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Several reports on the ultrnstructure of huiiian ceiiieiituni arid 
alveolar bone have heen published in recent years (1.82 4 %  *, 1 2 ,  1J). 

It has  been established that cciiientuni, like bone arid dentin, con- 
tains hydroxyapatite crystals which are deposited with their c 
fixes parallel to the collagen fibrils of the organic niatrix. The 
siiiiilarity i n  histologicnl :Ippenr:ince of the cementu~ii  and  :11- 
veolnr bone which has been pointed out in iiiany investigations 
by optical microscopy, has also been coiiiniented on in recent 
electron microscopic studies (1, 1 2 ) .  

The early develoyinent of dental root tissues has been studied 
electron microscopically in rodent incisors ( 2 8 %  :"4). The collngeii 
fibrils in the first ceiiientum layer on these teeth form :in irregu- 
lar network without preferentially oriented, embedded periodon- 
tal fibers (Sha rpy ' s  fibers) ( 8 8 ) .  
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Most speciinens were fixed in :i buffered osiiiiuiu tetrohide so- 
lution. Others were fixed in foriii:ilin, to perinit es:iinin:ition of 
the soft tissues by trmsinit ted :uid po1:irized light. The speci- 
iiieus were eiiibetldcd in polye\ter resin o r  rnet1i:icrylate mix- 
tures, and serial ground sections in the  thickness r:inge o f  50 
to 100 microns viere prep:iretl at right angles to or  p:ir:illel to 
the long axes of the teeth. 

Cont:ict 1iiicrorudiogr:i~)l~s o f  the ground sections were routine- 
ly inade with Ni-filtered Cu Krr radiation (wavelength 1.54 .4). In  
order to denionstrate finer strurtur:il det:iils soiiie sections were 
ground by hand to  a thicl,riess of 10 to 20 microns, and cont:ict 
iiiicroradiogra~,hs were iii:itfe with unfiltered A1 or 'I'i r:idi;itioii 
( I(u wnveleiigth 8.34 A :inti 2.75 A, respectively) eiiiitted :it 15 l i l '  
f r o m  a multi-target X-ray tube ( 1 x 1 .  To insure good contact be- 
tween the sections :ind the fine-grained einulsion ;I speci:illy de- 
signed v;icuu~ii cnssettc ( 2 7 )  x i s  used. 

Silver-shadowed negative collodion replicas for optical niicro- 
scopy were obtained from the surf:ices of' :I few ground sections, 
af ter  etching of the sections hy iniiiiersion i n  0.1 N HCI for  20 
seconds. 

After microscopic ex:iinination of the ground sections and  cor- 
responding rnicroradiogruI,hs, regions o f  :icellular ceinenfuiii, 
cellular cementuiii, and :ilveol:ir h o n e  were dissected fi.o~ii the 
ground section\ :ind re-eiiihedtled in iiiethacrylnte for electron 
iiiicroscopy. Regions o f  the ceiiieiituiii which deii1oustr:rted re- 
sorption, hyl)erceiiientosis, or other indica lions of i r rcguhr  tlepo- 
silion were awided.  Thin sections cut with tli:iinond knives werc 
exumined in the electron iiiicroscope either without :iddition:il 
staining or after staining by flotation 011 :I saturated solution of 
ur:iniuiii acetate in 50 1)er cent :ilcohol. Decalcification of the 
sections W:IS carried o u t  by f1o:iting the grids on  2 1)er cent ilhos- 
photurigstic acid for 50 minutes. 

The electron microscope was oper:iteti :it 80 or 100 k\' :ind iiii- 
crographs were obtained :it original Iii~igi1ific:itions up  to 40,000 
diameters. Selected area diffraction patterns were o1it:iined in the 
electron iiiicroscope from areas :ip1)roxiiii:iteIy 1 inicron in di- 
a 111 e t e r . 
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face and, therefore, probably did not take p r t  in the attachment 
of the tooth (Figure 6 ) .  In these areas the calcified tissue had 
a less regular surface than described above. The nearest cells of 
the periodontal niembrune were generally separated from the cal- 
cifying cernentuin by a three to five-micron wide zone of prece- 
iiientuin containing densely packed collagen fibrils (Figure 7 ) .  

