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Abstract

A special technique was devised to study the incidence, location and origin of the 

epidermoid formation (EF) in sections of temporal bones of fetuses and young 

children. In the search for EFs a strategy of screening selected sections of 

EDTA-decalcified paraffin wax-embedded and serially sectioned bones was used 

to conserve unstained sections for later immunohistochemical staining. Epithelial 

structures suspected in the screening as EFs were characterized as epidermoid by 

using immunohistochemistry. The technique employed a novel method of 

antigen retrieval by heating sections in a 70°C water bath. Since the expression 

of antigens characteristic of epidermoid tissue varies with age of development it 

was necessary to use different antibodies at different ages. Thirty-six paraffin- 

embedded temporal bones from 19 cases aged from six gestational weeks to 15 

months post partum formed the core of this study, which was augmented by use 

of step sections of celloidin-embedded archival temporal bones.

Each temporal bone after 16 weeks gestation, but none before this time, 

contained one or more, often multiple, confirmed EFs. EF sizes increased 

significantly with increasing age. EFs were absent after 8 months postpartum. 

Maps of the position of EFs in relation to the eardrum showed most to be sited in 

the annular region, in all four quadrants, although the majority was in the 

anterosuperior quadrant. A study of the interface between annular external canal 

epidermis and middle ear epithelium between 14 and 18 gestational weeks 

suggested that EFs arise from external canal epidermis at that time.

The findings indicate that epidermoid tissue, often in substantial amounts, enters 

the middle ear from the 16* gestational week in all fetuses and provides support 

for the EF as a possible origin of cholesteatoma.
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Chapter 1

Chapter 1 

Introduction, Literature Review and Aims of 
the Investigation

The epidermoid formation (EF) is a cell rest of epidermoid epithelium that has been 

found in the middle ear o f fetuses and young children. Cholesteatoma is a disease 

process in which a large amount o f epidermoid epithelium is present in the middle 

ear. The origin o f cholesteatoma remains even now one o f the major problems of 

otopathology. A concept previously favoured was that all cholesteatomas were 

derived from a developmental cell rest of stratified squamous epithelium (McKenzie 

1931). While this idea satisfactorily explained the source o f the cellular components 

of this disease in the middle ear and some of its clinical characteristics, it suffered 

from the major drawback that no such developmental rest had been described. In 

1986 a cell rest -  the epidermoid formation (EF) - was described by Michaels 

(Michaels 1986), and then soon confirmed by others (Wang et al 1987, Huang et al 

1993, Kayhan et al 1997). It was natural that this cell rest should be related to the 

origin of cholesteatoma. In this thesis I deal with morphological and molecular 

studies that I carried out on the EF in order to throw light on its possible relationship 

to cholesteatoma. Before reviewing the background of the EF it will be necessary 

summarize the main features o f the disease entity cholesteatoma.

Cholesteatoma is present in some cases, but not all o f chronic otitis media. The term 

cholesteatoma, named by Müller (1838), is unsatisfactory, because the lesion is not a
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Chapter 1

derangement of cholesterol nor is it a neoplasm. It is an accumulation o f stratified 

squamous epithelium in the middle ear, comprising both the living cellular matrix 

and the dead keratinous squames derived from it. This epidermoid tissue is foreign 

in the middle ear; usually destroys some normal middle ear structures and is 

associated with inflammation in the middle ear, often severe. The pathogenesis of 

cholesteatoma is still not well understood, but in recent years much clinical and 

laboratory-based information has been amassed which has allowed fresh insights 

into this subject.

It has now become certain that there is a congenital or primary form of 

cholesteatoma, situated behind an intact tympanic membrane, which is distinct from 

the acquired form manifesting a perforation o f the tympanic membrane. The term 

congenital cholesteatoma is also applied to a squamous epithelial cyst arising at the 

petrous apex o f the temporal bone, which causes damage by erosion o f the skull. 

This is an entity different from middle ear cholesteatoma (Nager 1982). The term 

congenital cholesteatoma is applied, furthermore, to a rare entity confined to the 

mastoid bone (Derlacki & Clemis 1965). In the following account only the 

tympanic cavity variety will be considered.

Both acquired and congenital cholesteatoma may take one or other o f the two 

classical forms presented in the older literature: (a) a closed, keratinous cyst, or (b) 

an open lesion comprising multiple layers of keratinous squames, which is carpeted 

by cholesteatoma matrix that covers part of the middle ear surface (Politzer 1891; 

McKenzie 1931). In most cases of acquired cholesteatoma the lesion is open. The 

majority of cases of congenital cholesteatoma, on the other hand, fall into the first
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Chapter 1

category, presenting a closed cyst.

1.1 Acquired Cholesteatoma

Acquired cholesteatoma appears as a whitish mass or cyst usually open to the middle 

ear cavity. The matrix may be seen as a thin membrane adjacent to or surrounding 

the keratin products. This type of cholesteatoma is usually situated in the upper and 

posterior part o f the middle ear cleft. Frequently the cholesteatoma is wrapped 

round ossicles. Inflammatory changes including marked congestion and pockets of 

pus are usually present. In some cases at least one ossicle is seriously eroded, so 

interrupting the continuity of the ossicular chain. The scutum, the upper part of the 

bony ring of the tympanic opening, is eroded in most cholesteatomas. There is, in 

most cases, a perforation situated in the pars flaccida; in some cases it may be near 

the margin o f pars tensa o f the tympanic membrane.

The pearly material o f the cholesteatoma consists o f dead, fully differentiated 

anucleate keratin squames, the comeal layer o f the stratified squamous cell 

epithelium. The capsule (matrix) is composed of fully differentiated squamous 

epithelium similar to the epidermis of skin, and rests on connective tissue. Basal, 

prickle and granular cells, as in normal skin, comprise the matrix. The sole 

irregularity that can be identified in comparison with normal stratified squamous 

epithelium is that the deeper layers of the epithelium of the cholesteatoma matrix 

may show evidence o f activity in the form of downgrowths into the underlying 

connective tissue.

Recent studies have indicated that cholesteatomatous epithelium possesses innate 

features o f strong growth which distinguishes it from normal skin epidermis. The
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techniques of immunohistochemistry and tissue culture have been used in making 

the distinction.

Immunohistochemical Studies

The intermediate filaments of the cytokeratins expressed by epithelia comprise 19 

polypeptides classified into two families (Moll 1982): (1) basic polypeptides with 

large molecules known by cytokeratin numbers 1-8 and (2) and acidic polypeptides 

with small molecules known by cytokeratins numbers 9-19. There is 

copolymerization o f acidic and basic polypeptides together, the pairs o f which when 

expressed are characteristic of particular epithelia. The cytokeratin expression of 

simple (cuboidal) middle ear epithelium on the one hand and that of stratified 

squamous epithelium of the external canal and tympanic membrane on the other has 

been compared with the cytokeratin expression of cholesteatomatous epithelium. In 

one such study (Van Blitterswijk et al 1989) external ear and cholesteatoma 

epithelium both expressed cytokeratin (CK) 10 and other cytokeratins characteristic 

of mature stratified squamous epithelium, but middle ear epithelial CK 4, 8, 18 and 

19 were not expressed. Similar findings have been made in other studies (Lee et al 

1991; Broekaert et al 1992).

The finding that cholesteatoma is more like normal epidermis than middle ear 

epithelium in the expression of its cytokeratins is not surprising. An unexpected 

finding in the immunohistochemical analysis of the cytokeratins o f cholesteatoma, 

however, was the evidence of the strong growth activity o f the latter. CK 16 is a 

marker for hyperproliferative kératinocytes. The strong expression of CK16 by
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cholesteatoma, but its absence in middle ear and external ear epithelium has been 

emphasized (Broekaert et al 1992), confirmed and extended using antibodies against 

the antigen Ki-67, which is a marker o f proliferative activity throughout most o f the 

growth cycle (Bajia et al 1993) in frozen sections, and also in paraffin sections using 

MIB-1, an antigen related to Ki-67 (Sudhoff et al 1995). The most concentrated 

expression of such increased proliferative activity has been found in the epithelial 

downgrowths of cholesteatoma (see above) (Maigot et al 1993).

On the same lines, using counts of silver-staining nucleolar organizer regions 

(AgNORs), a technique which likewise displays the degree o f proliferative activity, 

a much higher AgNORs count was shown by cholesteatoma epithelium than by 

normal external canal skin (Sudhoff et al 1997).

There is also evidence of overexpression of a variety o f peptides which are known to 

provide a regulatory function in differentiation (Stammberger et al 1995). 

Cholesteatomatous epithelium together with surrounding inflammatory cells, but not 

middle ear epithelium, showed a high concentration of IL-1, TGF-alpha, EGF-R and 

4F2, all being growth factors (Sudhoff et al 1994).

Usually these immunohistochemical studies have used normal external meatus skin 

epithelium as controls, except in one experiment in which the normal annular region 

of the tympanic membrane epithelium was examined and also found to be 

hyperproliferative (Broekart et al 1992).

Tissue Culture

Tissue culture findings that cholesteatoma cells display an en masse movement of a
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portion of the explanted cells across the culture dish (Proops et al 1984; Boxall et al 

1988; Cheshire et al 1995a&b) may also indicate an underlying growth potential 

which is in keeping with the immunohistochemical revelations .

Molecular Biological Studies

The advance of molecular biological techniques brings a new dimension to 

cholesteatoma research. To address the question as to whether cholesteatomas are 

normal cell accumulations or actually low-grade squamous cell neoplasms, Desloge 

et al (1997) measured the DNA content within cholesteatoma tissue. The result 

demonstrated that the DNA content in cholesteatomas was normal euploid without 

overt genetic instability, allowing the conclusion that cholesteatomas are not low- 

grade neoplasms (Desloge et al 1997).

