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INTRODUCTION 

The mineral phase of dental cementurn from human permanent tcetli has 
heen shown to undergo several changes in the carious process. These include 
demineralization and apparent rernineralization as evidenced by the varia- 
t ion in radiodensity observed in microradiographs of carious cernenturn 
(Furseth & Joha,nsen, 1968). In order to define these structural alterations 
more specifically and to determine the morphology and distribution of the 
crystals in the various zones of carious cementum, an electron microscopic 
study has been carried out. For control purposes sound cementum \+-as also 
studied. 

Only limited information is available on the morphology and distribution 
of the crystals from carious cemenlurn. In a preliminary report, Furscth and 
Johansen (1965) described the presence of crystals of a larger size in the 
carious tissue as compared to the sound tissue. Selwig (1969) noted an ir- 
regular surface contour in some specimens of carious cementum and also 
the presence of closely packed microorganisms. Small mineral crystals and 
fragments of partially demineralized cementum were seen between the 
microorganisms. 

A number of publications have dealt with the mineral phase of the non- 
carious tissue. Several investigators have described the mineral of sound 
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c:etiieiituni riot exposed to the oral environment as consisting of aggregates 
of apatite crystals (Dreyfuss & Fra,nk, 1964; Glirncher, Frihcrg & Levine, 
1064; Scltlig, 1965; Fursrth, 1967). Some loss of crystals has been reported 
in tinexposet1 cemeiitum from tee1 h affccterl by chronic periodontitis (Se l -  
wig, 1066). Addit ioiial changes in the mineral phase have been tlescrihetl iri 
cementum exposeeti to the oral eiivironment. In some specimeris, the surface 
layer of the tissue tlisplayetl a tlecreasc in electron tleiisity, while iii other 
s1)ec:inielis an increase in elertroii tleiisit y cvas ohserved (J/er/ing, 1967 a). 
The crystals of this siirface layer were fouritl t o  be larger than tliost: of u r i -  

1 ceinentuni (llm-tiiig, 1067 1)). Selvig (1969) also found that the 
surface zoiie of cx~)osed cerneiitnm frequently was highly rnincralized ant1 
that the crystals UTIC tleiisely IJacLed and tliiclier than thc crystuls of un- 

cq)ose(l cclncrlt 11111. 

MATEKIA1.S AN11 WETHODS 

All specimens ithetl in this study were ohtairied from est racletl liuinuii per- 
nianeiit teeth fixacl iii 4' (); formaltlehycle iientralixetl wit 11 calcium cnr1)onate. 

of tlie irivt:stigatiori, sections from 100 tcelh with carious 
11 25 teetli v-it11 noii-carious ccmerit u i r i  wc're preparetl for 

inicroratlioRra1)liic st ntlies. Details of I lie n i e t l d s  ernployetl aiul t h e  ohser- 
V ~ I  ioiis rriatle have Ixxm i)iihlisIic(l elsewhere (F7rrseth & Johur i sm ,  1968). 

of I lie rriicroriit1iograr)liir findings ant1 were from the cervic-a1 Iiortioii of tlie 
roo1 . Sclccletl arcas froin 10 sections each of iioii-carious and carious ce- 
iiient t i t i i  \\-ere 1)rq)ared for ultrastructural stu(lies. 1nc:ludetl in the inaterial 
were soniitl tissries from iuierposetl cemeiiturn, 2 specirrieiis of tleiisely 
mineralized siirfacc layers of non-carious exposed cementiim, arid (:arions 
tissiies 11is~)laying ii highly mineralized surface, a uniform d ) s n r f a w  deiniiie- 
ralization and a sii1)siirface tleinirieralixatiori cliarac:terize(l 1)y alleriinliiip 
radially oriented areas of high ant1 low niiiieral contcnt . 

'The spcciniens were ein1)ecltled in a mixture of 15 "/I met hylnielhacrylalc 
aiitl 85 7; 1,111 ylrrietliacrylate using 2 yo herizoyl peroxide as catalyst. 7'1ie 
met hacrylote was polyrnerized for 48 hours at 60°C. Eight sarnples of calculus, 
partly from the same teeth as the ones with carious ceinentuin, and partly 
from other teeth were also included in the study for comparative purposes. 
These were processed arid enibedded as described for cernentuiri. All saniples 
were sectioned on an LKB Ultrotorne I using glass or diamond knives. The 
sections were deposited on carbon coated grids and examined in a Siemens 
Elmiskop I electron microscope operated at 60 k\/. 

