
From: Dental Institute of  Experimental 
Ilesearch, and Institute of 
Pathological Anatomy, Riksliospitalet, 
I'niversity of Oslo, Norway. 

-4 MICRORADIOGRAPHIC AND ELECTRON 
MICROSCOPIC STUDY OF THE CEMENTUM 
OF HUMAN DECIDUOUS TEETH 

ISTKODUCTION 

Several investigations have been carried out on the ceiiientuiii 
of permanent teeth, while only :I few studies hare  been concerned 
with the ceiiientuiii of deciduous teeth. 

In :I quantit:itive microradiographic study of the calcium con- 
tent in  the cementum, Rockert (1958) found that  the ainount 
of calcium in the cenientuiii of deciduous teeth did not differ 
from that of the perinanent teeth. Kel ler  (1CWl) studied the 
cenientuiii of deciduous teeth by ineans of polarized light and  
found cellular and acellular cenientuiii as in the permanent teeth. 
The inain difference hetmeen the cementum in the two dentitions 
mi\ found in the cellular ceinentuiii of the deciduous teeth and 
consisted of "a very pronounced radiation of the Sharpey's fibers 
in a layer devoid of cells and  siiiiilar to  fibrous cenientuni". In  
a histocheniical study of the cenientuin, H n i m  (1961) found that  
while the iiiineralized ground substance stained orthochroin~itic, 
t he  ceiiientoid and the walls of the lacunae and c:inaliculi stained 
inetac1irom:itic. This \ \ a s  coiiiiiioii for both the periiianent and 
the deciduous teeth, hut the 5taining reaction of the ceiiientocytes 
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differed. Thus, the cytoplasiii of the ceinentocytes in the perina- 
nent teeth stained nietachroinatic, while the reverse was found 
in the deciduous ieeth. 

On account of the limited information available on the ceinen- 
turn of deciduous teeth, is was found pertinent to investigate 
this tissue further to see if the cementum of the deciduous teeth 
differed from the cenientuin of the permanent teeth. Particular 
emphasis was placed on the study of the ultrastructure of the 
cernentocytes and the adjacent cementum, as information on this 
subject is scarce. 

JIATERIA1,S AND METHODS 

Thirty eight deciduous human teeth extracted in the Clinic of 
Oral Medicine and Oral Surgery, Dental Faculty, University of 
Oslo, and in various school dental clinics in Oslo were used in this 
study. The teeth had been extracted because of pulpitis, periapi- 
cal pathological conditions or for orthodontic reasons. Teeth in 
which some of the soft tissue adhered, were preferred because 
the soft tissue gave a possibility to see if inflammation was pre- 
sent adjacent to the tooth area studied. 

The teeth were fixed immediately after extraction in one of 
the following fixatives. 
1.  2.5 % glutaraldehyde in Sorensen’s phosphate buffer at 

pH 7.3. 
2. 4 % formaldehyde buffered to pH 7.2 with Sorensen’s phos- 

phate buffer and 7.5 % sucrose (Hol t  and Hicks, 1961). 
3. 4 % formaldehyde buffered to pH 7.2 with Sorensen’s phos- 

phate buffer. 
The teeth were fixed at rooin temperature or at about 4 ° C  

where refrigerators were available. 

Light microscopy 

After fixation 15 teeth were decalcified for 24 hours in 5.2 ‘/A 
nitric acid, dehydrated in graded alcohols, embedded in paraffin, 
sectioned and stained with heiiiatoxylin and eosin. 

Microradiography 

After fixation 16 teeth were cut on a Gillings-Hanico Thin 
Sectioning Machine and the thickness of the sections was reduced 



~ I I C I I O I I A I ) I O G K A I ~ I I I ~  A Z U  LLLLTKON MILIIO~LOI'IL b r u u j  01 LI  MI N I U M  ( i j j  

by grinding on :ibrn\i\e papers to 60-230 niicron\. Microradio- 
g raph \  were produced 011 I<odult Spectroscopic plate5 641)-0 
\\ i th :I Pliillips X-ray diffraction unit type P\V 1009, operated 
:it 20 IiV and 20 rnA. Nicliel-filtered copper radiation mere used, 
and the unit w a s  supplied with a fine focus tube. The target- 
filni di\tancc mas 26 cni, and exposure time \aried froin % t o  2 
hour\ .  Thi\  technique ha \  been shown to demonstrate the di5tri- 
bution o f  mineral salt\ in bone and deni:iI tissue\ (Reryirirrn and 
Engfeldt,  1964 1 .  

