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INTRODUCTION 

Earlier invesligations (Blackwood, 1966, oberg, 1964) have denionstrated 
that the rriain progenitor cell popidation to condylar grou th is represeritcd 
by the intermediate cell layer of the condylar growth 7one. Thi i  cell 1)o1)i i lLi-  

tiori is situated hetween the fibrous covering of the articular surface and tlic 
toritlylar cartilage (Fig. 2). Further, at the 1)resent time it is agreed u p t i  

that condylar growth follows a pattern of ossification a i  obiervetl in en(1oclioii- 
dral lione formation. 

Euperitriental studies have visudizetl that the rontlylar groM t l i  /one, 

through altered activities of the proliferative rate in the interniediate cell 
layer, reacts upon condylar displacement with alterations in condylar grow I h 
rate (Baume & LjrrLchweder, 1961; Folkr & Stallaid, 1966, 1967; (,"hcii 1irt 

c't NI., 1969). 
It is noteworthy to observe ilial m earlier study (Gilhuu>-I2loe, 1969) 

has revelatl that the intermediate cell layer of the condylar grov t ti /one, 
follou ing subcondylar fracture displacement, reacts to the trauma in the 
same irianner a5 do any undifferentiated cell population. In this experimen- 
tal study it was thus observed in young, rapidly growing guinea pigs that 
a significant increase in cellular proliferation within the intermediate cell 
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laycr of the coiitlylar growth zone oc:cwrretl ininietliately after the fract lire 

displaceinent. This iricrease reached a niaxiiiiuni 24 -48 liours following 
the fracture and was followed by a gradual decrease in cellular proliferation 
tlirough a 4 weelis period. 

In this way the intcrnicdiate cell layer of the coiitlylar growth zone reacte(1 
to trauma in the same way as did the inaiidibular pcriosteuni. These reac- 
tioris were similar to those observed in the tibia1 perioatenm following frac- 
ture ciisplacernent (Tonria, 1961). Aiial(~goiis ohservations have been made 
in the periodontal nieinbrane of the guinea pig. (Jolianserz & Gilhuus-Mot,, 
1969). Following any fracture trauma a distant effect npon cellular pro- 
liferation within the periosteuin has been 01)servetl (Toriria, 1961 ; Tonria 8 
Crorikitc., 1961 ; Gilhuus-MOP, 1969). 

‘fhe present investigation was perfornied to ol,scrvc if alterations in 
cellrilar Indiferation within the nonfiacturcd nianclil~ular condyle occurred 
following fracture displacement of the contralateral condyle. Cellular reac- 
tions witliiri this cellpopulation apl’ear to he of interest following contralateral 
fracture trciiinia, since according to S i c h o  (1962) ))the teinporomaiidibular 
joint is a hinge joint with inovea1)le axis)). Acrording to this postulate it 
appears to  be inil)ortaiice to focus interest upon cellular proliferations withiti 
a cmritlylar growtlr miic following injury to the cwntraltitcral maiidihular 
contlylr. 

MATEHIA1.S AND METIIODS 

Yoniig, inale guinea pigs approximately 4 weelis of age, were used iii this 
study. Tlie animal population is iclentical to that clcsctrilied by Gilhuus-Moa 
(1969). In total 54 aniinals served as normal (control) aiiinials. These animals 
were itsrtl to obtain aii estimate of iiornial cellular I’roliferative activity 
witliiii the iiiterniediatc cell laycr of the condylar gro~. t l i  zone. In 31 animals 
subcondylar fractures I J ~  an open, percutau approach were perfornied at ihc 
right sidr. In 7 aninials sliarn operations were perforniccl. 

‘The aiiinials were sacrificwl at. intervals froin 6 liuurs to 28 clays after the 
fracture. H3 TDR (1MC/g hc ly  weight) was atliriiriisteretl throngli ;in intra- 
peritonal route 60 minutes prior to sacrifice. 

The speciinens were fixated in Lavdo is fixative, ant1 tlecalcifictl in 
20 T, formic acid. The eiidpoirit of clec:al(:ific:atiori was determined radio- 
graphically. Sections were prepared for light niic:roscopic examination aiicl 
for antoradiographic examination followirig tlic dippirig inetl-iotl. Kodak 
nuclear track emulsion ( N T l %  2) was used. Tlic coatcrl slides were exposrd 
for 24 days, tlevelopec1 and stairicd with hcinatmyliri. 
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In the prcac'rit (~\miiiicition tlie left noninjurccl condyle ewarriined, 
the number of Lilielletl cells of tlie intermediate cell layer registered 
ant1 the l~ibelinp incle\ (Ii) ,  - i.r. the nnrnher of labelled cells (Ns) in rela- 
tion to the totd riiinitwr of cells ( N) - \+'is tlvtcrniiiietl in each spwinicii. 