'Tlie sainples for I lip elect roil rnioroscopic st uclics were (:lit 
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FINDINGS 

Sound (non-curious) cementum 

Ultratliin sections of unexposed sound cerrieiituiri from the cervical port ion 
of the root displayed variation in electron density within limited areas (Fig. 
1). Some sections also revealed alterriatiiig light and (lark bands typical of 
iniiieralizctl collagen. The crystals of soiind cenientmi were plate-like in 
shape as seen in Fig. 2. I n  edge views, they appeared as narrow, tlerise pro- 
files resenihliiig ncedles while in broad surface views they appeared less 
electron deride, displayiiig a variety of shapes. Some crystals were close to 
being rectangular, while others had a more circular, triangular or oval shape. 
Maxirriiun crystal length was nieasnretl at 600 A.  

1 lie densely rriirieralized surface layer of nori-carious cerrieiit iini t hat had 
lieen exposed to the oral fliiids revealed sonie structural characteristics differ- 
eiit from those of un.exposed cerrieiit uni. There was no indication of Iianding 
arid iridivitliial crystals appearctl elongated (Figs. 3 arid 4). Crystal wicltli 
seemed to be smaller t hark t hat o1)swved in nnexposeetl cenient imi, while 
the tliickiiess aiid the length generally exceeded that of the plate-like crystals. 
111 order to distinguish 1)etweeri I Iiese and the plate-like crystals, those of 
exposed ceirieiit i ini  will be referred to  as t ablet-sliaprd. 

, 7  

Curio u,s cenwnt u r i i  

Ultrast ructural o1)servatioiis of the highly iniiieralizcd surface layer of curious 
cenientiini oft en revealed iriasses of liacteria at tackled to the siirfilce. Micro- 
organisms were also sccii within lacuna-like spaccs iii the ceriientiim siirface 
(Fig. 5). The uiderlying tissue geiierally had a high mineral content hut 
spaces devoid of crystals and also eiilarged spaces hetween crystals were 
ohservcd (Figs. 6 arid 7). The crystals, as seen in Fig. 7, were sirriilar to the 
tablet-shaped variety observed in the surface layer of exposed, iiori-carious 
cerrienturri. The size of the tahlet-shaped crystals varied hiit they generally 
appeared t o  he larger, more elongated a ~ i t l  more regular in outliiie than 
those enconritered in unexposed, sound cementum. Some crystals also 
seemed longer than those seen in unexposed, non-carious cenientuni. Lengths 
up to 900 A 311d wititlis up to 200 A were measured. 

Carious cementum from the central portion of the tissue, which by micro- 
radiography showed a slight, uniform demineralization, sometimes revealed 
an uneven distribution of mineral when studied in thin s 

Some areas displayed a high mineral content while other areas contained 
only a few scattered crystals (Figs. 8 and 9), indicating that localized de- 
mineralization might have occurred. Also, spaces devoid of mineral were 
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PLATE: I 
Electron micrographs of sound, unexposed cementum from the cervical portion of the root. 
Fig. 1. Ultrathin section illustrating regional variation in electron density within limited 

areas. x 36,000. 
Fig. 2. Higher magnification of the crumbled edge of a section showing plate-like crystals. 
In edge views (E) the crystals appear as narrow electron dense profiles resemhlinp needles; 
in broad surface views (B) they appear less electron dense and display various shapes. :< 99,000. 

PLATE I1 
Electron micrographs of non-carious, exposed cervical cementum. 

Fig. 3. Ultrathin section of the highly mineralized surface layer showing densely Imketl 
crystals in longitudinal, obliquc and cross sectional views. x 74,000. 

Fig. 4. Higher magnification of the edge of a section illustrating the elongated and uniform 
width of crystals. Because of these characteristics, the crystals have been referred to a s  t a lh t -  

shaped. x 99,000. 

PLATE I11 
Electron micrographs of densely mineralized surface layer of carious ccrvical cemrntuin. 
Fig. 5. Thin section showing hacterial playne (RP) covering the highly mineralizcd surfacc 

zone (HZ). The Inicroorganisms occupy lacuna-like spaces in the tissues. x 35,000. 
Fig. 6. Thin section of surface layer showing spaces between crystals indicating porosity id 

the tissue. x 74,000. 
Fig. 7. Higher magnification of the edge of a section illustrating tablet-shaped crystals of 

varying size. x 99,000. 

