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Soine of the greatest :idvnnces in  modern dentistry have been 
iiiade in the field of caries prophylaxis. Many of these were devel- 
oped :IS :i result of new knowledge about the structure of enaniel. 
This knowledge was gained by research with inany different ex- 
periii1ent:il inethods. There has, however, been a lack of correla- 
tion between the results obtained with these varying techniques. 
Any new research iiiethod is often used first by technicians in a 
wide variety of unrelated fields. This has always been so in the 
field of histology and seeiiis likely to continue. Eventually, how- 
ever, each new method beconies an  accepted technique and it is 
then that its results :ire compared with those obtained in other 
ways. Electron inicroscopy is :I typical ex:iiiiyle of a technique 
which has developed in this iiianner. 

This paper describes an atteiiipt to evaluate results obtained 
with two inethods of investigation, inicro-radiography and ex- 
nniination by polarized light. Both were used priniarily to study 
morphology but variations in mineralization were also con- 
sidered. Since the theory underlying the use of polarized light 
has been dealt with by inany authors including ourselves ( G .  
Gtistofson, 194.5; G .  Giistafson, 1957; A . -G.  Giistafson, 1959), it 
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'l'he esperiinental inaterial w :is coinposed 01' ground section\ 
f roil1 eutr:icted teeth. 'l'hese included cliiiicdly "norinul" teeth 
f r o m  X h l i i i i i  :ind fluorosed teeth froiii Ispir ta  in Turkey. 

'l'he carious teeth exaiiiined were :ill from Xf:il i i i i i .  Etching ex- 
pei'iiiierits were :ilso c:irrietl out 011 norm:tl ;ind f'luorosetl l c v t  11 
, ( ; i i s t t r / s o n  S ,-I t t r ,  1951) i. A sep:ir;ile investigation of t h e  r ~ l a -  
I ioiishil) hetween wr ia t ions  in the teeth and their age, origin etc., 
is heing c;ii.rietl out :it present. 'I'hese ftictors will not, hoxevei. ,  
I)e con\ideiwl here ;IS they a re  of no import:incc in the ~ ) r e ~ r i i t  
I Y ) l l t P X t .  

Only rn:iinel w i s  stutlicd. I n  order to keep the trentiiient l o  
which it W:IS subjected lo :in :ibsolute miniiiiiiiii, the teeth w e i ~  
not eiiibeddect :ind sections were ground by hand.  This iiial<e\ 
thc production of sections of even thickness very difficult but il 
\\;is found tha l  s:itisi':rctory sections could he o1)t:rined by grind- 
ing by h:intl  on glass p1:ites. Consider:ible c:ire :ind experience 
u i t h  this iiietiiod are, however, necessary i f  reli:ible results a r c  
to be oht:iinetl, arid o f  course, all sections .which :ire not of even 

iiiust be disc:irtled. The ground sections wr ied  i n  thick- 
ness ljt3lween 3 0  and  60 microns. The thickness anti eveiinc\s o f  
the sections c:in re:itlily he iiie:isured with :I iiiicroiiieter screw. 

The thic1,ness of' sonic of the sections was :tlso estiiii:itccl by 
the  "edge" method. After the in~estig:ition of the section W:I\ 

coiiipletetl, it was eiiihedded in :I pI:istic in:itcrial which WIS 

:illowed to set h:ird. Then  grinding w:is ciirrietl on through the  
srction a t  right :ingles to the original pl:ine o f  section. I t  \v:is 
f o u n d  t h t  the estiinated thickness tleterinined \.\.itli this niethod 
\\:is :ilw:iy\ less t h i n  that  found with the inicroriieter. Iinfortii- 
n:ttcly, the "edge" inethod is destructive so it was only used :is ;I  

check on the  inethoti of grinding and not for direct iiie:isiireiiieii~ 
o f  t h e  s t rength  of t)irefringcncti. 
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In  the "edge" method, the thickness was iiieasured with the 
Leitz Ultropak with an ocular niicroiiieter calibrated froin :I 

niicronieter slide. The iiieasureiiients in one particular case 
(Fig. 1 )  were started 35 iiiicrons from the outer enaiiiel surface 
and iiieasureiiients were taken every 35 iiiicrons to the dentine- 
enamel junction. Five nieasurenients were taken a t  each level 
and the figures given below (in microns) are the averages of 
these. The 16 points of iiieasiireiiient extend from the surface 
through 0.8 inin of enamel. The results starting from the outer 
surface, were: - 33.1, 32.5, 33.2, 33.4, 33.4, 33.4, 33.7, 34.2, 34.0, 
34.2, 34.3, 33.4, 33.7, 32.6, 33.9, 33.4. 

Even if there is a slight degree of unreliability in these meas- 
urements, they do show that this particular ground section was 
of sufficiently even thickness for the inorphologic studies which 
were carried out. Different nieasureiiients may vary from the 
average thickness of the section by about 5 %. There are, of 
course, proportionately greater variations with extremely thin 
sections. Thewlis ( 1940) calculated that  the greatest permissible 
variation was 10 microns. Hrrmrncirlund-Essler (1958) estimated 
the thickness of sections prepared by her method (embedding in 
:a plastic) to lie between 73 and 83 microns. 

These estiiiiations of thickness refer to iiieasureiiients extend- 
ing inwards from points on the outer enamel surface. There are, 
however, greater variations in  section thickness between enamel 
a t  the neck of the tooth and other parts of the crown. This is of 
no significance for this investigation but it must be remembered 
that valid comparisons between the birefringence and x-ray ab- 
sorption of two areas a t  a distance from one another cannot be 
iiiade on hand-ground sections. Comparisons between different 
teeth are, of course, eyually unreliable. 

INVESTIGATIONS WI'I H POLARIZED LIGHT 

In a paper published in 1945, one of the present writers (G. G.) 
pointed out that  all the methods of investigation which had been 
used to study tooth enamel were not conipletely reliable. This 
difficulty, particularly with the use of polarized light, was also 
dealt with by the other writer (A.-G. G.)  in 1959. The following 
quotation is from this latter paper: - "A number of objections 
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vai i  be raised :ig:iinct investigations of ground sections of en:iinel 
in i)ol:trized light. The method iiiust he used with great care : t i id  

the iwssihlc errors borne in mind . . . Even if the difficulties C ; I I I  

he overcoiiie, the results iiiust be confirmed by other iiiethods.” 
I n  the latter p:il)er, the great v:trintioiir existing i n  the sti-uc- 

ture o f  all eii:riiiel, even if it appears  clinic:illy sound, were also 
tlrsciil)eti. Most of the publications denting with caries histo- 
1):itholog-y ( including that  of G.  Giistrrfson, 1957 h:ive failctl to 

i aLe proper account of these variations. I t  is possible, and indeed 
prob:tl)le, t h a t  v:iri:ilions in uiorphology and  iiiiiier:tlizntioii C:III 

; i lfcct the  histopathology of  cnries th:it descriptions of t h c  
,::irics process failing to  take account o f  these :ire innccur:ilr. I t  
W;I f ( ) I. I 11 e s ~  rea son s t li :i t t h e p r ese n t invest i g :i t io i i  s n’e r e 
i)I:iiiiied. Ch:inges in  our ideas of the developinent, structure,  and 
his topthology of en:iiiiel ririist he expected :IS iiew met hods ol’ 
investigation hecoine :iv:iil:il)le :tiid particularly :IS their rPsults 
can be coiiii):ired with those obtained by the older iriethods. 

