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INTRODUCTION 

The healing of extraction wounds have heen investigated in humans (Schram, 
1929; Mangos, 1941; Christophrr, 1942; Amler et al., 1960, 1964; Boync, 
1966) as well as in animals, (Eulrr, 1923; Claflin, 1936; Simpson, 1960, 
1961; Royne et al., 1962) and techniques, such as histology, radiology, 
histochemistry, fluoroscence microscopy and clinical evaluation have been 
employed. There are diverging opinions on the sequence of events in i.he 
healing process. Thus Hikbsch rt (I 1. (1952) postiiIat.ed the following steps : 

Sl. 
2. 
3. 
4. 

5. 

6. 

Formation of a blood clot. in the socket. 
Organization of the clot by tlie formation of grariulatioll tissue. 
Replacement of the granulation tissue by corinective tissue. 
Formation of osteoid tissue, which gradually is converted to new 11 one, 
filling out the socket. 
Remodelling processes in the socket and in the areas adjacent of the  
alveolar process. 
Epithelization of the wound surface j~arallel M-ith tlie reparative pro- 
cesses in the socket.)) 

However, Royne ct al. (1962) arid Bojnr. (1966) found that the initial 
changes took place in the marrow spaces arid the cortical bone surrounding 
the alveolus. Within the post-extraction alveolub, bone formation appeared 
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first iii its lateral portion rather than in its fiindus. R ( ~ p e  (1966) str 
tliat the 1)ost-extraction woiin(1 heals h y  ii c:ornplex mechanism similar t o  

that of :I conipouritl wouiitl ant1 not like a siniple surgical woun(1. 
The proliferative changes in the post-extraction alveolus has riot previ- 

ously been dealt with in detail altliough the soiirces of cellular proliferation 
appears to be a crucial point in any pattern of wound healing. There is reason 
to helieve that autoratliography %-it11 tritiated thyinidine (H3TDR) may give 
valuable information as to tlie proliferative capacity of the cells lining thc 
1)ony socket as well as cells of the siirrountling structures. Therefore, t he 
1)resent stiitly has beer1 1)erforrned as a corribinetl histologic-aiitora~~iogr~iI)~iic: 
investigation. The present study aims at answering the following questions : 

Does the oral epithelium, the cuff epithelium, or both of them participate 
in closing the wound? What happens to the enamel epithelium and the 
enamel organ? To what extent do remnants of the periodontal membrane 
participate in tlie healing of the socket? Which are the patterns of osseoiis 
rrpair in tlie inarrow spaces and at the jaw surface? 

MATEHIAL A N D  METHODS 

For economical reasons when using H"TDR autoratliography a small lah- 
oratory anirrial had to be used. Extraction of molars in rodents is a cotn- 
plicated procetlure (Hiiebsch et al. 1952, Smith, 1958). In order to reduce 
surgical trauma a single rooted tooth would be more convenient; and pre- 
liminary experiments on extraction showed the guinea pig mandibular in- 
cisor to be the easiest to extract in toto. The main advantage of choosing 
an incisor is that 011 extraction it leaves a long alveolus (Fig. I), which makcs 
it possible to distinguish clearly hetween an orificial, a middle and a fiintlal 
portion of the socket. 

IIie incisors of tlie guinea pig are covered with enamel on the lahial sur- 
faces and with cementiim 011 the lingual surfaces, arid this has profound 
effect on the appearance of the periotlontal membrane in corresponding 
areas. Adjacent to the enamel there will he enamel epithelium in various 
phases of differentiation, whereas, attached t o  the cemetitimi there will he 
the usiial type of 1)eriotlontal fibers. The fiindiis of the alveolus is medial 
to the roots of tlie second molar, (Figs. 1 ant1 2). 

