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I N1’I{ODUCTION 

12ei1iiplantation of teeth following accidental avulsion is usually followed by a 
process of root reswption. The aniount of resorption depends on tlie devel- 
opniental st.age of thc tooth, the time between extraction and replantation, 
the storage of the tooth, etc. (I,oe h Waerhaug, 1961; Andreasen & IIjmting- 
Ilansen,, 1966; Aiidcrson, Sharau h Massler, 1968, Kaqueler h I\.lassler, 
1969). This resorption may IK intcrmittant and reparative, progressive and 
destructive, and may or may not he accompanied by ankylosis. 

‘l’here is some indication that fluoride could reduce the aniount of bone 
resorption (Roholrn, 1937; L+h-ar, 1966; Raylink & Bernstein, 1967; Gold- 
h u h ,  1967). The hypothesis that resorption of cementum and dentin could 
also be inhibited hy fluoride is supported by a study by Shillman et al. 
(1968). They showed an inhihition of root resorption in tooth replants of 
Cebus monkeys after local ap1)lic:ation of sodium fluoride. Bjorvatn ant1 
1Veis.s (1971) fourid local application of stannous fluoride to be an effective 
means of preventing root resorption in replanted rat molars. (The teeth 
were replanted after having heen soaked in ;I 10 yo solution of SnF, for 
fifteen minutes). 

This investigation was supported by a grant from the NIDR: PHS DE-02651. 
Received for publication, June 11, 1970. 



'The following exprrinieiit m a s  performetl to test the iiiflueiicr of F on 
tooth rcplants where tlir rewr1)tiPr Iirocesses Ii'itl Iwcn grcatlv cnliariced In 
tlrying out of the p~riotlontiiini. 

MATERIAL AND METHODS 

E x p  irizrrital group. Eiglitern rC+ of the Spragur-DaL\lep -tr1itn, approxi 
inately forty days of age,  ere anestheti7etl (gaseous ether plus iiitraperitoncal 
injection of 0.1 YO nenihital, 0.3 cc. I)er 100 gr. hotly TZcigIit). The fiist 
maxillary molars Were extr'ic t ed using specidlly designed for( r p .  The t 

here air dried on the lahoratory t,il)le for 30 to 60 miiiiitt,s. N o  s1wvial 
[)recautions mere taken to heep the teeth midrr sterile conclitiori-. Just 
I d o r e  re1)laritation the teeth u ere placetl in a freshly prtpired, saturate11 
solution of SnF, (10 g SnE', in 90 cc. q u a  (lest., 1111 2.2) for five minute. 
. i d  then reinserted I I I  their original wckets. 

The rats Were sacrificed after one, three, and six weel\- (Tal)le 1.) 'Tlir 
lieads uere shinned, hemisrrtiorirrl, and placed in 10 o(l nent ral, hnffered 
forrnaliri for fiu'ition. Specimens TZ ere tlecalrified in formic acitl/sotlinin 
(itrate solution, and embetldetl iri Iiaraffin. Uucc'il-lingual sections \\ere 
iriatle 'it five mi( roni through tlie main (mesial) root of the maxillary first 
molar. Sections TZ ere st<iine(l by hrmatoxylin and eosin, Ctldllory'i triple 
( onnerti\ e qtaiii or v m  (;ieson siher nitrate stain. 

Refcrrnct~-group. The mornid)) re'iction to extrac.tion/refilaitatiori of rat 
niohrs h,is been stiidird ant1 descri1)etl iii dctail hy Bendezch (1969). A- 
she was worl~ing iincler the smie  conditions, using rats of tlie same st rain 
and age, her f ind ing  are t a h i  ,is 

C~'ontio1s. As controls for the three ueeks series, aiid the six keehs series 
anotliw group M as nsrtl, c-onsisting of 8 airtlried teeth w hert. no medication 
 as made bcforr rrplantation. 

reference (Table 1). 

li E S L-T,T S 

Onc w e d  post operative, wfiwrLce group 

lmmediate replants. No F applied. Accortling to  Rendeich, after one week 
immediate replants showed a good reattachment of gingival epithelium and 
periodontal ligament, i.e. the epitlielial cuff was in close contact with the 
surface of the tooth, in most ewes no pocket formation was evidenced. New 
fibres were formed, in a few specimens already crossing the torn area of 
the periodontium. 



