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SOME REMARKS ON THE STRUCTURE OF DENTIN 
AS REVEALED BY THE ELECTRON MICROSCOPE 

The structure of dentin has been the object of close examiixi- 
tions for :I long time. I’arious light microscopic:il investigations 
have resulted in :I nuniber of different opinions on the fine 
structure of the dentinal canals and the fibers of Toines. Their 
:ippe:irance is dependent of their origin and here several theories 
1i:iYe been forwarded. It is mostly assumed that these eleinents 
:ire differentiated froin the connective tissue cells of the piill). 
An interesting hypothesis, however, has been presented by W ~ s t i n  
( 1931) who regards the odonlohlnsts ;is being derived froiii the 
cndotheliuin of the vessels. Through the developiiient of the 
clectron niicroscope with its high resolving power coiupareti 
to that of the light microscope, the hope was cherished that 
the problem would possibly he solved. In  a study of the present 
literature on the subject it is evident that there is still quite 
a great divergency of  opinion. 

It is :iliiiost generally accepted among electron microscopists 
that the dentinal fiber is ;I thin-walled protoplusinic process 
froni the odontoblasts, the latter which :ire arranged on the wall 
of the pulp cavity and send their processes into the dentinal 
tubules ( S c o t t  & TYyckoff, 1947, 1950, S!yrrist, 1949, S;yrrisi ce 
Giistafson, 1951, Helmcke c t  Jcrhn, 1952 a, 1952 b, Scott, 1952, 
1953, Scott et al., 1952, Kennedy e t  a l . ,  1953, Helmcke ,  19533, and 
Schroff,  Will iamson ~t Bertcriid, 1954). 

Heliuig and illenkc. (1949) and Menke (1950) are of :i different 
opinion. They regard the dentinal fibers :IS a bundte of true 



fibers, showing :I periodicity of the s:iine type :is collagcn. 
H d t n c k r  ( llE53) believes th:il the\e authors h:ive inistal<en some 
of the coiiiponents in thc org:inic ground subst:ince for tlentin:rl 
fibers. 

A mitter  of great tlisi)iite is the  question o f  the  existence o f  
the so called sheath of Neuni:inn. 'Hie opinions for and ag:iinst 
:ire r,tther equally divided. H c l m c k c  (19.53) in his excellent nt1:is 
t m  the  ultra structure of teeth gives :I good review of the electron 
ii1icroscopic:il \vorl<s on this subject. He drmvs the conclusion 
t1i:it the sheath of Neuin:inn in its origin:il sense does not exist, 
mhich 1ne:rns that  the cell iiieiiibrme of the odoritohlartic process 
lies in direct contact with the dentinal ground substance. He 
states, possibly correctly, that  the differences o f  nie:ining :IS to 
this structure probably are due to :in uncertainty of terniinology. 

The different ;ippe:ir:ince that the fibers of Tomes show in 
various investigations is prob:ibly tlue to  the infliience of different 
fixatives :ind decalcifying fluids on thc  protoplasni o f  the fibers 
(Schrof f  ot trl. 1954, :I.(). ) .  Often pictures presented sho\v :in 

empty sp:ice between the wall of  the  dentinal tubule :inti the 
odontoblastic process. This space has been looked upon by inany 
:IS being :in ;irtefnct tlue to shrin1t:tge. A n  altogether different 
opinion is presented by Sclrroff rt  n l .  ( 1954 ) .  l'hey poslu1:ite that  
the dentinal fiber has not originnlly filled out this s p i c e  but that  
the latter h a s  appeared after decalcification. This dec:ilcifying 
effect, according to these authors,  is due to  the stronger niiiierul- 
ization of these parts and thus they have been more readily 
dissolved by the action of the acid of the decalcifying fluid. These 
worlters present pictures on replica studies :is well :IS thin sec- 
ti on 9. 
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The investig:rtions presented in this p:iper have been carried 
out on homoteeth, inolnrs and pre-inol:irs. 1niinedi:itely after 
extraction, the tooth has been split and fixed in  :I veronal buffer- 
ed osinic acid solution :iccording to Pnltrcle ( 1%52 1. After fixation, 
the tooth has heen decalcified by 40 formic acid, buffered 
with 7 % sodiuin foriniate after first eliniinnting the enaniel L o  

