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INTRODUCTION

The radicular cyst develops from an apical granuloma either
by epithelial proliferation and subsequent lining of a cavity with-
in the granuloma (Hammer, 1934, Kronfeld, 1955) or by a break-
down of a central part of an epithelial nest located in the granu-
loma (Hill, 1930).

The expansive growth of the cyst is dependent upon the os-
motic pressure within the cystic fluid (Tratman, 1939, Stokke,
1956); this pressure has been measured by Toller (1948) and
Stokke (1956). The osmotic pressure is considered to be prima-
rily due to inflammation, which results in decomposition of des-
quamated epithelial cells, with a subsequent rise in the molarity
of organic components (Stokke, 1956).

The light microscopic features of the radicular cyst are fa-
miliar. The object of the study reported in this paper was to
analyze the fine structural characteristics of the capsular epi-
thelium.

MATERIAL AND METHODS

The material comprised twelve radicular and residual cysts
which were studied by electron microscopy (Table 1).

Immediately after careful removal of the cystic capsule from
the bony cavity a small piece about 2 mm wide was immersed
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Table 1

Presentation of material

! : Type of cyst: . Appearance of epithelium
| Sex & age |- \ i
| Inflam- Light
Cyst of | Radicular b ¢ Electron
. | Position d mation = microscope — .
no. patient i ‘ Residual ‘01 2]/ 06 1 o |microscope
|
1 F . 37 Maxilla Ra X x | found
2 M4 » Re X X »
3 F 33 ° Mandible Ra X X »
44 | F 33 1 » Re  x X not found
5 M 39 v Ra " X X found
6 F 56 Maxilla Re X X »
7 M 40 | Mandible Re X X »
8 M 67 | » Re | X i x | not found
9 | M 70 > . Re ; x| x | found
10 | M 63 » i Re ‘ X X »
11 F 42 | Maxilla | Ra : X X »
12, M 58 | Mandible Re x x »
| ! v
Male: 7 Maxilla: 4] Ra: 4 '3 5 4.1 4 7
Total: f 3

Female: 5 Mandib.:S% Re: 8

1 Cysts nos. 3 and 4 were from one patient.

{
E 0: no inflammation, 1: moderate or mild inflammation, 2: severe inflam-
mation.

¢ 0: not present, 1: local, 2: covering the cystic cavity.

in cold, one per cent buffered osmium tetroxide solution (Rho-
din, 1954) and kept at 5° C for 2—3 hours. After rinsing and
dehydration the specimen was embedded in Epon or Vestopal.
Thin transverse sections of the epithelial capsule were cut with
an Ultrotome (LLKB), collected on Formvar-coated copper grids,
stained in 1.5 per cent uranyl acetate or lead citrate solution and
examined by electron microscopy (Siemens Elmiskop I). The rest
of the cystic capsule was fixed in 10 per cent formaldehyde and
submitted to routine histologic examination.

RESULTS
In two capsules no epithelium could be found in the tissue
prepared for electron microscopy. In the other 10 specimens the
capsules were lined with a stratified squamous epithelium, which
was only 3—10 cells in height (Fig. 1).
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Fig. 1. Epithelial capsule from cyst no. 1. Between the epithelium and con-
nective tissue (Ct); is the basement membrane (Bm). The epithelial cells
(Ep) are separated by a large intercellular space (I). Large highly electron
dense nuclei (N). The cytoplasm (C) is split up by numerous less dense
channels and vacuoles. Flattened cells close to the cystic lumen (L). X 8,000.
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Fig. 2. Epithelial capsule from c¢yst no. 5. Long cytoplasmic processes of the

epithelial cells (Ep) project into the intercellular space (I). White blood

corpuscles (WBC) within the epithelium. Close to the basement membrane

(Bm) the half-desmosomes (d) are seen as thickenings of the plasma
membrane, X 22,000.

