
Acta odont scand 1972 30:511-522 

Keywords : 
Tooth extraction 
Wound healing 
F 1 u o r i d e s 
Rats 
Tetracycline 

From : 
The College of Dentistry, 
University of Illinois, 
Chicago, Illinois, U.S.A. 

EFFECTS OF FLUORIDES, CORTICO-STEROIDS 
AND TETRACYCLINES ON EXTRACTION 
WOUND HEALING IN RATS 

ERIK HARS 
MAURY MASSLER 

The effects of locally applied fluorides, corticosteroids and tetracyclines upon the healing of 
extraction wounds were studied in 77 albino rats. It was found that the fluorides definitely 
inhibit bone resorption; the cortico-steroids markedly increase osteoclasis and bone resorp- 
tions; while the tetracyclines stimulate osteogenesis and bone deposition. These actions were 
limited from 3 to 10 days after these solutions were incorporated into the blood clot. These 
findings suggest further studies to explore the application of fluorides and tetracyclines 
to clinical problems such as tooth replants, tooth transplants and in extraction wound 
healing. 

Previous studies of tooth replantation showed that immersion of freshly 
extracted molars of rats in fluoride solutions, cortico-steroids and tetra- 
cyclines prior to replantation greatly affected root resorption and bone 
formation (Bjorvatn & Massler, 1971; Bjorvatn & V e i s s ,  1971). These 
studies showed a definite inhibition of root resorptions after brief immersion 
in sodium and stannous fluoride solutions. In contrast, immersion of the 
extracted teeth in cortico-steroid solutions greatly increased the amount 
and rate of root resorptions. Immersion in tetracycline solutions caused a 
marked stimulation of alveolar bone formation while the root resorption 
pattern remained unaltered so that ankylosis resulted after this treatment. 
The present study was designed to verify the effects of these compounds 
upon osteogenesis and the resorptive process using a different model system 
- the healing of molar extraction wounds in rats. 
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4IATERIAL .lND 4IETHODS 

\Ibiiio rat? were w e d  for this study because of availabilit!- of speciniens in 
1;irgtXr ~iuiiibers and because previous :;tudies on tlie effects of fluorides, 
c w & ) i i r .  and tetracyclines 011 reI)larited molars had used the same species 
a? :t l 1 1 0 ~ l ~ ~ 1 .  

Oiii. IiiiiiJrcci iirid tliirty-sewn extract ion ~\-ound speciiiiens ~t-crv ol)tained 
f r o m  77 ruts. ‘llie upper first riglit aiid left iiiolars \\-ere cxtractecl and the 
~ o c h t ~ t  s trf,atetl. Thc lower inolars could not be used in this study becaiise 
\lie ehtr;ir.tioii sitc was irniiiecliately covered by action of the lateral ligarncnt 
I\ 1iic.h cl rtsv tlie gingival tissiic over th r  extraction site, so that iiril)laiitatiori 

nit’ difficult and  iiicnnsistent. 
iffrlrent c , o i i i p o i i i i d r  Tiere evaluated: three tt,tracycliiir-:s, 

2 c.ortico-~teroidH, 3 fliioritle soliitions at id I)enicillin-~treI.,tclnl).cin solution 
(‘I’:tl)h I ) .  Controls w’rc t reat td  with saliric or not treated at all. Fliioriilv 
or trxtracy-liiie solution was instilled into one socket aiid cwrtico-steroid 
solution or raliiie I iiic:orl)orated into t h e  blood clot of 11ie 1ii)iiiolatt~d 
s c d w t .  Care \\-as taken to avoid cross-corit3iiiiiintion. 

7‘lw aiiiiiials ~ w r e  aiwstlietizcd with etlier only and operated oii  a small 
t;ilile iisirig the siiiiic tecliiiicIiie aiitl instriinietits preriuusly clescrild for the  
molar rc.plniitatiori SI udv ( R j o ~ - m t n  JI. 2’lla.sslrr, 1971). The left iii)per fir.t 
iiiolar T\ :is al\va~-s extracted first. On(: 1ia.lf-iniriutc 3ftc.r the extraction, when 
l)leedi~ig Iind tliiiiiiiislied h i t  ljefore clottiiig could begin, 0.3 r i l l  of the test 
solution \\:is slo~\-ly emtl gcritly agitatetl into tlic forniiiig clot over a pcriod 
of oti(’ full iiiiiiiite. If oiie \\-aitcd too long wlirn tlie clot IVRP fiilly formed 
(ilftcr ;ii)i)ro~iiiiatelp 3 to 5 iniiiutes), the clot wis iistiallg tlispbctd ~ i n d  lost 
with tlicx tcst solutioii. ‘lhe time from cxtractioii to conipletion of treatmrwt 
\\:is approxiinately 2 niiniites. -4 differciit 1.0 in1 tliaposable tiiberculin syriiigr 
aiid iieedle w r e  iisecl for each solution to  ui-oid c.ro~s~coiitariiiii~~tic,lt. Also. 
tlic itnilid was allowed to recover after the  first trentnient and iiiore d m i t  