The nuclear phosphoprotein p53 tumour suppressor gene plays a critical role in the 

cell cycle control, apoptosis and oncogenesis. The primary role of p53 is to serve as 

a checkpoint control mechanism and to protect the cell from unwanted propagation 

o f DNA damage that is induced by intrinsic or extrinsic genotoxic agents. Induction 

of an increase in p53 protein levels transiently arrests cell growth by orchestrating a 

block at the G l/S border or, in certain cases, by inducing apoptosis and cell 

elimination. P53 protein performs these functions by activating the expression of a 

number o f other genes (e.g. p21/W AFl, GADD45, and mdm2). Having analyzed 

the expression of the p53 protein in 41 cases of cholesteatoma and about one dozen 

of normal tympanic membrane and external ear specimens Albino et al (1998) found 

that there was 9 to 20-fold of increased expression o f p53 in cholesteatoma in
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comparison to that in the normal external ear skin. There was, however, no 

concomitant suppression of cell proliferation or an increase in cell death, indicating 

the existence of a defect of the p53 function in cholesteatomas. The study suggested 

that the increased expression of p53 is a significant event in cholesteatoma 

development, but failed to identify exactly the part that it plays in the origin of 

cholesteatoma.

Pathogenesis

Proposed concepts of the pathogenesis of acquired cholesteatoma are that it may 

arise:

• From metaplasia o f the epithelium of the middle ear.

• From displacement of canal and tympanic membrane epidermis into the middle 

ear. This may take place as a primary migration of cells, from invagination of 

tympanic membrane in the form of a retraction pocket, or from trauma such as 

blast injury or insertion of ventilation tubes into the eardrum which may lead to 

inward displacement of epidermal cells.

There is more evidence to favour the second rather than the first pathogenetic 

concept.

Migration of Canal and Tympanic Membrane Epidermis into Middle Ear

Stratified squamous epithelium may grow in from the tympanic membrane or 

external canal through a perforation to reach the middle ear. Such an ingrowth 

frequently occurs in perforations, but does not usually produce a cholesteatoma 

(Palva et al 1982). The entry of stratified squamous epithelium into the middle ear
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from the external canal has often been assumed to be the result o f an aberration of 

the normal process of auditory epithelial migration. Michaels and Soucek suggested 

(1989), from observations of both the patterns of ink dot movement on the tympanic 

membrane and the mode of developmental growth of the epidermis of the latter, that 

auditory epithelial migration is the persistence of developmental growth i.e. fetal 

activity in the mature ear. If acquired cholesteatoma were derived from epidermis of 

the external tympanic membrane, such fetal type activity could explain the vigorous 

growth pattern displayed by the matrix of cholesteatoma.

A manifestation of the highly structured nature of the migrating epithelium is the 

strictly differential morphological pattern that it displays throughout life (see 

Chapter 7). Epithelia of the pars flaccida, handle o f malleus and adjacent deep 

external canal are thick, particularly over the annulus. There are often prominent 

rete ridges which have been mistaken by some observers for epithelial invasion 

(Palva and Johnsson 1984). Epithelium covering the pars tensa (medial limb of the 

meatal plate) is very thin and probably moves in an amoeboid fashion as in wound 

healing. Studies of these epithelia in the fetus show that the thick areas (zones 1 

and 3) express Ki-67 (a marker of cell proliferation) strongly, the strongest reaction 

being in the region of the annulus (Michaels and Soucek 1990, see detailed 

discussion in Chapter 7). It is noteworthy that perforations of the tympanic 

membrane which are associated with cholesteatoma are usually in these regions. 

Experimental studies have indicated that as a result o f prior severe otitis media the 

control mechanisms of migration may become deranged and so lead to 

cholesteatoma. (Wright et al 1985; Masaki et al 1989).
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It should be noted that although epidermal displacement is probably the mechanism 

of origin o f the majority of cases o f acquired cholesteatoma, the possibility of a 

developmental cell rest origin has not been completely excluded for some cases of 

this disease. This will be considered later in the thesis.

1.2 Congenital Cholesteatoma

In contrast to acquired cholesteatoma, which has been established as a 

clinicopathologic entity for more than a century, congenital cholesteatoma has been 

recognised only recently. It is uncommon, but is seen now with some regularity in 

parts of North America. The mean age of presentation is 4.6 years. The majority of 

patients presented with a lesion in the anterosuperior part o f the middle ear. In one 

quarter of patients the cholesteatoma occupies much o f the tympanic cavity. In 3% 

of patients the congenital cholesteatoma is bilateral (Friedberg 1994). Possible 

reasons for the greater recent frequency of the formerly rare entity of congenital 

cholesteatoma are: (1) the use of the operating microscope in diagnosis, (2) the 

improved lighting o f otoscopes by the use of the halogen bulb, (3) the screening of 

tympanic membranes of normal young children by paediatricians and (4) the 

possibility that many cases o f congenital cholesteatoma which formerly underwent 

"spontaneous abortion" following acute otitis media may now survive with the cure 

of the otitis in the early stages by antibiotics (Friedberg 1994).

Appearances at Surgery

Congenital cholesteatoma has been described in most cases as a spherical whitish
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mass in the anterosuperior part of the tympanic cavity behind an intact tympanic 

membrane. In some cases the lesion may fill most of the tympanic cavity.

At operation the cholesteatoma is usually a cyst measuring 3 mm or more in 

diameter, which is situated in close relation to the tympanic membrane, tensor 

tympani tendon, neck o f the malleus and mouth of the Eustachian tube. The cyst 

may have no firm attachments to the wall of the tympanic cavity (Derlacki 1965), 

there may be only a thin tenuous connection to the wall (Friedberg 1994), or it may 

be firmly attached. Bone erosion is not present when the cholesteatoma is small. In 

larger lesions some degree of erosion may be present (McGill et al 1991) and 

eventually it may enlarge to involve the mastoid and even grow into the middle 

cranial fossa (Grundfast et al 1995). It thus seems likely that in some untreated 

cases of congenital cholesteatoma the lesion may enlarge to become 

indistinguishable from acquired cholesteatoma. In approximately 10% of cases the 

cholesteatoma is open and shows layers of squames and a matrix which is plastered 

to the wall of the tympanic cavity (Cohen 1987).

Microscopic Appearances

The microscopic appearances of the matrix of congenital cholesteatoma are those of 

skin epidermis, comprising a single row of basal cells, several rows of Malpighian 

cells and a thin granular layer. The surface of dead, keratinous squames merges with 

the keratinous contents of the cyst, or lamellae in the case o f the open type. There 

would seem to be no significant morphological difference between the epithelium of 

congenital cholesteatoma and that of acquired cholesteatoma. As regards the few
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molecular studies of this problem, in one investigation there was a similar, high 

degree of growth activity as in acquired cholesteatoma shown by the presence of 

cytokeratin 16 marker (see above) (Broekaert et al 1992). Moreover, the degree of 

proliferative activity as displayed by stainable AgNORs (see above) is at a similar 

high level in congenital cholesteatoma as in the acquired variety (Sudhoff et al 

1997).

In some cases, a double layer of epithelium may be seen surrounding the keratin 

squames forming the main bulk of the lesion. On the outside a single layer of 

middle ear epithelium is continuous with the epithelium covering the stalk of the 

cholesteatoma. Separated from the middle ear epithelium only by a thin and often 

markedly inflamed lamina propria is the basal layer of the stratified squamous 

epithelium of the congenital cholesteatoma (Friedberg 1994).

Pathogenesis

It has been suggested that congenital cholesteatoma may arise:

• From amniotic squames which reach the middle ear during parturition.

• From the epidermoid formation 

Amniotic fluid squames are frequently observed in the fetal and neonatal middle ear 

(Northrop et al 1986), but it is unlikely that their presence bears any relation to 

congenital cholesteatoma (see Chapter 6).

Cell rests of epidermoid tissue have been suggested from time to time as the origin 

of the congenital form of cholesteatoma. The following summarizes the published 

findings from studies o f the EF.
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1.3 Epidermoid Formation

Cell rest or epidermoid formation (EF) was first described in 1936 (Teed 1936), but 

ignored. Its rediscovery in 1985 (Michaels) and confirmation in 1987 (Wang et al) 

validated such a sturcture. There have been nine published studies on this structure. 

All together a total of about 858 temporal bones aged from five gestational weeks to 

five years post partum have been investigated microscopically for an EF and in 221 

of them there was found to be at least one EF. The youngest found with an EF was 5 

gestational weeks old and oldest 3 years post partum. Table 1.1 summarises these 

publications.

Incidence

The incidence o f the EF quoted in the published studies varies markedly (Table 1.1). 

Table 1.1. Literature Reports of Incidence of Epidermoid Formation

Author Journal Year
Total no. 

temporal bones 
investigated

Temporal 
bones with 

EF
Incidence

Teed Arch Otolaryngol 1936 Unknown “Several” -
Michaels J  Otorhinolaryngol 1986 68 37 54.4%
Michaels J  Otorhinolaryngol 1988 20 16 80%
Wang et al J  Otolaryngol 1987 41 6 14.6%
Huang et al Chung Hua Erh Pi 

Yen Hou Ko Tsa 
Chih

1993 88 19 21.6%

Kayhan et al Arch Otolaryngol 
Head Neck Surg

1997 226 25 11%

Levine et al Laryngoscope 1998 106 28 26.4%
Karmody et 
al

Am J  Otol 1998 90 2 2.2%

Lee et al Clin. Otolaryngol 1998 211 88 41.7%
Total 858 221 25.8%

In Teed’s study the total number of temporal bones investigated is not stated and the
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impression given in the article is that about six fetuses showed a cell rest in their 

temporal bones. In one of Michaels’ studies (1988) 20 embryonic and fetal temporal 

bones were examined and the “EF precursor” was found in 16 o f them giving an 

80% incidence. But this study involved only early gestational age embryos and 

fetuses from 5 to 11 weeks. Other studies covering older age groups have shown a 

wide rage o f incidence ranging from 2% to 54%. It has been suggested that this 

discrepancy was due to a difference in the number of cases available in each study. 

More cases with an EF that were available in a further study allowed the 

identification o f variations in the appearance of the EFs (Lee et al 1998). It has been 

suggested that the EF may be a normal feature o f the developing middle ear 

(Michaels 1986).

