñthrough

many ediŽµions and inŽµexts by otherŒP‹Oors•E‹Oe purpose

Of thi”JPaPer is to select some Qf the so-Call@d facŽµS”YaŽµ

Su–ìiveŽµhrough a cumu|aŽµive proce”iS and to challengeŽµhem

in light of•ée—¿evidence. This exaninaŽµion is confined to

—¿me ofŽµhe phenomena pe”·ainin–¨‚àO the calcification of’ne

human deciduous dentiŽµion.•é•E
\

His findinˆ£S Were based oq observation of 95 fetuses

from which \theŽµeeth had been dissected outl Cleared and

Stained wiTh poŽµassium hydroxide and a|izarin red S. The

initial catcifi—¿tion begins inŽµhe deciduous centra| in_

Cisors as early as 12 weeks or as |ate a•˜ 16 weeks•‚Š^•¹.

Iri conŽµr—wt to s’pOur and Mass|er•‘the sequence of iniŽµial

calcification i–ˆrigid, and does noŽµrun in regu|ar sequence

from the central incisor toˆêŽµhe second moiaf. His findings

indicate the fo|1owing definite sequence of iniŽµiŒÏcatcifi_

92.
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caŽµion o‚¬priŒÇaryŽµeeŽµh‚«

‚Ü. Cent—‹’•l iŒÏciso‘‚.

2. PirsŽµ’^ola•¶.

‚¤•‘•@‚àaŽµera‰¤•Ai‚Êci•xOr.•œ•A•@•@•@•œ

‹å Cusp‰¤d.

‚¤. Sec•›nd•E•‹•Har.

Kraus also found—¹thaŽµŽµhere was only one cenŽµer of

CalcificaŽµion forŽµhe deciduous incisors and cuspids•œ ,He

feltŽµhaŽµŽµhe ane|ob|asŽµS•ˆWere StimulaŽµedlŽµo acti—³‚ày along

the denŽµino-e–Q–Ql juncŽµion in`a gradient extending from the

Center of calcificationi meSia||y a—Zdi‰àfally with enane|

formaŽµion lagging s|ighŽµIy behind dentin formaŽµion.

•òile Kraus fo—ZdŽµhe–QxilƒGary teethƒZO be slight|y

ahead of•Ge–QnŠ³ibularŽµee”Áih, deveiopmenŽµ, Boller(‹p9)

reporŽµed con’¼adictory evidence based on ah anato”Æic a—Z

radiographic sŽµ—Zy of two hun•×ed feŽµuses.

No–QŽµa(250) ex–|ined one hundred and fourty•gŽ–0)

fetuses by hisŽµoIogic staining, grOSS eŠoaminaŽµion and by

reconstrucŽµing models based or“ñŽµhe secŽµions•œ•@He i‰òcluded

Žµhe calcificaŽµion of the fi–QŽµpermanenŽµ’yOlar in his o‰Jer

Of ca|cificationI

‚Ü.‰¢axŽål•Hary cen–ïal incisor.

2•E”•andi‚àu•Har cenƒZr“øand laŽµ’öŽíŠÛ‰¤neisors.

‚¤•E”Á•nxi•Hl‹T– y“ê‰L‚àŽæol•®.

4. Maxillary |a—Za| inciso‹Ê•‘ndibul•®•ˆCuSPid

and’yandibu|ar•ˆfirsŽµmo|ar.

5•E–Q–•i11ary cuspid’Ûd second molar.

6.–Qmdibular•ˆSeCOnd molar.

7•œ•@PemanenŽµfirsŽµŒÇo•Hars.

9‚¤.



A recent reView of the various•@•˜tudies coneerned with

the chronology of cale’dication of the deciduou•ºtee”Áwa•‰

wri’^en byŒŒnt and Law(251).•Hn comparingŽµhe resea‰Lh

efforŽµs of many investigators, they noticed a po8Sib|e ti’^e

differenŽµial of initial calcificaŽµion due to Variable meŽµhods

Of e—etimaŽµing fetal age•E The age of a.feŽµus–Qy be ca cuta-

ted from two different points, in time. The menstrual age

Of a fetus is counted from the date of onset of‰–e iast

mensŽµrual period while The fertilization age i[5 about‰Jo

Wee‹Å$ 1aŽµer“š‚à•ïŒ]•Í—®c‹}lly.

Reaiizing this problem, they fee|ŽµhaŽµa|1 methods of
•­

deŽµerminingŽµhe time of initial c‰k|cification•®e impr•ÛciŠIe

dueŽµo the error in’}‡]ing fetal, ageS-by meaŠ]ureŽXent. The

‰àequenCe dete’^inatio–Qmay be considered accuraŽµe because

age is noŽµŽµhe primaryŽçactor. I,unt and Law sugge•Œ‚àhaŽµ

PermanenŽµmodific‹}tion—ìinŽµhe•@Žµimes of initial calcificaŽµion

Should await the results of sŽµudie‰_- uSing fetal specimens of

known age.

‘lesearchers have sŽµudied not only the sequence of calci-

ficaŠàon ofŽµheŽµeeth•ébuŽµhave been exŽµensively involved

With the sequence of calcification o•} the cusps of individual

Žµeet‚Ê•E‹ímy of these investigaŽµors have beer? and are` now

anthro•d–ûŽåogists and pateonŽµoIogisŽµS and–Qe/ a differenŽµ

ŽµeminoIogy for cusp de“¿CripŽµion‘³–~Žµis unf–|i|i‘Ör to’I•Œ

OfŽµhe dental coŽXuniŽµy.•waus and Jordan(252) help to

Clarify the difference•ÍinŽµhe dental and zooIogicalŽÁorms

9Œù.



of class‰¤‚ÅicaŽµ‰¤on‚«

•Þ“c•Þ‹•“c‰€•@•}‰ñŒ—Œ—

PaŽía•›•›ne•@”×•ˆŠùesiebucca•ö Cu‰_p

Protocone•@= Mesiolingu•ïi Cusp

MeŽµacone =•ˆDisŽµobuccal Cusp

Hypocone = DisŽµolingual Cusp

‘Â‘Y–¿•m•®
Protoconid =•ˆMesiobuccal Cusp

MeŽµac•›nid•á•Jesiol‰¤ngual Cu—ìp

Hypoconid = DisŽµobucca| Cu•xp

EnŽµoconid•fˆê•áDistolingual Cusp

Hypoconulid = DisŽµa| Cusp

The sequenee Of ca|cificaŽµion ofŽµhe cusps•u of molar

ŽµeeŽ‹had been de—ecribed by Rose in‚Ü891(•j)•E—Ke c•›ncluded

ŽµhaŽµthe mesiobuccal cusp first in both maxiHary and man”_

dibul“Òmo|ars•E This was fol|owed.byŽµhe–Qsioiingu‹}l and

disŽµ•Zbucc–~l cu“ops•‘•@ŒolŽ²ough he did n•ZŽµ“•‚êowŽån whic‚Ëo•ÜŠ³e’p

•œhe distolingual cu“oP_WaS neXt' WiŽµh the`disŽµat c–Qp lasŽµin

Žµ‹ãe•@ŒÇandib‘¸‰¤ar•ˆ•E01ar‰_.

Aoki(246) fe•‚‚àhaŽµ•ˆŽµhe bucc‹T|Œ³sŠŸƒmC’•cifty before the

lingual cusps andŽµhaŽµŽµhe mesial‚­•A CuSPS PreCeded the di—ìŽµal

cusp•¹in each row.‰¤n sŽµudies by GaunŠÃ‚­253,2—i),—¿d in the

review by Butler(21O). the basic maŽXa|iarl Order of develop-

menŽµOf cusps is—£siobucca|l disŽµobucca|l meSiolingual and

l•ÛsŽµl•”•@diŽºŽµ•Zlingual.

In 1963, Tumer(255) pub|ished the results of a radio_

graphic sŽµudy of–•irŽµy-five hul‰Én fetuse•Íranging in_age

from twelve(12) to thirŽµy-four(3’jweeks.,‹Îe order of

calcificaŽµion of The cus—wS Of the primary\‚ÖmO|ars is as

fo•Hlow—ì•‘

9‚¤.



—H•ä•m•o—•
P”—ac•›ne—ŠB •r•@•@•@•@•@•@•fl

Pr•ZŽµ•Zc•›”¥e(‹í) l‚µ

MeŽµac•›ne (DB)

’w”ˆŽïŠî”Õ
Š•‚Å•ïc‚àne (‰Ü)

P–ñŽµ?c•Bne (’y)

•qeŽµaeone (DB)

/•@”¥–û•Z•Z•Zne‚­‚è‚à)

Mandibular FirsŽµ•@Primary Mo|ar•ˆMandib•uIar Second Prim–´’ä•v“@eŒ\’U‚´

PŽí•ZŽµ•Zc•›nid—ŠB)

•ƒeŽµac•›nid (Ž²‚Ì

Hypoconid (DB‚ç

EnŽµ•Zc•›nid (D‚Ì

Proto6onid (MB)

”•eŽµaconid (•Ù‚¢

”¥ypoco‹@id ( DB )

Some of, the c‘¹sps were excluded due to the facŽµ•@tnaŽµ

they were not observed in his speciŒÇenS.

Nomata's•Œudy(230) of one hundred and fourŽµy(’dO)

fetuses providedŽµhis sequenceI

Max“y•H1a‹`y•@•Òi•Q”iŽµP‡aŽåŽ²aŽívŠù0•Har•ˆ •A”•ax“y•Hl‹}rv•@—ìe•èond•@‹{‘¸‰¤—Öa•¶‚â•©0‰¤a‘¸

PaŽía•›•›ne

P‹`•ZŽµ•Zcone

’^eŽµa•›•›ne

Hypocone

‘YŒlŽ²˜W
Pr•ZŽµ•Zconid

ŒÐeŽµacon‰¤d

”¥ypoc•›nŽåd

”•IŽµ•Zcenid

’¬po‚çomlid

Parae‚Þne•@‰°

Pr•ZŽµ•Z c•‹ne

ŠgeŽµaco•Re

”¥ypo c•›ne

Œy•d•m•¹•cŽº’y–]
PŽí•ZŽµ•Zco”¥iŠ³

”•e‚à‚Ý•›•›ni•ô

”¥yp•Z•Z•Znid

‹—ntoconid

”¥ypoconŒŒid

•waus and Jordan(252) provide exhau•Œive–Qterial for

their order of ca|cificatioh which is in agreement withŽµhe

Or.derr•ˆSeen byŒCrner and Nomafa.

A general•ASequenCe Of molar ca|cific•ïtion was listed

by XŽmaus•ˆand Jordan as comprisingŽµen stepsI
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l.‹œ‚Å•ZŽµ•Z•Z•ZnŽåd and’n—‹ac’@e o•á‚¬irsŽµ‰Bol–ø•‘•Ð•E

2. PŽí•ZŽµ•Z•Z•Znid a—ZŽ²“IC•‹ne ef—¿cond•Eo•H•®‚à•E

‚¤..–Q‚à•ï•›•›nid a—ZPŽí•ZŽµ•Zcone oƒSƒriŽí—eŽµ’^01‹}r•E

”¨’u•@Œèetac•›ne o—‹•@Œõr–¨‚à•E0“y•Fr.

5. MeŽµaconid a—ZProtocone 6f second nolar.

6. Metacone of •˜eCOnd molar•œ Hypoconid of second molar•E

7.”¥ypoc•›nid oƒSƒriŽísŽµmo•Har•E

8. EnŽµoconid of second/mOlar.

9. Hypoconulid5 o‘ùfirsŽµ/and second nolars.

•‘0.”¥ypocone Q•Â‰_ec•›‘¹dŒÇo•Har•E

’^e p‚·‚çv‚Üous inve˜I•og•ïŽµ•Z‚Å—ì‚Ëave’^enŽµio‚ÊedŽµhaŽµŽµhere

are differences in prenaŽµal to,Oth germ.m9xphoIogy and finat

Žµ•Z•ZŽµh an–~Žµ•Z‰By. Jorgensen•q2”£•r u–¨•ï‚Þ‚àhe•‚‹ÎpŒ]ŒÇary cus–ì“I

define the com’yOnly occurring main cu•˜P$ On aŽµOOth.’^e•ëe

areŽµhe cu$p•¹preVio–Qly l‚Ü–¨Žµ•½‡`,••‰¤’y–•‡…‰¤‹­b•‹un‹}•P•ãiŠŸd‡ˆ‚´‚ÜneŠ³

as being the lowapŽµpoint on the’yarginal ridg‡ˆ•ˆOr OCCl•E‰àai

surface beŽµween two pri•Eary /cuspS. Chris‚¨nsen(2—‘) described

calcified and tmealcified p“IŽµuberencŠŸnoŽµreiaŽµe•F•@‚àO•@$he

Primary cusps as cusp|eŽµs and cuspoids respective|y. These

are rtot generally •˜een On the fu|1y‚µCalcified teeŽµh and are

lost as calcificaŽµion proceeds.

\The perman‚³nŽµfirsŽµmo|ars are also undergoing develop-

menŽµal ch–¨nges•eduringŽµhe fetal period, buŽµdo not reach their

“¶i•EaƒGƒSo—‹•E•ˆun—®•H“Ie•Hl•@•q‚ÅŽµeŽíbiŽíŽµh. U”Jing alizaŽíinŽíed S,

chŽíi–¨‚àen‰_en’Ûd”•‹Tu”W(2‚¤8)–¨‰ÁdiedŽµhe(‰a“š“d•ApeŽX’ÛenŽµ•Ã1•®—e•E

UnŽµi1 28 weeks,•‚Š^–]‘I•‘•@Žµhere is no ca|cificaŽµion eviŠ³•ŒenŽµ

On any Of these teeth. AƒZthe 28 week stage•f there is•ˆSlight

calcifibation of the mesiobuccal cusp of goŒÇe of the feta|
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Spec‰¤ŒÇens•œ•@•Hn•ˆSome—ÊeŽµ–Qe—e,ŽµheŽíe w‘ˆ–¨n•›•@•›alci‘gca—®o‘d

a—e1–¨Žµe as•@‚¤ŽÅ8ŒÇ‚©•@crom-mmp•HengŽµ‹ã•Z•Í–ˆpŽíoxi’^aŽµely‚¤˜I

WeeŒys‰¤n uŽµ•‡‚²0.
“ñ‰°•g•ˆ•@Šì•@•@•@•@ˆê‰¹Œ¾•@•@•@•@•@.‰¹•@‰¹‰°‰°‰°‰°•P•@_

”¥‡…WeVer, Calcification may be•á‚°eSenŽµat

–±ŽXany aS four•ˆCuSP tips oT each permanent first molar

before birth.•@The order of calcification proceeds from the

meŠ]iobuccal cuspŽ–—Zich is fo|1owed by the mesio|ingual,

distobuccal and/disŽµolingual. BuŽµ1er(259) /a|so studied

the feŽµa| developmenŽµof‹OeŒÇ‹}Xil|ary first permanenŽµmol—½r.

However, hisáÉƒZerial was derived from the s‘ªe •eco11ection

used by Christensen’Ûd Kraus. One notable finding–QsŠTaŽµ

at each stage, the mesiobuccal parŽµofŽµhe crown is most

advanced' With theƒmdistolingual parŽµ‹Oe lasŽµto develop.

During‹Oe time that the •ec‚ðowns ar”Jexperiencing‘³e

CalcificaŽµion phase•ZŽµhe.teeŽµh are als? en|arging•E In facŽµ•œ

during the enŽµire•ˆfetal period; ihi—e, enlargement is•ˆreSPOn-•@•Œ

Sible for changes inŽµhe teeth•Í•@denŽµal sacl alveo|•®bone,

and enŽµire jaw areas. All of the processes whichŽµake place

duringŽµhisŽµime are besŽµdescribed byŽµhe word "growŽµh•E•E•œ

•ð sheer increas\e in mass is only one aspe•ZŽµof gr.o••th. The

diff6renŽµiation of the ce|1s of‹Oe ename| organ and papi•Hla

fo||owed by•ˆmOrPhodiŽIerentiation are also characŽµerisŽµics of

growth. The inerease in size of each organ does noŽµtake

Place aŽµŽµhe sŒÊe raŽµ‡ˆ•‘•@nOr doesŽµhe increase in size—Z•Gin

a specific org•qn•E Differen—®al growth is characŽµeristic of

each organ and ti—eSue, and by this means the teeŽµh develop
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Žµheir specific shape\S aS We11 as their \relationshipsˆóa—®ally

With each other.

Studies ofŽµhe•ˆSPaŽµia|•e relationships ofŽµhe teeŽµh during

Žµhe fetal period have been perfomed by Gantz(2•I) and Ooe

(260•‘261). ooe has pointed out that the molarŽµeeth are

much further apart than are the anŽµerior teeŽµh during the

fetal period. He nOted thatŽµhe teeŽµh did noŽµdevelop in

a smooth line aLIong l’^e”@Žµure arch, buŽµhaveŽµheir indi-

Vidua|•@direcŠàons•ˆand arrange’yenŽµS.•@•@‚µ

-•@Š¨‚Ís finding was confirried by Van Der•ˆIJinden et. al.

(262)•E Before bi’dh, the deciduo’Ùanterior•ˆteeth are over-

1apped and crowdedŽ–•@bu‚·postna‚Ëlly—¹they usually erupŽµin

good ali“@‘ÚenŽµ.•@This is dueŽçO/Žµhe factŽµhaŽµthe incisors

atŽµain a sub‰_‚àantial part of their mesio-dist–~l crown di-

mension at am early developmenta| age,—Zich i\S in contrast

to the molars, Which continue to increaLSe intercuspally until

CalcificaŽµion unitesŽµhe cusps•‘•ˆ•@These authors found four

types of aligr’pent thaŽµŽµhey considered typica|, based on

radiographs of 42 feŽµal heads.

\Sofaer et. al. (263) contend that in pemanent incisors

a compet•Œion for space may |eadŽµo the deve|op’yenŽµof the

•f•fpeg•f•f1ateral in•³“šor due to the ear‹©formaŽµion of a lŽ]ge

Central.•@t’pen both the•@6enŠàa|•@and |aŽµeral incisors•ˆWereˆê

‰_na11, the presu–QŠ³reason was poor environmenŽµal conditions

during the develop’^enta| period•œ•@•@•@•@•@•@•@•@•@•@•@•e
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‹Oe relationship between calcification and erupŽµi‡‡n

Of t•}‡k teeth•osubjectŽµo a number of variations. For

examplel the order in whichŽµeeŽµh undergo calcifieaŽµion is

not neces“šarily reiated toŽµhe order in whichŽµhey erupt.

This manifes•}ation of differenŽµia| growŽµh was noted by

Brauer and BahadQr(264) and Garn et. al.(265)•E’pis Yaria-

bility was rlOted ,mbre frequenŽµly in the mandible than in

Žµhe•@–Qaxilla.

’^aŽµthere affe. indeed' Variations in‹Oe raŽµe of gro—Zh

Of teeth was•ˆCOnfirmed by“øaus(266). Measu‘ïm•Bn’®•Bf f•B—Z

teeŽµh in several dimensions \were–Qde afte•ö•T c•Hearing anŠÏ

•Œaining wiŽµh alizarin red S`•@S‘¸Žµ•}sŽµical analysis inŠ³icaŽµed

Žµhat the primary teeŽµh do not calcifty at’^e s•¹e rate e’Šer

mesio-distal|y or verŽµica11y. Feta|Žµee’Šof 13•q8 weeks

•d•o‘Y•¹, when sub–ÓecŽµedŽµQ meaSurements, reVea|•GatŽµhe

–Qrillary ce—Zral incisor is the fasŽµesŽµcalciftyingŽµOO’^,

both mesio-disŽµal|y and verŽµical|y. Mesio•€‘˜ista| calcifica’u

Žµion chows aL SigmoidŽµype of grow’ncurve. which is |ikened

toŽµhat of posŽµnaŽµa| skeleŽµal growth.

Tumer(267) qup|ained thaŽµthe ear|y develop’pent Of

Žµhe teeŽµh w‹Ts dueŽµo asymme\trical growŽµhl Which resulted

in a more mature mesi•ql end\Of deciduous mol‹T’®. once‹Oe

be11 stage of a tooTh is reached•ZŽµhere seems to be a dif–Õr_

enCe Of opinion‰¹“Ç•ˆŽµoŽµhe nature of the grow’^and calcific

PrOCeSS. Gaunt(268) feels thaŽµeach tooth is se|f-gOVeming

l•›•›.



in iŽµs raŽµe of deve|op’^enŽµ. BuŽµ1er(269) concluded’^at

growth ind ca|cification are independent proeeŠŸŠŸb“äed

On meaSuremenŽµs of ninety-Six feŽµuses.•Hn a separaŽµe sŽµudyl

BuŽµ|er(2?0) shobed thatŽµheŽµeeŽµh grow fasŽµer in |engŽµhŽµhan

in widthl and thaŽµŽµhe disŽµa| portion gro–Q•ˆfas“¼r thanŽµhe

mesia| porŽµion inŽµhe maxillary firsŽµpeŽJanent’^O|ar.

Conghlin‹Šd •fChrisŽµensen(271) conŽµendŽµhat in the pri-

mary molars a statistica|1y significant line•®•ˆre|ationship

exists between the•ŒgrOWŽµh ofŽµhe crown and‹Oe exŽµent of

its calcification. SŽµack(272) seems to find a consisŽµenŽµ

raŽµio of growŽµh and calcificaŽµion inŽµhe mandibular ce”Ýrai

inci—eor.•Hn a g•xavimeŽµric sŽµudy•Â/ Stack(273) foundŽµhaŽµ

•E grOWŽµh ofŽµheŽµeeŽµh in weight is closely \relatedŽµo age,

Whi|e onlyŽµO a 1imiŽµed•‰ŽµenŽµis it re|aŽµedŽµO the mesio_

distal diameŽµers oT‹Oe•@Žµeeth.

ƒGn any ev—¿•Â•‘the molar teeŽµh conŽµinueŽµo enlarge as

Žµhe calcificaŽµion process continues, WiŽµh the intercuspal

distances increasing unti| the cuspa| va11eys are uniŽµed

by mineraliŽ{Žµion. AfterŽµhis coalescence' the cusp tips

Will’^OVe aP•®Žµonƒ†y dueŽµo the additional enanel deposition

at the cuspa| edges•œ
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The phases ,Of odonŽµOgene•˜is \aSSOCiated with c“Iwn

formation have been r?adily exaLŒÇined by many invŠŸ‚àigaŽµors.

However. the formaŽµion of the roo–Âhas been giv“çleŠŸ

a’^ention in•ˆthe liŽµerature. There•®e sŽµill many quesŽµions

Žµo be answered coneerningŽµhe nature/ Of rooŽµform‹}Žµion and

this appears •Pto be an•®ea’paŽµWil| remain conjec‚àurable

for•ˆ—e•‹–Qe•@Žµime•@Žµ•Z•@ce’Ie.

’pe iniŽµiaŽµion of rooŽµformation lies withinŽµhe stŽ²C’²

‚àure known•ˆa‰à‚à•‚eŽÔŽµhe•Hi•‡l r•‹•ZŽµŠ³h—¿’n.•œh‹ø‚ÅiŠÑsŽµ–Q“ûŠà•Bn

Of theŽµem "e‚âiŽµhelial sheath•Í, appears•ˆŽµo have been m‘lde

by HerŽµwig(2‰«) in 18‹©. He wa‰_describing the deve|op–QnŽµ

OfŽµhe tooŽµh germ of the–ûog, and wanŽµedŽµo maŠ¢e a clear

disŽµincŽµion betweˆóthe epiŽµhelium o•} the crown portion and

ŽµhaŽµ•BfŽµ‚Ëe/Ží•Z•ZŽµaŠÑea•E•Hn‹Oe•Ãog,Žµhe r•Z—¼d‰¤d n•BŽµb•‡gin

Žµo develop until the c“Im was aimost co•£letely formed.

Her”·ig describedŒ¥e dynanics of this ti“dSue in s‘î‹}tingˆê

l•œBy a‹­increase in•ˆthe lengŽµh of the epithelial sheath in

a downward direcŽµion, the tooŽµh ou“ùine is |engŽµhened, ahd

Žµhe‰Teml tissue a•˜ a reSulŽµassu–QsŽµhe form of the future

root."•@rn his studies concem|ngŽµhe human dentition,

”¥e•¦•êwig”Q“y•H•ÍŽµ•Z•d•Ee”áionŽµ‚ËeŽµerŒÇ•E•EepiŽµhel“y”al sheaŽ²•Í.

Kolliker(275) n•êedŽµhe sep•®ation of cr•›n and rooŽµ

development. com–Qnting onŽ²eŽçacŽµŽµhat only dentin is

formed inŽµhe rooŽµ•E The pre‰_ence ofŽµhe roo•Â‰_heath in hu’u

ma–Qwas•ˆCOnfirmed by Rose(2•j), Whi|e von Ebner(2?6) failed

‰¤O”V.
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to find‰¤Žµ•œ•@Von BŽí•÷‚ên(ŽÅ77) cla‰¤med–•aŽµŽµheˆóiŽXel‰¤ŒŒ

Sheath was buŽµ/a continuation of the enamel organ.•™ile

he wanŽµed to call the•ˆWhole of the epitheiium involved in

Žµooth developme”¥Žµthe epiŽµhe|ial shea—Zl he was•ˆrefuƒZed by

Others. Mum–Qry—f8) felŽµthe sheaŽµh to be a separate org‹}n

Of epi‹OeliaŽåorigin. He was•ˆrOundly disputed by Ta|bot(279)

Who fai|ed to ,fihe.•œas disŽµincŽµepithelial sŽµ•ÜuCture fomed

independently of the en–|el-foming org’Û.'. Taibot felt

thatƒmepithelial rŽ²nanŠ›vyould be evidence of’^e presence

Of ihe sheath o‹œ•AHe”@wig (as iŽµwas then termed), buŽµŽµhaŽµ

they cou|d noŽµbe demons“øated adja‰ònŽµto each tooŽµh. This

WaS PrOOf enoughŽµhaƒ‚•[ƒZhe sˆóara•ëorg‹Tn of a sheaƒZh of

”¥erŽµwig did not exisŽµ.