Tlie niantlilrular c~)ntlyle of t h c a  guinea Iiig reliresents ihe most cranial 
Iiort ion of the trim~lihle. l'he condyle is roller shaped with the greatest axis 
i n  ;in aiitero-postcrior direction. The ariutoinical features of the mandilrnlar 
conclyle in frontal scctions is shown in Figs. 1 and 3. 

1 he tissue layers of the froiitally sectiorie(1 coiidyle are shown in Fig. 2. 
l'lie major anatoniicd ant1 histological details of the mandibular condylc 
i i i  tlie guinea pig has been rrvici+erl I)y &crg (1964). 

r .  

OBSEHC-ATIOh 

7'11~. tlistrihtion of 1137'DK 1al)ellctl c:ds iii the intermediate cell layer of 
ihc. condylar growth zone reveals a constant pattern in the nornial guinea 
1)ig. (&erg- et al., 1967; Gilhiius-Moe, 1969). Labelled cells are exclusively 
ohserved in this cell hyer of the cmidylar growth zone, following a 60 minutes 
interval between isotope injectioii arid sacrifice ())flash-laheling))) Fig. 4. 

If labelled cells of tlie internic(1iatr cell layer are recorded to sernischeina- 
tic tracings, acwirdirig to a plane of sectioning revealed in Fig. 1, this clistri- 
1:)iiticin in a nornial animal is clernoiistral etl in Fig. 17. The labelling iriilcv of 
the internietliate ( ~ 1 1  layer of the noriii;il rontrol aiiirnal is estirriatctl at 

Following a frxti ire trauma of t lie riglit niandibular condyle, consiclerablv 
alterations were ollservetl in tlie intermediate cell layer of the contralateral 
left condyle. In this area, 24 hours after tlie fracture, a definite increase 
both in  total and relative iiiiniher of labellctl cells was observed. The seqiierict: 
of ol)scrvations is shown in Figs. 8-12 and Tahle I. 

TIE increase in iiuniiier of labelled cells, with the c:orrespoiiding increase. 
in lalieling index revealed a sharp peak within the first 248-48 hours after 
the trannia, returniiig to values siiiiilar to those observed in tlie noriiiol 
animals 5-7 (lays after the fractures. It can thus he postulated that the 
prolifc~ative activity of tlir noninjiiretl condyle is parallel to that of the 
fractured, displaced contralatcral ~iiaridil~ular condyle. 

0.0512. 0.005 ('rcrt Fig. I). 
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‘Text Fig. 1. Mrnn Inhelling intlcx of thc  intcinicdintP cell layer of the rondylar grofith Ionc. 

It was of interest to  ohsene  tli‘it t l i c  light iriicroscol)ic euarninatiori to  
some extent tlemonstr,ited these tii5ne reactions. An increased uitltli of the 
intermediate crll layer ~ 7 a i  thus olwrvetl (Fig. 6). The cell\ had lost their 
fl‘it I etirtl ,ippir.iiicr ant1 tiirnrtl into ‘1 cul)oitle,il shapc. 
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Fig. 1.  Schematic tracing right mandibular joint 

T: Articular fossa 
D : Articular disc. 
Z: Zygomatic arch. 
C.H: Condylar head 
E.N: Condylar neck 
S: Subcondylar region 
R.L.13 : Ranius and lower border of niandibl~~ 
1, 11, 111, IV: Jlasticatory muscles. 

Fig. 2. Tissue laycrs of thr  left mandibular condyle, (I1 + E X 280) 

S: Superficial cell layer 
F: Fibrous cell layer 
I: Intermediate cell layer 
C: Cartilage. 