Twenty young, male albino guinea pigs were used in this experiment. The  
animals were thirty (lays of age upon delivering and they were caged (2 in 
each cage) for seven days prior to the extraction of the incisors. They were 
fed standard pig pellets (Erichscn, 1966) and drinking water, supple- 
nirnted with ascorbic acid (25 mg per 100 ml), ud libitum. 

r 7  
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Under int.raperitonea1 barbiturate anesthesia (3 mg NembutalB per 100 g 
body weight) one of the mandibular incisors in each animal was extracted. 
A conventional mosquito hemostat was modified to fit the curved incisor 
and the tooth w-as extracted after careful rotation hy means of a sniall scalf)el 
hetween the teeth. In two animals the tooth fractured, but the remaining 
fragments could be removed without additional traumi to the surrounding 
tissues. 

The extracted teeth were fixed in 10 yo Imffered formalin, decalcified 
in 5 yo nitric acid, sectioned at 5 microns and stained with hematoxylin 
and eosiri. 

The guinea pigs were sacrified by exsaiiguination in Nembutal@ anaes- 
thesia after varying observation periods (Table I). One hour prior to sac- 
rifice each one of the animals received an int.raperitonea1 injection of 1 [rci. 
H3-thymidine per g. body weight. The lower jaws were dissected out, fixed 
in Lawdovsky’s solution, and decalcified in 5 o/, nitric acid and embedded 
in paraffin. For each observation period there wcre two animals (Tahle I);  
the lower jaw from one of them was orient.ated for sectioning in longitudinal 
direction, while the other lower jaw was orientated arid sectioned in a 
transversal plane. 

Sections were cut at  5 microns and stained with hematoxylin and eosiri, 
Masson’s trichrome stain and according to the Alcian blue - PAS techniques 
(Mo7~rry, 1963). Sections were prepared for autoradiography following the 
dipping techniques (Joftes, 1963). Kodak NTB 2 emulsion was used. The 
slides, after dipping and drying, were exposed for 21 days, developed, fixed 
and stained with Harris hematoxylin. Some of the sections were stained 
prior to autoradiography. 

Tahle 1. 
Distribution oj material according to ohPeruation time following extraction 

- __ - ~- - ~ _ ~ _  ._ - 
No. of animals 

~~ 

Observation time 
. -~ 

6 hours 2 
24 B 2 
2 days 2 
3 D 2 
5 0 2 
7 n 2 

10 D 2 
14 )) 2 
18 )) 2 
21 )) 2 

~ -. ~ .. 

_ _  ~~ 

’I o t z  ~ 20 
- ~~ ~ - - .. 
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370 

350 

330 

310 

290 

270 

O B S EKVATI ON S 

All animals survived t h e  ex1)erimental proccdure. There was a delay in the 
normal increase of body weight in the first postoperative period, but after 
that they gained weight. How-ever, the extractions interfered with the chew- 
ing of pellets (Text Fig. I) more than did experimental fractures of the nian- 
dibiilar condyle (Gilhuus-Moe, 1968). 

In all the sections of the extracted teeth reinnants of the periodontal mem- 
lrrane were seen on the lingiial snrface (Fig. 3 ) .  

After 6 hoiirs the epitheliiirn at the margins of the wound  started to pro- 
liferate, and it appeared as if Imth the pocket epithelium and the oral epithe- 
lium were involved. Where hone fragments remained in the orifice of the 
alveolus, the epithelium surroiinded these. Krratinization of the epithelium 
was observed after 5 days. 

I lie enamel epithelium, rvliich was left in the alveolus after extraction, 
degenerated. After 3 (lays thin strands of this epithelium were 
the clot, later they coiild not he distiriguislietl. 

The enamel organ was completely removed in all but one ~:ase, in which a 
small portion liad proliferated antl produced enamel antl osteodentin orientated 
in an opposite direction to  that of the original tooth (Figs. 4, 5 and 6). 