I tor 
cheiiiic:il analysis of certain suhst:inces, 2 for investigation of 
s~ih-riiicroscol,ic. structures,  :iiid 3 for inorphologic studies 1’1 h c ~ r c  
hirefringent suhst:rnces ;ire incorpor:itetl into larger nior l )ho-  
logical  units. 

T h e  1)resiwt investig:ttions belong entirely to  the  third of these 
groups : i n t i  :ire dependent upoii prior :issessirient hy other nie- 
Iliotls of the \ w y  in which the sub-iiiicroscol,ic. hirefriugeiit units 
:ire oriented in relation t o  certain structure.; which :ire visible 
i i i  the light iiiicroscolw. 

‘I’hc. prime prerequisite lor studies of tooth cn:titiel i n  1)oI:iriztd 
light is th:i t  the individual sub-iuicroscol)ic crystals lie i n  Ihc 
long : iu is  of‘ the prisiii. 1’irtu:iIly :i l l  those who h:tve studied this 
probIe*i i i  :ire :igreed Lhat this is the  c:ise, :it least within the limits 
\\tiicli ;ire o f  iiii1)ort:ince in iiiori)hologic~il studies o f  rnaiiicl ( s c r  

. I  .-G. (;iisttr/.son, I950 1. 
’I’hcre is, to (kite, no exlm-iiiiental or other evidence to  suggest 

t ti :I t , d is t i i  rb:i 11 c e s ( ) f I 11 i iie r:i I iza t ion, t 11 e s u 1)- i i i  i c 1 sc( t i  ) ic 
cryst:iIs hecoine orient:ited differently from the norin:il with their 
long :ixes iiiaiiily parallel to the long :)xis o f  the  prisiii. Siiicr, 
Iiowever, there is ;I theoretical possibility i t  has to he considered. 

A variety of iiiihihing inedia were used for the inve.;tig:itions 

1’ol:rrizetl light can be used in  three different w:iy\: 

i i i  
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in polarized light. These give varying appearances which depend 
on their effect on the form-birefringence of the enamel. The most 
detailed picture of the morphology of  non-carious enamel is ob- 
tained after imbibition with Canada-balsain since the refractive 
index of the latter is as close as possible to that of enamel so 
that refractive phenoinena at the junction between the ground 
section and the imbibing riiediuiii are avoided. 

Canada-balsani is, however, soluble in xylol so that if the 
enamel is subsequently ilnmersed in xylol, reduction in the for in  
birefringence and a iiiarked increase in the intrinsic birefringence 
froiii the crystals take place. This gives an  appearance of in- 
creased mineralization in some areas. 

In order to retain the advantages of Canada-balsam for mor- 
phological study and yet avoid the disadvantages of xylol, ‘4.-G. 
Gustrcfson (1959) dried the sections in air and then embedded 
them in very thick Canada-balsam. A comparison between the 
results with polarized light and those with micro-radiograpIiS. 
was described in that paper and it was found that, as  far  a s  
Retzius lines and areas of hypo-mineralization were concerned, 
there was no change in the amount or type of birefringence. The 
same type of comparison w7as made in greater detail in the pre- 
sent investigation and was also extended to include carious 
enamel. 

The polarized light studies were carried out with :I Leitz 
Ortholux microscope with polarizing attachments and with n 
Leitz Polarlux. The black and white photographs were taken on 
Adox 14 and 17 Din films and the colour photographs on Kod:ik 
Ektachrome. 

BIICRO-RADIOGRAPHIC INVESTIGATIONS 

The micro-radio~raphs were made with a P h i l i p  X-Ray IXf- 
fraction Apparatus Type PW 1009 (copper target) using a target- 
film distance of about 25 CIIL Kilovoltages varying froiii 10 kV. 
to 35 kV. were used with the corresponding milliamperage. The 
best results were obtained with 12 kV. and with long exposures 
of from 20 minutes to 3 hours. The resultant micro-radiographs 
were then photographed with an Ortholux iiiicroscope using 
periplan objectives and a Hasselblad camera with Adox 14 and 

22 - Actci ociont. scand. J7ol. 19 
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areas will appear white and devoid of detail. The variations in  
the appe:irance of the resultant radiographs can be illustrated as  
in Fig. 5. 

If the total quantity of x-rays is only enough to penetrate to 
line A, the film will only be dark in two siiinll areas with the 
lowest radiodensity. If the quantity is slightly greater as  in K, 
the dark areas will increase in size and, if it is a s  in  C, a new dark 
area will appear between the two which first appe:ired. If the 
penetrating effect is still greater (as in 1)) most of the plate will 
be darkened by the x-rays and only one part will still reiiiain 
white. 

A s  was pointed out earlier, all the variations in mineral con- 
tent of an  area of enaniel only become visible if the total quan- 
tity of x-rays is sufficient to penetrate every part of the section. 
Then, when the total quantity of x-rays equals or exceeds 100 
units, all the variations in mineralization in  the section should 
theoretically be visible. In this case, however, the less-mineralized 
areas niay appear very dark and lack detail. 

PRISM SHEATHS 

The classical view of the structure of enainel is that there are 
accumulations of organic inaterial a t  the periphery of the prisms, 
and these have been termed prism sheaths. The precise nature 
of these sheaths has  been wrongly interpreted by a number of 
authors :IS something quite different in character from the sur- 
rounding enamel. 

On the evidence of replicas of undecalcified sections of enalnel 
Helmcke (1959), among others, doubted the existence of prism 
sheaths. He completely overlooked the results of earlier studies 
with the light microscope which demonstrated great variations 
in the appearance of prism sheaths and showed that the sheath 
often fails to extend round the whole of the periphery of the 
prism. Electron microscopic studies of decalcified niaterial have 
shown structures corresponding to the classical picture of the 
prism sheaths (Scoff, 1955; Frank, 1957) .  

More recent work has  demonstrated that the only difference 
between the prism sheaths and the inner part of the prism is in 
the relative proportions of the coniponent parts. 
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I t  is generally accepted non  that  the prisin sheath\ a r e  coiil- 

posed of  condensation\ o f  organic fibrils around the prisins. Thc 
1i:iiiie gi\cn to  this structure is  o f  no real iiiiportanre hut : I \  

the terin prisin sheath has heen used for iiiany years and the p a r t  
ot the  cnaiiiel to nh ich  it refers is  widely linown, there seeiiis 
l i t t l e  re:ison for  adopting :I new teriu. 

