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IN'I'RODUC'I'ION 

A carious defect in the enamel iii:iy result either from reriioval 
of the minerals or from coiiiplete destruction of the organic 
matter. It is well known from histological studies that  it i s  
difficult to preserve the organic stroiiia when the enamel is de- 
calcified, and if the organic stroiiia is destroyed the enamel loses 
the tissue connecting the prisms and becoiiies hrittle. The usual 
appearance of curies at an advanced stage is ;I macroscopic de- 
fect -- n loss of both inorganic and organic substance. Accord- 
ing to  iViller (1890) both components are destroyed by the 
carious process, the inorganic elements through acid dissolution, 
the organic elements through proteolysis. 

However, a study of the iiiacroscopic defect tells us  nothing 
about the initial lesion (the first changes in  the norinal enaiiiel 
surface). Miller helieved that the primary lesion was a n  effect 
of acid. For a long time his theory has been uncontested, and 
even today it has  the largest number of supporters. Recently, 
however, there has  been considerable discussion concerning the 
primary stage. A group of investigators iiiaintains that the organic 
coinponent is attacked first (P incus ,  1940, Gottlieb, 1944, Nuckolls 
d Frisbie, 1946). Supporters of this theory agree that acid disso- 
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hydrogen ion conc.entr:ition was  not the decisive I':ictor. :is t l i f -  
ferenl solutions with the s:iiiie pH-v:ilue gave widely w r y i n g  
degrees o f  dec:ilcific.:ition. 

More recently a l s o  Knriglif ,  Fr irsr l l ,  :ind Trrschcr ( 1932 ) have 
etiiployed 1:rct:ite huffers ( p H  4.0 8.0 1, which :i l l  caused disso- 
lution of the enaitiel. 'I'hey found t h a t  l)uffers pres~itiiahly S:I- 

tur:itetl with cb:ilciuiii :intl Iihosphate had less dec:ilrifying Ihower. 
:ind they ~n:iint:iin th:i t  I:ict;itr :tilt1 cit rate buffers, ~ ~ i ~ e v i o u s l y  
s:itur:itetl with c:ilciuni I)hosph:ite, :il)ove p H  5.0 only (b:iuse.tl :I 
1r:irely cliscernihle decalcification. This  pH-wiliie :rppe:trs in later 
1iter:iture :IS the so-c:illed criticVal pH-value, ahove which enarnel 
in riirio cnnnot he de.cb:ilcified. H u t  Hrsic ( 1953)  :irgues that  the 
hul'fers used Iry Enriglit : ind h i s  co1I;il~or:itors were not saturated 
with c-alciuiii ; ind phosphnte ions. He claiiiis to h:ive 1)roducetl 
s:itur:ited huffers : i n t i  finds t h : i t  these do not dissolve the enuinel 

The : i i i i o i i n l  of' dissolved eiiainel increases with the concen- 
tr:ition o f  H-ions. Rosrhirr!/ I 1038) hws shown that five times 
:IS iiiuch en:iiiiel is tlissolwtl :it pH 3.5 ;IS :it pH 4.5. According 
to  b'osilick LS- Sfrrrke ( 1!)39), i t  is iiiipossihle to tieleriiiine :it%- 

c~ur:ileiy the solubility ~ ~ r o d u c t  f o r  en:itiiel. ln order to gel :i 

tiefinite solul)ility 1)rodiict for  :I coinpoiitid, i t  initst be piire at id  
iniisl h:ivc :I definite cheinic:il for i i i i i l :~ .  1hhh.s ( I!)32) Iwints out 
t h : i t  estr:ic*tetl teeth, iiiitiiersed in :I 0.75  % I:ic.tic :icitl solutioii, 
:ire first dec~:ilcil'ietl on the sinooth, w o r n  surf:ices. IJiiernl)tetl 
teeth do not h:tve :I surf:ice resisting 1)roperty sitiiilnr to tha t  o f  
erttptetl teeth. Sever;il investigiitors claiiii lo  have found gre:it 
individu:il v:iri:iiions in the :ihiIity of cn:iniel lo  resist t h e  effec.ls 
ol' ;icitl (Mclnfo.sh P !  01.) l ! M ,  I<nri;lhf r f  t r l . ,  1 9 3 2 ) .  

I n  the earliest tlec*:ilcific:ition experiments the whole tooth WIS 

itiiiiiersetl in the :icid. Recently the use of isol:itetl esl)eriinenl:il 
:ire:is has heen preferred ( I3rrrdrriold) 1948, l i c i l ,  1949, Hrsic, 
1953). The latter iiiethocl offers several adv:rnt:iges. 

I<nriglit rt trl.  i 11132) state that  the microscopic investigntinn 
"is the most de1ic:ite method for detecting action of' :icitls 011 

en:iinel". IZril ( 1949 ) strongly einph:isizes the :idv:int:tges of 
polarizetl light. I'olnrized light was :ilso einployed lry SyrrisI 
( 1!)4!1) for studies of changes i n  the emiinel surf:ire layer follow- 
ing ;~pplicntion of' fluorides. I t  in:iy he tnentionetl th:rt f;rr.sttr[son 
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P t  01. (1947) used this iiiethod for investigntion of natural hypo- 
c:ilcific:itions of  thP enninel. 

1932),  and U f s i r .  
(1953) claiiii th:it changes in the enamel effected by nie;tns of 
pure acids and buffers correspond to real caries, others, e.g. 
Frrsoli dt- Mriniorrtli (1926), and C o x  (1950) n1:iintain that these 
changes represent unspecific decalcification. 

In short, it appears that  the problein of  the effect of acid 
on enamel hiis not yet been fully clnrified. Since different in- 
vestigators have eiiiployed different methods without always 
descrihing their techniques dequate ly ,  it is difficult to evaluate 
earlier find ing s . 

In this p iper  a series of  experiments will he described, in which 
clearly defined methods were used. 

While Ehrpnsbergrr ( 1930 ), 1:nriyht et  01. 

R1A1'EI~IAIA AND METHODS 

The material in the present study consisted of newly erupted 
preniolars extracted in the course of orthodontic tre:itinent o f  
school children, aged 10-14 years. Iiiiiiiediately after extraction 
the teeth were placed in physiological saline solution and used 
within :I few days. Hy iiienns of a dissecting microscope :I selec- 
tion was made of teeth that  appeared to have a normal and in- 
tact enamel surface. A nuiiiber of teeth with early stages of 
caries were selected for the purpose of  coii iprison. 

A siiiall area of the enaiiiel was isolated, using a modification 
of Hrudevold's "window" technique (1948). The tooth wits quick- 
ly dried with filter paper, ;ind a circular, macroscopically intact 
enaiiiel area, about 3 111111 in diameter, was walled off with hlue 
inlay wax, while the rest of the tooth was covered with 'I'enax 
wax. The experiinental areas were mainly chosen on the buccal 
and lingual surfaces of the teeth. Over the isolated area, and a t  
an  angle of 90°, a wax cylinder with an  internal diameter equal 
to the diameter of the experimental area was iiiounted. The 
length of the cylindrical tube was about 12 nini. During the 
mounting of the tube, the enamel surface was kept moist with 
physiological saline solution. 

