
1:rorn: 
The Uental lnstitutr of Exporiiiiental 
Krscarch and Departrnmt of Anatomy, 
Dvntal l>aculty, 
Univcrsity 01 Oslo, 
Norway 

A STlJDY OF EXPERlMEN?‘ALLY KXl’OSED 
AND FLlJOlPIDE TREATED DENTAL Cl<MENTUM IN PIGS 
hY 
R ~ N D I  FmsmII 

INTRODUCTION 

nlicroradiogra~)liic stnrlies have denioristrir~rd that lniiiiaii cemeritiirn 
frequcnily develops a highly inineralizetl surface layer wlien e ~ j ~ ~ e t l  to 
the oral eriviroiiincnt (Forsbcrg, 1,tsgc:rgrl.c.n & Liinnerhlud, 1960; S ~ l v i g  dt- 
k n d e r ,  1962 ; Furseth, 1970a) h i t  cement mi may also undergo carious 
changes (e.g. I h t l t i n ,  1963; Furseth & Johnnsen, 1968). 

Nurileroils studies liavc (leilionst rat t:tl i lic caries irihihitiiip effect of 
fluoride on ~ i a i ~ i e l  (..a. Hrz~devold ct al. 1963; uon (ler E’ehr, 1967). In  vivo 
experiment s o n  dentine liave giveii similar resiills (uon,  tdcr Fehr, 1970). 
In vi t ro euperiniciits on ground s1irfat:cs of dentine Iiiive also shown that 
F-trcatrd surfaces are niorc r taiit to a t , i t l  decalcification (Sc,dziig, 1968; 
ScLvig, Sand & A f ~ r c h ,  1968). Fluoritlc application is also believed to have 
a 1)eiieficial effect on cervical Iiyperse~isi~ivity of teeth (/<uriozLsc dt- Ash,  
1960; JJillcr et al., 1960). 

Tlie purpose of the present study was to investigate the effect of the oral 
environnient oil cxperiinen tally exposed soiinci ceirientum, and  specifically 
to fitid out wliellier a topical aI)l)licatiorr of sodium fluoride to rielvly csposcd 
cementum viould alter the reactions of this I issiie to the oral environment. 
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MATERIALS AND METHODS 

The experimental material consisted of 26 tlecidiioiis teeth from 4 pigs of 
the Norwegian land race. ‘ h e  pigs were obtained at the age of 8-9 weeks, 
and they were kept for L week in their new environmerit. The animals were 
anesthesizcd with an intraverious irijeclion of 5 9/o nembutal. The difference 
hetweeri an efk‘ective (lose arid a lethal dose was small. The tolerance of the 
different pigs to the anesthetic varied, and the dosage could not he based 
entirely on body weight. A light narcosis was therefore used, and for this 
reason the animals M. ere fairly difficult to handle. Therefore, a local anesthetic 
was also administered. 

Girigivectoniies were then carried out on the buccal side of 3 4  teeth in 
the right arid left side of the jaws. After 2-3 weeks gingivectotnies were 
carried out on another 3-4 teeth. Parts of the gingiva as well as buccal 
hone were removed. Surgical 1):iclts were riot used, hut the wounds healed 
rapidly. The teeth most frequently used were the first arid secorid incisors 
in the lower jaw, arid the first and second molars in the upper arid lower 
jaw. Fifteen of the exposed surfaces were treated with a 2 yo solution of 
NaF at pH 6.8 for 10 min, while the rernairiitig 11 exposed surfaces were 
left exposed without further treatment. The teeth on one side of the jaw 
were E’-t rented, while those oti the contralateral side were left exposeed wit.hout 
further treatment. Iri the front region the surfaces ~-1i ich  were riot to be 
F-treated, were covered with a layer of wax to  prevent coritamination during 
the topical applicaiion. In two teeth the F-treatment was repeated after 
14 days. The observation periotls varied froin 16 to  42 (lays. 

At the end. of the obsrrvalion period the teeth were extracted and itn- 
mediately fixed in 2.5 yo car:otlylat e-liufferetl gliitaraltlehyde or 2 ’-)(, CLLCO- 

dylate-buffered forrrioliri at pH 7.2 to wdiich had 1)eeii atl(let1 7.5 (yo sucrose. 
Three teeth were divided lorigit udinally in two parts, arid one part was 
decalcified, eml~etlded in paraffin, sectioned and stained with hernntoxylin 
and eosin. 