TAe  t h e  1)rihiii sheath,  the inierprisliiatic subst:ince \:irie\ i n  
hoLh ch:ir:icler ant1 qu:intity. In soiite areas o f  ennuiel it be 
coinpletely atisent while in others i t  is present in rel:cti\el> greiil 
quantity ( G .  Czrstrrfson, 1943 1 .  

I'nfortunately, it is extreinely difficult to distingui\h t)etween 
the prism \henth and t h e  interprisiii:itic substance :inti this ha\  
lctl to sonit' confu\ion. 

The presciice o f  :I t x i i i d  of  lo\\ iiiinel.:iliz~itiori (:I prisni she:ith 
and/or  iiiterprisinatic subst:ince) is :I prerequisite if the prisii) 
itself is t o  be distinguish:ihle on :I iiiicro-radiogr:iph. Since 1ii:iny 

in\estig:rtiotis h a w  s h o w n  that  indi\itlu:il prisiii\ can be (list in- 
guisheti in  inicro-r:idiogr~ii)li\, it follow s that  these \:iriation\ i n  
ii i  i iietx I iza t ion i i i  t ist  exist, 

Iktore  any valid comparison of major structural  features 0 1  
c.n:iiiiel, \rich a s  Hunter-Scxhreger lines, Retzius lines :inti :IIY:IS 

of  li~1)('-iiiiticraliz:itioti, can be iiiade, preliininary studies of t h e  
l incr  structur:il details is required to perinit :in eva1u:ition of 
the degree of ;igreenient hetween the results o f  the w r i o u s  iiie- 

[hods o f  investigation; in thi\  case polarized light and i i i icro- 

ixtiiography . 
Figs. 2 and 4 :ire of the saiiie area of en:iiiiel; one (Fig.  2 ) i \  

i aken i n  po1:irizcd light, the  other (Fig. 4) is :I riiicro-r:idiogral,h. 
Both \\.ere taketi with exactly the sanie microscope :irrmgemeiit. 

Since the structur:il details under discussion :ire very siiiull, 

thc iisual technics of labelling with arrows and letters :ire not 
suit:ible. Instead, the po1:irized light 1)hotogr:iph was pl:iced on 
top of the inicro-r:idiograph and ii number of holes were iiiutir 
with :I pin through both. 'I'hese holes were m:rde to iiiarlc special 
features such :IS single prisins irnd small :Ireas of low 11ire- 
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fringence. When prints were iiiade from the negatives, the holes 
appeared as  light spots. 

Although the photographs with the two methods were entirely 
different from each other in appearance, it is possible to  distin- 
p i s h  particular areas in each. For instance the four par:illel 
prisms marked by the pinholes ciin he seen to have a higher bi- 
refringence than their surroundings and also to have a higher 
degree of x-ray absorption. Note also the long band up  to  the 
right of the most highly birefringent prism. This hand has  both 
low birefringence and low x-ray absorption. 

The other points also Inark areas where corresponding appear- 
:itices can be clearly seen. 

With the technique described above it is thus possible to prepare 
ground sections which, when they are examined in polarized light, 
will give a mriety of appearances corresponding to variations in  
mineralization. Therefore we c m  now pass on to consider larger 
structur:rl features in which prisms are component parts. 

RETZIL'S LINES 

Retzius lines are probably the most striking structural features 
of "nornial" ennniel, and they have been observed in micro-rndio- 
graphs by a number of workers. 

In :in earlier iiiorphological study ('4.4;. Gzzsfafson, 1959) it 
w:is pointed out that coni~xir:ible results could be obtained by 
studying sections with polarized light :and with iiiicro-radio- 
grnphy, even i f  they were enibedded in C:inada-bnlsam. Retzius 
lines could either be more or less mineralized than the surround- 
ing enaruel. The lines which absorbed many x-rays were nega- 
tively birefringent while those which absorbed few x-rays were 
isotropic or occasionally positively birefringent. In 1959 these 
studies were carried out using a technique in which the section 
w:is not pressed against the x-ray plate as firmly as is desirable 
so that  there was some lack of detail in the micro-radiographs. 
For this reason, the same investigations were repeated with our  
new and iiiore accurate technique and the earlier co~icIusions 
were confirnied. 

"Vell-mineralized areas appear in ordinary tr:insiiiitted light to 
be Inore transparent than their surroundings. For this reason, 
comparative studies in transinitted light were also carried out. 



In 193.j HolZei idt~r ef r r l .  concluded tha t  ”the hand\ of Sclireg:cr. 
arc not inerel? some sort o f  ol)tic:ii in:inifestatiori o f  the :inglc 
of wction o f  the iiidividu:il en:iiiiel rods. I t  i 4  fa r  inore proh:il)l(~ 
that  l h e  difference in :tppe:ir:irice by reflected light l)et\veen t i i t -  

1erent :ireas o f  the en:iinel is related to :i difference in tlen\ity o f  
c*;tlcific:ition nliich, i n  turn, in:iy he the result o f  structural  ( l i t -  
i’ei.rncc\ in t he  organic i i iatri l  itself”. ”The fact that  the !):it id\ 
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of Schreger can be observed by iiieans of the grenz-ray suggested 
to us  that the phenoinenon inay be of more fund:inient:tl iiii- 
portance than has  hitherto been assumed.” 

Krrrger c t  Rrrkrrttis (1952) :ilso found differences in the degree 
of darkening of itiicro-rudiographs corresponding to the Hunter- 
Schreger lines. They attributed this phenomenon to variations 
in the course of the prisnis such as  are found in this part of the 
enamel. Thus the Hunter-Schreger lines show only relatively 
ininor differences in Ininera1iz:ition from the adjacent enamel. 
These differences were considered to be due to variations in the 
quantity of prism sheaths depending on whether the groups of 
prisllls lie in  the saiiie plane or lie perpendicular to each other. 

Baud c t  Held (1956) also found Hunter-Schreger lines on 
iiiicro-r:idiogr:ii)hs of enamel and believed th:it they were due to 
b:inds of en:iiiiel with different degrees of Inineralization. They 
found support for this opinion in the increased staining with 
silver in the b:intl showing the least absorption of  x-rays. 

Darling (1 956) found on niicro-radiographs that ”differences 
were seen which appeared to correspond to the band of Schre- 
ger”. 

Own Observations 

1I7here the Hunter-Schreger lilies were Yery proiiiirient in po- 
larized light, they were also evident in iiiicro-radiographs of the 
same area. The dark lines seen in polnrized light (Fig. 12) cor- 
respond to dark lines in the inicro-r:idio~r:iph (lower par t ) .  The 
dark bands in polarized light consist of transversely cut prisnis 
which show iio birefringence in this position, apart froiii ~ e r y  
slight birefringence froiii the prism sheaths. This itieans that the 
dark bands are  those in which the prisms run  perpendicular to 
the plane of the section and parallel to the x-rays. 

