
From : 
'l'he Dental Institute of Experimental 
Rewwrh and Department of Anatomy, 
Dmtaf Il'mxdty, 
LJnibcrsity of Oslo, 
Oslo. Norwav 

A MICRORADIOGRAPHIC, LTGH'L' MICROSCOPIC AND 
ELECTRON MICROSCOPIC STUDY OF THE CEMENTUM 
FROM DECIDUOUS TEETH OF PIGS 
bY 
RANDI FURSETII 

IWTI<ODUCTION 

True cerneiiturn 1)eing part of the at lachinetit apparaiiis of the teeth, is 
characteristic for all ninnimals arid certain rcptiles (KronjeZd, 1938). The 
structure and developrnent o i  ccirieritum from different ariirrials have been 
investigated. Sebvig (1963, 1964) found that the forniation of cenieritiirn 
in mice was initiated by the deposition of crystals oround ilie fibers from 
the periodontal inenibrarie sirnulinneously with tlie appearance of an amor- 
phous ground sulistaiice. In bovine teeth as well as in sheep and in rabbit 
inolars a corisitlerable layer of cenien turn has heen found to cover the enamel 
(Gliincher, 1964; Weinreb & Shwav, 1964; Mills & Irving, 1967 ; Iistgnrten, 
196%; Listgurten &k Kumin, 1969). 

l h e  fine sti'ucture of rat veinenturn in incisors (Stern, 1964) as well as 
in molars (r,oster, 1969a, 1)) has heen studied, and Lester reported the 
incorporatiori of epithelial cclls in the cementnin, parhxilarly at the cernento- 
dentinal junction. Boy& and Jones (1968) in a comparative study of ce- 
inentiirri observed a densely mirieralized zone at tlie ccmento-clentinal 
junction, ant1 found tlie walls of the lacunae I o lie more highly niirieralized 
than the iriterlacuriar cementuni. 

1 he structure of human cenieritiini has also been studied by several 
authors utilizing different techniques (e.g. Lorber, 1951 ; Hc~irn., 1961 ; 
Reccivcd for publiration, May 14, 1970. 
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Dreyfuss & FrunA, 1964; Selvig, 1965; Fi~rseth, 1967, 196%; Furseth 8r. 
Johunscn, 1968, 1970). 

Thus, while human cementiiiii as well as ceincnttirn from rats, mice, a i d  

several Iierhivorous atiiitials have hecn stntiietl, information a h i t  1)ig ce- 
nientuiri is scarce. The 1)ig is otrinivoroiis, possesses both cleciduoiis a r i d  

of teeth, arid the miniature pig has been found t o  he d l  
suitc(1 as aii experiincntal animal in clental research ( Wctrvcr, Sorcnson Y; 

J U I U ~ ,  1962). 
Tlie piir1)ose of the 1)resciit study \\-as to investigate the structure arid 

mineral distribution of 1)ig crineiituiii to see I iow it clifferetl from ceirieiitiiiri 
froin other species generally and hurnari cerrieiitiiin in particular. Knowledge 
of the strticliire and mineral tlistri1)iition of the norrnal ceinenturn w-as also 
clesirahlc in ortler to create a Iiasis for ei-aliiation of exljeriiriental alterations. 
Miriiature pigs were not av-ailaljle, m(l 1)igs of the Norwegian larid race were 
therefore u s d .  

MATE H 1.41,s A K o hi  Kr I I o u s  

l'lie material consisted of 80 teeth froin 5 pigs of the  Norwcgiaii laiitl race 
ranging iii age from 9 to  15 weeks. At this age tlie functioning cletititiori 
consists entirely of decidirous teeth. The foririiiln for tlit: deciduous teeth 
of the pig is 3 l(l, 1 Cd, 3 Mil, aiid is the saiiie for the upper and lower jaw. 
Tlie third incisor and the catiinc are cone-s1ial)ctl. A for~rtli molar (kltl 1) 
may lie missing, or if prcsent, is not erupting. The in(:isors as well as the 
molars are tee1 h of lirriitetl growtli. It slioultl br licpt in mind Iiowever, 
tliat ljrertling of l)igs has leutl to cliiiiiges in toot11 tlevclopment a s  well as 
tiincs of eruption (A7icX:1d, .Ychchin~n~cr & ,Sf;ifkrI(,, 1960). 

The pigs l+ere hilled, tlie lieatl cut off, and the teeth reinovetl. The tretli 
lvliicli %-ere iritencletl for elrctrori iriicrosc:o[)ic studies were removetl first. 
Often the teeth were split into two Iiolves, one part being reserved for tle- 
culcifietl and one for untlecalcified sections. hloreover, some teeth represented 
tlie contralateral sitle of eyjerimeiital teeth or areas located apical to the 
experiiriental area (to he tlescribetl sii1)seqiient ly). T h e  teeth were fixed in 
2.5 (x cacotlylate-bufferetl gliitaraltlcliyde at pH 7.2 or 2 % cacotlylate- 
huff'eretl forrnoliii at pH 7.2 to diicli  liatl hcen atltletl 7.5 % sucrose (Holt ck 
Hicks,  1961). Pliospliate Luffrretl fixatives were r i o t  usrd in ortler t o  nvoitl 
p s s h l e  preci1)ilatiori of atyf)ical crystals (Fiirscth, 19691)). 