All 10 capsules displaved structures which are known to be
present in non-keratinizing epithelium of the oral cavity (Sogn-
naes, 1958, Themann, 1958, Fasske, 1959, Albright, 1960, Zelick-
son, 1962). However, the over-all pattern displayed considerable
differences between the specimens as regards the spatial relation
between the epithelial cells, the quantities of ribosomes, mitoch-
ondria, tonofilaments and desmosomes (compare figs. 1—4). In
several capsules the intercellular space was strikingly large and
numerous slender cytoplasmic processes were found (Figs. 1, 2).
In these specimens there were only a few desmosomes.
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Fig. 3. Epithelial capsule from cyst no. 3. Cells in the superficial part of

the epithelium are seen close together and the spaces between them are of

constant width (arrow-heads). These areas of proximity are easily di-

stinguished from the desmosomes (D). Mitochondria (m) can be identificd
even in superficial cells. L: Lumen. X 44,000.

A striking feature of a few of the capsules was the great num-
ber of mitochondria within the basal part of the epithelium (Fig.
4). They were often elongated and exhibited a distinct system
of transverse cristae. The mitochondria decreased in number to-
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Fig. 4. Cyst no. 6. Central part of epithelium. Tonofilaments (tf) and
mitochondria (m) are seen in the cytoplasm. I: Intercellular space. X 15,000.

wards the surface of the epithelium but could still be identiified
in the superficial cells (Fig. 5). Ribosomes, numerous in most
specimens and often ranged along a-cytomembranes, occurred
throughout the epithelium. Tonofilaments were present in all
specimens but varied in number from case to case.

There were no Odland bodies (OQdland, 1960), which are char-
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Fig. 5. Cyst no. 6. Part of superficial cell with nucleus (N), tonofilaments
(tf), mitochondria (m) and ribosomes (r). v: Vacuole, L: lumen. X 15,000.
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acteristic of keratinizing oral epithelium (Frithiof & Wersdll,
1965) and no keratohyaline substance.

Partly decomposed fragments of epithelial cells and white
blood corpuscles were occasionally observed on the surface of
the epithelium, White blood corpuscles were often seen within
the connective tissue and the epithelium (Fig. 2).

In all specimens the epithelium was separated from the con-
nective tissue by a distinet basement membrane. There were nu-
merous half-desmosomes, visualized as dense areas of the plasma
membrane facing the basement membrane (Fig. 2).

In one case the cystic lumen was separated from the epithe-
lium by a thin, well-defined membrane under which flattened
erythrocytes were found.

In spite of the presence of all the organelles known from
studies on normal non-keratinizing human oral epithelium (Ze-
lickson, 1962), the capsular epithelium differs strikingly in ap-
pearance from that of the oral mucosa. The most outstanding
characteristics of the capsular epithelium in the present material
are the intercellular relationship described above, the loose struc-
ture of the cytoplasm (Figs. 1, 2, 5) and a large number of in-
tact organelles in superficial cells.

DISCUSSION

Tratman (1939) proposed that the capsule as a whole consti-
tutes a semipermeable membrane such as would be appropriate
for the production and maintenance of the osmotic pressure
necessary to account for the expansive properties of the cyst. No
specific structure within the capsule that might be associated
with this function has been found, however. _

In most of the cystic capsules of the present material the epi-
thelium has a comparatively loose structure with a large inter-
cellular space, which appears to be continuous from the lumen
of the cyst to the basement membrane. To judge from the elec-
tron microscopic structure the epithelium would seem unable to
maintain the required pressure difference. However, the lack of
structure in the intercellular space does not necessarily mean
that it contains only tissue fluid. It has been reported that sub-
stances containing polysaccharides are also present (Wislocki
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et al., 1951). In some of the cysts closely packed cells were ob-
served superficially in the epithelium, the intfercellular space
being reduced to a narrow gap of approximately constant width
(Fig. 3). It was impossible to ascertain whether these areas were
part of a continuous zone of adherance delimiting the cystic cavi-
ty, or whether they constituted only a limited area, as is the case
of the desmosomes (Odland, 1958). The significance of the inter-
cellular space as an osmoregulatory barrier is therefore difficult
to judge.