Dfamond/ and Weinmam(28o) referred to‘³e region ofŽµhe

en’Ûel organ ne—w‚¢the future dentino-en–|ei•Þ–Qtion as the

ce–ìical loop, andŽµhus felŽµ‚Êe epitheiial sheathŽµo be

involved •‹nƒ†•EyŽån r•Z•ZŽµ–tma‚àion. //

’^‹½•‹—ZandŠºple‚àau’p(281) •›•›n“]‰¤buŽµedŽµ•Z’n•‡u—ZeŽí_

Standing of the root sheaŽµh in human postmaŽ°1 tooŽµh de‰ã

VelopmenŽµ•E Th‡a nO—Z‚àŽ²‚àhe crown i•˜ PŽ²tically comp|eŽµe

before–•ere iŠìany rooŽµdevelopment. with advancing enanel

deposition the’P•ƒel organ is•ˆSŽµeadily reduced•œ•@‹Oe en–|el

Organ•ˆremains inŽµacŽµin thos6 piaces where the en–|el•RŽµrix

has yeŽµto begin fo‘Dation or is•ˆStill in an early state of

formaŽµion'•@They we‡ae Of the opinion thaŽµŽµhe crown grew

‚Ü0‚¤.



apically intoŽµhe ja‘•and thatŽµhe ceƒLVica1 1ooŒê•@’•ei•ƒs

deeper inŽµo’Ùe jaw•ˆŽµhrough•ˆa growth bf cei|Š]Of‹Åe eˆª–|ei

Organ until•@‹Oe maximum erown size was•ˆreaehed. ApposŽå“_ion

also increas•F”J•@the size of the croun in all di—‹eCŽµions.

The cervical loop is, therefore, ParŽµOf the enamel organ

and earmot be regarded as a relaŽµively fixed point. The

enŽµire enaŒÇel \organ n–~rro–Qdoun in the direcŽµion of the

CerVica| 1oop•«at which pointŒ»e cel|s of the outer and inn•®

enahel epi’^eiiˆÍI S/Œ]1| appeŽ†•æin continuiŽµy•œ•@The ouŽµer

enamel epitheliun cell‰àappearŽµo be cIoser to•@‹Oe ce|1s of

Žµhe imer en–|el epiŽµhelium•œ•@Žµhe sŠàaŽµum inŽµemedium having

been losŽµ•E’ye epiŽµhelia| oells of the enŠÏ–Ql organ side

Wi11 go onŽµOˆêŽµhe mo•£hologic and physioIogic changesŽµO

acŽµivaŽµe the for‰ŸaLŽµion of odonto•ØasŽµs of the underlying

‚³ome•ZŽµiveŽµis•M•íe‹TndŽµ•Z secŽíeŽµe eŠùme‰¤.‘‚‚Ëeˆó“y—®el‚Ü•Ûl ce”Ç“o

beyond the cervi•Pca| 1oop prŽQsenŽµa more |imited series of

morphoIogic changes•‘•@and will aeŽµivate the”@rm‹}tion of den_

tin for the root of the too”¿, WiŽµhouŽµpossessing’^e physio“›

Iogic propeŒ]ies n‡ˆCeSSary for the secretion o‘ùen–|el.

Once the cemen?Šñ-en–|el juncŒ]on has been esŽµablished•Íthe

eervical loop as“çmes a fiJCed poi˜Y•œ

Recent histoIogic sŽµudies have revealed differencŠŸin

fom’Ûd pe—¿ap—e‰¤n”@ncŒÜ•Zn o‰¤‚âhe r•Z•ZŽµ•Íh•‡•É’nŽån d“y‚Åfe•ëe“û‚à

–¨ni•Eal—epec“yŽt•E’Da•õweŽí•‡u•Ðed inŽµhe wo‰•k ofŒØanŽµŠÏnŠ³

Bemick(230) w’†y fo•End the epiŽµhelia| root sheaŽµh to be a

•A 10•{.



multilayered sŽÔucture.•@BeŽµween a conf|uent outer and inner

\

epiŽµhelial layerl they found severa1 1ayers of cell—ìŽ‹aŽµ

they termed\ the intermediate |ayer•E The“Il|s of this layer

are morphoIo—‹ica11y similar to the cells of the s“ø•qŽµum

intemedium•ˆ T•³s third |ayer wa”aa|so found in theáÉrm•BS•Bt.

InˆêŽµhe raŽµ, Shibata a—ZStern(227) found aŽµhird |ay‡ˆr

WhichŽµhey •fca11eQ The stellate reticulum. Grant and Bernick

contend that\Žµhese cells bear lit”¥e resemblance to the

Cellsƒmof the sŽµellaŽµe reticulum•f•A being fl”ê–Âned. squ–|oid

Ce11•˜. Both seŽµS Of investigaŽµOrS have described a base_

menŽµ–Qmbrane sepa—Ö‚âing the epi”¿eli‰Ml f’pn•EeSenehy–Ql

ele’²enŽµS•œ•@•ð sŽåŒÇi•HaŠÑsŠàu•ZŽµure ha‰_been‰à‚àud‰¤ed o”¥Žµhe

ulŽµrastruct–¦al level in caŽµS by Sil‡Yi and Kailis(225•Í226).

This areaŒÜas been sŽµudie•sin hu‹÷–Qby Provenza=‰ad

Sisca(229) who•P feel that the cervical\ |qop•®ea serves as

a cell souree•PforŽµhe elcmgaŽµing epithelial rooŽµsheath.

The root sheaŽµh itself was de‚Óribed by Noble et. •qa|.(2Š¨

Who found onlˆ¯‚àwo layers of epithe|ial cellsi an imer

Iayer of co|uinar•ˆCe11s and an ou‰Ør |ayer•ˆof cuboidal cells

With an occasion•Øadditiona| cell |ying f|atŽµened beŽµ–xeen

Žµhe•@Žµ••o layeŽís•‘•@•@•@•@•A

These firidings were contesŽµed by Ooe(282) who felŽµ

thaŽµthe presence or ab“oence of the sŽµellaŽµe•ˆreŽµiculuŽXis

nOŽµan eSSenŽµial digtincŽµion between the epiŽµheli‹Tl rooŽµ

Sheath and the en–|el organ. He found "ename| pulp., or

\‚ÜO‚¤•‘
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SŽµe11ateŽµype cells in the‰°ePiŽµhelium of the‰a’ore“IOt

area. Ooe was also of the opihionŽµha‚àthe term ttepithe|ial
/

Sheath•h sho•B1d r•ÉIace’^eŽµeŽX"en–|el organ,•œ•E ds the p“Iper

indication forƒZhe epiŽµhelium of the too’^germ•RomŽµhe

iniŽµial sŽµage bf development.

Th”Jdyn–|ics of the epiŽµhelial root sheaŽµh concern
•u\ /•@ƒm

boŽµh denŽµinogenesis and cemenŽµOgeneSis. Ce11s of the denfal

PaPi|la opposite•fthe root sheath beginŽµo differenŽµiaŽµe inŽµo

Odontoblastst•ˆ—Zich contribuŽµe•A tb the rooŽµdenŒ]n. Their

job finished, the epithelial cells bec“çe•ˆSeP“äat—Zfrom

Žµhe dentin and cemenŽµOgeneSis beginse

Cementum“Çs described by Blake(38) on the tee’^of

Žµhe herbivora as covering noƒZonly the•ˆCrO–ñnl_ buŽµSOme—®–Q•Í

Žµhe rooŽµ•E rThe term "organ of the\Cement" wa$•ˆfi•ãŽÔuseŠ³
\•A

by Marcusen (283) in 18501 Kolliker(78) could noƒZfind

it, but•ˆfelŽµthaŽµŽµhe vesse/ls of the den‘î‹}l follicle f‚Înish

an eXudaŽµe which becomes, OSSified. Robin and hagiŽµ‘O(28”Ú

Were COnVinced\ŽµhaŽµa real org‰gn ofŽµhe cemŽ²Žµdid exisŽµ

and thaŽµiŽµ–Ðquit•B S•BParat•B.fr•BmŽµhat whi•Bh pr•B•Bu•B•Bd •Bna—A

•Ee•H.

•Hn 1866,•ˆM'Qui|len(285) des6ribedŽµhe cemenŒŒm—Zile

SPeaking before the /Conne}CŽµicuŽµState DenŽµ‘d| As$OCiation./

-•œŽMis sub‰àŽµ’Ûcel Whic‚Ëihve“š‚à$Žµ‹ãe“I•›“¼oŽŠhuŒÇŒÇ‚àeeŽµ‚Ë

fro’^ŽµheŽµeminaŽµion ofŽµhe•ˆen–|e‰¤Ž›oŽµhe apex of the root•‘

where it is usually veryŽµhick, aPprOXi’^aŽµes to bonel nOt

Only in microscopical structure•fb‰Jalso in ch“çical

•A•@•@•@•@•@•@•@•@•@•@‚Ü06.



COmPOSition." •ˆ”•,Qui“y1en wenŽµOnŽµO COmPare the c“çentum
ƒm

WiŽµh the have’Ùian system of bone. He spoke of connecŽµions

Of the cana|iou|i of the cemenŽµum wi”¿‚àhe pulpI Which he

felt gave vita‘•‚àyŽµoŽµhe tooŽµh even afŽµer pulpal ex—®rpa-

Žµion. He may have been d6scribing accQSSOry Cana|sŽ–buŽµ

WaS Pa‹`•Kially co’^ecŽµin view of cuŽírent concepts dealing

WiŽµh the vital)iŽµy ofŽµhe•U•fa’^achment apparatus.•A

Skillen(183) considered‚µŽµ‘•cemenŽµum as a tissue of

aŽµŽµachmenŽµand was unable to findŽµhis•ˆrOOt COVering unŽµil

the tooth had reached occlusion. He reasoned thaŽµthe

llceŽXentum forming cell—e" which are simil•®•ˆŽµo osteobl–±ts,

Wil| noŽµbe sti—ZlaŽµed to activity unŽµil masticaŽµory sŠàess

is applied. As early as 1921, Skil|en rea|i–QdŽµhe need

for•ˆŽµhe epiŽµheliumŽµO PrOmOte OdontoblasŒ]c differenŽµiation.

He does not•‘however, SPeak of HerŽµWig-sƒ•ePiŽµhelial rooŽµ

•¹heath•œ but refers to the apical exŽµension ofŽµhe en‰¸mel

Organ aS a.llSti–‰|ative |ayer•fl in root developmenŽµ.•HnsŽµead

Of refe’^ing td‰¤he ce11s of the ouŽµer layer of the epi-

Žµhelial rooŽµsheath, Ski11en callsŽµhem "rudimenŽµary ane|o-

blasŽµSll and noŽµesŽµhaŽµthey bear•ˆsŽµriking resemblanceŽµo

the epithelial‚ÖCOrds•ˆformed in the periodonta| membrane.

’po’^as(286) discussed the deposiŽµio`n of dentin and

ce’^entum•ˆWith •PrespecŽµŽµo rooŽµformation and r“çarked l•Aat

until occlusion is reached•‘the root develo—xenŽµp’pceeds

WiŽµhout untow‚¨d pressures from the immediaŽµe area. •ðfter

lO7.
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occlusion is•ˆreaChedo the‚­ˆ¸apiila suffer—ìdue toŽµhe phygi-

cal problems •fOf peneŽµrating inŽµO the periapical tissues.

/

Thomas beli-eVe•àthaŽµthe growing root•doiloweŠ³t”¿e conŽµOurs

of the follicleƒmand thi‹T•@aCCOunted for•ˆmany CurVature˜DŽµhaŽµ

were seen.—Zs explanaŽµion of the c•¹•êe for multiple for‹rina

lies within the concepŽµOf a "pla$tic dentin"•@forming around

vessels no[•\afranged in one convenient bu—Zle at the apic‹}l

fora•Een.

The re|atio–Qhip beŽµWeen•v mu|tiple foramina- and endodonŽµie

Žµrea‘•yenŽµwa•Í’@‹rented upen by Noye”J\(287) •E Who believed

that dentists have complained too much abouŽµthem a–Èer

having clinicaL CO’@P|icatiens. H•‡sug”©esŽµedŽµhaŽµsectioning

ŽµeeŽµh in order•ˆŽµO Study rooŽµCanal anaŽµOmy _WOuld help a

greaŽµmany•A denŽµi“d•ê.

By 19‹åO, the phy”©ioIogy df the •eClementum andŽµh5 raŠ³icu-

1ar denŽµin was betŽµer•ˆunde—¿‚àOOd•E Skil|en(183) had knoun

th•eŽµŽµhe p•‚ceŠŸof denŽµinogenesis inŽµhe rooŽµis no dif-

ferenŽµquaii•õ•Œively or quanŽµiŽµatively from that ofŽµhe

COrOnal dentin.•g Now, mOre eSOteric question‰àWere being

discussed.•@As the rooŽµelonŠZaŽµes, tŒŒe rooŽµSheath adjacent

ŽµO•@Žµhe deve|opin”©—Ödicular dentin loses iŽµ”iinŽµegriŽµy•œ

The fate of the“ñepiŽµhe|ial cells and their•ˆrOle in cemenŽµO-

gene•Íi‰àis•ˆSeeŒÇingly di•ˆerenŽµin various animal mpdels and

‚Ün’Ian.

Schour and Ma‰àSler‚­238•r•@felt”¿atŽµhe epithelial rooŽµ

‰¤08.



”©he•ÛŽµh sŽµimu•éŽµe˜DŽµhe ceŠÛ1$•@O‚Å‚àhe de•–‚à•½ƒG•@ƒS011“ycle•@Žµ•Z•@‚ÅoŽX

CemenŽµun, afŽµer which they deg“çeŽ–•Û‚àe and r•|ian in the

periodon‚àalŒ³embran‡ˆ as ePiŽµhelial r—¿“¼. Go‚à’Šieb(288)

felt thaŽµŽµhe most iŽXPOrŽµ”Nnt bio|ogicai feat—Kre OfŽµhe cemen-

tum was iŽµS POSSibilitry of conŽµinuous- formation. This ap-

Pealed•vŽµo Or•ên(289) who sŽµated”ÁatŽµhe rooŽµsheaŽµh does

n•ZŽµdegenerate a•ƒer ini:Žµia| cementogenesisl buŽµI insŽµead

beco’^eS SeP•nratedŠ•oŽXŽµhe rooŽµand continue“oŽµo exert a

‰àŽµimulaŽµory i‘[l–Q–Qe onŽ²e ce–QnŽµoblŠŸŠ›as epi’^elia•H

Žíe—eŽµ‰_.

By the use of autoradiography, Di`ab and SŽµallard(1“ª)

Were ableŽµo sŽµudyŽµhese processes inl r•ïtS. They found

ŽµhaŽµŽµhe rooŽµ•AapeX•ˆremained sŽµationary during“IoŽµformaca

tion and eruption while theŽµooŽµh moved occ|usaƒ†Iy.Š“i’²

thelial cells that w•®e h•Ø‚¹apped during c–|entOgeneSis

appeared to degenerate wiThin the periodontal lig–|en‚àand

Were nOŽµ’ûlt \to be•ˆCOntributoryŽµO’^e for–QtionŠÚepi’²

ŽµhelialŽ²J They •B•Bnfi–Qd th•B inŽµ•Br•B•B,•Bn•Ben•B•B b“E•B•Bn

OdonŽµOblasŽµic di–õerentiaŽµion and cellular acŽÐviŽµy of the

Ží•Z•ZŽµŽ²ea”Ç,—ZŽmle sŽµa•o’£gŽµh”aŽµce–Q’^ŽµuŠ‘fo‹ÎaŒ]•›–Qa’“pe‘d‚Å

dependenŽµon neitherŽµhe pre—¿nce nor absence of t‹®epiThel-

ial rooŽµSheŽhno•@ƒGn a‰àtudy using Rhesus–Qnkeys,–Qnney

ŒÇd R–|‚ÎjoŽíd•q‰¤‚é‚¿) re—£ŒŒ•‡’Ž–Q•X–Q•›•›nŽ²“o‰¤‡‡–QC•›ncerning

Žµhe faŽµe ofŽµhe•© ePi‹Oelia| ce|1s andŽµheir need inŽµhe

PrOCeSS Of ceŽXentOgeneSis.
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“Qec–ˆnŽµly, Owe–Q“Õ905291) h‘ˆS SŽµud“yed theŠ›ineralŽå”Æ-

Žµion of tooŽµh rooŽµS in human deciduous•@Žµee—Z•@and in•@Žµhe

PremOlaLrS OŽmdogs. CemenŽµum•ˆformaŽµion appear•AedŽµO be‰•-

1ated to morphoIogical changes in HerŽµ—iig,s epiŽµhelial rooŽµ

SheaŽµh, which suggested a possible ind/uCŽµive re|aŽµionship

beŽµween the•ˆSheaŽµh and fo11icular ce|1s leading to the

differentiaŽµion of cemenŽµdblasŽµS.

OŽµher conflicts exist in\ th,e area Of iniƒZia|•@cem•‡nto_

genesis. Sicher(”y3) felt ,th‹}Žµw’†n The` epiŽµhe“Qal cel|s

–Qoved a••ayŠÚ•›ŒÇ•ˆŽµhe r•Z•ZŽµ–ˆuŽí‚Åace, c•›nneCŽµ‰¤v’‰•@‚àŽå‰_“šue cellŒD

Came inŽµO COntaCŽµwiŽµh the denŽµin and•A became ce–QntoblasŽµS.

They elaboraŽµed an•ˆunCalcified cementoid.tissue whi•Isub-ƒm

•¹equenthy beca—¿e ca|cified•E PaynŽµer and P—Zy(292) suggesŽµ

”¿aŽµŽµhe inner layer of cemenŽµum is derived•@•gomŽµhe base_

ment membrane, i‰à•ˆfomed wiŽµhouŽµce|l‰à, and conŽµains no

E|ectro–Ð•vmicroscopic findings of Se|vig(228) revea|

Žµhat in mouse incis‹bS the imermosŽµIaye“Ï' of cementuŽXis

not devoid of fibe‰L. DespiŽµe this disagreement, mOSŽµfeel

ŽµhaŽµtwo type•¹/Of cementum exist in the fully developed

ŽµOOŽµh. The cemenŽµum coverin‚Ü’^e coronaiŽµwo_Žµhirds is

‹Oin amd nonce|lular‚«WhileŽµhe apical one-third is ce11u_

lar in type•E This- Ce“øular cementumŠ•}ŽXS afŽµer erup—®on.

’^e results of Selvig were confirmed by Formicola eŽµ. al.

(293) in a sŽµudy using both autoradiography and tetracycline

\\•@•@•@•@•@•@•@•@•@•@•@•@•@‰¤l•Z”Ô



labeilingŽµechniques on fats•E’pe differ“çee in pre- and

POSt-eŒCPtive ce’^enŽµogenesis appeared to be in the rate

Of fomatioh rather•ˆŽµh•nn inŽµh‡ˆ basic•éech‘gi‘ám of forma‚Ì

tion•E Th speed with whichŽµhe post•‘”ÁmPtiv‡ˆ Ce–Qntum de-

Veloped cansed the epiŽµhe|ia| cells–Âbe”|apped within

‰¤Žµa–¨Š¹a”¢dŽ²OnSŽµ‹`aŽµ“[w’SˆòŽµ‚Å“y—®aŽµe’ëŽt•›Œ]–Q•B’yeŽµeŽµra’²

CyCline labelling of cemenŽµu’^•ˆ‹×CCurred in a, 1‹½iŽ²“¼d fashion

ŽµhaŽµwaŠ]•ˆS‰¤mŽålarŽµ•‹ŽµhaŽµin‹«“ìe anŠ³denŒ]’p

•”e”¿echani–|sŽånv01v‰¤ng•P–•e•Ò•ê—Z‚ðeŒ›eŽÔŽ²el‰¤a“yŽ¿•›•›‚à

SheaŽµh, de•Etinogenesis and ceŽXenŽµOge‘•ŠŸis appe•®"to bec•|e

more complex—Zeh mulŽµirooted teeŽµh//ãJe e‡‡•ãidered•B Orban

’ÛdŽ²el•Her(29‹øsŽµaŽµedŽµhaŽµŽµ‚Ëe b‰¤‚Åu’^a—®‡…n o‰¤‚Å‚Ê‡ˆŒÇ•B1ar

teeth in raŽµs is‚ÖdeŽµermined |ong befŠÙe the crownl develop“ˆ

ŽXenŽµis compleŽµed. The rooŽµs–Qre•ˆde˜UeribeŠ³’ß‰°b‡ˆing ''Qut-

|ined by eccen“]ic periphera| enl•ïrg“çe–QOf the basal ope’S

ing of theŽµooth germ•E"•@During this•¨eeeenŠãe grow’^, Ce“ø

Žµain portio–Qof ,Hertwig•œs epith•Øia| rooŽµŽ²eath remain

re|ative|y fixed. LaŽµer.‹Oese pr‰Âe•Œions en|‹T–áge and

uni“¼Žµ•Z fo•³Žµ‚Ëe bifurc•nŒ]onŽ‹’öŽµd“ç‘l’^ŒÛ‚¹ŠŸ—®‡… r•›•›‚às.

ŽXey ciŽµe i—ì1a—Z“šo•éep‰¤’Še‰¤‰¤u’^•f–|OngŽ²e“y•Â“šeŽã‚Üo˜Ias

being arŽµifac—³”_

“Ire recen”Žy,ˆ±ernicŠ¢’Ûd‚àevy(\•J‚¤)ŒŒ–~V•á‰_‚àuŠ³ŽåedŽµhe

PrOblem in the marmoset. which is a p•Œ–~‚àee They conŽµra”_

dict or$an, while•ˆaSCribing funcŠàonŽµo his aŽtif•ïcŽµs.

‹Oe migraŽµion of •fepithe|ial cells was limitedŽµo”Áe dista1

‹T11.



•ˆ•A (•l•@•@•@•@•@•@•@•@•@•@I

‚µˆêˆê)

‰ad lingual surface•áOfŽµhe developing molars.’yese ce11s

bec–|e•‚e•P epithalial sheaŽµh which was incomp|ete across

Žµhe area ofŽµhe den‚¨l pŒÄilla•E–Qsenchymal cells ofŽµhe

dental papil|a proliferated and migraŽµed inŽµOŽµhe epiŽµheli•Ûl

band to break up•ŒS )COntinuity•E This\ reSulŽµed in mu|tiple

islands of epiŽµheiial cells. These islands were”@rther

brokeh up'•@SoŽµ•g‚àa single epithe|ial cord remained near

the cenŽµral region ofŽµhe developing crown. The‰°ce|ls of

Žµhe denŽµal sac appeared to have no role in this proceŠŸ.

‹Oe epithelial co“çthen pro|iferated inŽµo a mu|ti|ayeŒQd

SŽµrucŽµure and initiated root fomation•E Some ofŽµhe centrally

|ocated epiŽµhelial -cells possessedŽµhe capaciŽµy foF differen—A

tiaŽµing inŽµo ena‚Óel( producers that ledŽµOŽµhe foŽXaŽµion of

enane| pearls. I‹•haS nOt mentioned•Íhowever| wheŽµher tri-

rOOtedŽµeeth foŠcfr‘¤(One Or•ˆmOPe OfŽµhese epithelial is-

1ands.•@•@•@•@•@•@•@•@•Œ•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•q

Ooe(296) conducŽµed aŽµhfee-di–Qnsional sŽµudy of hunan

ŽµeeŽµh in an eŠÚ0•Œ•ëde•ë‹Î‰¤neŽµ‹ãe–QŽµu–QofŒC‚Åca—®on

fo—–aŽ²n•E”¥e c•B–Ql—ZedŽµ‹ãaŽµ‰¤nŽµe•ˆad‰¤eal e•Œhelialˆó0‹¨

ce$S•‡‰_dŽå‚â‚ÜdeŠ³Šãe‰Ÿ‚ÜŒÇ“Æy apical for–|en inŽµ•ZŽµw•› •›rŽµhree

Ž²es.Ž²ese’Ø•ŽCeŒ›SeS•ˆWere fomed e•®|y in developmenŽµ

‰ï—ZunŽå•oŠ³Žµ•Z‹‘e‹£Œ@e”@’^aŒ]on a‰•ea‰_.

‹p“š•\udy‚Ün”©•q–QnŽµ•Z•ZŽ²•x•‡ŽX•ÍW‰¤Žµ‹ã‹Oe u’yofŒÇac“I•ê

ph•ZŽµ•Zg‘Â‰D•EŽ²v‰kcŒo(297) agŽíe‚«‰_•ˆW‰¤‚à‚Ë•›•›e in r•‡fuŽ²g•EŒÊy

Of”ÁeŠondings of•sBemick and Levy. He foundŽµhe bifurc‹}_

//•@•@•@•@•@•@•@•@•@•@•@‚Ü‚Ü2.



tion to be for–Qd by—Ze fusion of two or more’nŽ²sveŠŸe

PrOCeSSeS’»aŽµpeneŽµra•ád the area of the d—¿‚àal papiHa.