The solutions used for decalcification were placed in the tubes 
which were sealed with wax. Soiiie of the experiments were per- 
formed at rooni teniperature, others in  a thermostat at  3 7  ' C. 
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After preliminary experiments lactate buffers, pH 3.51 to 5.70 
were chosen for the final series. The lactate buffers were pre- 
pared by mixing 0.5 M lactic acid and 0.5 M Nn-lactate. Thus, 
all the buffers had the saine ionic strength. The pH-values were 
controlled by iiieans of n glass electrode. The coinpsi t ion and 
pH-values of the buffers are shown in Table 1. 

In experiments lasting more than two days the buffer  solution 
in the wax tube was changed every 48 hours. 119 experiiiients 
were included in the final series. 

80 preliminary experiments were conducted with lacate buffers (pH 2.0- 
4.75) ,  which liad a different composition and varying ionic strength. For 
this reason the preliminary experiments were not included in the present 
study, ;tiid will only be hriefly mentioned in the following discussion. 

Table 1 
Composition of the lacate buffer solutions and their pH-values. 

I’ H 
’ Lactic Soilium ~ 

1 acid lactate 

I ! 12 
8 

7 
G 
5 
4 
3 
1 1 ;  1 

I 0 

8 
12 
1 3  
1 4  
1 5  
1 6 
17 

3.51 
3.91 
4.00 
4.12 
4.22 
4.31 
4.48 

I 19 I 4.93 1 

I 31 5.12 
50 :,.25 
90 3 43 
20 I 5.70 

.- I 

After varying tiiiie of exposure a l l  wax was mechanic:illy re- 
iiioved froin the tooth surface, which was then studied under a 
dissecting niicroscope. Without embedding, ground sections of 
the teeth (through the centers of the experiiiiental areas) were 
prepared. The m i i n  eniphnsis was put on the microscopic investi- 
gation in polarized light, since this iiiethod proved superior to  
exaiiiination in  ordinary light. Fig. 1 presents a ground section 
imbibed in Cnnnth bnlsatn, a s  seen in :in ordinary microscope. 
Fig. 2 shows the saiiie speciiiien in polarized light. Fig. 3 shows 

7 - Acta odontol. Scandinar). 1’01. 13 



the wine speciiiien in po1:irized light, but iiiibihed in water. It is 
obvious that 1)oI:irizeti light yields :I far  more differentiated 
picture than ordin:iry light. Furthermore it is evident that  by  
iiiibibilion in w:iler more (1elic:ite details :ire disclosed then by 
iiiibihition in C:rn:ida balsam. On the basis of these comparisons 
the present work w:is carried through :is :in investigation o f  
water-iiiibibetl specimens in polarized light. 

According to  the  pioneer studies by Schmidt (1933, 1938) the  hii*efringenee 
of the  enamel is  the  result of interaction between the  negative intrinsic hire- 
fringenee of the  crystnllitcs, (micells) ,  and the positive form birefringence 
of tlie int.cwnieell;iry areas. I n  the early stages of t h e  development of  t h e  
tooth, when t.he crystallization has jus t  begun in the  newly formed enamel, 
th i s  enamel will exhibit positive hirefringenee mlien studied in  a polarizing 
microscope. (It  is assumed tha t  the specimen has  been imbibed in distilled 
water and that. the p r i s u s  :ire oriented wi th  the i r  longitudinal axes diagonal 
through t h e  positive quadrants ) .  Due to  the  scarcity of cryslall i tes a t  t h i s  
early stage, tlie positive form birefringence of the  intermicellary are:is wil l  
dorninatc. A s  t he  mincralizat ion progresses the amount  of crystallites wi l l  
increase a t  the cxpenee of the  intermicellary areas. 1 bus, t he  positive bire- 
fringence in the  enamel will  gradually decrease unt i l  it  reaches ii point 
where Ihc positive birefringence of the  intermieellary areas and the  negative 
birefringence o f  the  erystallites a rc  equally strong and balance each other.  
A t  this point t he  ennmel will appear isotropic (pseudo-isotropie). \Vhcn t he  
amount of crystztllites iricreases fur ther  the enamel wit1 show negative h i -  
refringenee, most strongly in  the  fully mineralized part of the  enamel. In- 
completely mineralized enamel can be imbibed in fluids of different re f rwt ive  
indices, whereby the  intermicellary areas will be filled. The birefringence 
will then change f rom positive, through isotropic, to  negative - or in tlie 
opposite direction, depending on circumstances. Gusttcfson e t  ( I / .  (1947) 
ascribes the  fo rm birefringence to  preformed spaces in tlie enamel matrix.  
For details on the method of polarization microscopy the  reader is referred 
to  Schmidt ( 1 9 3 8 ) .  

Since the process of decalcification may be  considered the  reversed proecss 
of  mineriilization, the same stages can be obsc~rved, h u t  i n  reversed order, 
i.e. the  birefringence will change f rom negative through isotropic to  positive. 
This hehaviour Iias 1)een utilized in  the  present investigations. 

r .  

It is generally recognized that the enamel cuticle cannot with 
certainty be observed in ground sections. In view of this fact we 
have preferred to describe our enamel specimens without any 
special regard to the cuticle. ' h i t  a cuticle is present in our  
speciiiiens is, however, quite likely, since we are  dealing with 
teeth fro111 young persons and with tooth :ireas that  have not 
been in contzict with opposing teeth. 
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Fig. 1. Canada bals;im. Ordinary light. Detect: Outer spot ( I a ) .  Not t o  he 
c I en r l y d i s t i n gu i s h ed . I  