A blood clot regularly filled most of the alveolus, although shrinkage 
occurred. Hy 6 hours the clot. was seen to he made up by the normal blood 
constituents, antl after 24 hoiirs fibrin strands antl a fe,w mesencliymal cells 
were seen. By 4'8 hours the clot was invaded hy fi1)rohlasts and endothelial 
cells, revealing H3TIlK laheling in thc autoratliograI)lis (Fig. 7 ) .  The organi- 
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zation of the clot differed in the various parts of the alveolus, the middle 
portion of it being initially more organized than in the orificial and fiindal 
portions. At longer observation periods, the clot was replaced by granulation 
tissne undergoing intramembraneous ossification. 

Remnants of the periodontal membrane always covered the entire alveo- 
lus in the early observation periods and they never showed any sign of de- 
generation. After 48 hours labelled fibroblasts in these remnants were oh- 
served, and t.he highest number of these labelled cells was found in the 
vicinity of the vascular canals in the compact bone plate of the alveolus. 
(Figs. 8,9 and 10). The  transformation of the blood clot into mature granula- 
tion tissne took place earlier on t.he lingual side than on the labial side, the 
remnants of the enamel epithelium apparently acted as a barrier. Also, the 
proliferation of the fibroblasts was more pronounced in the middle portion 
of the socket. After 5 days it was iinpossihle to distinguish between the 
original periodontal membrane remnants and the granulation tissue. At the 
end of t.he experiment the sockets were filled with cancellous bone. 

By 6 hours there were only minor changes in the bony surface of the al- 
veolus and in the regional mandibular periosteum. However, by 24 
hours the periosteum on the extraction side appeared edematous and 
infiltrated with inflammatory cells, and the number of labelled preo- 
steoblasts was definitely increased compared to that of the other, non- 
extracted side. This increase in labelled mesenchymal cells was apparent 
throughout the observation periods, and about twice as much bone was formed 
on the extraction side as on the control side (Figs. 11, 12 and 13). Hone 
formation started later within the alveolus than in the periosteum. The perio- 
dontal membrane remnants acted as an integrated part of the membraneous 
hone forination filling out the alveolus at the end of the experiment (Fig. 14). 
I t  appeared as if the formation of hone was more rapid on the lingual side 
than on the labial side, and that the middle portion of the socket was filled 
with bone before the opening and the fnndus, according to the pattern de- 
scribed above. Dense labelling of both osteoprogenitor cells and fibroblasts 
was seen in these sections. At the end of the experimental period the out- 
line of the bony walls of the original socket still could be discerned (Fig. 15) 
although the socket was filled with new bone. This indicates that the re- 
modelling phase of the bone in the alveolus was not finished, despite the 
finding of osteoclasts in the marrow spaces after 48 hours. 

DISCUSSION 

The speed of migration of the eIrittielid covering of the extraction ~ r o n n t l  
(lid not seem to be related to  the degree of inflammation in the marginal 
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part of the socket. Thus, our finding do not corroborate those made hy 
Smith (1958). I n  our material the epithelium was keratinized after 5 days, 
which is somewhat earlier than reported in humans hy Curlsson et al. (1967), 
but obviously no direct comparison between two so different species can 
he made. In  one case a small part of the dental papilla was left behind after 
extraction. This part had a reinarkable capacity of production of dental 
hard tissues which may be in accordance with the reported ability of form- 
ing the usual dental tissue after transplantation to abnormal locations as 
e.g. anterior chamber of the eye (Fleming 1956). 

The organization of the clot revealed regional differences. There 
was a definite trend for the middle portion to undergo a more rapid 
organization than the fundal and the orificial portions of the socket. The 
explanation for this may be sought in the length of the guinea pig incisor 
alveolus. In  the fundus, evidence of secondary hemorrhage could be 01)-  
served, and a high number of macrophages with engulfed hemosiderin were 
observed even at late observation il;tervals. I t  appears reasonable that these 
features would delay the repair processes in the fundus of the socket. In  the 
orifice, inflammatory processes occurred and retarded the organization of 
the original blood clot. In  all specimens a blood clot filled out the entire 
alveolus. Shrinkage was observed in some instances, but in no case was the 
alveolus empty. Therefore, it could not be decided whether or not a com- 
plete blood clot wras essential for the described healing pattern. 