Fig. 3.  Left teniporomantlibular joint, (H 1- 1.: < :10) 

T: Temporal bone 
D: Articular disc. 
G: Condylar growth zone 
C.H: Condvlar head 

Fig. 4. Left condylar pro% th  zone of normal (control) animal. (Autoradiograph 700) 

F.Z: Fibrous cell layer 
1.C.L: Intermediate cell layer with HYTDR labelled cells 
C: Cartilagc 

k'ig. .5. Left condylar growth zone. Experimental animal. 24 hours following subcondylar 
fracture displaccmrnt of the right (contralateral) mandibular condylc. (Autoradio- 
graph x 700) 
F.Z: Fibrous zone 
1.C.L: Internietliatc ccll layer 
C: Cartilage 

l'ig. 6. 'Tissue laycrs of the left mandibular condyle48 hours following fracture displacement 
of the contralateral condyle. Observe incrcascti width of the intermediate cell laycr. 
The cells have lost thcir flattened appearance and turned into a cuboidral shapr. 

S. : Superficial cell layer 
I?. : Fibrous cell layer 
I.: Intermediate cell laycr. Ohserve incrcase in width of cell layer 
C. : (:artilago 

Fig. 7-12. Tracings: Distribution of IISTDR labclled cells in the growth zone of t h i s  I r l t  
mandibular condyle. Kach point reprcscnts two labelled cells. 

Fig. 7. Normal (control animal) 
Fig. 8 .24  hours after fracture displacemcnt of the contralateral fracture. 
Fig. 9. 48 hours aftcr fracture displacement of the contralateral fracture. 
Fig. 10. 7 days after fracture displacement of the contralateral fracture. 
Fig. 11. 14 days after fracture displacement of the contralateral fracture. 
Fig. 12. 21  days after fracture clisplacernent of the contralateral fracture. 
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DISCUSSION 

Froill .i:,nc,ri)hological point of iiew, histologic examination has given vdh-  
able i l l  forination coriccriiing mandibular and condylar groN th arid remodel- 
ing ( IVallter, 1960; Boync, 1967; Gilhuu,-Moe, 1969). 

111 the preserit examination flash-labeling technique has heen used, i.e. 
nietliod giving a n  image of cellular kinetics within a cell population at the 
time of sacrifice. Tliroiigli earlier examination5 using this particular method 
(FolXc & Stal laid,  1966; Charlzei ~t al., 1969) it liai been demonstrated 
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that condylar displacement by means of orthodontic devices, initiates in- 
creased cellular turn-over within the cell population of the intermediate cell 
layer. An analogous, however, a much more marked elevation in proliferative 
rate, is observed within the same cell poplation following subcondylar 
fracture with displacement of thc mandibular condyle (GiZhuu+Moe, 1969). 
These reactions of the intermediate cell layer demonstrate capacities sirriilar 
to those of any undiffcrentiatetl cell population. 

According to present concepts, the condylar grow th zone contrihulea to  
mandibular bone growth by endocliondral bone formation. This growth is 
initiated through proliferation of the intermediate cell layer. As a natural 
consequence, increased proliferation in this progenitor cell IioIiulatioii is 
followed by morphological change within the chondrolilastic and  chon(1ro- 
cytir cell layers. The observed increase in width of the ))epiphyseal-like)) coiitly- 
lar cartilage following condylar fracture displacernent (GiZhuu+Moc~, 1969), 
‘tnd coiidylar prol~iilsioii also (CharZier ct at!, 1969), could be tlenioristrated 
to ‘I lcsi extent in the contralateral, nonfracturetl Inantli1)ular condl le. 
The incre‘isc in mitotic activity of the intermeiliate re11 layer of tlic condylar 
groM th zone was parallel hotli at the fractured side and the contralateral 
nontrauniatized side (Text Fig. I). At both sides an initial s l i q i  increase 
followed by a mild decrease in mitotic acti1 ity roiiltl be revealed. 

This rapid reaction in the ))noritraumatizr(l)) cwidyle differs definitely 
froin the rather slow reaction as dernonstratetl hy FoZki, mcl ,Stallcud 
(1966) following condylar propls ion  in tlic rat. This reaction M itliiri the 
condylar growth mile of tlica ))iiotilr~iiiriatizecl)) contl~le,  suggest5 that 1 cry 
rapid altcratioris in fossa-condyle relations ocmr iri the teriif)oro”iaiiililJiilar 
joint contralateral to the joint suffering from contlylar fracture displacenient. 

It that the coritlyl~r growth zone in the guinea 
pig reacts to fracture trauma hy alterations iri mitotic activit), a reaction 
occurring both at tha fractured as well as in the nonfracturetl conilyle. Tile 
latter reartion af)prms I o he re1,ited to tlic altcrctl anatomical relations lie- 
tween mmc1il)ubr condyle arid artic iilar fossa. It niiglit t h i s  be concluded 
that even minor traum‘is initht e rapi(1, o1)serv e,ible d t  eratiotis in mitotic 
activity. These reactions slioiild IJC ri.late(1 to ordiiiciry ‘i(IaIiti\ t’ reslmrisiv e 
in any memliranc bone, and support the tli of ‘I high tlcgrccl of aLipt- 
,ibility of the ~naridil~ular c~)ndylca t o  traiiniatic. Irsioiis. 