Light rnicroscoyty. Thirty three teeth or p r t s  of teeth, were decalcified for 
24-35 hrs in 5.2 iiitric acid, tleliytlrateti in grarletl alcohols and embedded 
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in paraffin. l'he teeth were sectioned on a Lcitz sliding microtome arid 
stained with hematoxyliri and eosin. 

i~icrorndio6.rafihy am? clcctron rnicroscoI)y. After fixation, 47 teeth w r c  
waslied in cacodylate huffer and then placccl in 1 cacotlylate-buffered 
osmium tetroxide at pII 7.2 for two hours. The teeth were tleliytlrated in 
graded series of ace:one solutions antl emhetltletl in Vestopal W (R?.ter 6: 
Kcllenberg(v-, 1958). 

Grotincl sections parallel t o  the long axes of tlie teeth were cut with a 
diamond wheel on a Gillings-Hamco Thin Sectioning Machine uticler constant 
water spray. The thickness of some of tlie sections was fnrther reduced hy 
grinding on  ahrasive papers. The thickness of tlie sections varied from 
50-350 p with an average of 170 ,IL. 

Contact microradiographs were produced on Kotlali Spectroscopic plates 
649--0 with a Pliilips X-ray diffraction unit, type PW 1009, supplied with 
a fine focus [d i e .  Nicltel-filtered copper radiation at 20 liV and 20 niA was 
eniployed. 

The iriicroradiogra~ilis were st ticlied in tlie light microscope, arid parts 
of 14 grouritl sections from 11 teetli wrre re-errihetlcled for electron micros- 
copy. In addition ultratli.in sections were also cut from 3 teeth without 
making microradiographs first. 

The ultrathin sections were cut wiih a clianiontl Irnife on an L1W Ultrotome 
111 and floated on 2 (yo acetone adjusted to pH 7.5 with NaOH. The sections 
were collected on fortnvar- and carlion-coat ed grids and the time during 
whicli tlie sections were in contact with watcr was re(lncec1 as much as possible 
to  avoid dissolution of mineral (Hoothrojd,  19641). 

Sortie sections from each specinmi were floated on a saturated solution 
of nranyl acetate in 30 yo alcohol for 25 niin followed hy lead citrate (Reynolds, 
1963) for 5 niiii, while some sections were examined unstained. Other sections 
were decalcified on tlie grid with 1 yo phospliotiingstic acid (PTA) in 50 yo 
alcohol or 2 yo PTA in tlistilled waicr. The decalcification tinie varied from 
15 to 30 rnin. The sections were exaniirietl in ;I Sienieiis Elmiscope Iu electron 
microscope operated at 80 1iV. Selected-area electron diffraction was carried 
out using 200 ,u condenser antl 50 ,u diffraction apertiues. 

I: IN D I N C S 

Light microscopy 

The cementum was chiefly of the cellular varieiy, (Figs. 1, 2, 4- 6), liut areas 
with acellular cementum were also observed in a few instances in the molars 
(Figs. 1, 3 ) .  The width of the cementum layer varied with the different teeth 



€'LATI< 1 
Fig. 1. Photomicrograph from incisor showing the ccniento-rnamel junction. The cenirnturn 
(C) overlaps thc: cnamel for :i short distance, antl i t  is mainly ct4lular, but areas of accllolar 
cementum can also Iic. notctl. Pocket rpithelium (I'E), drntino (D). Hcrnatoxylin and rosin. 

:< 75. 
Fig. 2. Photomicrograph from rnolar sliming wide. layer of wllnlar ccrncntiim. Cenientocyte 
nuclei are present in most of thr laciinar. A wvern (I<) in the crnientum containing se 
cells can be noted. Periodontal o-dentinal junction (CDJ). if 

Fig. 3. Ph(,torriicI.iigral)h from molar, showing heinatox)-philic zonc at the cernento-dentinal 
junction (CDJ). 'lhr crrrienturn is mainly arellular. 1nr:rrnicnttil linrs located dose togrthcr 
can he notrd in the on t r r  part of the cemcntom. l'rriodontal rric,ml)rane (PM). Hematoxylin 

and eosin. M 790. 
Fig. 4. Photoniicrograph from m o l a r .  A narrow hcmatoxyphilic zone is s e w  at the cemento- 
dentinal junction (CUJ). The outcrniost layer of the dcntine stains lighter than the main 
part of the dentinc. Crmentocyte nuclei arc: Iircwnt in all the lacunae. Close to the cementum 
surface scvrral clusters of epithelial cclls (EC) rim lie noted. Heniatnxylin and eosin. x 220. 