In other parts of the organism, for example the kidneys and
the capillary wall, the basement membrane, which is probably
synthesized by the epithelium (Pierce et al., 1964, Mukerjee et al.,
1965), has important functions (Pease, 1958). Combined electro-
physiological and electron microscopical studies on frog skin
(Ottoson et al., 1953) have shown that a resting potential is
maintained across the basement membrane. It is therefore prob-
able that the semipermeable properties necessary for the expan-
sive growth of the cyst are possessed by the basement membrane.

The condition of the cystic epithelium is dependent on the de-
gree of inflammation (Forsberg & Hdigglund, 1959, Molyneux,
1964, Shear, 1964). Mild, chronic inflammation may stimulate the
proliferation of the epithelium, whereas more severe inflamma-
tion might lead to degeneration, ulceration and disintegration of
the epithelium. In the absence of inflammation the epithelium is
thin and regular, with smooth surfaces towards the lumen and
the connective tissue. The factors governing the appearance of the
epithelium as seen under the light microscope might also be re-
flected on the ultrastructural level, the different degrees of in-
flammation accounting for the structural variations found with-
in the epithelial capsules in this small series. A classification of
a larger material into expansive or static cysts would provide a
firmer basis for the morphological interpretation.

SUMMARY
In an electron microscopic study of squamous epithelium from
the capsule of radicular cysts, wide structural variations between
specimens were found. These variations are probably ascribable
to differences in the degree of inflammation within the cystic
capsule.

3 — Acta odont. scand. Vol. 24.
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10 capsules of the 12 cysts studied displayed a non-keratinized,
stratified squamous epithelium which, however, was easily dis-
tinguishable from normal oral mucosa.

The expansive growth of the cyst is known to be due to the
hypertonicity of the cystic fluid. The basement membrane prob-
ably acts as a semipermeable membrane.

Avenues of approach for further studies are suggested.
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RESUME
ULTRASTRUCTURE DE I’EPITHELIUM CAPSULAIRE DU KYSTE
RADICULE-DENTAIRE

Au cours d’'une étude au microscope électronique de I'épithé-
lium pavimenteux provenant de la capsule de kystes radiculo-
dentaires, de grandes différences de structure ont été trouvées
entre les specimens. Ces variations peuvent probablement étre
attribuées a des différences dans le degré d’inflammation existant
a Pintérieur de la capsule kystique.

Les 10 capsules considérées présentaient toutes un épithélium
pavimenteux stratifié non kératinisé, qui était cependant facile
a distinguer de la muqueuse buccale normale.

On sait que la croissance expansive du kyste est due a ’hyper-
tonie du liquide kystique. La membrane basale agit probablement
comme une membrane semi-perméable.

L’auteur suggére des voies d’approche pour la réalisation d’etu-
des ultérieures.

ZUSAMMENFASSUNG

ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN DES EPITHELS
DES ZYSTENBALGES
Grosse ultrastrukturelle Variationen zwischen verschiedenen
Priparaten wurden festgestelit. Man nimmt an, dass diese Varia-
tionen im gewissen Verhiltnis zum Grad der Inflammation im
Balge stehen.



ULTRASTRUCTURE OF THE EPITHELIUM OF RADICULAR CYSTS 33

Samtliche 10 Fille zeigten ein nichtkeratinisiertes mehrschich-
tiges Plattenepithel mit deutlichen ultrastrukturellen Abweich-
ungen von normaler Mundschleimhaut.

Das expansive Wachstum der Zyste ist von einer Druckdiffe-
renz osmotischer Natur abhingig. Die bemerkenswerte lockere
Struktur des Balgenepithels mit grossen intercelluliren Riaumen
scheint nicht eine solche Druckdifferenz aufrecht zu erhalten. Die
fiir die Basalmembran bekannten Eigenschaften haben wahr-
scheinlich Bedeutung fiir die Aufrechterhaltung des Uberdrucks
im Lumen der Zyste.
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