The line of fusion ofŽ²e processes i•Ð•ˆeVidenced by sc•Ûr

fo’²aŽµion thaŽµis pre”JenŽµOn fully developed teeŽµh. No

aCCeSSOry Cana|s•¿e sden here, buŽµmay be found aŽµp•Œnts

of oŽí‰¤g‚Ün ofŽµ‚Ë‹à–ìr ce‰_SeŒD. 1•@•@•@•@•@•@•@•@•@•@•@•A

This "scarl•EŽµhat Kovacs- describes h‹}s been elevated

Žµ•‹ŒÊaŽµ•Z’^ica•H“™Žµ’ö‚à–Q‚ày‘èvere’^eŽµ•E al•E(298),—Z•›‹®eŽíŽµ•Z

i‹|—wthe ceinŽµermediate bifurcatidna|—Zge•E•Eˆê•@•Hn\a sŽµudy of

OVerŽµhree hundred exŽµ—¿cted mandibular firsŽµmolars, a

distincŽµridge, running acrossŽµhe bifurcaŽÔon in a–Qsio_

distal direction•fW‘ˆS found in m9SŽµinsŽµances. The interˆê

••ediaŽµe ridge, Which is for–Qd pri’^•®i|y by ce–QnŽµu’pneVeF-

t‚Ëeless has its basis in dentin.

The \furcaf’Ùnal area was also grossƒGy sŽµ—Zied by

Jorg’@sen(299)”_who exanined skulls of chiiŽYen excavaŽµed

at the rmins of aŒÇedieva| monasŽµery. Byi eXanining large

numbe‚±•Ÿ“šOf suchŽµeeŠà, Jorgensen hoped to be ab|eŽµo com_

Pile a picŽµor•ïl record of teeŽµh in a conŽµinuum•ˆ0•ö develop-

menŽµ•E His terminoio‘av is mosŽµ1y paleonŽµQIogicl buŽµ–Qy

be comprehended ea—¦1y based on his deŽ²iŽ²ns•‘•@The furca_

Žµion is referred •}o by Jorgensen asŽµhe subpuipal wall.

His photographs are•Rinly directed aŽµthis•ˆregion ofŽ·e

depelopingŽµee”Á•E‚Ö•HnŽµe‰«adicular denŽµin processes were

found to be growing in horizontal direction from the edge

‹T1‚¤.



Of the tooth socket. •f•Hn the two-rOOted lower•ˆmOlars are

Žµwo such p‚¬OCeSSeS, One•ˆfacial, dev•goped from–•e free

edge •PofŽµhe faciat su’d•ece of theŽµOOŽµhˆóckeŽµ, and one

lingual•f•Hn the -Žµypical three-rOOŽµed maxillary molars are

three inŽµerradicular\ˆ¸en’Pn processes, One facial, One me‰_ial

and one disŽµal. He‹Xas•ˆfound whaŽµare beliƒmeVed to be iso_

1ated cenŽµers_ of calcification a•áSOCiaŽµed•ˆwi‹Omaxi|1ary

firsŽµpermanent mo|ars•ˆand second’Øi•Eary ro|ars•œ•@’^ese

isolaŽµed cenŽµers•ˆCŒÊld correspondŽµO•PŽµhe areas described by

Bemick and‚àevy.\’pe line of fusion beŽµ••een the inŽµer_
(

radicular denŒ]n processes is calƒ†ed a '.synden”©nose."

A|ongŽµhese lines of fusion' there are oŽ²en formed di$ŽµincŽµ

Žµhickenings which are referredŽµO aS CrisŽµa•œ•@These are

PrOba‚àly”Áe intemedia`te bifurcaŽµional ridges of EvereŽµt

eŽµ. al.•@•@•@•@•@•@•@•@•@•@(

Jorgensen diviŠÏes‹Oe fomaŽµion, Of the subpu|p•ïl wali

intoŽµh•Íee phas•áS Of growth•e 1. Prevailing‰TowŽµh in verƒZiŽ°

ca| direcŽµion, fomation ofŽµhe tooth sockeŽµ•E 2•E Prevailing

growŽµh in ho•³aer–Qat direction, forma—®on ofŽµhe subpulpai

Wal|. 3. Prevailihg growŽµh in verŽµical direction•fformation

of”Áe indivi‚Ón‹}l rooŽµS.

Kovac‰_(297)‹­e’û‚ÅŽíedŽµ•Z’ÈŠ³sŽµ—ZylŒÇd cer—Z•E•Hy

Jorgensenls may b••included, \“äOne Of "onŽµogeneticŽXO’S

ph“f•Z•b•E•‘, ByŽXi—e•E he’IeŒÇŽµŽµ‚Ëe•ŒŽíphological s‰Ády of

SuCCeSSive s•Ža”¤e”JOf development. A’^er inspection of iarge

“øŒù.
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numbers of teeth •fin various•ˆsŽµages of developmenŽµ, he•‘•Í

able to re“äh certain conc|usions re|atingŽµO”Áeir•ˆc‡ŠmOn

OntOg‚ény. He fel‚àthaŽµthe iength of‰·e root depend“šOn

the narrowing of the\ePithelial diap}lragm•œ•@•Hf it becomes

narrovi rapidly•‘the—¿oŽµwiŽ~be•ESOmewhat sho˜I.•Hf the

narrowing occurs•ˆmOƒMe‚µS|owly,Žµhe rooŽµwi11 be longer.

’pe leve|I direcŽµion•œ lengŽµh and number ofŽµhe "Žµransverse

‰Ÿocesses" isŽµhoughtŽµO deŽµermine the’^O•£hg|ogic charac-

terisŽµics of’^e- fuŠàrelrOOtS•E A%ƒmŽµhe poinŽµwhere‰°Žµhe

PrOCeSSeS meeŽµ, a PerfecŽµobturation i•Ðˆêrealized by a pro-

1iferation that Kov‹Tc“oealls a "cicaŽµ•d‡]•E"•@Accessory cana|s

are noŽµseen herQ, but may be found where the horizonta.1

PrOCeS•êeS Originate.

TheŽµerm onŽµogenQtic morphoIogy was modified sligh•÷y

by \Carlsen(30O)•E W•îŽqwanŽµed to emphasifaeŽµhe denfal naŽµure

Of his effo—¼s•E He used sevŠà‹}l thousand human maxi|la‰Ÿ

PremOlars in his•Pstudy df onŽµogenesis. Carlsen was infIuenceŠ³

by •ð1—I‡]andersen(301)•E whoŒÝad noŽµed an•ˆabiliŽµy of Her•qg•Es

epithelial roQŽµshe/aŽµh to grow in a horizonŽµa| direcŽµion

in certain areaŒáOf the root surface.’pis horizonŽµa| gro—Z

OfŽµhe interradicular projections wasŽµhoughŽµŽµo proceed

where•e grOW‹OcenŽµ•÷s of the denŽµal papi11a were not inhibi_
\•@•@/

Žµ•Zry•E •ðŽµpl‹}ces—Ze–Q•ˆŽµhe g“IwŽµh of–QdenŽµa•Hpa•d•H•Ha

blocked the ingro)Wth ofŽµhe epithe|ial rooŽµsheath•frOOŽµ

grOOVeS Of varying depth were found by Alexandersen.
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The areas where horizonŽµal growth\ COmPenentS Of the

rooŽµsheath exisŽµed were dal|ed '.separation strucŽµures" by

carlsen. TwoŽµype•˜ Of gŽÔparaŽµion strueŽµures were disŽµin_

guished; The interr‘ˆ‹‘cular projections were the manifes-

’nŽµions of coŒÇplete horiacnŽµa| gro—Zh of separation sŽµrmcŠ›

tures•E The rooŽµgroolVe WaS the reslult of "abortive•E•‘horizon_

ƒZal growth of would-be inŽµerradicul‘cprojections. RooŽµ

grOOVeS WereŽµhe resulŽµof impeded growth due to acŽµive

areas of’^e papi|la•E“øe sep‚¨–~‚àior] SŽÔuCŽµures were p|o–Ged

according to their locaŽµions on‰–e dev”Çoping_ PremOlar

rooŽµse•@ƒGn this mannerl Car|sen explained the furcaŽµion

formation•ÍOr lac‹Ä•YOf iƒZin bicuspid teeŽµh.•Hn a subsequenŽµ

Studyl CŒƒ|sen(302)’^ade similar ob—¿ivations of the mandibu_

1aŽíprem01a–²•ˆŽµeeŽµh•œ

Tne fomaŽµion of the furca—®c•bareas of posŽµeriorŽµeeŽµh

ŒÇay be partia11y explained by th61 Studies of onŽµogeneŽµic

morphoIogy. When eombined withŽµhe va“ocu|ar inhibition

•PŽµheory expoused by BuŽµlƒM(21O•‘303), and the location of”Áe

VeSSels of the dŽ²‚àa| papil|a as demonsŽµrated by GaunŽµ(211),

Žµhe exp|anationŒycomes much more compleŽµe. To accounŽµ

forŽµhe variaŽµions in the rooŽµanatomy of huŽXanŽµeethl OŽµher

factorsngusŽµbe c’@sideped. \One such f•ïctor is the ro|e

l

-Of eruption inŠàe growth process•u ofŽµhe“Iot.

•Hn a separ•ïŽµe paper concemi“¼the onŽµogenetic mo•£hology

Of human teeth,‘¦VaCS(3O4) addresses the problem of roo•}
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formation. He makes several importanŽµobservat•Œ–Q—Z‚àh
l

respect to the•Afinal foŽXOf the rooŽµS. OnŽµhe b–~sis of

the anatomical stages in the ja’Ù•@du‘ùing their•Gr–Q“_ion,

two phases in root deVelopment can be distingui•x‰Yed.•@ŒÊe

initial or erupŽµive phase prQgreSSeS•ˆuntil•@Žµhe•@Šà‡LŽµh has

reached occlusion.ˆêŒŒiti|’^is time•‘•@the tooth was growing

toward the occlusal\ Plane with no apica| growŽµh of the roots.

•ðfter the tooŽµh reaches•@Žµhe occlusa| pLane,Ž²e continued
(

ropt growŽµh takes p|ace in an aPic•ïl direction.•@This is

nowŽµermed’ne peneŠàative phase.•@•Ht is duringŽµhis paat

Of the developŒÊenŽµ‹Tl process•@Žµhat mosƒZ•eOf‹Oe rooŽµbends

and curves are formed-.•@Kovacs also noŽµiced•@Žµhat in exŽµrac_

ted•@ŽµeeŽµh there seemed to be a diffeƒSende in•@Žµhe char‹}cŽµer

OfŽµhe cemenƒ‚um cov•®ing the apical one-third ofŽµhe rooŽµ.

There was |it“ùe explanaŽµion of the •AProCeSS by which/ rOOŽµs

become curved, tlOWeVerIŽµhis iSƒmone •Pof 6n|y several papers

Žµhat \eVen deal’ÙŽµhŽµhis phase of tooŽµh/ develop–QnŽµ.

Severa| ofl Kovacs'•@observa—®ons may be beŽµter under-

StOOd by revie‚âing an older sŽµudy by Orban(305).•Hn con’u

trasŽµŽµo inve’\tigaŽµOrS Of his time, Orb‹}n, in 1928 was

COnVinced th‘§Žµ•ÙeŽµOOŽ²germ did not grow abica|ly inŽµO

the comecŽµive:tissue•fbuŽµ’^aŽµŽµhe distince fro•©•ã‘De tooth

gemŽµ•ZŽµheŽè•Ho‹r•Bf—®e nŠŸe lnCreaŠ]ed wiŽµh develop—£‚ê‚à•œ

Žæ•àing cro••n•ˆfor”•Œ]on, the gro•ü•ãof the j•J•áand ora|

epithelium moreŽµhan offset the gro—Zh ofŽµhe tooth germ.

1‰¤7.



He believed thaŽµthis•ˆrelationship was•g mainŽµained even a’^er

the iniŽµiation of rooŽµformation.ˆôQ/ inward growŽµh of the

epithelium inŽµo the demecŽµiveLŽµissue takes pl‹Tce•ˆeiŽµher in

Žµhe earliesŽµ•Œages bf deve|opmenŽµor during the formation

Of the rooŽµ•E•Hn the beginning of the deve|opmenŽµof the

‚àOOth gemsŽqthe epithelium/remains stationary in iŽµs

Original plac6 whi|e the surrounding tissues grow; During

the development ofŽµhe FOOŽµS, the•ˆfi*d point is the epiŽµhel-

ial\SheaŽµh of Hertwig andŽµhe grovyth -Of the \teeth proceeds

in the direction ofŽµhe occlusal surfa‹…."

The penetraŽµive phase of rooŽµŽçOr’Ù•n‚à‰¤on was o’^i’^ed

by Orban buŽµineluded inŽµhe work of Car|son(306). He

agreedŽµh•gat there–Qs no domward movement ofŽµhe crGunl

but noŽµed‹OaŽµafŽµer occlusion was•ˆre–~C‚Ëed•é"the rooŽµis

COmPleŽµed by fŽžcing iŽµS Way dom inŽµo the borle Of—®e jaw."

0Žµher•ˆsŒŒdies of the( eruptive ,PrOCeSS illusŽµraŽµe”Çe
\

bodily movemenŽµof the teeŽµh wiŽµh reŽºpecŽµtoŽµhe surrounding

bone•E Brash(307) described thtj•ˆrOtaŽµional movements of‹Oe

teeth and fe|Žµ‹Oat”Áe a|veolar arches were iri a constanŽµ

State of chaŽ°e\•E/ There is/ a continu•nl |abial and proximal

mOVement of theŽµeeth wiŽµhinŽµhe denŽµ•ql arches as sho–ûby

COnSŽµ‘ˆnŽµaddiŽÔensŽµo the alveolar wa|ls aŽMd interalveolar

’‚epŽµa.•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@/

\

Weinmann‚Ío8) explaineQ ThaŽµ•AŽµhis occluso–¦meSial move_

ment was a consŽµamt feature of the dentition from the ini•ê

tiation of eru’Son’nroughout the lifeŽµime ofŽµhe individual.
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Sicher(309) adqs t•Š•phe discus“oion ofŽµhe role of

a•Hveolar bone inermption by his findirigs in human tee’^.

During erupŽµionl `Žµhe c•ö•AOmS Of so–Q•ˆteethŠàavel a greater

disŽµance than•P•vcan be accounŽµed for byŽµhe |ength ofŽµhe

developing rooŽµalone.•f •ðlso,Žµhe eruptingŽµeeŽµh move in

direcŽµions which are at angles toŽµhe growŽµh of•Ùe roots.

SicheƒSwanted to fin•B an exp|anation for tŒ–s•ˆSeeming|y

greaŽµdisŽµanceŽmFaVe|1ed by erupting •ŒŽµeeŽ². •ðdjacent to

the apŠ™of the erupting euspide was a slŠàucture described

as the "cushioned hammock |iganenŽµ—¹, •gŽXis area ofŽµhickl

SŽµrong fibers, COuPled with layers of rapidly deposiŽµed

boneŽµrabecutae w–±•ˆŽµhoug•qŽµO aCcOunƒZfor‰–e rapid move-

menŽµ•@•Z‚Å•@Žµ‚Êi–¨•@Žµ•Z•ZŽµh.

•Hn‹Oe’^01aŽjregion•x”_•@Žµ“øs sŽµ“Ic‚â‚Îe w–~–¨‹£•Z•\ŠŸenl

buŽµalveol•®c‘‚e’‰‚âg– ‚àw—®ŒÇd furca—®on•n•Hbone de’àOS‰ iQn

WaS aL COnSŽµant•ˆfeaŽµure. Neve– •Iheless, SiGher•ˆfelt that

the gfowth ofŽµhe‰Ÿlp is a meehanie‘eiy importanŽµfacŽµor

inŽµoQŽµh e‚Àu˜Yien!’pe epithe|ial root sheath is almosŽµ

PaSSiveŽ–beingˆê‹Èaped by The mesia| drift of—Ze erupting

ŽµooŽµh•E’pär’plpal groŽoh is imp9rŽµant in erup—®on, WaS

Žíe”@Žµed•ê–·ŒC‚à•®gŒÊd S•Z‹ã•Zur(‚¤1‚Ì,—Zo•˜ounŠÏ•ˆn•BŽX‰k

eŒŒp—®o‹uin•Â‚ßeŽµeeŽµ‚Ëof ra‹Ê˜I‚Å“I‘ÚWhich—®e pŒŒ•Jh‹}d been

ŽíeŒÇoved.

•q . Changes ih;alveolar bone have been de“šcribed in–•e

•£pers of Brodie(311)l Sich’Øand Weimann‹K2), and Bau–Q

‰¤“y9.



(‚¤1‚¤•r•E Comon findiŠš:i‹©clude c•›n—®n”´•Hgrow’^O—¢‚àhe

jaws•E With dŽ´ferential growŽµh accounting for’Eny of the

relaŽµive changes in po•˜ition ofŽµhe teeŽµh and anatomica|

landmarks. Baume found\bone deposiŽµion aŽµŽµhe disto_

1ingual wa“øs of theJbony crypts thaŽµwhuld explain the

OCCluso-meSia| movemehts of theŽµeeth. He’Is•ˆunable to

findŽµhe formation of the cushioned haŽXOCk |ig–|enŽµ, buŽµ

felŽµŽµhaŽµcertain areas/Of•ŒŽµhe root sheaŽµh induce pre-

eruptive and erupŽµive pevementsŽµhat‚¨‚ç•u aSSbei‹ped wiŽµh

boneŽµr•¹s,formaŽµ•gions in the crypŽµS.“Qe •ewas•ˆCOnVincedŽµhaŽµ

Žµhe I'morphogeneŽµic andŽµOPOgeneticˆê•E acŽµivity of the odonŽµo-

genic epithelium was contro|1ed by herediŽµy•œ

MŠàe recenŽµstudies conceming‚¨uption havel in effect.

giyen mixedƒmreViews of\Žµhe works ofŽµhe previous invesŽµigaŽµors.

Mal”NŒÊd Ada–Q(314) performed exp•áriŽX–ˆnŽµs to deŽµermirie if

Cel|ular proliferJation and blood pressilr•‡Were•ˆreSPO–Qible

for tooŽµh erupŽµiop. DrugsŽµhat alŽµer b|ood p‡keSSure•ˆWere

injected inŽµo normoŽµensive raŽµS WiŽµh no effecŽµupon the raŽµe

OfŽµooth erupŽµio’S•@DrugsŽµhaŽµsIo••the raŽµe ofŒÊiŽµO’ˆc

division were‚ÓjecŽµed inŽµo other•ˆratS With no differences

found in the \raƒZe of erupŽµion. one such drugl triethylene

–Qlanine, aCŽµedŽµo s|owŽµhe rate of\eruŽ²ion•‘buŽµdid not

ŽºŽµ•Zp iŽµ•œ \•@•@•@•@•@•@•@•@•@•@l

/ The resul•Jof a sŽµudy by D•®ling and Lev•Br—e‹K5) •Bre

quiŽµe inŽµerest—®g when coŽXPared with older erupŽµion studies
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and the ont‰ÜeneŽµic moˆÃ’†1ogic find‚³ngs. Eruption pa‚à“¼rnS

Of human teeth were measured by the use of or”ÁopanŽµOmO-

graphic radiographs of•gch•eildren two years oldŽµO aduiŠ›•ˆof

ƒZWenŽµyŽÔtWO yearS.•@Rea|izing thaŽµall anatomical sŽµructures

Changed posiŽµion du•ŒngŽµhe period ofŽµOOth formaŒ]on and

erupŽµion, they were able to show a remarkab|y constanŽµ

relaŽµionship beŽµween the mandibular canai andŽµhe cenŽµer

9fŽµhe follic|e of‹Oe developing pdsterior‘²e”Á. Durin–¨

the formaŒ]on of”Áe b(rom,•EŽµhe disŽµance beŽµWeen—¹“Ie man-

dibular `Canal and•@Žµhe cenŽµer of the fo|licle is consŽµ“ûnŽµ.

S6on afterŽµhe roo“¼begin to\ deve|op, /”Áe occlusa| surfaee

OfŽµhe tooth and the ve•Œica| cenŽµer of the fo11icle begin

Žµo moveŽµowardsŽµhe occlusal plane. DuringŽµhisi Periodl

Žµhe growing rooŽµaplCeS mainŽµain _Žµhe s‚Öame disŽµance TromŽµhe

•Eandibular canal.

Once the teeŽ²reachŽµhe occl”Ÿa| p|ane,Žµhe move–QnŽµ

appears•@Žµo sŽµOP\and i’Se disŽµance fromŽµhe mandibular canal

to the occlus‘ˆ1 plane remains•ˆCOnSŽµanŽµ•ˆfor aŽµime inŽµerva|

Of from•ˆŽµwo•@Žµo eighŽµyears. IŽµis aŽµŽµhisŽµime•@ŽµhatŽµhe

teeth continue•deir growŽµh with•\the compleŽµion ofŽµhe rooŽµS.

NowlŽµhe disŽµance‚ÖbeŽµween the mandibular canal and the rooŽµ

apices is sŽµeadily decreaied dueŽµo the conŽµinued radicular

growŽµh. Darli’Ùand I,eVerS•ˆregardŽµhis period as one of

Pƒ^Clusal equili‘xium rather than a phase in whichŽ‹e

eŽíupŽµ‰¤ve force is losŽµ.

1ŽÅ1J



The next phase, 1Žži?h is one of active erupŽµion, OCCurS

Within a precise age pe•Žiod.•@•Ht |asts forŽµwo•@Žµo•@•Ùree

ye•ïrs ofŽµhe period beŽµWeen t–Qages of fouŽteenŽµO eighŽµeen.

During•A•AŽµhis//l phase,Žµhe occlusa| surfaces of theŽµeeth move

Žµwo orŽµhree rm./ aWay“øomŽµhe mandibular cana|•f aCCOmPanied

by a movemenŽµOf the apices ofŽµheŽµeeth of siŠàlar–Qgni-

Žµude•@’Ûd direction.•@’pey feel thaŽµ•@Žµhis oc,CurS aS•ˆa, reSu|t

9f a‚àur“šŽµ•Z‚Åc•›ndyl•®gŽíoW—®w‰·c‚Ë•A eŽÈ‡ˆ‘U•ê•Œe‰D•A•Íep“ûŒT‘dŽµ‚¨

the jaws•‘•@a“øowing disŽµurbance ofŽµhe occlusa|_•‚uilibrium

and re|ease ofŽµhe erupŽµive forces.

- Fo•fr a reView of the eruptive studies using vital

SŽµaining and auŽµoradiography•‘•@Žµhe reader is•ˆreferredŽµo

Žµhose seeŽµions of•@Žµhe liƒZer‘lŽµure review.

‚Ü22.
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‡j•ˆ’^e iriitial and major po‹øion ofŽµhis study inciudes

the •P•Œprepara—®ort for, and examinaŽµion of•P human.fe•AŽµal tissues

Via lighŽµm‰•roseopy. Eleven human fe—Zses were inveŠ]tigaŽµed

in (Žµhis research, With crorm-mmP lengths ranging from

90-270 mm: \‹Î•]etus•¾Were PhoŽµographed(Fig•E 1.) and

measured aQˆórding to Patten•q316)(Fig. 2.Žå•@UsingŽµhe age

esŽµimaŽµion–Âble(T•×le–m2.), aPPrOXimate ages of 13•ê28 weeks

Were eStablished for–‰e group‘xble 3o).‰¤n a11 ca—ìes•EŽµhe

feŽµ–Qe‰_hadlbeen drai–Qd ofŽµ‹ãeiŽíVaSŒClar“çpp•H•`and pe“ø

‚Å•E•¹ed wiŽµh•@–¨‰¤‹Æ–@—®ve•ˆS01uŽµions.

Familia•Hhi–¨‚àOry and •finformation conceming the–Qdic•e|

exaninatiQn-Of the fetuses was u’Pvailabie, alŽµhoughŽµhere

WaS nOŽµany/grOSS abnor’^aliŽµy in any of’^e fetal head‘ÝŠî

Ž²e feŽµal jaws were re’^OVed from the oral caviŽµy and dissecŽµ’‰d

ihƒIquadr’ÛŽµŒ›•Í•@•b’Že quadŽíanŽµS We‰L1ab‹à•H‰¤ed•P•Û, b, c,’yd d.

and were prep•Þed for hisŽµO16gŽmc `s‰ïCtio\niŽ°.’^eŽµissuŠŸ

Were fixed i—EneuŠàal buffered for–Q1in. follovyed‚Åby decal-

CificaŽµion inŽm•fomic acid-SOdidm CiŽµraŽµe so|ution. •ð•ƒer

decalci–Ècat’ún, the tissues–Qre dehydraŽµed in eŽµhyl alco-

hol and embedded in p•®apiasŽµ. The blocks were secŽµioned

•©aŽµ6-8 micronŠ]—¹/according toŽJe qu“€“øant under ,SŽµudy‘xg•E 3•‚

.\ /Quadran•Ka. -—£“äi|lary right. Sectioned perpendi•›|ar
/•@‰°•@/

Žµ•Z‚àhe–Qid’Ç’nŽ²d’àe•£endŽåcŒŒ“ä‚â•ZŽµhe“ç‚àŒÄe•ˆ•›•›cƒFuS–~l’¼ŽÊ”¥e

ie. bucco-|ingu”@•uly through maxillary second pri•E•®y molar

Quadra–Q\ b. -Š×xillary |eft•E Sectioned -Parauel to



/

•R•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒg1

Žµhe midline and pexpendicular\ŽµO the futune occl•E”l‹Tl plane

“ye.‹Occ•›•E•Hin“[allyŽµh“IughŽµhe •f’^•ïX“y•Hl“~‡ay eenŽµ‚Å‹TlŽå–Q‰àOr

Qua‹ø•ë’Û‰‚–ˆ•Eˆê‹R—Zibu‰¤ar‰¤e’^•E˜UeeŒ]o–Qd paŽX•H1‰§lŽµ•Z

Žµhe midline and perpendicular•ˆto the fuŽµure occiusal plane
)•@•@\l

ie. buccocalin•±ua11y thr;ough the mandibular•ˆCentral incisor

Quadrant/ a. - Mandibular•ˆrighŽµ.—†OrironŽµalŠŸc—®on,

ParallelŽµO t—•future occlus‹T| plane ie. follows the p|ane

Of a sŽµrip of a•Eicu|–~Žµing paper placed over the so•ƒ‚àissue

Žíidge.

