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INTRODUCTION 

It is generally accepted that a tooth anti its su1)portiiig tissues niay be injured 
if used as fulcrum for an  elevator when an adjacent tooth is to he extracted. 
IIowever, t o  the hest of o m  linowledge, no reports have heen presented t o  

date concerning the tissue reactions in the I)eiiotlontal membrane of such a 
tooth following this particular type of injury. 

The healing of the periodontal mehrane following mechanical injuries has 
heen reported in several stntlies reviewed by Solt & Glicknzars (1968). The 
majority of these studies dealt with the result of a constant force applied 
over various periods of time. 

The present investigation has heen directed towards the tissue reactions 
occurring in the periodontal rnembrane of the mandibular guinea pig incisor 
following the elevation of the neighboilring mantlibnlar incisor which was 
subseqnently extracted. 

Like other rodents, the guinea pig has two long rooted, continoiisly eru1)ting 
mandibular incisors, seprated hy a fibro-cartilaginous symphysis between the 
left and right. parts of the mandible. Any serious trauma to the periodontal 
inembrane of the tooth used as fulcrum is not expected to occur due to the 
elasticity of the syniphyseal region. Therefore, i t  is anticipated that the tissue 
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reactions observed in the periodontal membrane of the animals in the present 
study represent those occurring after a minor trauma of short duration. 

Twenty young, male, albino guinea pigs were used in this investigation. The 
animals are identical to those described by 11s in a preceeding paper (Johansen 
& Gilhuus-Mop, 1969). 

Under intraperitoneal barbiturate anesthesia a mandibular incisor was ele- 
vated by careful rotation of a small scalpel between the teeth. The tooth to be 
extracted was then removed by means of a hemostat with jaws which had been 
recontoured ot fit the tooth. Great care was exercised to prevent excessive 
movements of the tooth used as fulcrum during the elevation procedure. 

Pairs of animals were sacrificed at various intervals from six hours to 
twenty-one days after the surgical procedure. The animals were given an 
injection of tritiated thymidine (W3TDR) (lpc/g. body weight) sixty minutes 
prior to sacrifice. Two animals served as controls. 

The mandibles were fixed in a modified Lavdowsky’s solution, decalcified 
in 10 % formic acid with Winn 3,0008, embedded in paraffin, oriented and 
sectioned sagittally and frontally. Slides were then prepared for histologic 
and autoradiographic examinations as described earlier (Johunsen & Gilhuus- 
Moe, 1969). 

MATERIAL AND METHODS 

0 B SERVATI ON S 

Control animals 
The periodontal membrane of the continuously erupting guinea pig incisor 
reveals special features: 

a. At the lingual and lateral portions of the socket aperiodontal membrane 
proper connects the tooth to the alveolar bone. This periodontal membrane is 
composed of three well defined zones (Fig. 1) : 

An inner cell rich zone adjacent to the cementum, the cells are ceniento- 
blasts (Figure 1 :l). 
An intermediate zone with less cells and the collagen fibers oriented obli- 
quely towards the tooth surface. Mesenchymal cells are observed between the 
fiber bundles (Figure 1 :II). 
An outer zone towards the compact bony plate of the alveolus. This zone 
is highly vascularized, the number of vessels increases towards the fundal 
part of the periodontal membrane. The compact bony plate is lined by 
osteogenic cells and penetrated by vascular canals (Figure 1 :III). 
In the autoradiographs (Figs. 2 & 3) scattered H3TDR labelled cells, mainly 

cementoblasts are observed in the inner zone. In the intermediate zone scat- 



Fig. 1. Periodontal membrane proper (H+E, X 250). 
I: inner, cell-rich zone. 

111: outer, vascular zone. 
11: intermediate, fibrous zone. 

D: dentin, CB: compact bone of alveolus. 
Fig. 2. Periodontal membrane proper (autoradiograph H. x 400). 

Arrows: labeled cells of the inner, cell-rich zone. 
Fig. 3. Periodontal membrane proper. (Autoradiograph H. X 400). 

Arrows: labeled preosteoblats in the outer zone (111) of the periodontal membrane, line the 
compact bone plate of the alveolus. I: inner cell-rich and 11: intermediate zones of the perio- 
dontal membrane proper. CB compact bone plate. 

Fig. 4. Enamel epithelium and buccal periodontal membrane. (Masson X 250). 
A: amelohlasts, SI: stratum intermedium of the enamel epithelium (I). 11: loose, connective 
tissue of the periodontal membrane. CB: compact bone plate of alveolus. 