Because of the way in which enamel is built up of prisnis 
whose outher layer (prisiii sheath) is less inineralized than their 
centres, the degree of darkening of the iiiicro-radiograph depends 
on whether the rays pass through the sides of the prisrii or via 
its long axes. 

With the proportions shown in the diagram in  Fig. 13 ( lef t ) ,  
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those of the longitudinally cut prisms (C. Gustn fson ,  1945). Thus, 
the difference in staining need not he due to a greater content 
of organic material. 

IRREGI’LAJi HYPO-BIINER.4LIZED AREAS 

Irregular areas of enamel exhibiting positive birefringence were 
described by Giistnfson, Ngstroin & Str l l ing  (1947) in teeth froni 
several nienibers of a family, all of whoin displayed hereditary 
unielogenesis iinperfecta. 

Gizstafson d Kling ( 1949) studied the iiiicro-hardness of enaiiiel 
and observed that, ”Areas of more or less pronounced hypo- 
calcification were also found in the thick enamel layers buccally 
and lingually and even incisally (occlusally). Especially in buc- 
cnl or lingual direction there were areas within which mineraliza- 
tion was so low that, besides areas of pseudo-isotropy, areas with 
positive birefringence too could be found. In places with positive 
birefringence we know that the hardness values will be Yery 
low”. These variations in iiiineralization in the enamel have been 
found to coincide with the Retzius lines and the tufts. There are, 
however, other less well-defined areas in enamel which exhibit 
variations in iiiineralization. Darling ( 1956) described how, 
”. . . :I linear radiolucent zone WBS seen, situated in an area which 
appeai-ed dark brown when the section was examined in trans- 
initted light and which showed positive birefringence in polarized 
light”. DarZing (1056) also found ”. . . irregular zones of hypo- 
calcification close to the amelodentinal junction” :inti ”. . . hypo- 
calcified zones related to iiiorphologic defects”. 

‘4 llrin ( 1959) prepared micro-r~idiographs and photo-iiiicro- 
graphs taken in polarized light of the same hypo-miiieralized 
areas and studied the effect of different fluids used for iiiibibi- 
tion. 

Hodson (1055) found ”. . . alniost complete agreement between 
the dark areas in the water-mounted sections and those observed 
on the x-ray negative after exposure to x-rays”. The same sec- 
tions, ”. . . when cleared and niounted in the routine histological 
manner, became translucent”. 

Most authors claini that if sections of enaiiiel are iminersed in 
a clearing agent (such as  Can:ida-balsam ), the zones seen when 
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up a s  :I yellow colour of the second order a s  in Colour Plate c i f  a 
first order red compensator is used). As they are negatively bi- 
refriiigent they iiiust be highly mineralized. They can :ilso be 
distinguished from the hypo-iiiineralized yellow (first order 
areas as the latter are separated froiii the blue (second order) by 
mi isotropic band (red of first order). There can thus he no con- 
fusion between hypo-iiiineralized and hyper-niineralized areas. 
Although both appear yellom, the hypo-.iiiineralized areas exhibit 
positive birefringence while the hyper-iniiier:ilized :ireas are nega- 
tively hirefringent. 

More detailed exniuination reveals that, in addition to defective 
mineralization, the prisiiis in li3’po-iiiiiieralized enamel follow an  
:tbnoriiial course. This gives rise to difficulty in interpretation 
when photographs takeii in po1:irized light are compared with 
micro-radiographs of the same area. The strength of the bire- 
fringence is dependent upon the relatioii of the prisnis to the 
axes of  the polarizing filters, whereas the exposure of micro- 
radiographic films is unaffected hy prism direction provided they 
run in :I plane perpendicular to the x-rays. When a well-mineral- 
ized prism following an  irregular course is exainined in polarized 
light, different parts of the prism iiiay appear blue, red, and 
yellow although all are equally well inineralized. The only nie- 
thod of comparing the results of this inethod with those of 
micro-radiography is to use :t coniparisoii microscope in which 
the section can be rotated while being ex:iiiiined in polarized 
light and simultaneously compared with the niicro-radiograph. 

Thus, :I photo-micrograph such as  that in Fig. 14 cannot be 
directly compared with its corresponding micro-radiograph (Fig. 
15). The left part of Fig. 14 is a iiiicro-radiograph while the right 
part was photographed in polarized light. The variations in  the 
intensity of birefringence are due partly to variations in direction 
of the prisiiis and partly to variations in mineralization. Fig. 15 
is a niicro-radiograph which reveals the great uari:itioiis in Inin- 
eralization in this sauie region. 

Cnrlstroni (1960) has  cast doubt on the existence of hypo- 
mineralization. It iiiust, of course, be realized that where varia- 
tions do exist they can only be deinonstrated if the correct vol- 
tage, current, and exposure tiine are used in the production of 
the iiiicro-radiographs. With these, iiiicro-r:idiographs like that 
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in Fig. 1 (i c:in be produced, and this  reveals great xiri:ition\ 
in radio-density h t h  along the  Ketzius lines a n d  in irregular 
i1rea4. \\Then the s;iiiie section is ex;iiiiined in polarized light and 
rotated to the  appropriate positions, the results correspond e l -  
; id ly  to those obtained by iiiicro-r:idiogr~ii)liy. 

Soinrtiines, :I type of hypo-minernliz~rtion d i i c h  is  localized to 
Ilw c.ei~~erito-er~:imeI junetion can be tlet~ioiistr:ttetl by iiiicro- 

radiogr;ipliy (F ig .  1 7 ) ,  in polarized light, and  in  tr:insniittetl light. 
This  type is particularly coiiiinon in fluorosed teeth. 

Sincc (:anada-buls:1tii c:in penetrate sonie p;irts o f  en:itnrl tie- 
calcified I)? caries, i t  is theoretically possible t ha l  even thick 
h 1 s : i i t i  c:rn enter some of  the "empty s p c e s "  of h?.po-ii~iner:ilize~~ 
cnatnel. More than 200 ground sections ernhetided in  thick b:ils:itii 
\\ere ewinined  and  in only 2 o f  these had the balsam penetr:itetl 
the en:iiiiel causing the  hirefringence of the  first zone to c.Ii:rngt~ 
1 rani positive t o  neg:itive. lloth teeth from which the sections 
\\ cre p r e p r e d  were f r o i n  t h e  sanie indivitlu:il; they were contra- 
lalcr:il upper first 1)reinol;irs. The area which had been pene- 
trated by the h:ils:ini was of  low radiodensity (F ig .  18) atid t h e  
balwni  c.ould readily be dissolved out and then :illowed 10 re- 
enter the s:lllle :1rea. 

Areas of positive birefringence in Cnnada-b:ilsaiii etn1)edded 
srctions n e r e  thus L I S L I : ~ ~ ~ ~  found to have low radio-density. Con- 
trol stuclirs using other  itnhibing fluids with different powe~-s ot 
I)enetr;ition :ind different refractive indices were carried out. 
'I'hew are, however, important  only when the degree of niinerul- 
iz:ition is heing investigated :ind ;ire unnecessarg in niorphologic 
\ t u di e s. 