Fig. 5. Ptiotornicrograph from inolar showing a wide cementum layer and a few incremental 
lines. Thc continiiity hetween the periodontal antl Sharpey's fibrrs can lie notctl. Crniento- 

drntin:d junction (CDJ).  IIrniatowylin and eosin. x 220. 
Fig. 6. Fhotoniicrograpli from incisor showing light staining zone in the dentinc abutting tlir 
cemcnto-dentinal jiinction (CDJ). Ccmentocytes can Irt: seen in :dl the cementum Iwonan, 
and there is a widc hyer of  prcccnicntuni (1'C). Clostcrs of epithclial cells (EC) partly m i -  

1)edtlctl in tho cenienttin~ can 111: notrd. Hernatoxylin antl cosin. x 350. 

PL-4TE 11 
rig. 7. I1icrora~liojira~)li froin rnolar showing the clistrilintion of cerncntum (C) in the ccrvical 
area. 1 he ccmentiitn i s  ct:llulitr, and is fairly thin clost: to the ccmcnto-enamel junction while 
it increases in thicknrss in the apical diroction. ~:rmento-dentinal junction (CDJ), cnamel 

(En). x 280. 
Fig. 8. Microradiojiraph from molar. A fairly X-ray dense zonc can hc noted at the ccmento- 
dcntinal junction ((3)J). Next to thr crrricnto-dentinal junction a layer of arcllnlar cenientum 
with a fairly low mintwl contrnt can hr noted followed by :I layer of cellular cemrnturn with 

il somewhat highw mineral contcnt. x 60. 
Fig. 9. hlicroratliogralili from incisor showing the  cemento-enamcl junction antl rnamc.1 pearl. 
l h e  cementum (C) is entirely ccllular and ovrrlaps the cnarnel (En) for a short distancr. 

Ccriiento-dcntinal junction (CDJ). x 60. 
Fig. 10. hlicroradiograph from incisor showing a widc layrr of cellular cementum with 
numerous lacunae. Giant laciinae or caverns (K) can also hc noted. Ccmento-dentinal junction 

Fig. 11. hlicroradiograph from molar showing a wide layer of cellular cementum and several 
caverns close to the ccmenturn surface. Cenicnto-dentinal junction (CDJ). x 80. 

Fig. 12. hlicroradiograph from the furcation area of molar. A radiodense zone can IJC noted 
at the cemento-dentinal jiinrtion (CDJ). The cementuni is entircly cellular and several cavcrns 

(K) can be notrd, particularlp close to the snrface. x 30. 
kYg. 13. Microradiograph from molar showing cellular cementum with numerous lacunae (L). 
The walls of the lacunae seem to be mineralizrtl to the same tlcgree as thc remaining cementum. 

r /  

(CDJ). x no. 

x 150. 

PI,ATE I11 
Fig. 14. Electron micrograph from incisor showing electron-drnsc layer at the cemmto- 

dentinal junction. Cementum (C), dentine (D). No staining. x 6700. 
Fig. 15. Elertron rnicrograph from molar showing parts of two cementum lacnnac (L) 
approximately 15 p from the cementum surfacr. The walls of the cementuni lacunae ha le  

the same electron density as the interlacunar cementum. No staining. x 15,600. 
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Fig. 16. F k t r o n  niicrogrnph from molar showing ccrnentoc! t r  approximately 7;i !t from the 
w i n m t o r n  siirlaw. 'I'he n i i c l w s  (N) is f:iirl>- w-ell priwrvcd w-hile only swttered filamrnts 

are wrii i l l  tlir i~~-topl;isrn. 1.iwl citrxtc.. itraiiyl arrtati'. v 26,700. 

I'LA'L'I.: 1v 

Fig. 17. Electron microgriiph from molar show-ing ccmcmtocytr from an area closr to the 
crmrntiirn siirfacr which occupies thP entire lacuna in thr plane of section. Mitochondria (M), 
endoplasniir ri~ticulnni (ER), fine fihrillar material (F), nucleus (N). Lead citrate, uranyl 

acrtatr. x 16.300. 
Fig. 18. Elcctron rnicri)graph from mnlar showing ccmcntocyte locatrd approsiniatrly 20 / /  
from the cementum snrfacr. Aii ahiintlant rntloplasmic reticulum (Ell), several mitochondria 
(M),  aiid dcnsv hodirs (1)B) arr srrn in the. cytoplasm. The laciinar wall is lined hy a layer 

Fig. I !). Elwtrrin micrograph from incisor showing unrnineralizrci cow (UC) in Sharpcy'F 
of unmincralizrtl collagcm fillers (CF). 1,eatl citratr, urariyl acetate. x 17,000. 

filwr in thv iwnrntuni. No staining. x 13,600. 