Appearance and Size

Marked variations have been noted in the appearances of the EF. Michaels (1986) 

and Lee et al (1998) noted the presence o f keratinization at the surface or in the 

centre o f the EF in some cases but others were non-keratinizing and poorly 

differentiated EFs. Others have not observed keratinizing EFs (Kayhan et al 1997).

It is clear that an objective method of recognizing the EF is required.

Although there are no agreed terms for the measurement of EFs most o f the 

published studies give measurements in two dimensions, horizontal (from anterior 

to posterior) and vertical (from superior to inferior). The horizontal measurement of 

the EF varies in the literature from 19 -  1767 pm and vertical measurement from 50
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-  2000 pm (Table 1.2). Kayhan et al (1997) found that the width of the EF 

(horizontal measurement) increased significantly with age in cases from gestational 

age up to the age of 10 months post partum. However, when all ages were included 

in the analysis, the width did not increase significantly.

Table 1.2. Literature reports of size of the epidermoid formation.

Author Temporal 
bone with 
EF

Vertical measurement 
(superior -  inferior, pm)

Horizontal measurement 
(anterior -  posterior, pm)

Range Average Range Average

Teed “Several” ? ?
Michaels 37 220 -  440 4 0 - 8 0
Michaels 12 ? ?
Wang et al 6 3 4 0 -  1000 630 2 4 -1 3 5 56
Huang et al 19 45.87 60.82
Kayhan et al 25 7 -7 8 0 2 5 -3 0 0 92
Levine et al 28 ? ?
Karmody et al 2 50 -  2000 ?
Lee et al 88 73 -  372 68 1 9 -1 7 6 7 242

Location

Most EFs have been found in the same position in the middle ear: at the junction of 

the Eustachian tube with the middle ear, in the region of the anterior superior 

quadrant of the tympanic membrane and about 0.3 mm anterior to it, adjacent to the 

bony annulus (Michaels 1986). The EF is thus described as a cell rest at a site 

similar to that o f many congenital cholesteatomas. However, significant numbers of 

congenital cholesteatomas have been found at other locations (Cohen 1987) and this 

is as yet unexplained.

Origin and Fate

The EF has been described as being prominent during early development at the head
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of the upwardly migrating tubotympanic recess in early development (Michaels 

1988). He suggested that the EF may arise early in embryonic development by the 

passage of cells from ectoderm to endoderm. It may be present as late as three years 

of age (Kayhan 1997), but is not seen in older children or adults. It is not known 

how and when the EF disappears from the middle ear.

1.4 Aims of Present Study

The aims of this study are: (1) to determine accurately the incidence of the EF, (2) to 

examine its molecular characterization, (3) to locate its positions in the middle ear 

and (4) to investigate its origin.

Incidence and Molecular Characterization

It can be seen from the figures given above that the EF has been found in only a 

proportion o f fetal temporal bones. It has been suggested, nevertheless, that this 

structure is a normal feature of the developing ear (Michaels 1986). If this were so, 

the absence o f an EF in many fetal temporal bones reported in the literature might be 

the result o f an error caused by the technique of section sampling used. Although 

serial sections have been prepared in most o f the studies o f EFs, the structures have 

not usually been sought by the examination of each o f the sections. Usually only 

one in 10 o f the sections is examined. The true prevalence of the EF ages could be 

more accurately determined in each temporal bone by the examination o f all of the 

serial sections to completely exclude the possibility o f an EF. The first aim of this 

study was to carry out such an examination in temporal bones from a series of 

fetuses and young children.
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An objective criterion is required for the accurate characterization of an EF in the 

examination, and this might be derived from some aspect o f the chemical 

composition of an EF. In this respect the cytokeratin pattern o f the EF seemed the 

most promising avenue for exploration and the immunohistochemical approach the 

most useful technique. Information concerning the origin, the development and the 

relationship o f EF to congenital cholesteatoma might also result from its molecular 

characterization.

Location

With the possession of serially sectioned temporal bones and accurate display of EFs 

in them by immunohistochemistry it would become possible better to answer the 

question as to the exact locations of the EFs, their numbers, morphology and size. 

This would help to relate the EF to the pathogenesis of congenital cholesteatoma.

Origin

It is possible that previous studies of early EFs, based on morphology alone, were 

inaccurate. The definitive diagnosis of a suspected EF by immunohistochemistry 

would allow such structures to be confirmed or assigned as EFs so that a more 

scientifically based concept o f the origin of these structures could be developed.

The rest of this thesis consists of a report on the results o f the investigation carried 

out with these four aims in view.
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Chapter 2 

Specimen Acquisition and General Methods

The study described in this thesis was based on the observation of histological 

and immunohistochemical aspects of temporal bone specimens. In this chapter 

the general methods for trimming, slicing and photographing of those specimens 

will be described. Details of special methods of selection, staining and 

immunohistochemical procedures will be given in relevant subsequent chapters.

2.1 Specimen Acquisition

Temporal Bones for One in Ten Step Sections Survey

Sections from 230 temporal bones of 142 cases used in the survey mostly come 

from the collection of the Institute of Laryngology and Otology (ILO), UCL. 

Specimens in these collections have recently been recorded in a national register 

of retained autopsy material set up by the Ministry of Health. The collection 

comprises an amalgamation of material from the Hallpike collection of The 

National Hospital for Neurology, Queen's Square, London and from the ILO 

collected by Professor Friedman and Professor Michaels. Specimens from 

Hallpike collection were all embedded in low-viscosity nitrocellulose (LVN). 

Many of the ILO sections are also LVN embedded although some of are paraffin 

embedded. All blocks were serially sectioned. In general 1 in 10 serial sections 

were selected and stained.

Appendix 1 gives clinical details of cases used for the survey of 1 in 10 temporal 

bones step sections and the data available.
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Temporal Bones for Paraffin-Embedded Serial Section Study

Most of temporal bone specimens for the serial section paraffin-embedded study 

are from ILO collection. These specimens were collected in early 1980’s and 

stored in 10% formalin solution. The head of a 6-gestation-week embryo was 

kindly provided by the Human Developmental Biology Resource of the Institute 

of Child Health, London. The specimens used in this study are listed in Chapter 

4.

2.2 Age Determination

The age of each case was determined, in most cases, using the crown-rump 

length. Occasionally, it was possible to age the specimen in weeks from the first 

day of the last normal menstmal period of the mother.

Appendix 2 gives a table adapted from Streeter (1921) comparing the crown- 

rump length in relation to the age.

2.3 Temporal Bone Processing

Temporal bones for the survey of one in ten step sections had been fixed in 10% 

formalin solution for at least one week and rinsed in tap water for 24 hours 

before décalcification. Décalcification had been performed by immersion in 

10% formic acid, changed daily. The completion of the décalcification was 

determined by a radiograph taken in a Hewlett Packard 4350 5N Faxitron 

laboratory X-ray system showing that calcium salts have disappeared. 

Decalcified specimens were then dehydrated through a series of ethanol shown 

as follows:

• 50% alcohol, 24 hours
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70% alcohol, 24 hours

80% alcohol, 24 hours

95% alcohol 24 hours

95% alcohol. 24 hours

100% alcohol. 24 hours

100% alcohol. 24 hours

Dehydrated specimens were then processed in two discrete protocols according

to the medium in which the specimen was embedded.

Process for Paraffin Wax Embedding

Specimens embedded in paraffin wax were processed as follows:

• Immersed in chloroform Overnight

• Three changes in paraffin wax in a 60 °C vacuum chamber, each change for 2 

hours.

• All specimens were mounted in a horizontal orientation. This was achieved by 

holding the specimen in a metal mould with the superior surface of the temporal 

bone against the bottom of the mould which was filled with paraffin wax heated 

on a hot plate. When a desired orientation was achieved the specimen together 

with the metal mould was transferred onto a -4 °C cold plate and allowed to set.

Process for Low-viscosity nitrocellulose (LVN) Embedding

Specimens embedded in LVN were processed as follow.

Ether-alcohol (1:1), 8 hours

Ether-alcohol (1:1), 3 days

Embedding

The following is the embedding protocol:
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1.5% LVN 1 week

3% LVN 3 weeks

6% LVN 3 weeks

12% LVN 4 weeks

Hardening

The temporal bone was placed in a paper box with required orientation. The box 

was then filled with 12% LVN and kept in ajar for one week to allow air bubbles 

to dissipate. Later, it was transferred to a container filled with chloroform for 

about two weeks. When LVN was getting firm it was removed from the paper 

box and trimmed to the desired shape and size before it was immersed in the 

fresh chloroform for a week until the block was properly hardened. It required 

two changes of cedar wood oil for at least a week before it could be cut. Blocks 

were stored in 70% ethanol.

Specimens for Immunohistochemical Study

Temporal bones for serial section and immunohistochemical studies were fixed 

in 10% formalin. Those of gestation age older than 16 weeks were decalcified 

by immersion in 0.27M ethylenediaminetetraacetic acid (EDTA) changed 

weekly. The completion of the décalcification was determined by a radiography 

taken in an Hewlett Packard 4350 5N Faxitron X-ray system showing that 

calcium salts have disappeared. The voltage was set at 100 kv and exposure time 

was 5 minutes. No décalcification was needed for those whose gestational age 

was younger than 16 weeks.
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Microslicing

Some specimens from the ILO collection were processed by microslicing 

method, a technique developed in early 80’s in the ILO Temporal Bone 

Laboratory (Michaels et al, 1983). The temporal bone to be microsliced was 

trimmed into a 30x30x30 mm cube using a band saw (Fig. 2.1,). To avoid any 

damage to the inner and middle ear structure, at least 3 mm distance was kept 

between the internal acoustic meatus and the medial cut surface of the specimen.