A s  w:is I)ointetl out  earlier, there is no single esperiinental 
nrethod n h i c h  can be used to  investigate all the  coniponenls oi 
too th  cnanicl .  Evidence has been piit forwirtl to  s h o w  tha t  ground 
~ C Y -  t ion s e I I 1 he (id etl i 11 Can ad a-ba 1 s:i i n  a re su i I :I bl e for s t 11 (1 it' 4 of  
l l i e  iitorphologp of enaniel :ind of certain of the  variations in 
i~iiner:iliz:itiori. The great at1v:intage o f  embedding section\ in  
(~anud~i-balsaii i  is tha t  the structural  details are clearly visible. 
'I'hey :ire \isik)le to :I far  greater extent than  in sections eiiihetltled 
i n  \I ater or watery niedia o f  low refractive index. 'l'hi\ doe\ not 
Iiie:in t ha t  C:tn~id:~-b:~lsani is  the best t n e d i u i ~ ~  for. every ty1)e of 
in\estigntion, since other medin have their  advantages. No one 
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method or technique of inyestigation is universally superior to 
:ill others. The choice depends on the aiin of the investigation. 

H U M A N  DENTAL IIXVAMEI, 

THE CAIlIOUS LESION 

Many inyestigators have tried to  define distinct zones within 
carious lesions (see G .  Gustnfson, 1957). These zones can readily 
be seen in polarized light but their existence has been questioned 
by some workers because they could not find them in  micro- 
radiographs. This criticism would be valid if deiiiiner:ilization 
was the only process involved in caries but there are, of course, 
others. 

The advantage of dividing n carious lesion into zones is that 
particular changes can he localized to more or less well-defined 
areas. This is true even if there is merely continuous deinineral- 
ization. Different parts of the enaniel are  not, however, dissolved 
a t  the same rate and the decalcifying substances must also have 
some effect on the organic matrix. The best method for defining 
the different zones within a carious lesion is the one which will 
give the most detailed informiition. Methods showing only one 
type of change provide useful confiriiiatory evidence and also 
give detailed inforination about certain areas. It is wrong to 
assert that one or  other method is the best; each one is superior 
in certain respects and inferior in others. All possible sources of 
inforinntion should be fully utilized. 

Zone 1 

Round the edge of the carious lesion, a zone with increased 
negative birefringence has  often (but not always) been observed 
(G. Gustafson, 1957). It was thought that  this was a zone of hyper- 
inineralization in  which mineral salts which had been dissolved 
out froni the second zone had been precipitated. There may, how- 
ever, be other explanations for this phenonienon. Some workers 
have denied the existence of this first zone as  they could not find 
it in their micro-radiographs. They h:we, however, isnored the 
observation made by G .  Gustcrfson (1957) that this zone is not 
always present since all lesions do not develop in  the same way 
and a t  the same speed. 
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,A\ \ \ ; I \  4treswd earlier, c e r h i n  conditions rnu\t lw fulfillzvl 
hcfore i t i icro-r~i (~ i i )gr~i~) l i s  can reveal a11 the  1:iri:itioiis in iiiitieral- 
imtioii i n  ;I ground section. Many published ~ i i ic ro- rad iogr ; i~~I i~  
&OW 1:ii.g:~ n h i t c  ;ii*c:is devoid of det:ril. Since the f i r 4  zone, i f  i t  
t . \ i \ t \ ,  i 4  \itu:ited in these under-exposed :ire:is it is often o \er -  
I o ~ ~ , e d .  , 1 1 1  :itteinpt W:IS therefore made i n  this inve4tig:ition lo 
( ' n \ u r e  that  : i l l  parts of tlie emiinel including h e  non-c: ir iou~ 
:irc;i\ mere e.rpowxl sufficiently for sonic blackening 01 the f i l i i i  

Fig.  20 s h o w s  :I inicro-latliograIh of a caries le\ion on the 
hucc:il :ispect of : i n  upper f i n 1  incisor. All  part? of the film \ho\\ 
~ O I I I C  tlegrec o f  hlnckening and, round the edge of the le4on 
there i \  : I  zone of varying width which appears lighter t1i:in ollier 
a r c i s  o f  tlie en:iniel. ?'his ~ o n e  corresponds to  the zone of high 
iic.g:ati\ t, birefringence :iround the lesion (Fig. 21 and CoI(iur 
1~l:rte c ) .  It appe:irs tr:insp:irent i n  ordinary traiisiititted light. 
'I'lie nlii te points in the i)holo-niicrogral,h :ind the micro-r:rdio- 
gi.;iph :ire for ease of co inpr i son .  In  the highly neg:iti\ c hire- 
fringcnt :II*C;I there a re  :ilso :ireas s l io~ving  yellow hireiring(Jnc.e 
o f  the second order. 

Relat i \  :>IF radiopaque :irens such a s  this :ire present around 
iii:iny, but not :ill,  lesions. Fig. 19 shows :in early lesion i n  t h e  
fi\\ui.e of a preniolar. A narrow radiopaque band c a n  he w e n  
;it the junction of the lesion with the nor~nnl  ena~nel .  

'l'hi\ m i l e  thus contains a greater ninount of minerals t han  
did the twainel before the  caries attack. 'I'hc most probable cx- 
p1:in:ition of this phenomenon is that  the  minerals :ire first dis- 
\ol\ed out in the lesion and then precipitated in the \urrounding 
en;iinef; ~)rd):il)ly in prisin sficaths :ind the interpri\ni:itic. suh- 
st :I 11 cc. 
As \\:is stressed earlier, a zone of increased neg:iti\e bire- 

1 iingence is not present around all caries lesions (Fig. 22 ) .  \!'here 
it i\ :ihsent there is, of course, no increased radiopacity in the 
riiicro-r~idiogI.al,h (Fig. 23 ) .  

[ ( I  \how up. 

Zone 2 

'I'hc second zone is where the deiiiineralizalioii first starts. 
It is very difficult to define exactly, particularly in  micro-rndio- 
gr:iphs where its appe:tr:ince depends entirely on the  ainoun t of 
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rxlintion. The size of the lesion appears to vary considerably 
with variations in exposure etc.; within certain limits, the greater 
the amount of radiation and consequent blackening of the filiii, 
the nearer does the size and foriii of the lesion correspond to  
what is seen with polarized light. 

From the point o f  greatest radiopacity to the point of lowest 
r:idiop:rcity visible in the micro-radiograph (Fig. 20) there is :I 

gradual and continual fall in iiiinerd content. Also, the saiiie 
:ireas show :I gradual change from negative birefringence to iso- 
tropy (Fig. 21  and Colour Plate c ) .  This change can be seen be- 
tween the two points at the top left o f  Figs. 20 and 21. The micro- 
radiograph shows that the end of the isotropic area seen in po- 
larized light corresponds to the end of the visible miner:ils. V'ith 
reduced exposure, however, minerals can be demonstrated in the 
centre of the lesion. 

