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Surface structures of aural polyps: a scanning electron

microscopic study
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Abstract

"

Surfaces of aural polyps collected from 30 patients were examined by scanning electron microscopy. In the
polyps not associated with cholesteatoma, the epithelial lining showed individually variable metaplasia
towards cuboidal ‘cobblestone’-type and squamous epithelium covered with microvilli of various shapes
and sizes. Squamous epithelium was present on the surface of all polyps with underlying cholesteatoma,
with superficial cells possessing elongated microvilli, microplicae of different sizes, grooves and pits. Such
surface structures reflect different stages of the keratinization process that seems to be characteristic for
the epithelial lining of polyps with underlying cholesteatoma. Incomplete epithelium accompanied by
granulation tissue was found in several polyps; in two cholesteatoma-associated polyps plate-like

cholesterol crystals were observed.

Key words: Polyps; Ear, External; Cholesteaoma, Middle Ear; Microscopy, Electron, Scanning

Introduction

There have been few studies of the histology of the
aural polyp and its relationship with the underlying
middle-ear pathology. Milroy et al." found histologi-
cal features of the polyp (keratin flakes, raw
granulation tissue) to be indicative of the underlying
cholesteatoma, while Hussain failed to demonstrate
any predictive value of polyp histology.

The epithelium lining the pathologically unaltered
middle ear is an extension of the airway epithelium,
being composed of ciliated cells, nonciliated secre-
tory cells (including goblet cells), intermediate cells
and basal (undifferentiated) cells. The distribution of
the cells and the character of the epithelium are not,
however, uniform: columnar/cuboidal epithelium
with relatively numerous ciliated and goblet cells
predominates in the anterior part of the middle ear,
while its posterior part, including the mastoid area, is
lined by more flattened, low cuboidal/squamous
epithelium with very few ciliated and goblet cells.>*

All authors investigating the histological structure
of aural polyps emphasized the variability of the
epithelium covering the polyp - from simple
cuboidal to stratified squamous. However, the
epithelial covering of the aural polyps has not been
investigated by scanning electron microscopy, which
can demonstrate fine structural details of the surface,
and can supplement routine histological findings by
revealing additional structural features with poten-
tially diagnostic or predictive significance.

Hence, the aim of the present study was to
examine the surface of aural polyps under the
scanning electron microscope.

Materials and methods

The material consisted of 30 aural polyps removed
surgically from patients (20 men, 10 women, aged
10-80 years, mean 38 years) at the Department of
Otorhinolaryngology, Jagiellonian University School
of Medicine, during the period 1991-1995. The size
of the polyps ranged from 1 mm to 20 mm in
diameter. Underlying cholesteatoma was diagnosed
in 14 cases.

After surgery, the polyps were gently washed in
saline and were halved for light and scanning
electron microscopic examination, respectively.

For routine light microscopic histopathology, the
polyp halves were fixed in 10 per cent buffered
formalin and embedded in paraffin. Six pm sections
were cut and stained with haematoxylin and eosin.

For scanning electron microscopy, the polyp
halves were processed according to protocol 3 of
Toskala,” guaranteeing the lowest incidence of
artefacts: they were fixed in one per cent parafor-
maldehyde/1.23 per cent glutaraldehyde in 0.2 M
cacodylate buffer, pH 7.3, and 24 hours at 4°C,
thoroughly washed several times in the same buffer
and postfixed in two per cent osmium textroxide for
three hours. After dehydration in a graded series of
ethanol followed by absolute acetone, the samples
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TABLE I
TYPES OF EPITHELIAL LINING IN AURAL POLYPS (NO. CASES)
Cb
Cb CcC Cb SN SK1 SKh
n CC SN Cb SN SN SK1 SKh SKI SKh
Location
anterior meso-tympanum 17 1 2 2 2 1 2 7
posterior meso-tympanum 10 2 2 1 3 1 1
mastoid area 3 1 2
Pathology
cholesteatoma 14 1 3 10
no cholesteatoma 16 1 2 4 1 5 3

Epithelial types: CC = ciliated columnar/cuboidal; Cb = cobblestone-like; SN = squamous non-keratinized; SKI = squamous
keratinized with low degree of keratinization, SKh = squamous keratinized with high degree of keratinization. The dominant
epithelium type is listed as first.

were critical-point dried in CO,, coated with carbon only occasional goblet cells and was either comple-
and gold and examined in a Jeol JSM 35 CF scanning tely devoid of ciliated cells, or showed the presence
electron microscope at 25 kV. of single, shortened and malformed cilia (Figure 3).

The free surface of the cells were covered with
Results microvilli of variable size, shape and distribution,

sometimes clumped of fused with their apical parts
(Figure 2), or possessing globular, ‘inflated’ tips
(Figure 3).