The Microslice 2 Precision Annular Saw (Fig. 2.2) was used for the microslicing 

procedure. Each trimmed temporal bone was mounted in molten dental wax 

(Ken Impression Compound, melted by a hotplate) on a unit consisted of a 

microscopic slide, 2 pieces of thick glass blocks and a metal “finger” (Fig. 2.3) 

which can be mounted on the microslice machine. The trimmed bone was 

bonded to a microscope slide using the molten wax. This, in turn, was attached 

to a thick glass block using molten wax. Finally the temporal bone and glass 

slide unit was fixed onto a metal ‘finger’. Each temporal bone was mounted in 

an orientation that would allow the temporal bone to be sliced in the horizontal 

plane. The finger was clamped on the metal plinth attached to the inner end of 

the lever of the slicing machine. This was a cutting machine with a thin circular 

diamond coated steel blade that was firmly bolted to the machine to prevent 

lateral vibration. Cutting proceeded around a circular inner opening where the 

blade was tipped with diamond. Running cold water lubricated the blade. The 

left-hand knob controlled the Cutting speed (range: 0-1200 RPM, the usual 

cutting speed being about 800 RPM). The right-hand knob advanced the blade by
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Figure 2.1 Band saw used for trimming temporal bone.
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Figure 2.2 Microslice 2 Precision Annular Saw.

Æ r
Thick 
glass 
block

Microscopic slide

jjj%ick glass
-

Figure 2.3 Accessories for mounting temporal bone on

the microslicing machine.
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the required length relative to the specimen between cutting phases. Before 

switching on the machine, the blade was moved toward the specimen until it 

contacted the face of the specimen. The number on the distance dial 

corresponding to the pointer on right-hand knob was noted. Since one revolution 

of the distance knob would make the blade move 1 millimeter outwards, the 

distance the blade moved relative to the specimen could be determined. Hence 

the slice thickness was known (number of turns made between each cutting phase 

X 1mm) and could be maintained as a constant amount.

Temporal Bone Slicing

Lifting the temporal specimen against the moving circular blade resulted in the 

specimen being sliced. When an excessively hard area of bone was encountered, 

the specimen was eased away from the blade to reduce the stress. Jet water was 

directed onto the blade to serve as a cooling and lubricating mechanism. Each 

temporal bone was sliced at 3 millimeters increments; this was achieved by 

turning the knob 3 revolutions. Each slice of the temporal bone was then 

processed either for paraffin or LVN embedding as described above. Figure 2.4 

shows a microslice of a temporal bone with an EF.

2.4 Statistical Analysis

SPSS (Statistics Program for Social Sciences) was used for the analysis of the 

correlation of age with the number, diameter and depth of the EFs.

2.5 Photography

Microscopic photos were taken on a Leitz DIALUX 22EB microscope fitted with 

a Leitz VARIO ORTHOMAT 2 automatic microscope camera system.
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Tympanic membrane^

Middle ear cavit>

Figure 2.4 Dissecting microscope view  o f  middle ear

part o f  mieroslieed temporal bone. Note the epidermoid 

formation.
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Chapter 3 

Immunohistochemical Characterization of 

the Epidermoid Formation

3.1 Introduction

Many EFs are small and do not show the typical configuration of stratified 

squamous epithelium. From haematoxylin and eosin-stained sections it is 

difficult to be certain whether those epithelial structures are epidermal and one 

author has even doubted whether an epidermoid cell rest ever exists in the middle 

ear (Tos 2000). Larger EFs usually show clear cut epidermoid differentiation, 

but there is clearly a need for an objective confirmation of the epidermoid nature 

of smaller EFs. A technique that could be used to distinguish epidermoid from 

non-epidermoid epithelium is that of immunohistochemical analysis of the 

cytokeratins of the constituent cells. Such a technique might give important 

information regarding the origin and development of the EF. In the single study 

that has been reported on the immunohistochemistry of the EF (Huang et al 

1996) the expression of a group of cytokeratins, CK13, CK18, CK19 and PK in 

16 EFs was investigated. It was shown that only the “hyperplastic” EF had a 

similar staining pattern to that of external ear canal epidermis. “Simple” EFs 

shared a similar staining pattern to that of middle ear epithelium. So, on the one 

hand, this work confirmed the epidermal origin of well-differentiated EFs, but on 

the other failed to provide confirmation of epidermal origin of smallstructures 

suspected to be EFs.
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Immunohistochemistry of Cytokeratins

Intermediate-filament proteins are important constituents of the intracellular 

cytoskeleton with a typical tissue-specific distribution pattern. In epithelial cells, 

the intermediate filaments are composed of cytokeratins (Moll 1982). There are 

19 different cytokeratin types in human and they can be divided into two major 

groups, basic and acidic proteins; these combine in pairs. Any individual cell 

type can express 2 to 10 individual cytokeratins. Such expression has been shown 

to depend on the type of epithelium, the stage of differentiation, the functional 

state, and the environmental conditions (Moll 1982). A study of cytokeratin 

expression might thus contribute to the identification of an EF by determination 

of its mode of differentiation.

3.2 Material and Methods 

Preparatory treatment of sections

In order to determine the expression of cytokeratin by immunohistochemistry 

paraffin sections, adjacent to those in which definite or suspected EFs had been 

detected by H&E. staining, were first mounted on HistoGrip coated slides (see 

Appendix 3 for coating procedure). The mounted sections were stored in an 

oven at 45 °C for at least 2 weeks before the immunohistochemical staining 

procedure.

Immunohistochemical Staining Procedure

The immunohistochemical staining procedure is summarised in Fig. 3.1 and
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Dewaxed

I
Dehydrated

Unmasking Treatment

i i
Enzyme Digestion treatment Heat Treatment

i I
Blocking Endogenous Peroxidase Activity

Primary Antibody Staining

Biotinylated Secondary Antibody Staining

Avidin Staining

Visualisation

Figure 3.1 Summary o f immunohistochemical staining

procedures.
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described below. The indirect avidin-biotin technique (Fig. 3.2) was the basis of 

the coupling of antibody to antigen in all of the immunohistochemical 

investigations carried out in this study.

Dewax and Dehydration

All sections were dewaxed in xylene for 3 minutes with 2 changes, and followed 

by dehydration in two changes of absolute ethanol, 3 minutes each. They were 

then allowed to dry at room temperature.

Antigen Unmasking Treatment

Formalin fixation and paraffin embedding mask many antigens and therefore 

interfere with their immunohistochemical detection. An antigen unmasking 

treatment is thus necessary (Huang et al 1976). Many masked antigens in 

formalin fixed paraffin embedded tissue can be revealed by one of the following 

methods.

• Proteolytic Enzyme Digestion

This technique was first described by Huang et al (1976). The most popular 

enzymes used are trypsin and protease. The mechanism behind the unmasking 

properties of these proteolytic enzymes is not fully understood. It is generally 

accepted that the digestion somehow breaks down formalin cross-link and hence 

the antigenic sites of some antibodies are uncovered.

• Heat Treatment (Microwave Or Pressure Cooker)

Treatment of the tissue section by heating it has been found to enhance antigen 

retrieval in the subsequent immunohistochemical procedure (Shi et al 1991). In 

this first report microwave oven heating of dewaxed paraffin-embedded sections 

in a heavy metal solution was used. An alternative solution was proposed later
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A v i d i n

A v i d i n
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A v i d i n

A v i d i n

Biotinylated rabbit anti-mouse IgG

Mouse anti-human antibody

Figure 3.2 Mechanism o f indirect avidin-biotin

immunohistoehemiehal techniques. These methods are based on the 

affinity o f the glycoprotein avidin for biotin. Avidin is present in egg 

white and is composed of four subunits. Each o f them possesses four 

biotin-binding hydrophobic pockets. Biotin is easily conjungated to 

antibodies. Up to 150 biotin molecules can be attached to one antibody. 

As a large number o f biotins can be attached to a single antibody then 

numerous labelled avidin molecules may be bound to it. Each avidin is 

conj ungated with a number of peroxidase molecules. This results in 

increased sensitivity.

Key: P -  peroxidase; B -  biotin; Ag - antigen
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using a solution of pH 6.0 0.01 M citrate buffer that overcame the safety 

problems associated with heavy metals (Cattoretti et al, 1993). The latter has 

become the choice as it is cheap, very efficient and easily prepared. In 1994, 

another form of heat application using the stainless steel pressure cooker was 

reported as being more efficient than the microwave oven for many antigens 

(Norton et al 1994).

• Proteolytic Enzyme Digestion And Heat Treatment

Some antibodies work better when tissue sections are pretreated with both

methods.

For many of the antibodies used in this study there was no literature reference as 

to whether they would work in formalin-fixed, paraffin-embedded temporal bone 

sections because of this masking problem. Therefore, each antibody was tested 

by all the above unmasking treatments to see which protocol was best for 

displaying the corresponding antigen before it was used in the staining of 

sections with EFs.

Proteolytic enzyme digestion

In the current study, the digestion treatment was carried out by applying 

proteinase K solution onto the dehydrated section, which was then incubated in a 

37 °C humid chamber.

Before the EFs were subjected to the digestion a series of experiments was 

performed to optimise the concentration of proteinase K and to find the best 

temperature so as to ensure that the morphology of the tissue should be preserved 

and the unmasking effect maximised.

The digestive solution was made by diluting proteinase K in pH 7.6 100 mM Tris 

buffer. Initial experiments were carried out with proteinase K diluted in serial
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concentrations of 5mg/ml, 10 mg/ml, 20 mg/ml, 40 mg/ml, 80 mg/ml with the 

digestion condition set at 37° C for 30 minutes. The duration of the treatment 

was also tested at 15 minutes, 30 minutes, 45 minutes and 60 minutes with a 

concentration of 20 mg/ml of proteinase K, These experiments gave the result 

that the section treated with 20 mg/ml Proteinase K at 37° C for 30 minutes 

produced the strongest staining with the least damage to the morphology. This 

condition was subsequently applied to all immunohistochemical procedures that 

required enzyme digestion.

The results also showed that proteinase K pretreatment gave the best staining of 

CKl 8 but not for other antibodies.

Heat Treatment

Conventional heat treatment like the microwave method and pressure cooker 

method requires that the buffer should be heated to boiling point several times. 

These methods have proved to be too vigorous for temporal bone sections, as 

they are very large and easily detached from the slide even when the slides are 

coated with a strong adhesive. To solve this problem a novel approach of heat 

treatment was subsequently developed as described below.

Water Bath Heat Treatment

Paraffin sections were dewaxed in 2 changes of xylene for 3 minutes each. They 

were then dipped in 2 changes of absolute ethanol, and once in 70% ethanol. 