The teeth which were iritentlecl for elect mi microscopic studies were 
postfixed in 1 74 cacotlylat e-hufferrd osmium tetroxitle at p l I  7.2, arid 
embetlded in Vestopal W. C;rouritl sections porallel to the long axes of the 
teeth t l~rough the exposed areas were cut with a diamond wheel and micro- 
radiographs were prepared. Based o n  rnicroradiographic ohservations, 
selected areas of 52 ground sections from 26 teeth wcrc dissected out  and 
re-ernledtled for electron microscopy. Ultrathin sections were cut with a 
diamond knife on an LKB Ultrotome 111. Sotne sections froin each specimen 
were examined unstained while others were decalcified on the grid with 
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phospl-iotungstic acid (PTA). Sonie sections were also stained with lead 
citrate and uranyl acetate. The sections were examined in a Siemens Elmiscope 
Ia electron microscope operated at 80 kV. Selected-area electron diffraction 
was carried out. Hype1 mineralized surface layers w-ere observed in some of 
the specimens, and a visual scoring of the rnicroradiographs was therefore 
carried out. The lingual side of the experimental teeth, areas located apical 
to the experimental areas as well as 21 normal teeth served as control material. 
The normal material and further details concerning methods have been 
described previously (Fursrth, 19701)). 

FINDINGS 

Light microscopy 

The cementurn siirfrlce of the exposcd teeth often had an uneven appexaiice. 
This may be due to  daniage (luring tlie gingivectotriies or during the ohserva- 
tiori period. Some of the cementum lacunae Mere found to  he empty, while 
others contained cellular remnants (Fig. 1). 

Il/licrorcL[~iiigruI~h~ 

1 lie degree of mineralization of the exposed su r fxe  layers varied lwtween 
the differerit teeth ah Me11 as within the inclividud tooth. l h e  visual scoririg 
of the rnicroradiogr‘iplis was carried out scoring the degree of hypermiiierali- 
zdtion as none, slight or pronoiinced. The results of tlie scoring is presmted 
in Tahle 1. 

r .  

Tablr I 

1)istributinn a j  material and hypermineralized surface layers 

Number of Hypemiinrralization 
.~ ~~ ~ 

teeth Nonc Slight Prononnccd 
___ - ~ -~ ~~ _ _ ~  

E x p o 4  11 4 7 0 ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -~ ~ 

15 1 7 7 
-~ ~- 

Exposed + F-treated 
~~ 

It became ‘ipparerit that in the  group T.\ here the cementum surfaces hail 
been exposed to  the oral cavity hut received no fluoride treatment, some 
of the surfaces did not exliild any increased degree of mineralization as 
c o m p r e d  to the underlying tissue (T~.hle I). Where a highly mineralized 
surface layer was seen, it was usually fdirly narroJ+ (Figs. 3,4). 
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PLATE I 
Fig. 1. ~~ii)toiiii[~rograf)li hll iiiolar showing part of ccnimtura wliivli has I )wn vx1iost.d 
ti’ tht: orail cavity for 20 c!ays. ‘I’hc cciiimtuni surface is (:overed with hactc-rial ~i la([ur  (Ilt‘). 
Soiiir l a c u n w  appear m r p t y  H hile otlirrs contain crlluliir rcninants. Cenimto-ilcntiniil junction 

(CDJ). Jlematosylin anti eosin. x 180. 
Fiq. 2. 11 iiwiratliograph f roin molar showing tlrntinc which has Ixen cuposcd tn the oral 
ciibity for U days. ‘I’his surfacc has h e m  li-trt-atctl. The surface layrr appears hj-lirrniincralized 
(HZ). I)isturli~d dcntinc: formation (111)) is swn iwrrc-sportding to the area which has bren 

rxposed. Pulpo-dc~ntinal junction (arrow).  x 70. 
Fig. :i. RIicro~.adi~grii~ili l‘roni inckor showing i ircii  which has hr rn  t.xposci1 to thr nral cn- 
vironinrnt for 21 (lays. A niirrci*-, highly niineralizetl surface laycr ciiri lie scrn in on(’ iirc’ii of 
the ront (iirrow) scliil(: t liis z<itw Iic.ctiriics wider in the apical dirrction. Cenicnto-rlcnti~iill 

juirtion (CUJ). x 30. 
Fig. 4. ~1icroradiopral)h from molar  showing cmwntum which has Iiecn exposed to thc oral 
ca\ i t ?  for  35 days.  ’Thcrc is il narrow highly niinc.ra!izivl s i i r faw L i y r  and a fairly largc d c u l u s  

t l q i n s i t  ((:ill). (:(,iii~,i)ti)-ii~~ntin~il junction (CUJ).  x SO. 
Fig. 5. ~I i i , r i ) r~~i l i ( i~r~i i ih  from incisor showing l”-trcatcd iwncntiirn which has liccn cxliosetl 
to thc oral m \ i r o n n i ( ~ n t  [or 15 days. ‘l’hr l~yl’crniineralized surfacc m n c  (I{%) is fairly wiilc, 
and thc cmwrit i ir i i  l w u t i w  iirv n o t  as clc;trly visililc7 as in the undcrlying ccnic’ntiirri. C(.tnmto- 

tlcritiiial junction (CUI). x 30. 
Fig. 6. ~ l i c r ( ~ r ~ ~ ~ l i i ~ g r ~ i ~ i l i  from niolar sliobsing I;-trcated ceiiienturu which has I~een ruposcd 
to thr oral cn\ironnii~nt for 35 clays. ’I’hiw is a pronounced h~f)ermineralizrtl siirhce zone 
jIlZ).  Calculus can Lr sccn adjawnt to thr  ~:i~rrr~~iittini surfact>. Ccrncnto-dentinal junction 