Since the crystals in general were deposited parallel to the 
collasen fibrils, the course of the fibrils could he followed into 
the calcified tissue without decalcification of the sections. Fig- 
ure 8 illustrates a section where the mineral crystals were rndi- 
ally oriented. Selected area diffraction patterns indicated 21 high 
degree of preferred orientation of the crystals in such regions. 
The collagen seemed to forin wide sheets of parallel fibrils. Al- 
though the thin, acellular ceinentuin in  soiiie specinlens contain- 
ed regions where bundles of fibrils were arranged parallel t o  
the root surface, the impression remained that the fibrils iiiore 
often were oriented radially throughout the tissue. 

The deepest layer of cementum, corresponding to the radio- 
lucent zone that was demonstrated iiiicroradiographic:illy, fre- 
quently contained bundles of fibrils which were less densely inin- 
eralized than the rest of the inatrix (Figure Y ) ,  or even con- 
tained localized areas which were free of inineral (Figure 10) .  
These bundles were oriented more or less a t  right angles to the 
ceinento-dentinal junction. The width of the uncalcified or part- 
ly calcified spaces was of the order of one or two microns, and 
sometimes more. Uncalcified spaces were only rarely observed 
in peripheral layers of the tissue. Thus, except in the inner zone, 
the mineral crystals were alniost hoinogeneously distributed 
throughout the ace1lul:ir ceiiientuiii (Figure t i ) .  

Cellular cementum 

When examined either directly in the optical inicroscope or 
by ineans of microradiogr:iphy, ground sections of ce1lul:ir ce- 
inenturn presented :I inore varied appearance than did the acel- 
lular tissue. Cellular cenientuni was in general less r ad iopque  
than the acellular variety. Layers of cellular cementum were 
sep:irated by X-ray dense resting lines or by layers of' acellular 
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tangential sections were m:ide through this tissue the Sharpey's 
fibers appeared as distinct, more or less circular structures s e p -  
rated from e:ich other by calcified tissue containing more ran- 
domly arranged fibers (Figure 15). The Sharpey's fibers con- 
sisted of a n  unc:ilcified, irregularly shaped central core, sur- 
rounded by a highly calcified peripheral part. Densely pc l t ed  
collagen fibrils were present in the central :IS well as  in the pe- 
ripheral portions of the fibers (Figure 1 6 ) .  The collagen fibrils 
almost filled the uncalcified regions leaving little interfibrillar 
spwe.  There was : in :ihrupt trnnsition between the unc:ilcified 
and calcified portions of the Sharpey's fibers, rather than 21 

gr:idu:il increase in miner:ilization from the center toward the 
periphery of the fibers. When thin sections were decalcified and 
stained with I'liosphotungstic acid, the uncnlcified core of the 
Sharpey's fibers uppenred more darkly stained than the peripheral 
portions of these fibers and the surrounding niatrix (Figure 1 7 ) .  
Most Sharpey's fibers were less than 10 niicrons in diaineter, 
while the width of their uncalcified core w a s  of the order of 
one to two inicrons (Figure 15) ,  but sonietiiiies five niicrons or 
more (Figure 1 7 ) .  In some regions of cellular cenientuni the 
Sharpey's fibers were completely or almost cornpletely calcified. 

The cellu1:ir cementum nlso contained fibers of wrying  dianie- 
ter running p:ir:illel to the surface. Some of  these fibers were of 
:\pproxiinately the saiiie width :is the Sharpey's fibers. Several 
such fibers were often oriented parallel to each other a t  certain 
interwls  (Figure 18). These fibers were coiiipletely and homo- 
geneously c:ilcified. 

The hytlroxyapatite crystals :it the surface of :icellulnr :ind 
cellular ceinentu~n appe:ired a s  thin, platelike structures with tli- 
inensions not larger than 400 X 200 X 20 A (Figure 19) .  They 
seenied to grow rapidly in size with increasing distance fro111 the 
surface, and reached their ni:ixiniuiii size within a few microns 
from the calcification front (Figures 20 and 21 ). The thickness 
of the rnature crystals seemed to he f:iirly constnnt, around 80 A, 
while their length and width showed greater vari:rtions (Figure 
20) .  The width of the zone of increasing crystal size was often 
difficult to evalunte, but in those sections where it could be esti- 
iii:ited it wr ied  froin one to two microns, and occasionally 
reached four riiicrons. 



