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INTRODUCTION 

Different terms are in common use to denote various types of secondary den- 
tine, such as physiologic, regular, irregular, functional and reparative. How- 
ever, ihe different terms seem to be merely descriptive or are based on pre- 
sumed functional differences. In fact the term ))secondary dentine)) itself is 
not a well-defined structural or functional entity. Scott and S'ymons (1967) 
have stated that ))the dentine which is formed after the dentine (primary den- 
tine) producing the typical form of the tooth has been laid down is known as 
secondary dentine)). On the other hand, Sicher (1962) and Provenza (1964) 
have described secondary dentine as the dentine which is found pulpally to 
a demarcation line caused by an altered direction of the tubules as a result of 
crowding and loss of some of the odontoblasts as the pulp cavity becomes 
smaller. 

Symons (1968) has distinguished between two types of secondary dentine. 
One type forms on the entire pulpal surface of the coronal dentine. It is a 
direct continuation of the primary dentine, but differs from it by a scarcity 
of highly mineralized peritubular areas and by differences in the organic ma- 
trix of the intertubular areas. The other type forms in restricted areas, shows 
more irregularity in the course of the dentinal tubules, and appears later than 
the first described type. Both types were considered as physiologic secondary 
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dentine, and they were not related to destructive processes as attrition or 
caries. 

However, destructive processes may affect the rate of formation and the 
slructure of secondary dentine. The present paper will deal with this type of 
secondary dentine, and the term rirregular secondary dentines will be used to 
denote well-delimited, locally increased formations of dentine found subjacent 
to lesions in the coronal portion of teeth. 

The formation of irregular secondary dentine is maintained to be a main 
defence mechanism of the pulp-dentine organ. The initial changes occurring 
at the dentinelirregular secondary dentine interface, are essential for an under- 
standing of the nature of the processes involved. Furthermore, knowledge of 
the structure and composition of the junctional zone are important in order 
to establish criteria for an evaluation of tissue changes in the dentine. In the 
present paper these features will be discussed on the basis of findings obtained 
from human and monkey material as a result of caries, attrition and certain 
experimental procedures. 

MATERIALS AND METHODS 

Three human teeth from young adults with extensive carious lesions were 
fixed in 10% neutral, buffered formalin, decalcified in 5.2% nitric acid, em- 
bedded in paraffin and serially sectioned. Sections passing through the lesions 
and the correspondirig part of the dentine and pulp, were stained with hem- 
atoxylin and eosin (HE), or 0.1% alcian blue (AB) at pH 3.6, or they were 
microradiographed using a technique which is considered to show the mass 
distribution of organic material (Shackleford, 1965 ; Mjor & Shackleford, 
1966). 

In  addition, several teeth from four monkeys were employed. The animals 
were anesthetized with nembutal, and buccal class V cavities were prepared 
with steel burs in  a slow speed dental engine. The cavities were either left 
unfilled or restored with various filling materials; zinc/oxide eugenol cement, 
Ca (OH),, Hydrex (Kerr Dent. Manuf. Co.), selfcuring acrylic resin, zinc 
phosphate cement or amalgam. Some of these cavities had been left unfilled 
for 7 days after preparation prior to inserting the restorations. The distribu- 
tion of the experimental material and the observation periods employed are 
outlined in Table I. 

After varying observation periods (Table I) the monkeys were again an- 
esthetized with nembutal, and fixation was performed by perfusion with 10% 
neutral, buffered formalin. The heads were then removed and stored in the 
same type of formalin solution. 
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Table I 
The monkey material and the observation penods 

_ _  

DECALCIFIED UNDECALCIFIED 
-. - 

Exposed Restored Untreated Exposed Restored Untreated 
cavities cavities* teeth cavities cavities teeth 

.. __ ~~~ ~ ~ ~ _ _ _ _ _ _ _  __ .- -~ 

No. of teeth 18 11 2 1 5 6 
- 7 7 Obs. period 7-210 7 4 1  - 

(days) 

*) Some of these cavities had been left unfilled for 7 days prior to the insertion of restorations. 

The aim of the experimental procedure was to initiate irregular secondary 
dentine formation. The reason for using different filling materials was to eval- 
uate possible differences under varying experimental conditions, but the 
series are too small to allow a comparison between any reactions produced by 
the various restorative materials. 