Fig. 5. Same area as Fig. 4. (Autoradiograph X 400). 
I :  enamel epithelium remains nonlabeled. 

11: arrows indicate labeled mesenchymal cells in the periodontal tissue. 
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tertt(l iriesenchynial cells are also 1al)eletl. H.3‘TDR labeled ~~reosteol~lasts 
lining the comilact bony plate of the alveolus is a constant feature. 

1,. In the lahial portion the periotlontal inernbrarie reveals a different 
iiioq)liology due to the presence of a n  e n a n d  el)itheliuiri in this area (Fo/ / -  
htrch LY- E l o i c ~ ,  1933). The lahial perioclontnl niem1)rarie ran according to 

this he separated in two zones (Fig. 4) : 
A n  irrnc,r zoiie comprising the enamel epithcliuln. This zoiie consists of a 
singly layer of cuboidal ameloblasts, gradually hecoming cyliritlricnl tow-ards 
the fundal, germinal area. Beneath the amelohlasts a layer of two to  three 
TOW of cuhoidal t o  flat cells, representing the stratnni interniediurn of tlie 
(miinel organ, is observed (Fig. 4:  A, S1). The ozLtcr zone ~~ rel)resentinp 
I he rnesericliymal periodontal tissue . is composed of loose connective 
t issue with a n e t w r k  of c:ollagen fillers oriented parallel to the tooth snr- 
face. This zone is cell rich anti is vasculariztd towards the alveolar 1)oiit. 

(Fig. 4:ll). 
In  the aiitoradioraphs (Fig-. 5) 1al)eled fibroblasts are observed in the outer 

zoiie. The cells of the erianiel epithelium, except in the fiindal, germinal 1mr- 
I ion, reniairi unlabeled. 

b,’qwritncri tul  n ri,irriribs 

Following the elevation and extraction of one rnandihular incisor, the follo\v irig 
ohservations were made in tlie periotlontal rriwnbrane of the remaining incisor : 
ii. Periodontal nieiribrane proper. 

Prominent histologic: cliangrs were ol)servctl i n  all three zones (Fig. 6,  7, 8) 
iit the early irltervals following tlie trauma (six lioiirs to three days). In thc 
outer zone markctl vasotlilatation 21id hyI)ercmiia were present six lionrs aftcr 
tlir siirgical procedure. Ai these early times the tooth gradually became mo- 
ldc ,  and a frontal section through the alveolus (Fig. 6) demonstrated that 
the intense vasodilation of the outer zone iridiicetl a tooth wick1 was almost 
))floating)) in its socket. Thi:i 1iypt:reniia ant1 mobility decreased gradually. 
Aftcr twenty-one days 110 difference hetw-een control animals and euperirnentnl 
aiiiinals \+-as noted. In  the innchr arid intermediate zoiies, interstitial tissuc 
etlenia ant1 hemorrhages were inarketl features (Figs. 7 22 8). Remnants of 
ihe extravasatetl blood in these zones coiiltl he tliscerned fourteen to  eighteen 
(lays after the trauma. Degenerativc clianges or necrosis of the mesenchyrnal 
cells or the cementoblasts were not prominent features at any observation. 

The cornpact bony plate of the alveolus revealed h i e  resorption througli 
the first seven to  ten clays after the traiirria, while in the later part of the experi- 
menta l  period I)one apposition was prominent. At the end of the exlvximentol 
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Fig. 0. Frontal section through the niidportion of the incisor right mandihular socket 72 hours 
after extraction of thc left incisor. (Masson x 40). 

Arro\vs: Marked \ asodilatinn of vessels in the outcr zone of  the periodontal menihranc. ’Tooth 
clinicall! mobile. 

Fir. 7. Perindontal rncmbrant. nroner 72 hours aftcr extraelion of‘ the arliaceut incisor. . I  
(Masson i 250). 

hlarkrd intcrs:itial edema in the inner zone (1) and thr intermediate zone (11). Arrow : \ n s o -  
dilatation in the outer (111) zone. 

Fig. 8. I’eriotlontal membrane proper 24 hours aftcr extraction of adjacent incisor 
(H+ 1.:. x 250). 

Nntc intenw \ aaodilation in thc outer zone (111) of periotiontal memlirane. Arrow : osteclast 
a t  (wnp;irt hone plate of the alveolus. 

Fig. 0. I’t:riodontal membrane proper, 48 hours aftcr extraction of adjacent incisor 
(Antoradiograph H. x 400). 