IlESIJLTS 

In our experiments two types of defects appear. Fig. 4 a-c 
presents a schematic view of the en:iinel in  an unstained ground 
section of a tooth viewed in polarized light with crossed nicols and 
with application o f  21 compensator (gypsu~i, red, 1 st order) .  The 
prism boundwies are indicated by fine lines. When a compen- 

~~~~ ~ ~~ ~ 

‘All the  pictures represent ground sections. Fig. 1 is derived f rom in- 
vestigation in an  ordinary microscope. Figs. 4, 5, anti 18 a re  derived f rom 
investigations in :I polarizing microscope with the  use of a gypsum com- 
pensator. l’lie rest of the  figures :ire f rom investigations in a polarizing 
microscope without th i s  compensator. 

d bbreoicf f i o n s :  

S = surface of the enamel. 
H = striae of Rctzius. 
I. S. = inner spot. 
0. s. = outer spot. 
D = dentine. 
+ = positive birefringence. 
--. : = negative birefringence. 
0 = isotropy. 
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sator is used, areas with negative birefringence appear yellow. 
Blue color indicates areus with positive birefringence, i.e. areas 
with strong dissolution of the subinicroscopic crystallites. Finally, 
red color indicates isotropy (pseudo-isotrol)y), i.e. areas which 
represent a n  intermediate stage between the two other stages 
with regard to degree of decalcification (negative and positive 
birefringence neutralize one another). In Fig. 4a the polarization 
colors show that a strong dissolution of the mineral component 
(blue color) has taken place f r o m  the surface. A less decalcified, 
narrow zone (red color) separates the affected area from the  
interior, apparently intact, enamel (yellow color). The super- 
ficial layer of the enamel is preserved in spite of decalcification 
of the deeper layer. Under the dissecting microscope this defect 
will appear ;IS a distinct white area. Fig. 4h shows a condition 
representing a further development of the defect just  described. 
A cavity has been formed, bordered by a narrow positive zone, 
which in  turn is separated from the deeper, negative areas of  
the enamel by an isotropic zone. The loss of substance will norin- 
ally he detectable in the dissecting microscope, and the periky- 
iiiata will no longer be seen. I n  the following these types of defect 
will be referred to a s  types I a  and I b ,  respectively. 

The second muin type, type 11, is seen in the drawing in Fig. 4c. 
In this case the defect does not seem to develop in  the outer 
zone of the enmiel  but just  below and par:tllel to it. The defect 
has a positive central area, surrounded by :in isotropic border 
zone. A n a r r o w  zone of negative enainel sep:irntes the defect 
from the en:iinel surface. Exaiiiinntions both with the fluores- 
cence iiiicroscope and with incident light d s o  indicate that the 
degree of niiner:iliz:ition in this zone is about the s:iiiie a s  that 
of the rest o f  the negative birefringent int:ict enainel. 

The prisins proper in this outer zone appear to be intact, but 
the effect of acid can be observed in the prisin sheaths and in  the 
interprisniatic substance. These ch:inges can also be observed 
on the other side o f  the defect, towards the inner part of the 
enamel. Type I1 shows great siiiii1:irities to 1i~~~oc:ilcifications 
of developnient:rl origin in  the enamel. In the dissecting inicro- 
scope this type appears : is  :I faint white spot with a shiny sur- 
face. 
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Fig. 2. Same section a s  in Fig. 1 .  Canada balsam. Polarized light. Outer spot 
t o  be dist inguished.  

Fig. 3. Satnc section as in Fig. 1. 1)istilled water. Polarized light. Defect 
shows differrntiatioii (outer  zone +, border zone o, intact enaniel +). 
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Macroscopically both types of defect reseinble the opaque 
spot indicative of initial caries ((;erni;in : I<reidel'leclc). "Spots" 
inust therefore be considered a n  :rppropri:ite terin, since it also 
describes their :~ppear-:ince i n  the po1:irizing inicr-oscope ( see 
Figs. 7, 11:i and 1 8 ~ 1 ) .  Consequently, the types I :inti I1 will be 
referred to :is 'outer spots' and 'inner spots', respectively. The 
two innin types o f  defects have here been described in their most 
c1i:ir:icteristic appe:ir:ince. But, if we  consider different stages 
in the developinent o f  the mi in  types, :I series of 'subtypes' iiiay 

be recognized. 
The following stages o f  the two main types are conceivable 

: m I  have, in fact, a l l  been observed in the material under study :-- 

iiegatii e 

Type I ~ Outer spots :  

isotropic -- negati\c 
po\ i t i \ e  -- 

~~ 

l a  1 isotropic ! negative 
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Table 2.  Type of tlccnlci!ication i n  relation to  1 1 1 1  a n t i  tttiic 
~~ ~ . 

1.18 1 
1 1 8  
4 4x 

-I.!):% 
4.93 

1.93 
1 , !) 3 
4 ! I 3  

I 5.12 

5.12 
5.1Y 
5 1 2  
S.23  

~ 4.!13 

, 1.93 ' 

~. 

I .-1.12 

I 2 2 
2 1 

~ 
~ 
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Table 2 shows that three different pH-ranges can be distin- 
guished with regird to the relation between pH and type of tie- 
calcification : 

1. At pH 3.51--4.00 only outer spots appear. 
2. A t  pH 4.12--5.25 both inner and outer spots nppe:ir. The 

iniier spots were seen in rehtively short experiments only. 
This will be discussed Inter. 

3 .  At pH 5.43L5.70 once again only outer spots appear. 

Ad 1. Three experiments were carried through at  pH 3.51, 
with the time of exposure wrying  from thirty niinutes to two 
days. All the experinleiits resulted in the appearance of  a n  outer 
spot with cavity in  the surface (Ib. See Fig. A ) .  Ten experiment? 
were made :it pH 3.91, with :ipproxiinately the s;inie tiiiies of 
exposure a s  a t  pH 3.51. When the time of exposure was less than 
two hours a n  outer spot without cavity in the surface was pro- 
duced (la, Fig. 7) .  When the time of exposure exceeded two 
hours, type Ib :q)peared. At pH 4.0 only two experiments were 
carried out, both of  brief duration and both resulting in :in outer 
spot without a cavity. An outer spot a t  a very early stage is 
presented in  the drawing in Fig. 4d. In the preliminary exyeri- 
rnents the same result was obtained at  pH 3.0 with a 2 minutes 
exposure. The affected area contains sinall, positive double-re- 
fractive fields, triangular in form, with the apex pointing in- 
wards, and separated from the negative enamel by a narrow iso- 
tropic zone. These fields have developed in  the areas between 
the striae o f  Hetzius, which apparently have resisted destruction. 
It appexrs that the course of the striae of lletzius determines 
the shape of these fields. To the left the striae of Retzius r u n  
steeply towards the surface. To the right their course to the 
surface is inore oblique, with the result that the distance between 
the striae is greater here than to the left. The defects, too, :ire 
brotider here, since they develop in the enamel between the striae. 
When the tiiiie of exposure is prolonged, the defects coalesce, 
but a somewhat wavy line of separation froni the intact enamel 
remains. This wavy line is also seen in inner spots (Fig. 8)  and 
in  outer spots obtained at  higher pH-values (Fig. 9 ) .  

Ad 2. An inner spot appeared only within the pH-range 4.12- 
5.25. It was noticed that this type of spot w a s  produced :it each 
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Fig. 4. Schematic drawing. 'Types of defect. Polnrizetl light (compensntor). 
