
From: 
The Departments of Oral Surgery 
and Perindnntolngy 
University of UmeP 
Umei 6 ,  Sweden 

T H E  BORDER ZONE TOOTH-ENAMEL AND EPITHELIUM 
AFTER PERIODONTAL TREATMENT 
i l N  EXPEKlMENTAL ELECTRON MICROSCOPIC STUDY IN THE CAT 

by 
H. THILANDEK 

4. I I L G O S O h  

INTRODUCTION 

111 I921 Gottlieb published a study, in which he contested the earlier opinion 
{ i . ~ .  Black, 1915) that the bottom of the gingival pocket was located at the 
cemento-enamel junction. According to this opinion there existed a true 
epithelial attachment and this view of Gottlieb's was generally supported 
until 1952. In that year Waerhaug, hacked by different experimental 
procedures, stated that the epithelium formed a cuff around the tooth and 
that there was no organic connection between these two tissues. Since then 
inany ivorks have attempted to throw more light upon this question and 
inany different techniques have been applied, comprehensive surveys of 
which are to  be foiintl in modern text-books. 

1 he electron microscopic appearance of the zone between enamel, cenien- 
turn and epithelium has been studied by Stern (1962, 1963), Listgarten 
(1966a, b, 1967), Selvig (1966) and Ito, Enomoto & Kobayashi (1967). 
In broad outline these authors have found that the border zone consists 
of hemidesmosomcs, a cementing layer and one or two types of cuticles. 

N o  report has, however, dealt with the fine structure of this border zone 
after conservative periodontal treatment i.e. if there exist a real re-establish- 
ment from a struc,tural point of view. The purpose of this study was therefore 
to investigate this problem experimentally in  the eat. 
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One third of the specimens were then cleliydrat ed in graded ethanols a n t 1  
without. any deniineralizat ion embedded iu Epon. The remaining two thirds 
of the specinicris were first deniiiieralizetl iii EDTA at pH 7.4 antl 3 Y C ,  one 
third for 2 days antl the other for 4 days before the embedtliiig in Eport. The 
E p r i  mihture used consisted of equal parts of E p n  812 arid Natlic* methylir 
ariliytlritle in order t u  make the Epori as hard as possible. 

The specimens u-ere trimmed with a diarriorid stone iii a drrital ettgirie 
uiitler a witer spray coolant. The location of the trimmed arras is sliown in 
Fig. 2. Sections for orientation were ohtainetl by cntting 1-2 micron t hick 
sect ions in an  ultramicrotome. 'These sect ions were placed on ortlinary glass 
slides arid were stained in toluidin blue. After final trimming according to  
the above-mentiorietl method the specimens %-ere sectioned in an LKH 
iiltrotome using a diamoncl ltriife (inclinaiioti 4.7"). The t h i i i  sectioiis werp 
stained with uraiiyl acetate or clouhle stained with uranyl acetate anti lead 
ciirate. Tlic sections were examined in a Philips electron mic:roscope K M  
:wo. 

ItESCLTS 

A t  the time for the removal of the specimens the marginal giiigiva of tlir cats 
was pink and firm and with no clinical signs of inflammation. Ligltt micro- 
scopic investigation revealed, how-ever, the normal feature of a slight iii- 
flamrnat ory reaction, especially in the most marginal part (Fig. 2). 

The tooth enamel and the epithelium was separated by- a 400- ~600 A 
thick osrriiophilic zone. This zone consist ed of a finely granular or occasionally 
filainentous suhstance. Bet ween the pocltet epithelium and this osniiophilic 
zone there was a less electron clcnse zone of about 500-600 A in w-itlth. Here 
hemitlesrnosornes are visihle with the typical lamellatecl appearance. The 
structural composition of this horder zone was quite similar to that hetween 
epithelium and connective tissue. The elect I'OII dense zone corresponds to 
the ordinary basement niernbrane of the laniiria clensa arid the less electron 
dense zone to the lamina lucitla. 'The sarm nomenclature will therefore bc 
used in the following. 