’^e—ee d‰¤ŠÚ•‡•JnŽµãO•xl—¿of sec—®o’Ùng allow fo•ë•ˆŽµŠàee”_

d‰¤ŒÇensio‹­a•H•Bb—¿‚ÅvaŽµion ofŽµŽždevŒD•H•‹p‰¤ngŽµeeŽ²,’Ûd a•Üe

equivalent toŽµ’onsversel SagiŽµt–~|•e a—Zcoronal planes.

•ð’^er preparaLŽµion and sec—®oning,’®e slides were

Œ‚‚àained wiŽµh one o‚Å‚à‚Ëree•©//–Q’nods•E”¥a‘¡i‰à, hŽ²aŽµ•Zxylin‰°and

eoŒD‰¤Ž–—eŽµain w‰ïs app•HŽåedŽµ•Z•Eo’öŽµdfŽµ‚Ëe secŽµŽåon‰_•B•÷wer
•v•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@/

Slides were•ˆsŽµained with the Gbidman-BIoom ,mOdification of

theŽ²el|ory connective tissue sŽµain(3Žm7).•Hn order•ˆto sŽµudy

/•m
the basement rnembranes•œ I•eillie'Žºa11ochrome meŽµhod for con_

nectiveŽµissuF(318•E319) was used. Cove—w|ips were p|ŠÊced,

andŽ²e slides•YWere eXanined wiŽµh’ne light microscope.

•}n addiŽµion•ˆto the fefal teeŽµh ex–|ined, SeVeral•Œ

exŽµ—Ö•ZŽµed•lŒŒ•EŒÊ‚àee”Áw‰¤‚àh‰¤nco•EpleŽµe•Hy foŽXed r•Z•ZŽµ•Í–Q“I

prep”—e‹T•EŽÔ’®•›’ö•‡i‹­“dŽµ•dee“dW‚ËereŽµ‚Ëe“Illicƒ†’‰wa—ì’Sged

to be attachedŠàthe rooŽµSur•}acel t–·teeŽµh were sectioned

and stained wiŽµh eiŽµher Harri”i•œ hemaŽµOXylin and eosin or

‚­•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@12‚¤•B



wi‹Oh’S1ie'\–ˆ•@aLllochrome meŽµhod. Other•ˆeXtraCted humanŽµe‡ˆŒ€n
Œ—

With incompletely formed apices‰°Were•Y/ Studied macrosc‡…Pica’Çy•E

_\The teeŽµh•d•¤e phqŽµographedŠÊom a combination of occl–Qat,

lateral and eapical directions in order•ˆto addŽµO the under-

Standing of i‚Ê‚çOnŽµogeneŽµic morPhoIogy of these teeŽµh.
\
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•¦‚ße vi“çcf‰xe maxŽå“y•Ha i‰_•@’oo—³an•ˆOC‚àlusa‰¤•ŒˆÓ‚à‹‡Žmo’p

/

’perefo.re,”Áe quadranŽµs are reversed ih the fig—Êe.

’pe view ofŽµh•‡’Endib|e, is, likewise•ÍiroŽX, an O•Œ’Çsal

’È•Ÿ”y•oo‰ò, bŒhŽµ’nŽå“šdcŠŸn•ZŽµ–áeVeŽ•eŽµhe‰¤”•geŽå”¥‚à‚Êe

figure. The dottedƒ†ines denoŽµe‚Êe p|ane of s“dC—äoning

Of the quadranŽµS•EŽXe de\Žµai|sƒmOfŽµhe seetionih–¨are

exŽÔaŽå–Qd in’Š’ö“¼“×•EŽ²wev•®•é•@‰_e‰L“Ï‰Mƒ†–²‡‡Žå’£—ª‚ð•x‹ã•Z•E•H’‰

‚àe n—Z•ád8‰aaŽ²“I”§‚ÅˆëŽå•E—A”le‹®onŽångŽåŒê‰¹“Iug“øy p’¬ˆ£1•öeƒ†

“¯Ž‹e buc“I-i‰¤ŽBg‹cal axŽås ofŽµ‹ãe m01ars and–ì’È•d•‡ndi‹Q’•Ž]

ŽµO‹Oe sane•© aXis` Of the cen“øal incisor.”@adŠØnŽµb.Œ¾’yis

•ÍeCtioning is `para”ÇelŽµo the•P bucco-1ingual a–ªs ofŽµhe ee’pn

Šàal in•Œ—ìo•Ü“•d a‰¤“IŽá‚àpe•£•‡nd“y“çla•ë‚à8‹Oe l•X–ee aXi“d—¬

‹Oe second–Q1Ž]•E“ç‹TŽ²‘³Žµe•E -ŽX‰¤sŽÔ“••‡o•ó‹ÊeŠ^‚âio’Ù•Eg

“y—ìe•F’²‰¤–û“yenŽµŽµ•Z‹Å‹T‹g‹®“@ad‘¸ŒÊ‚àb.“d’oad‘ù’ÛŽµŒÜ•@ŽOŽXi”li”l

a horia•GŽµal piane thaŽµShou|d parallel—Ze o•Œlu•ƒ“ysu‹ba_
\•A_

ces o‚¬•@Žµh‡…•@ŽµeeŽµ‹ã‚ð

1‚¤‚¤•B
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Prior•qb a discu’‰Sion of the dental _‰°1amina•é•@a Short

review of too’^germ ahaŽµomy is‚µin order(Fig•‘•¶).’pis

P‚âŽµOgraPh{‚Îa mand—^bular central incisor in’ne bell stage

of dev•ŒopŒÇenŽµis representative enoughŽµo i11ustraŽµe many

Of”¿e strŒ‚tures /thaŽµWi|1 be subs•fequently referred to in

”Áe tŒL‚â.Œ¾The charaLCŽµeri•ë‚àic four layers of the en–|el organ

are prese•‚8Žµhe outer enane| epi—¿elium, SŽµellaŽµe reticulum,

SŽµra—Zn inŽµ•®–Qdium9 and the inn•áˆêenanel epiŽµhelium.’^e

-•@area Of con“êuence ofŽµhe ou‚àer•ˆand inn•®ename|•@epithelial

layeŽís is•ˆŽíe‚¬e•‘‚ÅedŽµ•Z a‰_Žµhe ceŽívic•Ûl lqop•œ•@’pe ee–ìic’×‰¤

/ loops serveŽço delineaŽµe•@Žµhe•@|ateral exŽµent of the denŽµa|

papilla, Which wi11 becomeŽµhe denta| pulp.Ž²e irfeisaƒ†

Iimit ofŽµhe papil|a is adj‘ˆcent •e.Žµo a thin band of pre‚±

denŠàn, W“øeh represenŽµsŽçhe be•±inning of the mineralization

proce—ìS•“‚àheŽµOOth. The dense‰°COnneCtive tissue immediaŽµely

adjac“ç‚à”@•\the•@ŽµOOth andŽ²e loose connective•@Žµissue borŽ°

deringŽµha•õ, rePreSenŠ›I the dental sac•E ExŽµemal to the

denŽµa|•@sacˆê•ˆ s•@Žµhe bone of the. a|veolus.•@ConnectingŽµhe.too‘³

‚ào•@Žµhe orŠx|•@epiŽµheiium is a band of the dental•@ƒ†amina, With

•ïslight evidence ofŽµhe |aŽµera| lamina inŽµhis phoŽµOgraph..

BeŽµWeen•@Žµh‚â•@‚àwo iamin‹Te is•@Žµhe enamel niche. , The lanina for

Žµhe permane•Œcen‚¹al•fincisor orŽµhe successi?nal |–|ina may

‚àe seen emanating fromŽµhe lingnal\ aSpeCŽµOf‰–e tooth germ

and the denŽµal lamina.

The youngest feŽµal specimen examined in this sŽµudy is

1‚¤‚ç.
•Œ•ˆi •Œ-



approximaŽµŽ«y 13 w•áeks told. ByŽµhis time,Žµhe deciduous

todt‚Ëgerms•ˆhave been presenŽµfor•ˆSO’^e time, although noŽµ

a11 have differenŽµiated•@ŽµO a Significant exŽµenŽµ.•@AtŽµhi“š
\•q•@•@•@•@•@•@•@•@•@•@•@•@•@\

POinŽµit/ iŒR•@tOO laŽµeƒmin developmenŽµŽµO nOte the original

relaŽµionship of the denŽµal lamina—¿ith the vestibular

|•÷iáÉŽqŠÊ•™ough the ora| epiŽ²elium iS.by now. quite thick

(•wig•‘•@‚¤“ñ–@

T‚Ëe iniŽµial sheet•¡ike. qualiŽµy ofŽµhe dental lamina

ˆê\ SOOn beco•d•¥•@SOmewhaŽµ•@fragmented as•@Žµhe•@Žµooth germ‰à•@aŽµŽµain

their orie—Z‹}‚àion wiŽµhin the denŽµal arch and begin their

/raPid growŒ¥.’^e plane of secŽµioning often reveals’ne

epiŽµhelial cells of the l–|ina as being arrangeŠ³in“êaŽµŽµened

bunŠù‚âS(Fi•¹. 6.).•Hn this figuret the sheeŽµOf epit‚Êelial

Cells has been streŽµched.ŽµO aLIow an ingrowth of mesenchy•Eal

•P tissue creŽèŽ•in•xŽ²e en–|e| niche.‰°•@The den‚Ël |–|ina a—Z

‚àhe laŽµe–|r•e |–|ina m•Œitain connecŽµions with the too‰–germ•f

Whi|eŽµhe ngennection wŽµh ihe oral epiŽµheliun is less than

COmPi•‡‚àe. in•A/”Áis secŽµion. Higher pow.er(Š•g. 7.) reveals

SeVera|“äeas of mesenchymal tissue beŽµween strands ofŽµhe

aŽµta–|ŽJent •f6f the laminae with•@Žµhe tooŽµh.

—‹he de‘¦‚Ë| lamina serves•@ŽµO OrienŽµ•@Žµhe too•õŒŒb•Eds within

the‹Èeve|oPing arches.; NoŽµonly is the lamina connecŽµed

WiTh•Ge oral epitheliun, buŽµ\eXtends anŽµ‘•O-POSteriorly

as a •˜ingle sheeŽµ.connecŽµingŽµhe individualŽµeeth(Fig. 8.).

Depending uponŽµhe plane o–¨sectioningl•fŽµhe lanina may

(

“ñ•@•I7.



\

a•Jar—¿b’öc•›nŽµinŽ²—e(Fig•E 8•E), or a’†“I’‚Žµ•Z•ZnŽ²uou—ì

(Fig‰_.ƒ”.,“I,).•Œ•³‚µ“I•ú‚Ä•d“de•Œio–Q—Z‰¤–¨‚ËŽ]e–Q“I•›ŽQ˜Ul‘x

•P‰_‘eŽµh—¿‚à‚Ëe’úe•p•u$–¨’•Žµ‚à’“ŽÔ–QnŽµ•dOW‹Oe denŽµa‰¤“y“çi“I‘d8

•®ea‚«ƒmof’PscreŽµeŽÔca|i‹øaŽµions of—¿i”Áe”Çum(Figs. 11.,12.).

‚³ections se‡Xeral/microns more‰°apicatlyŽ²owŽµhe comection

ofŽµhe de“e•£1–|iha—ÈŽµhŽµhe“]”„h geŽJ‚­‘lig•E 1“ž•E”and il”_

•Hu—ì‚àraŽµ‚à‘¸ŒZ‚âfa—ì“øon in whic•Œ”Çe•ã‹½ŒÈna servesŽµ•Z a‹[‰age

Žµ•Z•Z—®po‘õ”Ço•E•E•¦‚Ëe l–|‰¤na•¹yŠ]‚à“y•H1 be•ˆSeen in’SŒÊe‰_W’Ç’Dh

ŒÜ•Z n•BŽµ•Ade’àŽå‚³‚¹Œh”¸’öŽµŽµ’öc‚Ë•Eˆó•Âw’Š–QŽµ•Z•ZŽµ‚Ë(Ž¨igŒ¾•oŠñ

Š|e dŽ²Žµ•Øl–|i•ãwill‚àe fou’£d•ŒŒ›‚à•ÛlŽµ•Z’Še •ö‚Úi’y—Èy

/ SeCOnd molaŒbin the•®ea of mesen•Iymal connective tiŠŸue

•A(Fig. 15.). Th–ˆl–|ina furthef s.ervesŽµo |ocaŽµe and initi”a‚àe

Žµ‚Ëe foŽJa—®on of–Ge fŠÊsŽµp•‡‚Å•E’Ûe—´‚à’^01•®•B •ðs‰¤˜U•@Žµhe–OŠŸ

W‰¤Žµh’Še•Li”ˆry‚àeeŽµ‚Ë,‹Oe •ö–|‰¤na leadŽåŒ³gŽµ•Z”Áe p•‡ŽX’Ûen‚à

•[•@mol•®’yai’di–Q•ˆ‰k•ˆŽã‚êneeŽµion w’Š’ŠeŠÚa•H–Ê—ž—Zi”Ÿ”zg. •ö6.),

(and w‰¤Žµ‹ãƒm‹K’öŽÔŽåŽ²–ì•EŠŸc‡…ndŒÏ01a‰ÂŒ]g. 17.Žå

After•ˆŽµhe l–|ina‚ÊŽ•given•ˆriseŽµo the tooth germs•®•F

•fhas he|ped t‡… arrangeŽµheir posiŽµion”JWi•Gin—Ze‚¨ŠŸ— there

is a d‰¤Š]‰¤“ûŽµ•FgŒ‚aŽµ“yQn O‚Å‚à‚Ëe l‹Î‰¤—´a a”la“In—³‰¤Ž²ous—ìhŠŸ‚à.

’^is•ˆoccu–Q’ö•Ùer’Še‚àell sŽµage oŽèdev•á“IˆÆ‘ª“Ý‚àh“äbeŽ²

‘‚eached;•IdŽåŠZ•Ea‰•e’‰‚ày‚à‚Êe lo“šs of•e’Ša•IŒÏenŽµ•Zf’ne

1•xina w“y˜NIŽµ‚©eŽµ•Z•ZŽµ•ûŽåge‰¤8•E)•E Si”•‰¤‚àa–Q“Ý•dy•Äi•ë—Ú‹T‚àe

/-‚¹e•oŒ‚w’di’^—Z•‡l–|‘ëaáÉy beˆêŠ]een‰¤nƒd•GŠo•a•ã—ì”ÙgŒ¾—¼Šî

’nŽµer‚©‚àhe l–|‰¤“E“d‚Ê‡…–Q1e“šŠìco’^—®nui”ŸŠ•g.–a), Wi•S

random •fclumps of epiŽµhelial ce11s pres.ent wiŽ²in the con–Qc_

//

‰¹•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@1‚¤8•œ
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/

Žµive t”£’©‹Ä•†•ˆMany ofŽµhese cells are losŽµ, buŽµgroups of

theSe may, remain wii‚êinŽµhe area•‘•@Only to be•ˆSeen atŽµhe

Žµi‹Oe’¼–Ñmp—®‡‡n‰Ü•gŽµhe g•Han‰¨of Se’^e—ì•œ
\

‚Ö–¨he iuccessional•@|amina does noŽµmaintain iŽµs connec_

tion wiŽµh \iŽµs deciduous counŽµerparŽµpas‚àŽµhe be|| sŽµage

-. eiŽµher.•A•©iŽµial|y;•ˆ he connection' of the succ•BSSional)

1amina•®i‘§eS from the |ingual of.the. tooŽµh germ in a |oca-

Žµion which•Çquite cIoseŽµo”Áe aŽµŽµachmenŽµofŽµhe denŽµa1

1amina–•g•ˆŽÅ1•EŽå•@AŽµŽµhis•Œ SŽµage, the qen“]l lamina amdŽµhe

\succe•‚Siona| 1amina are indistinguishab|e histoIogically.

Both consisŽµof isolaŽµed baLnds of epiŽµhe|ia| ce||sI WiŽµh

•ŽOnneC—®veŽµissue on ail sides—¹•@ˆê‹Pthin the cbnnecŽµive tissue

are blood vessels_, buŽµnone—¿e found inŽµhe laninae(Figs.

22•d••‚¤.).‚µ’^is“ympos‰_Žå”¿eŽµ•‹ •Adi•d•Ün‘¦i“çbeŽµweenŽµhe

SuC6ession–~•HIanina and the posterior conŽµinua—®on of the
eŠ¦•@•@•@•@•@•@•@•@•@•R

denŽµal •flanina in most secŽµions. What has usually been
Žq

regarded asŽµhe successi‚Óha| 1‹Šina, is reallyŽµhe disŽµa| ^

l cOn“fIu•½Œ]on•Ž‰¤Žµhe denŒf1•H–|ina‘xg‰_•E”@•E•‘2‚¤•E)•E•@•Œ

‹Oe confusi.on may‰°be dueŽµoŽµhe factŽµhaŽµthe succes_

Sional l–|i”è1oses iŽµS COPhecŽµion withŽµhe primaryŽµooth

germ=md mainŽµains iŽµs own posiŽµion wiŽµhin the jaLW(Fig. 26.).

I)uringŽµhe feŽµa|Šöriod•‘ŽµheŽµOOth buds ofŽµhe pemanent

Žµeeth lose` a|| comechion with boŽµhŽµhe oral epi‚àhe|ium \and

•fthe primaryŽµeeŽµh(‹‘g•E 27.‚ç•@They exisŽµas •˜eParaŽµe islands

Of epiŽµhelium |ingualŽµo the |arger primaryŽµeeŽµh, SurrOunded

1‚¤9‰°.
ƒm
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•Z•Z

by\COnŽª”Èa‚àions of mesenchymal celƒGs(Figs. 28.,29.).’pese

Primitive•E tOOŽµh ge‹ÎS nOW begin the |ong process of differen-

tiaŽµion and growthŽµhat will constituŽµe the permanenŽµdenŠà_

Žµion:\ƒm/ •r

ˆö•K

1Œù0.
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‰ŸGŠÃ•e“d‹©.

‹L”OŠ¶‘‚‰§“{’ö‚êŽµ‹}‚àŽåv•‡•@Œ›e‚àŽµ•óon•@‡…f•@•œ‡…•ZŽµ‹ã•@GeŽíŒÇ•ˆD•EŽíin•ó•@‹Ê‚Êe•@’ˆe‹Ê1 SŽµa‰ƒe

•v‹®’öŠ]•@‰¤‚¤W‚ðe–Â˜U

•¦•Z•‹‚à‚ÊŒD•@–·and—§‚àu•H’ö‡h•@CenŽµŒxal incisor

Œ»•Ûgni•ö•œŽåc•n‚àiŠñn•Í•@‚¤‚¤‡]

S“]i‘¦HemaŽµO’—yliri and \Eosin

Key•@•}o“çbreviaŽµio/nSI

”¢‚à

OLiter. Enam•‡l) Epithelium

SŽµe•H‰¤‰¹aŽµe•@‹£eŽµi‚³ulu•‚

SŽµ‚ÅaŽµu•E•@•H‹ãŽµ“o•ÜŽX‰§diuŒÇ

•Hnner•ˆ’“n•×‚Æe•HŽ²“y‚à‚Ëe•Hiu’^
C•‡ŠÑvŽåcal ,•ö‘DOp

Šñ“ç‚à‘gŽb–~‚âillŠe
ŒR‘p‹T‚©‰ke”ÀŒ]‘I
’“ŽQnŽµal•@—ì–~e

•ð1ve‡‡‰¤•eŽí•ˆ“o$‚Êe

•ÚenŽµa•H•@‚à‘láÉ‰¤na

‚à•É‹Êer‹}•H•@‚à’•ŒÇin•É

•™naŽXe•H•@’eic‚Ëe

S‘eceeŒR—ei‚àŒp•e1“‡aŒÇ‰¤•Ea

“ïGU‰m—Ú•@‚¤.

ŒÄ‚ËŽåcŠ^ened O—™‹Tl iŽµh’ö•HŽåu’^

•ðge–¨•@‰¤•½•íeeˆ¸—ì•@•@•@•@•@•@•@•@•@!

To‡‡‰éi•@’Èjace‘e‚à•@to mandibu|ar•ˆcentrai incisor

ŽJag”¥i’}ˆ¯aŽµ‰¤o•”•@‚¤‚¿‡]•@•@•@•@•@•q

—ì‚àai‘¦•@’Š“çŠ˜,Žµ•ZŠhylŽån•Û‹èd‰mo•¹in

The oral epitheliun appears to be quiŽµe well-developed a—Z

a–Q’ö‚âˆê•ŠŽµaŽån‰¤‹Pg b‰kŠË‰¤‹b’öa•áˆóaraŽµe—ì’nisŽè“I•½‰–eˆÆnd’È•AŽX

’nŽång“I“ûne•Œ‰¤‚â•‡Šà”ú”i•Ee— •@•‘he deŠm‚àa•HlaŒÇŽån’•i•Í:‚´’Sg’^“Ý‚àed.•P

’yi‰_•ˆ—ìe˜U‰Gi‡…n‚Üs•@Žµ‹ã•í‡‰ug‚Ë•@’Še di‰_‚à•j•JgŽåon o‹XŽµ‹®•@‰¤nc‰¤•‘Or.
•Œ

•¡•j.
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‚Ö\•©ƒm

ŽXŒÄ•Œ‰¹

ŠîŽ²i•‘•ˆas•ˆ‘eaŽµŽµene‡` \ˆÓun‘Â’U_‰°ƒGƒSŽ²iŽ²elŽå•nl C’ö•H‰¤˜U

‚à•@‚à‚ð•@wee“ÔŠ}

Ž›h\‡j i‹É•nn‹®bŒŒ‰•r Cus‡a‰¤dâÄ
—ê•‘—£”_y‹Þ‘ë“c•B‰_in
’^e •e•˜hee‚à•[1ike•P qua|ity of the d—¿ta1 1anina is evidenŽµ.

StreƒZChiˆ¯g of the lamina has a11owed for connective tissue

ingreas beŽµ–Qen areas ofŽµhe |amina.

Ž¨Žå“IŒ«‹ð7‚±

—ø”Ù•¹–„
‚Üge•Í•@’oweek—ì
•b•Z•ZŽµ‚Ë•ö–·a•ŒdibulaŽí‚«uspid
”Áagniƒ‘ica—®•›‘¦1•›•›‡]
ˆêSŽµa‰¤‘¦•@•Üe’^aŽµ•Zxyli”¥and—‹•‹‰_•ãn•@•@•@•@•@•A

AbbŽíeviaŽµ‰¤ons•Í

DenƒmŽµal•r,Lamin–~, _

‚àaŽµe– al•@•ŒaŒÇina

‰mname•H‡Wic‚Ëe

ComecŽµive tissue is found beŽµwegn sep•ïrate are“ä. of the

l•nmin•qe•œ•@C‚´eatihg the/ enamel niche’š

(•@•@ƒi•ˆ•A

1•I.
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•J–Q8.•@•@•@•@•@•@•@•@•@•@•@•@•@•@•r•Eƒm

’y‹Èp•‚PleŽµeŽ²iŽµhe|ial SheeŽµ

BeŽµWee•E•@•ðd•ïcenŽµ•ˆ•œeeŽµ‹ã

•ðge•Í•@Žmƒ`Weeks,

TeeŽµhI Mandibular Cuspid and First Primary–Q|a‹`

‹R‰µificaŒÜ•Zn‚«•@‚¤‚¤‡]
Stai•â•@HemaŽµ•Zxyl‚Ü•Œn and Eosin

’pe denŽµal lanina rung as a continuous she”êof epithelium

fŽíom the centrai incisor•ˆŽµoŽµhe grem of the: per–QnentŽçirst

•Z•‹1‹}r.

Œr‰¤GU“Œ“d•@9.

‰–Œy–‰
Age‹³•@•‘8 wee–Q

TeeŽµhI—Õndibuiar FirsŽµand Second PriŽXary˜Xelars

Magnification•ã35‡]•@•@•@•@•@•@(

StainI Hematoxylin and Eosin

’pe denta1 1anina is begimingŽµo undergo fragmenta—®on in

thi“M•ˆregion. A”Çn, discontimous cord of apit’Šium.may

be seen•P1inkingŽµhe primary second mol•®wiŽµh`thel-dental

1aŒÇin’ö.

1•I.





Œr•HGURE 10.

•ÞŒ—ŽF“cŒ—•Þ‰ñ•‘–ãŠÖ“cŒ—Œ—Œ—Œ—”ÙŒ—“c•Þ‰€‰€

Ag‡‰‚«•@–•–Qek‰_•@•@•@\

TeeŽµh•@•Ændi‰°buiar first and Second PriŽXary–Qlar“d

‹Éa•M•wific–~—®o•”•@˜J‡]
SŽµai‹c•‘•@G01dŒÇan—ABl•›•›m•@’^ichro’²e

•ð deeper plane of secŽµioning reveals more frag‰BeutaŠTon of

Žµhe denŽµa.1 1‹½ina—¿ap is/Seen in Fig. 9. The |‹½ina is

1ocaŽµed beŽ²eŽ²the ora| epi”Áeliu–QandŽµhe•@“I‡‡’ngeŽXS and

ŒÇainŽµaŽå–QŽµ“øs•ˆrelaŽµive‘ùosiŒ]on“øoŒÇŽµ‚Ëe•÷‚êŽµ•x’öl incŽå“šor

Žµ•Z•@—Z‹T•@‹gi‰TŠI‚à–ì‹×‡aŠË‹}n•Í•EŽÔŽ²01are

—¯•HGUR˜C11.