PLATE IV 
Elcctron micrographs of carious cervical cementum from the central portion of a l e 5 i i i n ,  

which hy microradiography displayed a slight, uniform demineralization. 
k'ig. 8. Thin section exhibiting regional differences in mineral distrihution as judged 1)y thc 
electron density. Thcrc is no evidence of bacterial penetration. Outlined area is shown in 

Fig. 9. at higher magnification. x 37,000. 
Fig. 9. Higher magnification of area outlined in Fig. 8 showing the indivitliial rrystals which 

appear to be similar to the crystals of the sound tissue. x 84,000. 

PLATE v 
Electron micrographs of carious cervical cementum from the central portion of a lesion, 

which by microradiography displayed uniform demineralization. 
Fig. 10. Higher magnification of the criinibled edgc of a section. These plate-like crystals 

resenible those of sound, non-exposed cementum. x 105,000. 
Fig. 11. Thin section depicting several crystals with serrated edges (arrows). Note M idr varia- 

tion in size of crystals. x 74,000. 

PLATE VI 
Elcctron micrograph of carious cervical cementum from a region which microratliogra~~hica11~- 

showed alternating radiolucent and radiodense areas (brush-like appearance). 
Fig. 12. Thin section illustrating densely mineralized cementum surrounding lacuna-likc 

spaces containing bacteria (Ba). x 36,500. 

PLATE VlI 
Electron micrographs of crystals from the central portion of carious cervical cernentiim and 

from calculus. 
Fig. 13. Higher magnification of carious cementum as depicted in Fig. 12. Note variety of 
crystal morphology. Some appear as irregnlar plates while others are tablet-shaped. x 99,000. 
Fig. 14. Thin section of calculus depicting small plate-like crystals located outside as well as 

Fig. 15. Section of calculus demonstrating crystals of varying size and shape. These crystals 
were considerably larger than those of sound and carious cementum. x 99,000. 

within bacterial remnants (BR). x 99,000. 
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PLATE I 
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PLATE I1 
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PLATE I11 
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PLATE IV 
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PLATE l7 
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interspersed throughout the tissue, but there was no evidence of bacterial 
penetration. It is possible that these voids represent microchannels through 
which movement of fluid from the surface to the underlying tissue may take 
place. Detailed study of the remaining mineral showed that the crystals 
were similar to  those observed in sound, unexposed cementum. They were 
essentially plate-like in shape and of varying size (Figs. 9 and 10). In one 
specimen, several crystals with serrated edges were observed (Fig. 11). 

Ultrathin sections of specimens, which by microradiography showed 
radiolucent and ratliodense areas (brush-like appearance), revealed bacteria 
within lacuna-like spaces in the tissue (Fig. 12). The surrounding matrix 
w~as frequently densely mineralized and some crystals appeared as irregular 
plates, while others were tablet-shaped (F'ig. 13). 

Observations 011 the ultrastructure of the crystals of calculus were in- 
cluded in the study because of the occurrence of mineral deposits adjacent 
to carious cementurn. In some specimens, plate-like crystals, approximately 
200 A in length were found both within and outside bacterial remnants (Fig. 
14). Afore commonly, the crystals were of irregular shape and milch larger 
than those of sonntl and carious cenienturn (Fig. 15). 

DISCUSSION 

The microrat1iograI)liic study upon which the present investigation %-as 

based (Furscth Ji. Johanscn, 1968) revealed a number of structural alterations 
in carious cementurn as well as structural differences Ixtweeri exposed non- 
carious and unexposed (sm~nd) cernentum. 