(CDJ). Y 30. 
Fig. 7. ~ l i ~ r i ) ~ ~ i ( l i ~ i ~ r ~ i f ) h  froin molar showing I’-trcatixl remmturn vliirli h;is brrn  euposetl 
to the oral (*ti\ irnrirrwnt for 29 davs. ‘I’hcrc is a witic Iiy~i~~r~iiinrralizt~iI siirfrir 
and the crnicntirrn lacum t p p a r t ~ ~ t  in this zone as in the undrrlyiup ccrrnentiirii. 

t i i d  junction (Cr)J). x 80. 
k’ig. 8. \licroratlirigral)2i from incisor showing F-treated ccmcntuni which bus b c w t  c~qiosrtl 
to thc o r a l  ironrncut f o r  2 I tlays. ’I’hc 1iyI)i’riilitii.nilixt:d surface zone (FIX) is pronounctd 

and ctmmiurii lacriii:w rannot l ie wcn in this 1ayt.r. X 90. 

Fig. 0. Elwtron nii(,rograph from niolar show-ing wiiietiturii surfare which has licen exjmsc(l 
to the oral riivironincnt for 35 days. ‘I’hc ~~rirrrspiin~ling iriicroratliograpli showed a narrow 
hypcrniinc.rali~:r11 s i i r f h ~  zone. ‘lhc surfacr laycr (SL) is more electron-dcnse than the undcr- 
lying crmcnturn. Filwr Iiunrllc~s orientcd prrpcndiri:Iarly to thi: surface can 1)c observed. 
I3acteri;il plaqiic (Bl’j, largc calculus dcposits (arrowsj, ccnicntum lacunac (L). No staining. 

s 2500. 
Fig. 10. Elcctrnn inicrograpli from incisor showing l”-trcatcd crmcntuni surfrice which h s  
lircn cxfiosed to the oral cavity for 21 &I>-s. ‘The corresponding microradiogriiph showrd a 
liighly niiiicruliztd surfux hl-er. T h c  surfilw ln>-rr is tlcnsely mineralized and the crystals 
apiicxr plat(~-likc. Hactwia (Ih), unminwalizc(l area which might reprrsmt unmincralizcd 

i ~ ) r v  of S l iqwy’s  filivr (CiCj. N o  staining. x 37,1 00. 
1;ig. 11. Elrctron nii~riigraph froru incisor showing l~-trciitcd crmrntuin surface which has 
I m n  t’xiiored to t h c  ord c:ivity for 21 days. ‘lhe corresponding micror~itlio~rapli showed a 
slight Iiyl)(~ririinernli~aticin in the surface laycr. ‘The cr!-stols arc 1il;rtc-like and thc: cross- 
bandin:. o r  i:olLigi~~i is reflcctetl iii the mincrid tlepnsition. L-hctcria (Ua). No  staining. x 50,400. 

Fig. 12. El(.i,tron micrograph from molar showing cerricnturn surface which has Lrrn exposed 
to tlu. o r i l l  cavity for 15 days. Tht. crossbantlirig of  collagen is clearly visil)lc, w e n  in the 
surfacr Iqw.  Ccnlcntoni snrface (arrow). The section has Ixen trcatcd for 30 niin with PTA. 

x 44,100. 

PLATE 111 
Fig. 13. Electron micrograph from molar show-ing ccmentum (C) which has br rn  eyiosed 
to the oral cavity for 29 days. The corrcsponding microradiograph did not exhibit a highly 
mineralized surfarc h y r r .  The cementum surface is uneven and is covered by a laycred 
pcllicle (Pr). On thr surface of the prllicle it hactrrial plaqur (RP) can he noted. No staining. 

x 17,600. 
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Fig. 14. Electron micrograph from the same specinien as sern in Fig. 13. showing thc pellicle 
(Pe) at higher magnification. The pcllicle appcars to contain a fairly electron-dcnse rnatcrial. 

Cementum (C). No staining. x 50,200. 
Fig. 15. Electron micrograph showing calculus deposit with intra- as  well as intor-bacterial 
mineralization. Thc presencc of bacteria is reflectctl in the mineral drposition. The calculus 
crystals appear to be quitc small. Thc cementum surface has bccn exposed to the oral cavity 

Fig. 16. Electron micrograph showing calculus deposits from cementum surface which has 
been exposed to the oral cavity for 16 days w-ith intcr-l)actcrial mineralization. The calculus 
crystals appcar small and needle-shaped or plate-like antl are not densely packed. Bacteria 

for 29 dnys. No staining. x 37,600. 