After being rehydrated in distilled water the section was placed in a glass 

staining jar filled with pH 6.0 0.01 M citrate buffer. The glass jar was then 

placed in a 70° C water bath (Fig. 3.3). Three temporal bone sections were tested 

with this heat treatment preceding CKl4 antibody staining. Exposure to the heat 

treatment was at 8 hours, 24 hours and 48 hours. The section with 24 hours
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Tissue sectior

Figure 3.3 Water bath (Eleetrothermal, England) used in the heat 

treatment for tissue seetions which were placed in a glass staining jar 

filled with pH 6.0 0.01 M citrate buffer. The glass jar was then covered 

and laid in the water bath heated to 70° C.
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treatment gave the strongest staining signal without damage to the morphology 

(Fig. 3.4). Water bath heating for 24 hours was subsequently applied in all 

immunohistochemical-staining procedures, which required heat treatment. After 

the heat treatment, sections were rinsed in distilled water twice for 3 minutes 

each. Such water bath heat treatment was used in this work preceding the 

immunohistochemical staining of the following antigens; LEF-1, CK14, CK19, 

34PE12, 35pH ll, EGF-R, MIB-1 (see below).

None of the above pretreatments was required by the immunohistochemical 

staining of CKIO.

Endogenous Peroxidase Activity Blocking

If enzymes similar to those used as the tracer are present in the tissue they may 

react with the substrate used to localise the tracer and give rise to problems in 

interpretation. Inhibiting the endogenous enzyme activity prior to staining can 

eliminate false-positive reactions produced in this way. The tracer visualising 

antigen-antibody binding used in the current study was peroxidase. Peroxidase 

and substances giving a similar reaction to the peroxidase reaction are present in 

some normal tissues, e.g. leukocytes and erythrocytes. In the current study, the 

method used to inhibit the endogenous peroxidase activity was the preincubation 

of sections with 3% hydrogen peroxide for 5 minutes.

Primary Antibody Staining

Details of each type of antibody are summarised in Table 3.1. Antibodies were 

diluted in 0.01 M phosphate buffered saline (PBS, NaCl -  0.138 M; KCl -  

0.0027 M) with 1% Albumin Bovine (Sigma), pH 7.4. The optimal dilution for
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" ^  Section pretreated 

in 70” C water bath

'  '  * .

for 8 hours then 

stained with C K l4.

t .'SS
Section pretreated 

in 70" C water bath 

for 24 hours then 

stained with CK14.

. ^ Section pretreated in
if. 70" C water bath for 

' H  • 48 hours then
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stained with CK14. 

Most of soft tissue

'rX >. - T has detached and

V yrp^â fallen from the slide.

Figure 3.4 Results o f  water bath heat treatment in different length o f  

time. Note that the 24 hours’ one shows the strongest staining with intact 

tissue preservation.
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Table 3.1 Details of Antibodies Used in the Study

Description Clone Specificity Source
Optimal

Concentratn.

CKIO DE-KIO

Cytokeratin intermediate filaments (10 at 

56.5 kD). Stains suprabasal cells in the 

epidermis, thymic H assall’s bodies and 

suprabasal cells in various inner stratified 

epithelia.

DAKO 1:200

CKl 4
Stains basal layer o f  certain stratified 

squamous epithelia and myoepithelia
Sigma 1:500

CKl 8

Cytokeratin intermediate filaments 18. 

Stains a wide variety o f  simple epithelia. 

D oes not react with epidermis.

Sigma 1:1500

CKl 9 RCK108

Reacts with cytokeratin intermediate 

filaments (19 at 40 kD). Stains many 

ductal and glandular epithelia

DAKO 1:400

3 5 p H ll 3 5 p H ll

Cytokeratin intermediate filaments (8 at 

52.5 kD) associated with non -squamous 

“simple” epithelium.

Shandon Prediluted

34pE12 34PE12

Cytokeratin intermediate filaments (1,5,10  

and 14 at 68,58,56.5 and 50 kD) associated 

with the higher weight stratified squamous 

and ductal epithelium.

Shandon Prediluted

LEF-1

Reacts with LEFF-1 o f  mouse, rat and 

human origin.

Expressed by epidermis o f  human embryo.

Santa Cruz 

Biotechnol-ogy, 

Inc.

1:300

MIB-1 MIB-1
Reacts with Ki-67. Marker o f  proliferative 

activity o f  cells.
IM M UNOTECH 1:50
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each type of antibody was predetermined through a series of titration assays in 

which positive and negative controls were included. The positive control was 

achieved by using sections known to contain antigens against which the 

antibodies being tested were specified. Applying only PBS in the primary 

antibody staining stage provided the negative control experiment. The optimal 

concentration for each type of antibody is given in Table 3.1. One hundred pi of 

diluted antibody solution was applied to each section and a coverslip was then 

laid over the section to spread the solution evenly. Slides were now placed in a 

humidified chamber. All primary antibody reactions were incubated at 4 °C 

overnight. Rinsing the slide in PBS for 3 minutes twice after removing the 

coverslip stopped the incubation.

Secondary Antibody Staining

The secondary antibody used in the current study was Biotinylated mouse 

immunoglobulin (Sigma) which was diluted 1 in 200 in PBS. Each section was 

covered with 200 pi and incubated at room temperature for 30 minutes. The 

section was then rinsed in PBS for 3 minutes twice.

ExtraAvidin-Peroxidase Reaction

Each slide was covered with 200 pi of ExtraAvidin-Peroxidase (Sigma) and 

incubated at room temperature for 30 minutes. The reaction was stopped by 

rinsing the section in PBS twice for 3 minutes each time.
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Development

The substrate used in the current study was prepared with the SIGMA FASf^^  

DAB (3,3’-diaminobenzidine) peroxidase substrate tablet set which consists of a 

DAB tablet and an Urea Hydrogen Peroxidase tablet. Each set was used to 

prepare 1000pi substrate by dissolving two tablets in a plastic tube containing 1 

ml distilled water. The tube was then wrapped in foil to avoid the light. The 

substrate was used within 1 hour of preparation. Each section was covered with 

200 pi of the substrate and incubated for 4 minutes in a humidified metal box, 

avoiding light. The reaction was terminated by rinsing the slide with water for 5 

minutes.

Couterstaining

Slides were dipped into Mayer’s haematoxylin briefly and rinsed in running 

water for 5 minutes. They were then dehydrated and taken into Histolene 

(CellPath) and finally mounted with coverslips.

3.3 Results

Table 3.1 gives the details of antibodies used in this study. In all cases the "built- 

in” positive control in each section was the epidermis of the deep external canal.

Effect of Each Antibodv on EFs 

Anti-CKIO

This antibody reacts with human 56.5 kD cytokeratin intermediate filament 

protein. Most of the CKIO is present in the suprabasal layers of keratinizing
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stratified epithelia. At 17 and 18 gestational weeks cases cells of granular and 

spinous layers of of the external ear epidermis show weakly positive staining.

The EF stained negatively. At 20 gestational weeks, some cells of the EF 

showed positive staining (Fig. 3.5). From 21 gestational weeks to 8 month after 

birth, CKIO stained strongly positive with the suprabasal layer of the EF. The 

granular and spinous layers of external ear epidermis as well as skin showed very 

strong staining (Fig. 3.6). Middle ear simple epithelium and pseudostratified 

columnar epithelium stained negatively with CKIO at all age groups. Thus this 

antibodv is specific for suprabasal cells of the EF at 21 gestational weeks and 

after.

Anti-CK 14

This antibody reacts specifically with CKl4 that is found in the basal layer of 

certain stratified squamous epithelia including epidermis in different organs. 

Basal cells of EFs and external ear epidermis in all cases tested with this 

antibody from 20 gestational weeks to 8 months post-partum showed positive 

expression. Simple epithelium showed no expression of CK14. However, some 

of the middle ear pseudostratified columnar epithelial cells also stained positively 

in many cases. Fig. 3.7 shows the staining of this antibody in a 32 gestational 

weeks fetal middle ear. Thus this antibodv is useful for demonstrating basal cells 

of EFs after 20 weeks gestation, but there mav also be staining of columnar 

epithelium.

Anti-CK18

Anti-CKl 8 reacts with CKl 8 that is found in a wide variety of simple epithelia.

It does not react with stratified squamous epithelia (e.g. oesophagus or
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EF

External ear epidermis

Figure 3.5 Anti-CKIO staining in a 20-gestation-week temporal

bone. Just one large eel! o f  an epidermoid formation (EF) EF stained 

positively.

EF

External ear epidermis

Figure 3.6 Anti-CKIO staining in a 32-gestation-week case. The

suprabasal layer o f  the epidermis and the epidermoid formation stained 

positively.
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middle ear cavity ,  ̂ tr- ,
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Figure 3.7 Anti-CK14 staining in a 32-gestational-week fetal

middle ear.
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epidermis). It stained positively only with middle ear simple and pseudo 

stratified columnar epithelium in temporal bones of cases aged 26 gestational 

weeks and older. Epidermis and EFs all stained negatively. Fig. 3.8 shows the 

staining of this antibody in a 32 gestational weeks fetal middle ear. Thus this 

antibodv stains negativelv with EFs. but positivelv with non-stratified squamous 

epithelia after 26 w gestation.

Anti-CK19

This antibody reacts with the 40 kD cytokeratin intermediate filament protein 

(CK19) which is found in a large number of epithelial cell types including many 

ductal and glandular epithelia. Stratified squamous epithelium of the epidermis 

is not stained. The basal cell layer of several psuadostratified columnar epithelia 

does, however, contain CK19. The result showed that external ear epidermis and 

the EF stained negative in cases aged from 16 gestational weeks to 8 months post 

partum (Fig. 3.9). Middle ear pseudostratified columnar epithelia and simple 

epithelia stained positive. It has been noticed that cells on the surface of many 

EFs expressed CK19 (Fig. 3.10). The middle ear simple epithelium in young 

fetuses stained rather weakly. In the 6 gestational weeks embryo, CK19 stained 

skin epidermis positively. Thus this antibodv acts similarlv to CK18, but after 

16 gestational weeks.