The ultrastructural findings on carious cementum confirm our previous 
conclusions based upon microradiography that dernineralization and re- 
mineralization occur as part of the caries process. The most conspicuous 
evidence of mineral removal was  the occurrence of lacuna-like spaces of 
varying size occupied by lmcteria. Another indication of demineralimtion 
was the random occiirreIice of smaller spaces suggestive of microchannels. 
While it was not always possible to distinguish such spaces from artifacts 
resulting from tissue displacement diiririg sectioning, their presence in tissue 
segments riot tlisruptetl in the sectioning procedures, support the idea that 
they were true sp,aces linving resulted from crystal di )liltion. Crystals with 
morpliologic cliaracteristics indicative of mineral deposition were also ob- 
served. Some tablet-shaped crystals were found to he larger than those 
observed in exposed non-carious cementum. The mineral for this crystal 
growth might have been derived from the salivary fluids and/or ions released 
from dentine and cementum in progressing carious lesions as previously 
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postulated (Furseth & Johansen, 1968). Another indication of remineraliza- 
tion was the occurrence in one instance of large plate-like crystals with 
serrated edges. This configuration was observed only in the carious tissue, 
and because of the large size of these crystals, it seems most likely that they 
were the result of crystal growth rather than partial crystal dissolution. 

The fact that non-carious exposed cementum revealed tablet-shaped crystals 
tlistirictly different from the plate-like crystals of the unexposed sound tissue, 
raises questions as to the mechanism involved in this transformation of the 
mineral phase. The most likely explanation is that recrystallization of the 
original mineral has taken place after exposure of the tissue to  the fluid 
environment of the oral cavity. While unexposed (sound) cementum is 
maintained in the constant erivironinent of the internal milieu of the body, 
the exposed cementum is subjecled t o  tlie changing conditions of the oral 
cavity as medialed atid modified by bacterial plaques. In adtlitiori to  con- 
taining acids arid other bacterial products, tliese plaques have the capability 
of concentrating phosphate and particularly calcium. The levels of concen- 
tration of phosphate have been found to be 3-4 tinies higher tlian that of 
saliva arid calcium 19 tinies higher (Daiues &. Jenkim, 1962) although saliva 
is supersaturated with regard to  tliese ions (Brudeuold, Gron & LWcCunn, 
1965). Tliese high conceniratioris might be of relevance, siiice in vitro studies 
have shown that I he relative amounts of calcium aiid pliospliate iii solutions 
may influence tlie size arid shape of crystals formed. Froin a solution containing 
excePs phosphate, lath-shaped crystals were formed, whereas crystals from 
solulions containing excess calcium ions were closer to being equilateraI, with 
the length approximately 1 1/2 times the width ( Fatson dl- Robinson, 1953). 

Another factor to  be considered in relation to crystal transformation in 
non-carious exposed cementum and the persistence of these tahlet-shaped 
crystals in the carious tissue, is the nature of the organic matrix. While 
unexposed (sound) cementum lias a matrix largely composed of typical 
collagen fibers, the altered tissues have revealed modifications of the matrix. 
Loss of typical collagen structure adjacent to areas of inflaminatioii lias been 
reported (Selvig, 1966), and absence of collagen crosshanding lias been 
observed in a narrow zone immediately beneath t.he surface of cementum 
exposed to the oral environment (Seluig, 1969). Partial or complete loss of 
crossbanding has also been demonstrated in the subsurface regions of carious 
cementum (Awazawa, 1961; Johansen, 1965). It is also likely that the sur- 
face layer may contain organic materials derived from oral fluids as well as 
products of bacterial metabolism. Since crystal morphology in the mineralized 
tissues of the tooth is clearly related to the nature of the matrix as exemplified 
at the dentino-enamel junction, the changes noted in the matrices of exposed 
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non-carious cementum might well be sufficient to be co-factors in the for- 
mation of a new species of crystals under the conditions of the oral environ- 
ment. 

The observations on unexposed (sound) cementum were particularly 
valuable in t lie elucidation of environmental influence on crystal morphology 
and on organic matrix-crystal relationship. The fact that all samples revealed 
plate-like crystals similar to those of bone and dentine (Johansen di: Parks, 
1960) proves the stability of this crystal form in tlie environment of tlie 
tissue fluid. The alternating light and dark bands observed along the course 
of the fibers in some sections %-ere similar to those seen in dentine (Johansc,rL 
&- Parks, 1962), and indicated a high degree of order in crystal arrangement. 
No evidence of such close matrix-crystal relationship was seen in the exposet1 
non-carious arid carious tissues. 

The samples of calculus revealed crystals similar t o those described by 
Gonzales & Sognnaes (1960) and Schroedcr (1965). The plate-like crystals 
seen within anti outside bacterial remnants were smaller than the plate- 
like crystals in carious cementnni from tlie central portion of lesions, ant1 
the large irregularly shaped crystals observed in calculus were also different 
from the crystals of sound and carious cementum. 