Judged by the dental status, three of the monkeys were adults showing 
typical attrition on all teeth, while one was considered to be young, because 
the permanent canines had not erupted. Those teeth which exhibited attri- 
tion allow studies of the irregular secondary dentine commonly found subja- 
cent to such lesions. 

Most of the monkey teeth were decalcified and prepared histologically in 
the same way as the human material mentioned above, i.e. the sections were 
either stained or microradiographed. In addition, some undecalcified teeth 
were sectioned longitudinally through the cavities and the areas showing attri- 
tion (Table I). The ground sections thus obtained were microradiographed 
using Cu k-radiation in order to evaluate the distribution of mineral salts. 
Details of the method employed to prepare the ground sections and the mi- 
croradiographs have been described by Mjor (1966a). 

OBSERVATIONS 

Human curious teeth. The irregular secondary dentine was limited to the den- 
tinal tubules corresponding to the carious lesion. It stained lighter than the 
dentine, and contained fewer and more irregularly arranged dentinal tubules 
than the primary dentine (Figs. 1 and 3) .  Some irregularities in the dentine 
structure at the dentine/irregular secondary dentine junction were found in 
two teeth (Fig. 1). The predentine was wider than normal. 
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A hematoxyphilic band (Figs. 1 an.d 3 )  was found at the tlentine/irregular 
secondary dentine junction. 'This interface did not nsually stain with AR. It 
should he noted that the hyperchromatic liand was not deliniitetl to tlie (Len- 
tinal tuhules affected by the lesion, hut extended heyontl this area and wab 
continuous with the hyperchromasia normally foiintl at the tlentiiie/I)retleii- 
tine junction (Mjsr, 1366h). 

The most striking feature in the inicroratliograpl~s of the tlecalcifiecl scc- 

tions was the increased radiotlerisity of tlie irregular secontlary dentine as 
compared to the rest of the denline (Figs. 2 ant1 4). The areas with irregular 
structure close t o  tlic hyperchroniat ic bantl, al)peare<i as racliolucent areas 
(Fig. 2). 

Monke? iri(ztcriu,l ~~ ;ittrit,ion. L,ocalizetl masses of irregular secondary tlell- 

tine were found snbjucerit to  areas showing attrition (Figs. 5 ant1 11). A distinct 
hernatoxyphilic line separated the irregular secondary dentine from the adjoin- 
ing dentine, arid it was in tlirecl continuity with the similarly stained hand at 
the den.tine/pretlentiiie junction in unaffected areas (Figs. 5 and 11). This 
liematoxy1,liilic Ixmd was either AB lmsitive or negative (Figs. 6 and 12). Sim- 
ilar variations in the stairiing reaction with AU at the tleritine/predentine j u r w  
tion have h e n  observed in norinal material (MjGr ,  1'168). It shoultl be note(l, 
however, that even if the dentirie/yiredentine junction in unaffected areas ~ a b  

A13 positive, the dentine/irregular secondary dentine interface could IK AH 
negative (Fig. 6). I n  one tooth, froni which half the sections were cnt longitutl- 
inally and the other half transversely to the long axis of the tooth, an eosin.o- 
lihilic area w-as found at the tleritine/irregular secondary dentine interfacc~ 
(Fig. 7), i.e. the staining reaciion was similar to  that seen iu the pretlenline. 
This junction was apparently weak, liecause a separation hetween the rleiitirie 
and irregulac secwritlary dentine frequently occurred in this location. 

1 he decalcified scctions of the monkey material employed for microratlio- 
grapliy were rnort: often folded or loosened tlian was the case with those from 
the hunian ma terial. It appeared, how-ever, that the tlentine/irrcgular 

ondary dentine junction could contain more organic material than t lit, 
dentine on either side of it (Fig. 8). 

The niit:rorac~iogra~,I.ls of the undecalcified sections shoaed that the irre- 
gular seroridary dentine sihjacerit t o  attrition defect s varied more in mineral 
content than the primary dentine (Fig. 9). At the junction hetweeri the two, 
ii slightly more mineralized hand was fonncl (Figs. 9 antl lo), and it was ~ 0 1 1 . -  

tinuous with the more niineralised dentine normally fouii(1 close t o  the pre- 
dentine in such teeth (Mjtjr, 1966a). 