(Ua). No stainina. x 50,200. 

P1,.-1'n IV 
Fig. 17. Electron micrograph from incisor showing cerncmluni lacuna with cellular rcmnants 
(CR). Thc contour of the cementocyte can lie diswrncd, hut no identifiable structures can 
be sccn. The ccmentum has been exposecl to the oral environment for 21 days. Lead citrate, 

nranyl acrtate. x 22,200. 
Fig. 18. EIectron micrograph from incisor showing part of cementum lacuna locatcd close 
to the cementum surface. The lacuna is filled with lmcteria (Ba), antl a slight inter-bacterial 
mineralization ran be noted. Thc crystals arc sm:~ll and platc-like or  needle-shaped. The 

cementum has becn exposed to the oral rnvironrricnt for 20 days. No staining. x 5:3,800. 

Fig. 19. Electron micrograph from molar which has been exposcd to thc oral cavity for 29 days 
showing cementum lacunae (1.) located close to the surface. The lacuna is filled with bacteria 

which are partly calcified. Cementum (C). No staining. x 21,500. 

In the group of teeth which Iiad rcceived I;-treatrrient concomitant wit11 
the exposure, part of, or the entire exposed cementum surface sho~ved a 
highly niirieralizecl surface layer in most irislances ('l'able I, Figs. 2, 5- 8). 
The w- id th  of this layer was up  to  7Op (Fig. 7) ,  whicli was w-ider than that 
ohserved in the exposed non-treated group. ?'he teeth wliicli hacl received 
F-treatment tw-ice (lid not show any partic1darly high degree of mineraliza- 
tion. Often the highly mineralized surface layers were seen after long times 
of exposure, h i t  in a few specimens they were also seen after short ohserva- 
tiori periods. The presence of ccinen~uin lacuriae ctriild he observed iri the 
highly mineralized layers i n  sorrie areas (Fig. 7 ) ,  but in other areas ceinenturri 
lacunae could not be ohserved (Fig. 8). I n  a few instances exposed dentine 
with a highly rnirieralizetl surface layer %-as seen, arid disturbed dentine 
formation was sonietimes observetl i n  the area correspondirig to  the exposed 
dentine (Fig. 2). 

Varying amounts of calculus deposits were ohserved on several of the 
exposed surfaces in  1)otli groups. In some teeth relatively large deposiils 
were observed (Fig. 4) while in other teeth only traces of deposits as judgctl 
microradiogra~thically were prcsen t (Fig. 6). In some areas the tleposits 
were in contact with the tooth surfaces in the plane of section, hilt quite 
freqiiently the deposits were at a slight cliatance from the tooth surface as 
judged microradiograI'hica1ly (Fig. 6). 
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Electron microscopy 

The cementum surface of the expnsed teeth often had an uneven appearance, 
and in a few instances exposed dentine was observed. Exposed cerneritum 
surfaces which rriicroradiographically showed a narrow densely mineralized 
surface layer, showed a corresporitting electron-dense surface zone (Fig. 9). 
Due to  difficiilt ies in sectioning sufficiently large sections of the wider 
highly rnineralizetl layers (40-70 p), tlie same difference in electron density 
cannot he ciocunicntetl for t liese layers, h i t  the crystals in the surface layers 
of tlicse specirrieiis were cleiisrly packed (Figs. 10, 11). 

ed as well a s  the exposed arid 
F-treated ccmc~ituin surfaces hntl the same appearance as the crystals i n  
the deeper layers, i.e. they were plate-like (Figs. 10, 11). The hypermineralized 
surface layers give the tliffractiori pat terti of hyrlrosyapatite. I n  PTA- 
clecalcifietl sections, the crossl)aritling of the collagen fibers was clearly 
visible in tlie surfiice layer ;is well as in the tleeper layers of  he cerrieiitiirn 
(Fig. 12). 

Most of the tccth in h t l i  groit[)s liad a hactcrial plaqiie on tlie siirface, 
and oftcri the lilacpie was c&ificvl (Figs. 9, 15, 16). Where ca1~:1111is tlqiosits 
\\\ere olwrve:tl, [lie 1)resmce of bacteria was reflected iri the mineralization 
1)attern (Fig. 15). Intra- as  %-ell ;is iii ter-llacterial mineralization was olJservec1 
(1;igs. 9, 15, 16). In some instances tlie calculus was cornposed of sinall plate- 
like or neetlie-slinped crystals (Fig. 16), while in other sliecimens the deposits 
were rtiude 111) of smaller partic*les tlifficxlt t o  identify (Fig. 15). Both tliese 
l y l ies  of cleiwsits gave tliffuse seleclerl-area diffraction I ial terns, indicating 
il low t l r g i ~  of crystallinity, while the calcdus tlel)osit seen in Fig. 9 gavc 
tlic tliffractiori iiatterii of hytlroxyaliaiitc. I i i  a few instances the loolh surfaces 
werc coverctl M i t l i  a layered Iwlliclc wliicli Seeiiied i o contain no hacteria 
(Figs. l:{, 14). l h i s  layer $\.as partly cillcifiwl as jiitlged by its clectron tleiisity, 
l iut  crystnla coiiltl lint be recogriizetl (Fig. 14). These layered ~it~llicles wcre 
coverctl by an iiii~;al(ifit~I bac.tcrial plaque (Figs. 13, 14’). 