Acknowledgements -- The authors acknowledge the financial support of the Amrrirm 
Chicle Company, the National Institute of Dental Research, United States Public Health 
Service research grant no. UE-00689 and the University of Rochester. 

SUMMARY 

The mineral phase of sound and carious cementum from himian pcrmanent 
teeth has been st utlietl by electron microscopic techniques t o  characterize 
the ultrastructural changes occurring in dental caries. The specimens were 
selected from tissue preparations previously studied by microradiogra1)liy. 
Based upon the niicroratliographic findings, representative sanililes of 
various types of non-carious arid carious cementum were mic:roclissectetl 
and processed for electron microscopy. Samples of dental calculus were also 
studied. 

Sound unexposed cementum was found to display variation in density of 
mineral distribution. The crystals were plate-like in morphology. In the 
densely mineralized surface layer of non-carious cementum exposed to the 
oral environment greater uniformity in mineral distrihution was observed. 
The crystals of this modified cementum were closely packed, elongated atid 
of uniform width, and have been referred to as tablet-shaped. 
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Carious cementum showed the greatest variation in structural organiza- 
tion and crystal morphology. The densely mineralized surface layer was 
covered by bacterial plaque and microorganisms were found within lacuna- 
like spaces. The crystals in this region were tablet-shaped, but of varying 
size. Apparent loss of crystals was indicated by the occurrence of small 
spaces throughout this layer. The central areas of carious cementum which 
in microradiographs displayed a slight uniform demineralization was found 
to exhibit regional differences in mineral distribution. Areas of high as well 
as low mineral content were noted, giving the tissue a mottled appearance. 
Distinct spaces devoid of crystals were also seen ; these resembled micro- 
channels. While plate-like crystals similar to those of sound cementum pre- 
dominated, some crystals with serrated edges were observed in one of the 
specimens. Carious cementum characterized hy alternating radiolucent and 
radiodense areas (brush-like appearance) revealed a densely mineralized 
matrix containing large spaces filled with microorganisms. The observations 
on calculus revealed an iiltrastrncture different from that of cementum. Thc 
most conspicuous features of calculus were niineralized hacteria and J pre- 
dominance of large irregularly shaped crystals. 

I i f i S U M 6  

ETUDE AU RIICHOSCOPE ~ L E C T R O N I Q U E  DE LA PHASE M I N ~ R A L E  DU C ~ M E N T  

DENTAIRE HUMAIN S A I N  ET CARIEUX 

La phase miiiCrale du cCment sain et carieux de dents permanentes humairies 
a C t C  CtudiCe par des techniques de microscopic Clectronique pour dCtermirier 
les caractkristiques des modifications ultrastructurales se produisant au 
cows cle la carie dentaire. Les Cchantillons orit CtC  choisis parmi des prCpara- 
tions de tissus CtutliCes au pr6alable par microratliographie. Sur la base des 
rCsultats microradiographiques, tles Cchantilloris reprksentatifs de c6ment 
carieux et non carieux ont subi une microdissection et orit 6t6 prCparCs pour 
rnicroscopie blectronique. Des Cchantillons de tartre dentaire ont aussi 6tC 
6tudiCs. 

I1 est apparu que le c6ment sain non dCnud6 prksentait des variations 
dans la densitb de la repartition minCrale. Les cristaux Ctaient en forme de 
~)laques. Dam la couche superficiclle fortemerit minCralis6e du cCnient non 
carieux dCnudC et expos6 au milieu buccal, on observait une plus grande 
uniformit6 de la rkpartition minkrale. Les cristaux de ce c6ment modifiC 
Ctaierit tassCs Ies uns contre les autres, aIlongCs et de largeur uniforme; ils 
ont CtC dCcrits comme Ctant en forme de talrlettes. 
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Le c6nient caricux prCsentait les variations les plus marqukes tlaris 
l’organisation structurale et la morphologie des cristaux. La couche snper- 
ficielle fortement minCralisCe ktait couverte tl’inie plaque microbienne et on 
trouvait des micro-organismes dans des espaces ressemblant i ties lacunes. 
Les cristaux de cette rkgion Ctaient en forme cle tahlettes, mais de grandeur 
varike. La tlisparition apparente de cristaux Ctait iniliquke par le prksence 
tle Iwtits interstices dans toute cette couche. Dam les zones ceritrales dn 
dnierit carieux, qui, clans les microratliograpl-lies, prksentaient uniforrnkment 
urie 16gPi-e tlPminkralisation, on constatait ties tliffCrences rCgionales de 
rPpartition ininbrale. On notait tles zones i forte teneur minkrale et tles 
zones h faihle tenriir, ce q r i i  clonriait ail tissu m e  apparence tachetCe. On 
voyait anssi tles interstices nets, ne contenant pas de cristaux; ces iiiterstices 