!liiirnbei (JJ replanted teeth in /he I U I L O U F  group5 
~ 

Length 01 observation 
'Type of trratnimt: 1 wrek 3 weekc 

~~ -... .-_ . ~~~ ~~~ 

Dr\ing T saline (contiols) 6 
. . -. ._ 

Drying + 10 SnF, 
~~ ~ - 

3 8 

Ininictliatc rrplantdtion Rcf. srrirs 
(Bendeirh) 12 9 

Drying t 1 ",) SnFL 9 

-~ ~ ~- _. 

7 
~ ~~ 

Drying + 2 NaF 

6 M rrk. 

2 

7 

A slight resorption was seen in t h e  alveolar bone. The corniial pull) showed 
regressive changes, and some venous stasis. Otherm-ise the pnlpal tissuc 
oppearetl normal. A large Iiuniber of srnall resorption lartinae w r c  found 
along the surface of the root (Fig. 1). 

One week s r m i z d ,  eqwrirncntal group 

Teeth air-tlried for 60 niinntes arid then iiiiniersctl in SnF, 10 solntioii. 
The three anirnals iii this group denionstrated similar liistoy)atliolo~i(, 

pictures. The epithelial rcattachrneiit was poor, with some tlowrigrowtli of 
epithelial cells. The periodontal ligament showed slight to mockrate inflam- 
matory changes. Some hlood clot was still 1)resent. The periocloiital fihres 
were clisintegrating, atit1 fcw new fihres coi i ld  lie fnuntl. Thr 1)iilp hat1 
undergone severe regressive changes, arid the p1111) chani1)er was fiilecl wit h 
vacnoles siirroimded by fihrotic tissue. Dilaied blood v 
the root caiial. The apical one-fourth of the root was fillet1 with 1)lood clot, 
which was iindergoing organization from the periapical nsseoiis tissue (Fig. 2). 

Bone resorption, originating in the apical area, worlietl its m-ay towarils 
the alveolar crest and the h a 1  hone. Some new bone formation was scen 
near the a1)rx. I here ]\-as no root resorption. 

It was interesting to note, however, that ii sriiall root. fragrneiit, wIIic1i 
broke off during cutraction arid remained in the jaw, demonstrated rcsnrl)tion 
lacunae, wliile the extracted, clried, arid SnF, treated rcplatil  as iriiac1 
(Fig. 3). 

r .  
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Fig. 

Fig. 

Fig. 

1. Immediate replantation. No medication. 1 week survival. H & E, x 100. Shallow 

2. DelaS-ed replantation (1 hour air drying). 10 yo SnF,. 1 week survival. Mallory, x 100. 

3.  Delayed replantation (1 hour air drying). 10 yo SnF,. 1 week survival. van Gieson. 

root resorption. Vital pulp. 

No root resorption. Almost necrotic pulp. 

100. Resorption lacunae only in unextractcd (fractured) part of the root. 

reattac.hrnent with no pocket. formation. The periotlontal fihres were well 
re-established, with a functional orientation. Initial bone resorption had 
been more than comliensated for, in some specimens resulting in localized 
ankylosis. When ankylosis was present, functional orientation of the perio- 
dontal ligament was absent. 

In  some of the teeth, t.he coronal part of t.he pulp was necrotic. Otherwise 
the pdpchanilers were fiIled with vital, though slightly fibrotic, tissue. 
These three-week inirnecliate replants showed internal and external root 
resorption of a moderate degree. 