:iccelerate the decalcification. A s  soon :IS this latter process 11:is 

been coinpleted, which has been controlled by x-ray examin, <I t '  1011, 



Fig. 1 .  Sect i o n  f r o m  dent i n .  H o m o  tooth. 1)cntiti:il tuliule complctcly filled 
1ty :I fiber of Tomes. A distinct border structnre i \  seen, app:ireiilIy compowd 
of  small rounded cleiiieiits aiid :I liiiear structure. Electron micrograph. 

Fix.: buffcrcrl osmic acid. Jlngnification: .i0 000 X .  

the preparations have been embedded in :I inixture of n-hutyl 
:in d iiie t h y I I lie t h :i c ry l ate according to A’P rnm fin, Bony s 1: o :ind 
Sroertllorn 1949 ) . Sectioning for  electron microscopy has  heeii 
perforined on A Sjdstrand ultra microtome (Sjijstrnncl, 1853 ) 
using polished Schick rezor hliides (Sji jstmnd, 1954).  

RESULTS 

In  :i nuinber of sections, the contents o f  the tlentin:il can:ils, 
that is the odontobhstic processes, coinpletely fill the luiiien of 
the tubules. (Fig. 1 . )  Meosurenients on the dimaeter of the 
tuhules show these to vary in our preparations between 1.0-1.6 
microns. A surrounding empty space can not be seen here. The 
structure o f  the dentinal fiber shows in the fixation used :I 

r:rther homogeneous appenranre. A central bundle of fibers hiis 
not been seen. 
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Fig. 2. Section f r o n i  dentiti. Homo tooth. 1)entin;tl tubule w i t h  its c o n t e n t \ .  
Appearance due t o  sIirink;igc. d surrounding I ) o ~ ~ l e r  structure ciin IIC w c n .  
Granular appc:ir;incc pro1)ably due t o  f ixation.  Electron micrograph. 1 . i Y . :  

I,uffcrcd tr\mic acid. Magnification : .TO 000 X .  

The hortler IJetween the otlonlob1:istic process :ind [lie sur- 
rounding dentin shows :in increased electron iiiicroscopical 
density, prob:ihly indicatiiig :I speci:ilized h r d e r  structure. I t  is 
difficult to  determine, whether this structure in  reality belongs 
t o  the fiber of Tonies, or to  the wall of the dentin:il tuhule, ;IS 
Llie luinen is coinpletely filled by the fiber. The rather great den- 
sily of  tIii4 horder structure In:il\es it tlifficul t to observe finer 
de1:iils. However i t  is 1)ossible here anti  there to study :I ininute 
\tructure, which h: iS  the ch:rr:icter ol' on one h:intl, :I number of 
closely lying rounded eleinents with :I dialneter of 400- -800 A, 
O I I  t he  other hund, :I somewhat denser linear structure. 'l'he latter 
ha\  :I ine:isure;ible thickness of around 200 A. I n  w i n e  sections i t  
:ippe:irs to be double contoured. 'Hie horder zone :IS :I whole 1i:is 

:I thickness of :iround 0.1 micron. 
In prep:ir:rtions not s o  well fixed, ; i n  obvious shrinkage o f  the 

dentin:rl fiher h:i \  occurred. (Fig.  2. Herr the :il)ove-iiientioned 



border structure can still be seen, surrounding the luiiieii of the 
tubules. The shrunken otloiitob1:istic process can be seen lying 
in the center of the tubule but i t  is attached to the walls by thin 
bridges of ~)rotopl:i S I N .  

The fibers of the dentinal i i ~ t r i x ,  especially in the predentin 
show :I periodicity similar to th:iL of  collagen fiber\. 