Electron microscopy 

C I .  I)ecrrlcifirtJ InutPriol 
After fixation, win11 piece\ of 4 teeth with the adjacent soft 

ti\sue were cut off froni the tooth with ;I rotating dianiond disc 
under water spray and decalcified for one week in 3 changes of 
0.3M ED'I'A a t  y H  7.0. 'The speciiriens were then postfixed a t  4°C  
in 1 c c  buffered O\O, at pH i.3, dehydrated in graded solution\ of  
acetone ant1 embedded in Vestopal \I' ( K y t e r  and Kel lcnherger ,  
1958 1 .  For the purpose of orientation, and in order to find out if 
inflaniiiiation ma\ prewnt  in  the adjacent \oft ti\sue, thick \ec- 
tion\ ( 2 - - 3  micron\ ) ,  cut  on a Cambridge ~' l traniicrotome, Hux- 
ley Pattern,  were taken at intervals and stained with 0.1 76 tolui- 
dine blue in 0.067 M NaHPO,. Thin section5 were cut with glasc; 
1\ni\ e\ on a L K R  ITlirotorne I ,  collected on forin\ ar- and carbon- 
coated grids, and floated on :I 4aturatetl solution of  ur:in\ I acetate 
in 30 c ?  alcohol for 30 minute\  and subsquently \t:iined with lead 
citrate f o r  .5 minutes 1 Reynolds,  1963) .  The section4 were then 
exnniined in :I Siernen4 Elinisliop I electron microscope operated 
at  80 LV. 

h. l'nticc~rclci~ietl inriteriril 

After fixation \ni:i11 pieces of the teeth I\ i t l i  adhering soft 
ti\\ue v e r e  cut  out and po\tfiaed at 4" C in O s O ,  at pH 7 . 3 .  The 
specimen\ were then dehydrated in  graded acetone solutions and 
einhedded in  Vestopal \V. Sections were cu t  11 i t h  a dkiinond ltnife 
on :I I,KR Ultrolonie 1. Some wctions mere  e\ainined unstainctl, 
nliile \o iw were stained for 3 minutes mith lend citrale, and 1 
or 30 niin~i tes  in uranyl acetate. The subsequent procedures were 
itlentic:il nit11 tho\e dewribecl for the decalcified inaterial. 
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Cellular cementum 
Light microscopic examination showed that the cementum in 

the coronal half of the root was mainly of the acellular type 
(Fig. 1). The cementum layer was rather thin close to the 
ceniento-enamel junction, but increased in thickness towards the 
apex. The cementum stained heavier than the dentin (Fig. 11,  
and the cemento-dentinal junction and the surface of the cernen- 
tuni formed straight and smooth lines. 

Microradiographs of the acellular cementum showed that the 
cementum was separated from the dentin by a radiodense line 
approximately 10 microns wide. On both sides of the cemento- 
dentinal junction, radiolucent areas were observed of which the 
granular layer of Tomes was the widest (Figs. 3, 4, 5).  The remai- 
ning part of the cenientuiii exhibited a relatively uniform mineral 
distribution. In a few instances incremental lines could be discer- 
ned (Fig. 5 ) .  In iiiosl specimens the mineral content of the 
cenientuin seemed less or fairly equal to than the mineral con- 
tent of the dentin (Fig. 3 ) ,  while two specimens showed a deci- 
dedly higher mineral content in the cementum (Fig. 4) .  

Ultrathin sections of the acellular cementum showed that 
Sharpey’s fibers were oriented a t  approximately right angles to 
the ceniento-dentinal junction (Figs. 9, 10). The characteristic 
cross-banding of collagen was seen in the periodontal space, but 
it was partly obscured as the fibers entered the cementum. The 
fibers could be followed into the cementum for varying lengths 
and the cementum surface appeared serrated (Fig. 9). Un- 
decalcified sections showed that the cementum was relatively 
electron dense (Fig. 10). Immediately beneath the cemento-den- 
tinal junction an  electron lucent zone was observed but further 
into the dentin the inineral content seemed to increase again 
(Fig. 10). At higher magnification the individual crystals coiild 
be seen (Fig. l l ) ,  and they appeared as electron dense, needle- 
shaped structures with a width in the range of 656,  and less 
electron dense plates with a length in the range of 600A. 

Cellular cementum 
In the apical third of the root the cellular cementum domina- 

ted (Fig. 2 ) .  The cellular ceiiientuiii did not stain as heavily as 
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the acellular type, :ind the  exact location of the ceineiito-dentinal 
junction wa\ often difficult to determine (Fig. 2 ) .  The surface 
\\:I\ also iiiore Line\ en  than that  of the acellular ceiiientuiii 
Cementum lacunae 11 ere frequently obserl ed and se\ era1 of the 
lacunae contained a cellular component (Fig.  2 I. 