Anti 35PH11

35pHl 1 reacts with CK 8 at 52.5 kD and is primarily associated with non

stratified squamous, simple epithelium. The result of the current study showed 

that this antibody stained strongly positive with all cells of middle ear
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middle ear cavity

Simple epithelium

External ear epidermis

Pseudostratified columnar 
epithelium

Figure 3.8 Anti-CKl 8 staining in a 32 GW fetal middle ear. 

Simple epithelium and pseudostratified columnar epithelium are 

stained positively with the antibody. The EF shows no expression 

o fC K lS .
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Figure 3.9 Anti-CKl 9 staining o f cells adjacent to an

epidermoid formation in an 8-month-old neonate.
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S' . ... <7f:z;S7"'

■ ' I
pseudostratified 
columnar epithelium

Simple epithelium EFI
external ear epidermis

Figure 3.10 CK19 staining in a 32-gestation-week fetal middle ear.

Note that cells on the surface o f  the epidermoid formation also express 

CK19.
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pseudostratified columnar epithelia and simple epithelium in all age groups, but 

stained negatively with external ear epidermis and the EF in fetuses aged from 16 

to 26 gestational weeks (Fig. 3.11). It stained positive with skin in the 6 

gestational weeks embryo and weakly positive with the basal cells of skin of 

fetuses up to 16 gestational weeks. It disappeared from skin tissue after this age. 

Thus this antibodv stains simple epithelium, but not epidermis, from embryonic 

life up to 16 gestational weeks.

A nti 34PE12

34PE12 is a monocolonal antibody against a group of cytokeratin intermediate 

filaments (CKl, 5, 10 and 14). These cytokeratins are normally found in ductal 

and stratified squamous epithelia.

From 6 to 18 gestational weeks the antibody stained strongly positive with all 

cells of suspected EFs, external ear epidermis, skin and middle ear 

pseudostratified columnar epithelium. The middle ear simple epithelium stained 

negatively. From 22 gestational weeks to 8 months after birth the EF and 

epidermis expressed strong positivity, but expression with middle ear 

pseudostratified columnar epithelium was weak. The middle ear simple 

epithelium showed negative staining. Figure 3.12 shows the staining of 34PE12 

in a temporal bone of a 22 gestational weeks fetus. Thus this antibodv will stain 

the EF after 22 gestational weeks: before this time it is also expressed bv 

pseudostratified columnar epithelium.

Anti LEF-1

This is expressed by epidermis onlv in the embryonic period.
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M iddle ear cavity

1 .% '' ,,oi

t

E F

Figure 3.11 35|3H11 staining. The epidermoid formation (EF) in this 

18-gestational-week fetus does not express the antigen, but the non

epidermoid epithelia, ineluding a layer o f  simple epithelium eovering its 

surfaee, do.
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%

.-w

External ear «piderinis

Figure 3.12 34(3E12 expression in an epidermoid formation

and in basal layers o f  external ear epidermis o f  a 22- gestation-

week fetus.
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V ariations in C ytokeratin Expression o f Epiderm is w ith G estational Age

The expression pattern of cytokeratins during fetal development is different from 

that of the adult. For example, CKl 9 is expressed by simple epithelium and 

epidermis in early development, but this expression disappear from epidermis 

with the onset of keratinization (Dale et al 1985).

Before a tool for confirmation of an EF can be found the expression patterns of 

those antibodies relating to epidermis and simple epithelium need to be 

established. Such work has been carried out in the current study. It is 

summarised in a chart (Fig. 3.13). It showed that among those antibodies 

relating to the stratified squamous epithelium only 34PE12 was expressed by 

external ear epidermis in all age groups. CKl4 was expressed only from 20 

gestational weeks and CKIO from 17 gestational weeks. Thus, 34PE12 is the 

best candidate as a marker for the epidermal tissue, especially for cases younger 

than 20 gestational weeks. However middle ear pseudostratified columnar 

epithelium is also stained positively with 34PE12. When a tissue stains positively 

with 34PE12 it still cannot be confirmed whether it is epidermal tissue or middle 

ear pseudostratified columnar epithelial tissue. To solve this problem a second 

antibody staining is needed. It is shown in Fig. 3.13 that 35pHl 1 stained 

positively with middle ear pseudostratified columnar epithelium and simple 

epithelium but not the external ear epidermis in all age groups. Therefore, if the 

34pE12 positive tissue is stained negative with 35 pH 11 it can be confirmed that 

the tissue is epidermal origin. In fact, anti-CK19 shares a similar staining pattern 

with 35PH11. It also can serve the same role as 3SpHl 1 does. This 34PE12- 

3 5 PHI 1 staining system has been reliable for confirmation of an EF especially
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CKIO

C K 14
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C K 18 1 1
mil II II 1 II 1
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Key:

Middle ear simple epithelium

Middle ear pseodo-stratified columnar epithelium 
Epidermis

EF

Strong positive 
' "" Weak positive

GW -  gestational weeks 
PPM- post partum months

Figure 3.13 Summary o f  results o f  immunohistochemical expression o f  various epithelia o f  external and 
middle ear at different ages.
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for those EFs found in fetuses younger than 17-gestational-week when CKIO is 

not yet expressed in the EF. With this system it also demonstrated that epithelial 

structures resembling the EF were in fact not epidermal tissue (see Chapter 4 Fig. 

4.7 and Fig. 4.8).

In the embryonic period, 34pE12, 35PH11 and anti-CK19 all stained positively 

with epidermis. Hence, this system is not suitable for the differentiation of 

epidermis from other epithelial tissue at this stage. A further antibody anti

lymphoid enhancing factor-1 (LEF-1) known to be expressed by embryonic 

epidermis (Zhou et al 1995) was introduced in my study for identification of the 

“EF precursor” found in a 6 gestational-week embryo. The result of this staining 

has ruled out that this structure is epidermal tissue (see Chapter 4),

It is easier to provide confirmation for the EF when it starts to express CKIO, 

which is unique to the epidermal tissue (Fuchs & Green 1980). The current 

study showed that the expression of CKIO in external ear epidermis started at 17 

gestational weeks. But in the EF this expression started several weeks later at 20 

gestational weeks (Fig. 3.13).

In Huang’s study (Huang et al 1996) of cytokeratin expression in the EF, no age 

was given in relation to the expression of cytokeratin. It was stated that CKl 9 

expression was found in the “simple type” of EFs and basal cells of external ear 

canal. The EF was also found to be weakly stained with anti-CKl 8. Both 

cytokeratins are related to simple epithelial tissue. In the current study, CK l9 

expression was not found in the external ear epidermis except in the 6- 

gestational-week embryo. Only a few cells of some EFs of 16 to 18 gestational 

weeks fetuses were found with the expression of CKl 9. Anti-CKl 8 stained 

negative with EFs found in the current study. Anti-CKl 9 and anti-CKl 8 used in
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Huang’s study and the current study all came from the same suppliers, DAKO 

and Sigma. It is noticed that the concentration of anti-CKl 9 used in Huang’s 

study was 1:200. My studies showed that the staining of antiCK19 at this 

concentration would give a higher background and could create a false positive 

result. The concentration of anti-CKl 9 used in my study is 1:400. I would 

therefore suggest then that Huang’s results are of questionable validity. 

Expression of CK14, CKl 8 and CKl 9 was also tested in the evaluation of the 

differentiation of epithelia in the developing middle ear. Expression of CKIO was 

used for confirming the well-differentiated EF.

Ki-67 is a cell proliferation-associated human nuclear antigen (Gerdes et al, 

1983), but it can be used only in frozen sections. An antibody, MIB-1, which 

can indicate expression of Ki-67 in paraffin sections, was used to evaluate 

possible proliferation of the EF in comparison with normal epidermis and 

cholesteatoma (see Chapter 9).
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Chapter 4 

Incidence of Epidermoid Formations in Serially 

Sectioned Temporal Bones

4.1 Introduction

It has been suggested that the EF is a normal feature of the developing middle ear 

(Michaels 1986). While this is a reasonable hypothesis further evidence is required 

to substantiate it, since until now all reports have indicated that only a proportion of 

fetal temporal bones examined show this structure. The highest incidence o f the EF 

is 54% in published studies and these have been of temporal bones from age group 

12 gestational weeks until early infancy (see Chapter 1). All previously published 

studies o f the EF have been based on surveys of temporal bones in which only 1 of 

each 10 serial sections sections cut from celloidin at 20 pm thickness was examined. 

In my laboratory, most o f the archival temporal bone serial sections cover 

approximately the upper two thirds of the tympanic membrane region only. This is 

because, when the microtomist, starting to section the temporal bone horizontally 

from above, had reached the level of the lower half of the tympanic membrane, i.e. 

below the umbo, the main organs of the temporal bone have been sectioned 

completely. Further sectioning was thought to be unnecessary. This resulted in the 

incomplete coverage o f tympanic membrane region of many temporal bone 

specimens. It is possible that some, at least, o f the literature reports had a similar
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failing, so that accounts of such aspects of the EF as its prevalence, numbers, or 

location may be inaccurate.

In this chapter a search for the EF in serial sections of the whole tympanic 

membrane region is described using a special strategy for selection of sections for 

staining so as to reduce the numbers of specimens that have to be stained before an 

EF is found. Specimens of a wide age range from embryos, through fetal life to 

early childhood were examined.

4.2 Materials and Methods 

S p ecim en s

Thirty-six temporal bones from 19 cases were serially sectioned for the study. They 

were aged from 6 gestational weeks to 15 months post partum. The clinical details 

and ages are shown in Table 4.1 and the distribution o f temporal bones with age is 

shown in Fig. 4.1.

S p ecim en  P ro cessin g  an d  S ta in in g

All temporal bones were processed and embedded in paraffin wax as described in 

Chapter 2. Specimens were then serially sectioned horizontally at 7pm with a Leitz 

Wetzlar sledge microtome.