/•m“‡‰êŒ]ˆŸŒl•ã—Z—Z•m•d‘Ôˆ¡

Žµ•Z•@Žµ•Z•ZŽµh•@“ge–á“ÆŒê

•ðge‚³•@‚Ü,8 wee“]s

TeeŽµh!•fmdibular•ˆFirst and SeQOnd Pri’^ary Mo|•nŠŸ

M•ngn•Û‰¤icaŽµion—‹•@Œõ‡]

SŽµaim•@‹Pe”ÇaŽµ•Z‡]ylin and‹Xosin

ŽXe p•Hane o‰¤secŽµion‰¤ng dep‰¤•ZŽµ”l•@‚êe de“ûŽµal•H’ö’^i–Qa–¨•@Žåsl‘l—Z‹Õ

Of epitheli—ZadjacentŽµO the teeth”_•@“Ire apiŠùl|y•@ŽµhŒR

1–|ina is a conŽµinuous•ˆSheet which undergoes f‘¸‚³–¨vlenƒZation

a“çer•@Žµhe b‡…“y•H•@—ì‚àa—¯e•@Žå”l•@—íŒìaC‚Ëed•œ /

‹©?.
/ •r

‚â





•x‘¸‰¤“In—Z—ìec˜N•»’y’y‘Á–¿
W“ElŽåaŽµeŽía•HŽån‘Ý‹®–¿•A•@•@•@-

•ðgeƒ~1—^wee“Ôs

TooŠÃ"•@Mandibula•ÑLateral•@•Hn6iŽºOr

MagnificaŽµion•Í•@3”Ç

SŽµainI HemaŽµ0‡]ylin and Eosin

This horizonŽµa|•äeŽµion show a |aŽµera| incisor duringŽµhe

be|l stage of dev“øopmenŽµ•E The dental ,PaPilla is |ocated

Centrally•E being bordered by‹Oe inner enane| e’¼the|ium.

The stellaŽµe ret•}oulum•ˆConPletely encircle—ø‚àhe papi|1a in

”•‰à“™e‹mon•EŽ²”\denŽµ‹Tl•H–|‰¤naŽå‰ài‹rediaŽµely fac‰¤alŽµ•Z

the lateral inci•kQr.•@•@•@,

Šã‹­ŽåŒí”Çs‹T‹®—A’ÊŒl•m”Õ‹È’yŒl–¿

Žå˜A–¿‰¤Žº”B‘Y‹È•@‚â
(

•ðgeI 15 weeks

“¯•ZŽµ“ø–Q‚Êdibula”¼“‡aŽµeral•HncisoŽí
“Iagnif‰¤caŽµion•Í•@•ß‹Æ
SŽµain' Hematoxy|in and Eosin

’pis section sho’Ithe aŽµtachment ofŽµhe denŽµa|‰°|amina with

latera| incisorˆ¹d the antero-POSterior•ˆdirecˆ¯on of the r

la–Qina.

\

1’d.

ˆê•@•@•Œ\•q•@•@•@I

•̂‡n•̂“ñ• A • R





•½IGUR—¯•@‚Ü‘ì.

“ŒŒo•H‘lŽµ‰¤on ofŠñenŽµa•H•@‚à“[nina WiŽµh Po—ìŽµer‰¤or•ˆ‘‚•Z•ZŽµ‹ã

AŠ]e‚«•@‚Ü‚¤Wee“ø—ì•@•@•@•@•A

•¦•›•›Ž²•@Šùa—Zi‚àular•ˆFiŽí“šŽµPrimary•J01ar
MagnificaŽµion! 35X

SŽµain! HemaŽµoxylin and Eosin\

ŽXe denta1•¬1amina dbes noŽµappearŽµo be in contacŽµWiƒZh the

firs‚àmolar, buŽµmaintains a •eCOmmunication in other•ˆSeCŽµions.

ŽXGURE 1‚¤._

Š^•R—†•‚”Õ
”l‹TCeŽBd•@–·0‰¤a•ë

•ðgei 13 weeks

’p•ZŽµ“ø•@D“y”X‚àalŽµ•ZŽµhe PriŒÇ—¿y se•›•›nd M01ar
‹îagnifica—®om•@‚¤‚¤‡]
SŽµainI HemaŽµoxylin and Eosin

The denta1 1–|ina appears to peneŽµrateŽµhe connecŽµiveŽµissue

disŽµat toŽµhe•Endibdlar primary second molar.’Iis•A secŽµion

‰¤s beŽµweenŽµhe second mblar andŽµhe permanent first mblar.

The lanina is•ˆCOmeCŽµed•ˆwiŽµhŽµhe or’Sepi‹Oelium a•˜ iŽµruns

anŽµe•Üo”_‘ÖO—ìŽµeriorly.

1‚¤1.





Œr•‘‚«UR‰m16.•@•@•@•@•@•@•@•@•@•v

‘YŠ^‹È•ä”ð”—•¤
•ð—‹e—ì•@‰¤‚¤Week‰_•A

•b•›•›‹O•Í•@•WŽå‚ÅsŽµ•@‡aer”§anenƒ„”Ç0•Har

˜Nagnif‰¤caŽµiom•AŒ«‡]
SŽµain•Í•@–Q”§aŽµ•Z‡]ylin and’ˆo—ìin

The denŽµa| 1amina is a conŽµinuous sheeŽµ•@Of epiŽµheliumƒm

COmeCting •Œa first permaŠ¢enŽµmolar in”Áe bud stage wiŽµh

Ž²e oral e•˜iŽµhe|ium.•@‹OisˆêŽµOOth was•@Žµhe mosŽµprimiŒ]ve t–QŽµh

Seen in any ofŽµhe sections.

F•H‹TU“Œ“c17.

—w“™‘ë‚à•e‰¤•@“‡aŠØi’^‹}•@‚àe Žµ“Ê•@‚à’de•@–ì‹×–á•ã“¿Ž¡’ˆ“Q‚à•@‘ÝŽå–áŠíŠ¯•@•Ú01aŽí

•ð•x•‡–L•@–ì•@we‹®Œe•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A

Tee”Á•ö Mandi‚àular•ˆPrimary Second’^olar•ˆand Permanent•ˆFirsŽµ

M01‚¦Ží•@•@•@•@•@‰¹

“Iag•V‚Åica—®on“d•@Œõ‡]
S-‚Ëim He’^aŽµ•Z‰Øylin and Eosin

‹Oe continuiŽµy of the denŽµal |amina is•ˆWe|l d“çonStraŽµed in

–Gis‰_•‡”X—®on which•ÍŠßo•€ŒsŽµhe sŽµru•ZŽµure di$Žµ‹}•H‚à•ZŽµhe pri”ˆ™è

SeCOnd molar•œ•@The |amina progresse‰à, uninŽµermupŽµedŽµo•@‰–e

Žµooth germ of the pemanenŽµfirsŽµmolar. AtŽ²is•ˆs‚¨ge•‘•@a +
1

\–•nde–Qation o•Ì–Qs“çchy•ã1 fi”l•×Ž–is seen•eadjacenŽµŽµo the
/•@•@•@•@•@•@•@\

epi•Geiium of theŽµooth which i•ÉChangiŒ‚fr•|the bud to •B
•R•@•@•@ƒm

”Áe cap sŽµage of development.

‹T‚¤‚¤I.





F‰¤GU‘ü’ˆ18.

Œ‚•ã•L’U
A—¯•j•@2‹TŽ°Š˜2 wee•—s

Too•Ù‚³•@Ma—Zibu|ar•ˆFirsŽµ•ˆPrimaryƒmMolar

Šùa•xnificaŽµion—ì1•›•›‡]

Staim HemaŽµ•BXylin and—Úosin

AfterŽµhe beil stage is reached,, there is a gradua1 1oss
\

Of attachmenŽµOftthe denŽµal l‘ˆmina with•ˆŽµheŽµQO‹Oger–Q.

•Hn this•ˆSeCtion,Žµhe successiona| l–|ina is breaking free

Of the tooth a|ong withŽµhe denŽµa| lamina iŽµS,elf.

F•HŠ³“ù“Œ’“19.

•m•‘•â•m–r–¿
•ðge‚«l‚¤•@wee–Â“š

•\•Z•ZŽµ‚©•@–·ax‰¤l‰¤ary CenŽµŽía•H•Hncisor

MagnificaŽµionI•@35‡] l

SŽµainI HemaŽµOXyƒGin •eand Eosin

The denŽµa| 1ŒÊina beginsŽµo Iose iŽµS COntinui’éby fra“@enŽµing

as•ˆeO’@eC”äve tissue is•ˆfound between seg•benŽµS OfŽµhe |anina,

•P‰[

•ÞˆÍ





P•HGUR’ˆ•@20,

•ð•ëe–~Š]•@oˆçŽíi”©con—®—¿u“yŽµv o•@‰¹‹Oe•ˆD”J•u‚âa•v˜j—•Œl•¹•é

•ðge•Í•@‰¤8 weeks

’p•ZŽµh=‘›ndibular‹®r•x‚àPrimŠery•ä•‹1ar
Magnif‰¤c‘ˆŒÜ•Zm•@Œõ‡]-
SŽµaim HemaŽµOXy|in and Eosin

The sheet-1ike qua|iŽµy ofŽµhe fr”agmenŽµing denŽµalƒ†amina-/

is•ˆSeen in re|aŽµion to•A tne Primary molar. The eŽè”¤ecŽµof

Žµhis se6Žµion iŒR•ˆalmosŽµŽµhree-dimensiohal in showing the

arrangŒLenƒZOfŽµhe denŽµa1 1aminŒ\Žq

Success‰¤ona•H•@‚àamina

‹ž‰¤‰PUR‰m•@21.

‚à•Z•‹’•Žµion o‰¤

Age‚«13 weeŒls •l•@•@•@•@•@•@I

•¦•Z•ZŽµ’Z•@’øndŽåb”Ýar lŽ¨irsŽµŒyi’^aŠÑy•R0•Har•@•@•@•@•@•@•@•@•@•@•@•A

Magni‰¤icaŽµionI IOOX

SŽµaim•@”¥emaŽµ•Z‡]ylin and Eosin

•¦h@•@SuCCeSSional la’^ina arises fr6mŽµhe lingua| of•fŽµhe

Pri•Eary tooŽµh germ aŽµa |ocaŽµi6n which is cIoseŽçO”Áe

a’^achmenŽµOf \Žµhe denŽµal |amina. Early in the deve|opmenŽµ

OfŽµhe molars,Žµhe imer enamel epiŽµhe|ium begins to fo|d

leadingŽµO e|evationsŽµhaŽµWil| be siŽµuated aŽµ”Áe cusp

Žµip”l.

‚Ü‚¤7.





Œr•HGURB•@22.

S’^eeessŽåona•H•@‚àa”§ina

•ðge•Í1‚¤WeeŠ¢s

‘‚•Z•ZŽµhˆê•@‹Raxillar

Magnifica—®on ! •ŒŒiŽµeral•êisor
SŽµainI HemaŽµOXylin and Eosin

’^gh power of successional |amina showing uniformity of

Ce11s wiŽµh blood vesse•Hs-1in fadjace‹øCOhnectiveŽµ\issue.

F•HGU‘üB•@2‚¤.•@•@•@•@I

‹ÞŽåŠÄ’y•â•@•@•@•@•@•@•@•@•@•@•A

AgeI•@’dweeks•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•Œ

TooŽµhi Mandibular Cen“]al•Hncisor•@•@•@•@•@•@•@•@•@•@•@•@•@•e

Magnification! 20OX
SŽµain! HemaŽµoxylin /and Eosin

’^e dental lamina shQWS -a gOnneC—®on withŽµhe incisor as

Wel| as a disŽµal eont•ŒinuaŽµion. Th6 bo•Œer“ñof”Áe |aŒŒna is

dis—®nct' and vascular elemenŽµs may be seen inŽµhe connec•A-

tiveŽµissue on all sides ofŽµhe lamina.•@•@•@•@•A •ˆ•ˆ •A

1‚¤9i





Š¨enŽµa•H•@‚àaŒÏinaŠñŽå’æ‰¤Žº•vŽµ•ZŽÔŽí•Z•ZŽµ‹ã•@Ger•E

F•H“IRŒR2•¶

ConŽµ•ónuaŽµi‚ ‚ê•@‡‡‰¤•@‚âhe

Age\˜I•@“I“Òeeks

TooŽ²•@Maxil|ary LaŽµeral•@•Hncisor

‘Ëa“L1i•Â‰¤c‘•‚ði“Å•”•@‚¤‚¤‡]

SŽµaim Heriatoxylin and Eosin

The denŽµal lamina is not connected wi’îlŽµhe lateral ineisor

inŽµhis•ˆSeCŽµion. The lamina wi|l conŽµinue its disŽµa|

COurSe tO•@Žµhe•e•ACuSPid‚£•@’pe section shows a condensation of /

mesenchymal ce11s hexŽµ,tO\Žµh•Ae disŽµa| extension of/Žµhe lamina.

’pis is a common finding ini SeCtiohs in—Zic‚ËŽµheƒ†anina does

n•ZŽµ•ëun off o‰¤•AŽµ‹ãe slide.

\

F•HGU‘lB•@2‚¤.

’y•ä•ã•»“ø˜A—•
Age‚«•@‰¤‚¤•Pweek“š

“IoŽµh! Mandibular SecQnd Primary Molar•@•@•@•@•@•@•@•@•@•@\

”Áagnif‰¤ca—®o‘¦1•›•›‡]
SŽµainI He”ˆŽµOXyiin and•A Eosin•@•@•@•@•@•@•@•@•@•@•@•@_ \

’pis•ˆSeCŽµion is throughŽµh‘ädistal region ofŽµhe molarŽµooŽµh.

The lanina will conŽµinue disŽµ•g1y toward the fiŽ•Žµ. permanenŽµ

molar. The f|aŽµquality ofŽµhe |anina may be seeri in the

upper left ofŽµhe phoŽµOgraPh.

‰¤61.

\





F•‘‚«UR•Õ•@26.

S•Eccess‚Üonal•@‚àa“Çin–~

•ðge‚«•@2‰¤“ˆ22 weeks•@ˆê•@•@•@•@•@/

˜I”Õi–L•¾‹cˆÄŽµe—Z•Hnc‰¤sor
Staim Hematokylin and Eosin•@•@•@•@•@•@•@•@•@•@•@•@•@•A

The successional |anina is noŽµconnecŽµed wiŽµ‚Ë•H‚â•Edeciduous

Predecessor. •ðt•e this•ˆStagel a COnneCŽµi•eon wi•ŽhŽµhel dental

1–|ina is mainŽµained•Í/‰°but whaŽµis•P•P1efŽµofŽµhe lanina wil| ,

SOOn COmPleŽµe \theŠÊagmenŽµaŽµion process thaŽµ•A has /Žµak—¿place

in aŒÇo‘“•Ee •‹Cc•Husal locaŒ]on.

F•HGU‘ü•x•@27.

PermanenŽµ•@Tooth Bud

•ðge•Í•@28 week‰à

“IoŽµh‚«•@Permanef’diMaxi|lary CenŽµral•Hncisor

MagrificaŽµionI•@35X

Staim HemaŽµoxy|in and Eosih•ˆ•@•@•@•@/

•A/

ŽXe permanent cenŽµral ineiser is inŽµhe bud s“ìge as-Žµhe•@`

denŽµal lŒÊina is breaking up.ˆê”Çere is no aŽµŽµ’öChine•Œof

theŽµooŽµh bud wiŽµh the epithe|ial surface of eiŽµherŠàeˆê

ŽµooŽµh germ ofŽµhe primaryŽµooŽµh orŽµhe oral epit‹®‹Êium.

A condensation of mesenchyma| cel|s’©ay be seen which•T•s/ Wil|

give riseŽµoŽµhe denŒf|•Œpi|1a ofŽµhe permanent•Hn•Bisor. i
\•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@\:

.•@•@•@•@‚Ö‚®•P(

•©•@ƒw‰¹•@•©‰º•@•@•@‚Å

16‚¤.





F•H‚«URE•@28.

Pe‹ž•é‰k‚êen—³•@•œ•Z•A•Z“dh BuŠ³

•ð—‹e‚³•@ŽÅ8 week“oˆê•@•@•@•@•@•@•@\ \•@•@•@•@•@•@•@•@•@•@•@•@•@•@,

“IoŽµh! Mandibular Per’E˜jent CenŽµral•Hneisor‚µ‚Äƒm\•@•@•A

Ma‹O“y‚ÅicaŽµ“y•Z‹ã‚³/‚¤•Ç•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A

Stain•Í•@Hematoxylin_ and Eosin•@_

The’pd for•u the pemanenŽµincisor lies beŽµween the prinary

incisor andŽµhe•Hingual_Pla‚àe of bone./ The tooth bud •Adoes
/•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•ãŽè

noŽµconfo•@mŽµ0•e\Žµhe c|as•Œcal histoIogic picŽµure‚Öi’ˆŽµh“¼

“oecŽµion.

F•HGU‹•—¯•@29.

Pe‹­’²–~nenŽµ•@•œ•Z•ZŽµ‹ã/•ïud

•ðgeŽå28 week—ì

“I•ZŽµ’Z•@’øndibu•Har PerŒÏ–ÛnenŽµ\ Cen’daƒG•@ƒRncisoŽí•@•@•@•@•@•@•@\

Œèag’Ùfica—®om•@•ç•Z•Z‡]
SŽµai‘¦•ˆHeáÉŽµOXylin and Eosin

”¥igher power o•é•PŽµheŽµOOŽµh bud sho–Qa uniformiŽµy of:•utŽª\ •u
1

epithe|ia| ce||s in an age of urrdifferenŽµiaŽµed c—•ls.

Sho”Çy•EŽµhe ce|ŽÔWill prolifeŽ²e/soŽµhaŽµŽµhe_C’—P?Žµa•I,

Wi11•Eˆêbe reached, and the mesenchymal ce|ls ofŽµhe arŠ³a Will

•ïlso pr01iferaŽµeŽµ9”@•Ù‚à‚Ëe priŒÊiŽµ“yve p•ïpilla.

‚µ•A\

Žm6‚¤.





ˆêˆêThe”·asemehŽµmembrane separating the epithelia| sŽµruc-
•A l•@•@•@•@•@•@•@•@•@•@•@•@•@)•@•@•@•@•@•@•@•@•@•@•@•@•¡•A

•Â‚Þre“š•Œ‘goŽæŽ²e•ïdjacenŽµ•Z•Zmec—®‡X•áŽµissue wa‰àm•ïŒbe v‰¤Œ›i’È‡‰

wiŽµh the use of•ˆLillie's a|1ochro’pe•@$tain. ,’pe reticulin

COmPOn?nt OfŽµhe basemen‚àmembrane is selective|y sŽµained

with thi‚ær—¿hod and /aPPearS xpddish in so’Ùe secŽµions, and
\

pu—‹p•He’ublue in •ZŽµhers.

•ˆ’^e o“×1 epi\Žµh\elium coh?ists of many layers of epiŽµhelial

Cells, bordered by a basal c/e|1 |ayer of cuboidal cells.

Separating this•ˆCel| |ayer fromŽµhe ,underlying mesenchymal
•R

‰Ø‹»e‚µ•ha thick, red sŽµaining•Pbasem6nt membrane(Figg. 30"

31.). Th‚çbasepenŽµmembrame iollows all ofŽµh; many infold-

ip‰TOŽ‘the•foral epithe|iun and\is disti\nCt throughouŽµ.

•Hn •P”Áose areas whereŽµhe denŽµa1 1a’Šina is conŽµinuous with

the\Œ¾6’Ùl epithe|ium, the basemenŽµmembrane may be followed

”@•ŒinuouslyŽµOŽµheiooŽµh germ•E Sinc the denŽµal l’Ûina

is noŽµJ aS:‰Ÿick as–še overlying oral epiŽµheiinm,ƒZhe base-
\

‰Øen* membr’Ûe in this area is correˆóonding|yŽµhinner.•Ùe

basemen•} me‘ebrane sep•±rate’—the vasbular•ˆelements fro’^Žµhe

/eP•^heliu’¬aS We11 aLS mainŽµai•³ng the, inŽµegriŽµy of the tis-

Su‚Ó•P’poo•fd vessels may be seen in cIo•ASeƒmPr9‡]im•}ty to the

basemenŽµmembrane, buƒ‚ƒmdo not\ cross•fiŽµŽµcL enŽµe—†Žµhe areas

Of epith‘eium(Fig•E 32.)•E•@•@•@•@•@•@•@•@•Œ•@•Œ

-•ˆ•Hn routine a11ochrome se•“ions,l the ba”J‚³me–Qme‰Bbr—£e

•R•@•A•@•@•@-\•ˆ•ˆ•Û

may be `fo11o••ed along’^e entire course`Of\Žµhe imer en‘ˆŒÇ“di

epith/elium, SeParaŽµingŽµhese cells from /those•e of‹Oe denŽµal
/ƒm•ˆ•æ\

.•ˆ•ˆ•ˆ‚µ•@•@•P

1‚³7.
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\•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@\‚¢•@\

\•@•@‰¹•@(  \

•©•A•@•@•@(

)•@•P•©

I•@•@•@•@•@•@•@ƒnƒg,

ˆ¸“µ‰¤1•H•›”Çg”l•E‘æ•E,“ª•E)•E Sli”@“ùy“øg‚Êer•Ea•xnŽå‚ÅŽåca—®on
‰¹Yl•Aƒm•@•@•@•@•[/

reveal–¨•@‚àhe•@•R“ïŽX—§Œ›‚â‹T’Žabl‡ˆ•@d‡ˆ1i–Q•n—®oŒÏ•@b’ö‚à•û•@‘\‰L•@‚âhˆëinne–á

ŽX’ØeŽåepi’y”ÇiŒí–|“B‚à‚Êe•P‰ßenŽµ•ül•‰•d•H1âÄ’ØQV‰¤deŠ\‚ày‹Oe

‰ØemenŽµ•i•z–û“E“Ç(F‰¤•Š.‚¤‚¤’Ý‚é‹|. -
•eƒm•@\The b‘ˆ”Öe–Q—¿t–Qmbrane may be traced alongŽµhe entire

S•Srface of the den’S| papi•H1a ,ih Jthose•ˆŽµeeŽµh which have noƒZ
l

yeŽµ•Ab‚égun mineralizati‹b. The bŠŸement membrane is inŽµi”ˆ‚àe|y

invol—³d inŽ²e foŽXaŠàon ofŽµhe dentŠÊe“­enamel junction;

ŽXe- ce•Hls o•öŽµ‹ã‘ä“y‰òne•ÜenŽ²el e”ÖiŽµhe•H‹®ŒÇ‘_e d“y‚Å‚Å‚«ŽíenŽµŽå‹T‹®”Àg

i•fnŽµ•Z–|elo”ÇŠŸ‚à”Ö’ò•oŽåle‹Ê’Že ne–šyŠ³‰¤“£•®en—®äred o”•“û‚âQ’y—£Ž²

are inv•‹1ve“KinŽµhe el–ñ•ZŽía‰òon‹®•Se‘•‚Úe-de•˜in’n‘d“]Žåx.

•HŽ–thiS point, the basemenŽµmembrane is disrupted and can

•E nO\/ longer be followed in the wavy region of the pre-denŽµin

(Š¢gs: 37•E•E38•E)•E•@•@•@•@•@•@•@\

-ŒÄe basŽ²‡ˆnŽµ‡d’y“çb—Ö–Q‚¦”le‘dsilyl‹®“çIŽånŠãe ceŽXŽåc•e

‰¤•›•›p •ŒaŽíea•‘•@–~‰òŠ³ŽX‘ùy be•@–È1•H‚Ì“Ò—Z•@‚Ü‚¹0Šà‚àŠße•@“yŽtŒçŽX•Ø•d–û–ád•Ûr“Ô‚Î
•Sƒ^

’pe’Sner‰¹•Ýamelˆó‰¤Žµheliu’yŽµ•ZŽµhe•E eŠo‚àer“T–~l border oƒS‹Ke

‚ÂouŽµer•æen–|e| epithe|ium.Ž²e smooth curvature‰°Of the•fc—¿vi_

c•ï•ö\l‚àop•uŽå‰à–Q‰¤l de’Çne‹}“]d byŽµh‚ç//‘c•H•Z•Ž–ïo–Q•o‚Ó‚¤9.).

l•£Šì-OuŽµer ena–Q| epithelium presenŽµs a( hisŽµo—ÊOgie pic•Ù–Q

’^•Œ‰¹‚Üs/qu‰¤Žµe diƒSƒr’ö‘\enŽµŽµh”élŽµhe’Û•Z•ZŽµ‚Ë,/•Z—¼e‘¸‰¤y•b’‰—Z•JŒì
•‘

‚à‚Ëe,inner en–|el epiŽµheiium. •‹‹Oe sing|e layep of o—Zer

enŽ²e•H•Aƒm•v‰°epiŽµ‹®•HŽå”E‰¤•PŒ‚e‰•‚¨Žè‚Ë“I•ƒˆòŽån•Œ•LŒÊy folŽ²Ž²aŽµˆ·‹®

\the lŽµ—™ue bo—Z•§•¿y•à‚àh‡ˆ Ce|ls.•ˆ•ön m‘cy insi–|C—¿$—Z•‡˜^–Qal

SaC fibers and the cel|s of/Žµhe outerƒm/ ena–Ql epiŽµhelium are
•P•@•@ˆêˆê/ I

‚µ•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ü‚é8.