Some of 11ie cwiienturri lacunae were enipt y while otlicrs contained cellular 
remnants (Fig. 1.7). Sonic laciuiae c-,lose to the stirfare in the plane of section 
were filled m-itli bacteria, and rnineralization of tlicsc hacteriu was also seen 
iri sonic ~liecimena (Figs. 18, 19). 

?‘lie crystals in tlie surface layer of the ex 

DISCVSSION 

W h i  conipririg tlic exliosed cwneiiturri  surfaces wit 11 iiriexposetl surfaces 
(Furscth,  19701)), it was apparerit that  the Iiig cemeritnni often tlevclopetl 
a 1iyIiern’iiieralixrtl sitrfiice layer when  exlioseecl t o  the oral enviroiirnent. 
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This is in agreement with findings in human material (Fursberg et aE., 
1960; Selvig & Zander, 1962; Furseth & Johunsen, 1968; Selvig, 1969; 
Fu,rseth, 19704. A hypermineralized surface layer was also observed in 
exposed dentine, and this also agrees with findings in human material 

In previous studies of human cenientum tablet-shaped crystals have 
lxen  found in  exposed liyperinirieralizetl surface layers (Herting, 1967 ; 
lhrr~udn,  1968 ; Selvig, 1969; Furseth & Johansen, 1970; Furseth, 1970a). 
In the present stndy, however, the surface crystals seemed to have the same 
morphology as the crystals of the sound tissue (Furseth, 197011) i.e. they 
were plate-like. This could be due to the fact that the surfaces had not bccn 
exposcd long enough. The longest ohservation period was 42 (lays. However, 
Srdvig (1969) in a study of scaled hurnaii root-surfaces where the snrface 
layer of the ceirientum had been removetl, found tablet-shaped crystals in 
hypermineralized surface layers in one specimen after 3 weeks, and in rnaiiy 
specimens aftcr longer ohservation periods. Thus, while exposed as M-ell 
as esl1osced and F-treated pig cenientiim often demonstratecl hypermineralized 
surface layers like in hiiinan material, there seernerl io  be no change in 
crystal morphology. The selected-area electron diffraction sliowcd that the 
crystals in tlie surface layer were hydroxyapatite. Some of the mineral in 
t lie 1iyl)ermineralized surface laycrs may be located in the cementum lacunae, 

iirfiice lacnnae with hc tc r ia  uritlergoing mineralization were ohserverl. 
I t  may also he that individual crystals liacl increased in size or that there 
v as a n  increased nuniber of plate-like crystals. Sniall plate-like crystals 
were the only crystal foriri o1)servetl in calculiis, and the concentration of 
culciuni iiritl p1iosl)liate ions and/or the nature of tlie organic rnatriv in the 
"ig might favour this crystal ty l ie .  

1 here M - ~ S  an increasc in the tlegree of liy~~erinineralizatiori in the F- 
treated teeth as  compared to tliosc which liatl riot received F-treutnient. 
S(,/vig et ( I / .  (1968) slio\vecl tliut F-trcairrient of ground surfaces of 
dentine in vitro did not caiise nriy tlerrionstrable changes in the surface 
or in (leeper layers when studied wit11 rriicroradiography. This indicates 
that the higher degree of miricralization observed in the F-treated group 
was not an imnicdiate effect, but occurred during the ohservation 
periotl. 

U1)talie ant1 tol)ographic distribution (jf fluoritle in enamel following 
I opical treatment with aciclnlai etl f l ~ ~ o r i r l e - ~ ~ l i o s ~ ~ h u l e  solutions have been 
stiidietl by Bc~rrrl! and Rang (1970). They foiintl that the fluoride I'enetratec] 
the enninel t o  a depth of 10-12 p, arid after long wasliing a nioclerute 
coiiceritration of fluoride was still observed t o  a depth of 18-20 p. Esperi- 

(jWjiir, 1967). 