Ohserve intense labeling of mesenchymal cells of the intermediate zone of the periodontal 
rnernbrane (11). Further, laheled srmentoblasts are observed in the inner zone (I). Arrow: 
laheled mdothelial cell in the outer, vascular zone ( I l l ) .  D dentine, CB compact bone plate of 
a1\ I d l l S .  
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period the periodontal membrane demonstrated a histologic appearance close 
to that observed in the untreated animals. 

The autoradiographs demonstrated that within six hours to  three days Lifter 
the surgical procedure an increase in the number of labeled cells in all three 
zones of the periodontal membrane proper (Fig. 9). H3TDR labeled cemen- 
toblasts and mcserichymal cells of the intermediate zone were observed fre- 
quently. In  the later zone the concentration of H3TDR labeled cells was found 
in its middle part (Fig. 9). In  the outer, vascular zone labeled mesencliymal 
cells, labeled endothelial cells and labeled preosteoblasts were found. At later 
observations (seven to twenty-one days after the surgical procedure) the 
number of labeled cells revealed a gradual decrease in all zones of the perio- 
dontal membrane proper. 
b. Labial periodontal membrane and enamel epithelium. 

At six hours to three days after the trauma the cells of the enamel epithe- 
lium underwent marked morphological changes. These features were mainly 
localized to the middle and orificial portions of the socket and did not involve 
the fundal progenitive portion. These features were (Fig. lo), interstitial 
edema of the ameloblasts and a pronounced vasodilatation of the stratum 
intermedium. 

In the outer vascular zone, interstitial edema, vasodilation and extravasa- 
tion of blood, similar to the observations in the periodontal membrane proper, 
were marked. Remnants of hemorrhage, indicated by hemosiderin deposits 
between the collagenous connective tissue fibers in this zone (Fig. 11), were 
noticed throughout the entire experimental period. At observation intervals 
of five to twelve days after the trauma, ameloblasts of the middle portion of 
the socket underwent progressive degenerative changes which finally led to 
disintegration of these cells (Figs. 12, 13). In  some areas the stratum interme- 
dium remained a short period after the disintegration of the ameloblasts, but 
in other areas this cell layer underwent disintegration and was replaced by 
connective tissue from the outer zone. Due to the continous eruption of the 
tooth, these changes moved towards the orificial part of the alvelous a t  the 
end of the experimental period. 

The buccal alveolar plate underwent. rapid osteoclastic resorption. This 
initial resorption was not later replaced by bone apposition, as observed in the 
lingual and lateral parts of the socket. 

The autoradiographs (Fig. 14) revealed that the cells of the enamel epithe- 
lium remained unlabeled, except in the germinative areas. In  the outer zone 
a high number of labeled mesenchymal cells and cells of the endothelial 
lining of the vessels were found. There was a gradual decrease in the number 
of these cells at the later tinie intervals. The compact bony plate of the labial 



Fig. 10. Observations 72 hours after extraction of adjacent incisor (Masson x 400). 
Observe: interstitial edema of the ameloblasts (A). Further note vacuolization in the stratum 
intermedium (SI): Dilated vessels (V) are observed in the loose mesenchymal tissue of the 
periodontal membrane. Arrow: osteoblast line the compact bone plate (CB) of the alveolus. 

Fig. 11. Buccal periodontal membrane 72 hours after trauma (AB-PAS x 400). 
Arrows: hemosiderin deposits arc observed in the loose Connective tissue of the periodontal 
membrane. V dilated +essels. A arneloblasts CB compact bone. 

Fig. 12. Buccal periodontal membrane, midportion of socket, 10 days after trauma. 

Ameloblasts (A) are disappeared over a major part of the area observed. The stratum inter- 
medium (SI) is disrupted and replaced by fibrous tissue. 

Arrows: strands of fibrous tissue replacing the enamel epithelium. 
Fig. 13. Buccal periodontal membrane 14 days after trauma. (H+E. x 250). 

The enamel epithelium is disappeared completely and is replaced by fibrous tissue (arrow) of 
the loose connective tissue (11) of the periodontal membrane. D: dentin. 

Fig. 14. Buccal periodontal membrane 72 hours after extraction of the adjacent incisor. 
(Autoradiograph H. x 400). 

Arrows: labeled mesenchymal cells are observed frequently in the loose connective tissue of 
the periodontal membrane (11): Both ameloblasts (A) and cells of the stratum intermedium 
(SI) remain nonlabeled. V dilated vessel. 

(H+E. x250).  
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alveolar wall ( l id  not at any oliservation clernonstrate a n  increased iiunilxr oi‘ 
laheled preosteohlasts; the heavy cwncentration of osteoclasts rerriainetl 
anlabeled. 
( a .  Alveolar h i e  and manclibular 1;eriosteiiin. 