A transition from ‘cobblestone’ type cells to
flattened, squamous cells with polygonal apical
surfaces of a markedly larger area (Figure 4) was
observed in a few polyps. In such a transition zone,

Scanning electron microscopy revealed a wide
spectrum of epithelial linings, sometimes different
epithelium types were present on the surface of a
single polyp. The character of the epithelium cover-
ing the polyp showed no apparent correspondence to
the site of polyp growth. A summary of data
concerning the relationship of the epithelium type

to polyp location and to the presence or absence of there were no goblet cells and the squamous cells
cholesteatoma is presented in Table 1. showed the presence of numerous, densely packed,
Unaltered simple columnar/cuboidal epithelium short microvilli. o
with ciliated cells and goblet cells (Figure 1) was All polyps showing the above types of epithelial
relatively rare and usually covered only a part of the lining had no underlying cholesteatoma.
polyp surface. Cuboidal epithelium with a character- The majority of polyps examined, including all
istic ‘cobblestone’ appearance due to widened polyps with underlying cholesteatoma, were covered
intercellular spaces as well as different shapes and with squamous epithelium (Table I). The free
sizes of the apical cell surfaces (Figure 2) could be surfaces of the cells showed a variety of structural
observed more frequently, in approximately a differentiation, which could be related to each other,
quarter of the polyps. Such epithelium contained suggesting a sequence of epithelial transformation.
Fic. 1-12
Scanning electron micrographs of the surfaces of aural polyps without (Figs. 1-4, 11) and with underlying cholesteatomas (Figs.
5-10, 12).

Fic. 1
Apparently normal columnar surface epithelium with cilia and Fia. 2
microvilli and occasional goblet cells secreting mucus (arrow- ‘Cobblestone’ type epithelial cells with microvilli of variable
head). Bar = 10 um size, shape and density. Bar = 10 pm.
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FiG. 6
FiG. 3 Squamous cells with long, curled microvilli. Bar = 10 pm.
’Cobblestone’ type epithelium with irregular, often bulbous

microvilli (arrowheads) and a malformed cilium (arrow). Bar
=1 pm.

Fic. 7

FiG. 4 Squamous cells — some with small microvilli, some with

delicate, dense microplicae, occasionally showing parallel

arrangement (arrowhead). Note taller borderline microplicae.
Bar = 10 pm.

A transition between ‘cobblestone’ type epithelium and
squamous epithelium characterized by large, flat apical cell
surfaces. Bar = 10 pm.

FiG. 5
A squamous cell with a row of longer microvilli along its Fie. 8
borders, surrounded by cells with ‘inflated’, bulbous microvilli. Squamous cells with prominent networks of microplicae on
Bar = 10 um. the surface and marked borderline microplicae. Bar = 1 um.
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Fic. 9

Squamous cells with flattened, often parallel microplicae.
Some cells are in the course of desquamation. Bar = 10 pm.

FiG. 10

Squamous, partially desquamating cells showing relatively
smooth surface with irregular shallow grooves and pits. Bar =
10 pm.

In polyps partly covered by ‘cobblestone’ cells, the
adjacent areas occupied by squamous epithelium
were characterized by the diverse size of the
polygonal cell surfaces and by the relatively uniform
distribution of short microvilli (Figure 4). Only
occasional, single cells had markedly longer micro-

villi. In polyps covered exclusively by squamous

epithelium, the surface of superficial cells showed,

depending on the polyp or polyp area, several
characteristic structural patterns:

(1) short, but widened, ‘bulbous’ microvilli with
different diameters (Figure 5);

(2) moderately long microvilli on the surface of the
cells and a single or double row of taller
microvilli demarcating the cell borders (Figure
5);

(3) very long, curled microvilli on the surface and
single microplicae demarcating the cell borders
(Figure 6);

(4) a dense array of delicate microplicae, sometimes
showing parallel arrangement, accompanied
with taller borderline microplicae (Figure 7);

(5) a complex array of prominent microplicae with
distinct borderline microplicae (Figure 8);
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FiG. 11

Polyp surface partially covered by ‘cobblestone’ type epithe-
lium, and partially by granulation tissue with numerous
inflammatory cells. Bar = 10 pm.

FiG. 12

Surface fragment of a polyp with numerous smooth, crystal-
like plates. Bar = 1 pm.

(6) smoothened surface, with flatter microplicae,
often with parallel alignment (Figure 9);

(7) relatively smooth surface with irregular, shallow
grooves and pits (Figure 10).

In the latter two cases, partial detachment of the
superficial cells was frequently observed.

The first four patterns were observed on the
surfaces of some cells covering polyps belonging to
both groups (with and without underlying cholestea-
toma), while the other three types of structures
occurred exclusively in the latter group.

In four polyps (two from each group), the
epithelial lining was incomplete and some areas
were covered by densely packed, spherical cells
showing microvilli and cell processes of variable size
and density (Figure 11). Occasional erythrocytes
were also observed in such regions. In two polyps,
both with underlying cholesteatoma and with incom-
plete epithelial covering, the areas without
epithelium showed the presence of ideally smooth
plates of various size, characterized by straight,
polyhedral edges. They often looked ‘broken’ into
smaller fragments (Figure 12).
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Discussion

The type of epithelium covering the aural polyps
mostly did not correspond to that observed in the
normal middle-ear mucosa at sites from which the
polyp developed, the only exception being three
polyps growing from the mastoid area, all covered by
squamous cells. The epithelial lining of the vast
majority of the polyps showed alterations suggesting
various stages of metaplasia.