Distilled water.  'The prisms oriented wi th  tlicir longitudinal axes diagonal 
through t h c  positive quadrants.  Yellow = +, blue = +, red I o, a:  outer 
spot ( I a ) ,  1): outer spot ( Ih) ,  c :  inner spot  ( 1 1 ) .  Prisms ill a,  h, and c drawn 
a s  fa in t  lines. d :  outer spo t  at very early st:igc. 13elations Lo s t r iae  of Hetzius. 

Pr i sms  not drawii. 

Fig. 5. Schematic drawing. Development  o f  a n  iiiiier spot ( a  and 1)). Change 
t o  ill1 outcr sp('t (C). 
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of the pH-v:ilues in  this range only when the tiiiie of expo- 
sure was below ;I certain time liniit dependent on the pH-vnlue.1 
When this limit was exceeded an  outer spot appeared, i.e. the 
original inner spot becuine : i n  outer spot. The time liiiiit is 
determined by the p H - d u e  of the huffer: the higher the pH, 
the longer the tiiiie of exposure needed before the spot changes 
from an  inner to :in outer one. The fact that sornetiines inner, 
sonietimes outer spots appear before this liniit is reached, prob- 
ably depends 011 iriclividu:il variations in the composition of the 
en:t iiiel. 

Table 3 shows how the time limit varies with the pH-vniue, 
a s  well as  the relationship between the nuiiiber of inner and 
outer spots within this time liiiiit. We  notice that  the time limit 
increases from pH 4.12 to 5.25. It should be mentioned that 
one of the five experiiiients at pH 4.48 gave a deviating result, 
inasniuch a s  :in inner spot appeared (see Table 2) .  Outer spots 
predoiiiinated, however, in  the five day experiiiients at this pH- 
value ( 3 :  1). In experiments lasting two days or more only outer 
spots appeared; the ratio in  the one day experiments was 1 :  1 .  

1 At pH 5.25 the time of exposure WRS apparently not sufficient t o  produce 
an outer spot. 
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The experiiiients a t  pH 4.93 p r t i cu la r ly  deliionstrate how :in 
inner spot develops and changes into :in outer spot :is n result of 
exposure (Fig.  5 ) .  Fig. 5a shows the result o f  :in 8 hour eupoqure: 
:I n:irrow isotropic zone is sep;ir:ited f ro i i i  the en:iiiiel surf:ice 
by :I neg:iti\e double-refractive zone ( inner  spot, first stage). 
I n  the 19 hour  experiineiit (Fig. .ib) the isotropic zone widened, 
:ind 21 positive central area with isotropic horder zones tlevelopecl. 
After an exposure of 12 days (Fig.  5c)  the  outer neg:itivP zone 
w i s  dec:ilcified :ind :in outer spot with a cavity dcwlopetl. 

At  pH 5.12 the inner spot :ilw:iys :ippeared only :IS :in isotropic 
zone. (Fig.  10) .  Inner spots :it ii>:isiiiiuin developinent, i.e. with 
iii:ixiiiiuiii width o f  the central, positive area, appeared a t  pH 
4.31-4.48. (Figs.  1 l a  and 18 1 1 ) .  The fact that  pH 4.12 is the 
lowest w l u e  at which a n  inner spot has :ippe:ired in our  experi- 
mentc, does not exclude the possibility that  decalcification of 
the e1i:imel :it even lower pH-values starts :is this  type of defect. 
But with such high concentr:ition of H-ions the time of exposure 
inust he quite short. This, in turn,  1iie:ins t h a t  the affected enoiiiel 
zone beco ni e s so na r row that :I his t o I og i c;i I deter in  i n :I t i on of  t h is 
type o f  defect is iiiipossibble. It h:is heen found that the negative 
zone ])eripIier:il to the inner spot becoiiies gr:idu:illy n:irrower 
:IS the pH-values decrease f r o i n  3.12 towards 4.12. 

3. One surprising result o f  the experiments was th:it only 
outer spots :ippeared :it pH-\:ilues above 5.43. The  destruction 
caused by the  buffers a t  these pH-values w:is very slight (Fig. !)) 
:ind in inany cases only :I n:irrow isotropic zone in the surface 
of the enniiiel WIS evident. 

A three (lay experiment :it pH 5.70 resulted in  :I defect t1i:it 
w a s  partly an outer, partly :in inner spot (not  included in 
T:ible 2 ) .  T h e  peripheral intact zone w:is, however, extremely 
n :I r row, t h u s d i f f  eri ng di s t in ct I y f ro  i n  t 11 e co r re s 11' on d i ng zon e 
a t  pH 5.25, the 1ie:irest lower w l u e  a t  which an inner spot \v:is 
ohserveti. 

It  is  Itnown fro i i i  earlier pub1ic:itions that enamel is tiec:ilcified 
:ilso Lit pH-vdues above 5.70. We have not, howe\w,  extended 
our  experiiiients :ibove this v:ilue, since higher pH-vdues conld 
only be obtained by ch:inging the concentr:ition of the  components 
of the huffer, which would iiie:in that  the results would not h:ive 
been direct I y c o I i i pa r :i b 1 e with t h ( ) se rep or t ed he  re. 
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Fig. 6 .  D i s t i l l ed  water. Polarized l i g h t .  Port of outer spot ( I b .  See Fig .  41) ) .  

Fig. 7.  1)istillcti waler. l’olarixcd Iiglit. pH &!)I. ‘!’itne of  exposure: less tIi:ln 
2 hO1lI.S. Outer s p o t  ( I a ) .  



D I s c L’ s s I ON 

Ehrensherger ( 1930 ) in experiinents similar to  ours  obtained 
changes in the enainel. She classified these a s  two types of de- 
fect: 

1 .  Defects with cavity in the surfwe. 
2. Defects with intact surface. 
Gore ( 1940) makes the s;iine distinction. ‘l’heir classification 

is based on examination in ordinary light. 
The c1nssific:ition of the two types of defect, a s  inner and outer 

spots, is based on our findings in po1:irized light. Our division is 
made possible by the fact that the polarizing microscope gives a 
inore differentiated picture of ground sections than an ordinary 
inicroscope. The inner spot, :is we have described it, does not cor- 
respond to any of the conditions found by earlier investigators 
in similar experiinents.1 Both Ehrensberger and Gore used a 
long time of exposure. This prob:ibly explains why they did not 
observe an inner spot. It seenis that it is not the outline of the 
enamel surface - whether it is intact or not - -  that is the deter- 
mining criterion, but solely the dissolution of the calciuni s:ilis, 
as it manifests itself in polarized light. Apparently intact sur- 
faces occur not only with inner spots but also with one of the 
types of outer spots ( la ) .  Our findings show that the inner spot 
represents a certain phase o f  the decalcification process, a phase 
which occurs only under certain conditions, viz. within :I certain 
pH range and within a relatively brief period of exposure. Gore 
states that in the cases where he found an intact surface, the  
decalcification was limited to the interprisinatic substance. In 
our inner spots we have been able to observe also ;I dissolution 
of the calcium salts in the prisins proper. 

It is not easy to explain how :in inner spot develops. The de- 
calcification of enamel is undoubtedly a complicated process, 
influenced by several factors. Ehrensbergfr explains her results 
by adopting the view of GIysi (1921) who assumed that hyper- 
calcified zones occurring in caries resulted froin remineralization. 
According to  this view the acids which penetrate into the enainel 
become saturated with calciuni salts which iiiwy be precipitated 
_ _  

1 Kei l  (1!)49) presents a picture of  a defrct similar to our inner spots. This 
is, however, produced b j  I)read-wl i \  ii mixture. 
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Fig. 8. Distilled water. Polarized light. Inner spot with :I wavy line of 
sepratioii  from the intact enamel. 

Fig. 9. Fig. 1 0 .  

Fig. 9. Distilled water. Polarized light. pH 3.43. Time of exposure: 2 days. 
Narrow outer spot with relation t o  striae of  Itrtzius. 