The cancellous hone of the niant1il)le cleinonstrated scattrrrcl iireua of 
hemorrhage while later bone ap1msition on the tra1)eculae was prominent. The 
mantlibiilar periosteurn of the alveolar region demonstrated a n  iricreasrtl 
riiiniber of laheletl osteogenic cells coniparctl to the control animals. Hon-ewr, 
I his increase in number of HSTDR laheled preosteohlasts w 
feature compared to that of the adjarent postextration alveolus. 

The guinea pig incisor is c:liarac:terizetl h y  c:oritinuous growth ant1 ertiiition 
maintained by the 1)rogenitive tissues at the fundal portion of the alveolris. 
In tlie present study the germinal, al’ical area has heen exludetl from further 
examination becaiise of the problems iniplicated in a differentiation of patho- 
logic patterns in this highly proliferative area. 

On the other hand the central antl orificial portions of the ~ierioclotital 
membrane demonstrated lioth a Iioniogenoiis niorphology and ilistriljiition 
of IIYTDK labeled cells, enahling the analysis of the proliferative rate of the 
various cell compartrnents. The distribution of labeled cells of the 1)eriodorital 
menihrane of t.he guinea pig is in agreement with those descrihecl in mice by 
Hwang h Tonma (1965), Gwiv & Felts (1968), and in rats h y  Luwllc 
(1968). I t  appears that the proliferative rate of the periodontal iiienit)rarie 
of roderit incisors remains in a st eacty state after the eruption throiigli tlie 
gingiva (Lavc,llc 1968). 

The present observations tend to  clenioiistrate that a minor, short acting 
traiima interferes with this steady state of tlie periodontal tissues. In the 
periodontal memhrane proper the observed tissue reactions to these surgicd 
procediire are reversible. In this way the present observations are in d g rccinent 
with those of Solt & Glickrnan (1968), w h o  ohserved that sixty ininutes iii- 
terdental wedging initiated a rapicl increase in proliferation with a complete 
return to the nornial situation within twenty-onc days. 

The autoratliographic observations showing a pronounced coricentratioii 
of H3TDR labeled mesenchynial cells in the intermediate zone of tlie perio- 
dontal membrane prnper, initiates a renewal of the problems concerning the 
existence of an intermediate plexus in this structure (Sichrr, 1959; Johunsrn, 
1960; Goldmun, 1962, Stullard, 1967; Ranms & Hunt, 1967; ant1 Mrlchw,  
1967). 
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The observatioiis within the lahial portion of the periotlontal rnrmbranr 
have revealed that irreversible tissue reactions followetl the surgical procediire 
in this area. The progressive degenerative changes in the enamel epitlieliuiii 
resembled those observed by Wollbach & HOUY (1933) in liypovitarninoris 
A in the guinea pig mandilmlar incisor. I t  appears that the present fintlinps 
represent the reaction of a highly differentiated epithelium to trauma untl 
suljsequent circulatory idsturbances. The primary damage to the enamel 
epithelium was observed in the mid-portion of the socket, ant1 it might l)c 
anticipated that the fulcrum effect during elevation reached a niaximnm in 
this area. Due to the continuous eruption of the incisor, the area of rleprnrra- 
tive changes moved towards the orificial portion of the socket. 

It is of importance to observe that mature ameloblasts did not take u l i  

H3TDR suggesting that these cdls have lost their, reproducibility. 111 the 
same areas stratum intermedium, (in the fundal portion producer of the cells 
of the stellate reticulum (Hunt & Pu,ynter 1963)), appeared also to have lost 
their ability of proliferation. In the longer experinierital periods these cells 
were completely replaced by meserichymal tissues. Consequently, the niiltl 
trauma produced by the elevation procedure resulted in a complete tlisiiite- 
pration of the enamel organ, in the mid-portion of the socket. 

The loss of the buccal alveolar plate may be a resnlt of the increased finic- 
tional requirements to the remaining incisor in the guinea pig. As emphasixetl 
~~reviouslv (Johansen & Gilhuus-Moe 1969) the extraction of one mandibular 
incisor severely interfered with the niasticatory ability of the experimental 
animals, which may explain i he marked resorption of the buccal alveolar 
bone. 

The reactions in the mandibular periosteum have been interpreted as a 
distant effect by the increased proliferative rate in the periosteum of the post- 
extraction alveolus, as originally demonstrated in hone injuries in mice 1)y 
Tonnm & Gronkite (1961). 