In I iiic r or a d i o g r q h  s the c el 111 I ar c el lien t u 111 a 11 pe ared 1 e \ \ 
iiiineralized than  the  acellular xiriety (Fig. 5).  A radiodense line 
at the ceiiiento-dentinal junction was soinetiiiie\ present (Fig. 5 
and wnietirnes :ib\ent (Fig.  6 ) .  No distinct incremental line\ were 
wen. Ceiiientuiii 1:icunae of a roundish or o\ oid shape approxi- 
iiiately 8 inicron\ in di:iiiieter were regularly observed (Fig. G, 
7,  8 ) , and in soiiie areas large radiolucent c a i  ern\ were noticed 
(Figs.  7, 8). Canal\ eltended from these ca\ern\ and could be 
follou ed for some di\t:ince into the 4urrountiing tissue. The 
malls of the cavern\ u\uall\ had the siiiie iiiineral content :I\ the 
re\t of the lissue (Fig.  ti),  but in  :I few instances ca \ e rn \  with 
highly iiiiner:ilized m a l l \  could be seen (Fig.  7 ) .  

I n  the electron iiiicro\cope the surface 0 1  the cellular celiientutii 
:i p 11 eared c o II side r a bl j iii or e ir r e gu1 ar t h a 11 that  of 1 he a c el lu I :i r 
wr ie ty  (Fig. 12)  and the collagen fibers of the iiintrix also had 
:I soiiiem hat  iiiore irregular :rrrnngeiiient, e\peci:ilIy in the neigh- 
bourhood of the 1:icun:ie. Thu\ ,  fibers running parallel to and at 
angle\ to the plane of section mere obsenetl  (F ig \ .  18, 2 2 ) .  T h e  
cetiieiitiiiii lacunae and cnnaliculi were \urrounded by a ii:irrom, 
electron dense Lone (Figs.  1 3 ,  14, 15, 20, 221. The conients of  the 
caii:iliculi were difficult to iiiahe out, but \eeiiied to consist of :I 

gr:inul:ir or fine fibrilkir ii1:iterial (Fig. 15 I. The ceinentocytes 
cloqe t o  the ceiiientuiii surface ( 3  -6 iiiicrons 1 resembled the 
ceiiientobl:rst\, but the :rinount of cytopl:i\iii \\:I\ les\, and they 
contained les\ 1iiitochondri:i irnd endopl:i\iiiic reticuluiii (Fiss. 
1 3 ,  11 1 .  l‘he mitochondria had a granular appearance and did not 
eali ib i t the 1 yp: c;i 1 cr i \ t :I c 111 it oc ho nd r:i1 e \. The end 011 1 as  111 ic r el 1- 

culuiii :ippe:ired dil:ited, :inti cytoplasiiiic ribosoiiie4 were abun- 
dant (Fig.  1 3 ) .  The shape o f  the nucleus xaried : ind  the 1iucle:ir 
chroiiiatin \\a\ iiio\t abundant a t  the periphery of the nucleus 
(Figs.  13, 14) .  In  the cell5 clo\e to the surface ot the ceiiicntuiii, 
t hc c y t 01) I a 4111 M ;I 4 i 111 iiiedia t e I y adj acen t t o  the lucu liar wall in 
iiiost instance\, hut in wiiie area5 a tiarron zone, 100 15OX 
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wide, could be seen between the cytoplasm and the lacunar wall 
(Fig. 13) .  

The cementocytes situated at some distance from the surface 
appeared different from those close to the surface. Fig. 18 shows 
a cell approxiinately 65 microns from the cementum surface 
where the nucleus appeared normal, while the cytoplasm had a 
fine reticulated appearance with few identifiable organelles. Fig. 
15 shows a cenientocyte which exhibited even more marked 
changes. The central part of the nucleus had a peculiar honey- 
comb appearance. In one area of the cytoplasm a dense material 
was observed which was thought to be accumulated metabolites. 
Remnants of mitochondria could still be seen, and the cytoplasm 
had partly shrunk away from the lacunar wall, and filaments were 
observed in the resulting space. Different nuclear changes were 
also observed. Clumped nuclear material (Fig. 16) and cells 
where the nuclear material seemed to have almost disappeared 
(Fig. 17) were noticed. The amount of cytoplasm was also mar- 
kedly reduced in both instances. Fig. 19 shows a lacuna with col- 
lagen fibers and a fine fibrillar material in the periphery, while 
the center of the lacuna contains a material which might be nu- 
clear debris. In some instances lacunae which were almost empty 
in the plane of the section were seen (Figs. 20, 21) while other 
lacunae contained a considerable amount of collagen fibers (Fig. 
22) .  Fibers were also observed close to the lacunar wall where 
the cell still occupied a major part of the lacunae (Figs. 14, 16) .  
The two lacunae shown in Figs. 21 and 22 were found approxinia- 
tely 75 microns away from the cementum surface, and the total 
thickness of the cementum in this area was 100 microns. 