,, 
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nrrrits with €'a2 have shown that the rate of perietratioii of ~~liospliorus into 
the tooth is inversely 1)rolwrtiorial to the tlensity of t i l e  dental striicturrs 
(.Sognntrc?s, LSho70 & IZogorogh, 1955). 11 is tlicrcfore re~isorial~le t o  Iiresunie 
t h a t  ;i topical applicatioii of fluoritlc: ori cernenturri ~-o111(1 result iii n t l tq )er  
1)enctratioii of this elenieiit that1 that ol)scrvetl in cnnrnrl. A greater i i l)t;i l<e 

~ i i ~ i i l d  also he cu])cc~et\ I~ecaiisc~ of the grcater reac:ti\~r siirfiice area of tlic 
crystals in cenicritiiin as coinl);ire(l t o  enainel. It lias lierri sliriwn that ce- 
mcntuiri concentrates fliioritlc to a higher tlcgree tlian siirfiice erianic.1 
( lrurdeni, Grdnlin & Icohri, 1963; S i n p r .  & i l r r~ t~s~rong,  1962). 

ari effect on  niineralizatiori. 
Koirlowitdes (1968) sliowetl that in enarncl Ivliicli had heeri dernirieralizrcl 
in3 uitro, even 1 1)prri of fliiori(lc accelerutecl the re1iartleniiig 4-- 5 times. 
Fluoritle also iricrcasetl tlic rate of l ~ y ~ l r o u y a ~ ~ ~ i t i t c  precipitation from s i i  [x r -  
suliiraletl calcifying soliitioris (Criirr 22 IUcsscr, 1964). It is Illerefore 1)ossil)le 
that the increased rriineralixatiori o1)scrvetl iii F-treatetl ccrncntiiin surfaces 
in tlie present. stritly ~ v a s  due to  iricrensetl apatite formation with rninerds 
tlerived from the oral fluitls. 

The time for topical treatriient was oiily 10 riiiii, biit studies of tlie F- 
conteiit of plaque in liiirnaris liave sho~--ri tliat increased F-coilcentrations 
wert; o1)served ahoi i t  24 Iioiirs after rinsing with 0.2 %, NaF (Birkc,lnnd, 
Jorkjcnrl 22 won tier E'ehr, 1970). It 1ms been clernoristratetl that following 
topical application of fluoride, a n  acciirriiilation of fluoritlc in t lie ziirfil(:c 
layer of the e1~nir:l is pr(idiiccd partly as calciirni fluoride aiicl I):irily as 

fliiorapatite (Br~zrd Bong, 1970). Tlic calciiirri fluoritle tiissolves froni tlie 
manic1 within a day or two (9fcc(,'trn~/,, 1968), but this fluoriile iriay serve 
as a possil)le source for further fluorapatite forniatiori. The above findings 
also indicxte that a certain arnoiirit of c~ontarriination 1)y fluoride of tlic 
untreatet3 surfaces might have occiirred, Init if so, tlie contarninat ion wis 
not of such a rnagnitutle as LO affcct the ~nineralizalion to the sanie dcgrec 
as tlie topical application. Hepeatetl topical applic~itioii of fluoride wliicli 
was done on  two teeth (lid not seem to increase the degree of rnineralization, 
indicating that a tlireslioltl niiglit have lwen reachetl. 

The extent  to wliirh flourapatite w s  forrnetl due to I lie topical application, 
h o w w r ,  is unknown. Sclcctctl-area electron diffraction is not ;I siiita1)le 
metliod to determine Ihis, sirire t lie (I-valucs oiicl intensities of fliiorapatite 
arc very closr: or similar to tliosc of hydrosyapatite. 

It is a well l w o w - r i  phenonicnori that F-treameiit leads to iricrcasecl resist- 
arice to  caries. Also routine use of a fluoride containing dentifrice has sliowii 
to havc a lieneficial effect OII cervical liyperscnsitivit y of teeth (kisnousc LR. 
Ash, 1969), arid the use of ii stannous fluoride gel had t . 1 ~  same effect (Miller 

It Iias lxen  dcmoiistrat etl that  fluoride 1 
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et al., 1969). The present stiidy showed a high degree of mineralization in 
F-treated surfaces in cementum as  well as in dentine. The beneficial effect 
of fluoride application on cervical 2iyperseerisiiivit.y may be due to higher 
mineral content which creates a calcific harrier that reduces or prevents 
hypersensitivity. Since dental hypersensitivity is often experienced after 
gingivectornies, topical application of fluoride seems indicated, provided 
it does not harm the pulp or  effect tlie healing of the gingiva. Early investiga- 
tioris sliowcd more scvere pulp reactions in fluoride-treated teeth than in 
the control teeth (Leflcowitz 31- Uodccker, 1945; Rovclstad & St. John, 
1949). However, recent investigations liavc given different results. The 
incorporat.ion of sodium fluoricle into a filling material up to 4 (yo I.)rodnced 
no significant linrm to the pulp wiihin a 32-day period (Maurice dl- Schoisr, 
1956). Fluoride treatment of freshly cut dentine in rats did not produce 
ariy pulp reactions and the effects of 10 yo stannous fluoride applied directly 
to tlie exposed pulp was csscntially the snnie as when water was applied 
directly to the exposure (E:vi~ns & M m s l e r ,  1968). I t  should he added that 
application of a 4 (x aqueous solut ion of sotliuni fluoride during periodontal 
flap surgery did not cliaiige the rate of healing (Cr$fin, Tugner 31- Collings, 
1969). The latter studies indicate tliat a topical application of fluoride to 
exposed root surfaces would riot lie harmful, alt.hough further studies are 
indicatecl. 