Control series.  In a special three-week control series six teeth were kept 
dry for 30 minutes after extraction, and subsequently immersed in saline 
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for five niinutes hefore heing replantetl in their original socket>. IIi5tologic 
e\aniindtion of the replants revealed a healing of niucli poorer qiiality than 
\+hat \$as found in the iininediate replant series. 

?'he epithelial attachnicrit seemed to be the least affected, even though 
one specimen clemonstrated a rmrke(1 (IoMngrowth of epithelial cells. The  
periotloiital ligament (PDL) shoM ecl ?.cry little repair. The remaining lwrio- 
dorital fibres were inoit often arranged parallel to the root sur fxe ,  antl 'ii 'I 

modcrate degree of 1)orie resorption had nirlenctl the periotloritd sl)'ice, 

tlie teeth Here slightly loose. 
The p n l ~ )  tissue ~ 4 n i  necrotic, uitli 'I varying degree of vital ~ e l l i  in\ .i(liiig 

the 1)iill) (hmil)er tlirough apex. Root resorption was seen in all *pwiinens, 
rmging from '1 geiieral, rather superficial resorption to  an ,ilriio%t t o t J  lo+ 
of the root. (Figs. 4 and 5). 

Etpuirncntcd W I  w ~ .  SnF, 10 'l/o treated groiip, eight teeth. The giiigikal 
(epithelial) cuff was fairly well real tachetl to tlie root siirf'ic c. Honevcr, 
epithelial d o m  ngrow th Elad procetled in a few instances on tlie vdcqin sidt. 
of s e q u r ~ t r ~ t e t l  !)arts of the alveolx crest. 

of bone rehor1,tion M as generally rcplacrtl 1)y borie (lepo-i~ioii. 
Coiisitler'iblc osteoclaitic activity was evident apical t o  the alvrolx creit. 
This [)art of the hone often ap1)earetl to he totally det'iclietl from the renidinrler 
of the h n e ,  an(1, 1)eitig piriicil1y siirrourirled Iiy cpitheliiiin, \+'is in t h t .  
proceis of Leinp e\ifoliatecl. 

1 he root surface 4iowetl no signs of resorption. The greater part of tlie 
piilii \%as necrotic, hut vital 1)iili) li*siie coiild be seen at the a ~ ) e \  l+liere 
in\agiii,ition of periapit-a1 tis5tie occwrrrcl in ioiiie of the sprcirnens (Fig. 6) .  

r ,  

.Six wcclrs survival 
Kcferrncr scrics.  Reattachment of ilie epithelial cuff at the cciineritoc,iroincl 
junction was ohserved in all specimens. 

iierio- 
dorital spaw was of riorrnal width with cellularity as well as fiber orieiita- 
tion normal. However, there were areas of root resorption where f i lms  were 
not attached. Other areas of resorption showctl reiiair, i.e., tleliosition of 
a thin layer of cementum antl, in these are;is, f i lx r  rea t tahnci i  t was clearly 
evident, even tlioiigli half the thickiicss of the clentiri had bceii r c s o r l d .  

Root resorptions Mere found in all these specimens, particularl>- in the 
apical regions. 

Tlie coronal p ~ i l p  in most specimens contained some vital tissne. Tht. 
fibrous stroma was ratlier coarse, but well sripplietl with hlootl vessels. 
111 some sl)e('imens calcified dcposits were seen within the pulp, while others 

The trarisseptal filrers were joined arid fimctionally oriented. 



F ’ i p .  4 anti 5. Dclayrti rrplantation (30 niin. air drying). Nil nii,iIiwtion. 3 w w k s  survival. 

Icip. 6. Dclaycd replantation (30 rnin. air drying). 10 9(’, SnF,. 3 w-ccks survival. van Gieson. 
x 25. No root resorption. Necrotic pulp. 