uIscussIoN 
The ceiiientuin of the deciduous teeth appeared to be similar 

to the cementum of the permanent teeth in most respects. 
The radiodense line found to border cementum and dentin in 

deciduous teeth, corresponds to that demonstrated in permanent 
teeth (Soni e t  al., 1962; Yarmrno to  et nl., 1962; Furseth, 1965, 
Annero th  et  nl. ,  1966). The fact that increinental lines could only 
be seen in the middle portion of the root where the ceiiienturii was 
relatively thick (Fig. 5 )  while they were absent in the coronal 
areas, suggests that the lines are situated so close together that 
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they are not rewlvetl I\ i th iiiicroradiogr:i~,li~ I\ hen coiiip:ir;iti\ el) 
thick 4eciions were used The finding in two instances of a higher 
iiiineral content in the ceiiientum than in the dentin (Fig. 4 )  is 
in t ere s t  in fi , since hot 11 (1 u :i 1 it :it i\ e 1 n icr or :id i ogr :I pli y ( D r ~ g f u  s s 

and I*7rtrnk, 1964; t.'rirsrth, 1965 ) and cheiiiical analysis of per- 
nianent teeth (S icher ,  19621 \howetl that  the ceiiientuni has :I 
lower iiiineral contant ( 4 6  C L  ) than the dentin (69 f; ) .  A high 
iiiineral content in the cementum in the 4pecimens were a consi- 
stent finding froin the coronal part  of the root tomards the apex, 
and thu4 it i4 not :it result ot exposure to the oral cn\ironiiient. 
~\licror~idiogr:iphs of cellular cementuni shov cd that this Tarietj 
w a s  less niineralized than the acellular one, and this correspond? 
to findings in perinanent teeth (Soni  r t  UZ., 1962; Fcrrsrth, 1965 ) .  

This phenonienon howeler, iiiight he due to  a sumination effect of 
lacunae in the cellular cementum. The :ibsence or presence of :I 

radiodense line on the ceiiiento-dentinal junction also was in 
accordance 151th findings in permanent teeth (Firrse th ,  196.5). 

\\'bile the cellular cementum in periiianent teeth usually exhib- 
its iricreriiental line4 mith high iiiineral conteni, the cellular 
ceiiientuiii in the deciduous teeth seemed to h:i\e :I niore uniform 
mineral distribution, and distinct increniental line4 were not 
seen. The caverns obser\ ed in the cellular ceiiientuiii correspon- 
ded to those described by Dre!jfirss :ind Frtrrik (1964) in  the 
ceiiientuni of perinanent teeth. 

l'h e e 1 ect r o n 1x1 i c I'( ) sc opic pic lure ()t a c el I u I ar a n  (1 c e 1 I u 1 a r 
ceiiientuiii wa? x ery siniilnr to that  described for permanent 
teeth (Hcr t iny ,  1963; Selvi!y, 1965). The electron dense needle- 
shaped crystal9 :ind the leu\ electron dense plates nere siinilar t o  
the one4 obsened in dentin and bone (Johnnsen and Parks,  
1960 ) . These authors, using stereoscopic techniques, coiicludetl 
that  the crystal4 were plate tormed. The crystals v e r e  oriented 
v i t h  their long axis parallel to the long axis of the colhgen fibers. 

The ceiiientocytes appeared to be \imilar to the ceiiientoblasts 
( S t e r n ,  19fi4; Splnig, 1Ni4 1 ,  but with less organelles. Siniilur 
obser\ at ions ha\ e been made in relation to osteocytes aiid osteo- 
blasts (Drcdley and Spiro ,  1961 , Rrriid, 1 9 6 2 ,  Crrnirron, 1963, 
Cooper et  o l . ,  1966) .  The endoplasmic reticulum appeared dilated, 
\\liich might be a 4ign of  poor fixation, but it iiiay also be a nor- 
nial state, \inre thi4 phenoiiienon is nearl? a l ~ ~  a j  s 4een in ceiiien- 
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toblasts (Stern, 1964) as well as in fibroblasts (Ross and Benditt,  
1961; Movat and Fernando, 1962). The fact that the dilatations 
were filled with a fine granular material, might indicate the latter 
possibility. 