The hemidesmosomes were long ant1 seemed t o  be a rather contirnious 
structure, interrupted only hy  irivagiriatioris in the cell membranes and by 
the orifices a€ the intercellular spaces (Fig. 3 ) .  The invaginatioris were filled 
or partly filled with a substance morphologically similar to that of the lamina 
lucida. Often filamentous Ftructiires seemed t o  extend from the peripheral 
density of the hemidesmosonies t o  the basement membrane. 

*) The electron microscope wab kindly put at the authors' disposal by Dr. G. Ulooni, the 
Department of Histology, linivrrsit) of Urn& 
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Fig. 3. Electron micrograph of the border zone epithelium-enamcl. No cuticul'i-like structure 
is visible. The lamina densa is distinct and the hemidesmosomes show a tliffrrrnt length. 

e.r. = enamel remnants. ep. = rpittrtLim. X 72.000 
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origin may, Iiowever, be cpeslionerl as no siich cuticle has beer1 foilnd in 
iincruptecl teeth (Listgurten, 1966 b). The ~ y p e  A ciiticle of Listgarten seems 
to he of cementa1 origin judging from its structure arid its location in close 
relationship t o  the ceniento-enamel junction. As mentioned above no kinds 
of ciilicles were observed in the prescnt material antl there may he several 
possilde explanations for this. One is that the scaling procedures hatl removed 

. Another euplanatioii is that there 1iave primarily been no 
cuticles in the regions studied. 11 is possible that the type B cuticle or the 
secondary cuticle is an artificial product ant1 that the type A cuticle olily is 
connected with the prescrice of cenicntiirn, ii rcgiori which riot has Itetri 
investigitetl here. 

1 lie horder zone hetween eriamel-ey)itheli~iiii and the opposite bortler 
r.I)illitliiiiii-coniiective tissue slioued here a similar structural orgariizatioit 
in t l rv  form of B lamina ~ Imsa ,  a lamina lucitla antl Iitrriiclesmosomes. Measure- 
iiierit s taken s h o u ~ d ,  I oo, that the ahovc-rneritionrd structures hatl the same 
dinit~nsioiis in tlic: ti4 o locations. This striict riral arrangernents semis thcre- 
fore I O  he the ueual meclianisiii for epithelial contwt. Tliis view is fiirllter 
supported by the obscrvations of Flaxinon, L./rtzncr & vanScott (1968). 
1 hey found riamely a siniilar arrangcrrierit as contact mechanisru het ween 
epidermal hasal cells a r i d  polymerized nitrocellulose i n  vitro. Not milch is 
knowii ahoiit the origin and cle\clopement of the lamina clensa. The resd ts  
of reccnt studies, in which different technicpies have heen used, suggest, 
however, the larniria tlensa to Ire a product of epi~helial origin (Kurtz & 
Fc.ltlnici,ii, 1962 ; Stidlcm?, I h b  & Zandcr, 1965 ; Rliiniclir, Rode & IVicdorf, 
1969). The findings in this study, where a lamina tlerisa was observ-etl hetu-ecn 
the epitkieliuni and thc enamel, arc in line wit11 this theory o f  an epithelial 
origin. 

I his contact mechanism l-jelwceii el)itlielirirn arid eriarnel must he of a 
tlynaniic nature. Beside the fact that  there xias an  re-rsialJlislirrieiit after the 
scaling procedures in this material, the tlyiamic riatiire of  this coritact 
mechanism is stressed hy tre fact that there is a continuous replacement of 

cpithelinl cells iii the epithelial cuff. Further irwestiga: ions may throw light 
U ~ O K ~  the time necessary for a reestablishment after an  injury antl the sib- 
stances d i i c h  niay affect this contact niecliariism he1 m e n  epit lieliiini arid 
enamel. 
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su MIM m y  

An electron microscope investigation has heen carried out of the horder zonc 
epithelium-enamel in the cat after periodontal treatment. The material con- 
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Epitliel untl Rindegewebe Ireirihaltet. Die Messungen zcigten diselben Di- 
mensionen der koresl,oritlierentlen Strulkturen in den zwei Zoneri (die Lamina 
densa, die Lamina lucida und die Hcrnitlesmosoinen). 
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