PLATE v 
big. 20. 1':lcctron mirri)graph from thc apical portion of molar showing several calcific: glo1)ales 
(CC) in the prcci*mentnm and part  of crmentocyte (CC). Lead citratr, uranyl acrtatr. x 11,200. 

Fig. 21.. Electron micrograph from incisor showing prriodontal fibers entering the ccrncntum 
(C). The c:ernmtuni surface has a scrrated appcarance. The crossllanding of the collagen 

fihrrs is clearly visible. The section has Ilern trcatc.d with  P T .  x 4.7,300. 
Fig. 22. Rlert ron micrograph from molar showing the outer layer of thr  c~ernentuni (C). 
Thc ceinrntiini si1rf;rc.e has a serrated apprarance and thc crystads in the surfacr 1;iyc.r scem 
to be oriciitctl with thc. long axes parallel to thr long axes of thc collngen fihcrP. No staining. 

x 42,600. 
Fig. 23. 1~:Iwtron micrograph fruni molar showing small. irregularly iiririitctl crystals from 

an area in the surfare Iaycr. No staining. >< 47,300. 

PLATE 171 

Fig. 24. E l t~~t r i in  inicrogr~tpli f rom incisor showing epithclial coll ernbetldrd in tlir ceniuntiim. 
Bundles of tonofilaments (TF), un~nineralizcd collagcn fillers (CF). I,ead citrate, uranyl- 

acetate. x 13,300. 
Fig. 2.5. Elcrtron micrograph from molar showing parts of two cells rmhcdded in thr ccrnentiim 
close to thr  surfwe. Small l)undlt~s of  tonofilaments (arrow-s) arc sern in tho cytoplasm of 
one of thr i d l s .  indicating that it is of epithclial origin. The other cell contains an ahuntlant 
endoplasmic ri~ticnluni (KIZ), some mitochondria (h l ) ,  I)ut  no tonofilrils. Nucleus ( N ) ,  
ccntriolr* (CP). iiii~~rotiil)iili (Llt) ,  iinniincralized collagen fibers (CF), cementum (C). Lead 

ritratc., uranyl acrtate. i: 17,800. 

PLATIC V" 

Fig. 26. Llcctrun micrograph from incisor showring part of cluster of epithelial i d s  lncatcd 
approximately 23 / I  from the ccmentuni surface. Thr  cytoplasm contains hunilles o f  tonn- 
filanicxnts (TF) and several tlesrnosomw (arrows) arc present hetween the cells. N~iclcus (N).  

1,ead citrate. uranyl acetate. :< 17,500. 
Fig. 27. Illcctron microgra?h from inolar showing parts of epithclial cells lorated in the 
periciili~ntal membrane. Charactvristir dcnsc liimdler of tnnol'ilarnrnts (TF) gik ing the cytoplasm 

en. The crlls iirv snrrountli4 by a I)asrni 
collagen fihrm ((IF). I.cad citratc, uranyl  
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antl the stage of development. In most of the teeth studied the root (levclop- 
ment had not heen cornpletetl. Wide cementuni layers were generally seen, 
hiit in the cervical regions of the molars thin cementum layers were also 
notrd. The cementum stained lighter than the tleiitirie with the exception 
of a narrow zone of dentine bortlering the cemento-(lent irial junction (Figs. 
1--6). A liematoxyl~ldic line was seen at tlie cernento-neiltiiial junction 
(Figs. 3---6). Generally, irir:reniental lilies were aljsent, but they were observed 
in a few areas i n  some specimens (Figs. 3, 5). 

Tlie cernentnm ofteri overlapped tlie enamel for a short distance, particii- 
lady i n  the iiicisors, and the pocket epithelium could he seen to  cover the 
eriainel for some tlislance (Fig. 1). In some specimens the continuity between 
psi-iodoiital antl Sharpey’s fihers could be observed (Figs. 3- 5). The ap- 
I)eararice of the cementocytes variecl. In sonie instances cementocyte niic.lei 
seenied to be well preserved (Figs. 4, 6), while in other specimens the nuclei 
saenietl pyciiotic, ant1 empty lacunae were sometimes ohserveti (Fig. 2). 
Howem-, there was a tendency for llie cemcntoc%yles in the surface to he 
better preserved t l i a r i  tliose in the deeI)er layers. Caverns or giant laciiriae 
in tlie cementum containing more tliaii one cell were also ohserved (Fig. 2). 

Quite often epithelial rests were seen close to the cementum silrface. 
These w r e  cliaracterizetl hy the fact that the cells were located close together 
and hntl a cytoplasm which stairied dirlcer than the surrouritlirig cells 
(Fig. 4). 111 ;I few iristances rpithclinl rests partly embetldetl i n  the cCnieiitim1 
were seeii (Fig. 6). 

i ~ ~ i ~ r ~ r [ i ( ~ i ( ~ ~ r ( ~ i )  hy 

Also with this method it was eviderit that the cernerltum ~vas  almost euclusiv-ely 
of tlie cellular variety. In a few iristances however, acellular cement u i r i  was 
oljserved, ~jarticiilarly in the cororial root 1)ortiori of tlie molars (Fig. 8). 
The acellular (xxrieritiim seemed to have the same or a slightly lower tlcgree 
of mineralization than the interlarnnar matrix of the cellidar ceinentiiiti. 