According to the surface structures of the
epithelial cells observed by the scanning electron
microscope, the metaplastic process begins with
subtle changes including malformation and disap-
pearance of cilia, deformations of the microvilli and
a decrease in the number of goblet cells. Such
changes — in part visible only in the scanning electron
microscope — were postulated to reflect the early
response of the epithelium to the inflammatory
process.

The resulting ‘cobblestone’-type epithelium was
also described on the surface of nasal polyps by
Mygind et al.’” who considered several surface
features as typical for the polyps: cobblestone-like
epithelial cells, widened intercellular spaces, and
moderate variation of the surface area of individual
epithelial cells. Since we have observed all those
morphological alterations on the surface of the aural
polyps, it seems justified to conclude that both nasal
and aural polyps have much in common and that
they may share a common mechanism of forma-
tion.®® Similar changes were also reported on the
surface of normal middle-ear and eustachian tube
mucosa in the vicinity of cholesteatoma.™®

The appearance of epithelial cells with vary
variable surface areas can be interpreted as further
metaplasia towards the squamous epithelium — the
largest cells are presumably squamous and in some
polyps they predominate in the microscopic picture.
The pattern observed in this study corresponds well
to the sequence of the metaplastic changes in the
epithelium of nasal mucosa proposed by Boysen:'®
pseudostratified (with ciliated and goblet cells)-
stratified cuboidal (‘cobblestone’)~ stratified
cuboidal/squamous (cells with variable surface area)-
> stratified squamous.

The surface of squamous epithelial cells covering
the polyps showed a wide spectrum of structures:
microvilli of various sizes and shapes, microplicae of
different height and arrangement, grooves and pits.
Previous scanning electron microscopic studies of
stratified squamous epithelia have demonstrated that
such structures can be observed in both normal and
metaplastic/dysplastic epithelia in different locations:
the oral cavity,'"' nasal cavity,'™'? as well as in
cultural keratinocytes obtained from skin'® and
tympanic membrane.'* It seems that such different
surface configurations may represent the advance-
ment of the Kkeratinization process: the
nonkeratinized cells have short, uniform microvilli;
the possible sequence of the keratinization-asso-
ciated changes includes: (1) elongation and/or
deformation of the microvilli; (2) their fusion into
microplicae, and (3) increase in the size and pattern
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complexity of the microplicae. In fully keratinized
cells, their surface becomes smooth again, showing
only shallow grooves and pits.

In our material, squamous cells with surface
structures indicative of different stages of keratiniza-
tion were observed predominantly in cases with
underlying cholesteatoma. In the other polyps, even
if the squamous epithelium was present, it had only
regular microvilli, typical of nonkeratinized cells.
Only in three polyps not associated with cholestea-
toma, were occasional cells with microplicae
indicating the initial phase of keratinization found.
Moreover, the vast majority of the polyps associated
with cholesteatoma showed a high degree of
epithelial keratinization. This observation supports
the view that in ‘purely inflammatory’ aural polyps,
epithelial metaplasia mostly leads no further than to
nonkeratinized squamous epithelium, while the
presence of underlying cholesteatoma is manifested
by keratinized epithelium, probably reflecting the
origin of the lesion.

The surface of epidermoid cholesteatoma was
investigated in the scanning electron microscope by
Youngs and Rowles" who described regular stacks
of hexagonal corneocytes, also characteristic for the
meatal skin, that is the source of cells migrating from
the retraction pocket in the process of cholesteatoma
formation. We have never observed such regular
arrangement of squamous cells on the surface of
polyps with underlying cholesteatoma. This suggests,
that in the course of cholesteatoma development, the
cells of ingrowing squamous epithelium may be
rearranged, thus losing their original three-dimen-
sional distribution.

In the present study, incomplete epithelial lining
with granulation tissue exposed on a part of polyp
surface was observed, albeit rarely, in polyps both
with, and without, underlying cholesteatoma, con-
firming the previously reported histopathological
findings."® However, in two cases with underlying
cholesteatoma, such areas contained very smooth,
regular, crystal-resembling plates — most probably
cholesterol deposits, since their size and scanning
microscopic appearance was strikingly similar to that
of artificially-grown cholesterol crystals.'®

Conclusion

Scanning electron microscopy is not included in
routine histopathological diagnosis. In the case of
aural polyps, surface structures of the lining epithe-
lium may reflect its type: squamous cells at different
stages of the keratinization process seem to be
characteristic for the epithelial lining of polyps with
underlying cholesteatoma. Hence, scanning electron
microscope examination can be helpful in assessing
the risk of cholesteatoma — subtle manifestations of
keratinization may elude observation in the light
microscope, but are easily identifiable under the
scanning electron microscope.
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