nihlaient h tles microrairiures. Alors q ~ i e  les cxistaux en fornie de plaques, 
seni1)lahles & eeux ( l i t  ckment sa iq  IirCdorninaienI , on a pu o1,server clans 
 in des Pchantillons quelques cristaux ii bortls dent elks. Lc &merit carieux 
caractCrisC par tles alternances de zones ratlioclaires ct radio-opaques (appa- 
rence en forme tle hrosse) preseiitait inie matrice fortenierit rriindraliske, 
coriteriant tle grarids interstices reniplis de iriicro-orgariistries. Dans le tart re, 
on obserwit urie ultrastructure tliffkrent e tlc celle tlu c6mcnt . Les caractixcs 
les plus inariifcstes tlaiis le tart re 6taiertt la I)rCsmice de 1)actPries minPralisCes 
et la pr6tloiiiiriaiice (le cristaux de griintle taille et tle fornie irr(\gulihre. 

Z U S A M M E N F A S S U N G  

ELEI~TRONENMIKl~OSKOPIbCHE STUDIEN DEH MINERALPIIASE INTAKTEN UND 

K A R I ~ S E N  ZEMENTES MENSCHLICIIER Z X H N E  

Die Mineralphast: in gesriiitleni untl in kariijsern Zerrient Lleihender nierisch- 
liclier Ziihrie w i d e  elebtrorie~iiriil~roslio~~isch uritersucht, urn (lie ullra- 
strukturellen Veriirirlcrringeri des ICariesprozesses zii cliarakterisiereii. Die 
Priiparate wurderi zundchst rriikroratliographiscli untersucht. Auf (lie rniltro- 
ratliographisclieri Result at e basiert, wurtlen r ep rkn ta t ive  Priiparat e ver- 
schicdener Typeri von gesuntlerri und vori liarioseni Zenierit fiir das Elektro- 
neiimikroskop hergestellt. Zahnsteinpraparate wurden aucli stutliert. 

Intaliter riicht exponierter Zement zeigte unterschiedliche Dichte der 
Mineralverteilung. Morphologisch waren die Kristalle platteniihnlich. In der 
dicht niineralisierten Oberflachenschicht des riicht liariijsen Zernentes, tier 
den1 Mundhohlenmilieu ausgesetzt worden war, wurde grossere Gleichfor- 
migkeit in der Mirieralverteilurig beobachtet. Die Kristalle dieses modifi- 
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zierten Zenientes waren dicht gepaclit, langgestreckt und von gleicher Breite, 
und wurden als ))tablet-shapedo bezeichnet. 

Karioser Zement zeigte die grosste Variation in der Organisationsstrulitur 
und der Kristallrnorphologie. Die dicht mineralisierte Oberflachenschicht 
war von Bakterienplaque bedeck, und Mikroorganismen wurden in Lakunen 
gefunden. Die Kristalle in diesem Gebiet waren ))tablet-shaped)) aber von 
verschiedenes Griisse. Scheiribarer V erlust von Kristallen wurde durch das 
Vorkommen kleiner Spalten durch diese Schicht angezeigt. Die zentralen 
Gebiete kariosen Zementes, welche mikroradiographisch eine leichte gleich- 
massige Demineralisierung clarstellten, zeigten regionale Unterschiede in der 
Mineralverteilung. Es wurden Gebiete rnit hohern und niedrigem Mineral- 
gehalt beobachtet, welches dem Gewebe eine marmorierte Erscheiriung gab. 
Gebiete ohne Kristalle waren auch deutlich zu sehen, welches an Mikro- 
kanale erinnerte. Plattenghnliche Krist alle, wie die im intakten Zement, 
beherrschten das Bild, jedoch waren eiriige Kristalle mit gezackten Kanten 
in einem der Preparate zu beobachten. Kariiiser Zement, characterisiert 
durch abwechselnd rontgenhelle und rontgendichte Gebiete (Bijrsteniihn- 
lich), zeigte eine dicht mineralisierte Matrix, die Mikroorganisrnen in gros- 
sen Gebiete enthielt. 