for about 5 iiiiiiutes bcfore bciiig unesthr~tizetl d l i  etlier ap;iin. ‘IIie upper 
riglit inolnr \\-;is then ertrat%tecl atid tlie socket trcated vit Ii tlir t i t l \ t  tt’st 

solution. 
All aiiiirials were lietween 10 to 90 cia.vs of agc, T\wigliiiig betwcii  120 to  

,345 p m i i s .  All gained weight iiortiidly following tlic crtractioiis. A11 aiiininl- 
wvrc o i i  ;I noriiial diet of fliioride free Tec-Lad pcllvts and fliioritlv-frc~c~ 
ti is t illcti \\.;it tlr. 

bliiim;ils T \ C T C  s:acrificed at 2-1, lioiirs, 2 da!-s, 3 days, 5 tla!-s, 7 (lay-. 10 d;iyG, 
14 d;.i?-s m t l  21 days, Tlitw. iiitrmxls w w  selected 1,cc.aiiw iioriiial Iitdinp 
of 1111 )lar ertr;ictitrii Tvoiiii(1s i n  rats folio\\ s tht .  t i i i i c x  xlietliilt. belo\\ ;icc.ording 
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Table I. 
Number and distribution of specimens 

Controls 
No treatment 
Saline treated 

= 12 
= 6  

= 18 

Fluoride Treated Sockets 
NaF 2 yo = 11 
SnF, 176  = 13 
SnF, 10% = 16 

= 40 

Cortico-Steroid Treated Sockets 
Cortisone (1.M.) 50 mg 
Prednisolone Sodium Succinate 
50 mg (1.V.) = 16 

= 16 
= 32 

Tetracycline Treated Sockets 
Oxytetracycline HC1 (I.M.) 250 mg = 12 
Oxytetracycline HC1 (Oral) 250 mg = 12 
Chlortetracycline 250 mg = 16 

= 40 

Penicillin-Streptomycin = 7  
(Procaine Penicillin G, 2000,000 units & Dihydrostrepto- 
mycin 0.250 grams) 

Total 137 

to Boyne (1966) ; Pietrokovski and Massler (1967) ; Todo (1968); Aarstrand 
and CarLson (1969); and Johansen (1970): 

2nd day - wound covered with a layer of immature epithelial cells 
3rd day - total organization of the clot 
7th day - epithelial covering complete and mature bone formation 

in fundus of socket complete 
11th day - socket completely filled with new remodelling bone 
22nd day - remodelling of alveolar ridge complete with dense cortical 

bone formation within the former socket. 

The animals were sacrificed by ether overdose, decapitated, skinned and 
hemisected. The maxillae uere then removed and fixed in 10 yo buffered 
formalin; clecalcified in formic acid-sodium citrate solution, washed, double 
embedded in thin celloidin and paraffin arid sectioned searially at 7 microns. 
Specimens were cut in mesio-distal as well as bucco-lingual directions and 
stained routinely with H. and E. Special stains were used only occasionally. 



I;ignrr 1. Control specimen 5 days after ex t rachn  of the upper first molar. X o t c  that tlw 
~ ~ ~ ~ i t l i e l i a l  iiigrowtli from the edges completely covers the wound. l'rahecolar 1)onc: formation 
IIRS begun at the ccnter of the socket, proceeding peripherally towards the f~ir idus and thi. 
rim of the socket as well as into the adjacent marrow spaces. The total picturc is that of rapid 
r(~inotlelling with filling in the socket. The connective tissue in the oral portion of the. socket 
rontains many engorged vessels and many more active connective tissue cclls tlran in the 
hindic pnrtion. Uonc formation and remodelling at the oral aspect of thc socket is also mow 
rapid than at the fiindic !side. Note that a feM- of thy adjacent marrow spaces are f i l l t d  ~ i t h  
Iir~rriopoctic tissue insiead of the origirial reticular marrow. (hl-11 section, H. and E., ,50 I' ). 
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Figure 2. Extraction socket treated by incorporating 0.3 ml of NaF 2 % water solution into 
the blood clot. Five days later bone formation in the center of the socket is similar to the 
control with higher activity towards the rim and lesser activity towards the fundus. The 
major difference is the absence of osteoclasts and resorption bays along the walls of the socket 
near the rim. However, osteoclastic activity outside the socket area and within the adjacent 

marrow spaces is normal. (MI-D section, H. and E., 50 x ). 

resorption occurred with increased density and compacta of the intra-alveolar 
bone. 