Figure 7 demonstrates the distributioii of cerneiitiirii in I lie cervical area 
of a lower third molar. Close to the cenierit o-enamel jurictiori t tie cernenturri 
layer was fairly thin, while the cementum thickness increased in the apical 
tlircction. Enarnel 1)earls rvere a1s;o o1)scrved in some specimcns (Fig. 9). 

In some areas an X-ray dense zone was ohserved at the cemcnto-rlentinal 
junction (Figs. 10, 12) while in other areas t h i s  mile was lacking (Figs. 11, 13). 
Highly mineralized incremental lilies (:oiild only he tli riled in a few in- 
stances. 

Cementum lacuiiae were qiiite n i ~ i ~ i e r o ~ i s  (Figs. 9~--13), arid in some 
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specirrieiis caverns or giant lacunae Mere also observed (Figs. 10-12). 
The walls of the cenientuin lacunae seemed to he mineralized to the same 
degree as thr renidiriing bnlli of the cementum (Fig. 13). 

Electron nbicroscopy 

At the c:erriento-(lcritintll jiinction a11 electron-dense zone was ofteii olmrved 
while the adjacent cenientiini and dentine had a lower electron clerisity 
(Fig. 14). The walls of the lacunae showed the same degree of electron 
density ;is tlie surrounding cernentum (Fig. 15). 

The appearance of the cernentocytes varied, h ~ i t  generally the irripression 
was gained that the cementocytes in the surface layer had the smallest 
nucleai/cytol)lasniic ratio. In  the deeper cenient.urn layers alterations in the 
cells could somctimes he noted. While the nuclei were fairly well preserved, 
only scattered filaments were seen in the cytoplasm (Fig. 16). The endoplasrnic 
reticuluni aI)I)e;iretl dilatetl in some cernentocytes (Figs. 17, 20) , while in 
others no inarltetl dilations were observed (Figs. 18, 25). A layer of urimine- 
ralizcd collageri fibers lining tlie walls of the lacunae was often observed 
(Fig. 18), but lacunae where the cementocytes seemed to  fill the entire 
nnrriineralizetl sl’ace in the plane of section were also seen (Fig. 17). The 
cementocytes, particularly t l iox close t o  the surface, as well as  the cemento- 
hlasts, containcrl a n  allunclant rough-surfaced endoplasmic: reticulum, 
srverul rnitochonclria, a well tleveloped Golgi apparatus, and a few tlcnse 
bodies (Figs. 18, 25). A centriole and niicrotiihuli were also ohserved (Fig. 25). 

In  the cervical area the cenientuni surface often had a serrated apIurar ice  
with an even rninrr;~lizcition front (Figs. 21, 22). Sniall, plate-tilie crystals 
were 1)rescnt in the surface layer (Figs. 22, 23). Selected-area electron 
diffraction showed that they were hytlrosya1)atite. The cr( 
collagen fillers w-;is clearly visihle in PTA-rlecalcifiecl sections. After tlie 
periotlon t a1 fillers had entered the ccmeritutn, I he crossbantling was more 
diffuse (Fig. 21). Unmineralixetl areas in the cementum which might re- 
present nnrnineralizecl cores of Sliarpey’s fibers extending for smile distance 
into the tissue were occasionally seen (Fig. 19). In the apical area tlic ce- 
nierituni surface had a more irregular appearance with calcific g1ol)nles i n  
the I)recenientuni (Fig. 20). 

Epithdial rests were seen close I o the cementum surftice. The epil helial 
cells were located close toget her, and the clusters of epitlielial cells were 
surroiiiided 1)y a 1)asenient lamina. The cells were charxterizetl h y  dense 
aggregates of t onofilainents in the cytoplasm and scvrral ciesniosornes were 
seen be~ween the inrlivitlual cells (Figs. 26, 27). Epit lielial cells, as intlicatetl 
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by their bundles of tonofilaments in the cytoplasm, were also found to be 
embedded in the cementum (Figs. 24, 25). Some of the cells demonstrated 
only a few bundles of tonofilaments (Fig. 25), while in others the tonofibrils 
were niore abundant (Fig. 24). Uriinineralized collagen fibers were also 
observed in the lacunae containing epithelial cells (Fig. 24). 

DISCUSSION 

In the teeth of mammals the distribution of cementum shows great variation. 
The extremes are represented by the herbivorous animals where the entire 
tooth is covered with a fairly thick layer of cementum, and the carnivorous 
animals where the relatively thin layer of cementum is confined to the roots 
(Kronfrld, 1938). The pig is ornnivorous, antl the cementum of the pig 
seems to represent somewhat of a transition between the two oilier types, 
i.e. consisting of a fairly thick layer which is largely limited to the root. 