S tra teg y  o f  S e lectio n  o f  S ection s for  S ta in in g

Paraffin sections o f temporal bone are usually cut at about 7pm. Studying 1 in 10 

step sections that have been embedded in this medium means that there is a 63 pm 

gap between the sections examined. In most of the previous observations of EFs
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Table 4.1 Specimens Used For Serial Section 

Immunohistochemistry Study

KEY:

GW - G estational weeks 

M - M ale  

F- Fem ale

Case Number Age Sex Diagnosis

1597 6GW Termination of pregnancy

C174 13 GW M Termination of pregnancy

C49 14 GW Termination of pregnancy

C114 14 GW Termination of pregnancy

C184 14 GW Termination of pregnancy

C113 16 GW M Termination of pregnancy

C57 16 GW Termination of pregnancy

ClOO 17 GW M Termination of pregnancy

C144 18 GW M Termination of pregnancy

T297 20 GW M Termination of pregnancy

1521 21 GW F Termination of pregnancy

C148 22 GW F Termination of pregnancy

T239 23 GW Still bom

1523 25 GW M Spontaneous abortion

1527 26 GW F Spontaneous abortion

1558 28 GW M Spontaneous abortion

1526 32 GW M Spontaneous abortion

1525 8 months M Dysplasia Bronchopulmonalis

1524 15 months M Smith-Lemli-Opitz Syndrom v.s. 
Mucolipidosis type II
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GW- gestational weeks PPM- post partum months

Figure 4.1 Distribution o f temporal bones used in the 
study with Age.
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celloidin sections have been used. These are cut at 20 pm, so that the gap between 

viewed sections is as large as 180 pm (Fig. 4.2)

The average size of an EF is 69 pm, although many o f them may be as small as 22 

pm. Hence, it is likely that many small EFs were missed in the published studies. 

Figure 4.2 shows what might happen in the case o f an EF is measuring about 28 pm 

in depth. Since paraffin sections are usually cut at 7pm the EF can be seen only 

across 3-4 sections. It could be easily missed in the 1 in 10 paraffin step section 

survey, not to mention the celloidin step section study in which sections are cut at 20 

pm at the thinnest.

To eliminate any chance of missing an EF it would be tempting to employ a 

complete serial section survey. However, this would leave no spare sections for 

immunohistochemical study to confirm the origin of an EF found in the survey. To 

minimize the chance o f missing the EF, while still keeping a reasonable number of 

spare sections for further studies, a strategy of investigating most, but not all, of the 

serial sections of the temporal bones was adopted in the current study. Surveys of 

the EF have so far shown that the smallest EF is about 22 pm in diameter. Paraffin 

sections were cut at 7 pm in the current study. Three sections would make up a 

thickness o f 21 pm so that a survey of one in three sections should be sufficient to 

identify virtually every EF present in a temporal bone (Fig. 4.3).

Thus in this study every third serial section from temporal bones was stained with 

haematoxylin and eosin (H & E). If an EF was not found further sections were 

stained. To exclude completely the presence of an EF, sections showing the middle
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11

t = thickness of a section g = gap between stained sections

In paraffin sections t = 7 pm g = 7pm X 9 = 63 pm

In celloidin sections t = 20pm g = 20pm X 9 = 180 pm

Figure 4.2 Illustration o f  1 in 10 step section survey.
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\
g

\
EF

t = thickness of a section g = gap between stained sections

In paraffin sections t = 7 pm

In celloidin sections t = 20 pm

g = 7pm X 9 = 63 pm 

g = 20pm X 9 = 180 pm

Figure 4.3 Illustration o f  1 in 3 step section survey.
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ear in the region of the whole of the tympanic end o f the Eustachian tube and the 

whole o f the tympanic membrane region were stained.

H isto lo g ica l In v estig a tio n

A search was made for any nodular structure in the middle ear epithelium that might 

be an EF. When a nodular structure was found spare serial sections adjacent to it 

were mounted on HistoGrip coated slides which were then subjected to 

immunochistochemical analysis to confirm on epidermal origin (see Chapter 3).

4.3 Results 

In c id en ce  o f  E F s

At least one EF was found in each of the 22 temporal bones aged from 16 gestational 

weeks to 8 months post partum in this serial section study, a total of 116 EFs being 

found in the 22 temporal bones. All EFs were confirmed to be of epidermoid tissue 

by immunohistohemical analysis (see Chapter 3). The number of EFs seen in each 

temporal bone varied from 1 to 23. The highest number of EFs in a single temporal 

bone was found in a fetus aged 17 gestational weeks. Fig. 4.4 shows the highest 

numbers of EFs found in any single temporal bone at each age group. Statistical 

analysis reveals that there is not significant correlation between the age and the 

number o f EFs found in a single temporal bone (r = - 0.418, P>0.05). No EF was 

found in two temporal bones aged six gestational weeks, two temporal bones aged 

13 gestational weeks and 6 temporal bones aged 14 gestational weeks. A further 

two temporal bones aged 15 months post partum were also found to have no EF.
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Figure 4.4 Highest number o f EFs found in any single temporal bone at 

different ages.
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“E F  P recu rso r”

A structure showing marked thickening of epithelium at the tip of the tubotympanic 

recess was found in both temporal bones of a six-gestational-week embryo. This 

resembled the “EF precursor” described by Michaels (1988) in embryos and young 

fetuses (Fig.4.5). However, when it was stained with anti-lymphoid enhancing 

factor-1 (LEF-1) which is known to be expressed by embryonic epidermis (see 

Chapter 3) the tubotympanic recess structure did not do so, but epidermis in the 

same sample did (Fig.4.6). On consultation with Professor Michaels, the author of 

the 1988 paper, it was agreed that, in the light of these findings, the structures at the 

tip of the tubotympanic recess in both his 1988 study and in the present one were not 

epidermoid formation precursors, but, rather tangential cuts through a thickened 

actively growing epithelial bud. It was also agreed that all o f the other structures 

from embryos and early fetuses in his 1988 report that were suggested to be 

epidermoid formation precursors should be reinterpreted as normal epithelial 

structures. Thus it now seems unlikely that an EF precursor can be found in early 

embryonic life.

E p ith e lia l S tru ctu res  Im ita tin g  E F s

Occasional epithelial structures were found in a similar position to those normally 

occupied by the EF, that is in the epithelium of the lateral wall of the middle ear near 

the junction with the Eustachian tube epithelium and in the vicinity of the anterior 

superior portion of the bony annulus. However these did not express epidermoid 

markers specific for the gestational age of the fetus (Fig. 4.7). Similarly epithelial
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Figure 4.5 Horizontal section o f  head o f  a six gestational

weeks old embryo showing marked thickening o f  epithelium at 

tip o f  tubotympanic recess (arrow).
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Figure 4.6 Anti-LEF-1 antibody staining in 6 week-old embryo.

Embryonic epidrmis (left) shows expression o f  marker; thickened 

epithelium at tip o f  tubotympanic recess (right) does not.
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H&E

35(3H11

Figure 4.7 This structure has same staining as middle ear

epithelium. (35pH 11 reacts with CK 8 expressed only by simple 

epithelium).
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structures were found on the medial wall of the middle ear which had some 

resemblance to EFs, although in an uncharacteristic position for the latter. 

Immunohistochemical staining demonstrated that this structure has the same 

cytokeratin expression pattern as the middle ear simple epithelium but not the 

external ear epidermis (Fig. 4.8).

4.4 Discussion

The strategy adopted in this study for seeking the EF in each temporal bone and, at 

the same time, keeping sections available for immunohistochemical confirmation of 

the epidermoid nature of any group of cells in the middle ear epithelium proved to 

be practical. A clear cut finding of the presence o f EFs commencing at 16 

gestational weeks and thereafter the finding of at least one EF in every single bone 

until 8 months of age was surprising. Just as unexpected was the finding of multiple 

EFs in many of the early temporal bones after 16 weeks.

In particular, I was able to exclude from this material the so-called "EF precursor" as 

an entity. Although, in such material, a negative finding for an EF is not absolute 

proof that an EF is absent, it must be significant that not a single EF could be found 

before 16 gestational weeks. An explanation for the abrupt entry of the EF onto the 

stage of the middle ear at 16 gestational weeks will be provided in Chapter 7.

Thus it would seem that the EF is indeed a "normal" structure, coming in at 16 

weeks in every human middle ear. The function of this structure, if  indeed it has 

one, cannot be deduced at present.
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External ear canal

E pithelia l th ickness

&

Figure 4.8 An epithelial structure similar to epidermoid formation found on

medial wall o f  tympanic cavity shares same cytokeratin expression pattern as middle ear 

epithelium.
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Disappearance of the EF is less dramatic than its appearance. I found an EF in the 

serial section/immunohistochemistry study at 8 months post partum, but by 15 

months there was no EF. An EF was seen at 3 years post partum by Kayhan et al 

(1997). None have been seen in older children or adults. How the EF disappears is 

not known.
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Chapter 5 

Appearance and Size of the Epidermoid Formation

5.1 Introduction

In Chapter 4 it was described how a group of 22 temporal bones, all o f those 

examined aged from 16 gestational weeks to 8 months post partum in a paraffin 

embedded serial section study, were found to display one or more EFs, to a total of 

116 EFs, each o f which were confirmed to be o f epidermoid tissue by 

immunohistohemical analysis. Literature reports of the appearance and size of the 

EF have not had the advantage of such confirmation and it is likely that some of the 

supposed EFs in those studies may have been given that designation incorrectly. A 

qualitative study o f the appearances of the 116 definite EFs, further embellished by 

measurements o f their sizes might be expected to yield findings significant in regard 

to the development of the EF.

5.2 Appearance

Each one of the 116 EFs found in the paraffin embedded serial section study and 

confirmed by immunohistohemical analysis was examined as regards its appearance 

in H. & E. and immunohistohemical staining.

There were three broad types of appearance that could be detected:
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T yp e 1: T h e  S m all N o d u la r  T yp e

The small nodular type o f EFs consists of 9 -  50 epidermal cells at the base of which 

there is a well-defined basement membrane. This form is frequently multiple. It 

was found to be present in 18 temporal bones aged 16 -28  gestational weeks. It can 

be divided into two subgroups: a poorly-differentiated form and a well-differentiated 

one. Poorly differentiated EFs were found in temporal bones younger than 20 

gestational weeks. Cells o f this group of EFs show little or no enlargement of the 

spinous or "prickle cells" found in the Malpighian layer o f the normal epidermis and 

no overt kératinisation (Fig. 5.1). The well-differentiated group was present in 

temporal bones aged 2 1 - 2 8  gestational weeks. Kératinisation is usually seen and 

may be present on the surface and/or in the centre.