The ceinentocytes situated close to the cementum surface see- 
med to fill the whole lacuna, with the exception of a few areas 
where a narrow zone was observed between the cytoplasm and 
the lacunar wall. In bone the relationship of the osteocyte to the 
lacunar wall seems to be a matter of dispute. Baud (1962) found 
a limiting membrane, 0.17 to 0.67 microns wide between the 
osteocyte and the lacunar wall, and Dudley and Spiro (1961) 
observed a layer of non-fibrillar material separating the cell sur- 
face from the mineralized lacunar wall. Cooper d al. (19G6) also 
report the finding of a zone between the cell and the lacunar 
wall, but states that it contains a fibrillar material which neither 
had the diameter nor the crossbanding of collagen. Cameron 
(1963) however, did not observe the amorphous zone reported 
by Dudley and Spiro, but found parts of the cell in contact with 
the mineralized bone. The latter concept seeins to agree with what 
was found in cementum in the present study. 

In sections demineralized with phosphotungstic acid, Cooper e f  
(11. (1966) observed an  electron dense zone 325 A wide around the 
matrix and the uninineralized matrix. This zone corresponded 
to the electrondense zone observed around the cementum lacunae 
(Figs. 13-16). The nature of the bone niatrix adjacent to lacunae 
and canaliculi is also a matter in which there is not general agree- 
ment. Pritchard (1956) and Maximow and Bloom (1957) describe 
a non-fibrillar inaterial in this location, while Robinson and 
Watson (1952) and i%fj@r (1962) found that the bone matrix 
adjacent to lacunae and canaliculi had a fiber component. The 
findings in the present investigation agree with the findings of 
the latter authors. With the exception of a n  extremely thin elec- 
trondense zone, collagen fibers with the typical 640.4 cross ban- 
ding was observed in the cementum matrix adjacent to the 
lacunae. Even in the electrondense zone there might be a fiber 
component wich was obscured by the density of the material. 

In some instances the fibers seemed to extend through the 
electron dense zone and into the lacunae (Fig. 18); while other 
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Iacun:ie con L:iined \ arying aiiiounts of collagen fibers. Thest  
fibers might ha \e  bren iiiineralized prior to ET)'I'A-dec:~lcific:i- 
tion. If that  was the case, i t  would agree mith iiiicrorndiogra1,hic 
findings in bone ( J o i ~ w r y ,  1 9 6 0 ;  Mjgr, 1962) where hyperminera- 
lized plugged lacunae were observed. The iiiicroradiographs o f  
cenientuiii did not show hyl'eriiiinerulized, plugged lacunae, but 
this might be due to the fact that  the sections used in  this study 
were relatively thick ( 60-250 microns) while Mjgr e. g. used 
sections in the range of  X -  40 microns. This increase in thicli- 
ness might obscure possible plugged lncunae. The finding of 
fibers in the lacunae is interesting. N:itur:dly, one cannot s a j  

when they were deposited there, but  it is tempting to speculate 
that  they have been produced by the cenientocytes prior to  their 
deter ic ) r:i t i on. 

The fact that  only the cenientocytes of the outer ceinentuiii 
1 a y er tleiiion s t r a t ed nor in al c e 1 I ul a r detail s, di sa g e e s  w it h so ni e 
of the findings at  the light iiiicroscopic lexel (Pci!lntar and pi id!^, 
1938; Hrrim, 1961),  but agrees with obser\ntions made by other 
inyestigators Kronfeld, 1<)3H; h'llgtrtrrd V).Sfh{J, 19)3$); H e l d ,  1951 ; 
H r i t t ! j r i s y .  1967; Sichrr.  1962 ) .  In  the deeper layers of the ceiiien- 
tuin Kronfr ld  found siiiall nuclei and shrunken cell bodies, fur-  
ther in reiiinants of the nuclei and fnt granules, and in the 
deepest layers dustlike debri4. This has ;I parallel in hone. Frost 
( 1960 found that with increasing age a n  increasing percentage 
o f  bone cells dies. At 7 0  years of  age 45 c? of Haners ian  bone 
and 73 c: of extraha\ersinn bone have empty lacunae. In  the 
present study cementocytes found in  the depth of the tissue (60 
inicrons or more) did not deliionstrate nor~i ia l  cellular detail. In 
some instances the nucleus seenied relatively norninl, while great 
changes were observed in the cytoplasm (Fig. 1 6 ) .  Other lacunae 
exhihitetl nuclear changes in addition to the cytoplasiiiic changes, 
and some lacunae contained only cellular debris. This might be 
:I p:irallel to the changes observed in  the light microscope by 
Kronfeld.  The question of cellular changes due to the decalcifi- 
cation procedures arises. Studies by ,Woe and Kirrrihtishi ( 1960 
however, showed good cellular details after 10 days of decalcificu- 
tion in 2.5--5 5T EDTA at pH 7.4. Thus there 4eenis to be no 
damaging effect ot the decalcifying agent. 