\

(ƒ•ƒg/ƒŒ

almQSt indisŽµingui‰°Shable. Presumably, iŽµis for this•ˆrea:on

‹Oat•@Žµhe baseme•Œmembrane can •ebe•@Žµraped for only sho”·
ƒ\•@•@•@•@•@•@•@•@•@•@•@•@•@\/

disŽµances•árom the cervica|•A1oop‰°a|ong the ouŽµer enamel

ep‰¤Žµh•Fl‰¤u•¿(FŽåg.ŒùO‰¹.•‚‰¹•ˆƒm
ƒ“(

‰¤n order to examine the hypo‹Oesis that•@Žµhe |ack of

Visibility o—•Œ@e basenen”©–Q–šfane was dueŽµO SŽµaining
l

technique,•@Žµhe method was dissected and ex’Ûined.•@‹Oere

are basically three t)hases of the I.i11ie-s a|lochrome meŽµhod.

Œ^e firsŽµphase consisŽµS basically ofŽµhe periodic acid-

SchiffIs•ˆre•egenŽµapplicah“Çn•‘Tollowed by sodium metabi‰_ul-

fiŽµe. This initiai phase will includeŽµhe staining ofŽµhe

//•P bêGemenŽµmembŽm•AaneS. The second phase includes•@Žµhe addition

•f oŒT•e•†dge’d's iron hemaŽµOXylin, While phaseŽµhree concludes

WiŽ²picric acid-meŽµhyl blue. The lasŽµ\—eOluŽµions are mainly

for counŽµersŽµaihŽång•‘•@•A

•E‚âa•¹decided thaŽµselecŽµiv•‡staining ,Of serial slides

wduldƒm,b\‘ÓPerformed. In bther words, S|ide•A–ñd-52 w•Buld b•B

SŽµ•nined only as far as phase l, Slide #3d-33 would be sta.ined

tŠà‚àugh phase 2.ƒmand slid\e #d-•­ŒËwoul•gd receiveƒmthe entire

a11oehrome–Qthod•E By reviewing••ese sections, the e•ÜecŽµ

Of the/ edunŽµersŽµaining in maskihg‹Oe effecŽµS Ofƒmthe periodic
•v‚Ö•R

acid-SchiffIs reagenŽµCOuld be 9Stablished/•œ

;“éŽžreSulŽµS O’Íhe s•Œning procedures•ˆmay be viewed

i•‚‰¤g’Ùes•j•E-?5•E The pale sfaining sections of phase i
)

gŠ|erally show a well-defined base‰Áent membrane along the•A

169.
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-•\/•@•@•@˜J‚µ‚¢

ˆêinr—Èe’Ùn’•epithelium(Fi•”•E wl.+2•E•pe..3O.•f51.•f52.'59.•f
\ƒm

60,.,61.,62." \ŒÇis may be followed‰°arOundŽµhe cervical

1eop are–~iFigs. 5O.,51.“¤9.•‘6•f1.) and on toŽµhe surface of

Žµhe ouŽµer erIamel epi•ûelŽåum./ƒGn a- number of sections,Žµhe
•R

b‰gSement membrane may be fo|lowed for mosŽµofŽµhe field of

the quŽµer en‹½—¿epithelium’âigs•E -—Ë•E,43.,51.,52•E,61•E,62.).
i l

Even\‚âith oniyŽµhe`Phase l s‚àains,Žµhe surface of the outer

enamel epiŽµhelium i•es difficu|Žµ•@ŽµO differentiate“øom•@Žµhe

.dental sac•ˆ However, the b`aS‹ŠenŽµmembrane may be seeh as

a‹Oin red rine following’pe undulations of’^e single

|ayer of\ Cells borderingŽµhe sŽµellaŽµe reŽµiculu•E.

\ƒm•[•@The phase 2 addition ofŽµhe Weigertls iron hemaŽµoxylin

. s{’•vesŽµO render almosŽµa|1 ofŽµheŽµissues a reddish”_PurP|e

(Figs•ˆ 4ŽÔ•Ä5..46.,53.,54.,53"63.,6•¶.65.).•Hn many of

these s‚«ecŽµions, the basemenŽµmembrahle CamOƒZbe“]aced aiong

( the imeƒLename| epiŽµhe|ium(Figs.’®.•E•¤•E•EŒ«.6‚¤•E)•E’p‚àhe

OtheŠŸ•E••e/ basement m—¿brane can be followed for part of

\Žµhe•ˆd”lŽµance ofŽµhe inner ename| epiŽµhelium. TheŽµhickness

WiŽµh whichŽµhe outer enamel epithelium is ,SŽµained•‘•@aCCOuntS

for more thinŽµhe bŽ•emenŽµmembranel in r“IsŽµareas.ƒGn only

a•Eƒm—‹ew•A•©/OfŽµhe sections, mayŽµhe baSemenŽµmembiane be differen_

Žµia‚âed alongŽµhe ouŽµer,enamel_ ePiihelium.

/•s\’^e addition ofŠàe picric LaCid-me‹Éyl b|ue \of phase 3

\CauSes•P enough coIor differentiaŽµioh to •eOnce again render—®e

basement membrane of the inner enameƒG•[ePithelium visible.

(•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@170•œ



This/V•£L’Èlity may be obscur6(Figs.‰µ.,56.,66.) aŽµlow

‹c‹pifi•ACatibn,•AOr PartialŽíg. 57.•f).”¥OWeVer, mOSt SeCtions
‚µ

Sho•‚•eeleaf visibility of the basement membrane adjaLCenŽµto

ŽJe inner chamel epithel•pun(Figs. 48.,49.,j8.,67.,68.,69.).

ˆ¸h}e basement membrane may be fo||owed aroundŽµhe cervicat
‹®

hoop•E aS We•A•u(Figs+•‘•@37"68.Žå•@The basemenŽµmembrane ofŽµhe
\\

O—žer“ñ•Aenamel epiŽµheliŒŒpresentsŽµhe same p‹œoblems thaŽµwere
\•@•@•@•@\•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@I

ƒC•@1

apparent in, Figure’Ì.•HŽµis ve’@di“ïicu|tŽµO distinguish

beŽµweenlŽµhe\OuŽµer eninel epiŽµheliumlŽµhe basemenŽµmembrane•f

artdŽµhe denŽµal sac. The sŽµained area adjacenŽµŽµOŽµhe sŽµe|_

late reticulum isŽµoo‹Oick for the basemenŽµ–Qembrane in

/_•@’^o•êŽµ“ñ”aƒSeas.

ˆê•@Several phoŽµographs wereŽµaken of the ouŽµer ename|
\

ep•Œ•»iun’¾higher magnificaŽµions(Figs. 70. ,?1. ,72.,73.•‘

•Ø,75;).•ˆThe acrobatics ofŽµhe ou\ter enanel epiŽµh•B|iu–Q

do noŽµallow for”Áe easy delineation ofŽµhe cell borders

Sueh-aS those ofŽµherimer enamel epithelium. These sŒ˜cŽµions

Were, Chosen as•ˆrePreSenŽµaŽµivel and cerŽµainly less‰°cOntOrŽµe“Ô•@ƒm

a’das may.be viewed•E‹Oese, how’@erlŠ‹wou|d represenŽµthe

‰¹eXc•AepŽµi5ns.

17l.



ˆÝ•HGURE•@‚¤0.

•mŽ²Ž²•æŽº•vŒy•dˆ¡˜@‰Ø
•ðge‹`•@Žm‚¤Weeks

RegionI PosŽµerior•ˆMandibular •ðrea

Ma•d‚¢ificaŽµionI lOOX

SŽµainI Lilliels. A|1ochrome
/

“c

The basemenŽµmembrane may b9 ieen aS a thick re•êŽq\|in?

separatingŽµhe epiŽµhelfa| cells fromŽµhe unqerlying, 1oQSe
I:ƒ†

•P \

•›•›nneCŽµive•@Žµ‰¤s‰àue.

Ž¨•ö‹˜URˆÍ•@‚¤1.

Ž²‹—–„
A”©e•R13 weeŠ““š•u•@•@•@•u

Region8•@PosŽµerior•ˆMandibular Area

”•a“[iƒSicaŒÜ•Zn—‹•@2•›•›‡]
SŽµain•‘•@Lil|iels•@•ðl|ochrome

The basemenŽµmembrane is we|1 de|ineated in this•ˆSlide as

iŽµfol|o–QŽµhe wavy conŽµours of the basal/1ay‚¨ofŽçhe-'

epiŽµheliu•E.

•v72.

ƒB•@•@•@•A‚¤

‚µ•Œ





Ž²G–°•™•A‚¤2•œ

BaseŽXenŽµ•ˆ–·eŽXbrane of•@Žµhe DenŽµal Lamina

‰¹Age1•‘3 weeks

Region•Í•@Mandible”_•@disŽµal to the Second Primary Mo|ar

Magni.ficaŽµion !•ˆ200X

SŽµain! I,illieIs Allochrome

The basemenŽµmembrane of the denŽµa| 1amina is \nOŽµ•@aS thick

as that aqjacenŽµŽµoŽµhe oral epithelium. Note •eŽµhe largp
•œ

bloodˆêVeSSel lo•fdaŽµed inŽµhe connective. tissue next t‚Þ,•A•A

”Áe dental lanina•E Ve•£s•Œls of.this magni—Zde may, 1ie•ˆC|ŠŸe
‰¹\

Žµo the basemenŽµ•ˆŽXembrane buŽµdo noŽµdisrupt i”©
“c

‚Öƒg

ƒm

’^ŠñURE•@‚¤‚¤.•@•@•@•@•@•@•@•A

‰d’y•¤
•ðge‚«•@‚Ü‚¤week“š

TooŽµh' Ma—Zibu|ar Second Primary‚ÖMolar

ŒèagnificaŽµio’p•Í•@2•›•›‡]

SŽµainI•ˆLi|lie's Allochrome

’pe ba—ìemenŽµmembrame separaŽµingŽµhe inner‚Ånamel epi-

thelium fro•EŽµhe denŽµaL| papi|la is delicaŽµe•‘yeŽµquiŽµe

disŽµincŽµ•E The baseŒÇenŽµmembrane may be lfoilo‹Èed:contin_

uously along the inner enanel e•Øthe“yiu’^tO—Ze c•AerVical•S•Z•Z—v

Œ¾•A/
1•›•›pŒ‚egion•Z•@•@•@•@•@•@•@•@•@•A•@•@•@•@•@•@•œ•f

•\•A

”N

‚Ö•@7•f

/1‹©.

ŠÖ“cŠt

ƒm̀





•„• UR“c’n.

–nŽ²”ˆ•ß‘Y
Age‚«•@‰¤‚¤Weeˆ¸•¹

Tooth! Mandibular Central•@•Hncisor

Magnif“ycaŽµiom•@2•›•›‡]

Stain•Í•@Li11iels•@•ð|lochrome

•ð distincŽµbasement membrane is•ˆSeen atŽµhe dental \papilla

Surf–¨ce ofŽµhe inner enamel epithelium.

ŽX“ÔU—´‹{˜J.•@•@/•A

•m•Ç•‘‘ìnŽµ“ñ•JeŽXbr–¨ne o‹{•@Žµhe•@•ñ1‰M”§el Or‰ƒan

Age‚Ü1‚¤weeks

ToothI Mandibu|ar CenŽµra|•@•Hncisor

Magnification`i‹•yOX
“š‚àaim•@‚àill‰¤e,s A“y•H0chroŒÇe

The basemenŽµme—Ziane foi|owsŽµhe slighŽµWaVeS OfŽµhe

imer ena–Q| epithelium‚Ü

•@76.





”ÇGUŽN•@‚¤6.

BasemenŽµ•@Membrane of•ˆ‚àhe•@“cnamel Or•qan

A•x•‡•Í18 wee“Ô‰à

•¦•Z•ZŽµ‹ã•Í•ˆŠùax“y•Hlar

MagnificaŽµion l

SŽµainI Li|lieIs •ð11‚àchro’^e
•Œ‡ia=ncisor

The base’^enŽµmemb“ïŒÄe in this•ˆSeCŽµion appears purplish.
I

The severa| flaŽµŽµened layers of the sŽµraŽµum inŽµer’^edium

are quit‹T•@evidenŽµinŽµhis section.•@•@•@•@•@•@•@•@•@T

Ž²GURE•@•ß•Í
\•@•@•@•@/•Œ

B‹}semenŽµ–Qmb•·•m•¶_’UŽåŽ––LuPŽµion at Pre-denŽµin Bofder\

Age•Í•@‰¤8‰Ÿeeks

T‘¦•Èhl Maxillary CenŽµr•”|•Hncisor

Magn“y‚ÅicaŽµŽåon•Í190‡]

”¢‚àa‰¤n•Í•@‚àilliels A110chroŒÇe

As the dentin and enamel maŽµrices are deposi—³ed, the

area of the origin•gbasemenŽµmembrane becineŽÊW”aVy in

naŽµure.’pis•ˆSŽµraightens asŽµhe denŽµino-en—¿el junction

is esŽµablished•E The basemenŽµmembrane is a ca“ça|ty of

Žµhis p“Ieess as the s‚àructures of/ePithelia|\ and m˜Bo-

de‹Îal origin JO|n in an intihate contac•Â‚­a‚·•AŒyis- region.
•œ•@•@•@•œ•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@\•P

‚ç•Œ•@ƒg•ˆ•ˆ•ˆr
/•@(ˆê‚Ö

‚µ•@\•@•@•@•T

ƒGƒA8.





F•HGURE 38.

‰•Œ]Ž_Œl—†
•ðge”J•@ˆç.8 weekŠ]

Š¨oothI Maxil|ary C“ç“]al•@•Hncisor

”•agnificaŽµiom•@2OOX

SŽµainl I,illiels A|lochrome

The purple basemenŽµŒÇembrane may be fo11owed on both

\.Sides ofŽµhe inner enamel epithelium towards the future

incisa| edge. The cel|s of the denŽµal papilla at the

incisalmosŽµarea have differenŽµiaŽµed into odcmŽµoblasŽµs.

•ðŽµ•Ùis point, where the pre-denŽµin has be‡ˆn deposited$

the b“äemenŽµm?mbrane becomes disrupted a—ZevenŽµually

•ulosŽµ.

FƒGGUR—Ú•@‚¤9.

‘Y•¯’y–„‹ì“®Œy•d–‰
•ðge! 16 weeks

Tooth! Maxiilary FirsŽµPrimary Mo|ar

MagnificaŒ]on! 20OX

SŽµainI Li11ie's Aliochrome

’pe cervical loop region is we|1 outlined by the base-

menŽµmembrane. The–|ooŽµh curvaŽµure sho–Q•ˆa COntinuum•ˆof

–Ge imer and ouŽµer enamel epiŽµhelia.

180.





ŽX“I‘â“I•E  •E•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A\

•}‰ñ•¢˜fŠ_ŠÔ•@‘Ú•Þ•¤Œ—‰€“c“c•@•Þ“c•Þ‰ñ“c‘Â‘Ú!“c•@•Þ‰€‰ñ•‘‰€Œ—•@‰€“c

•ð“o‹Q•@‰¤6 week‰_

“I•ZŽµh—ì•@–·ax‰¤l•Hary FiŠŸ‚à‰c•³mary”Ç01ar
”•agni‹‘caŽµio•”1•›•›‡]
SŽµainI I,illieIs Allochrome

’^e basement membrane is easily followed along the inner

enamel epiŽµhelium, arOundŽµhe cervical |oop, and for a

Short disŽµance alongŽµhe ouŽµer ename| epithelium. When

‹Oe ce11 1ayer ofŽµhe ouŽµer enamel epiŽµhe|iu•Ebecomes

indistincŽµ9•@Žµhe basemenŽµ’yemb—Öne is no Ionger visib|el

F•HGUŒy’“ŽÔ1.

Œ—‘ÚŒ—Œ—•Þ•Þ•@•Þ•@‰€•@’š•@Œ—‰€“c“c‰€‹L•·Œ—”´

Š¢ge•Í•@’oweeˆ¸•Í
‘\•Z•ZŽµh•Í•@—Yand‰¤bul‰°ar CenŽµraƒG•@ƒRn’Di“šoŽí

Magnifica—®om•@35‡]

SŽµainl I•eil|ie's A|1ochroŽXe•‘•@Phase l

This secŽµion ,ŽµhroughŽµhe disŽµal of the centra| incisor

Shows an enc|osed area of”Áe denŽµal,PaPi|1a•v Mesial|y,

‹Oe papi||a is unencIosed aŽµŽµhe apical endl buƒZ1aŽµeratly

bounded byŽµhe cervica| loops•œ•@The basemenŽµmembr•eane is

besŽµseen sligh“ùy apical to ihe ppe-denŽµin area.

1‚Ö•A•@•@•@•@•@•@•@•@ƒ•

•Z•Z•Z
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F•HGUR—Ú—^2.
•u

Š^•c•v‘Y•¹Œ˜ŒÅ”ˆ•‚”Õ
•ð•x•‡•Í•@’o—¿ee–Q/
ToothI Mandibular /Central •öncisor ,

MagnificationI lOOX
StainI Li|1iets Allochrome, Phase l

The basemenŽµmembrane may be easi|y fol|owed a16ngŽµhe

inner and outer ename| api‹Oelia.•@•@•@•@•@.

Ž¨•H“I’®•I.

—••«”Õ
A‚ðel’dweek$
”¿oothI Mandibular Centra|•@•Hncisor

Magnific•eation! 200‡]

StainI LiilieIs Allochromel Ph•qse l

While the fibers ofŽµhe denŽµa| sac seemŽµO Parallel the

WaVeS Of the ouŽµer•P enanel epiŽµhelium•‘Žµhe basemenŽµmembrane

SŽµains a more inŽµense redŽµhar]•amy 6f the fibers.

18Œù.





‹®GUŽN•ãŽR•E•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ˆê•A\

•Á•X’y”ú
Ageƒ~•ˆ’oweekŒD•A
TooŽµh! Mandibular CenŽµra|•@•Hncisor

MagnificaŽµion1 35X

SŽµainI IJi|1ie's•@•ðllochrome, Phase•@2

The basement membrane is virtua|1y xpasked inŽµhis•ˆSeCtion

due toŽµhe purp|ish hueŽµhroughouŽµ.

—¯•H–Ý‘•E•I.

Š^—†•‚”Õ
•ðge•Í•@“Iweek‰_•@(

TooŽµh! Mandibular Central•@•Hncisor

–·agniŠocaŽµiom 1•›•›‡]

SŽµain•ÍLi|1iels•ˆA|1ochromeI Phase 2

•¨ The basemenŽµmembrane may be seen alongŽµhe imer enane|

epitheliu•E, buŽµis vague nexŽµŽµo the ouŽµer enanel epiŽµhelium.

•Hi: SeemS•ˆŽµo blend with the cells ofŽµhis layer.

/
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F•HGURE•¶‚é.

•ð–¨e•Í•@’oweeks
Tootht Mandibular CenŽµra|•@•Hncisor

˜YagnificaŽµiom•@200X

SŽµainI Li11ie-s Allochrome, Phase•@2

The basemenŽµmembrane of the imer en’Ùel epiŽµhelium is

easily viewed, WhileŽµhe ouŽµer layer is comple‚¹ely obscured.

F•HGU’“—¯Œù7.

’yŽ²Œy•d•‚”Õ
Age•È•@“Ÿ‘ì‚âee–Q
“I•ZŽµh‚³•@–·and‰¤b‹clar C•‡nŽµraƒGƒRncisor

MagnificaŽµionI 35X

Stain•e Lil|ieIs Allochrome•‘Phase 3

•ÄŽµhis Iow magnificaŒ]onl•ˆa|mosŽµatl of the b–±ement

membrane camoŽµbe seen•E The counŽµersŽµaining•œ however•Í

remC–¦eS muCh. ofŽµhe purple hue of Phase 2 sŽµaining•œ

188.





F•öGU“ïŠì‹å8.

–„”ˆ‹aŒ^•‚Š_–L
“ˆe‚³•@“I–Qek—ì
T‡…Ot“ø•@Mandibu|ar Central•@•Hncisor

MagnificaŽµiom lOOX

SŽµaim Li11ie•œs Allochrome, Phase 3,

•ð’^er•ˆfina| staininglŽµhe basemenŽµmembraneŽµakes on a

blue coIor. as seen a|ongŽµhe irmer ename| epiŽµheliun.

’pe cel|s ofŽµhe outer en–|e| epitheliuml aS doŽµhe cells

Of the inner enanel epiŽµheƒ†iuml SŽµain a brownish co|or.

AŽµhin•fdarkly sŽµaiŠØing line is•ˆSeenŽµo followŽµhe exŽµemal

COntou•Jof”Áe ouŽµer en–|el epiŽµheliu–ë•œ•@T‰–s |ine isŽµhe

basemenŽµmembrane.

F•HGŠÃR”zŽÔ9.

‘\he•@”mnaŒÇel OrŽº–LˆŸ
•ðgeŠ]lŒÝweek“š

TooŽµh—‹•@Mandibu|ar CenŽµra| •öncisor

MagnificaŽµiom•@2•›•›‡]

SŽµain•‚i|liels A||ochrome, Phase 3•@•@•@•@•@•@,

An intensely staining b|ue line may be se—¿adjacentŽµOŽµhe

denŽµa| sac surface ofŽµhe outer ename| epiŽµhelium. This

basemenŽµmembrane may be fo11owed for•ˆmOSŽµI buŽµnot a|| of

’^e•@—ìecŽµion.

190.





Ž¨•HGUR”Ö‚¤0./(

Ž²•‡‚³erviealŽ²‹—Š_”B
•ð“oe–¨•@22‹¨2‚¤we•Íˆ¸“š

’poŽµh‚«•@Maxillary First Primary Mo|ar

MagnificaŽµionŽq35X•@-
SŽµain•ö IJil|ie's Al|ochrome, Phase l

The reddish basemenŽµmembrane may beŽµraced from the

inner ename| epiŽµhe|ium•E arOund the cervica|•½op•éand
•Ø•@•d}•d•c,•A•‚ŽD

OnŽµoŽµhe ouŽµer enamel epiŽµhe|ium.’pe smoo’^surface of

Žµhe imer enamel epiŽµhelium contrasŽµS WiŽµhŽµhe unevemess

Of the ouŽµer•ˆSurface.

Ž¨•HŒDU“ŒŽv‚¤l.

—`”ˆ•Ù˜A•‚”Õ
•ðge•ö 22•d2‚¤••‹T•‡–Q
“I•ZŽµ‚Ë, Max‰¤llary FirŠ]‚àPrimary”•01ar
Œèagn‰¤‚ÅicaŽµion‚³•@‰¤•›•›‡]

SŽµain•Í•@Li||ieIs Al|ochrome•‘•@Phase l

’^e delicatel WaVy nature OfŽµhe b‹TsemenŽµmembrane is

quiŽµe apparenŽµas iŽµflows aroundŽµhe cervica| loop.

192.





F•HGUR—¯•@‚¤2.

–„’yŽ²•‚”Õ
•ðge‚«•@22ŽX2‚¤weekŠ]

Š¨ooŽµhI•ˆMaxillary FirsŽµPrimary Molar

”•agnificaŽµionI•@2OOX

Stain! Li|liels •ð11ochromel Phase l

Even wiŽµh Phase l staining, the ouŽµer enane| epiŽµhelium

andŽµhe denŽµal sac fibers are wavy enoughŽµo obscure the

basemenŽµmembrane in’nis area.

Ž²GURE–M•‘

‘Ë‘e”B•‚— ”Õ
•ðgeƒ~•@22’²ŽÅ‚¤week—e

“I•ZŽµh•Í–·axil•ã’£y”Ár—eŽµPri’^aŽíy“©•H•®
Ž{agnificaŽµion1 33‡]

SŽµain•ö hillie•ös A||ochromel Phase 2

A disŽµincŽµbasemenŽµmembrane may be s•¾n only inŽµhe

region apicalŽµo the pre-denŽµin.•Hn al| oŽµher areas,

Žµhe iron hemaŽµ?‡]y|in masksŽµhe basemenŽµmembrane. •A

19•¶





F•H“I•º••.

•m’y•e–r‘Á‰•/
Age•öŽÅŽÅ-ŽÅ‚¤(week‰_

“I’û•ÞMaxillary F•eirsŽµPrimary Molar
˜Nagn’Sica—®0‘¦•@“IOX•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@’š

SŽµainˆê•@”Ç11iel‰àAllochro’^e‚«•@’pase•@2 /

A thin, red base–QnŽµmembrane may be seen in some regiohs

Of the imer enamel epiŽµhelium•‘buŽµisŽµhe•ˆsa–QcoIor as

Žµhe denŽµa| sac fibers onŽµhe ouŽµer•ˆSurfac‡‰.

‹ž‰¤GURE•@–M•‘

‰••c•v”ð•d•óŠW‚µ•c–L—¢‹ÈŽ²•‚
•ðge•Í•@22—A2‚¤week‹T

“IoŽµh' Maxillary First primary %lar

MagnificaŽµion! 200‡]

SŽµain` I•eillie,s Al|ochrome, Phase 2

The cel|s of the ouŽµer ename| epiŽµhelium•®e fOmPlete|y

–Qsked by the iron hemaŽµoxylin-SŽµain. The denŽµai sac

fibŽ«s fol|owŽµhe same contours as the outer•e enaLmelƒm

epiŽµhelium.

196.





IF•H‘¦R‘˜‚¤6.

èÜ’yŽ²Š_•‚ŽåŠÄ•@I
•ðge”_•@2”V”_‰_‚¤weeˆ¸Š]

“IothI Maxillary FirsŽµPrimary Molar

Magnific•ïŽµ“yom•@‚¤‚¿‡]

Stainl•ˆLi11ie•Ís A11ochrome. Phase 3

The low m•ïgnificaŽµion makesŽµhe visibiliŽµy of•vŽçhe base-
l

menŽµ/ membrane difficult. Howeverl it may be fol|ow—Z

for a shorŽµdistanceŽµOWard the•fcervical |oop from•®e

a–²ea of pŽíe-d•FnŽµin.