Empty lacnnae or lacnriae containing cclliilar rcmnarits were often observed 
in tlie exposed cementum. Similar ohservations have been made by Erausq7~in 
and & ~ ~ L ~ Z L Z C ~ ~ ) C L L !  (1967) who found nccro of cerrientocytes underlying 
areas with acute 1)eriiipicaI inflanimation. Lack of nutrition as well as toxic 
substaiires may play a role in the destruction of the cementocytes. 

I n  a few irislances a layered pellicle which was partly mineralized as 
judged by its electron density, was observed on the cemerituni surface. 
Similar observations have been made on  bovine cementum exposed to tlie 
oral environment (Listgarten, 1968) as well as on human cementum (ScLvig, 
1969). Calculus deposits were often observed, indicating that pig saliva 
like human saliva is supersaturated w-it h respect to calcium and phosphate. 
The deposits seemed to he removcd from tlie tooth surface in the plane 
of section in some specimens, hiit wcrc prohably connected with the tooth 
in  other areas. The calculus crystals occasionally appeared small and needle- 
or plate-like, and sometimes minute particles were observed. Small plate- 
like crystals have also been demonstrat ed in human calculus, hut in addition 
niucli larger crystals have heen reported to he present (e.g. Schrocdcr, 1965; 
YamnJn, 1968; Selvig, 1969; Fwseth, 1970a). The  shape and minute size 
of the crystals as well as the diffraction data indicate that pig calculus was 
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composed of hydrowyapatite crystals while the other crystal varieties often 
described in human calculus were absent. 

In  summary, this study shows that a single 10 min application of 
sodium fluoride to the cementum surface during gingivectomy may signifi- 
cantly alter the mineral content of the root surface. By analogy with earlier 
reports on the effect of fluorides on other dental hard tissues, it can be 
concluded that such treatment will increase the iesistance of the root surface 
to acid dissolution and caries, and reduce cervical hypersensitivity. Therefore, 
fluoride application to exposed root surfaces seems indicated, provided it 
is not harmful to the pulp. 
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and his staff, Department of Ohstetrics, The Veterinary College of Norway, Oslo, Norway, 
for providing housing for the aninials and for their help with anesthesizing the animals. 
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SUMMARY 

The purpose of the present study was t o  investigate the effect of the oral 
environment on experimentally exposed sound cementum from pigs, arid 
to  see if topicnl application of sodium fluoride would alter the reactions of 
this tissue to  the oral environment. 

The exposed cementurn surfaces were covered with plaque. Some of the 
surfaces exposed to the oral cavity without F-treatment did riot exhibit any 
increased degree of mineralization. Where a highly mineraliaed surface 
layer was seen it was usually fairly narrow. In the teeth which had received 
topical F-treatment concmmitarit with the exposure of the cernentum, the 
exposed surfaces showetl a hypemiineralized surface layer in most instances. 
Exposed root dentine also had a Iiyy)ermineralized surface layer. The hyper- 
mineralized surface layers iri both groups contained plate-like crystals which 
gave the diffraction pattern of hyclroxyapatite. In PTA-tlecalcified sections, 
the crossbanding of thc collagen fibers was clearly visilsle in the surface 
layer as well as in the deeper layers of the cementum. Some lacunae close 
to the surface were filled with bacteria which were partly mineralized. Calculus 
deposits with intra- as well as inter-bacterial mineralization were also observed. 
The crystals within the concrernent were small and plate-like or needle- 
shaped. 

The present study shows that application of sodium fluoridc to cemcnt urn 
surfaces might alter the mineral content of the root surface. The increased 
mineral content of the F-treated cementum surfaces was believed to he due 
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to an increased rate of apatite formation with minerals derived from the 
oral fluids. 

RBSUMk 

BTUDE DU CBMENT DENTAIRE EXP~RIMENTALEMENT DBNUDB ET  TRAIT^ AU 

FLUOHURE CHEZ L E  PORC. 

Le prCsent travail a 6tC entrepris dans le but d’ktudier chez le pore l’action 
du milieu buccal sur le ckmerit sain exp6rinientalement d6nudk et de con- 
stater si l’application locale de fluorure de sodium peut modifier les r6ac- 
tions de ce tissu au milieu environnant. 