Another factor that  has  t ( J  be taken into consideration is the 
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question of artifacts due to delayed fixation. A recent study by 
Sorenson and Gatewood (1966) using radioactive formalin 
showed a very rapid penetration (less than ten minutes) of the 
entire pulp chamber when the liquid had easy access. The pene- 
tration of the cementum varied, but during the first few minutes 
the concentration built up more rapidly in the cementum than 
in the dentin. 

Even if  the occurrence of fixation artifacts cannot be entirely 
excluded, it seeins reasonable to presume, on the basis of Soren- 
son and Gatewood’s study, that the cellular changes observed in 
the deeper layers of the cementum are a result of poor nutritional 
conditions (Prouenzcl, 1964) and/or ageing of the ceiiientocytes. 

SUMhIAHY 

The structure of the cementum of 38 huiiian deciduous teeth 
was studied by means of light microscopy, microradiography and 
electron microscopy. The ultrastructure of the cenientocytes and 
the cementum lacunae received particular attention. 

In most respects the cementum of the deciduous teeth appeared 
similar to the cementum of permanent teeth. In the coronal part 
of the root acellular cementum dominated while the cementum 
in the apical part was mostly of the cellular type. In most instan- 
ces a radiodense line, 10 microns wide, was found on the cemento- 
dentinal junction and radiolucent caverns of varying size similar 
to those in permanent teeth were observed. The crystals were 
platelike and oriented with their long axis parallel to the long 
axis of the collagen fibers. However, a few dissimilarities to 
cementum in permanent teeth were noted. Distinct incremental 
lines with a high mineral content were not found in the cellular 
cementum of the deciduous teeth, and the cellular cementum was 
thinner than that in the permanent teeth. In a couple of instan- 
ces the acellular cementum was observed to have a higher mine- 
ral content than the dentin. 

Electron microscopy showed that the cenientocytes close to 
the cementum surface resembled the cenientoblasts, but the 
amount of cytoplasm was reduced, and they contained less endo- 
plasniic reticulum and mitochondria. The cementum lacunae and 
canaliculi were surrounded by a thin electron dense zone. 

In the cementocytes some distance from the surface several 
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ch:inges were noted. Some of the lacunae contained cenientocytes 
where the nucleus appeared noriiial while the cytop1;isiil had :I 

fine reticulated :ippe:ir:rnce with few identifiable organelles. 
Cetnentocytes in other lacunae exhibited nuc1e:tr changes :IS well 
:IS cytoplasinic changes. In other lacunae wry ing  amounts o f  
fibers and fibrillar iii:rterial were observed. 

The present study seeiiis to support the concept that only the 
cenientocytes in the superficial layers of the ceiiientuin are  Yital. 

I < RS I’M 1:: 

E‘l[-l)E I)IT CF;iMENl‘ I)b;S 1)ESI‘S TF~MPOI<AII<ES HIOI.IINES I’AH A I I C R O -  

I I . I I~IOGIIAPHIE 1‘1‘ .I L’.III)K 111‘ MICROSCOPE BI,EC1‘RONI~)!I’I.:. 

IA structure du cement de 38 dents teinporaires hutiiaines a (,ti. 
6tudiit.e I’aide du  iiiicroscope optique, par micror~idiograpliie e i  
a 1’:iide tiu iiiicroscope Plectronique. Une attention particuliPre ;I 

ittit port& ?I I’ctutle de I’ultrnstructure ties c4iiientocytes et dcs 
Incunes du citiiient. 

Dans l’enseiiible, le citiiient des dents teniporaires :I puru 
seiiiblable A celui des dents permanentes. Dans la partie coronaire 
d e  la r x i n e ,  le cdiiient :rcellulaire tloiiiinait, tantiis que  le c6iiient 
de 1:1 partie apicale Ptait surtout du type cellulnire. Dans I:I 
plupart des cas, une  ligne radio-opaque d’une Inrgeur de 10 inic- 
rons ;I 6tt. trouvPe 5 la jonction cktnent-dentinaire, et des caritcis 
radioclaires de divcrses grandeurs, semblables a celles des dents 
periiianentes, ont &ti. ohservdes. Les cristaux 6taient aplutis et 
orientits de telle iii:rniPre que leur axe longitudinal &lit p:rralli.le 
a I’axe longitudinal des fibres col lagh~es.  Ceyendant, quelques 
traits  distinctifs ont Pt6 notes par rapport :iu c6iiient des dents 
periiianentes. On ne trouvait par dans le ci.nient cellu1:iire des 
dents tetnporaires de lignes ct’ticcroisseme~~t distirictes :tgant line 
teneur ClevCe eti substances iiiinitrales, et le c6tiient cellulaire 
btait plus mince que celui des dents perinanentes. Dnns quelques 
cas, le cdiiient acellul:iire yrPcentait une teneur plus 6levPe en 
substances iiiin6r:iles cjue 1:1 dentine. 