The effects of the test solutions within the socket were seen clearly by the 
5th day and were prominently evident at the 7th day. By the 14th day, the 
effects of the test solutions began to fade, so that by 21 days no differences 
were evident between the treated sockets and the controls. The healing of 
the epithelium, the subjacent connective tissue, and the bone outside the 
socket area were not affected by the test solutions except by the stronger 
10 yo stannous fluoride solution. 

Effects o f f  luorides. The fluoride solutions significantly inhibited the resorp- 
tion process along the walls of the socket by the 5th day (Fig. 2). The resorp- 
tion remodelling of the trabecular bone within the socket was much less 
affected, since these began by the 10th day, after the effect of the fluoride 
had diminished. 

Bone formation appeared unaffected by the fluorides. The trabecular 
pattern and amount of bone deposition seemed quite normal and similar 
to the controls. 
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Figure 3. Extraction wound treated with SnF, 10 yo solution. Five days later, osteoclastic 
action within the socket is almost entirely absent. Bone apposition is slightly delayed. The 
connective tissue hetween the rim of the socket and the epithelium is (1egener:ited as corn- 
pared to the adjaccnt cmonncctive tissue on either side of the socket. Remodelling of the 
adjacent lmne and marrow spaces is normal. Note the hernopoetic tissue within one of the 

adjacent inarrow spaces. (M-D section, H. and E., SOX). 

Sodium fluoride 2 yo and stannous fluoride 1 yo showed siniilx results 
upon bone resorptions, and no toxic effects were evident in tertiis of celliilar 
morphology or bone structure. However, the 10 o/o stannous fluoritlc solution 
showwl a decided toxic effect upon the connective tissue in addition to 
niarlted inhibition oi' resorption. The connective tissue at tht: entrance to  the 
socket just below the epithelial covering, showed hyalization of the collagcn 
fibers, shrinkage o f  connective tissue cells (fibrocytes), ant1 diniinishcd 
numbers of fibroblasts (Fig. 3). Round cell infiltration was quite proniineiit, 
but hypereinia was minimal or ahsent. The histologic picture suggrstcd toxic 
rather than nierely irritant action by tlhe 10 yo stannous fluoridr~ solutiori. 
lt, was interesting to note that 10 o/o SnF, showed very little e 
contents of the socket, as if this toxic material had been pushed towards thr: 
surface of the eritfosseous granulating t i sue .  By the 10th day, the c:onnective 
tissue immediately over the socket was normal, with only r e d r i a l  toxic 
effects mident in the connective tissue immediately under the c:pithclinrn 
(Fig.. 3).  
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Effects of cortico-steroids. The local application of cortico-steroids produced 
a dramatic increase in the resorptive process with the appearance of many 
osteoclasts within the socket and adjacent bone. Large numbers of resorption 
bays were evident along the walls of the socket by the 3rd day, reaching a 
peak by the 5th to 7th day (Fig. 4A). The effects diminished from the 
10th day and were no longer evident by the 14th day. Giant cells of the 
osteoclastic type appeared in enourmous numbers in the young connective 
tissue within the healing socket by the 3rd day, in addition to the large 
numbers of osteoclasts within resorption bays in the bone lining the socket 
and in the bone adjacent to the socket (Fig. 4B). 

Filling in of the socket with trabecular bone was significantly delayed, 
new bone formation in the fundic portion of the socket being delayed until 
after the 10th day (Fig. 4B). 

There were no effects evident upon the epithelium and subepithelial 
connective tissue. 

Effects of tetracyclines. The tetracyclines consistently and prominently 
accelerated the bone deposition within the socket without depressing the 
osteoclastic activity. At the 3rd day, one-third of the socket treated with 
tetracycline was already filled with young honey trabeculae in contrast to the 
controls in which bone deposition was only beginning. New bone formation 
began in the middle of the socket and in the fundus (Fig. 5A). The accele- 
rated rate of bone deposition reached a peak by the 5th day, so that the 
entire socket was filled with bone, in contrast to the controls in which 
only one-third of the socket was filled. In addition, bone maturation and 
remodelling was definitely farther accelerated in the tetracycline treated 
specimens; the trabeculae being thicker, more dense, and with fewer but 
larger marrow spaces than in t,he controls. This was evident by the 10th 
day and very prominent by the 14th day (Fig. 5B). 

The entire osteogenic process, remodelling resorption as well as apposition, 
appeared to be very exuberant in the tetracycline treated specimens. I t  was 
quite clear that the tetracyclines acted as a stimulant to new bone formation 
under the conditions of these experiments. 