Les surfaces de  cCnient dCnudCes Ctaient couvertes de plaque. Quelques 
unes des surfaces exposCes au milieu biiccal sans traitement au fluorure ne  
prksentaient pas d’augmentation du  degrC de minkralisation. Lorsqu’une 
couche superficielle fortement minCralisCe Ctait constatke, elle Ctait en g6nC- 
ral assez dtroite. Dans les dents ayarit r e p  un  traitement local au fluorure 
lors de la ddnudation du cCment, les surfaces exposires prbsentaient dans la 
plupart des cas une hyperminkralisation de la couche superficielle. La den- 
tine radiculaire d6nudCe prksentait aussi une hyperminCralisation tle la 
couche superficielle. Les couches superficielles liypermin6ralisdes contenaient 
dans les deux groupes des cristaux en forme de plaques dont le mode de 
diffraction Ctait celui de l’apatite. Dam les coupes dkcalcifides au PTA, la 
striation transversales des fibres collaghes btait clairement visible, tant dans 
la couche superficielle cpe tlans les couches plus profondes du ckment. Quel- 
ques lacunes proches de la surface Ctaient remplies de bact6ries en partie 
min6ralisCes. Des dCp6ts de tartre avec minCralisation tant intrabactkrienne 
qu’interbactkrienne orit aiissi CtC observes. Les cristaux ti I’intCrieur des 
dCp6ts Ctaient de petite taille et en fornie de plaques ou d’aiguilles. 

I1 ressort de la prCserite Ctudc que I’application de fluorure de sodium six 
les surfaces de cCment peut modifier la teneur de la surface radiculaire en 
substance minkrale. L’augmentation de la teneur en substance minkrale dans 
les surfaces de ciimerit traitCes ail fluorure serait clue ti m e  augmentation du 
degrd de formation d’apatite h partir des minPraux provenant des liquides tle 
la cavitd buccale. 

ZUSAWMENFASSUNG 

EINE UNTERSUCIIUNG DES ZAIINZEMENTES VON SCIIWEINEN NACII EXPERI-  

MENTELLER EXPONIERUNG UND FLUORIDAPPLII<ATION 

Diese Uritersuchung wurde ausgefulirt, um die Einwirkung des Mundhiihle- 
milieus auf gesundem Zement von Schweinemilchzahnen nach experi- 
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inenteller Rlosslegung naclizuweisen. F k  wurcle aiich unlersucht ob Loltal- 
applizierurig vott Natriurnfltioritl die Keaktionen des Zementes auf die 
orale Umgehiing iintlcrt. 

Die blossgelcgl en ZcmciitoberflHclieti waren init Relag behaftet. Einigc 
tler hlossgelegteti OberflHchen, die mit E’luor riiclit behandelt waren, zeigteii 
keine hypermincralisierte Aiisscnschicht. Weriri eine hyI’errriitirralisierle 

nsrhicht vorliantlen war, war sie allgenieiii zierrdich sclimal. In den 
Ziilinen, (lie g1eic:lizeiIig niit tlcr Hlosslrgung tles Zcineiites zii tler Lluntlhiilile, 
mit Fluor helian~lclt wurden, wiesen die blossgelegtcn Obcrfliichen in den 
iiieisl en Fiillen eirie l i y~~~r r i i i~~c ra l i s i e r t r  Aussenscliicht aiif. Aiicli blossgelegtes 
Wiirzcltleritiri w i t s  diese liyl’erniincralisierte Ausseiiscliiclit auf. Die hyper- 
rnineralisiertc Aussenscliicht heitler Gruppeii enthielt plattcnahnliche 
Kristalle, die tlas Uiffraktioiisl~ild tles Hyclroxyapatits zeiglc. In clcri Sclinitten, 
die rnit Plios~~l~~rwolfrarnsii~ire eritkalkt wurden, waren die Querstreifung 
der I<ollageufaserri sowoh1 in tler Ansserischicht als auch in tleri tieferen 
Scliicliten des Zerntm~ rs cleutlicli rrlieniil~ar. Eiriige nalie tler Oberfliiclie 
liegeriden Lnkiinen waren init Baliterieri, (lie ziiiri Teil rnineralisiert waren, 
gefiillr. Zaliiisteiiiablageriiiigeti rnit sowohl intra- als interbakterieller 
Miiieralisieriiiig wurtlen auch heohachtet. Die ICristalle der ICoiilLrernente 
wareii platten- otler iiadelfiirniig. 

Diese Uritersnehung ergah, class eitie Lolinll~rliar~dlitr~~ der Zcmerit- 
oherfliichen niit Niit riuinfluorid nii igliclierwk tlcn Mineralirihalt der F u r -  
zeloberflache Hntlcrt. Es wurcle angenornirien, (lass tler grijssere Wrieralgehalt 
t-ler fluorhchantlelten Ze,rrientobrrfI~iclieri durch zuiielitnende Rpatitbildung 
der ails tler Miindfliissig1;eit staininenden hliiieralieri verursachi wirrtle. 
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