1;ig. 7, Inimccliatt. replantation. No medication. 6 weeks survival. van Gieson, :i 25. Mdcratc 
root resorption. Vital pulp with ostpodmtin. 

van Gicson, 25.  Moderate to grmt root rcsorption. Necrotic pulps. 
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h L i t l  'i izitlc hortler of irregubr tubular tlentin &mg tlie dentin ~c.alls, lined 
1 0  otlorito1jla.t-lihe cells. (Fig. 7). 

( o r r t r o l s .  A c o i i ~ ) l r  of y w i a l  controli were left to I)eiich-dry for one hour, 
t1ic.u moistcncd in saline for five minutes Lefore being replaced in their 
original sochet5. These coiitrol5 confirmed the observation that drying ont 
of the tooth retlnrr- the reparative ability of a replant. The general picture 
of ilic controls rewnbletl that of tlie siinil'irly treated yeciinens froin the 
. 3 - ~  eel\ scriek. Root resorption had progr d still further, while the process 

I ~ r n i ~ i ~ t c z l  poup .  7 specirneiis, air-tlrietl 60 minutes, soahecl in  SnF, 
1O O 0  for f i le  minutes and replmtrtl. 

Epithelial attacliinent M ~ S  moclvrately good, witli a varying degree of 
i)oc'l.et forniatioii. In one sjiecirneii the cpitliclium extended f ) rx t i (  ally 
m ) u n d  the al)cx of the tooth. 

Sonic reattaclunent could be wen in t lie peiioclontiuni, but much le+ than 
i n  the seiies of iiriinediate relknits without medication. The orieiitdtion of 
the fiheri u'is t o  a great extent parallel to the surface, rather than hridging 
tlie span between bone and dentin. Two teeth were lost in this series, probably 
tlur LO lach of 1)eriotlontal rcatt'wlirneiit antl mbsequent increased epithelial 
do\ ngrow th. 

Active bone reiorption 5eernetl t o  Ii,ivc su1)sided to bone appoiition. 'l'kic 
ntw bone, howte r ,  had not coinpletely ( om1)ensated for the rcsorptive loss. 

Five speciniens were processed in this group, three of which hat1 a con- 
~itleralile amount of vitd ti3sue in the 1~111~.  The root surface was practically 
\\ ithout rcsorption, in strikiiig contrast to tlie dried but non-fluoride treated 
( ontrol teeth. This fact is deinonstratetl in Figures 9 and 10, showing antinierei 
taben froin the smie animal. 

Some of thc fluoride treated replantecl teeth showed the brownish stain 
of SiiE', on tlie root siirfarei. Tliis ynggeit5 that the 10 Oi0 fluoride solutioii 
\\&is too strong. 

I n  order to detcrtriine the effect of MeAer fluoride solutions an additional 
-eriei was studied using 2 yo NaF antl 1 "lo SnF, applied to the extracted 
t e c h  for 5 iniiintes before replantation. 16 rats, approviniately 40 days old, 
11 ere subjecte(1 to the cxtraction/rr~,laiiiatiori procedure as describetl above. 
The rats were s'icrificed three ueebs after operation and pro 
onsly tlescrihed. 

The seven sl)eciinens treated by NaF 2 '>() wlution showed a good epithelial 
reattaclunent, w ith occasional dou ngron tli of epitliclial cells. The perio- 
dontal reattachnieiit was also good, even though orientation of the fibers 
n ' i ~  less thaii Iirrfrct. The teeth Mere nll wc4l fived uithin a rebuilt bony 

rcsor1)tion had I~een replaced h y  bone formation (Fig. 8). 
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Ilg. 8. I)elay-cil repliintation (1 hour air drying). No inciliration. 6 w w k s  survival. van ( ; i (w) i l .  

‘< 40. (Sngittiil sectioning). Ccncral root rcwrption. Necrotic ptilp. 

Fig. 9. 1)14ayeii replantzition (1 hour air drying) 10 I,’,) Snl”,. 6 wwks survival. kTzillor1. 50. 
(Sagittal soctioningj. No root rworption. Partly \ i t d  pulp. 