Alveolar bone 

( ; round  section\ o f  alveolwr hone :il\s.:iys containecl unc;ilcilicd 
\ t r 11 c t 11 re \ c x t e rid i II g f ro  I I I the  periodo n t a1 iii  e i i i  hr :i ne in  t < ) t h c 
1i:ii.d tissue, intlic:iting the location o f  einbetlded ~)eriodont:il fi- 
her\. ’Hie unculcified cli:tiinels h:id a width siinilar to those of 
the Sh:irl)ey’s fibers in cellular ceiiientuiii. The  distance helnecn 
the inscrtion o f  :id,j:icent fibers within any 1)lune o f  focus i n  t l i c  
ground sections w:is 10 t o  30 iiiicrons. These structures w ~ r e  ;iI\o 
r w o i ~ 1 c v i  in coriwponding i i i icror~idio~r: i~) l is  (Figures  22 :inti 23 1 .  

‘I’hc Shar1)ey’s fibers which were seen by optic:il inicrosc*opy 
could be re:idily identified in electron inicrogr:iphs ( Figure 2 1  i. 
’I’hey con\isted o f  bundles of  l):ir>illel collagen fibrils iri\ertetl 
in lo  the hone at \:irying in te rwls .  A t  solnewhat higher ni:ignifi- 
rations, the Sh:irpey’s fibers i n  hone, like those in ce1lul:tr w- 
i i ici ituii i ,  were seen to contain :in iincalcified core of coll:tgen 
1 ihi3Is, surrounded by :I perip1ier:iI layer where t he  ciy\l;illilc\ 
\wiiied to be :it least :is densely p c k e d  :IS in  the surrounding 
iii:i t r i  x .  

\L’lic~i the alveol;~r ~ I I C  w a s  sectioned pw:ilIel to its Iwrio- 
dont:il surf:ice the  Shurpey’s fibers appeared :IS inore or les\ cir- 
cril:ir structures, siniilar t o  those seen in  cellul:ir ceiiientuiii. 
\!‘hi I e I 11 o st Sh ;I r 1) e y ’ s fibe r s con t :iin ecl :in u n c :I I ci f i ed c ()re, \() i i i  c 
fibers seeiiied to he coiiil)letely calcified (Figures  25 :iiicl 2 6 ) .  
’I’hv (li:iiiirfei,s o f  the Shxrpey’s fibers varied within wide l i r i i i t s .  
Most o f  theiii w e r e  les\ th:in 1 0  riiicrons in width,  hut tlininetcr\ 
ot 20 iiiiciwn\ or iiiore were soinetiines observed (F igure  2(i i. 
Srlccted :ire:i electron tliffr:iclion p:ittern\ indic:tterl th:ii tht, 
1iydroxy:iptite crystuls within these fibers were oriented mith 
their c a y e \  ptrallel to the c~l l : tge~i  fibrils and to the  fiher itself, 
but r:iiitloinlg :irr:inged about  this  axis (Figures  27 : i n d  28 1 .  

H i e  calcified tissue hetween the einhedded periotlont:tl tiher\ 
c.ontaiiiet1 l:tytm o f  fihers whicli were oriented p:ir:tllel to thcb 
\url:~cc~ o f  the h i e ,  ;is well :IS large regions where the inutri \  
fibrils \ceirietl t o  be r:indonily arranged. Thin  buIidles o f  fibri I \  
frequently entwined t h e  Sharpy’s  fibers (Figure 25 ) .  When tan- 
gential sections through the calcifying bone surface were euiiil- 

i i w l  the c:ilcification process often appeared to be iiiore advanc*rtl 
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between the embedded periodontal fibers than within them (Fig- 
ure 29) .  

Lacunae containing cell bodies were present in greater nutli- 
ber in alveolar bone than in cellular cementum. The uncalcified 
canaliculi could easily be differentiated froin the partly calcified 
Sharpey’s fibers by their regular, circular appearance in cross 
sections and by the different appearance of the uncalcified con- 
tents of these structures (Figure 3 0 ) .  Also, the collagen fibrils, 
as well as the mineral crystals, were oriented parallel to the cores 
of the Sharpey’s fibers, while matrix fibrils surrounding the ca- 
naliculi did not exhibit such orientation. 