At the cemento-dentinal junclion a hernatoxyphilic zone was generally 
observed which made i t  easy to distinguish between cenieiituni and dentine. 
This was not the case in human decitiuous tecth, where the location of the 
cernento-dentinal junction could he difficult to determine in areas with 
cellular cementum (Furseth, 1967). The inconsistent presence of a n  X-ray 
dense zone at the cemcrito-dentinal junction agrees with findings in cellular 
cementum in human teelh (I)rej;fuss & Frank, 1964; Furseth, 1967 ; Furseth 
& Johansen, 1068). Incremental Iines with a high rnineral coritenr. are a 
characteristic feature of cementurn from human permanent teeth ( S o n i ,  
Van I€uysen & Suenson, 1962; Yu,rmrnoto ct al., 1962; Selvig, 1965; 
Furseth & Johansen, 1968). In this respect the pig cenientiiin appeared niore 
related to cellular cerneritiiin of liiimari deciduous teeth (Furseth, 1967) 
and repair tissue in deciduous teeth (Furseth, 1968) which have a more 
uniforni niineral distribution. 

The walls of Ihe cementum lacuriae were mineralized to the same degree 
as the surrounding tissue both as judged rriicroracliogra]-,hically and electron 
microscopically. This confirms previous findings in human material, (Furs&, 
1967; Furscth, 196%; E’rmrth 6r Johansen, 1968), but disagrees with 
findings by Au:azuzc:o: (1963) antl Boyde and Jones (1968). This apparent 
disagreerimit may however be due to a difference in age of the teeth examined. 
These factors have been discussed elsewhere (Furseth, 1969a). 

Kadiolucerit caverns or giant lacunae were observed in t.he cementum 
of the pig, and siniilar ohservations have been made in human material 
(Drcy f im & Frank, 1964; Furseth, 1967; Furseth & Johunsen, 1968). In  
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a few instances acellular ceirierituin was observed, arid this was sometimes 
less mineralized than the cellular ceineiituin, a fact which is not in accordance 
with observations niatle in hurriaii material (.Coni et al., 1962; Sclvig, 1965; 
Furseth, 1967). ‘Hie occasional finding of unmincralized areas believed t,o 
represent unniineralizecl cores of Sliarpey’s fibers, is in agreement with 
observations inade hy Selvig (1965) arid Royde arid Jones (1968). 

As jntlgcd in the light microscope, the appearance of tlie cerrieritocytes 
in the different layers of the cementiuii varied. Generally the cernentocytes 
were better preserved liere than those observed in a previous study of hurnaii 
material (Furs& 1967). It should be kept in mind however, tliat cementurn 
formation in the pig occurs quite rapidly, and therefore the cells would 
riot have been einbedded for a long period of time. Also, cenienturn lacuriae 
are rnucli more riurriero~~s in tlie pig, a fact which niiglit make the passage of 
nutrients easier. Tlie vitality of the cernentocytes is a controversial question. 
Tlie literature on this suhject aiitl the irifluerice of factors like ageing of the 
cement ocytes, poor iiut.ritioiia1 coritlitions for the cells in tlie deeper layers, 
arid possiible fixation artifacts have been tliscusseil in detail previously 
(Furscth, 1967). Erarssquin and Alu,ruzcibal (1967) found that the vitality 
of normal rat molar cementum decreased with age, and senile necrosis in 
the zone adjacent to the dentine was an alniost constant finding after the 
severitli nionth. Idistgurten ant1 Kuruin (1969) observed the dcvelopment 
of lysosome-like bodies ant1 aulophagic vacuoles in the cerrierilocyt es when 
the cementurn lwcunie displaced occlusally by continuous eruption. These 
authors 1)oiiiteil out that the association of lysosonies and particularly 
autopliagic vacuoles with degenerating cells has h e n  rlescrihetl previously 
hy  Ashford arid Porter (1962) aiicl LVoz~iXoj”~aiici Essssrwr (1962). In the present 
study cleiise bodies were oljserved in the cernentocyt es, hut they were not 
port iculorly nunierous. 

The ccinentocytes gciicrally liatl a fairly small aniount of cytoplasm, 
particularly those which were soniewliat removed from the surface, a i d  this 
agrees wi th  previous findings in  human material (Furseth, 1967, 1969n) as 
well as firitlings ii i  the cellular ceriientiirii of rahbit rnolars (Listgurtcn & 
Kmnira, 1969). This indicates tliat the ceinentocytes, once em1,edtled in the 
cerneiitiirn have a low activity. However, cementocytes with a fairly abundant. 
entloplasriiic reticiiliuii were also seen occasioiially, particularly close I o tlie 
surface. As secii in clecitluous teet I i  of Iiiirnaris (Furscth, 1967) cernentocytes 
with altered c-ytoplasrn were also seen in  the pig. 