Fig. 10. Distilled water. Polarized light. pH .5.12. Time of exposure: 2 days. 
Iiincr spot only as :in isotropic zoiie. 
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in other :ireas o f  the en:irnel, ftrr inst:lnce in the previously de- 
calcified ennniel surface. This ni:iy be y:ilid for real caries and 
2ilso for in nitro experiinents Ltith interniittent exposure to the 
acid. But in  experinients with continuous exposure the conditions 
necess:iry for reininera1iz:itioi~ are not present. Even if we assume 
that the penetrating buffer becomes s:itur;lted with c:~lciuni salts 
in :I certain layer inside the en:iinel, vve tnusl also :issuine tha t  
the  tiissolved salts diffuse inwards :is well :is out of the en:iiiiel. 
The salts diffusing outward ineel the entering buffer and move 
towards an  increasing roncentr:ition of H-ions. This means 
that the degree of satur:ition decreases towards the surface, and 
it is therefore inconceivable that precipitation of the dissolved 
salts can take pl:ice in the enaiiiel surface. Consequently, the  
negative c~ouble-refr:icti\i~ zone between the inner spot and the 
surface of the eiianiel can hardly be due to continuous re- 
~niner:ilization. 

We haye tried to exp1:iin the developnient of the inner spots 
by siniplifying the probleni, considering only the factors tha t  
are assunied to be most iinportant in the process of decalci- 
fic:ition: - 

A s  T:ihle 2 shows, the so-called inner spots appeared in our  
experiinents only within :I certain pH range (4.12-5.25). Out- 
side this rnnge only outer spots were observed. It is further 
evident froin Table 2 that  within this pH rnnge the type of 
defect depended on the time of exposure. But even under experi- 
mental conditions generally resulting in development o f  on inner 
spot, an outer spot did occ:isioually appear. As nientioned earlier 
this must be assuined to be due to variations in  the  composition 
of the en:iniel, i.e. normal v:iriations which always ni:iy occur 
in biol ogica 1 in :it eri a 1. 

The type of spot is thus priinarily deterniined by the following 
factors : 

1 .  The pH-value of the buffer. 
2. The time of exposure. 
3. The composition of the enatnel. 
Conditions quite sitni1:ir to the inner spots we have observed 

in our experiments, are found in developmental hypocnlcification 
of the en:itnel, as  well :IS in early stages of caries. I n  our  experi- 
ments an  inner spot appears :it pH-values corresponding to those 



Fig. 1 1 .  Inner spot. pH 4.31. Time of exposure: 45 min.  

See Fig. 1 c. 

t i .  The w m e  spccinien i n  anilin. Polarized light. 

a.  Distilled water. Polarized light. Maximal width of crritral pos i t i \e  area. 

Fig. 12. Fig. 1 3 .  

Fig. 12. Distilled water. Polarized light. Caries in the enamel .  

Fig. 13. The s:imr specimen a s  in Fig. 12. Cinnamon oi l .  Polarized light. 
Positive areas partly disappeared. 
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found in plaque (Stc.phan, 1940, 1944, StrGZfors, 1948).  Hoth the 
early stages of caries and the inner spots we have induced :ire 
inibihnble.1 There are, in other words, several points of similarity 
between our  inner spots and caries. Since an  inner spot does not 
only appear under the conditions of our experiments, we niay 
assunie that  it is due to  conditions in  the enaiiiel itself. 

In order to act in  the depth an  acid inust penetrate into the 
enaiiiel. In principle penetration and free diffusion are processes 
so closely related that they can be subject to the same iiiathe- 
iliatical treatment. 

The formula for free diffusion is :  

X 
where y = 

2fut 

Adnir (1920)  has shown that the foriiiula also is wl id  when 
the diffusion takes place in :I gel, and we may :issuiiie that  it 
also is valid for penetration of  the enamel. In the formula C 
is the concentration of the diffusing substance, nt a certain 
distance, x, from the houndnry, after the h i e  t. ‘The constant k 
depends on the conditions of the experiment. If the diffusion 
occurs from a solution into an ecpi:illy large volume of the pure 
solvent, the concentration of the dissolved substance will, when 
equilibriuni hus been established, he the s:iiiie throughout the 

whole system, viz. . In this case 1c = :LA. In o u r  experiiuents 

the volume of the buffer h:is been l u g e  in  re1:rtion to the aiiiount 
which penetrated the enamel. The conce1itr:ition outside the 
enaiiiel  nay therefore be considered constant = CO,  :rnd 1c is 
consequently = 1 .  

The decalcification is caused by the H-ions only. It iiiust he 

co 
2 

1 K e i l  ( 1 ! ) 3 7 )  mentions that natural caries, contrary to  hypocalcificatioti~, 
cannot, or  only with great difficulty, 1,c imbilxd. IVc have found that this 
distinction cannot 1)e maintained, since all ground section apccimcns of 
enamel csiries are im1iil)able. (Figs. 12-13). Recently Kei l  (1934), too, has 
found natural caries to  l x  iinl)il,able. 
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assumed that  H-ions and lactate-ions penetrate with equal speed. 
Therefore, C iiiay represent the Concentration of H-ions. 

If certain values for x are chosen, and t is  varied, a calculation 
of C according to the formula above will give a set of curves. 
Each curve represents a given value of x and shows how the 
concentration of H-ions at  a given distance froin the boundary 

Fig. 1.1. 

(en:imel surface) varies with the time of exposure. Fig. 14 shows 
the result of such a calculation. The value of D in  our experi- 
ments is not known. Therefore, :in arbitrary value for I) has 
been chosen. Whatever value is assigned to D the curves will 
have the same form. Different values for L) will nierely cause dif- 
ferent slopes of the curves. 

Thus, if we consider an area of the enamel :it a certain distance 
from the surface, C will increase with the time. Therefore, the 
reaction between the H-ions :ind the apatite inay be regarded 
as a reaction of zero order. Consequently, in  a certain area of  the 
enaiiiel the aiiiount of niinerals dissolved per time unit will be 
proportional to the concentration of H-ions in this area. In the 

8 -- Acta odonlol. Scnntiinavic.  I ’ d .  I S  
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period t = 0 to t = 1 the amount dissolved in the outeriiiost 
layer of the enamel, froiii the surface to the distance x = 1, will 
be proportional to the area deliiiiited by the ordinates t = 0 and  
t = 1, and by the curve connecting the points (to, xo), (t,,,, x ~ , ~ ~ ,  
(t,, XI). The aiiiount dissolved in the same layer in the period 

4 
3 
D + p 
E < 

Fig. 15. 

between t = 1 and t = 2 may be calculated in the same way. 
In the course of two time units the amount dissolved is pro- 
portional to the suiii of the two areas. The amount dissolved in  
each layer after different lengths of time may be calculated in  
the same way. The result of such a calculation is shown in  
Fig. 15. 

The curves tl, tn, ta, etc. represent the aiiiount dissolved after 
1, 2, 3 etc. time units. 

The graph also includes a curve inarlted ’min.’. A s  mentioned 
above, the organic strouia of the enaiiiel is positively double- 
refractive, while the iiiineral component is negatively double- 
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refractive. The curve marked 'inin.' on the graph represents the 
excess amount of minerals, i.e. the miount  over and above the 
amount needed to compensate the positive form birefringence. 

This curve shows that we assume the enamel to be inore 