Fig. 10. (Sauic animal as Fig. 0.j 1)c~layctl rcplantatiori (1  hour air dr~-ingj .  No me(li ixtion. 
6 wwks  survival. van Gieson, ..: 40. (Sagittal scrtirming). G r t b a t  root resorption. Nrcrotir 1 ~ i i 1 1 ~ .  



Vig. 11. Drlayetl rcplmtation (30 niin. air drying). 2 "/b NalJ. 3 weeks survival. van Gicsori. 
x 25. Some root resorption. Partly vital pulp. 

Fir. 12. Drlayetl rcplantation (30 min. air drying). 1 "A SnF,. 3 wccks survival. van Giwon. 
i 25. No external root resorption. Vital pulp. Fairly- good gingival rrattachnicnt. 

Fig. 13. Delaytd replantation (30 min. air drying). 10 ':A SnF,. :3 wrrks survival. van Gieron, 
x 100. No root resorption. Nvcrotic pulp. I'oor gingival reattachment. 

Fig. 14. (Same animal its Fig. 13.) Delayed rcplantation (30 min. air drying). 1 U(', SnF,. 3 
w c ~ . k s  s i i r i i v a l .  I1 P: I$ I: 100. No root rrsorptitm. Partly vital ~ w l p .  Gingival ,.c.;ittai,hrlli.rrl. 



T.oc.ul iiIi1)liiyitioii of flnoricles especiallp in tlie form of SnF, rediicwl root 
rcw)rlitioti i i i  rc,itii1)1iintvil rat iitolars. I t  \\;is :il)pareiit that  a 10 solntioii 
of staririous fluoride hat1 a cletrimcvital effect on tlie lieding process of tile 
i)(~riotIotitnl iiimiI)raiie, cleiital i ) i i I l ) ,  P I ( > .  Ry diluting the SriF, to a 1 ",; sola- 

reactions werc at least partly avoided. Tlir c5ffcc.t of 
was less clraniatic as far a s  root resorption is coiiceriied. 

Tlie rnecliuriisiii of stannous fliioritl(1's irifluence on resorptioii of Iinrt 1 
tissiir is not lmowi. Ilirwries niost oftcri encountered are: 
1. Direct acticiti of fluoritlc on liotie, cwiicntnin and deiitiii to cliati 

( lroxyi1iat i tr  into fliiorapititr, wliirli is iiioro resistant to resorptivc pro 
(f,i/;i/rs c't nl., 1963). 
2. S1)ecific inlii1)itory irifluettce on t l i v  foriiiatiori of tlie liiglily spcc'ializctl 
txxlls res[)oiisil)le for ttir resorption: Ostroc:lasts, ccmetitoclasts, etc*. (Roliolm, 
19-37, lIzcd.son, 1961). 
3. A comhiiiation of 1. ;iri t l  2. niiglit Iw c'onsideretl a possibilily. 

1 lie coricwitratioii of F- ions is consitleruhly liiglirr in  a 2 (;" NaF soliitioii 
tliaii iii a s h t i o i i  of 1 '1;) SiiF,. (0.48 atid 0.13 niolar resp.). 'I'lie greater effwt 
of 1 (;<) stannoits flrioriilr i n a y  lie due to some special action of the tin (Stookey 
ct al., 1967, I/! cm, 1968) or t o  the difference in the pI-1 between the two solit- 
iioiis, freslil!- i i i u r l t ~  1 7;) SnF,Iiaving pH 3.0, ar;d 24 hours old 2 NaF 1'H '7.5. 