A s  Schrof" (it rr l .  ( 1!)54) a.o. point out, the pictures of  Lhc 
dent ind  tubules and their contents :ire dependent upon the 
cpi l i ty  of the fixation and the influence of different decalcifying 
:igents. I n  our ~nnteri:il, in spite of decalcification, sp ices  sur- 
rounding the fiber of Toines have not :ippe:ired. This  nay he 
due to the degree of decalcification. 'The :issuinpt ion of the :ihove- 
iiientioned authors that  the fiber of 'I'oines is  surrounded by :I 

slronger iuiner:ilized zone can not be verified froin our  investi- 
gations, but need not therefore be incorrect. It is  possible too, 
that  the dentine in  our p r e p r a t i o n s  w a s  situated closer to  the 
1)redentin:il zone :ind thus less ~iiinernlized. l'he different pic- 
tures shown in  various papers inay also indicate :I structur:il 

ereiice in the ground substance surrounding the tlentin:il 
tubules located in various places. 

The iiiiportnnce of fixation for the a1)pe;ir:uice of the prepir:i- 
Lions is  proved by the differences hetween well fixed and  poorly 
fixed in:iterial. Due to the slow rate of penetration of 1u:iny 
fixatives, osiuiuin not excepted, those parts of the prepparalions, 
which do not lie close to the fixative :ire poorly fixed. The pic- 
tures here shown reprewnt  :I section froiii the  innermost dentinal 
layer, which has been in close contact with the fixing fluid 
(Fig. 1 ), ant1 another section from :I niore distant layer (Fig.  3 ) .  

O f  interest is  the dense area between the tubule :ind the 
clentinnl fiber. l'he soi:ill rounded eleirients which seem to form 
:I part of this border zone ]nay he cross-sectioned fibrils and the  
tlouble-contoui.e(~ linear structure has the :ippe:ir:ince of a cell 
iiieinlmine. 
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I n  : in elerlron iiiicroscopicul investigation of the dentinal 
tubules and  their contents, is shown that  in well fixed iiiaterial 
the odontoblastic processes coiiipletely f i l l  the tubules. A border 
zone between the wall of the tubules and the  fibers has heen 
observed. Its slructurc 1x1s heen discu\sed. 

ZUS.-lhlhlENFASSUKG 

EINIGb; BEMERKUNGEN ZUR STRUKTUR DES ZAHNREINES MIT 
ELEKT~ONENMLKROSKOP BETRACHTE’I’ 

I n ei n e r c I el\- tr o n e n riiilc ros I< opi sc h c 11 U n t e r suc h ung  on den 
I)eiitinl<analcheii und ihreni Inhalt wird gezeigt, dass in gut  
fixierteiii Material die 0dantr~bl:istenlortsalne die 1)entinli:iniil- 
chen ganz und gar ausfiillen. Eiiie Grenzzone zwischen der Wand 
d er I )  en t in I< :I 11 5 ich en u n tl den Toni e s’ sch en I?:I se r n is t be ob:r r h t e t 
\vo~den.  Die Sti.ul\tur diescr Zone ist tliskutiert \voi~tleii. 

lifiSU,\IB 

QLIhJ.i)UES REMARQUES SUR LA STRUCTURE IIE 1.A DENTINE 
OBSERVRE AVEC LE MICROS(:OPE ELECTRONIQUE 

1 ):I 11 \ 11 n e i.t u d e 11 I t r:i 111 i cro scop iq u e s u r 1 es tubes dent  i na ire s 
el leur contenu est indiquk, clue &ins unc substance bon fixce 
les ~)rolongeiuents odontohlastiques reniplissent coiiiplPtenien t Ic\ 
c:in:ilicules dentin:iircs. Une zone liiiiite elitre in  pnroi de\ 
c~:in;ilicules dentinairer et les fibre.; rlentin:iire\ e \ t  obser~ct-. I d a  
structure de cette zone e s l  tliscut6c. 
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