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In  dental caries there occurs a dissolution of mineral salts in 
the affected areas of enamel and dentine. This phenomenon can 
be studied by microradiography using soft x-rays and, with this 
technique, one is able to demonstrate a decreased x-ray absorp- 
tion in the engaged areas. In  sonie instances, however, one also 
finds an increased x-ray absorption due to an increased content 
of mineral salts in  the adjacent parts of the dentine. In a recent 
investigation using inicroradiographic techniques it has been 
shown that areas with an  increased content of mineral salts can 
be traced as  far  down as the dentine-predentinal border in  very 
superficial carious lesions (Herginan & Engfeldt 1954). These 
areas of the dentine which show a n  increased x-ray absorption 
partly correspond to socalled transparent zones, but they sonie- 
times also cover opaque areas. (We define a transparent zone 
of the dentine as an area of a ground section which, in  trans- 
mitted light, shows up a s  brighter, more transparent, than the 
surrounding dentine. An opaque area is  a part of the dentine 
which is dark in  transmitted light). W e  have used longitudinal 
sections of teeth in  our earlier investigation and the niicroradio- 
grains so obtained have not permitted us to draw any definite 
conclusions as to the exact sites of the increased content of 

1 Par t  I i n  this series is  published i n  Exp. Cell Research 7: 381, 3954, parts 
11, I11 and V i n  Acta odoiit. Scand. 12: 99, 133, 193, 19\34, and par t  I\’ i n  
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mineral stilts in  the dentine. The  deposition of 1iiiner:tl salts 
could haye occurred in  the ground substance or i n  the  dentin:il 
1 ub u 1 e s , I3y preparing thin gro ti n d  sect i () n s 1) e r p  en di c u 1 :i r to t h e  
direction of the dentin:tl tuhules a n d  hy obtaining high resolution 
iiiicroradiograiiis of these sections, it h:is becoine possible to 
study the distribution of 1niner:il salts  in the dentine iiiore closely. 

I1 IAI' AN I) 11 E'rHOn s 

Permanent  teeth with superficial fissure caries have been ex- 
trticted and iiiiinedintely fixed in  ethanol. l 'hin slices haye heen 
cut  through the crowns perpendicu1:ir t o  the  long axis of the 
teeth. These slices have been ground to :I thickness of ahout 
50 / L .  T h e  iiiicroradiogrntiis published in  this paper :ire :ill from 
sections situated so far  from the  carious lesions that  n o  sign\ 
of tfeitiinera1iz:ition whatever could he detected. 

The i n  i c r o r a tl iog r :I ph y 11 ;I s bee n 1) e r t' c r i n e d ;I ccord i n g 1 o t h c 
1)rinciple of  second:iry enlargement. A Muchlett OEG x-ray tube 
with 0.2 111111 He window served as  radiation source a n d  the  tube 
was opersited with 24 I<\' fully rectified d.c. and 10 inA.  l'hc 
distance focus to einulsion w a s  25 cni which in our  case gave it  

geonietricnl unsh:irpness of  less tli:in 0.1 ,,(. 'I'he micror:tdiogr:iiiis 
were registered on E:tstin:tn I<od;ik spectrosco1)ic plates no. ( i l l )  
which were developed in  D.K. 50 for three iiiinutes. 'I'he iiiicro- 
r:idiogr:tiiis were enlarged hy ~~1iotoinic.rogr:t~~liy o n  Kod:tk 0 250 
pl:ttes. 

After the ~ i i i c r ~ ~ r n d i o g r ~ t ~ ~ l i y  tlie sections were dehydr:ttetl, 
iiiountetl in c:tn~td~ib:tls~iiii :ind I)hotoiiiicrogr~ii)lie(l in tr:insiiiitted 
lighl. 

1 ~ E S " I ~ ' l ~ S  

l'he tlistrihution o f  iiiineixl salts in the dentine is deiiionstr:itetl 
in Figures 1 -4 which are :trr:tnged with the  tr:tnsiiiitted light 
pliotograpli on the left :tiid the corresponding iiiicror~i(1iogr~iiti 
on tlie right. Light :ire:ts in t h e  iiiiri.or:ldio~l.:Iiiis correspond to 
:ireas with high x-i*:ty :tl)sorl)tion, tIi:t1 is, ;tre:t% with :I high 
content 0 1  iiiiner:tl salts. 