SUMMARY 

The periodontal tissues of the guinea pig mandibular incisor normally reiriaiii 
in a steady state. The results of this study indicate that the elevation and 
extraction of a rieighbouring tooth interfered with this steady state. 

The periodontal membrane ~iroper (i. e. the lingual and lateral portions) 
reacted to the trauma by reversible tissue reactions, clemonstrated by circula- 
tory disturbances and mesenchymal cell proliferation, reaching a maximuni 
six hours to three days after the trauma. Thereafter, there was a gradual 
return to the normal situation over a fourteen day period. Twenty-one tlavr 
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after the trauma the findings did not differ from those observed in the control 
animals. 

The buccal periodontal membrane, buccal compuct alurolar bone and 
the rnarnel cyitheliurn revealed irreversible tissue reactions. The cells of the 
enamel epithelium underwent degeneration and disintegration outside the 
fundal, germinative areas. The buccal cornpact bony plate was rapidly resorb- 
ed and not replaced through the twenty-one days observation period. 

R ~ S U M ~  

R ~ A C T I O N S  TISSULAIRES DANS LE DESMODONTE APRES EXTRACTION DE LA 

DENT VOISINE 

CTUDE HISTO1,OGIQUE ET AUTORADIOGH.APIIIQUE SUR L E  COBAYE 

Les tissus parodontaires tle l’incisive irifkrieure du cobaye se trouvent nor- 
inalement en 6tat d’kquilibre. Les rCsultats de la prksente Ctude indiquent 
que la luxation et l’avulsion d’une dent voisine portent atteinte ti cette Cqui- 
libre. 

Le pdriodonte propremen,t dit (c.h.d. les parties linguales et latkrales) 
rCpondaient au traumatisme par des rkactions tissulaires rkversibles, rC- 
vClkes par des alt6rations circulatoires et Line prolifkration des cellules mC- 
senchymateuses, atteigriarit un niaxirnuin tie six heures trois jours aprbs 
l’action traumatique. I1 se prodiiisait ensuite un retour progressif & la nor- 
male au cours d’une pCriode de 14 jours. La comparaison avec les animanx 
t Cmoins 21 jonrs aprks l’action traurnatique ne r6vClait pas de diffhrence. 

Le pIriodonte vestibulairr, 1’0s alvr‘olaire compuct du  cdtr‘ umtibulaire 
et l’bpithdium udamantin prksentaient des rCactions tissulaires irrCver- 
sibles. Les cellules de  1’CpithClium adamantin subissaient une dkgCnCration 
et urie dCsintCgration en dehors des zones germinatives du fond de  l’alv6ole. 
La lame osseuse compacte vestibulaire se rCsorbait rapidement et n’ktait 
pas remplacee 21 la f in de la pCriode d’observation de 21 jours. 

ZUSAMMENFASSUNG 

GEWEBSREAICTIONEN I N  DEK PERIODONTALMEMBRAN INFOLGE EXTRAKTION 

DES NACHBARZAHNES 

E I N E  HISTOLOGISCHE UND AUTORADIOGRAPHISCHE UNTERSUCNUNG MIT 

MEERSCHWEINCHEN 

Die periodontalen GewTeLe der Schneideziihne im  Unterkiefer des Meer- 
schweinchens verbleiben normalerweise im Gleichgewicht. Die Resultate 
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dieser Studie deuteten dsrauf hin, das Luxation und Extraktiori des Nach- 
barzahnes dieses Gleichgewicht storen. Auf das Trauma reagierte die perio- 
dontale Membran (d.h. linguales und laterales Segment) mit reversiblen 
Gewebsrealctionen festgestellt durch Kreislaufstorungen und Proliferation 
der Mesenchymzellen. Diese Realction (Proliferation) war am deutlichsten 
sechs Stunden bis drei Tage nach dem Trauma. Danach normalisierte sich 
allmihlich der Zustanrl innerhalb vierzehn Tage. Observationen 21 Tage nach 
dem Trauma unterschieden sich nicht von denen gemacht uber Kontrolltiere. 

Buklcale Periodontalmembran, kompakter buklcaler Alveolarknochen zind 
Schmrlzepithel demonstrierten irreversible Gewebsreaktionen. Die Zellen 
des Schmelzepithels ausserhalb der tiefsten geiminativen Gebieten zeigten 
Degeneration und Aufliisung. 

Die bukkale kompalcte Knochenlamelle wurde schnell resorbiert und nicht 
innerhalb der 21-tagigen Observationszeit regeneriert. 
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