Monkey matcriul -- experimental cavity prepamtion,s. The reactions subja- 
cent t o  the exposed or restored cavities varied considerably, and irregular 

r 1  
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secondary dentine formations were usually ociatetl with iirifilletl cavities 
(Fig. 13). The junction hetween the dentine and irregular secoiidary cleiitiiie 
also varied. Cellular inclusions or prerleritirie-like tissue could sometimes he 
observed in this location (Figs. 14 arid 15), while in other instances the irre- 
gular secondary dentine had heen deposiit.ed on the dentine in a manner yirnilar 
to that s c m  sirbjacent t o  attrition. In sorile teeth with exposed cavities as well 
as iii soine of those which had heen restored, only minor alterations could be 
noticed, while in others ;I Indent ine  zone could not he discerned in t h e  area 
corresponding to the cavity tubules (Fig. 16). Accompanyiri.g the change in 
the stairial)ility of the predeiitine a higher content of organic niaterial (Fig. 1 I;) 
than that iiorrnally found (Fig. 18) was observed. An inflammat.ory response 
was only rarely detected, but, when present, it did not inhibit the formation 
of irregular secoriclary dentine (Fig. 15). 

The Iiiicrorat1iograI)lis of the ground sections from restored teetli were only 
from cases w-ith short o1)servatiori periods, and no differences in radiotlensit y 
from that seen normally, could he observed. However, this evidence is not 
corisiderrd conclusive, ant1 t~teritletl studies are requirrtl. 

Plate 1 

Fig. 1. Irregular secondary dentine (SD) subjacent to a carious lesion in a human tooth. Note 
the hematoxyphilic (dark) line separating the irregular secondary dentine from the adjacent 
dentine. Arrows indicate areas with defective structure. Microradiograph of a section from thc 

same tooth is shown in Fig. 2. HE stained section. x 110. 

Fig. 2. Microradiograph of a decalcified section from the same tooth as shown in Fig. 1. Note 
that the irregular secondary dentinr (SD) is more radiodense than the rest of the tlen- 
tine. Arrows indicate radiolucent areas found in thc dentine close to the dentine/irregular sec- 

ondary dentineinterface (compare with arrows in Fig. 1). x 110. 

Fig. 3.  HE stained section showing irregular secondary dentine (SD) subjacent to a carious 
lesion in a human tooth. Hematoxyphilic (black) line is found at the dentine/irregular secondary 
dentine interface. Note the irregular course of the dentinal tubules in the secondary dentine. 

Zlicroradiograph of a section from the same tooth is shown in Fig. 4. X 275. 

Fig. 4. Microradiograph of a decalcified section from the same tooth as shown in Fig. 3. 'The 
irregular secondary dentine (SD) is more radiodense than the adjacent dentine. x 275. 

Plate I1 
Fig. 5. HE stained section showing irregular secondary dentine (SD) in the pulp horn subja- 
cent to attrition. Note that the hematoxyphilic line separating the irregular secondary dentine 
from the rest of the dentine is continuous with a similarly stained line at the dentine/pretlentine 
junction in unaffected areas. AB stained section from the same tooth is seen in Fig. 6, and a 
section taken at right angles to this one from part of the same irregular secondary dentine. i-  

shown in Fig. 7. x 110. 
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Fig. 6. AB stained section from the same tooth as shown in Fig. 5. Note that the AB positive 
line (L) at the dentine/predentine junction is not found at the dentine/irregular secondary den- 
tine interface. The irregular secondary dentine stains lighter than the rest of the dentine. x 110. 

Fig. 7. HE stained section from the same irregular secondary dentine as shown in Fig. 5. The 
section was cut at right angles to the one shown in Fig. 5, and cross-sectioned dentinal tubules 
are seen at the dentine/irregular secondary dentine interface. Note that the hematoxyphilic 
hand in this location is caused by an intense staining of the intertubular areas. A light staining 
area (at arrows), with stainability similar to that of the predentine, is found interposed between 

part of the irregular secondary dentine and the adjacent dentine. x 275. 

Fig. 8. Microradiograph of a decalcified section showing irregular secondary dentine (SD) in 
a pulp horn subjacent to attrition. Note the radiodense line at the dentine/irregular secondary 

dentine interface. x 110. 

Fig. 9. Microradiograph of an undecalcified section showing irregular secondary dentine (SD) 
in the pulp horn subjacent to an attrition defect. A radiodense line (at arrows) separates part 
of the irregular secondary dentine from the rest of the dentine. Higher magnification is shown 

in Fig. 10. C: Crack in section. x 110. 

Fig. 10. Higher magnification of an area from the microradiograph shown in Fig. 9. Note the 
variation in radiodensity of the irregular secondary dentine (SD), and the relatively radiodense 

band separating it from the rest of the dentine. x 275. 