Figures 1 : t i id  2 s h o w  two different :trekis froiti [lie s:tiiie ground 
section of :I third inol:tr. The dentinal lubules huye lieen cut 



1)erpeiidicul:ir to their longitudinal axis :it two different levels. 
Thus some of the dentinal tubules situated in  the imiiiediate 
neighbourliood of the predentine zone and :I group of tubules 
situated further away froiii the piilpal tissue :ire cross-cut. Figs. 
1 a :ind b show cross-cut dentinal tubules close to the predentine 
zone. The dentinal tubules 1i:ive here :I diameter of about 2 ,,[ 
(iiiaxiiiiuiii 2.5 ,,O. The microradiograiii (Fig. 1 b)  shows that  
the tubules h ive  :I sharp boundary towards the ground substance 
with its high x-ray :ibsorption. A transitional zone between the 
dentinal tubules and the ground substaiice thus cannot be de- 
i i i  on s t r a t ed in t h e iiiicr or a d io g r a 111. 

Figs. 2 a and b tleiiionstrate the observations iiiade in nn area 
situated further away froiii the pulpal tissue. The diaiiieters of 
the dentinal tubules are here decreased (m:ixiiiium 1.5 and 
most of them are seen in the transmitted light photograph 
(Fig. 2 a )  :is surrounded by :I light zone of varying thickness. 
The corresponding 1iiicroradioar:iiii (Fig. '2 b) demonstrates that  
most of the dentin:il tubules are surrounded by areas of varying 
thickness having :I higher x-ray absorption than the adjacent 
ground substance. A few tubules in this area, however, do iiol 
show such high x-ray absorption in  their surroundings. 

Figs. 3 :t and b :ire taken froin :i ground section of  mother  
third ~iiolar.  In these photographs one c:in observe the saiiie 
details as in Figs. 2 :I and b, and in addition the microradiogram 
(Fig. 3 b)  shows that soiiie of tlie dentinn1 tubules :ire coinpletelg 
filled with highly :il)sorhing 1ii;iteri:il. 

The inyestigation of the distribution of iniiiernl salts in the 
dentine from carious teeth, performed with riiicroradiogrnpliic 
technique on ground sections cut perpeIidicu1:ir to the long axis 
o f  the de i i  tin a 1 t u bu 1 e s, h :I s cleiii on s t rat ed differ en t find in g s : 
1 ) Dentinal tubules which :ire itiiinetli:itely surrounded hy the 
ground sul)st:iiice, 2 1 dentinal tubules which :ire sep:irntetl frotii  
tlie ground suhstance by a dense ring o f  tninernl salts, :tiid 3 )  
tuliules which :ire coiiipletely ohliteruted. 

(1entin:il t uhules : i i id  the cotupletely obliter:ited ones. This finding 
There :ire trmsitionnl fortiis of all degrees between the open ; 
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seeins to indic:ite thut the tubules can he successively obliterated 
by ;I deposition of  Ininera1 salts, :I process which starts in the 
periphery of the  tubules. On the base of the inaterial investigated 
to date, it is not possible to  d r a w  any definite conclusions con- 
cerning the  nature of this process. There :ire o f  course different 
possibilities. The obliteration of the dentinal tubules might be ;I 

physiological process connected with the aging of the tissue o r  
it might have something to do with caries. I3ecuuse of the findings 
in our previous work on caries it appears very prob:ible that the 
obliteration of the dentinal tubules by mineral salts is :it least 
partly connected with caries and corresponds to such areas which 
in  longitudinal ground sections of teeth appear a s  tr:insp:ireiit 
or opaque zones when studied in transmitted light. 

The resolution of the niicroradiograins is about 0.5 / /  :ind thus 
it is not possible to decide with certainty if the tubules, which 
on the microradiograms appear to be obliterated, really are 
coiiipletely filled up by mineral salts or i f  they have a very thin 
lumen. A comparison with the corresponding I'hotoniicrograplis 
tnlten in  transinitted light indicates, however, that a t  least soiiie 
of these tubules are avoid of lumen. MiZZer (1964) has stated 
that the dentinal tubules are alwwys surrounded by a ring of 
highly absorbing material both in erupted and nonerupted teeth. 
However, this is in disngreeiiient with our findings which show 
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the :ihsence of  such highly :il)sorhing :ireas :iround illany of  thr  
dentinal tubules both in those parts or the dentine situated next 
to the predentine zone ant1 further awiy. 