The early ohservations in the periodontal membrane remnants were note- 
worthy. Euler (1923) observed liyalinization and calcification in these rem- 
nants in dogs. Hiiebsch et nl. (1952) in similar studies in the rat did not 
make specific comments on the periodontal membrane remnants. In  the 
present study the tlistrihution of H3TDR labelled cells in these remnants 
indicat.ed that these cell compartments participate in the formation of the 
granulation tissue filling out the socket. Further, the observations dem- 
onstrating a concentration of labelled cells in the tufts of the periodontal 
remnants, adjacent to the vascular canals penetrating the compact hone 
plate of the alveolus, indicate that the vascularization of these areas may be 
of importance in the pattern of healing. 

Our study intlicztes that. bone apposition starts earlier on the outer perios- 
leal surface than in the socket. This confirms the observations made by 
Royne (1966), and is soniewhat in contradiction to similar studies in rats 
(Hiiebsch et nl., 1952), monkeys (Simpson, 1960) and humans (Carlsson et nl., 
1967). In addition, the extraction induced an increased proliferation of peri- 
osteal cells not only within the post-extraction alveolus, but also in the molar 
region of the mandible (Figs. 16 and 17). This increased proliferative rate 
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in the periosteum, remote from the injured areas, is in agreement with the 
observations made by Tmna rt ( h n , k i t r  (1961) in experimental fracture 
healing in mice. 

Osteoclasts were found in the marrow spaces in the alveolus as well as in 
the compact bone plate of the socket at all observation intervals. However, 
a complete break down of the compact bone plate of the socket could not 
he discerned in any specimen before new bone was laid down on  the com- 
pact bony walls of the socket. Thus, both intense peripheral bone formation 
as well as hone formation within the socket proper were present before any 
complete disappearance of the compact bony wall of the alveolus occurred. 

SL MMAHY 

Following extraction of a mandibular incisor in young, male guinea pigs 
the pattern of healing was investigated. By means of histologic and auto- 
radiographic (with tritiated thymidine) techniques the proliferative capa- 
cities of the tissues involved have been examined. The observations indi- 
cated : 

The epithelium proliferated over the surface of the wound and was liera- 
tinized after 5 days. Both the oral epithelium and the cuff epitheliuni ap- 
peared t o  take part. 

The enamel epithelium, left. in the alveolus, could riot be distinguished 
after 5 days observation time. 

In one animal a small part of the enamel organ, left behind in the alveolus, 
started to form dental hard tissues. 

The blood clot was more rapidly organized in the mid portion of the post 
extraction alveolus than in the orifical and the funclal portions of the socket. 

Periodontal membrane remnants were seen attached to the teeth and to 
the socket walls after extraction. The autoradiographic stndy revealed in 
these cell areas a high number of labelled cells. These cells were concentrated 
in areas where vascular canals penetrated the compact bone plate of the 
alveolus. Degenerative changes in the periodontal membrane remnants were 
not observed. Bone apposition was first observed periosteally. Later, bone 
formation took place in the alveolus tlirectly on the compact alveolar plate 
without any previous resorbtion of the same. 

RCSUMB 
CICATRISATION DE L ' A L Y ~ O L E  APRES EXTRACTION CHEZ LE COBAYE 

6 T C D E  HISTOLOGIQUE ET AUTORADIOGHAPHIQUE (H3-THYMIDINE) 

Aprks extraction d'une incisive infkieure, l'kvolution de la cicatrisatiori a 
CtC 6tudiCe chez de jeiines cobayes rridles. Le pouvoir de prolifkration des 
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tissns en cause a Ct6 examin6 en utilisarit tles techniques histologiques et 
ai~toratliogra~jhicIues (avec ttiyniidine triti6e). Les rksnltats suivants ressortent 
des observations : 

L’CpithCliuni prolifkrait pour recouvrir la surface de la plaie et dtait 
1tCratiriisC au h u t  tle 5 jours. On constatait que 1’CpithClium buccal ainsi 
que 1’CpithClium du repli gingival preriaierit Ililrt h ce processus. 