I,’exaiiien :iu microscope blectronique :I iiiontrk clue les 
cdinentocytes placds prPs de la surface du cdinetit resseiiiblaient 
i des &iiientohlastes, in:iis l a  quantitt: de cytopl:isine 6t:iit diiiii- 
nube, ainsi cjue le rdticuluiii endoplasrnic~ue et les iiiitochondries. 

3 
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Les lacunes cCinentaires et les canalicules ktaint entourPs d’une 
mince zone opaque. 

Dans les cknientocytes placks B une certaine distance de la 
surface, on a not6 plusieurs modifications. Quelques unes des 
lacunes contenaient des ckrnentocytes dont le noyau avait un 
aspect normal, tandis que le cytoplasnie prksentait une apparence 
finenient r6ticulCe et peu d’organites identifiables. Dans d’autres 
lacunes, les cknientocytes prkcentaient des altkrations du noyau 
et du cytoplasnie. Dans d’autres lacunes, on observait des fibres 
et des substance fibrillaires en quantitk variable. 

Le prksente Ctude seinble confirmer que seuls les chen tocy te s  
des couches superficielles du cCiiient sont vivants. 

ZUSAMMENFASSUNG 

UNTERSUCHUNG VBER D B S  ZEMENT DER XlENSCHLICHEN MILCHZWHNE 
EINE MIKROKADIOGRAPHISCHiE UND ELEKTRONENMIKROSKOPISCHE 

Die Struktur des Zeiiientes von 38 inenschlichen Milchzahnen 
wurde niittels Lichtmikroskop, Mikroradiographie und Elektro- 
neninikroskop studiert. Der Ultrastruktur der Zeniontozyten und 
der Zementlakunen wurde besondere Aufinerksanikeit gewidmet. 

In den meisten Beziehungen ergab es sich, dass das Zement der 
Milchzahne ahnlich dem Zement der perinanenten Zahne war. 
Irn koronalen Teil der Wurzel wurde hauptsachlich zellfreies 
Zeinent gefunden, wahrend das Zenient ini apikalen Teil voni 
zellhaltigen Typus war. In den meisten Fallen wurde eine ront- 
gendichte Linie, 10 Mikron breit, an  der Zement-Dentin Grenze 
observiert, und auch rontgentransparente Kavernen von verschi- 
edener Grosse ahnlich derj enigen des Zeinentes der pernianenten 
Zahne. Die Kristallen waren plattenfiirmig und in der Weise ori- 
entiert, dass ihre lange Axe parallel niit derjenigen der Kollagen- 
fibern verlief. Jedoch wurden einige Unterschiede zwischen 
Milchzahnzement und deinj enigen der pernianenten Zahne gefun- 
den. Deutliche Wachsturiislinien iiiit hoheni Mineralgehalt konn- 
ten ini zellhaltigen Zement der Milchzahne nicht observiert wer- 
den, und das zellhaltige Zeinent war dunner als dasjenige der 
pernianenten Zahne. In ein paar Fallen hatte das  zellfreie Zenient 
einen griisseren Mineralgehalt als das Dentin. 

Es ha t  sich elektroneninikroskopisch gezeigt, dass die Zeniento- 
zyten nahe der Oberflache des Zeinentes den Zenientoblasten 
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iihnlich waren. Die Merige yo11 Zytoplnsiii:i war aher  reduziert, 
und enthielt weniger endo~)l:isiiiatisches Reticuluiii und Mito- 
chondrien. Die Zementhiihlen und Kanalchen IT urden 1 on einer 
diinnen elektronen dichten Zone unigehen. 'I'iefer iui Zeiiieiit 
wurden inehrere Unterwhiede in den Zeiiientozyten gefunden. 
Eini ge Z e m  en t 1:i I< u n en e nt h iel t e 11 Z eme 11 t oz y t e n nii t nor 111 a1 en 
Kernen, d:is Zytop1nsm:r aber hatte eiri feines, retikulares Ausse- 
hen und wenige identifizierbaren Organellen. Zeiiientozyten in 
anderen Zeinentlakunen zeigten Veranderungen sowoh1 in den 
Kernen : ~ l s  auch iui Zgtoplusnia. Noch andere Zeiiientlakunen 
enthielten vnriierende Jlengen von Fibern und fibrillarem Ma- 
terial. 

Diese I'ntersuchung unter5tiitzt die Ansicht, das\  nur die 
Zenientozgten in  den oberflachlichen Schichten des Zenientes 
Y i t n l  Gnd. 
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Fig. 1. Micrograph of acellular cementum (C)  with adjacent dentin ( U )  
and periodontal membrane (PM). Hematoxylin/etosin. X 260. 