Epit Mia1  rests within the periocloiital nieiti1)raiie have heeii descri1)ecl 
in several species. Vnlderhaug ancl iyi.lcn. (1966) tlescrihetl epithelial rests 
in liurnari material antl concluded tliat on tlie hasis of the ultrastructural 
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niorphology and histochemical evidence tlie term, resting epithelial cells 
was an appropriate description for these cclls. Grunt and Rcrnick: (1969) 
found a great prevalence of epithelial rests in the periodontiurn of miniature 
swine antl tliis agrees with the present fintlirigs. 

The epithelial rests were surronntletl by a hasernent laniina and were 
cliaracterizcd by numerous desniosorries ant1 bundles of toriofilainerits in 
the cytoplasni and this is in accordance with observations made hy other 
investigators (Vczlderhaug 8: N y l m ,  1966; Lester, 1969a,b; Listgarten 8: 
K;Liniri, 1969). The bundles of tonofilarnents were useful in rrder to clis- 
tinguish belweeri epitlielial cells and ceincntocytes when intlivirlual cells 
were observed in lacunae. In the epithelial rests ohscrved in the periotlorital 
rnernhraiie spaces were noted between the cytoplasm and tlie nucleus. This 
may be a preparation artifact, hut it may also intlicate degenerative changes, 
since a dilation of the nuclear sac, together with thicker and more prominent 
bundles of tonofilarnents were some of the degeneralive clianges noted in 
incorporated epithelial cells by  Lester (1969a). 

Incorporation of epitlielial cells in the cemenlurii were observed, and this 
is in accordance with findings in other species (Paynter & Pudy, 1958; 
L)ia.b 8: Stallard, 1965 ; Grunt & Uernick, 1969 ; Lester, 1969a,b ; 1,istgarten 
8; I<mt~,in, 1969). 

In rat rrioltirs epithelial cells have particularly been ohserved in the first 
formed cenientu~n (Diab & S'tallard, 1965; Lester, 1969a,b) antl Lester 
reported incorporation of epithelial cells en niasse between ccmeritiini and 
dentine at tlie atlvariring root edge. This developmental event was coincident 
with a n  alteration in the rate of ceirientiin~ arid dentine formation, cellular 
cenirn[inn corning both to  precede aritl to he a greatcr bulk than dentine 
at tlie advancing root edge. This type of root formation was not seen in the 
pig, and incorporation of single epilhelial cells or groups of cells were seen 
in different layers of the cenientuin. 

Unniineralized collagen fibers were observed in several of t he lacunae, 
and this confirms prcvious observations in liiirnan material ( A ~ r s e t l z ,  1967; 
Furszth, 19693). Autoradiographic stii(lies hy Fro,nll- and Frank (1969) have 
s11owii labelling of unrriineralizetl collagen fibers in  osteocyl e lacunae, showing 
that collagen is produced after [he incorporation of the cells in the calcified 
tissues. Unrnineralixed collagen fillers wcre also seen in  lacunae which 
containe(1 epithelial cells. Since epithelial cclls presumably do not produce 
collagrn, this in(1icntcs that tl-ic unmineralizcd collagen at least in these 
lacunae was formed prior to the mineralization of cemerituni, even if the 
possibility that epithelial sheath cells may produce collagen cannot be 
entirely cxcliided (Lester,  196%). 
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As mentioned previously pig cementum differed from human cementum 
in some respects, particularly by being mainly cellular also in the cervical 
area. The embryological developnieiit of the pig is very comparable to that 
found in man, the pig is omnivorous, and the oral glands are similar to 
what is ohservcd in man (Wrnver ct nl. 1962). The pig is therefore 
considered to be a suitable experimental animal. 

Aclcnoidedgernerit. The author is greatly indebted to professor, dr. philos. Odd Skjerven 
and his staff, Department of Obstetrics, l h e  Veterinary Collage of Norway, Oslo, Norway, 
for providing housing for tho animals and for their help with ancsthesizing the animals. 

SUMMARY 

The structure and mineral distribution of tlie cementurn from deciduous 
teeth of pigs liave been studied. The cementum was chiefly of the cellular 
variety, and the cenieritum layer was quite wide. Zricremerital lines were 
generally absent, bu t  in some areas an X-ray dense zone was observed at 
the cerncuto-tlcntinal junction. The cementum often overlapped the enamel 
for a short distance, particularly in the incisors. Cementum lacunae were 
quite ~ i ~ n n e r o ~ s  arid the walls of the lacunae were mineralized to the same 
degree as the interlacuriar areas. The appearance of the cementocytes varied, 
but generally the cells close to the surface were hetter preserved than die 
cells in tlie deeper layers. Caverns or giant lacunae in the cementuin con- 
taining more than one cell were also observed. 