IJ’6pith6lium darnantin restarit clans 1’alvPole ne poiivait phis h e  disthguk 
iiii Lout cle 5 jours tl’oliservation. 

Chez nn des aniniauu, la formation tle tissiis clentaires tlurs avait coninienct‘: 
h partir d’une petite partie cle l’orgarie adamantin qui Ctait rest& t h i s  

l’alvkole. 
Le caillot sanguin ktait plus rapidenient organisk dans la portion nioyenne 

de  l’alv6ole dCsliabitC que daris le fond de l’alvCole et p ’ h  l’entrke tle 1’alrCole. 
Des restes tlu desmodonte pouvaieiit &tre observes aprks l’extractiori, 

adtiCrant h la dent et ilux paruis cle l’alv6ole. L’ktntle autoradiographicliir 
d6celait parini les cellules de ces zones un grand nombre tle cellules marcpi6es. 
Ces celliiles ktaient concentrCes aiix regions o ii ties canaux vasculaires 
IiknCtraient la corticale alv6olaire. On n’oliservait pas tl’altCrations dCgCn6ra- 
tives dans les restes dn tlesmodonte. L’apposition osseuse s’observait tl’abord 
ail niveaii r lu  pkrioste. Plus t a d ,  la forrriation osseuse avait lieu dans l’alvkole 
directenierit siir la corticale alvColaire, sans aucune resorption prCalable tie 
celle-ci. 

ZUSAMMENFASSCNG 

IIEILUNG DEK ALVEOLE NACII ZAIINEXTKAKTION HEIM MEEKSCIIWEINCHEN 

Nach tlern Zielien cler Ilnterliieferfroiitxlilrlr hei jungen nidnnlichen Meers- 
ckiweinchen, wwrde die Heilurigsvorgiinge nriterc;uclit. Mit Hilfe vori liisto- 
logischer uri t l  autoradiograpliischer (niit H3 Thymidin) Methode wurde die 

itiit tles in Frage stehentleri Gewebes untersuctit. Die 
Reol~achtungen ergahen : 

Das Epithel breitete sich iiber die Oberfldche cler Wunde aus und kera- 
tinisierte nach 5 Tagen. Das orale sowie tlas gingivale Epithel heteiligteri 
sicti an tlerri Vorgang. Ilas in tler Alveole ver1)liel)ene Sctimelzepiihel war 
nach 5-tiigiger Reobachtung nicht melir nacliznwcisen. 

Bei einem Yersuclistier hegann ein kleiner in cler Alveolr ver1)liehier 
Teil tles Schmelzorgaris hartes Zalingewehe z ~ i  bilden. 

Das Koaguliini organisierte sich sclineller im iriittleren Teil der Alveole 
als im iiussereri nnd tieferen Teil derselben. Wurzelhautreste u-urden nach 
der Extraktion an den Ziihnen untl den Alveolenwiinderi heobachtet. Die 
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autoradiographische Untersuchung zeigte in diesem Zellgebiet eine hohe 
Anzahl H3 Thpmidin-markierte Zellen. Diese Zellen Ianzentrierten sich in 
Gebieten, w o  Blutgefisse die Kompakta der Alveole durchtlrangen. 

Degenerative Verlnderungeri der periodontalen Membranreste wurden 
nicht beobachtet. 

Knochen-Apposition wurde zuerst in1 Periost heobachtet. Splter erfolgte 
Knochenbildung in der Alveole rlirekt an  der Kompakta, ohrie vorhergehmde 
Resorption drrselben. 
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Fig. 1. Sagital section through the anterior part of the guinea pig mandible. x 5. 
Post-extraction alveolus 48 hours after extraction of incisor. 

0: outer (orificial) portion of the socket. 
M: middle portion of the socket. 
F: deep (fundal) portion of the socket. 