In teetli sii1)jwtrtl to  air drying heforc rcplantation, survival of the pulp 
was poor. Tlw vital tissue foiind iii tlic pnl1) chambers of some of the eywri- 
mental sl)winit.iis and also in tlie controls often seenietl to represell t it 

secondary itivnginntion of pcriapical connect.ive tissue. 
Wlietlicr this slioiilrl actnally lie calletl )p i lp- t i ssue~ is :i question of 

>cmiaiiticb. iI11 Iiough the riiajoril y of the experimental teetli sliowctl iiecrosis 
of the pi i l1 i ,  no apical abscesses were found. The furi~.tioiial ))survival)) of t lie 
tooth, therefore. docs iiot s~e i i i  to depcnd on vital piilp. 

r >  
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E:iglitccri young r'its, aged 30-40 (Iayh,  ere subjected to extractloti atit1 
replantation of fii+t maxillary molars. The teeth were airdried for at lra>t 
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30 iriiiiulcs 1)eforc. h i r ig  replaced in ilieir proper sockets to increase ilie 
aiiioiint of root resorption. The experimental teeth were soalietl in 10 
uc~~ieoi~s mlutiort of SiiF, for five iiiitiutes. Tltc rats were sacrificed after otic 

uc& (3 riits), three weelis (8 rats) and six weeks (7 rats). 
I n  another experiniental series, 16 rats of the same age were treated 

siiidarly, with final soaking of the airdried tcetli in 2 7; NaF or 1 ”i; SriF’,. 
1 liese aniirials were sacrificed after three weeks. 

Thesc I \IN esperirnental groups were compared to a series of similar rats, 
suhjectcd t o  extraction of first maxillary molars, but with iriiniediate replanta- 
tii)u witlioiit medication. 

For further comparison a control group TWS included consisting of airdricd 
tccili wjthoiit F application. 

L o c d  apItlicatioti of SnF, sohitioii for 5 minutes prior to replantstion 
greatly re(liiced the anloutit of root resorption in these extracted/reimijlaritetl 
rat inoliirc. 111 a 10 solution ilia stannous fluoride had a tletrirnental 
effect 0 1 1  tlic liealing of PDL, pulp and alveolar hone. If a 2 yo NaF solution 
TWS usetl for soaking the dried teeth, root resorption was riot totally 1)revented 
I IUI  the pilpal contlitiori and periotlontal situation was superior to those in 
tlit: 10 (,;{, SiiFl series. Best results were found in the group treated l)y 1 ‘yo 
SiiF, for five tniniiies I’rior to replantation. These specinietis showed a 
iriinirtinl i i i i ioutit  of root resorption, pootl reat tachrrient of epithelial cuff a i d  
PDI,, i iml ii rcmarka1,ly good siirvival of the p i i l j i ,  talcirip into consitleratiori 
t h a t  tlie sim.iiriciis hati been airdried for at least. half ail hour. 

Lt~ciil  iii)])lication of fluorides to  tlie roots of aviilsed teeth may prove to 

l w  of clinical value. 

r 1  

l<liSUM8 

ACTIC)Y DES F L U O H L H E S  SUH LA IIfiSORPTION ItADICULAIHE DA3S I.ES MOLAIHES 

DE RATS APRBS K8IMPI.ANTATION 

Dix-Iiuit j e i i i i cs  rats, dgCs de 30-40 jours, ont subi l’cxtraction et la reirn- 
~~lanta i ion  cles premiPrcs molaires snpCrieures. Ces dents ont 6tC sCchCes h 
l’air pen(laiit a11 moins 30 minutes avant. tl’etre replac6es clans leur propre 
alvCole, ufin tl’augnieiiter le degr6 tle la rdsorption radiculaire. Leu dents 
tle 1’rx~iC.rirnce ont 6th plongPes pendant ciny minutes d a m  iine solution 
cle 10 ‘7;) tlc SnF,. Les rats ont 6tC sacrifihs au h i i t  d’urie semaine (3 rats), 
irois seinaiiies (8 rats) et six sernairies (7 rats). 

1)ans I I I I ( -  autre sdric cxp6rimeritale, seize rats du tti&rrie Bge ont Ctd trait& 
cle la i t iPinr  irianiire, inais les dents s6chhes h l’air ont la fin 6th plongkes 
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