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STUDIES ON MINERALIZED DENTAL TISSUES' 
1'. Microradiographic investigation of experiiiientally pro- 

duced caries and attrition in white rats 

In carious lesions in in;in, there occurs a deiiiineralization of  
both enamel and dentine. This demiiier:ilization can be de- 
1nonstr:ited hy means of x-ray absorption nieasurement, i.e. the 
lesions absorb less radiation th:m the surrounding norinal tissue. 
In certain p r t s  of  the lesions, however, a n  increased content 
of  mineral salts may be observed (cp. Bergman c(? Engfeldf ,  1954). 
It has been shown by I'm Hiiysen et 01. (1937), that an increase 
in x-ray absorption may also result f r o m  attrition. 

A suitable experimental diet will produce caries in ruts. 'l'he 
diet most often used is the one coniposed by Hoppert, W e b b e r  
ct- Canniff (1931 1, which inter nlia contains coarsely ground 
maize (HM'C diet). Upon this diet ensues, together with caries, 
attrition of the cusps. 

The aim of the present investigation is to  study, by iiieans of 
n iiiicroradiographic technique, the changes occurring in enamel 
and dentine a s  a result of experimental caries in white rats. In 
connexion with this investigation the dentinal changes associated 
with attrition have also been studied. 

m m x I ; \ L S  AND ~ I E T H O I ) S  

White rats were used a s  experiiiiental aniiiials. They were ol' 
the saiiie breed :IS in  earlier experinleiits by Bergmnn (1953). At 

1 Part I in this series is  published ill Exp. Cell l\es. 7 :  381, 1964, parts 11 
and 111 in Acta odont. Scand. 12:  99, 133, 1954, and part I\' in Acta path. ct 
niicrohiol. Scand. 36 : 637, 1954, 
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Fig. 1 .  Microratliogram showing early stage of fissuro caries in the eii~rmc~l 
\\it11 low x-ray absorption near the bottom of the fissure. No risible chntige 

in  the dentine. x 200. 

Fig. 2. h1icrorndiograIn showing more :idvniiceci fissure caries. 1,:iinelln o r  
crack in the enamel with surrounding zotie with low s -raj  :il)sorption. x 100. 
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Fig. 3. Microradiogrnm. Fi\sure caries i n  tlic dent inc i t l i  low x-ray nbsorp- 
tion in :I cresccnt-shaped zone bcncnth the etiainel. x 100. 

the age of  30 days the rats \\'ere piit on :I HWC diet, and they 
were killed after 100 tlnys o:i Ihis diet. (;round sections about 
100 i n  thickness \\ere p r e l ~ r e c l  l'roin the  iiiolnrs in such n way 
that '  :ill three inolars i n  one h:ilf o f  the j a w  were cu t  together 
( 1ongitudin:il 4ections ) . 

'I'he content a n d  distrihution of miner:il salts was deteriiiinetl 
by micror:idiogr:ii)liy. The  iiiicroradiogr:~~iis were obtained by 
1)lacing the ground sections in close contact with :I fine-grained 
photographic eiiiulsion :inti exposing theiii to soft x-rays. A 
Alachlett OEG 5 0  X-ray tube with a 0.2 111111 Be window s e n  ed :IS 
i*adi:ition source. 'I'he tube w;is operated with 24 I,\' fully rectified 
d.c. ?'he i i i i~ror~i( l io~i , : i  tiis were 1:ilten on East ni:m Kodnlt Spectro- 
scopic Plate No. 649, which h i s  :I resolving power o f  more than 
1 ,". They were :it  unit in:rgnific:ition and were en I:trged by photo- 
iiiicrograpliy on I<od:ili 0 250 plates. For :) general survey :rnd 
discussion o f  the technique, see Hergiritrn 6 Engfelrit (1954). 
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The niicror:itliogr:iiiis of  the iiiol;irs disclosed :ireas of fissure 
caries in our :iniiiials (Figs. 1 3 ) .  ‘l’he enainel a t  the bottom 
of the fissures showed :I lower x-ray absorption than the sur- 
rounding normil enaniel which indicates :I dissolution of mineral 
salts. This is in :igreement with results obtained by , lpplehrri ini  
& ddains (1838) .  I n  the early phase of fissure caries s h o w n  in 
Fig. I ,  the x-ray :ibsorption of  the  dentine w a s  not :ippreciubly 
changed, while in inore advanced alterations (Fig. 3 ) 21 definitely 
lowered absorption of the dentine beneath the fissure w a s  oh- 
served. The carious lesion in  this latter i1)st:ince h:id spread down 
to the dentine, the Inineral salts of which :ire heins dissolved. 
In both the :ihow described types o f  fissure wries  no areas with 
increased x-ray absorption were found in the dentine. 