SL! A1 R1 AHT 

Ground sections f r o m  the crowns o f  iiiolurs with superficial 
fissure caries h:iw been studied with iniclor~idiogr:il)hic tech- 
nique. The sections were taken perpendicu1:ir to the long axis 
o f  the teetli. The cross-cut (1entin:il tubules were. sonietiuies 
ob1iter:ited with mineral wits, :ind the x-ray ahsorption of  this 
structure w a s  higher than that of  the surrounding ground sub- 
stance. In iiiany cases the luinina o f  the dentinal tubules were 
surrounded by rings of v:irying thickness showing high x-riry 
nbsorption. Sonietinies such :ire;is were absent, :md no tr:insitioiial 
zones could he found between t h e  tuhules a n d  the ground sub- 
stance. Between these ”open” tubules  and the above-nientioned 
obliterated ones there was every tmnsitional forin. The question 
whether the process leading to a n  obliteration of the dentinal 
tubules is a normal or p:ithologic:il one is discussed. 

IiBSLTI1lB 

ETUDES SUR LES TISSUS DENTAIRES MINERALIS& 
VI. La distribution des sels minkrnux dans la dentine, envisagee specialement 

aux tubes dentaires 

Iles coupes pratiqu6es d m s  des couiwnnes de iiiolaires super- 
f’iciellement cnriPes ont 6t6 i.tudi@es par Line technique micro- 
r:i d i ogr a p hi q u  e . Les coupes on t 6 t k f ;ii t e s 1) erpendicul air e me n t 
h I’axe longitutlinnl des dents. Les tubes dentnires coupbs trans- 
vers:ileinent btnient parfois obstrubs par tles sels inini.r:ius 
d’une puissance d’:ibsorption de r:iyons S plus grande que celle 
tle I n  substance environnante. En certains cas les parois des tubes 
dentaires dtaient recouvertes d’anneaux d’une 6p i s seu r  v n r i k  
ct d’une haute puiss:ince d’ahsorption des rayons S. Entre  les 
tubes dentiiires sans atineaux et leu tubes obstru6s toutes les 
forines iiiterii1bdi:iires ont dlb trouykes. 

On :I discuti. I n  question de s a w i r  si I:i ri.action, cp i  c:i~ise 
l’obstruction des tubes dent:iires, est normnl 011 patholo;’ “ i c  1 Lie. 
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STUDIEN AN MINEHALISIEHTEN ZAHNGEWEBEN 
V1. Die Verteilung der Mineralsalze in: 1)entin mit besonderer 

Beriirksichtigung der Ilentinkanalrhen 

Sc h I iff e von M o I i i  re n k r on e n I 11 it o he r f 1 a c h I i c her F i s s u r en k :i r ie s 
wurden tnit tnilcrorudiogr~i~~liisehe~i Methoden untersucht.  Die 
Schliffrichtung w:ir ( p e r  zu der 1,iings:ichse der Zahne. Die (pe r -  
getroffenen I)entiiik:iniilcheii waren verschiedentlich (lurch Ni- 
ner:ils:ilze ohlitel-iert, untl die Riintgenstr:ihleii:ihsoi-~)tioii dieser 
I3ezirlte war griisser :\Is die der uingehencten Griindsuhst:inz. In  
vielen Fiillen war d a s  Luiiien der 1)etitinknniilchen \'on Ringen 
u 11 ter sch i ed 1 i c h er I)i clc e 11 i n  g ehe 11, tl i e ei ne s tark e Rii n t ge n - 
str~i1ilenahsorl)tion zeigten. M:inchiiid fehlten diese, wohei auch 
cine Uebergangszone zwischen den 1)entinkaniiichen und der 
Grutidsubst:inz nicht festzustellen war. Zwischen diesen "offe- 
nen" und den ohen erwiihnten ohliterierten 1)entinlcaniilchen 
konnten :ille Uehergange gefunden werden. Es wurde diskutiert, 
oh der zu einer Obliteration der 1)entinlcunalchen fiihrende Pro- 
zess als  noriii:il oder p thologisch  :inzusehen ist. 
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