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INTRODUCTION 

The existence of an intcrmediate plexus in the periodontal membrane of 
continuously erupting molars in  the guinea pig was suggested by Sicher (1923). 
He described a zone in the middle of the periodontal membrane where the 
collagen fibers from the alveolar bone and those from the cementum but- 
tons seemed to interlace. Sicher (1923) stated that this zone was frinctioiiing 
as a rearrangement area for the periodontal fibers from both the cementum 
huttoris and the bone to maintain the direction of the periodontal fillers 
during the continuous eruption of the tooth. The concept of an intermediate 
plexus in the guinea pig molar has been supported by Hunt (1961), and 
similar interpretation of histologic slides have been made in ralhits by  
Eccles (1961), rats by Sicher (1942), monkeys by Goldrnan (1962) and in 
mice by Stallard (1963). Furthermore, Orban (1962) proposed that a some- 
what rnodified intermediate plexus is present in the hriirian periodontal 
membrane. 

On the other hand, many workers (Crumley, 1964; Zwurych & Quigkey, 
1965; Ramos & Hunt, 1967) dispute the presence of an intermediate plexus. 
Recently Hindle (1967) would riot exclude the possibility of an intermediate 
plexus in the periodontal membrane of the rat incisor after using polarized 
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light microscopy, a i d  Mclchcr (1968) supported the same view after experi- 
mental trauma to the periodontal membrane in the same species. 

From a review of the literature, it becomes evident that rimst of the authors 
that maintain the concept of the intermediate plexus have used an  experi- 
mental approach (Coldnzan, 1962 ; Stullard, 1963; Melcher, 1968) Ivhich 
has supplied new information ahout the function of the intermediate plexus 
under varying conditions. 

The continuous eruption of the guinea pig t eeth necessitates a continuous 
remodelling of either the cementum, tlie alveolar bone or the periodontal 
fibers, or all of tliesc tissues in order to maintain a constant direction of tlie 
periodontal fibers. The present paper describes the results of mechanical 
injury t o the periodontal membrane of the guinea pig molars following a 
technique introduced by the author (Johunsen, 1960). 

MATERIAL AND METIIODS 

Twenty-four healthy guinea pigs of both sexes, weighing between 3 0 0 4 0 0  
grams, were anesthetized with intraperitorieal Nembutal or Ly inhalation 
of an ether-air mixture. A slowly rotating small fissure bur was introtlncetl 
between tlie riglit maxillary first arid second molars, starting iri the middle 
of the palate. By this procedurc the laceration of the interdental papilla was 
avoided. l h e  bur was used to  produce a mark in both the tooth surface antl 
tlie interdental bony septum. Since the teeth are continuously erupting, tlie 
disrance between the hur rnarlc in the tooth and in the septum served as a 
measurement of the distance of the eruption during the post experimental 
periods. By this technique, an undamaged part of the tooth would erupt 
opposite the defect in the septum, and tlie marked tooth would be carried 
coronally opposite an undamaged part of tlie interdental septum. This pro- 
cediire allowed a study of the response of the various parts of the periodon- 
tiurn during eruption. The animals were kept in separate cages after tlie 
experimental procedure. The left maxillary molars and the second and third 
molars of the experimental side were used for control. The animals were 
sacrificed after observation periods varying from 2-20 days. The jaws were 
dissected, fixed in 10 7; neutral buffered formalin, decalcified in 5.2 % 
nitric acid (or in a formic acid-sodium citrate solution), antl serially sec- 
tioned lorigitudirially at 5 microns. 

The sections were stained with hematoxylin and eosin for orientation and 
general morphology, with elastic tissue stains (Weigert’s and Verhoeff’s and 
with connective tissue stains (hlallory’s, Masson’?, van Gieson’s and Gomori’s 
silver stain). 
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OBSERVATIONS 

All animals survived the experiment. It turned out to be difficult to produce 
wounds which were exactly alike in sizc and location. In some animals the 
lesions were made either too far apically or too far coronally whereby the 
optimal conditions for studying the periodontal membrane changes were 
reduced. However, the findings throughout the series were so consistent 
that this lack of reproducibility was not an imporlant factor. 