Ž²GURE•@‰K.

–„‰ÜŽ²•‡˜@”Õ•ˆ•@ƒÁ
Age•Í•@22-2‚¤wee‚¨s

Too•GI–Qxillary FirsŽµPrima‰DMol•®
MagnificaŽµionI lOOX

StainI Lil|ie's A||ochrome, Phase 3

ŽXe basemenŽµmembrane is only partia|ly visible•ˆinŽµ’Ss \

SeCŽµion•E NoteŽµhe blood vesse| in cross secŽµioln•ˆWithin the

fibrous porŽµion ofŽµhe denŽµal sac.

‰°/

•A
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F•HGURˆÍ•@‚¤8.

‰€“c“c•Þ“c•ÞˆÍ•ÞŒ—•@•ÞŒ—•Þ•‘•Â‰€Št•@•Â‰€Œ—”´

Age•Í•A 22-23 weeks

Tooth'•@Maxillary•fFirst•ˆPrimary Molar

MagnificaŽµiom•ˆ 20OX

SŽµainI IJi||ie,s Allochrome, Phase 3

•ðŽµhigher magnificaŽµion, the basemenŽµmembrane˜js cle’Ù|y

\ Visible beŽµWeen the dental papilla and the cel|s‹b_.he i,mer

enamel epiŽµhelium•E•Ht is virŽµually obscured on the•A Outer-

Surface. The vessel wiŽµhin the denŽµal sac po•Œi6n conŽµains

many red blood cel|s which are in cIose proximiŽµy o.fŽµhe

Outer enamel epithelium,

ŽXGURE—^9.

’y’yŠ^•‚•‚
Age‚«•@21’u22 weeŠ¢s

TooŽµh' Ma‘ëllary Second Primary Mol‚¨

“Qagnif‰¤•ACaŽµion•Í•@35X

Staim I•fi11ie's •ð11ochromel Phase l

The mesio-|ingual cusp shows•ˆa Slight amount of/ƒmPre-denŽµin

inŽµhis section•E •ð very thin base’^ent membran6 may be

fo11owed from the inner ename| epiŽµheliun, arOund- the

CerVica| loop and a|ongŽµhe enŽµire outer enane| epiŽµhelium.

’pis is surprising in view•Kthe •elow magnification.

/

\
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—‹•d‚³•S”Á“Ü•@‚é0•B

•e’¹•Œ’‰1 Border o•á“I•›’ŠŽíˆ¹aŠ–’ö•@‹T•“‚àa‰¤—ii•EŠ³

•Ž–¨eŽ–•@ŽÅ•¶-22 wee“ø‰_•@/

‘\ooth Maxi|1ary Second PrimaryŽ²e|ar

‹î”ag•w‰¤ŽèicaŽµio•”•@‚¤‚¤‡] •A•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‰¹

SŽµain•ÍIJi|1ie's Ai|ochŽ²me, Phase l

The ouŽµer enŽhel epiŽµhelium ofŽ·‹¾OCClusal portion of

the tooŽµh becomes quiŽµe–Qvy, WiŽ²•mthe re‰_ulŽµg—¿‚àiŽžS Of

iŠàe thin basemenŽµmembr‹}ne.•@’Še thickened red line in

Žµhis arˆóis prob‹È|yŽµhe basemenŽµmembrane co‚â|ed wi–•

’n’¹laŠÃe•ëofŽµhe o”¥Žµer‰¹•ên‰m–Q•‡l e••‰¤‚à•Œ•‡•HŽå’²m.

Œ«‰¤”¹—Y“ï– ‚é•H.

‰••é•d‚Ë‹Ê‰¹•v‰°—•ord•®ef’n•Ðƒ•ƒg‰¹“ñŒ\Œl•cŽºƒ†ƒj“ñ—ÛŽ²
\•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@(

Šì“{e•öŽG-‰_2•u‘QeeŽj“š
“Io‰é•Í‰•axi||ary Second“]imary f‹Liar
‹ìagnificaŽµionI lOOX

’yai‘¦•@•H•³11ie,s Al•H•›•›hro’^•‡•M•@PŒŒa—ee•@Žm•@•@•@•@•@•@•@•@•@•@•@•£ƒm

’pe basemenŽµmembrane is•ˆreadily demo–QŽµraŽµed alonŠì/•‘e

“ç—´re surface of the enamei organ of thi—ì•ˆSeCŽµion.

2–·”V.





•¼G•üŽB•@‚é2.

—£Œì”©•X•ˆŠËŠà“¼‚Å•@•d”ú•@–¨–I•ZŽµh—H—ìl:ŒsŽª‹c˜A‘Â
•ðgŒo”N•@”V‚Ü•ê22 we‹T”Á‹Þ

TooŠài—£axillaŽ–—wSecond Pri’Iary Moiar
ŽüagnificaŽµion•‘•@Œ©‚ÌOX \

SŽµain•Í•@LilƒGie'–²Š´u’Šochrome, Phase l•@•@•@•@•@•@•@•@•@•@,

•f’^1e base’^enŽµŒÇeŽ²rane ,fo11ows the smooth surf’Ùce of“ue

imer ename|- ePiŠ|eliun on the papilla s‹£rface ,and ,”Çe

undulaŽµing -Surf“ä“±Of the outer ename| epithe|iun on

Šàe denta| sac_ SŒ»rface.

’û“IR‹ì‚é‚¤.

’MŠÙŽå–§‹Ê Š„ˆó’d‹®ŠØIŠ¨ˆÄ –Ì‰Ã‘u•@ˆê•@–]‚Ëa“še•@Œc•@“š

•ðge•Í•@‰_—Ê’u22•œe•‡•í”Ë

Œì”Õ•c–L•L‘øcond P•ŒŽíy”ˆ‚Å•@•@l
Stain•é•@Lil|i•Ae's‘giochrome, Phase•@2

The heavy purpl•±Of the iron hemaŽµoxy|in m•fe—ei‚à

impossib|eŽµoŽµŠ“‹¿e the basemenŽµ/ me—–brane•ˆalong eveˆª•ˆŠàeƒm

ŠìŒ€er en–|el epŽ²‚Ëelium aŽµ’^is Iow magnificatio—¿., _

/

l

20ƒ•.





ˆÝ•d‚«U—¶—••@“I.

•ö•öŽ••DŽí•×Ž–•@oŒ¾•@“I•»Žµ‚Ë•@–¦•@’àŠÛ‹T–¨“™•@2•@‰à–ÑŠIi“ï‰¤•E

–D•‡‚ð•@2l”_‰Æ2–•eˆ¸Š³
TooŽµh‚«•@Märiliary Second •fprimary Molar

”•agn‰¤‰¤‰¤c•q‚à‰¤o˜Y1•›•›‡]
SŽµainI Li|1ie's Allochrome, Phase•@2

•Ùe basemenŽµ’^embrane is•ˆSeen ad‚ËCent tO the irmer en–|el

epŽ·eliun•E buŽµis•ˆof questionable visibiliŽµy in‹Oe fegion

Ž“f‹Oe ouŽµer enamel epitheliun•E•@A number of blood vesseƒ†s

‰¤n cross•ˆSeCŽµion may be found within the fibrous portiori

e–¨•@‚à•Œ‡K•@d•‡•EŽµ•F1 s‹}cŽq•v•@•@•@•@\•A

”é–§URE 6—^.•@Iˆê

•Ç“y•€•±•LŽOŽO“ñ•k•á“ñ’“ŽÔ•±•Z“ñ“ñ’S•é•¾•‘‚ð‘ì—§ŽÔ•d

”Õ‰c”_•@Š˜•Â•ˆŽÅ2–Q•á•—“±
“I•ZŽµ’Z•@’ø‡]illary Sec•›nd PŽíi’^ŠeŽíy•ñola•Í
—£agnificaŽµiom 1•›•›‡]

SŽçainI Lillie's•ˆAllochrome, Phase•@2

T‹®basemenŽµmembrane is |osŽµatŽµhe cer‡Xical ,•}oop“ñOf this

SeCŽµion•E’pe daLrk red border nexŽµŽµo the $tei“y‰òe re—®cu-

•Œum is paƒ‘•îially composed of the ce||‰_ofŽµhe-OuŽµer•ˆenamel

e–ì‰¤Žµ•Œel‰¤u•E.

‰€

“c

ƒm

}
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ˆÝƒGŠÊU‘l—‹•@‚³‚é.

—••Æ•Ú–§Œœ‡c–ìŽè

•P1

Š^˜A•m‘Y‰d•‘ŽÊ•mˆáŽå•Ç•d“••@•@•A

–D“Ä‚³•@ŽÅ1”_ŽÅŽÅw•‡eŽ²
“IoŽµhi Maxi|1ary Second PrimŽ«V M•‰|ar

”•agniŠoca•õion•‘•@‚¤‚¤‡]
SŽµain•Í•@Li|1ie'•˜ A|10ChroŒÇe. Phase•A 3

AŽµ1ow magnificationI‹Oe baLSement membrane i•˜ difficu|Žµ

to discem. There is a dark blue region of pre-dentin

inŽµhe regioh ofŽµhe ftlture mesio-|ihguai cusp•œ

F•HŠñ‚Ð”l—‹67.

’y“ñ’y–rŒ˜
ŒÜ•ß•Í•@2‹T’u2ŽÅwe•d“xŒD

“Io—®ˆê”Çaxill—¿y se•›•›nd PŽí‰¤’^•®y“IolaŽ–
MagnificaŽµion•Í10OX
SŽµa,inl Li•Hlie's A|1ochrome, Phase 3

The basement membrane may be seen on both surfac•fes of the

imer enane| epiŽµhelium unŽµiiŽµhe area of pre•êdentin

depo—ì‰¤Žµ‰¤on.

208.•@•@•@ƒm•[/





Œ‚•HG“ù•Å—¯•@‚é8.

˜I•ö—îŒ{d‹ºr O•d“d‚àcŽµ‚Ë‚±“ñ‰¤Œy“de•@‚¤•…Žç‹}‰¤ŠØi—´

‘§–¨’¿•‘•¡Œ»•ê2’‚we–|”~•@-•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A•ˆ

‘‚OOth' Maxil|ary Second Primary Mo|ar

‘¥•ïgn‰¤‚Åica—®on•‘•g 1•›•›‡]

SŽµainI Lillie's‘g|ochrome, Phase 3

’ye basement membrane may be fo|lowed along the enŽµire

Surface of the imer enanei epitheliun and aro•‚d the

Cervicah loope•@•Hn the regien of the ouŽµer/-en’Ùel epi-

theliun.Žµhe bŽ•ement meŒÇbrane is |ess we||-definedl

b’²‚àŒ€•]b‰F‰à”JenŽån‰àeve”À”ZaŠÑe•É‰_.

–¨•HGU”Á•á69. •A

‘Â˜K•‚Žå‰¹ŽO•dŽ²‹È“ñŠ¨
Ag‡ˆ•Í•@“Ý•×22 we‹Tk˜U\

“I•ZŽµh•Í–·ax‰¤ll‚Üry Sec•›nd Prim–t•IŽè•J01•®
MagnificaŽµion•Í100X

SŽµainŒRLi11iels Al|ochroŒÇel Phase 3

The purple basement membrŒÇe appearsŽµO be •ˆŠàicker/ On

the ouŽµer•ˆSurface’^an onŽµhe denŽµal papi||a surface.

•Hn this sec’ˆon•f—®ere is a definiŽµe coIor di•ˆerence

in the basemerˆ¸membrane andŽµhe denŽµaƒ†sac“Qbers.

210.





“d•HGU—¶—•Žq—¹0.

Žå•@‹`”£‹`Žå‰òŽå•w

•v–Â‘S‚«•@–e-”V2 weeŒb•ï•@•@•@•@•f \

TooŽµhI•ˆMaxi11ar–ìSecond Primary Mo|ar

—üag•–‰¤”úc•Û‚à‰¤on•‘•£‹T–·0‡]
SŽµain•Í•@Li||ie'$Œ»ƒ†|ochrome, Phase l

˜Xs parŽµicularŒQgion of the ouŽµer ename| epithe|i”‡•@-

is characterized by multiple undulaŽµions.•Hi: S nOt•ˆ •Œ
\

POSSibleŽµo follo‘Othe basement membr‹}ne fr9•ECei|Žµo •A

•ecell•E `‹Oere aL•Üe Only severa| areas in which a thin•fr‚³d

1‚Üne–ò•ïpparen—³•B/ƒGƒScaŒT‘ä’n11y vi“çed’…•@‚à—Z•á•A‰¤Žåne“y—e‚à“û

‚àh•‡.•SŽ“ƒZeŽío•Âde—´‚à”al sac guƒSƒraee.

F•HGU”l—y7l.  (

’Ž•‚’U– ˆê•d’‚‘Y•d‚µ’UŒ]– ’ñŒ\•ö’HŽM“ñ“ñ•d–õaŽÔŽ²ŽÇ

AŠŸŒ¾•‡‚Ü•ê22 w•‡e‰L
ToothŠîŽ²axill•g—tSecond Primary Molar
MagnificaŽµionI aeOX

SŽµainI Li||ie's‘g|ochrome, Phase l
•P‰°\

AŽµhigher magni•Icationl the de|icaŽµe basemˆóŽš•Œ—£mbr—¿e

may be seen in severa| areas in.which the c’•i•Òof t–Q

Outer•ˆŽ²amel epi—³helium are distincŽµ•œ•@However•‘•A WiŽµh

Žµhe pale staining of•@‹©yase l, a number of line“d•ˆ•˜eemŠà

—ìi•í1•ŒeŽµ‹ã‘ä‚à‹T“dŒL•‡—´‚à”•Œ¥‚àŒ‚a–QŒ¾•@•@•@•@•@•@‚Ö
‹NˆöŠí

l
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•¹•‰‹ÊŒRƒG•[ˆê—¢‰Ü’@ŽÊ“y•Ç—¢Ž¨‚â‘•Ž¨‚â-‰°Pƒ•’U‹Þ•‘”V‰°‰°’\ŽŠŽÔ•d’U

A•x•‡•‘•@‚Æl-2”Vwee—•Žº

“IQŽµh•ÍMaxillary Second PrimaLry MolaŽí

MaLgnificaŽµionI lOOX

Stain•ÍLi|1ie's A||ochrome, Phase 2

The heavy staining of the iron hemaŽµoxylin m—¦S any•@-

aŽµtexpŽµaŽµViewingŽµhe basemenŽµmambrane.•H—³•Œdoes•‘ho—È

eV‰Fr. SerƒÁe tO ,Show the complete nature of the barrier

POSed by the •eouter ename| epitheliun betweenŽµhe dental

‰_aC and‹Oe—ì‚àe“y•HaŽµe reŽµ‚Üculum.

F•HG’I˜k7‚¤.•@/

’y’yƒ••¹“ñ•‘•¹˜W‰F“yŽO•C•‚•‚–]
Œ©ge—ì•@ŽÅ‰¤-–¶2 weeks

TooŽµhI Maxi|lary Second PrimaryŽ²olar

—ü‹Tg•E‰¤‚ÅicaŽµion•Í•@2•›•›‡]

SŽµain!•ˆLilliels Allochrome, Phase 2•@•@•@•@•@t

The higher magnificaŽµion shows thaŽµŽµhe outei enane|

epiŽµhelium aLnd the basemenŽµmembrane camot be dis,tin-

•”ished‘Ÿom eabh other /in this•ˆSeCŽµion. The- sŽµaining is

On? facŽµOr, While the i’^egu|ar surface of th`e outer,

e‹­•xel ep“yŽµh—³‰¤‰¤uŽæis‘g”ÅŽµher•E •AJ
‰¹

(

2’o•B





•AŒ¾—ìGU••‹©.

•ß•¹“°•¹“°•}“ñ•dŒ\•±‘Y•m—É“ñ“ñ“y•Ç‰d“y•H•æ’\ŽÔ•d•‚“h

ˆÃ•‡—‹”V‹•22 we•÷‰_
‘\•‹oŠã•Í•@–·axi•Hl•®y Se•›•›nd Pri•wary‰•elaƒG

Magnifibation3 100‡]

Stain•Í•@Liilie,s •ð||ochrome, _Phase 3

’^e picric acid-meŽµhyl b|ue allows the outer•ˆ$nain‹b

epi–•elium to be diffe’^ntia•}ed fro•‚Žµhe oŽµher cel|s

in the area. The baseŒÇent membrane is not ea“±i|y,

vis—³alized inŽµhis secŽµion.

‚±•v

\ \•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚­

‰°•‘‚­•@•@\

—‹ƒGGU”Á”X•@7‚¤.•@/

O‹£Žµ•‡rŽÝn‰à‹£•‡l Ep“y‚à‚ËelŽåu’y•v•P•P•¨‚Ëa•¹•Í•@‹Ê‰¹’UŠ_‚Ü•mŒ\‘Y

•ðge—ì•@2ƒg22 week“š•@•@•@•@•@•@•@N r‰¹

‹¿OOth•Í”Áa“åiliary Second Primary Mo|ar

MagnificaŽµionI 200X

SŽµainI Lillie's Allochrome•f, Phase•@3

’^e waves of tne ouŽµer enamel epiŽµhelium and•ˆ‚àhe heavy

Staining of these ce||—ìdoes•ˆnOŽµal|ow for rŽèCOgnition

OfŽµhe basemenŽµmembrane.•@The b|ue denŽµa| s‘ˆC fibers

are confused wiŽµh any regions ofŽµhe basemenŽµmembrane

ŽµhaŽµWOuld be visibie were iŽµnoŽµ•@for•@Žµhe•@ˆónfusion/

••—‹‹]ughŽµbyŽµhe ouŽµer e—ia‘ÕeƒG•@•¨‰TiŽµŒŒ•‡li”²‘ë. •B•@•ˆ

‰ò6.





’ye v“äc•E•H•®•Éu•”ˆõy and anaŽµ•ZŒÇic confine‰BenŽµ•Z‚ÅŽµhe

‘\‰·p”Jof•×•H1y˜AŽÊVelQ—‹edŽµe•‡Žµ‹ãr•‡‹­•F•‡r‚à‚ß–|Ž²‰_–Q“ª•uŽåŠÇêG

d•‡•x•‡ner‹}Žµ‰¤ve c‚ËŽ²ge‰_•É‰_”Áe resulŽµ•Z‚Åin“û—ø•·aŠàŽX•‘•@˜U‚¨“°

iac’ëOf an adequaŽµe collaŽµeral circulation and‰·e enc“äe-

me‹­‹LWiŽµ•gn den‰ònal _Wa|1s do not a|1ow“Ÿtor the–Qunl healing

seen a’^erŠTe inf|Šc‘Ú‚àOry re‰_POnSe tO injury.•™i|e many

fe‰kŠÃaŽµŠTe blood supp|y to the fully developeŠ³”@o’n-i‰_

wating•Íthe blood supp|y toŽµhe developingŽµ6oŽµh i‘PPlentiˆê

•×•H”_

Ž–e“Ñ•R•¨ion‰_Žµu’Èe—ewŽå’²eeŽí‚àa‚Ü‚êly‰k•HQ—Ê“I‚Åg—w•qŒÃŠÙ

vi’yaliza’ˆon of the vascular bed than rouŒ]ne hisŽµO|ogic‰k

pr’öParationsI but blood vesse|s wil| stilƒ†be ea‰àily viewed

wiŽµhŽµhe sŽµains used in this study.

` The e”arly tooth will be surrounde\d by a n—Zber of ve•˜ˆê

“Ç1•ÍoŽè“ˆ‚Ê—eeon–Q‹®ve•Œ’ye en—Zo–Q—¿•@•Œ•œ’Ù—ªdŽ²—Z
•¨•@\

l•@\

–¨a–ì‰¤lla‰¤‰àŽµ‹ã•‡‰_iŽµe oƒSƒ„eŠŸe•H•Í‚àŠß•nŽµ‘D•v‚Ü‚Ü/a‰¤’ö•Xe—ìr•ƒ–G‹®

Žµh—e—Ê”Ýu•ëe•ã•ª1p a“šwell‹T•¹•@Žµhe laye–QOf •gŽµ–Qena’pel orga•E•E

’^e b|ood v•¦SSe|•¹‚ào the tdoŽµh gem”©ar\ise‰Ÿom•æ SeVerat•Œf-

fer•‡nŽµ•@ˆ¤••aŽµG—¿ical•@‰_ŽåŽµes.•@•¦he fŽmr—eŽµ•@•‹‚Å/ŒRu•Z‹ã•@siŽµeŽº•@‚ïŠ|e tŒŒe

1argeI na”j˜hd sources such as the arŽµerie•˜Š•OŒÇ—Z•‡iŽ«eri•®

alv•‡olar‘dŽµe•£andƒZŠÛ‚³na–Q‚³d b•½ŽMch•‡s o‚Å‚à‚Ëe”•‡]“y‰ò˜A‰Ÿ

–¨”·e—‹‚¸.—üb‰_Žµ•Z‚¬’^eŽµiŒÇe,’^e•¹e Ve—ìŽºel–¨•ˆCa‘Ú•ZŽµbe c–•‚àuŽè•‡d

Šà’n‰¤n/ aŠQ‚Ü‚ê‰_—Êe–¨“™•¶‚â—§‹r•†Ž²‚à•‘y t—ø“I‰¤‰¤’Ie‘ÞŠà“I•Eg”•’†•‚’Ûy

di•Â‚ÅŽåŽ–nŽµ“o•‡cŽµieŒÇ•¹•Ã•›’y’n•‡’P“Ædib•E•Har”Qn•Þ•ˆ“I•æ‘D‘ä’ö“çŒE‚Ü

Papi|1a•E•ˆOccasionally, SuCh a vessel may be seen wiŽµhin a

–¨18.



Sin‹{le secŽµion(‘dgs, 76.,7?"?8•d79.).’ye vessels thaŽµ

e•EŒÇ•qŽµe fro•EŽµ“Il“äg‘äŽ†Žµ•‡•³eŒx•ÁŒf11y e•Œe•˜“™‘Å•‡Š³e•Œ’¾–|Œ®

‰ò”µŽæ—®e ap•Œ‘e—¶ŽåŽ–e”X‚à‰¤on•E—Ú‡]c•‡ˆóiQnS areŽµhe•P“¼riŠŸ“I

’ne maxillaryŒÊ‚àerior•ˆŽµeeŽµhŽµhaŽµfrollowŽµhe nasa| floor

before •Pdipping inŽµO the denta| sac.

•A A second source of vascular supp|y to the deve|oping

Žµee”ái‰_froŒÇboŽµh naLmed and umŒÇed vessels•pha•ö supp|y

OŽµh•®sites a•áWe||.ŒCe ves•¹el‰_may be iargerŽµhan the

VeSS‘dS fro’Šthe firsŽµsource |isŽµed.•ï‡]ŒÊp|es are the

p“øaŽµal ve–±e‰¤“oŽµ‚Ë•q‚â˜I‘•pp•HyŽµ‚ËeŽçon•‡’ÛŠ³”iŠÚŽµŽµ‰¤ssue oƒS

the paia™ò’Ûd nasal“ûoor area. The•˜e are genera|1’_OŽµ

”ÁoŠð•ÍhŽµof as great suppli?rS OfŽµhe pulps ofŽµeeŽµh•‘but

in ihe developmental sŽµages add a gre•Bat dea| to the blood

Su‰Ÿ1y•E–Q–¨e ve‰_—ee•HsŒÇ‰DenŽµerŽµ–QdenŽµŒÏ—ìac“ø•Bm mŒÊy

d‰¤‰•’oo–Q•E–‰–¨al’Ûd li”ˆgua•H‚àŽí•ñ•Z‹ães“ä•‡:•›•›•E“Ion•ØoŒ¬

eVer•f—Z•Z“úal–ed•ŒOeCl–Qal ves“šel—ì‘••abe‰_eŽ².•@•@•@/

‹OeŽµh rd $OurCe Of blood •˜xpPly comes•gom vessels

ƒZO the |abi“øand bucc‹}‚Þgin•xiva andŽµhe periosŽµeum.ŽXe‰_e

•ƒ•”els al“I•®e plentiful occlusa||y' SinceŽµhe gingiƒU”—,

epithe’Çun is deveioping corona:‚µto the crypts in whic“øhe

Žµe”Øh‹}“ï‚Å•®’^Žång•E’û•™‰_,••e va•‘‚«ulaŠÑ•ˆ‰_upplyŽµ•Z”Áe devel•ê

•Z—¼áÎŽµ•‡e‹Oi•Éb•B’Šbo•E—Z‚ÅŒŒŽ²Of•E mulŽµŽåple•AOrigin.

•ä”·all‹®Žµ‹ãeŽáŽèVeS‰_els•ˆ•‡nƒ‚“ÖŽµ‹ãeŠ³en–Âƒ†•ã”Ç•É.

Œè’Ûy“š–Q“y•H‚à‰¤“IdŠ•e‰_Sel—eenŽµ•‡ŽíŽµ’È•‘‚ÅiŠñrous‰«–·‰¤on o‚¬—®e

de•Œt sac/ where they beco–Qerm•ÚŠàed in.‹fre foldings of

ŽG9.



ŽXe e”Ýe–²‰¹en‹T•ée•HepiŽµ‹ãelŽmuŒÇ(Ž¨‰¤–¨“š— •@80.,81.). •ZŽµ‚Ëe‰Lco•EŽí‰_e

ai‘Un‹q‚àhe pe•Œ–Q‚àer of the denŽµ‹T| sac, rOu—Z’ne cervical

l˜NPS(Fig. 8‰Æ•‘) and•ˆ–~ggregaŽµe in bundles aŽµ‹Oe border•™

‚àhe denŽµat•APapilia(Figs.83•d8‹A. M“Öry ofŽµheseŒ¶ilow the

COnVeX\ sur“¼ce ofŽµhe bulging denŽµal papi||aL and do noŽµ|ie

aŽµ‚ÅŽåghŽµ•ï•Egl•‡—ìŽµ•Z iŽµ(‰Tig•Í. 8—^.•Â86.,87.).