Der Zahnstein zeigte eine UItrastruktur, die von der des Zementes abwich. 
Am meisten auffallend waren niineralisierte Baliterien und ein ubergewicht 
von grossen, ungleichmissig geformten Kristallen. 

KEFERENCES 

Awazawa,  Y., 1961: Electron microscopy of carious cementum. With special reference to 
early caries. J. Nihon Univ. Sch. Dent. 4 :  89--106. 

Brudevold, F., P. Cron & H. McCann, 1965: Physico-chemical aspects of the enamel-saliva 
system. Adv. Fluor. Res. 3 :  63-78. 

Dawes, C .  & G. N. Jenkins, 1962: Some inorganic constituents of dental plaque and their 
relationship to early calculus formation and caries. Archs oral Bid. 7: 161-172. 

Dreyfuss, F. & R. Frank, 1964: Microradiographie et microscopie kletronique dii c6ment 
humain. Bull. Grpmt int. Rech. scient. Stomat. 7: 167-181. 

Furseth, R., 1967: A microradiographic and electron microscopic study of the cementum of 
human deciduous teeth. Acta odont. scand. 25: 613-645. 

Furseth, R. & E. Johansen, 1965 : Microradiographic and electron microscopic studies on 
carious lesions of human dental cementum. Internat. Ass. for Dent. Res. Preprinted 
abstracts, 43rd Gen. Meeting. p. 68. 

-0- 1968: A microradiographic comparison of sound and carious human dental cementum. 
Archs oral Riol. 13: 1197-1206. 

Glimcher, M.  J., U. A .  Frtberg & P. T. Leuine, 1964: The identification and characterization 
of a calcified layer of coronal cementum in erupted bovine teeth. J. Ultrastruct. Res. 
10: 76-88. 



322 RANDI FURSETH AND ERLING JOHANSEN 

Gonzales, F. & R. F. Sognnaes, 1960: Electronmicroscopy of dental calculus. Science 131 : 
156-1 58. 

Herting, H. C., 1967 a: Electron microscope studies of the cementum surface structures of 
periodontally healthy and diseased teeth. Internat. Ass. for Dent. Res. Abstracts 3rd 
Ann. Meeting Contin. Enrop. Div. J. dent. Res. 46: 1247. 

-1)- 1967 b: Elektronenmikroskopische Beobachtungen an kariosem Dentin. 111. Mittci- 
lung. Dt. zahnarztl. Z. 22: 1433-1441. 

Johnnsen, E., 1965: Electron microscopic and chemical studies of carious lesions with re- 
ference to the organic phase of affected tissues. Ann. N. Y. Acad. Sci. 131 : 776-785. 

Joohansen, E. & H. F. Parks, 1960: Electron microscopic observations on the three-dimensional 
morphology of apatite crystallites of human dentine and bone. J. biophys. biochem. 
Cytol. 7: 743--746. 

---))- 1962 : Electron-microscopic observations on sound human dentine. Archs oral Biol. 

Schroeder, H. E., 1965: Crystal morphology and gross structures of mineralizing plaque and 

Selvig, K. A., 1965: The fine structure of human cementum. Acta odont. scand. 23: 4 2 3 4 4 1 .  
--I- 1966: Ultrastructural changes in cementum and adjacent connective tissue in perio- 

dontal disease. Acta odont. scand. 24: 4 3 5 4 7 1 .  
-P- 1969: Biological changes at the tooth-saliva interface in periodontal disease. J. dent. 

Rrs. 48: 846-355. 
Wntson, &I. L. & R. A .  Robinson, 1953: Collagen-crystal relationships in bone. 11. Electron 

microscopic studies of basic calcium phosphate crystals. Am. J. Anat. 93: 25-59. 

7: 185-193. 

of calculus. Helv. odont. Acta. 9: 7 3 4 6 .  

Address : 
Randi Furseth, 
DentuI Institute 
of Experimental Research, 
University o f  Oslo, 
Blindern, 
Oslo 3 ,  Norway 

Erling Johunsen, 
Department of Dentistry 
and Dental Research, 
University of Rochester, 
Rochester, 
Nev Yorlc 14620, U.S.A. 