Plate 111 
Fig. 11. HE stained section showing irregular secondary dentine (SD) with cellular inclusions 
subjacent to attrition. Note that the hematoxyphilic (black) band at the dentine/irregular se- 
condary dentine interface is continuous with the similarly stained dentine/predentine junction 
in unaffected areas. AB stained section from same tooth is shown in Fig. 12, and a section show- 

ing an experimental cavity in this tooth is found in Fig. 13. x 110. 

Fig. 12. AR stained section from the same area as shown in Fig. 11. Note that the dentine/ 
irrcgular secondary dentine interface is AB positive and that it stains in the same manner as 

the dentine/predentine junction in unaffected areas. x 110. 

Fig. 13. HE stained section from a tooth with an experimental cavity (EC) which had been 
left unfilled for 210 days. Note irregular secondary dentine (SD) formation corresponding to 
the cavity tubules. S : Separation of the tissue at dentine/irregular secondary dentine interface. 

x 50. 

Fig. 14. Irregular secondary dentine (SD) with numerous cellular inclusions subjacent to an 
unfilled cavity. 67 days observation time. HE stained section x 275. 

Fig. 15. Irregular secondary dentine (SD) subjacent to part of the cavity tubules. Predentine 
(PD) stains either lightly or darkly at the dentine/irregular secondary dentine interface; both 
areas corresponding to the cavity tubules. Marked inflammatory reaction in the pulp tissue. 

Cavity had been left unfilled for 67 days. HE stained section. x 275. 

Fig. 16. HE stained section showing altered stainability of the predentine (PD) subjacent to a 
cavity which had been left unfilled for 7 days. The area where predentine should normally be 
found, stains like the rest of the dentine under part of the cavity tubules. Microradiograph 

from an area in this tooth which lacks predentine is seen in Fig. 17. x 275. 

Fig. 17. Microradiograph of a decalcified section from the tooth shown in Fig. 16. No preden- 
tine can be discerned (Normal appearance of predentine in Fig. 18). x 275. 

Fig. 18. Area from unaffected dentine showing the radiolucent part of the predentine (PD) 
adjacent to the odontoblasts. x 275. 
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DISCUSSION 

The preseiit ohservatioris indicate that niarlictl structural variations may he 
fou1id at the dentine/irregular secoiiilary dentine interface. These variations 
are so numerous that they cannot be directly related to t.he different types of 
destructive processes or experimental procedures. Apparently, similar coiitli- 
tioris resulted in different i ypes of st.ructural alterations, both at the dentine/ 
irregular sccoii.clary deritine interface arid in the irregular secondary cleritiiie 
per sc. 

Formations of irregular secoiidary dent irie have previously heen sliowu to  
he clelirnited from the rest of the dentine by a Iiarrow band with staining f r o -  
perties aiitl inicroratliograpliic appearaiices which differ from those iri t tie 
atljacerit deritinr (cg. Sicher, 1962; ilnneroth, Rergnun & LF'tbuncEer, 1966: 
IVakurtiimL, 1967). This clenurcation zone has been referred to as a d c i o -  
traumatic line by bfitchell and Jcnsen (1957) on tlie basis of its heniatoq- 
philia, arid hy iVuk.(zmuru (1967), because of its stainability and incwasccl 
niirieral conleiit. They imply, in other M-ords, that it reIweserited an alteration 
similar to  that in the calciotraumatic response described in  the roclent incisor 
( h i n g  Y: 18cinrnarin, 1948; Yeager Y: Riscnrtmnti, 1963). This resl)oiise 
involves niarked changes both in  stainaMit y arid mirieralization of the tleii- 
tine; it affects tlie entire dentine which is formed at a given time fo l lo~i r ig  
various systemic clisturbanres, aiid it may vary tlepencliiig 011 the esperiinentnl 
conditions. It has not hceri conchisively clernonstrated that such a res1)onw 
may he indiicecl locally in tlie dentine. In Koppang's (1967) material, for ex- 

ample, no sricli tlemarcation line appears to he present hetween the p imar>-  
dentine and the irregular secondary cleiitiiie formed in local defects (.mated 
hy irradiation of rotlent incisors. Some of the reactions ohservetl in the 1)reseiit 
study are similar i o those described for the calciotraumatic responsc. How.- 
ever, due to the great number of variations noted, it is not considered justified 
to  classify the localized alteratiotis fourid at the clenline/irregular secoii(lary 
tlenti~ie interfacc as a calciotraumatic response. 