The saiiie can be seen in Figs. 24 and 25. The row of points 
runs d o n g  the edge of the isotropic area and corresponds to :I 

sudden fall in radiopacity. Closer examination of these figures 
reveals that here too there is a continuous decrease in niineral- 
ization within the isotropic zone. 

It seems logical to assume that  all the isotropic enaiiiel is due 
to deminer:ilization. Norinal enaiiiel is impermeable to  Canada- 
balsani so some demineralization iiiust take place before changes 
become visible in  polarized light. 

The sections shown in these photo-1iiicrogr:iphs were iiiiniersed 
in Canada-balsam and the interior of the lesions thus show nega- 
tive birefringence although they contained less minerals than 
the parts of the enamel which appeared isotropic. This was de- 
inonstrated by using other imbibition media. The triangular area 
in Figs. 24 and 25 (marked by the six square points in line) ap- 
pears light in the iiiicro-radiograph although it is dark in the 
photo-iiiicrogrnph taken in polarized light. This is because the 
dark appearance in  polarized light is produced by an  isotropic 
zone identical with that seen near the norn id  enainel. 

The present authors have assumed that sections inibibed with 
Canada-balsam are suitable for niorphologic studies of enamel. 
It is therefore interesting lo study the effect of the balsani on 
the birefringence in carious enamel and to  compare the results 
with those obtained with micro-radiography. 
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Figs. 26 nntl 27 show :I carious lesion by polarized light and 
hg’ riiicro-radiogr:i~)h~. ‘I’he right hand side of the lesion can be 
seen rle:rrly in the iiiicro-r:idiogral)h (Fig. 27 j ,  and appear\ 
p r t l y  iwtropic :ind partly 1ieg:itively hirefringent when vieweti 
I)y polnrized light. There is  no  poSiti\e birefringence. Little can 
he  seen in the iuicro-radiogr:iph of the left hand side of this 
wiiie lesion whereus, in  polarized light, an area of positive hire- 
fringence is visible ( Colour Plate c)  . If the C:lnnd:i-h:ilsal~i had 
pem~tr:rted this par t  there would h:rve heen no positive hire- 
fringence, only negative birefringence like that  seen to  the right. 

‘I’his positive birefringence t o  the left is unaltered hy pro- 
longed iruitiersion in (::iz~~id:i-~)~tls~itii.  This is  prohohly becausr 
the  ”eiiipty” spaces (i.e. devoid o f  crgstallites) :ire not filled 111) 
hy the bals:iiii because the caries process has not progressed far 
enough to periiiit i ts  :iccess. If, however, the section was inihilied 
hy :I pe1ietr:iting fluid the positive area turned oyer to nega- 
t i \ e  (Colour Plate f ) .  

In :I previous investig:ition i t  was found that  solution of t h e  
iiiinernl\ started at the periphery of the prisiiis :ind proceeded 
tow:irti\ their centres. Fluorosed en:iuiel was :dso found t o  1 ) ~  
tleniiner:rlizecl froin the periphery o f  the prisms when it \va\ 
etchtd with acids (Gnstnfson rind Atrr, 1%il ).  Dtrrling (1958), 
liowmer, ob\erved t h a t  the centres of the prisms were de\oitl of 
itiiner:il\ in the later stages of curies and concluded that  de- 
iiiinernlization started in the prism core. 

In t h e  present investigntion, :wens of carious en:iiiiel \\ere 
found with sollie prisms having their centre3 unaffected and 
dciiiiner:tlizaticjii :it their  peripheries while others showed greater 
mineralization :it the periphery than  in the centre. This differ- 
ence could he see11 hoth with polarized light and with inicro- 
r :I d iogr n 1) h y . 

In Fig. 28, part of the lesion in Figs. 20 :md 21 is sliowii in ;I 

coinparison niicroscope. The left side of the figure is taken in 
polarized light and the  right side by micro-r:idiogr:iphy. Crossing 
the junction hetween l h e  two p:irts is  a well-marked Ketzius line 
a1id inside i t  there is  :I white band of greater negative hire- 
Fringence and greater radiopacity. Part of this area is shown in 
Fig. 29 in  which the d:irli Ketzius line doniinates the picture. 
1 here are scp:tre dark areas correspondiug to prisiii sections r, 
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( A . - G .  Grcsfnfson, 1959). On both sides of these there are  prism 
sections surrounded by radiopaque lines; the centres of these 
sections being highly radiolucent. The corresponding picture is 
seen in polarized light with the fine radiopaque lines showing 
negative birefringence while the dark centres are isotropic. 

Fig. 30 shows another part of the same lesion in which the 
prisins are  being attacked froin the sides. 

If the prisms in  Fig. 29 had been cut transversely, it would 
have appeared that  demineralization was most advanced in the 
centres of the prisms. This is because the cross-striations of the 
prisms would not be visible. As, however, the cross-striations are 
a s  well-defined a s  are  the sides of the prisms, demineralization 
cannot have started in the centre of the prisms. In that  case there 
would have been soiiie destruction of the cross-striations. We 
have no satisfactory explanation for this phenonienon. 

Non-carious enamel does, however, exhibit so inany structural 
variations ( A  . -G. Giistnfson, 1959) that i t  seems likely that many 
of the differing pictures seen in c:irious enamel are due to pre- 
existant structural variations. There is need for much more 
study of "normal" enainel. 

The various zones in the carious lesion show differing bire- 
fringence when viewed in polarized light. There is negative in- 
trinsic birefringence froin undissolved minerals, positive forin- 
birefringence froin "eiiipty" spaces and positive intrinsic bire- 
fringence from the organic fibrils. In assessing the implications 
of these appearances the possible effect of the imbibing fluid 
must also be considered ( G .  Gustnfson, 1957). 

Changes are  visible in polarized light before they can be seen 
in micro-radioSraphs. However, the greater the intensity of x- 
rays and consequent blackening of the film, the more do micro- 
radiographs resemble the picture seen in  polarized light. Thus 
i t  can be accepted that  examination by polarized light is a more 
sensitive niethod than is iiiicro-radiogr:iphy. 