Fig. 2. Plane of sectioning as in Fig. 1, revealing the guinea pig incisor in situ. x 5. 
Mo: molar teeth. 
DP: dental papillae. 
PM: periodontal membrane. 
EE: enamel epithelium. 

Fig. 3. Section of the extracted incisor, middle portion. x 28. 
PM: periodontal membrane attached to the lingual surface of the tooth. 
D: dentin. 
P: pulp. 
EE: enamel remnants at the labial surface of the to3th. 

Fig. 4. Section of the extracted incisor, apical portion. x 28. The entire dental papillae (P) 
is attached to the extracted tooth. 

Fig. 5. Section of the extracted incisor, apical portion. ~ 2 8 .  A small portion of the dental 
papillae (P) is disrupted from the extracted tooth and remains in the socket. 



Fig. 6.  Fiindal portion of the post-extraction alveolus, 10 days after extraction x 28. (Same 
animal as in Fig. 5). Remnants of the dental papillae and enamcl organ left in the socket 

have produced enamel (E), osteodentin (OD) and pulp tissue (P). 

Fig. 7. Post-extraction alveolus (middle portion) 48 hours aftcr cxtraction. Autoradiograph. 
x 700. Arrows: M3TDR labelled spindle shaped cells are o t w x v e d  in h lmd clot filling out 

the socket. 

Fig. 8. Post-extraction alveolus (middle portion) 48 hours after extraction. x 360. Vascular 
canal (V) is ohserved penetrating the compact bone plate of the alveolus (CR). Arrows: spindle 
shaped cells are observed projecting into a tuft of the retained perivdontal membrane. (PM). 

Fig. 9. Same area as in Fig. 8. Autoradiograph. x 175. HYTDR labelled fihrohlasts and endo- 
thelial cells are observed in the periodontal membrane remnants (PM) and in the canal (V) 

penetrating the compact bone plate (CB) of the alveolus. 



Fig. 10. Same specimen as Fig. 9, encircled part. High power magnification. Autoradiograph. 
x 700. HSTDR labelled cells in periodontal membrane remnant 48 hours after extraction. 

F: labelled fibroblasts. 
E: endothelial cells. 

Fig. 11. Frontal section throtigh the anterior part of the guinea pip mandible, 7 days after 
extraction ofthe right mandibular incisor. x 5. 

A :  post :extraction alveolus. 
T: left mandibular incisor in situ. 

Note increased thickness of the left alveolar wall (U), conipared to the noninjured right 
alveolar wall (N). 

Fig. 12. Same section as Fig. 11. Higher magnificatiun of the aheolar wall of the nonextracted 
incisor. x 175. 

CB: compact bone plate of socket. 
PM: periodontal membrane. 
D:  dentin. 

Fig. 13. Same section as Fig. 11. Higher magnification of the thickened alveolar wall at 
the side of extractoin. x 175. Newly formed bone (NB) is observed directly at the old compact 

bone plate of the alveolus (CB). 



Fig. 14. Post-extraction alveolus 7 days after extraction. x 280. Ncwly formed hone (N13) 
is observed directly on the old compact bone platc (CB), separated Iiy a rccting linc. 

Fig. 15. Post-extraction alvei)lus 21 days after extraction. Middle portion of socket. x 175. 
Thc post-extraction alveoliis issfilled out with trahecirlae of cancellous bone (Nn). Thc con1pact 

bone plates of the original socket (CB) are clearly demonstratetl. 

Fig. 16. Post-extraction alveolus 5 days after extraction. Fundal portion of socket. x 75. 
A44bi~ndant periosteal bone formation (Pl3) is observed projecting from the cornpact bone of 

the rnandihle (CU). ~ 2 8 0 .  

Fig. 17. Same specimen as Fig. 16. Autoradiograph. A high number of H3TDR lal~elled 
preosteohlasts are ol)scrvetl in the periosteum in the area of the fundal portion of the socket. 