strongly mineralized in the surface and the amount of minerals 
to decrease inwards. This assumption agrees with the findings 
of Theidis  (1934, 1937) and Sullivan (1954).  It appears from 
Fig. 15 that in the time t = 1 so sinall quantities of the enamel 
are dissolved that a n  excess of minerals reiliains in all layers, giv- 
ing negative birefringence. With a short time of exposure, there- 
fore, the enamel appears unaffected. A t  t = 2 we see that the 
dissolution curve touches the mineral curve at the point x = 1. 
At this point, in other words, the amount dissolved is exactly 
the s:inie a s  the excess of minerals -- that  is, a t  the distance 
x = 1 from the surface we will find an  isotropic line. Both closer 
to the surface and further inside, the enamel will exhibit nega- 
tive birefringence. A t  t = 3 we see that the dissolution curve 
twice crosses the niineral curve. Again, the points of intersection 
represent isotropic zones, one at  x = 0.2, the other a t  x = 2.2 
on the graph. Between these two points the amount dissolved 
has exceeded the excess of minerals needed for negative bire- 
fringence. This range represents a zone with positive birefrin- 
gence. A sinall excess remains in the areas outside and  inside 
the two points of intersection. The specimen, then, will present 
the following sequence of zones from the exterior to the interior: 
a narrow negative zone (apparently intact surface), then a narrow 
isotropic zone, a broader positive zone, a narrow isotropic zone, 
and finally, the rest of the enamel, again negative. At t = 4 it 
is noticed that the most exterior negative zone has  disappeared, 
the outer isotropic zone has  extended to the surface, the positive 
zone has widened and is bordered on the interior side by a 
narrow isotropic zone, which is next to  the deeper, still 
negative, enamel. At  t = 5 the isotropic surface zone has  dis- 
appeared, the positive zone has  extended to  the surface and is  
on the interior side separated by an isotropic zone from the 
deeper enamel, which still remains negative. A t  this stage, 
in other words, the inner spot has become an outer spot. Froin 
the diagram Fig. 15 different conditions may be deduced, which 
all have been observed in our experiments. Under the given 
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Pig. 16 .  Fig. 1 7 .  

Fig.  16. Distilled water. Polarized light. pH 431 .  Inner spot and outer spot 
in  the rame experiinent. 

Fig. 1 7 .  Distilled water. Polarized light. Outer spot ( 7 3 ) .  Rest of  inner spot 
is  seen.  Note:  Background made \vhitc for better contrast. 

conditions the type of decalcification is determined by the length 
of the time of exposure. With the use of a buffer with a suitable 
pH-value, an inner spot will appear only within a certain length 
of time. At shorter exposure there will be no app:irent effect. 
At longer exposure :in outer spot will :rppe:\r. The graph also 
shows that ;in inner spot appears only when the dissolution 
curves rise in such :I nianner that they intersect the mineral 
curve a t  two points. If the slopes of the dissolution curves are 
steeper than the slope of the inineral curve, only :in outer spot 
will appear. I n  our experiiiients only outer spots were produced 
a t  ~ H - w ~ L I ~ s  below ca. 4.10 and above c:i. 5.30. It is evident tha t  
the dissolution proceeds more rapidly a t  lower pH-values. At 
a low pH-v:ilue the concentrations of H-ions in the surface is 
very high; we Inay, therefore, get a strong dissolution in the 
surface before the H-ions have time to penetrate the enamel. 
It is possible that an  inner spot inny occur a t  very short exposure, 
but we 1i:n.e not succeeded in observing i i n  inner spot :kt such :I 
low pH-value. 



a 

b 
Fig. 18. Distilled water. Polarized light (compensator). 

a :  regular inner spot at high magnification (compare Fig. 1 c ) .  I n  the  central  
area of the defect cross striations of the prisms are visible. 

1):  I)oth inner and outer spot in  the same experinient. Because the prisms 
in this specimen arc oriented through the negative quadrants the polarization 
rolours are complementary to  those shown in :I and also to  those shown in 

Figs. 4 zind 5. 
Blue = +, red = 0, yello\\. = +. 
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It is  inore difficult to explain why only outer spots appear a t  
higher pH-value. One possibility is that the electric charge of 
the en:jinel proteins is a factor in this pH range. The diffusion 
of ions will take place most easily at the iso-electric point. Ac- 
cording to Klein  (1932) ,  the iso-electric point o f  enamel lies :it 
about pH 4.3. At pH-values above the iso-electric point the 
proteins will be negatively charged and thus capable of binding 
H-ions. In buffers with ii high pH the concentration of H-ions 
is low already at the start, but it will suffice to cause dissolution 
of minerals in the surface. A considerable part of the  H-ions 
penetrating into the enamel inay he bound to the negatively 
charged proteins. The concentr:ition o f  H-ions will thus decrease 
quite rapidly with the distance from the surface. This tlecre:ise 
will 1ii:inifest itself a s  a very steep slope of the dissolution curve. 
This means, a s  :ilre:idy mentioned, that the conditions for the 
development of :in outer spot are present. \%’e cannot, a t  the 
present moinent, tell whether this theory is correct, but we have 
been unable to find any other plausible exp1:rn:ition. 

In niaking our calculations we have siinplified the problem, 
and we want it to be understood that the diagrams represent a 
simplified model only. 

A s  mentioned, the decalcification is :I very coiiip1ic:rted pro- 
cess. As the H-ions penetrate into the enamel, part of them react 
with the apatite. This will cause n drop in concentration in  
addition to the decrease calculated from the diffusion forniula. 
Since we have used buffer solution, this effect may, however, 
be sniall. 

Apparently, the prism sheaths ;ire inore permeable than the 
prisins proper. The penetration will, therefore, first occur in  
the prism sheaths. The penetration into the prisms will, thus, 
occur both froin the prism sheaths and froin the surface of the 
enamel. 

The penetration probably takes place in  the organic material, 
while the crystallites present obstacles to the penetrating ions. 
As the  crystallites are dissolved, it may be assuined that  the 
enamel as  a whole becomes increasingly permeable. Thus, the 
penetration coefficient D, in the fortnula, will increase with 
t inie . 
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When the calciuiii salts are dissolved, the buffer inside the 
enamel will becoiiie more or less saturated, and, therefore, the 
action of the H-ions is diminished. 

The calciuiii salts dissolved in :I certain layer of the enamel 
will diffuse inwards as well a s  out of the enninel. Thus, the action 
of  the acid will depend not only on the penetration of the H-ions, 
but also on the diffusion of calciuin salts out of the enainel. 

All these factors have not been considered in  our calculations, 
:is this would have made a inathematical treatment inipossible. 
However, since all the possibilities that iiiay be deduced from 
the diagram agree with those observed, it inay be assumed that 
our model does give a fair picture of the decalcification under 
certain conditions. 

Froiii the diagrain we have deduced that :in inner spot occurs 
in  a certain time interval. When the tiiiie of exposure is longer, 