Fig. 2. Micrograph of cellular cementum (C) with adjacent dentin (D)  and 
periodontal membrane ( P M ) .  Hematoxylin/eosin. X 105. 

Fig. 3. Microradiograph of section from the cervical area of the root showing 
acellular cementum. Cementum ( C  J ,  cemento-dentinal junction 
(CDJ) ,  the granular layer of Tomes ( G ) .  x 105. 

Fig. 4. Microradiograph of section from the ceivical area of the root 
showing highly mineralized cementum (C)  . Cemento-dentinal juc- 
tion (CDJ).  x 105. 
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Fig. 5 .  Microradiograph from the middle third of the root showing the 
transition between acellular and cellular cementum. Cemento-den- 
tinal junction (CDJ) cementum lacunae (L),  incremental lines (IL). 
x 35. 

Fig. 6. Microradiograph of cellular cementum (C). Cementodentinal junc- 
tion (CDJ),  cementum lacunae (L),  granular layer of Tomes (GI .  
x 105. 

Fig. 7. Microradiograph of cementum from the bifurcation showing cavern 
with highly mineralized wall ( K ) .  Cemento-dentinal junction 
(CDJ). x 35. 

Fig. 8. Microradiograph of section from the apical third of the root showing 
caverns in the cementum (K) .  Cemento-dentinal junction (CDJ). 
x 105. 
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Fig. 9. Electron micrograph of decalcified section showing periodontal 
fibers (SF) entering the acellular cementum as Sharpey’s fibers. 
Cementum surface (CS). X 15 000. 

Fig. 10. Electron micrograph of undecalcified section of acellular cementum 
(C)  and the granular layer of Tomes ((3). Cemento-dentinal junction 
(CDJ). x 8000. 
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Fig. 11. Eiectrori micrograph showing the  individual apatite crystals at  the 
cementum surface. Edgeviews of the crystals (E) ,  broad surface 
views (B),  crossbanding of mineralized collagen fibers ( C R ) .  
x 55000. 

Fig. 12. Electron micrograph of decalcified section showing periodontal 
fibers (SF)  entering the cellular cementum ( C )  n s  Sharpeg’s fibers. 
x 16500. 
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Fig. 13. Electron mkrograph of cementocyte located 3 microns from the 
cementum surface. Decalcified section. Nucleus ( N ) ,  endoplasmic 
reticulum (ER), cytoplasmic ribosomes (R), electron dense zone 
surrounding the lacuna (S) .  X 12 000. 

Fig. 14. Electron micrograph of decalcified section showing cementocgtc 
close to the cementum surface (CS) .  Electron dense zone sur- 
rounding the lacuna ( S ) ,  nucleus (N). x 5 500. 
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Fig. 1.5. Electron micrograph of decalcified section showing cementocyte. 
Nucleus (h'), accumulated material in the cytoplasm (AM),  remnants 
of mitochondria ( h f ) ,  canaliculi ( C A ) .  X 15.500. 



4 
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Fig. 16. Electron micrograph of decalcified section showing cementocyte 
with nuclear and cytoplasmic changes. The cell is surrounded by 
fibrillar material. Nucleus (N),  cytoplasm ( P ) .  X 16 500. 

Fig. 17 .  Electron micrograph of decalcified section showing cementum lacuna 
located 70 microns from the cementum surface. Nuclear remnants 
( N ) ,  cytoplasm (P). X 20 500. 
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Fig. 18. Electron micrograph of decalcified section showing cemcntocyte 63 
microns from the cementum surface with cytoplasmic changes and 
fibers within the lacuna. Nucleus ( N ) ,  cytoplasm (P) ,  collagen fibers 
(CF), electron dense zone surrounding the lacuna (S). X 16 000. 

Fig. 19. Electron micrograph of decalcified section of cementum lacuna with 
cellular remnants (CR), fibrillar material (F) ,  and collagen fibers 
(CF). X 185 000. 

Fig. 20. Electron micrograph of decalcified section showing parts of ce- 
mentum lacuna with collagen fibers (CF) and fibrillar material (F).  
Electron dense zone surrounding the lacuna (S), collagen fibers in 
the surrounding matrix (CF). x 40 000. 
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Fig. 21. Electron micrograph of decalcified section showing cementum lacuna 
70 microns from the cementum surface. Collagen fibers (CF), 
fibrillar material (F ) .  X 16 000. 

Fig. 22. Electron micrograph of decalcified section showing cementum lacuna 
75 microns from the cementum surface. Collagen fibers (CF), parts 
of cementocyte (CC), electron dense zone surrounding the lacuna (S). 
x 12000. 
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