Fig. 1 shows the normal interclental septum between the first and second 
maxillary molars in a control specimen. The principal fibers (f) are running 
from the cementum buttons (c b) through the region of the intermediate 
plexus (p), to the alveolar bone (a b). Within the alveolus the fibers are 
oriented obliquely in contrast to the fibers at the alveolar crest which are 
horizontal. 

Fig. 2 shows the lacerated papilla between the first and second molar after 
two days observation time. The normal orientation of the principal peri- 
odontal fibers is interrupted. The horizontal arrangement as seen in Fig. l 
is not present, and a zone with vertically orientated fibers is predominant. 
This zone (p) is clearly wen at a higher magnification (Fig. 3) .  The normal 
orientation of the principal fibers has changed. Instead of running horizon- 
tally or slightly obliquely they now rim in a changed direction, i.e. from the 
cementum buttons and apically. 

Fig. 4 shows a specimen at the three day observation time. Close to the 
wound the inflammation has destroyed the normal arrangement of the peri- 
odontal membrane (Fig. 5). Fig. 6 is from the same specimen in a more 
coronal position. It represents a transition zone where the fibers again appear 
and are orientated. Further coronally in the same specimen the direction 
of the fibers is again normal, (Fig. 7). 

After five days observation time (Fig. 8), the distance of eruption of the 
tooth should be particularly noted. In contradistinction from the animal 
with a two day observation time (Figs. 2 and 3) ,  no fibers or cementum but- 
tons are seen on the tooth in wound area. 

Fig. 9 is a high power illustration from an area apically to the wound in 
Fig. 8, and shows the fibers originating from the tooth and the bone inter- 
vening in a plexus with no distinct orientation. Coronal to  the wound the 
cementa1 fibers have followed the tooth in its eruption (Fig. lo), and their 
direction is changed. The zone of the plexus is not discernible. Further 
coronally (Fig. 11) a transitional zone is seen where the intermediate plexus 
zone reappears. A normal arrangement of the fibers is found still further 
coronally (Fig. 13). 
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Fig. 12 shows the mesial part of the periodontal membrane from the first 
maxillary molar on the experimental side of the same ariinial as in Fig. 8. 
There is a total dearrangement of the periodontal membrane. Fibers pro- 
fusely inlermingled with inflammatory cells can be distinguished, and there 
is a cfecreased number of connective tissue cells as compared to Fig. 13. 

Sequestration of the marginal crest w;?s observed after eleven days oh- 
servation time (Fig. 14). The principal fibers, attached to the sequestra, had 
changed direction. There was apposition of bone at the top of the new septa1 
margin, arid there was normal fiber direction in this area. 

Sections stained with Gomori’s silver stain showed more clearly the fiber 
direction which was changed in the specimen from an animal with six 
days observation time (Fig. 15). A neighbouring section from the same 
specinien (Fig. 16) stained with Iiematosylin-eosin, does not show the fiber 
direction so clearly, but other tissue elements are more easily distinguish- 
able. 

PLATIS I*) 

Fig.. 1. Shows the marginal septum from a control animal between the maxillary right first 
and second molars. The space occupied by enamel before decalcification, (e s) is seen on both 
sides together with the enamel epithelium (e e) and the remnants of the incompletely calcified 
enamel matrix ( e  m). The principal periodontal fibers (f) are running in a coronal direction 
from the cementum buttons (c b) through the intermediate plexus zone (p) to the alveolar 
bone (a b). Above the septum the fiber direction is more horizontal. Hematoxylin and eosin 
(HSE). 

*) All illustrations are orientated with the apex of the tooth towards the bottom and 
the coronal portion towards the top of the page. 

Abbreviations 
a h 
c b  
c f  
d 
e e  
e m  
e s  

alveolar bone f principal fibers 
cementum button 1 p lacerated papilla 
changed fiber direction n b apposition of bone 
distance of eruption p intermediate plexus 
enamel epithelium s sequestra 
enamel matrix t transitional zone 
enamel space w wound 
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l’latc 11. 
Fig. 2. Is a survey photomicrograph of the intcrtlcntal bony septum with a lacerated papilla 
(1 p) from an animal with two days observation time (H+E). 