Gener–~i|y,Žµhe vesse|s lyin•xa|ong the /PeriŒÇeter of

Žµhe papil|a•A are distincŽµ|y |arg•®•ˆthan the ones•eŽµhat

acŽµua•öly enŽµer iŽµ”Ùg. 88.).’^ere are vesse|s of moderaŽµe

—ì•ó•‘•‡•@ŽµhaŽµe•E‚àer l’n•‡de‹P‚àal p‹T‚âi“y•Ha•‘•@•›‰Len aŽµ•Zblique angl•‡‰_

•aŽmgs’D•@‹T9.•‘9•Z’…•Í9Žm•d92•d9‚¤.•r. Qnce\Žm˜N‰¤Š³eŽµhe denŽµ•ï‰¤Žèa•d•H1a,

Žµhe‰_e VŠŸŠ¦“™l‰_•@cQur—e•‡incisal•Hy QŽíQcc•H•êally•@Žµ•Z‹rardŽµ‹ãe
\

‹½ea‘PO•ácusp fomaŽµion”Ùg“š.“ª•‘•é9—‘”_•@•HnŽ²1ŽµŽå—AC‹£“šp•‡d

Žµeeth”_•@the ve$•˜els wi|ƒ†1eadŽµO the•@‰_iŽµe‰_•@of mineralization

Žån—eepa•ÜaŽµe•@”X‡…•pd”–•@•ÃOŒÇ‚àhe a•rŽåc‹}•H•@Šwnd •Z‘ä’p•J–ìapill•Û.•@—‹h˜h

V”JŒz“™el‰à’pay a‰¤—ì•›‚à•‡Œ›eŽ²‰¤“Qg•Ü‚âŠð–ì‰_pa– al“y”X•Œi‹­gŽµh•Í•@‰¤nn r

’†‹½elŽÔ”·‹®1‰¤‡Š b’‰ŽµW•‡enŒh•„ŒŽ• ‘Vp“äeaS•[g•E 96•E)•E •Ÿ(

Be”@ˆÓeŒC‚â‹}lŒÇŽå–Qr‘ei–eŽµio•Eb•‡•qg‰¤’^s•Í—®e vŠŸ“še•H˜I‘•/Žµhe

Šì•™‰¤–ì’yŽ²‰¤yŽµ‹ÅŠØ—Z‚Å‰¤—®•‹n oŽèn•ZŽµ•‹nlyŽµhe papi•Hla, buŽµ•A•‹–L

P•ŒrƒZOfrŽµhe en‰mmel organ as we||.’^e nu‚¹ienŽµS are PaSSed

ouŽµOf•@Žµhe veŠŸeis'•@throu•Çh•@Žµhe basemenŽµmembrane, and inŽµO

the layers•ˆof’Še“ça—¿e| organ•Í•@The innerŽ²aŒÇel epiŽµhelium
/

‹T‘ëŠ³-ŠQ’¹r•ïŽµ“¯Žå—Z•‡‰Ÿe•ŒuŠc•†ly‰¤‹­g“d•H•B‰_eŽµ•Z’n•‡’à‹}‘ ‰¤“y•H•Ûl‰Tro“d•ê/

–¨‚àly‚à•‡ne•piŽµŒÇoŽ¿e•@Š•om•@’nŽå‰_n•W•‚r•Œ‰¤enal•@‰_eurce•@–Gan•q•Z•@•\“IŠ›

“‡•‡“y•H‹}‚àe re—®”Xulu’^•Û—Z‚àhe ouŽµe—‹e‹£–eel e’àŽå—®eliŽJ. Onc—e

•E”V28.



hineralizati’@begins,Žµhe ce|1s of the inner enamel epi-

•õŠàe•Hi‡[•½•Énd—ì‚ð•‘‹I—ZŒÜŒÜŽµe•‘’Ie•Œu’^—½‚¬•‡•›‚ào–õ‚Å’^•E’Še n“×•³ˆê

‚àio’^a‰¤“™up•‚y oŽš’n•‡Š³e—´‚àa•Hpa’àŽålla. AŽµ‰Ìi•¹poŽånŽµ•‘•@‚à‚Ëe

enŽµire, Se•ErCe Of vascular e|emenŽµS muSŽµ•@COme from•@Žµhe ves-

S—³‰¤—e“Ejacent•ˆŽµO•@Žµhe outer enamel epiŽµhe|ium.•@The blood

ŽÓPPiyŽµO this area is•ˆabundant•Í•@and•@Žµhe anaŽµomy ofŽµhe

OuŽµer•ˆena‚Êei epiŽµhe|iuŒÇis specia|1y designedŽµO•@Žµake

advanŽµage o‚¬iŽµ.•@ŽXe ouŽµer ename| epiŽµheliun is•@Žµhroun

i•EŽµ•Z•EuŽæ•‡rou—e•@‰¤‚à‰¤d‰_•ˆa‘˜d‰_‚Êa•Hlow bay•¹ˆêŽµ‹ã‚Åougho‹£Žµ‰¤Žµs enŽµ‰¤‚Åe

cove‚´‚Ü‰Ü•E—••H“Id•ˆve‰_–¨e•H•¹oŽès•Ea•Hl d‰¤aŒÇeŽµeŒ‚•ïre‰¤ounŠ³aŒÇonŒ˜

m•hry of•AŽµhes•‡•@folds and bays.•@ŽJe b|ood elements have oniy

ƒZO CrO•eSS•@Žµhe endothelium and ba‰àement membrane•@ŽµO COnŽµacŽµ

Žµhe ceils ofŽµhe enamel organ. Certain|y,Žµhe sŽµe||aŽµe

reŽµicu|qu does noŽµimpose an anaŽµO’^iCal barrier•ˆŽµO the pas-

Sag•‡•@O‰¤Ž›‚ËŠŸe e•H’öŒÇ“çŠ›•@‚àha‹Ê˜IŽ°p–¨1yŽµhe•¹Žµ‚ÅaŽµuŒÇinŽµemedŽå•÷’^

“[d amelo”Ç—½•x–¨c lƒm”ay•‡•¶.ƒm

•Hn our,SPˆóimens of upŽµOŽC-‰L•e–Qeks,Žµhere was no

—evidence of any blood veŠìsel thaŽµCr•‚sedŽµhe basement mem-

‚àr•Ûne OfŽµhe outer enamel epiŽµhelium.•@ƒGn SeCŽµions with we|l

advanced en“o—£1 deposiŽµion,Žµhe vessels•ˆCOuld be seen ,in

inŽµimaŽµe conŽµaeŽµWiŽµhŽµhe•e Outerl enamel epiŽµhelium, buŽµnot

ˆ½CrOŽºs iŽµand inŽµOŽµhe area of•Ùe sŽµellaŽµe reŽµiculun(Figs.

—‘.,98.)“ñ•@‹{‘GSu–Qb‰¤•Þ‚à’Ùneed–ÈŠÑ‘˜—È‚ÅienŽµ‰_Žå‰_g“×aŽµe‰_Œ\

during the t’Ùe—ZenŽµhe–|elo–‰asŽµ‰_are begirming”Áeir

SeCreƒ„ive phase.•@CŒŒ‚ anges inŽµhe relaŽµive thickness ofŽµhe

”V•‡‰¤.



StellaŽµe reŽµiculum are seen aŽµ•@thi‰_•@time.•@The di‰à‚àance

•R•Z‰­Žµhe •‹u’P•F•¶•ˆen•”—•1‹T‚©Žµ‹ã‘äŠŽ‰¤u‹O•ZŽµ•Z•@’Še a–Qelo”áa‰_‚àŠ]•@—ì

‹Tecre‚«ŠAed•‘•A—ü•Œ$‹ã”yesulŽµ‰_•@‰¤n•ï—e‹ã•ZrŽµer di’‚Žµance•@Žµ•Z‚à—e•@Œy‘l‚â•…•H•ê

1ed by the v–±cular ele’^enŽµS•œ

On|y in the o|desŽµtis•˜ueS Of 28 weeks were any vesse|s

Seen tO CrOSSŒCe puter enane| epiŽµheliun(Figs•E 99‚±,10O.,

“Il.).Ž²ese vesse|s were adjacenŽµto areas in considerable

depo–ˆiŽµion of epa–Ql•EŽXey were noŽµSeen in the intercuap‰ò

area‰_where‰°mineralizaŽµion had noŽµbe“@n.

—e2”V.



’£G‘¸—¶E 7‚³Šñ•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A

•¹“°•¹“ñ•±Œl—HŽÔ•d
‘\a•w‰¤lla

•@ge•Í1•˜ wee‹Ä“Ä
ToothI Mandibu|ar Cuspid
MagnificaŽµion! 35X•@•@•@•@•@•f

SŽµain' HemaŽµOXylin and Eosin

‹Î‚µe blood ves$el( may be seerL eXtending from withinŽµhe

denta| papilla\ in an apical direcŽµion•EˆêThe alveo|ar bone

Shows•ˆ•qlar”©e windowŽµhrough whi,ChŽµhe b|ood vessel passe‰à.

An•ZŽµhe•ÜVeS–ˆe‰¤‚à•xan‚«‚Êe—e•@‚ÅroŒÇ‚àh‚³pu•Hp”a•HsŽµem and‰¤—efo“y•He•xd

for a“ÅŒŒorŽµdi˜I‚â’önc•‡‚àefo•Íe•@‰¤Ž›1e”aves—´‚àe–ì1•Û‚êe efŽµ‚Ë•Í

—ee•HŽµ‰¤o’^.
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’w–‰‘YŒ]˜A
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Age•ˆ18 weeŒ]$

•Q•›•›‚¹‚¢•@”Áand‰¤bu•Har C–Qp‰¤d

Œx—w”Õ–d‹c•f—ZE’•n
Apica11y•ÍˆêŽµhe vessel may be foll“ÔWed as iŽµenters the area

df the mandibular canal.’^e canal borders are indisŽµinctŽí
•œ•@)

b•Œ/ nerVe eiemenŽµS, aLnd a |arge vein can be_Seen.

22‚¤.
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•m‹È•XŽÕ˜A
•¯“Iilla

•ðgeŽq18 weeŒ]S
To•ZŽµhI Mandibular Cuspid

”•agn‰¤Žè‰¤c‚¦Žµion•Í•@‚¤‚¿‡]•@•@•@•@•@/

StainI HemaŽµOXylin and Eosin

‹OiŽ\•ˆSeCtion shows—®e en“Ôr? dŽ²tal papilla ahd( the •e

blood vessei•ÃdmŽµhe mandibu|ari Cana|. CenŒyal|y•RWi‹Oin

Š|e papil|a aŽMe a number of vessels’^at •˜uPP|y it and the

ce||s of the enamei or”©an.

‹ž‰¤GU”Á‰¤79.

—ÛŠ_“ª•‘ye•ŒŒ‚‰¤ŒN•EŽµ‚Å–~“Ôc•ÕŽåŒl•ZŽµ”Ze’“—¿‚à•nl•æŽº•‚•¤•c

‰¹Age‹Gl˜DweeŠ¢”l

TooŽµh•ãMandibular Cu‰_pid

Magnification! 1OOX•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@/

StainI HemaŽµO•£lin and Eosin

Slightly higher magnifi“ÜaŽµion •es•€yws the gent|e curve

OfŽµhe vesse|–±iŽµenŽµers“]e denta| papi|1a. There

a“Çmany s–Q11 ves—eels inŽµhe region where the dental

Pabilla and denta| sac are in conŽµacŽµ.

ŽÅ2‚¤.
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•â‹r•m•‚–]
“d—£•F’²el•@—Úƒ•Žå‚à‚Ëe‰¤ŽŠ“Æ‰¬

A•xe•ö 22-2—‹‰\eeŒbŒo
•‘OOt\hIŒÄaXiilarŠ¬r CenŽµral•@ƒGncisor

”sagnifi‚ÜaŽµ‰¤onŒR•@‹ˆŠ¶‚Þ‡]•@•@•@•@/

SŽµainI Hematoxpiin and Eosin•@•@•@•@•h

•@nu‰Bber Qf bice‹ö/vessels are p•„SenŽµWiŽµhin the loose

connective•ŒŽµi˜D“d’r’ˆarea Of the dental sac. Many more

are-Seen in cr—Dˆ­S SeCtion adjac6ntŽµO the ouŽµer enŒÊel

epitheliu‰B.•@’y’öne are nO VeSSe—øWi‹OinŽµhe sŽµe|1aŽµe

ŽíeŽµ‰¤‘äul’^m.

Œ«•ö—eU‰TE•@8l‹`

•m”J•K“ñ•‘•¹Œ˜—Û•c‰¤Žº=’Ä”—Œ‚•±’U“ñ•m•Œ“ñ•m‘Á‚Å“ñ•m‘Þ•m•d•H’U‹®Œy•dŽå’R•‚

Age•Í•@’@W•‡‰òs•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ŒR

‘‚e‹^ŽÔŽ²ax“y•Hl‹}‘•‚àaŽµeŽí–¨ƒGƒRnciso”Ö
Œèa—wI‰¤‚Å“yc•É‹ÊŽåonŠî•@Ž²$‡]
SŽµain•Í•@”¥e•E•ÙO•ãŽÔin and•yosin

‹Î‘Óblood v•‡‰_•˜•I‘Jare in inŽµimaƒZe conŽµact with infoldings

Of th•ee Ou”Qr e’^ç°’y| epiŽµhelium. There are no blood

VeŽ£el’‚Within“Qe border iŠgPOSed by i‚Êe ouŽµer ename|

epŒÜŽµheliu‰B.•¨

”V27.
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•m•±•Ç“ñ“ñ•±•c•¹•æŽºŽïŽÔ•d’ç‚â•¨•¹“ñ•m•æ‰€“ñ•d’ÄŒl•cŽº“y•·•¹

•ðg•‡1’ö1’u22–Q”Ø‚¨
‹{•Z•ZŽµ‹ø•@‹Kaxi“y•HaŽíyŒÈaŽµeraƒGƒRnc“y•ÍoŽx
—£agn‰¤ŽèicaŽµion•Í1•›•›‡]
SŽµain•vI‹®emaŽµOry’Çn and Eosin

Several ves‰àels wiŽµh red blood cells may be seen

Pa—ÖnelingŽµhe•ˆfibers of *he denŽµa1 sac ih•fŽµhe re•¹ion

OfŽµhe cervical loop. _

•‚’¼•S8‚¤.

•m•mr”Ú’R•d•Ç–‰“ñ•d‹ó•Fe•L•Ç•‘•u‘Y˜K—¢–¿Žå“ñ•¶—•Œ\•æŽº
\•Z•Z•Z

•ð–¨‚©•@2l•ê22‰Lek—ì
‰Ì“I‹ø•³•Í•@•Raxi“y•HaŠÑy CenŽµral•@•HncŽå–¨o‹`

˜Ya‚³ŽÔi—‹‰¤caŽµi‡…•”•@‚¤‚¤‡]
St•ØnI Hema’¹OXy|in and Eosin

The blQOd vessels from apica•HŽ–incisa|•@and laŽµeral (

SOŽÔces combine aŽµŽµhe border ofŠTe dentat papiila

in\—^va•˜Cu|–D’¼exus. some of’^e ves•˜e|s wii| give

ƒLi‚Ó‚«‚àoŽµhoseŽµhaŽµWil| enter the papil|a•œ

”J29.
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‰^˜KŒl–„•¹“°•vŒU‰“‚ß•œ’ÙŠ³‡c‹®_‰°‰°‰°•‘•¹•±•m•}•±•¹‘Â

‚Íg•‡•‘•@”V‰¤•ê22•Ã“deŽY‰à•f”@•ZŽµh•Í•üax‰¤‰¤l‹¶y C’ö”À‚¹al•Hnciso•Ü•E

•xagn–û“yc–~Žµi6n‚«10ŠÍ
“Å•aain•Í•@—–e‹£aŽµ•Zxy•HŽån•Ûnd‹Êe—ein

•ð plexŽRs of vessel‰_is siŽµuaŽµed aŽµthe margin ofŽµhe

denŽµal papi|ƒ†a: severaƒ†Smaller vessels are seen in

ŽU•Íe d•‡nŽµal pap‰¤lla’u•@and la‹`geŽí—ü˜IeS ,WiŽµ‹ã‰¤nŽµhe denŽµa•H

—e‹}•›•›•@’yis plexus•@Žå•¹•@•›•›mpoŽºed e•Lbl•›•›d ve—e—eel•¹‚ÅroŽM

•A‰ò•Ho‚Å‚àhe•@•®ea‰_Š¯•EŠ|ŽíOŽ°n•ŒˆªgŽµ‹ã”JŽµ•Z•ZŽµ‚Ë.

ŠJŠÙU”Á“Ü8‚¨

B•édod Vessels ofŽµh–rBenŽµal Sac

•v“ˆe•Í•@•@8 w‚ée“ŒŽv•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@\

’yo‹O•Í•@Mand‰¤bu•H’ö‚Å•Œ‘¸S—³–ìiŒÇ‹Try’y‰¤ar
“Q“ûgnifŽåcaŽµiŒ®n•Í•@‚¤•Ç
Žº‚àain•Í•@GolŠ³‹dan-Bl•›•›ŒÇ•@•á‚Å‰¤‚«hr•‹•Ee

–ˆŽåc‘dŽµ•ZŽµ‹ãe•¹e”ée‘˜Žµˆê•ZŽè•‡pi•ƒe‘¹um_aŽµ”¿e b•¿•‡of
•A•ˆ•R•@•Œ /

tne denŽµail Papil|a, are•ˆ•ÍeVera| b|ood vessels thaŽµ

ar‚çseen |ongiŽµudiáÉ|iy. WiŽµhŒ¥eŽµric“øome. sŽµain.

-Žµhe vessels ara given a goid coior in the denŽµal sac

•n‘\ea.

2‚¤‰¤.
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Œ¾‘••¹•¶—•“••d•H‹È‰°_/•@l•@‰¹•@•@•@/

: Age‚«•@‚Ü\8 wee•æŽº
•uˆê“¯•ZŽµ‹ã•Í•@‰•a’^diŠñáÉŠŽar–„—§‚Å•y‘îPrimary•Xol•ïŽí

•ˆ’«ŒU‹c‘ø—ì–ò•f—Z—‹•B•Ø
‚Ö•@A |ar‰_e vessei is•ãen in–‰e denta| sac irmediaŽµely

•ˆ‚¹Pic‘eŽµOŽµh•‡’ŽenŽµ‘e‰°Papilla.’pis follow‚³•ˆthe surface

•AˆêŽqo•‘’IeŽånŒ®‘‚Žåo”¥‚ào‘¸ŒheŽí‰¹oƒSŽµhe pŒ\‚âilla.

Žç•d“dUŒ«•ê87•‘

Bl•›•›d•@‘¸‚³S•¹el‰_•@–õ‚Å•@‚à‚Ê•õ•ˆŽí•´nŽµal•@‰_‹}c

•ð‰_e•é•@”V1”_22‘ÎŒDŠI•š•Í•@•@•@•@•@•@•@•Œ

ŒÁ•‹•ZŽµh•Í•@—£axil•H’ö‘˜Ž·”X‡ˆŒÊŽµ‚ÅaƒG•@ƒRnci—eor
”•agni‰•’DŒEŽ›i•‹‘¦•@‚¤ŽO—m

$tainŠî”Õem”ato‹f|in and Eosin
•A:

‚Óblood vess“o‹Êpa—Ail‰ks‰°Žµhe•gborder•vOf the den‚Êl ,

Papilla—Zuile wesseŠŽs cours6 through the apica| area

efŽµ‚Ëe d•‡”¥‚à•e‰¤–ìap”ÃŠŽ”a•A‰mŽµa•H•Eo‰_ŽµŽí‰¤ghŽµangl•‡s.
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•R•@•@•@•@•R
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—‹•d‚«U‰TB•@88.

•Å•‡l‹TŽµive V•‡”©˜U—‹•H•@Œ|Žå—‹’¹•@‚ÞŽº‚ÖA•Œc•n‰¤•@—w‰G•‡ien

’d•ã•Í•@•x‚Ü-22—£e’ß
“c•Z•ZŽµ‚Ê‚«•@”•axil•H‹}ry‚«enŽµ‘]“ol•@ƒGnc‰¤–¨o—‹

’y‰_nificaŽµion•Í•@‰¤•›•›‡]•@•@•@•@•@•@/

“ñ•@Stain•Í•@HemaŽµOXylin and Eosin

\!“é1e VeSSels ofŽµhe denfa| sac region apica| to tne denŽµai
•q

•mP‘ˆPilla arel genera|1y larger than the vessel•˜ inside oŠ±

•ãƒm•e the papil|a•EˆêThis secˆ¯on shows a ve–ˆse|—Zch is |arge

’Šcomparison to those of the PŒÄilla.’pis blood vessel

“ñŒ¾“y•‡‚Å‰¤lled wiŽµhŽíed bl•›•›d ce1‰¤$.
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•v
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•A•m•¹•d•u‰°•‘•¹‰d’U’æŠ‹“ñ•m•¯‰_—¢•m•¶“ñ•±•ÈŽÔ•d“ñ•cŽº•Ç•m

•A•Œ•P •ð•x•‡•Í•@2‚Ü’u22‰LŒb–Q

.•xoot•”•@Maxi|1ary Centr’“| inciŽºor

Žq‹Á•x”Öi”F‘øy•ˆ—Z—••B‰_in
\

•ˆ•@‚àlood veêGei fil|edŠ‹ŠàŽµh red blood cel|s |ies at/Žµhe

`boŽíder of”Qe den–Â| papilla and d‚ÓŽµal sac. •e/The vessel

cro—esesŽµhe bound‹Žry b•Œween •PŽµheŽµWQ •e aŽµan ob|ique angle.

•f˜jhe conŽµir—¿ation of the vessel wiŽµhin\ the papilla is•ˆSeen

‰Pi•@•@•@•@•W

as it cour–ˆŠŸto“Òard tha area of minera|izaŽµion.Ž²e
/

entire lengŽµh of t‹®`•ŒesSel i•˜•ˆnat•ˆ Seen ldue toŽµhe pi‹}ng

Of secŽµioning and the•Iickness ofŽµhe secŒuons.
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’y•Á‘Y’K‹®•v‰’‹®Œ\•m
’¹geŒR17 wee“¼
—‹ooth•Í•@M“äillŠUy LaŽµerai•@•Hncisor

MagnificaŽµion•‘•@35‡]

Stain! Gold’yan-B|oom Trichrome

This vessel was•ˆSeen entering the denŽµal papilla•gom

a |inguo-aPical direction. An opening in the apical bone

allowed the so|itary vessel to enterŽµhe papilla direcŽµlyŠñ

F•HGU—¶E•@9•‘.

’È•›•›d Ve‰_—eel—w–‰“µ’£•‡Š¨e—Za‰¤•æ–¿Žå•¹—ì

A•¹e•Í•@ƒGƒAwee’Ž˜E

‚Å•Z•ZŽµh•Í•@–·axi“y•Ha‹`yŽåaŽµ•®“¶•S•HncŽå“Ir

‰Tˆ«—ì‹ÞŽ•—A‹E—ì”Ç•BŽ²’^•B
’Ègher magnification revea|s gold sŽµaining blood cell—e

Within the veêGei$•@Nu‰BerO–Q•ˆSŒÇall vessels are present

–¦iŽµ‹‘nŽµ‹ãe p‹}’àŽål•H•ÛandŽå•E‹OeŠÏen‚Ë1 sac area.
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•mŽ“‹È’U•m˜A•}•d
Š³g•Ç•‘•@‚Ü? we•J’n•a

“I•ZŽµ‹ã•Í•@”•axi‰¤l“äy‚à’•Žµe—‹a“y•HncŽåsor
Ž¥•ïŽº’¬‰¤Žèi”XaŽµiŒÓ—•—ì•@“I0‡]

Stain•Í•@Goldman-BIoom Trichrome

’yi‰àVeSSe| w“ÇiŽ]ge enough to be followed in severai

Ž²CCeeding •˜e’¾io–Q•E _ |n thiŽ–•˜eCtion,.a branchŒÇay be

”Ween COŒÇing off ofŽµhe larger vesse|. •ð di•¹ruption is

“deen a•Íthe ve‰Tel teŒÊPQrari|y leaves the plane of

—‹“dcŽµ‰¤on‰¤Šñg.
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•ÁŽ²•d—v”B•m
AgeŒR•@•‘7weeŽ²•E
’y•ZŽµ‚Ë•Í”•“å‰¤Žå•ã•ƒ‰¹‚àaŽµeral•@Žå’²c‰¤”Öo‹`
˜N•ïgni’e‚«aŽµ‰¤on•‘•@”V00‡]
SŽµ•n‚Ün•‘•@‚«old’yŠeŽí•êB•H•›•›ŒÇ”Àic“øoŽæ•‡

—ü•xh magni‘gc•ïtion reveals the luminal size ofŽµhe vessel

which crosses fromŽµhe dental sas into the denta| papi||a•œ

Red blood ceils are presenŽµWit‹®nŽµhis vessel as well as

•ZŽµ•ÅeŽ•inŽµ‹®•®—ee‚à‚à‰¤e”¥e•ˆA‰à”•11—er vesŽºel p•ˆŒÏ1el‰_Žµ‚Ëe

bounday ofŽ²’öPapiii–~wi’^in the fibers ofŽµhe dental

S•Éc•œ
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