Zone 3 

Outside the isotropic area (zone 2)  in  the lesion there is a 
gradual transition to negative birefringence. (The second zone 
inay soinetiiiies show positive birefringence). As has been pointed 

23  -- Actu odont. scuntl. 1.01. 19 
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out I)reviously (G. Gnstrrfson, 1957) the centre o f  the  lesion dis- 
i)lays ncg:itive hirefri tigerice if the section has heen itiihihed wit 1 1  
!~~inatla-b:ils:im. I f  the  section is imbibed with alcohol, however, 
i i i o s t  of this centr:il area can he seen to  he extensively deiiiiner;iI- 
ized. In soiiie lesions there are  stii:tIl areas which ;ire not in- 
1‘1 uenced hy ittihihition but  which display neg:itive birefringence 
11“ hiclie\ei- f l u i d  is used. One of us h:is previously suggeslecl 
i (;. (;rrstci/son, 19-57 ) t h t  these are  areas of ”pithologic culcilica- 
I ion’’. Wiis view is supported by the  incre:ise in  tuicro-hardness 
\xi hich w a s  f o u n d  in some 1):irts o f  these :ireas. 

l’lie rxistencc of this third zone and,  in  pirticitlar, the view 
that i t  is more highly c:ilrified, have been cpestioned hy sotiie 
workers. A pplclmuii i  ( 1938) helie\wl tha t  ”. . . certain 1itici.o- 

radiogr:iphic studies cast douht o i l  the possihility o f  s:iliv:iry ro- 
iiiiner~iliz:ition of areas  o f  incipient caries”. R e r g m m  c t  trl. ( 1958 i 
ohservtvl tha t :  ” I n  :t few cases o f  more :idv;inced caries, distincl 
;loties w r i ~  visihle i n  the  enutiiel. They were reminiscent o f  tliosr 
chservcd by G. (;rr.strrf.son ( 1957 ) :it I)ol:iriz:ition iiiicrosc0l)ic e ~ -  
:I 111 in ;it io 11”. 

T h e  investigation which \v:is referred to ((;. Grrstrrfson, 19.57 ) 

w:is carried out without tiiicro-ractio~raI)hy sirice the neceswt.~ 
quil ) t i ienl  was not :iwiilable. I t  therefore seemed :idvis:it)lt. to 
rxvu:iiiiine this probleiii. 

This  third zone does not o f  course exist i n  ;ill lesions ant1 is 
indeed, soiiiething of  an  exception. As T V : ~  pointed out in  1957 : 

I lie c;irious lesion does not, of course, develop :it the s:itiie rate 
i r i  : i l l  teeth. IVhere ;I carious lesion develops very rapidly, the 
cliffc~renl  ones :ire not foriued in  the way j u s t  described. Sudtlcn 
c~:ivil:itiori m i i  take place without visible ~.e-rniner.:iliz:ilion in  
~oi ies  one :ind three and  withotil tiiiiier:iliz:ition o f  the  5urf:icc”. 

T I1 e t 11 i r d %on e is :I 1 s o  c h ti r ac t e rized by i nc rea set1 t r a 11 61) a r en c~ 
t o  Ltxnsiiiitted light. Theoretically, this can only he due t o  grcatcr 
hotiiogeiieity. 7‘he latter can, however, arise in three tlifferent 
ways. 7’here can he :in increase i n  the :irnounl of the origin:il 
sii1)st:iric.e; in !hi\ case the tiiiner:ils i i i  the f o t m  o f  cry+ 
1:illites f i l l  the  ”etrtpty” spaces. Altern:itively, these ”spaces” c:in 
be lillrd with :inothm ii1;iteri:il \ \ i th the saiiie refrwctivc inde\ 
:I \  the eti:iii~eI. The third possibility is that  the  organic fibrils 
.;well arid are pressed together s o  th:it the ”sl):ices” arc e l i i i i i -  

..r 7 
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nated. This would take place if watery solutions were used a s  
iinbibing inedia. 

W e  have found no evidence of any increased calcification in 
the third zone in our micro-radiographs. This probably nieans 
that there is no re-calcification although it is also possible that 
micro-radiography is too coarse a method to demonstrate siiiall 
hut real differences. 

The increase in micro-hardness and in negative hirefringence 
in this zone may be due to pre-existent variations i n  enamel 
structure. It is clear that certain of the variations in  the lesion, 
pm-ticularly those along the Retzius lines, are  not caused by 
caries hut  :ire deve1opment:il variations in  en:uiiel mineralization. 
Micro-hardness riieasureinents across the proiiiinent Retzius lines 
in Figs. 28 and 29 inay show increased hardness. 

Since there is no evidence of pathological calcification in this 
third zone in  micro-radiographs, our previous theory is still ”not 
proven”. Because of these conflicting results a further study of 
this prohlein has been started using polarized light, rnicro-hard- 
ness tests, fluorescence microscopy and micro-radiogr:iphy. 

There are, however, certain indications that re-mineralization 
can take place within a carious lesion. Types of crystallites which 
are not found in ”nornial” enaniel have been found in the lesion 
(ToreZl, 1955, Sognnues, 1959). A s  MPzl (1959) has  recently 
shown, these can only be found if re-mineraliz:ition has  taken 
p 1 ace. 

Soni & Brudeaold (1959)  are undoubtedly correct in  their 
observation that : ”. . . the hardness of enamel is not necessarily 
related to its degree of inineralization”. They also found that: 
”There is no doubt, therefore, that fluoride originating either 
from external sources or froin enamel undergoing dissolution 
will deposit in residual carious enamel and that  zones of in- 
creased hardness and increased resistance to decalcification itiay 
thus he produced”. 

If there is re-mineralization, the new crystallites are  probably 
laid down along the axes of the organic fibrils. 

There are thus many unsolved problems relating to en:iinel 
caries and it is clear that the structure of ”normal” enaniel, and 
its variations must he considered to a far  greater extent than has  
hitherto been the case. 



'I'tic> iiiiiier:iliz~itioii o f  fluorosed teeth and  the 1iistol)atIiologg 
of caries mere investigated. 

4 coiiiparison hetween the results ohtuined with 1wl:irized light 

For iiiicro-ratiiogr:i1)liy n new :ipp:ir;itus for pressing the ground 
ant i  iiiici~o-r:itliogr~i~~li'hy w:is innde o n  ground sections. 

wctioii :ig:iiiist the I)hotographic plate was einployed. 

Wie effect of expo\iire on one :id the saine ground section \\;I\ 
tliagi.~riiiiu:itic:ill~~ rc.presented. 

Coiiil)lete ;igreeinent tjctween l)liotoiiiicrograI,hs [:)ken i n  1)o- 
I:irizcd light and 1iiicro-r:idioSr:I~hs o f  the wine :ireti was tie- 
inonstrateti. I n  riiost ca , ho\vever, phOt0~~:tphS in pol:rrized 
lighl nianifested greater detail than i i i icro-r~idiogr~i~~hs.  This i \  
possibly due fo changes in the enniiiel other  than the : i i i i o u n t  0 1  
i i i i  iier:tliz;i t i o n  1)resent. 

Ki ia ine l  st ructures  i n  ground sections iuust  he investigatcd i i i  

i ~ i o r c  t l i : i n  one wiy .  111 this study tr:insiiiittetl light, pol:irizetf 
1 iglit, :tiid i i i i ( , ~ o - i . : i ( ~ i o ~ r ~ i ~ ) l i ~  were einployetl. 

Irregular lo\~-iiiiiier:rlise(f areas c a n  he tienionstrated hot Ii t)y 
1)ol:irized liglif ant1 with inicro-1:rdiography. 

Although some Hunter-Schreger lines show up  o i i  the  iiiici-o- 
radiographs :is d:irker areas, there inay be no differences i n  i i i i -  

iier:i l i m t  ion bet wet'n differen t lines. 