In all regions along the hone surface where fibrils were in- 
serting into the calcified tissue the apatite crystals appeared as 
very small, thin, platelike structures with the saiiie dimensions 
as those found on the surface of ceiiientuni (Figure 31). The 
crystals seemed to reach the size of mature crystals within one 
to three inicrons froin the surface. Crystals bordering on uncnl- 
cified spaces in the deep layers of the tissue, such as lacunae, 
canaliculi, and the uncalcified cores of the Sharpey’s fibers, were 
found to  resemble the mature apatite crystals in size (Figure 32) .  

The present report supports the statement by Herting ( 1 2 )  that 
no regions of the intercellular cementum iiiatrix are free of col- 
lagen. The collagen fibrils of the ceiiientum and alveolar bone 
matrix can be divided into two groups which differ in develop- 
ment and appearance. 

The first group consists of the principal fibers of the perio- 
dontal membrane, which can be traced from the periodontal 
membrane through the precementum or osteoid layer and into 
the calcified tissue, where they are recognized as Sharpey’s f i -  
bers. These fibers are formed by fibroblasts in the periodontal 
membrane, and gradually become embedded in the ceiiientuin or 
bone as more calcified tissue is laid down. In other bones of the 
body as well the Sharpey’s fibers represent originally extra-os- 
seous collagen bundles which have been included within the bone 
during its growth ( 3 1 ) .  

The second group of collagen fibrils fills the space between 
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siderations may explain how these 1 to 5-micron wide structures 
soiiietiines can be denionstrated in  microradiographs of ground 
sections which are 50 microns or more in thickness. 

The radiolucency of the innermost layer of cenientuni can be 
explained a s  a sunimation effect due to overlapping in  the ground 
sections of the inany partly calcified radial fibers which were 
demonstrated within this layer. 

The reason why the central cores of the Sharpey’s fibers with- 
in bone and certain regions of cerlientunl often remained uncal- 
cified, while other matrix fibers of the same diameter calcified 
completely, is not clear. The explanation iiiust probably be sought 
in the difference in development of these fibers. Since Sharpey’s 
fibers are derived froiii periodontal fibers, which are not cal- 
cifiable in their original location, it seems reasonable that  these 
fibers will calcify after they have beconie embedded in bone and 
ceinentuin only if they have acquired the concentration of in- 
organic ions and ground substance components required for cal- 
cification, and if possible inhibiting substances have been re- 
moved. This exchange iiiust take place in the precementuin and 
osteoid zones, and would be most coinplete in regions where hard 
tissue formation was proceeding a t  :I slow rate, such :is during 
formation of acellular cenientuin. In regions where the hard tis- 
sue deposition is rapid and the fibers wide, such as  on the sur- 
face of alveolar bone, the exchange of material may not be com- 
pleted before the fibers beconie enibedded and, thus, will leave 
uncalcifiable cores in the fibers. 

This suggestion is also supported by the observation that the 
Sharpey’s fibers remained uncalcified in deep layers of the tis- 
sue, and by the observation that all uncalcifiable fibers were ra- 
dially oriented, embedded periodontal fibers (Sharpey’s fibers), 
while fibers which most likely had been formed in  the prece- 
mentuni and osteoid zones were completely calcified even though 
they were often :is wide :is the embedded periodontal fibers. Ad- 
ditional evidence that  the fibers were not undergoing calcifica- 
tion is provided by the observations that  there was a n  abrupt 
change in mineral content between the core and the periphery 
of the fibers, and that the uncalcified spaces were bordered hy 
apatite crystals of mature size rather than by siiiall crystals such 
as found a t  the calcification front. 
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'l'li(~ hydroxywp:rtite crystals in iiieture ceiiientuin :uid :tlvcol:ir 
hone were considerably larger th:in those found a t  the cnlcific:i- 
lion front.  Such differences have also been suggested hy invt,sli- 
gatioiis on other hones :ind on dentin (By,  24,  :j;). I n  section4 \vhtxrcb 

i t  coultl he deteritiiiied the zone of increasing cryst:il size l)elo\v 
the  hone and ceiiientuiii surface w a s  one t o  four iiiicrons i i i  

midth. The width o f  this zone is probably related t o  the rate at  
which the c:ilcified tissue is deposited s n d  \voultl, therefore, lie 
expected to vary greatly in different locations. Zrrntlrr & H t r r ~ t ~ -  
lcr  ( * O )  f o u n d  Lh:it the deposition o f  ceiiieiituiii i n  general oc- 
curred a1 :I linear rate throughout the life o f  the individual. 'I'lic 
rate of deposition was higher in the ~niddle  region than in  the 
cervical region of the root, niici highest in the apical region. T h e  
1)resence o f  increiiiental lines together with t h e  o1)serv:ition tha t  
t h e  increinentul layers fori i i  patches on the root surface r:ither 
t h : i i i  continuous layers around the root ( 2 ; )  has heen thought 
t c ) i ii  (1 ica t e :I II in t e r i n  i t te 11 t r :i ther than a con t inti ou s deposit i () 11. 