the inner spot changes to :in outer one. This transforniation 
depends on a widening of the inner spot until it reaches the sur- 
face. It is also possible, under certain conditions, that the de- 
calcification in the superficial layer of  the en:iinel reaches such 
:I degree that this layer shows isotropy or positive birefringence 
before the inner spot reaches the enamel surface. In other words, 
both an inner and :in outer spot niay he forined in the s:iiiie 
experiment. This has in fact been observed :ind such a condition 
is shown i n  Figs. 16 and 18h. 

In Fig. 17 is shown a defect which must lie classified ;IS a n  
outer spot without cavity. Here the outlines of a previous inner 
spot can be clearly seen. In this case, however, it is impossible 
to tell how the trunsforniation froni an inner to a n  outer spot 
has taken phce.  

Our explnnation concerning the developincnt of an  inner spot 
is based on the assuinption o f  :I higher degree of calcification 
in the outer layer of the enitinel. If this were not true, our ex- 
planation woiild not ho ld  M’e 1i:ive tried to test this expcriinent- 
ally. On four teeth the superficial enaiiiel was ground of f  and 
the ground surface polished. A s  in  the other experiments :in 
area of the enamel UYIS then exposed to buffer, under conditions 
which in the other experiiiients most consistently resulted in 
inner spots (1)H 5.12, 2 days) .  In d l  ground teeth exclusively 
outer spots :tppe:ired. 
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CONCLUSIONS 

It was found that polarized light is superior for inicroscopic 
examination of defects caused by acid dec:ilcification of the 
en:iiiiel. 

By action of the described lactate buffers two iiiain types of 
defects were observed in  polarized light, with iiiibibition in  
distilled water. These two types were classified a s  ’outer spots’ 
and ’inner spots’. 

In the iliain type of outer spots the originally negative bire- 
fringence of the enamel has changed to positive in the super- 
ficial layer o f  the defect. The outer spots appear with, as well 
as without the formation of a cavity in the surface. The inner 
spots never show a break of the surface. In the iiiain type the 
negative birefringence persists in the superficial layer of the 
enaiiiel. Inside this layer appears a positive area bordered by 
isotropic zones. 

The type of spot depends priiiiarily on the pH of the buffer. 
In the pH range 4.12-5.25 either type may develop, while at 
pH-values above 5.25 and below 4.12 only outer spots appear. 
In the pH interval 4.12-5.25 the type of spot depends on the 
time of exposure. An inner spot develops at :I relatively short 
tiiiie of exposure. When the tiiiie of exposure is prolonged the 
inner spot gradually changes to  an  outer one. The time limit for 
the change froiii a n  inner to :in outer spot depends on the pH. 
The higher the pH, the longer is  the time needed for this change. 
Furtherinore, the type of spot occuring in this pH range seems 
to depend on the composition of the enamel. It is believed that  
the condition necessary for the forin:ition o f  an inner spot is a 
higher concentration of c:ilciuni salts in the surface than in the 
deeper zones of the en:iniel. 

The inner spot and hypoi1iiner:ilized zones o f  developmental 
origin a s  well a s  e:irly stages o f  natural caries show several 
siini1:irities. 

An attenipt has been made to explain the development of :in 
inner spot by means of the diffusion foriiiula, considering the 
factors which :ire :issunied to be iiiost ii1iport:int. ‘Hie course o f  
the decalcification has been illustrated by a dingrnni. From this 
diagraiii different stages in the developiiieiit of :in inner spot 
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have been deducted. These stages were :ictually observed in  the 
experiments. The iso-electric point of the enainel (K le in ,  1932) 
falls within the pH range in which inner spots appear. The oc- 
currence of outer spots above pH 5.25 may depend on the electric 
charge of the  proteins. At ;I pH above the iso-electric point the 
proteins will be negatively charged and therefore able to hind 
H-ions. 

A relation exists between the inner boundary of the defects 
and the striae of Retzius, ;IS the areas between the striae are  
most strongly attacked. I n  :in outer spot this is observed even 
in the earliest stage of dec:ilcificntion. 

From experiments with iinbibition ni:q he concluded that even 
in highly decalcified zones, for inst:ince in the positive zone of  
an inner spot, the structure of the organic inatter is preserved. 

s u 21 hl A 111’ 

The present investigation was undertaken in  order to study 
the very first stages of the decn1cific:ition of huninn dental 
enamel. 

For the experiments newly erupted preniolars were selected 
and used iinmediately after extriiction. On these teeth experi- 
niental surface areas were isolated by the Hrudenold technique. 
Over the experimental areas wax-tubes were fitted which were 
filled with lactate buffer solutions, the ionic strength of which 
was constant. The pH range was 3.51-5.70. The time of exposure 
was varied from 15 niin. to 12 days. A series of 119 experiiiients 
is reported. The main eniphasis was laid on examination of 
ground sections in polarized light. 

On examination in polarized light with imbibition in distilled 
water two inain types of defects were observed which could be 
characterized a s  inner spots and outer spots. Both principal 
types could be further subdivided. The outer spots iiianifested 
themselves macroscopically as dull whitish areas, with or with- 
out a loss of substance. On the microscopic examination a n  
outer spot without loss of substance showed positive birefringence 
in the external zone of the enamel, s e p r a t e d  by B narrow iso- 
tropic zone from the intact negative double-refractive enainel 
lying deeper. With short exposure to the lactate buffers the 
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alteration of the enaiiiel in soiiie cases was only a narrow iso- 
tropic zone in the surface layer of the en:iniel. In the case of a11 
outer spot with loss of substance it w a s  limited by a narrow 
positive double-refractive zone with :in isotropic border zone. 
The inner spots manifested theinselves iii:icroscopically :IS slight- 
ly opaque spots with a shiny, :rpp:irently intact surface. On 
microscopic esainination of inner spots the enamel showed :I 

surface layer of varying width where the negative birefringence 
was retained. Inside this layer the real defect was found which 
in its characteristic forin consisted of :I positive central area 
with isotropic border zones. 

It appeared that the type of spot was dependent on the pH of 
the buffer and the time of action. Below pH 4.12 :inti :ibove pH 
5.25 only outer spots appe:ired, independent of the tinle o f  expo- 
sure. Inner spots :ippeared only when buffers with pH froiii 4.12 
to  5.25 were used, and then only with short time of  exposure. 
A longer time of exposure produced outer spots also within this 
pH range. The titile necessary for the developiiient of an  outer 
spot increased with rising pH. 

The inner spots were in soiiie respects similar to hyponiine- 
r:ilized zones in the enamel and to early stages of caries. 

l h e  forination of the inner spots is espl:iinetl by iiie:tns of 
the diffusion formula. The main factors which are supposed to 
influence the course of decalcification have been taken into 