It w-as of particnlar interest that the hematoxypliilia at the tlentirie/irrr,rrular 
secondary dentine interface was continuous with the similarly stained dentine/ 
preclentine junction in unaffected areas. The intertuhular areas were niarlieclly 
stained in 110th these regions. Similar observations have heeri made in iiorrnal 
material (zone 1 -- k f j t j r ,  1966 b). Considering that the dentine close t o  i h e  

predentirie is the only area where the intertubular matrix normally stains 
distinctly hematoxyphilic (Mjiir, 1966 b), it seems likely that a relationsliii) 
exists between the heniatoxyphilia in the two locations. Furthermore, the AH 
stainability of the dentine/irregular secondary dentine interface varied, a coil- 
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dition which is also found in normal material (Mjor, 1968). This evidence 
points to the hypothesis that destructive processes may initially affect the 
odontoblasts and predentine to  such an extent that further development is 
inhibited. 

In support of this hypothesis, it may be pointed out that predentine-like 
tissue was sometimes found between the dentine and the irregular secondar!. 
dentine. In these cases the destructive processes may have resulted in a severe 
reaction which prevented transformation of predentine into dentine before 
irregular secondary dentine formation was initiated. This latter c.)bservatioii 
may explain the band of low rriirieral content observed at the dentine/irregular 
secondary dentine interface (Nakamura, 1967). 

The localized, altered staining reactions and increased amount of organic 
Inat erial in tlie prederitine present at the start of the experiments, apparently 
accoml)aiiietl l)y ;I lack of €ormation of new predent ine, has also I ~ e n  noted 
in corticosteroid-covered tlentiiie (Mjar, 1967) and in orthorlontically iiitrudetl 
teeth (hdjijr & Stenwik, 1969). It is likely that if irregular 
forniat ioii  is subsequently initiated, the continuity between tlie t'c\-o I ypes of 
clentine will hc weak, resulting in a predisposition for histologic artefacts. 

I he present study has denionstrated that the irregular seconclary deritirie 
siibjacerit to carious lesions contains more organic material t haii Iuiniary tlen- 
tine. This is in disagreement with the ohservations made by d m e r o t h ,  Berg- 
I I L U ~ Z  arid Febunder (1966), who indicate that i t  is similar in hoth types of 
dentine. The permeahility of dentine is particularly tleperident on I he amount 
of organic material (Blake, 1958), arid its distribution is, therefore, important 
from a clinical point of view. Even though irregular secondary dentine forma- 
tion must be considered as oric of the main defence mechanisms of the pulp- 
dentinf: organ, it should be kept in miritl that t.lie )>barrier)) formed may be of 
inferior qiiality as compared to primary cleritine as far as the ingress of toxic 
agents is roncerned. 

r 1  

SC: JLI M ANY 

Tlir material comprised human and monkey teeth with caries or attrition. 
Exl)eriirierital cavities were prepared in some of the monkey teeth and they 
were eithcr restored or left unfilled. Stairietl decalcified sections as uwll as 
iiiicroradiographs of decalcified and undecalcified sections have I3et.11 studied. 

Market1 slructriral variations were found at the tleritine/irregular secoritlary 
dentine interface. These variations could r i o t  be directly related to the type" 
of destructive processes or experimental procedures. iZ hematoryphilic line 
observed at I he interface was found to lie continuous with the similarly stained 
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nine at t lie cleritirie/~iredrritirir juiiction in unaffected areas. A more 
mineralized 1)antl in this location was also continuous with a similar batid in 
iiriaff‘ectetl areas. Pretlcntine-like tissue sometimes iiitervenetl betweell localiz- 
ecl foririatione of irrcgiilar secoriclitry tleritiiie and the primary clcnt ine. Jn 
some tceih !+it11 eqierirnerital cavities, the predentine had apImeiitly triiiie- 
ralized \+ i~lioiit the forniation of new predentine. The irregular secoritlary 
cleritiiiv varivtl more in niiiieralizatiori than primary dentine, ant1 generally 
i I  (wtitiiiiiwl inore organic material. 