The ohserv:ition flint 2 1 1 1  specimens in the present s tudy  con- 
t:tirieti :I zone o f  very sninll inineral crystals :it the ceiiieiiluiii 

4iirf:ice tends to support the concept that  ceinentuiii is foritird 
continuously. This  does not preclude, however, that  the rate o f  
forination inay w r y  greatly with tiiiie :rnd froni one regioii t o  
: l l l o t l l ~ r .  

'Hie surfnce layer o f  c'eiiientuiii has b e e n  reported Lo be i i i o r r  

highly X-ray dense than subjacent layers ( 7 %  * a  19. y o ) .  In  view of 
t h e  continuous nature of ceinent uiii forination interpretation o i  
these obserwtions is controwrsial. A s  deiiionstrated hy Splriiy CC 
Ztrntfer ( : j o ) ,  secondiiry iiiiiier:tliz~~tioii of the cementum 4urf;rcc 
iiiay tnhe  ])lace i n  areas tvliich h:we been exposed to the oral 
cavity hecause of periodontal disease. A relatiw tlifferencc> i r i  
iniricralizatiot~ will :dso he ohserved if the tooth is extrwtrcl a t  
:I t i  ti le when :in increinentnl line or resting line is being, foriued. 
Thew factors should be Itept in mind when iiiicror:idiog,r:ii)lis o f  
ee I 11 e 11 t LI I 11 :I re interpret ecl . 

W h e n  the ps i l ion  of the tooth in the jaw changes due to crul)- 
t i o t i ,  o r t h od on tic', p h y s io I og ic or pa tho I og ic tool h in ove i 11 en t , t l i e  

i)eriodont:il fibers rearr:inge and new layers of bone :11ic1 cv- 

iiientuin uiay contain embedded fibers that are oriented :it dil- 
iel-en1 angles to the surface than in deeper layers ( 5 %  11 2'1). The 
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same fiber can be traced through several layers of calcified tis- 
sue. This indicates that  the deposition of new hard tissue serves 
the purpose of providing a continuous iitlachment of the ce- 
iiientuni to the existing periodontal fibers. 

The total amount of ceinentuin forined on the root during life 
of the individual is of the order of a few hundred microns. Since 
the embedded fibers in the cementum :ire 1)artiaIly or coinpletely 
calcified, i t  is difficult to conceive of any signific:mt turnover 
of the collagen in these fibers. If there is any turnover, it mnst 
occur $is a Ino1ecul:rr rearrungeinent rather than  :is new fiber 
formation. The bony wall of the alveolus, on the other hand, con- 
stantly undergoes reinodeling by resorption and new bone for- 
mation, through which new fibers become einbedded in the cal- 
cified tissue. Autoradiographic investigations utilizing 1:tbelled 
collagen precursors have deinonstrated niore active collagen for- 
mation on the surface of nlveolar bone than on the cenientuiii 
surface ( 3 ,  Y J ) .  This tends to indicate that  the collagen turnover 
rate is higher than on the cementum side. Other experiniental 
evidence also supports this conclusion. Thus, during 1)rotein de- 
privation the alveolar fibers become lost and bone is resorbed 
while the fibers froin the ceiiieiituni still reniain despite the de- 
ficiency of protein essential for collagen formation, again suo- h 

gesting that the turnover of collagen in ceinentuni may be slower 
than on the alveolar side of the periodontal iiienihraiie (1"). Siini- 
lar findings also :iccoinyanied experiiiient:illy induced ascorbic 
acid deficiency (:3:). Investigations on other collagens have de- 
monstrated age chmges in this fibrous protein, such 21s incrensing 
insolubility in cold, weak salt solution with age ( I s ) ,  increasing 
orientation on a molecular level ( 6 1 ,  increasing resistance to cer- 
tain types of swellings (17318)  and to enzymatic digestion (I( ; ) ,  

and increasing resistance to metabolic turnover (20, 2 1 ) .  