This rffect i 4  thought to he due t o  changes in direction of 
l ) i i s i i i s ,  which :illow t he  x-rays t o  penetrate inore e:isily a long  
:I tid hctween 1 he cross-c u t pris i 11 s. 

hlic.i.o-rudiograI,ha anti t)hotoiiiicroSr:iI,hs taken i n  polarized 
lighl showed that  there was ;in incre:ise in iiiiner:ilizutioii i n  t h e  

zone :it t h e  edge o f  the c:irious lesion. 

I t  was not possible to deinonstrate :I higher radiodensity ir i  the 

The iinportancc of  "noriiia1" cn;iiiwl st~-ucture for  the de\clol)- 
third zone i negative birefringence). 

r i i c n t  of c:iries is pointed o u t .  
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R6SUhtk 

1,’BMAIL DENTAIRE HUMAIN E N  LUMIBRE POLARISEE ET EN MICRO- 
RADIOGRAPHIE DE CONTACT 

Les auteurs oiit BtudiC la calcification des dents fluorotiques 
et l’histopathologie de la carie. 

Une comparaison entre les rCsultats obtenus en luiiiikre po- 
IarisCe et par microradiographie a 6tC faite sur des coupes par 
usure. 

Pour la iiiicroradiographie, un nouvel appareil destine a main- 
tenir la coupe par usure contre la plaque photographique a C t C  
utilise. 

L’effet de I’exposition sur une seule et iii6nie coupe par usure 
a i i tC prCsentC sur un  diagrainiiie. 

Iles concordances totales entre les iriicrophotographies en lu- 
inithe polarisde et les niicroradiographies des iii&mes regions ont 
d td  niises en dvidence. Dans la plupart des cas, cependant, les 
photographies en luniibre polaris6e niontraient plus de details 
que les riiicroradiographies. I1 est possible que cela soit dii a des 
inodifications de 1’Cinail autres que le degre de calcification. 

Les structures de I’Ciiiail dans les coupes par usure doivent &re 
exaininiies de plusieurs facons diffCrentes. Dans la prdsente Ctude, 
on a employ6 la luiiiikre transniise, la luniikre polariske et la 
iiiicroradiographie. 

Des rkgions irrkgulikres peu calcifiCes ont peut-&tre inises en 
itvidence tant par la lumikre polarishe que par la niicroradio- 
graphie. 

Bien que quelques lignes d’Hunter-Schreger apparaissent 
coinnie des rbgions plus soiiibres sur les iiiicroradiographies, il 
peut n’y avoir pas de diffdrence de calcification entre diffbrentes 
lignes. 

On considkre que cet effet est dfi a des changeiiients de direc- 
tion des prisines, periiiettant aux rayons X de p6nCtrer plus facile- 
irient le long des prisiiies sectionnits transversaleinent et entre 
eux. 

La microradiographie et la niicrophotographie en luniikre po- 
1arisP.e de 1’Cniail car% ont niises en Cvidence une augriientation 
de la calcification autour des surfaces cari6es dans la preinikre 
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ZAHNSCHMELZ IM PO1,ARISIERTEN 1,ICHT UND IM MIKHOR6Nrl ’Gb3  

1 ) i c hl i ne ra I i si eru il g f I11 oro t i sc h e r Z ii h 11 e LI ntl di e Y c> r it i i  tie 1.11 i i  gc n 
tie 4 Sch i 1 i el zes i t i  Ti a r i e shezi rli en w u rd e ii  u 11 t e r su c h t . 

1)ic IJntersucliung bestelit h:iuptsachlich :ius eineni I‘ergleicli 
 ti I<erult:iten, die durch lintersucliunger~ i i n  po1:irisierten Liclit 
t i  rid I ii i t t el Y hi i L roriin tgen ;I uf ria h i n  en erreic h t wu rden . 

Ll i i i  eirieii hesseren I<ont:il<I zwischen den  photogr:i~)liisclit~ii 
L’l:itlen uiitl den I)iitirischliffen zii erh:ilten, wurde eine neuarlise 
App:ir:it ur ;t ngewa ndt. 
Es wird a n  Hand eines I)i:ig~~:iiiiiiis gezeigt, thss wrscliietlene 

I<rsult:ittA je  n:ich der Intensitat der Bestruhlung ge\vonnen wer- 
clvri I< ii 11 t i  en. 

Eine grosse i ihereinsti tutuuii~ zwischen den Hesult:itcn, tlic 
Pinerscits init polarisierteiii Licht und :iiitlererseits tiiit Mi1,r.o- 
ri~rilgen:tufn:~li~iien gewonnen wurden, wurde I‘estgestellt. I n  viclcn 
1’ a I I cn zei g t e n a be r die Mi I< r op h o t o graph ien in 1) ol ar i  si e r t e 111 I i ch t 
i i irhr Einzelheiten als die MiIiroriintgenuufii~Ihlnen. Es wirt l  
d t. s h :ill) :in g en o I ii I ne 11, d a s s auc h :I lid ere Ver ii ntl er u n ge 11 :I I s hl i - 
nc.r~ilis~itionsiinterschiede iin po1:irisierten Lichl sichtl-)nr wcrden. 

17s wild hervorgehoben, dass f i ir  die Uiitersuehung voii ”iior- 

i i i : i l t~i i iO und karitiseiii Schinelz iiiimer iiiehr :iIs nnr  eine Methode 
atigvw:ttidt wertlen sollte. 

Obgleicli einige der Hunter-Scliregersclieii Streit‘en i n  tien 

hl i Ic ro  rii n t geii :iu fnn h in en dun  Ii I er her vortret e n a I s tli e N ;I c Iiha I‘- 

slreifen, wird :ingenotiinien, class hier lceine LJuterschiedc 1111 Mi- 
ner:ilis~~tionsgr:id vorliegen. Diese verschietlene Schwiirzung 
1\01i i t i i t  dndurch zustande, dass  die Riiritgenstr:ihlen ctiejenijirii 
’I’eile des Schiiielzes, in deiien die Prisiiien quer getroffen Grid. 
1 ci ch I er (1 u rc h d ring e n .  
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Bei der Schinelzkaries ist die erste sichthare Veranderung eine 
starkere Rijnt#enstrahlenabsorption gerade in dein Gehiet, in dein 
auch eine starltere negative Doppelbrechung vorhanden ist. Es 
wird deshalh mgenonimen, dass die sogenannte erste Karieszone 
wirklich ails einem Niederschlng von vorher geliisteii Minernl- 
salzen bestehen ltann. 

Dagegen ist es den Verfassern nicht gelungen eine starltere 
Hiintgenabsorption in der Gegend der dritten Karieszone festzu- 
stellen. Diese dritte Zone muss deshalb Gegenstand weiterer Un- 
tersuchungen werden. 

Die Rolle der Variationen in1 "normalen" Schiiielz fiir das spa- 
tere Aussehen de% Kariesangriffes wird betont. 
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