Effects of penicillin-streptomycin. Treatment of the blood clot with a peni- 
cillin-streptomycin solution did not produce any observable effects upon 
the healing of the extraction wound. At times, there appeared to be a slight 
increase in the number of foreign body giant cells within the endosseous 
reparative tissue. There were no significant changes in the vascular pattern 
2 
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1”igiirt: 4 A .  Extraction socket treated w-ith B cortico-steroid solution (Cortisone-l.pjoliii~. 
A t  3 to 7 thys there is a marked increase in the nurnber of osteoclasts within resorption luys  
iliroughoiii i h t ~  lmny ~ ~ a l l s  and trabeculac within the socket. Giant cells are w-idesprmd 
witliiii  the connevti\e tissue of the healing socket. Bone filling into the socket is de1n)c.d 

11cc;insc new bone spicules are (quickly resortted. (M-D sectiim, H. and E., 170 x ). 

Figure 4B. Seven days aftcr extraction many giant cells appear in the cofineetjcc tissue r,f 
the socket treated with cortico-steroids (Prednisolone). These cells are no longer visible at 
10 days so that socket healing is equivalent tn that of the controls by day 14. (11-D seciioll, 

H. and E., 1 7 0 ~ ) .  
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Figure 5A. Extraction socket 3 days after treatment with a tetracycline (oxytetracycline IM). 
Bone is already filling in the fundic portion of the socket in contrast to the controls at 3 days 
which showed only organization of the clot and no bone formation. (M-D section, H. and E., 

50 x ). 

Figure 5B. At 5 days after treatment with tetracycline (oxytetracycline HCLIM) the socket 
is half filled with thick and dense bone trabeculae. Note rcmodelling at the lip and rim of 

the socket. (B-L section, 50x). 
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or the type or amount of endosseous connective tissue formed. In summary, 
ariy effects were minor or absent. 

DISCUSSION 

E x f w t s  of extraction upon adjacent marrow tissue. The tooth extraction 
affecied also the adjacent larger marrow spaces. Blood infiltrated from thc 
socket into the adjacent marrow spaces (Fig. 1). By the 5th day, when blood 
clot organization was completed and bone formation was begun within the 
socket, hemopoetic tissue appeared in the otherwise resting large marrow 
spaces adjacent to the socket (Figs. 4 and 5). The hemopoetic tissue persis- 
ted until approximately the 10th day as the remodelling process proceeded. 
and was no longer visible by the 21st day when remodelling of the alveolar 
ridge %as completed. 

Fluorides. The results of thih study substantiate previous studies indicating 
the depressing effect of fluorides upon bone and root resorptions. The effect 
of systemic fluorides in inhibiting osteoporotic processes is well known 
(Hudson, 1961; Epker, 1966; Baylink & Bernstein, 1967). This implies an 
inhibition of osteoclaistic action. Goldhaber (1967) showed a distinct in- 
hibition of osteoclasis by fluorides in tissue culture. Shulnzan, Kalis and 
Coldhaber (1968) demonstrated inhibition of root resorption by fluoride 
treatment of replanted teeth in monkeys - a finding which was confirmed 
and extended in rats by Bjorvatn and Massler (1971). Bernick and Zipkin 
(1967) showed by histochemical means that systemic fluorides improved 
the crystal texture of the apatite in bone and reduced its chemical reactivity 
in  rats. 

C'ortico-steroids. The finding of markedly increased numbers of osteoclasts 
and resorptions after topical application of cortico-steroids was unexpected. 
Whether this action was the resuIt of the very high concentrations achieved 
by the topical application and whether the action could result also from 
systemic cortico-steroids which produce much lower tissue concentrations, 
remains to be seen (Simmons & Kunin, 1'967). One might review the pattern 
and degree of root andl alveolar bone resorptions in patients receiving thera- 
peutic doses of cortico-steroids to test this hypothesis. Or, systemic cortico- 
steroids could be given to rats during experimentally induced tooth move- 
ments to see whether systemic cortico-steroids increase the amount of root 
and alveolar bone resorptions (Singer, Fzirstmarz & Bernick, 1967). 
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Tetracyclines. This study showed that high concentrations of locally applied 
tetracyclines might have an osteogenic action, in addition to its known 
antibiotic action. The fact that the tetracyclines are bone-seeking substances 
and therefore useful in vital labelling of newly forming and calcifying bone 
is consistent with a concomitant osteogenic stimulating potential. This 
property might be explored further, since high local concentrations of 
tetracyclines are possible during surgical procedures. Systemic tetracyclines, 
up to 75 mg./kilo body weight, apparently do not affect osteogenic activity 
(Boyne, 1968; Likins, Pakis & McClure, 1963; Nordenram & Edelund, 
196%). 
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