To sunilnarize, the observations referred to above, together 
with those presented in this report, indicate that the embedded 
portions of the periodontal fibers, particularly those in  the ce- 
mentum, serve functional purposes over a long period of time, 
and also suggest that these fibers will become more inert with 
age. Rearrangement of the periodontal fibers followiiig changes 
in tooth position must, therefore, to a great extent he accounted 
for  by changes within the periodontal membrane rather than at 
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the  l)onc or ceiiientutii surface. The presence o f  ;in interinediate 
plexus has been refuted hy several recent histologic:il studies 
( :L xi ) .  However, it seems reasonnble that a gradual rehuildiiig o f  
the cwllagen fihers c:in take place without presupposing the pre- 
seiice o f  :I distinctive, histologically recogiiizahle interiur~dintc 
p lexus .  The turnover of collagen in the periodontal tissues tic- 
w r w s  further study :it the histological a s  well :IS the ultrastruc- 
tur:il levcil utilizing Inhelled collagen precursors. 

Sl’hi hl .I I jY . l N I )  COSCLL‘SIONS 

The ;tttachiiient of  periot1ont:iI fihers to hutii:in retnentuin has 
Iiern studied hy optical niicroscopy, uiicrorndiogr:iphS, :tiid elec- 
tron inicroscopy, ant1  conip:ired with the :itt:ichinent o f  fl i(~st~ 

f’ihers to the :ilveolar hone. 
\I’ hen the 11 It r;i s t 1‘11 c t i i  re ( i f  :ice I I u 1 :I r c e 111 en t u 111 ww s co I 11 1) :I red 

\vith that of cellular ceiiientuiii and elveol:tr hone, difference4 
\verc found i n  orientation, width, and degree of c:ilcific:ition 1 1 1  

I h e  iiiatrix fihers. 
‘I’hr. eiiihedded I)eriodont:iI fillers (Sharpey’s fillers ) i n  ;ice1 I i i-  

1;ir ceii ientuii i  were closely p;icked antl ,  in general, coiiipletely 
c:ilcified, like those of young iiiouse inolnr ceiiientuiii which h: i4  

hem described previously. Only in :I 1 0  to 50-inicron wide zone 
near the ccmento-dentinnl junction were pertly calcified filler4 
regul:irly present, explaining the rd io lucent  zone o l w r w t i  i n  
this region of  ceiiieiituiii. 

111 h11tiliili cellular ceiiientutii :ind :tlveol:ir h n c  the Sh:irpey’\ 
fillers were sep;tr:iteti by other fillers oriented p;ir:illel to the 4 u r -  

f a c ~  of the hard tissue or hy ratidoinly arranged fibers. ’l’ht, 
Sh:irpey’s fibers, which were up to 20 microns in width, con- 
qisted of  ;t one to  five-iiiicron wide unralcified core surroiinded 
hy :I highly calcified peripheral zone. How7euer, in soiiie region4 
of cellul:~r ceiiietituiii most Sh:trpey’s fibers were coiiipletely cal- 
cified. ‘I’hus, the unc:ilcified fi1)rous structures which have  often 
been described in dried ground sections and in  iiiicror:idiogr:iph4 
represent the uncalcifieti cores o f  the Sharpey’s fihers rnthcr. 
th;tn the whole fitlers. 

The hydroxyapt i te  crystals at the calcification front of ce- 
iiientuiii a n d  alveolar bone appe:ired as  thin, platelike structures. 
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They seeined to reach their inature size within ;I few microns 
from the surface. The presence of small, iiiiniature crystals on 
the surface of the cenientuni in :ill speciiiiens in this study sup- 
ports the concept that  ceinentuni is fornied continuously. 

I 1 B s L‘M B 

LA FINE STRUCTURE DIJ CRMENT HUMAIN 

L’ a t t :i che 1 ii en t de s f i hr e s (1 e s inod on t :I 1 e s :I u cd i n  en t h u i n  :I in :I 

i.tk ktudiC par inicroscopie optique, 1iiicror:idioSr:il)hie et par tiiic- 
roscopie i.lertronique, et comp:ird k I’:itt:~cheinent de ces fibres 
a 1’0s alvkolaire. 

Lorsqu’on coinparait l’ultrastructure de ckinent acellulaire Q 
celle du ckinent cellulaire et de 1’0s nlvkolaire, on observait des 
diffkrences dans l’orientation, la largeur et le degrk de calcifica- 
tion des fibres de la niatrice. 