The microra(tiograii1 shown in Fig. ti deiiionstr:ttes :I carious 
lesion rarely occurring in the white rat, viz. proxiiual carie\ in 
two adjacent teeth. I n  the left tooth 1:irge areas o f  the en:iiiiei 



Fig. 5 .  Xlicroretliograiii of the sniiie loot11 as i n  Fig. 1. The cups tips show 
increased x-ray absorption. N o  colnpletc correlation I~! tween the tr:inspareiit 
zoiics in  Fig. 1 :ind tlic zone\ with high :Il)\orption in the microrndiogrnm. 

x 40. 

and dentine were destroyed. I n  the right tooth the ennniel w a s  
:ipp:irently normal, while the dentine showed :I lowered x-r:iy 
ahsorption in :I n:irrow zone next to the enniiiel. It seems prob- 
able that the section had been cut in such a way that the penetra- 
tion of the c:irious lesion through the enamel had taken place 
in the enamel lying :it the side of the section. No areas of in- 
creased x-r:iy :&sorption of the dentine were found. 

l‘he inicror:idiogr:iiiis of the abraded cusps, however, showed 
increased x-ray ahsorption in a narrow zone at the outer surface 
0 1  the dentine a s  well as in the deeper parts of the cusps (Fig. 5 1 .  

I’hotoiiiicrographs of the ground sections tnlten in transmitted 
light showed both transparent and opaque areas in the cusps. 
Coinparison of the photoniicrograph of the  ground section 
(Fig. 4 )  with the corresponding micror:idiograni (Fig. 5 ) shows 
that there is no clear correl:~ tion between opaque :Ind transparent 
areas, on the one hand, and the distribution of iiiinernl salts, 
on the other. 
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Fig. G .  Microradiogram. Proximal carics in  two adjacent tccth. x 100. 

I)IscrssIos 

'I'he iiiicroradiograI,hic investigation o f  the iiiolnrs in ra ts  with 
experiiriental cnries disclosed findings in  close agreement with 
the ones in caries in  ni:in (cp. B ~ r g i i i m i  I.:ngfcltlf, 1934). Thus,  
:in area with low- u-ray ;ibsorption of the enniiiel w i s  ohserved 
i n  the fissure caries lesions, :ind also the  dentine situated beneath 
carious enamel showed :I decreased s-r:iy :ibsorption. In more 
:idwnced fissure cnries the area o f  the  en:iiiiel with low x-ray 
:ibsorption w:is increased. 'I'hese findings deliionstrate that  there 
is n dissolution of r:ilciuiii wl t s  froin the involved enamel and  



dentine. These details :ire similar to wh:tt is observed in  caries 
in iiian and iiiight indicate similarities in the development of 
fissure caries in rat  :ind w i n .  

A s  reg:irds the re:tction of the  dentine to the c:irious lesions 
there was a discrepancy, however. The :ireas with increused 
x-ray absorption of  the denline observed in h u i i i : i n  caries have 
not been seen in the inolars of the rats. This negative result can, 
however, not directly be taken :IS evidence of such :i reaction of 
the dentine being absent in t h e  rat. On the h s i s  of ou r  iiinteriul 
it cannot be decided whether the discrepi icy in this respect 
between huiiian caries and caries in rats is  depending upon 
different iiiodes of reaction, or whether ;I time factor niay I)c 
involved. It is not possible to rule out the possibility of  longer 
experinient:il periods t h m  we have used being required for thc  
occurrence of tireas v i t h  increased x-ray :rhsorplion o f  the  den- 
tine situated beneath the carious lesions. To e1ocid:itc this clues- 
tion further studies on these lines will haye to he carried oul .  

I n  the abraded cusps :irc:is witli incre:lsed x-ray absorption 
of  the dentine were observed. 'l'hese ;ireas were situated :it the 
outer surface of the dentine :is well :IS in its deeper parts. I t  is 
known that  artefacts ~ii:iy occiir :it the horderline hetween highly 
absorbing :tnd non-:tbsorhing wens.  However, :ireas with siniilnr 
differences in iibsorption as the cusp t i p  did not show this effecl, 
and accordingly this observation inust be taken to  indicate ;I 

really iiicre:tsed x-ray absorption in :I mirrow zone at the surfac> 
of the cup tips. This zone proh:tbly depended on :in increased 
niinernl content but might a l s o  depend on :in incorporation of  
foreign inateriul in the surface o f  the dentine. The areas with 
soinewh:it increased x-ray nbsorption in the deeper parts of the  
cusps, however, most probably depended on :in increase of  the 
iiiinernl salts of the dentine. These I:ittei* changes were siiiiil:ir 
lo what is observed in attrition in  1ii:iii. 

F rom our  study i t  is apparent that there is no clear correkition 
between the transparency of  the  dentine :id the x-ray ahsorp- 
tion. Wi th  the technique used iii the present study, the x-ray 
absorption provides evidence a s  t o  t he  content and distribution 
ol mineral salts in iiiiner:ilized tissues nnd thus it seeins clear 
that the transparency of the dentine in white rats can not be 
taken 21s :in indication of its degree of iiiincrulization. 



Sl‘hl M A R Y  

In :I micror:tdioSrapliic investigation of  carious molars fro111 

white rats it could be demonstrated that the lesions showed 
siinilarities with corresponding lesions in man. However, in the 
rats no areas with increased Inineralization were observed in  
the dentine. 

In attrition, however, wens with increased niiner:ilization were 
observed in the cusp:il dentine. 
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