Quite often e1)itlielial rests werc seen close to the cementum surface. 
1 hesr were siirroundcd by a basement lamina and the cells were characterized 
by dense huridlcs of tonofilaments in the cytoplasm arid numerous des- 
mosomes. Epithelial rests partly ernbedtletl in the cementum as well as single 
epithelial cells in lacunae were also seen. 

A layer of unrriineralized collagen fibers lining I he walls of the lacunae 
was often observetl. The cementum contained small, plate-like crystals. 
Selected-area electron diffraction showed that they were hydrosyapatite. 

r ,  

R bS U M i' 
BTUDE I'AIt hl ICl~OR.4DIC)GHA~'HIE,  AU MICROSCOPE OPTIQUE E T  AU MICRO- 

SCOPE iJ.ECTHONIQLIE DU CkMENT PROY-ENANT DE DENTS TEWPOAAIRES D E  

PORCS. 

Une Ctude a 6th entreprise sur la structure et la ritpartition des substances 
rriinitrales dam le citrnent tle dents temporaires tle porcs. Le citment ittait 
principalenient un cernent cellulaire, et la couche cdmetitaire ittait assex large. 
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Les lignes incr6mentales maiiquaient en gCnCral, mais en certairies parties, 
une zone radio-opaque Ctait observCe B la jonctiori ckmento-dentinaire. Le 
cCnient recouvrait souvent 16gkrement 1’6mai1, particn1ii:rement dans les 
incisives. Les lacunes du cCment Ctaient assez nombreuses; le degr6 de rni- 
iikralisation de leur parois etait le m&me que celui des zones interlacunaires. 
L’apparerice des ostCocytes variait, niais les cellules proclies de la surface 
6taient en gCn6ral mieux conservees quc ccllcs des conches profontles. On 
observait aussi dans le cCrnent dcs cavit6s OLI tles lacunes gbantes contenant 
plus d’une cellule. 

Assez souvent 011 voyait des d6bris 6pithCliaiix auprbs de la surface du 
c6rnent. Ces dCbris Ctaient entourks d’une lame basale; les cellules 6taient 
caractPrisCes par des faisceaux (lenses de tono-fihrilles dans le cytoplasme et 
par de nombreux desmosornes. On observait aussi des dCbris Cpith6liaux 
iriclus en partie dam le cement, ainsi que des cellules Cpithdiales isol6es daris 
des lacunes. 

On obscrvait souvent uric couche tle fibres collagbnes non rninCralisCes 
tapissant les parois des lacunes. Le cbment coritenait de petits cristaiix en 
forme de plaques. La diffraction electronique an niveau de zones rl6ternii- 
n6es a montrC qu’il s’agissait d’hydroxyapatite. 

ZUSAMMENFAbSL N G 

E I N E  MIKROllADIOGRAPIIISCIIE, I .ICHTMII~ROSI<OPISCHE UND ELEKTRONEN- 

MIKROSUOPISCHE UNTERSUCHUNG DES ZEMENTES DEIt S C I I W E I N E M I L C H Z ~ H N E  

Die Strnht ur und Mineralverteilung des Zementes I on Schweinernilchziihnen 
wurden untersucht. Das Zement war hauptsachlich vom zellhaltigen Typ, 
untl die Zementschicht ziemlich breit. Waclistunislinien gab es gewohnlich 
lieine. Eine rontgeridichte Zone w i d e  jedoch in einigen Gebieten nahe 
der Zenient-Dentingrenze beobachtet. Ilas Zement uberlagerte oft den 
Schmel,: ein Siiicliclien, besonders an den Schneidezzhnen. Zeinentlakunen 
gibt es z‘ihlreich, ihre WZnde waren ebenso minerdisiert wie die inier- 
lakunaren Gebiete. Die Zemeiitozyten zeigten verschiedenes Aussehen nnd 
die Zellen nahe der Oberflache wdren allgeinein besser erhalten als die 
Zellen tiefer irn Zement. Es wurden aucli Kavernen oder Riesenlaliunen 
die mehr als eine Zelle enthielten im Zement beobachtet. 

In der Nilie der Zementoberflache bonriten Epitclreste ofters geselien 
werden. Die Epithelreste wdren von einer Basalmembian umgeben, und 
die Zellen wurden durch dichte Tonofilxnentbdndel im Zytoplasma und 
zahlreiclie Desmosome gekennzeichnet. Epithelreste, die teilweise im Zement 
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eingcldgcrt w'iren, iintl eimelne Epitlielzellen in Zenientlal\urten wurdeii 
u c h  hrol)cirlitet. 

An den Wiiiitleii cler Zerrientlakurieri gab es oft einc Schicbt von nicht- 
iniiier&ierteri Kolldgenfasern. Dds Zemmt eiithielt kleinr, pldtten9litiliclie 
Kristalle. Es M urde rnittels Elrhtroriendiffrahtiori in ausgew3ilten Gebiete 
gezeigt, dciss e b  sicli urn IIydro~yLpatithristnlle liandelte. 
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