Les fibres desmodontales noydes (fibres de Sharpey’l dans le 
cknient acellulnire dtaient serrPes les unes contre les autres et, 
en gknkral, enticreinent c:ilcifiCes, coiiiine celles du cPiiient de 
niolnire de jeunes souris ddcrit :tntdrieureiiient. Ce n’est clue sur  
tine zone de 10 B 5 0  iiiicrons de largeur prks de la jonction cC- 
illento-tientinaire que des fibres p:irtiellenient culcifides ktaient 
rkgulikrenient prksentes, ce (p i  explique la zone radioclaire ob- 
servke dans cette rkgion du  cPnient. 

Dans le cCinent cellulaire et 1’0s alvi.olnire huinnins, les fibres 
cte Sh:irpey 6taient sCpr6es par d’autres fibres orientkes p;ir;d- 
1Clenient h 1:1 surface du tissu dur et par des fibres dispos6es :iu 
liasard. Les fibres de Sharpey, qui itvaient une largeur :illant 
jusqu’8 20 iiiicrons, consistnient en une partie centrale d’une 
lnrgeur de u n  B cinq iiiicrons, non c:rlcifide, et entourde d’une 
zone pkriphdrique forteinent calcifide. Cependant, dans quelques 
regions du cdiiient cellulaire, 1:1 plupart des fibres de Sharpey 
6t:iient entiheluent calcifikes. Ainsi, les fortnations fihreuses non 
calcifides qui ont Ptd souvei\t dkcrites d:ins les coupes sixches lxir 
usure et polissage et dans les iiiicroradio~raphies reprksentent la 
partie centrale non c:ilcifii.e des fibres de Sh:rrpey plutOt clue Ies 
fibres entikres. 

Les cristaux d’hydroxy-apatite au niveau du front de calcifica- 
tion du cPinent et de 1’0s alvkolaire se prdsentent coiiinie des for- 
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ben worden sind, als Wiedergabe des unverkalkten Kerries und 
nicht der gmzen Fasern mzusehen. 

Die Hydroxy1ap:~titltrist:illen der ersten Miiieralisationszone des 
Zementes und des Alveolnrknochens erschienen als diinne, p h i -  
tenfonuige Strukturen. Scheinbar erreichten sie ihre volle Griisse 
hinnen weniger Milirons Entfernung von der Oberflaclie. 

Das Vorhandensein kleiner urireifen Kristallen :in der Ober- 
flache des Zeiiientes nller untersucliten I’riiparaten inussen die 
A u f f a s sung un t er s t ii t Zen, d $1 s s d :I s Z a h nw u rzel zei 11 en t I< on t in u ie r - 
lich gehildet wird. 
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I*’ifgitrt I ! /  ‘I’hc hytlrusyapalitc crystals at llic surface of cenicntnrn appear a s  
I la t  plalcs of low e l c r l r o n  opacity when they arc orienlcd in lhc plane of  t h e  scc,tion 
(arrows), ant1 iis t h in ,  clectron-dense profiles when they arc wen on edge. Accllular 
cclncnllllll. >’ 100,000. 

F’igtirc, 20 Crystals in dei.p layer of ecruenl iini. (;reat variations i n  Icngt 11 :ind 
witllh ainong tlic, flat crystals of low elcclron density are cvitlcnt. Their thirliness, 
:is rvveulcti by thr  crystals slantling on cdgc, shows l i l t l r  yariation. x 100,000. 

b‘ifqtlr? 2 1  Sun.lacc layer of acel lu lnr  ccrncntuni. ‘I’he crystals seein l o  rvacli Ilicir 
rii:iliirc sixc \vif hin 1 to 2 rnicrons from the surface. 7’11is spcvirncn has hecit t i w t c t l  
I ] ?  c.lliyl~~iictli:iii~inc lo rcinove t l i t s  organir components. x 100,000. 









/'i!qirrc, 2 7  Sclccletl arcs electron tliffraclioii pattcrn froiii a longitutiinally st.clioiic4 
Sh:irpyy's lilwr ( I hc  iiber sccn near tlic Icfl ctlgc in Figiirc 21). ?'he arcing of IIic 
OfL? a t i t 1  001  rcfleclions i n t l i c a t c  I ha1 l l i c  crystals arc I)rcfr:.ciitially o r i c w l e t l .  