It appears reasonalile to  a 

YIJMMARI  

This study was performed to inveitigatc tlic cellular reactions within tlic 
intermediate cell layer of the mandibular condyle in yoiing guinea I’igs 
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following fracture displacement of the contralateral condyle. For this reason 
autoradiography with tritiated thymidine (H3TDR) was used. I t  was thus 
ohserved that unilateral condylar fracture displacement initiated a rapid 
increase in proliferative activity of the fractured condyle as well as in the 
contralateral, nonfractured condyle. The increased mitotic activity followed 
the same pattern in the condylar growth zones at both sides and these reac- 
tions were siniilar to those observed in any niesenchymal cell population 
following trauma. It was assumed that these observations of the proliferative 
activity in this particular cell population are related to the pronounced adapt- 
ability to traumatic lesions observed in the mandibular condyle. 

FRACTURES DU CONDYLE MANDIUULAIRE PENDANT LA Pl?RIODF DE CROISSANCE 

OBSEHV.4TIONS HISTOLOGIQUES ET AUTORADIOGRAPIIIQUES DANS LE CONDYLE 

C O N T R O - L A T ~ R A L ,  N O N  T R A U M A T I S ~  

Ce travail a Ct6 effectud dam le but d'6tudier les rdactions cellulaires se 
prorluisant h l'intdrieur de la couche cellulaire intermddiaire du condyle 
rnanclibulaire chez de jeunes cobayes aprbs fracture avec d6placement du  
condyle opposd. Ceci a 6th fait par aiitoradiographie en utilisant la thymidine 
tritike (H3TDR). On a ainsi observC que la fracture unilatkrale du condyle 
avec: dPplacement provoque une rapide augmentation de l'activit6 prolifkra- 
tive, tant dans le condyle fracture que dam le condyle opposC, non fracturC. 
L'activitC mitotique anginentait suivant le m&me plan dans les zones de 
croissance condylaires des deux cbtds, et ces reactions 6taient semblables 
h celles que l'on observe dam n'importe quelle population cellulaire mksen- 
cliymateuse aprbs traumatisme. I1 est h supposer que ces observations sur 
la prolifkration ayant lieu dam cette population cellulaire particulikre sont 
likes i la notable adaptabilit6 aux lesions traumatiques que l'on observe 
clans le condyle mandibulaire. 

ZUSAMMENFASSUNG 

FRAKTUREN DES KIEFERGELENKFORTSATZES WWHREND DES WACHSTUM 

HISTOLOGISCHE UND AUTOKADIOGHAPIIISCHE BEOBACHTUNGEN IN DEM 

ENTGEGENGESETZTEN, GESUNDEN GELENKFORTSATZ 

Iliese Untersuchung wurde ausgefuhrt um die zellulare Reaktionen innerhalb 
des intermediaren Zellschichtes im Kiefergelenlikopf von Meerschweinchen 
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ZII studieren, dcren cntgegengeset~te Proreisus (wii(1ylaris 'ius ihrri G t x -  

lenkpfanne frabturicrt w d e .  
IIierzn Murde Autorat1iograE)Iiic henntrt, aiisgefiilirt iiiit ra(lio,ill~i\cni 

'rhyinidin (IISTDR). Es wurdr  gefinitlen, d einr einheitige Gelcnhfort- 
satzfraktur eine verniehrte prolieferierende 4litivitdt ini Gaiige setzte +on oh1 
anf den1 verletzten ali auch auf den gesiinden ~elenhfortsatz. Die verrnehrte 
initotisclie Aktivitit folgte beiderseits ddsselbe Mnster, iind diese Realdionen 
Lihnelten diejenigen die man in jeder mesenrliynialer Zellansanimlung nuf 
Grund einer SchBtligung findet. 

Es wurde angenornmen, dass die Observationen, (lie I)roliefericrende 
Rlitivitdt in dieser speziellen Zellansamnilung ergahen, iriit der aii-ge- 
sprockienen Anpassmigsf;ihigkcit (lei Kirfergelenkfortsatzes an Verle~/ungen 
veruandt sind. 
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