Fig. 3. Shows the upper right part of the section at a higher magnification. The fiber direc- 
tion is now changed (c f), from the cenientum buttons (c b), to the intermediate plexus (p) 
which is seen as a longitudinally orientated zone, more promincnt than in Fig. 1. Compare this 
to the direction of the principal fihcrs (f)  in Fig. 1. The wound (w) is sern in the iipper Icft 
corner of the illustration. (H+E). 

Plate 111. Three days observation time. 
Fig. 4. Is a snrvey of an apically induced wound (w) after three days observation tirne, show- 
ing destruction of the normal anatomy of the pcriodnntal membrane. 

Fig. 5. Higher magnification of an apical part of the earne section showing disorganization 
of the principal fibers, inflammation and extravasation of red blood cells. (11s E). 

Fig. 6. High power photomicrograph a little more coronally than the previous illustration. 
Inflammation is less pronounced, the intermediate plexus is not discernible. At the top somc 
principal fibers are seen. (H+ E). 

Fig. 7. Is taken a little more coronally than Fig. 6. Here the principal fibers are again nor- 
mally oriented, running from the tooth, (left side of the illustration) in an oblique dircction 
to the alveolar hone (right side). Some inflammatory cells are seen. (H+E). 

Plate IV. Five days observation time. 
Fig. 8. Survey of a wound from an animal after five days observation time. The distanrc of 
eruption ((1) and the tissue changes around the wound are scen. (H+E). 

Fig. 9. Higher magnification of the periodontal membrane apical to the wound in Fig. 8. 
The intermediate plexus (p) is seen between the principal fibers from the crmcntirrn and 
the bone. (H+E). 

Fig. 10. Shows change in fiber direction (c f )  and no intermediate plexus coronal to thc wound 
in Fig. 8. The fibers have followed the tooth in its eruption, no rearranging has taken place; 
therefore the fibers show changed orientation. (H+E). 

Fig. 11. Even more coronal than Fig. 10, from the same specimen as Fig. 8. Showing a transi- 
tional zone (t) where the fibers are not noimally orientated, but not as changed as in Fig. 10. 
The intermediate plcxus (p) is seen. (H+E). 

Plate V. 
Fig. 12. Extravasation and inflammation have disturbed the intermediate plexus and the 
normal arrangement of the principal fibers in the periodontal memhranc of a ncighbour 
tooth. Five days observation time. (H+E). 

Fig. 13. Taken more coronally than Fig. 11 from the same specimen as Fig. 8. The inter- 
mediate plexus (p) is evident and the piincipal fibers (f) are normal in  their direction. The 
transitional zone (t) also seen in Fig. 11 is seen further apically. (HSE) .  

Fig. 14. Sequestration of the marginal crest after 11 days. The principal fibers, with changed 
direction (c f )  remain attached to the seqiicstra (s). There is apposition of bonc (n b) at the 
crest and here the fibers (f) are normally orientated. 

Plate VI. 
Fig. 15. Wound (w) after 6 days observation stained with Gomoris’ silver stain. Therc is 
changed direction (c f )  of the principal fibers and no intermediate plexus in the vicinity of 
the wound. 

Fig. 16. A neighbouring section from the same specimen as Fig. 15. The cellular details are 
more clear, but the fihers are not as well seen as in Fig. 15. 
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DISCUSSION 

A reurrangenierit of the periodontal niemhrane in t lie guinea I)ig lakes 1)l;ice 
constantly under normal conditions. This is necessary t o  maintain a constant 

tlirectioii of tlie principal 1)eriorlontal fibers diiring the coii~iiiuous eriil)tioii 
of tlie teeth. Under the rxperirriental coriditions a complete change in t lie 
direct ioii of t hese fibers has been demonstrated. The experirnental inter- 
ference with the nornial function of the periodontal rnerril)rane resnltc(1 in  
a clistnrbance of the normal arrangement process of the fibers. The  filpcrs 
rernained attached to the bone arid to the ceinentum above the wountl, h i i t  

with a clistinct charige in their orientatioti. An explatlation for this cliiinge 
in direction cannot he forwartletl without acccpiirig a rearrangement ('a11a- 
city of a zone between the cementurn huttoris a i d  tlie septa1 1Jone. This m11c 
is highly susceptible I o changes in the environment. It looses its rearrang- 
ing fiinc:tion close to the woiiiid, it is less irifluericed at sonic distance from 
the woiind (the transition zone) and still fiirther away from the ~ - o i m ( l  it is 
not affected. 