.-lc/cnowZedgement. ’I’he rnicroradiographs of the decalcified sections were prepared at the In- 
4 t u t e  of Ilental Research (Dr. John M. Shackleford), University of Alabama in Birmingharn. 
[I.S.A., (siipporttd 117- U.S. F‘ulJlie Health Service (;rant IlE-02670 from the National Institute 
[ i f  Dental &search). 

it BS L M B 

INTEHP‘ACE E Y T R E  L A  DENTINE ET LA DENTINE SECONDAIKE I K K ~ C I  L I E R E  

I,e iriat6rirl tlc cette ktudc comlireriait des (leiits hnniaiiies et (lee clrnls c l r  
Fitiges, Iirkmilarit tles caries on de l’attrition. Des cavitbs esl)6rinientalcs 
i u i t  616 Iir+r(ks clans qnelqiies lines des dents de singe, et certairies oiit 

6ti. obtur4es tandis (pie cl’aiitres restaierit oiiveries. Des coupes dkcalcifi6es 
e l  color6es e l  ties 1riicroratliograi)liies de c o i i l m  tl6calcifiPes o i i  no11 ont 
6t6 Pliitiibcs. 

Des variatioiis iriarqiibcs clans la striictiire ont CtC trouvees an rii\-(:aii tlr 
I‘interfuce tlrriliiit:/tleiitirie secontlaire irrCguliibre. Ces variations tie Iioiivaient 
6tre clirrclenient trikes en relation avec les types de processus c.leslriictifs 
OII tlr 1)ro(+dks espkrirnentaux. On a constat6 qii’niie ligtie pr6seritarit i inv  

affinitb Iioiir I’hCrriatoxyline et oLserv6e an niveau de l’interface, continiiait 
la zoiie Iirkseritant line coloration semblable ai l  niveau de la jonctioti dentine/ 
pr6dentiric tlaris les rCgioiis indernries. line 1,ande plus foririnent mitiPralis6c 

cet e n h i t  co i i t  iriiiait aiissi une Iiande semblahle clans les r6gions iiitlenines. 
Ln i i w i  analogtie B la i)r6dentirie 6tait purfois iriterposk entre ties tl$t r; 

IocalisPs tle clenline secoritlaire irrAguliPre et la dentine primaire. Daris 
qnelqiies lines des dents b cavitks espCrimentales, la prkderitine s’6taii 
iIppareirinieiit niinCralisCe sans formation de nouvelle prbdentine. L ~ I  dent inr 
secontlaire irrkgulikre prCsentail plus de variations clans la rriiiieralisat ion 
(pie la dentine Iirimaire, et contenait en g6nPral plus de substances organiqiies. 
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ZUSAMMENFASSUNG 

DEI< URERGANG ZWISCIIEN DENTIN UND IRREGCLxREM SEKUND.hDENTIK 

llas Malrrial liestand atis Menschen- nnd Affenziihnen die Karies oder Rttri- 
Iion aiifw-ken. In einigen Affenx~ihnen wurden experinieritelle Kavitiit eri 
prepariert und entweder gefiillt ocler offeristehenrl gel 
Sclmitte wurden gefarlit untl untersucht, untl auch Mi 
sokhen Scluiitten sowie von untklialzinierten Schriitteii wurden stndiert. 
Marlcirrle htruliturclle Variationen in drr Ubergangszone zwischen Dentin 
1in11 irrcguliircm Sekiintlardentin wurden ohserviert . Djese Variationen 
~c~liienen yon der Art der tlestriikti\ en Pro e otler experinientellen Vor- 
glnge unahhiirigig zu sein. 

Einc Iiiiniatoxyphile Linie a n  cler ~l:'l,crgangszone r)eiitiri/Sekriricl~r~er~~iii 
\I ilr init h e r  Bhnlich gefarbten Linie an  der Dentin/Priidentingrenze nichi- 
affizirrtrr Tpile zusammenhangentl. Weiier konnie ohserviert werden, dass 

cin sliirker inirieraliziertes Band dieselhen 'L'erhiiltnisse aufwies. Priidentin- 
iihnliches Gewebe erschieri sporatliscli ZM ischen dem Dentin und dern irrepu- 
Iiireti Sel<untliirdent in. 

Eiiiige Ziihne in welchen experirneritelle Kavitgten priipariert w-orden 
warm, zeigtcii rriineraliziertes Priitleritiii ohne Rildung von neuerri Priideritiii 
aaf. Ilas irreguliire Seliiindiirtleiitin variierte rnelir heziiglich tler Mineralizn- 
 ion als cltis regnliire Dentin, iintl enthielt iin allgerneinen rnehr organisches 
l\latcirial. 
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