consideration. A graph of the course of such decalcification 
showed that it was possible to deduce :i l l  the various phases 
which were observed in the developiiient of the inner spot. 

13 BSU MI? 

L’EFFET DE SOLUTIONS TAMPONNBES DE LACTATE 
SUR L’fiMAIL DENTAIRE IN VITRO 

observ6 au microscope polarisant 

Les recherches effectukes par les auteurs ont pour but d’klu- 
cider le problilme des premiers stades de la dckilcification de 
1’Cniail dentaire huiiiain. 

Des p rho la i r e s ,  en place sur l’arcade dentaire depuis peu et 
soigneuseluent sClectionnCes, sont utilisCes imniCdiatenient aprbs 
extraction. Des tubes en cire sont adaptks sur  des plages d’essais 
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choisies & la surface des dents, prkalableinent prkparkes selon la 
technique de Brudevold. Ces tubes sont reniplis de solutions tam- 
ponnkes de lactate a pH constant. Le pH des solutions utiliskes 
s’ktend de 3,51 B 5,70. Les surfaces traitkes furent souinises Q 
l’action des solutions pendant une pkriode variant de 15 minutes 
Q 12 jours. 119 essais ont ainsi ktk rkalisks. L’examen des coupes 
ininces ininkralogiques, uskes a la meule, en luinikre polariske, 
a fait l’objet d’un soin tout particulier. 

Deux types principaux d’altkratioiis ont 6tk observkes au micro- 
scope polarisant sur des coupes iinbibkes d’eau distillke : d’uiie 
part des taches internes et d’autre part des taches externes. 

Les taches externes se prksentent niacroscopiqueinent coinine 
des zones opaques blanchatres, avec ou sans perte de substance. 
L’exaiiien au inicroscope polarisant d’une tache externe sans 
perte de substance inontre une birkfringence positive dans la 
couche externe de 1’6inail qui est skparee de I’kiiiail indeiiine 
sous-j acent, a birkfringence nkgative, par Line zone isotropiyue. 
Dans certains cas, o~ le contact avec des solutions de lactate a 
ktk de courte durke, on observe qu’une ktroite zone isotropiyue 
B la surface de l’kinail. L’kxainen d’une tache esterne avec perte 
de substance montre une ktroite zone B birkfringence positive 
bordke en dedans par une couche isotropique. 

Les taches internes se prksentent iiiacroscopiqueiiient coiiiiiie 
des zones faibleinent opaques B surface brillante et appareiiiiiient 
intacte. A I’exainen microscopique d’une telle tache, l ’ h a i l  
prksente une couche superficielle, d’kpaisseur variable, hire- 
fringence nkgative. C’est B l’intkrieur de cette couche que l’on 
reneontre l’altkralion rkelle dont l’aspect caractkristique consiste 
en une zone centrale positive entouree par des zones isotropiques. 

I1 senible que le type de tache obtenue dkpend du pH de la 
soluticlii tampon et de son teinps d’aclion. Les taches externes 
apparaissent au-dessous d’un pH de 4,12 et au-dessus d’un pH 
de 535, indkpendeiiiment de la durhe de l’kpreuve. Par contre 
les taches internes n’apparaissent qu’Q des pH variant entre 4,12 
et 5,25 et a p r h  une attaque de courte durke. En effet a ces 
derniers pH, si l’on prolonge la pkriode d’action de la solution 
tampon, on obtient des taehes externes. Le temps iikcessaire pour 
produire une tache externe auginente avec l’accroissement du pH. 

Les taches internes prbsentent une siiiiilitude avec les zoiies 
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hypo-calcifiires de I’irinail et les preiiiiers stades de la carie 
dentaire. 

Les auteurs expliquent l’apparition des taches internes par 
les lois de la diffusion. Les principaux facteurs intervenant au 
cours de la decalcification ont 6tk analyses. On peut deduire les 
diffirrentes phases observkes au cours du dkveloppeiiient des 
taches internes a partir d’un graphique reprirsentant les diffirrents 
ph6noinhes se succirdant dans une telle dircalcification. 

ZUSAMMENFASSUNG 

EINWIRKUNG VON LAKTATPUFFERN AUF DEN 
ZAHNSCHMELZ IN VITRO 

im Polarisationsmikroskope untersucht 

Diese Untersuchungen bezwecken eine Abklarung der Verhllt- 
iiisse in den allerersten Stadien des Delialzinierens des mensch- 
lichen Zahnschinelzes. 

In den Versuchen wurden neulich hervoi-gebrochene Praniolare 
gleich nach der Extraktion angewandt. An diesen Zahnen wur- 
den Probeflachen iiach Brudevolds Technili isoliert. Gber den 
Probeflachen wurden Wachstuben inontiert, die dann niit den 
Saure-Probelosungen gefiillt wurden. Als Probelosungen wurden 
Laktatpuffer init konstanter Ionenstarke benutzt. Das pH-Gebiet 
der Puffer war 3,51-5,70. Die Einwirkungszeit wurde von 15 
Min. his auf 12 Tageii variiert. Der Bericht uinfasst eine Serie 
von 119 Versuchen. Das Hauptgewicht ist auf die Untersuchung 
von Schleifschnitten in polarisiertein Lichte gelegt worden. 

Es traten zwei Haupttypen von Defekten auf, die bei Unter- 
suchung in polarisiertem Licht als innere und aussere Fleclie 
bezeichnet werden lionnen. Die Schnitte wurden in destilliertein 
Wasser imbibiert. Beide Haupttypen lionnen in Unterabteilungeii 
eingeteilt werden. Ein ausserer Fleck erscheint iiiakrosliopisch 
als ein mattes, weisses Gebiet, mit oder ohne Substanzverlust. 
Bei der inikroskopischen Untersuchung zeigte ein aussei-er Fleck 
ohiie Substanzverlust positive Doppeltbrechung in der ausseren 
Zone des Schmelzes, von deiri weiter nach innen gelegenen un- 
versehrten (negativ doppeltbrechenden) Schinelz durch eine 
schniale isotrope Zone abgegrenzt. Bei einer Einwirkung von 
kurzer Dauer bestand die Veranderung in eiiiigen Fdlen nur in 
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einer schiiinlen isotropen Zone in  der OherflBchenschicht des 
Sehiii el zes.  

Heiin Busseren Fleck mit Subst:inzverlust wird die ISegreiizung 
tier KnvitBt von einer scliiii:ilen, positiven Zone init isotoper 
tjberg:mgszoiie :iusgeiii:icht. 

Die inneren Fleclte zeigten sich iii:rltroslcopiscli :rls sch\viichere, 
u n du r c h sich t ig e S t e I I e 11 iii it sc h i 111 111 ern tl  er , :I 11 sc h ei 11 end u nver - 
sehrter Oherfliiche. 

Hei iii  ilt r o slc o 11 i sch e r U 11 t e r s u c h u n g in 11 e r er F I ec It e zei g t c tier 
Schiuelz cine ~)herflhcheiiseliicht w~echselnder I3reite, wo die 
negative I ) o ~ ~ ~ ~ e l t b r e c l i ~ i n g  heibehnlten war. 1nnerh:ilb tlicser 
Zone wurde der eigent liche Ifefekt gefunden, der in seiner lneist 
ch:iraltteristischen Forin :IUS eiiieiu positiven Zeiitr:ilgehiet iiiit 
i sot ro pen R a ndzon en best 21 n (1 . 
Es stellte sich heraus, duss tler Flecktypus v o ~ i  tleni pH des 

Buffers und tier Eiriwirliungszeit ahhiingig m i r .  Unter pH 4,12 
und iiher 5,25 tr:rten nur iiussere Fleclte, un:ihhBngig \Ton der  
Einwirltungszeit, auf .  

I i i i  pH-Gebiet 4,12-5,25 tr:iten innere Fleclte bei Iturzer Ein- 
wirkungszeit auf.  Bei h g e r  Einwirliungszeit trateri :iuch in  
dieseiii Gehiet iiussere Flecke auf. Ifie notwendige Zeit, uiii den 
aussereii Fleck hervorzurufen, n:ihui init steigendeiii pH zu. 

Der iiiiiere Fleck zeigte versehiedene Ahnlichkeiten mit hypo- 
inineralisierten Zonen in deli) Schinelz und init friihen Stadien 
von wirklicher Karies. 

Die Bildung des inneren Fleckes wird :%us den Gesetzen fur die 
Diffusion heraus erltlart. Dadurch wurde Riiclcsicht auf die Fak-  
toren genoinmen von denen :~ngenoniiiie~i werden muss, (lass sie 
sich fiir den Verlauf des Delialziniereiis iiii Schmelz a111 iiieisten 
geltend inachen. Eine graphische Dnrstellung des Verlaufs zeigte, 
dass es  iiiiiglich war alle die verschiedenen I’hirsen, die bei der 
Entwicklung des inneren Fleclces heohachtet wurden, aus  deni 
Diagram herzuleiten. 
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