Autoratliograpliic studies in the guinea pig have shown an even (list ribu- 
tion in the uptake of 311 proline by cementurn, periodontal fibers and septa1 
hone (Ranzos 8r H m t ,  1967). A higher nptake of 311 proline along the 
alveolar wall was reliorted by Crirndey (1964), who suggested that tlie nor- 
mal periodontiurn is forming collagen at a rate very near ils potential (:a- 
pacity. However, this does not. exclude the possibility of an existing inter- 
iriediatc plexus with a rearranging function. The even uptake of 311 1)roliiie 
i n  t lie entire width of tlie periodontal membrane can he explained by an  
existing 1)ool of proline in the zone of the interirietliate plexus w-hicli is re- 
niilized. Therefore, no increased uptake of 3II proline would be seen in t he 
autoradiograplis. 

The observations in this experiment support the concept of an inter- 
mediate plexus with a rearrariging fiinction in the periodontal rneml)rane of 
guinea pig molars (Sicher, 1923). The apparent sensitivity to changes in the 
homrosiatic state of this plexus seeins to agree with Hitsdle (1967) ulio 
suggested a less mature zone of fillers in the niiddle of the periotlontal tricni- 

h n e  of incisors in the rat. 

S U MbIARY 

A slowly rotating sinall fissure bur was iiitrodiiced hetween the maxil1,iry 
first and second molars in 24 anesthetized guinea pigs in order to mark the 
teet h and the interdental septum. After varying ohservatioii periods the 
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aiijinals were sacrificed and the teetli and the periodontal rnenibranes were 
studied histologically. 
-4 change in the nornial orientation of the principal fibers was observed 

after the trauma. This finding was taken to support the concept of an inter- 
niediate plexus in the middle of the periodontal membrane. 

RCSUM C 
RCPONSE DU PLEXUS I N T E R M ~ D I A I R E  DES MOLAIHES DU COBAYE AU TRAUMATISME 

E X P ~ R I M E N T A L  

Chez 24 cobayes anesthksiks, une fraiee h fissure tournant i faible vitesse a 
PtC introduite entre les premi6res et les deuxihes  niolaires supkrieures afin 
tle rep6rer les dents et le septum interdentaire. Apri.s des pkriodes d’observa- 
tion de diffkrentes durkes, les animaux ont 6tC sacrifiks et une Btude histo- 
lopique des dents et des desmodontes a k t k  faite. 

Un changernent de l’orientation normale ties fibres principles a CtC ob- 
serve a p r h  le traumatisme. Cette constatalion viendrait i l’appui de l’idke tie 
l’existence d’un plexus intermkdiaire h la partie nioyenne du desmodonte. 

ZUSAMMENFASSGNG 

REAKTION DES INTERMEDIATEN PLE;XUS DES MOLARZAHNES BEIM MEEH- 

SCHWEINCHEN AUF EXPEKIMENTELLES TRAUMA 

Ein langsam rotierender kleiner Fissurbohrer wurde zwischen den1 ersten 
und zweiten Oberlciefermolarzalin bei 24 aniistliesiert.en Meerschweirichen 
eingefuhrt, urn die Ziihne und die Zahnwurzelumwiinde zu markieren. Nacli 
verschiedenen Observationsperioden wurden die Tiere getiitet und die Zahne 
iind periodontalen Membranen hist ologiscli untersucht. 

Eine Veranderung im normalen Verlauf der Hauptfasern wurde nach 
dem Trauma beobachtet. Dieser Befunrl wurtle als Unterstiitzung des Kon- 
zepts eines intermediaten Plexus in der Mitte der periorlontalen Membrane 
anpesehen. 
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