T yp e 2: T h e  L a rg e  D ifferen tia ted  T yp e

The large differentiated type of EF is composed of a well-demarcated mound of 

stratified squamous epithelium, with part of it submerged below the surface. There 

is often superficial or deeper kératinisation and rete ridges (Michaels, 1988). The 

basement membrane is also well defined. This type may be multiple and is found in 

two temporal bones aged 33 gestational weeks (Fig. 5.2).

T ype 3: T h e  F la t T y p e

A third type o f EF has been seen in this serial study in a single case o f an infant aged 

eight months post partum. This type of EF presents a wide, flat, surface plaque of 

epidermoid cells without overt kératinisation. This EF was embedded within the
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T ym p an ic  cavity

External ear epidermis
'  1

Figure 5.1 An nodular EF o f  poorly differentiated type.
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Figure 5.2 A well differentiated EF, composed

mainly o f  spinous cells.
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middle ear epithelium. The volume of cytoplasm of individual EF cells was smaller 

than that found in the large differentiated type. It had a similar appearance to that of 

a heaped-up group o f simple middle ear epithelial cells on H&E staining and could 

be definitely identified as an EF only by immunohistochemical analysis (Fig. 5.3).

D iscussion

Of the three types o f EFs identified in the study the first two are similar to those 

described in other studies (Lee et al 1998). The small nodular type o f EFs was 

mostly found in fetuses aged under 28 gestational weeks and no large differentiated 

type of EFs can be seen in this age group. The large differentiated type of EF was 

found in two temporal bones o f a fetus aged 32 gestational weeks. On the basis of 

the different ages at which the two types have been found it seems reasonable to 

suggest that the small nodular type may, with advancing age, develop into the large 

differentiated type of EF.

The flat type of EF has not been described before. In addition to the EF of this type 

found in the immunohistochemically confirmed group in an 8-months-old child an 

additional EF of this type was seen in a full term (41 -gestational-week) infant in the 

step section celloidin survey (Fig. 5.4). Both EFs are derived from subjects at an 

older age group than the majority of EFs, suggesting that this type of EF might be a 

transitional stage in the regression process by which the EF eventually disappears in 

early childhood.
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H&E staining

EF

i

CKIO staining

Figure 5.3 An epidermoid formation with a flat

eonfiguration. This is diffieult to identify with certainty by 

H&E staining only. Like epidermis it expresses CKIO and, is 

therefore confirmed as an epidermoid formation.
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Middle ear cavity

Figure 5.4 

embedded).

Flat type o f EF (arrow) found in a 41 GW fetus (celloidin
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5.3 Size

I measured 116 EFs which had been immunohistochemically confirmed. Two 

dimensions o f the EF were assessed: diameter and depth. In the investigation of the 

diameter of the EF the section of each EF with largest diameter was selected for 

measurement (Fig. 5.5). This was carried out with an eyepiece graticule calibrated 

with a stage slide graticule (see Chapter 6). The depth o f each EF was measured by 

counting the number o f sections in which the EF was present and then multiplying 

that number by 7 (7 pm being the thickness of each section).

R esu lts

Diameter of the EF

The diameter o f EFs varied from 25 to 315pm with a mean of 56pm and a standard 

deviation o f 32.65pm. Statistical analysis showed that there was a positive 

correlation between the age of the temporal bone and the diameter of the EF (r = 

0.98, P<0.0005, Fig. 5.6).

Depth of the EF

Depth of EFs varied from those crossing three sections to those crossing 21 sections 

giving values o f from 21 pm to 147pm with a mean of 36pm and a standard 

deviation of 24.56pm. A positive correlation was also found between the depth of
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^Diameter
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Figure 5.5 Method o f measurement o f  diameter o f

epidermoid formation.
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Figure 5.6 Epidermoiti Formation Diameter and Depth in relation to Age.
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EFs and the age of the temporal bone (r = 0.534, 0.05>P>0.025, Fig. 5.6). The 

individual measurements can be found in Appendix 4.

D iscu ssio n

The average horizontal measurement (diameter) o f the EF found in the current study 

of 56pm is similar to those in studies by Wang (1987) (56pm), Huang (1993) 

(60.82pm) and Lee (1998) (68pm) (see Table 1.2 in Chapter 1), but it is decidedly 

smaller than the average diameter of 92pm found by Kayhan et al. (1997).

However, the youngest case in the study o f Kayhan et al was 21 gestational weeks, 

the majority of their cases being near or around term. This would explain the 

difference in the average diameter found in my own and the other studies from that 

o f Kayhan et al. My own study, and those of Wang, Huang and Lee, dealt with 

subjects who were young compared with those in the work o f Kayhan et al.

In the current study a significant positive correlation was found between the age of 

the temporal bone and the diameter and depth of the EF. This result confirms the 

finding of Kayhan et al (1997) that the EF grew larger with the increasing age up to 

8 months post partum.

EFs found in the current study occupied 3 to 21 serial sections. Multiplying this by 

7pm (thickness o f a single section) gives a vertical measurement of EFs from 21 -  

147 pm. This figure is much smaller than those found in the published studies (see 

Table 1.2 in chapter 1). Most of the temporal bones used in the published studies 

were embedded in celloidin in which specimens shrink very little. To ensure that 

immunohistochemical analysis of the EFs could be satisfactorily performed in the
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current study I used only the paraffin embedding method for specimen processing. 

Paraffin embedding is known to result in considerable tissue shrinkage. It is thus 

difficult to compare the current vertical measurement results with those of published 

studies. This explanation may also be valid for the rather small average diameter of 

an EF. However, a positive correlation was found between the age of the temporal 

bone and the depth o f EFs.

5.4 Summary

The appearances of the EF at different ages suggest a lack o f differentiation in the 

early stages o f development, but later in development the EF becomes more 

differentiated. In its final form, before it disappears, it becomes wider, flattens out 

and is composed o f withered-appearing, undifferentiated cells.
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Chapter 6 

Mapping of Locations of EFs in Relation to 

Tympanic Membrane

6.1 Introduction

The general impression derived from the literature is that the EF is usually 

present on the lateral wall of the middle ear in the anterosuperior region of the 

tympanic membrane. However, there is no detailed knowledge of the frequency 

of its appearance at other sites or of the actual quantity of epidermoid tissue that 

may be seen on the middle ear during normal development. To address these 

problems the location of EFs in relation to the tympanic membrane was mapped 

in histological sections of temporal bones by the use of a special technique that 

was devised for the purpose.

6.2 Materials and Methods

As in the studies described in Chapters 4 and 5 of this thesis, serial histological 

sections of 22 temporal bones, each containing one or more EFs, from subjects 

aged from 16 gestational weeks to 8 months post partum were examined. As was 

pointed out earlier, the extent of sampling of the lateral wall of the middle ear in 

relation to the tympanic membrane has been greater in this study than in many 

other studies, since in the current study the whole tympanic membrane region
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was covered. All EFs were confirmed as epidermoid by their positive expression 

of markers of epidermis appropriate to the gestational age.

A diagram representing the whole tympanic membrane as seen from the lateral 

side was devised to chart the locations of EFs found in the different temporal 

bones (Fig. 6.1). The horizontal lines represent the level of horizontal 

histological sections that had been taken in relation to the tympanic membrane. 

The space between each pair of lines represents a thickness of either 20 sections 

or 40 sections.

The section level of the umbo was identified as the most inferior section at which 

the handle of the malleus was still visible. The number of sections from the 

superior end of the tympanic membrane to the umbo and from the umbo to the 

most inferior point of the tympanic membrane in each temporal bone was 

counted. These figures gave the number of lines required to depict the aggregate 

of sections across the tympanic membrane region in the particular bone.

The following criteria deployed by Kayhan et al (1997) were applied to 

determine wether any EFs appearing to be located inferior to the malleus were 

not artefactually in that position as the result of cutting angle: 1) the facial recess 

and the Eustachian tube orifice must be in the same plane; 2) the handle of the 

malleus must appear round in section, not oval.

The distance of the EF from the anterior edge of the tympanic membrane 

epidermis were measured using an eyepiece graticule. The graticule was 

subsequently calibrated using a stage-slide graticule with an engraved subdivided 

mm rule (Fig. 6.2). The projection of the anterior edge of the tympanic 

membrane on to the middle ear epithelium was determined by dropping an 

imaginary vertical line from the junction of the stratified squamous epithelial
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A n t. P o s t . P o s t . A n t .

a :s:

\M a lle u i

Tympanic membrane
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§
Mallem

Tym panic membrane

R

Figure 6.1 Diagrams used in mapping o f  EF locations.

Key: L- Diagram for left temporal bone.

R- Diagram for right temporal bone.

Ant.- Anterior

Post.- Posterior

91



Chapter 6

Figure 6.2 Graticules used in measurement.
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covering of the pars tensa with the similar covering of the deep external canal on 

to the adjacent middle ear epithelium. The distance from this point of contact to 

the nearest point of the EF was measured, using an eyepiece graticule as 

described above. If an EF was anterior to the anterior edge of the tympanic 

membrane or posterior to the posterior edge of the tympanic membrane the 

distance was recorded as a plus amount figure. However, some EFs were found 

posterior to the anterior edge of the tympanic membrane or anterior to the 

posterior edge of the tympanic membrane, i.e. within the region of the tympanic 

membrane. In these instances the distance was recorded as a minus amount 

figure.

The position of each EF was marked on the diagram at the requisite section level 

and in accordance with its distance from the margin of the tympanic membrane 

on a scale of 1:30. It should be noted, however, that the diagram does not 

represent the actual sizes of the different tympanic membranes, because they 

vary according to the ages of the fetuses. Thus the positions of the EFs marked 

on diagrams in relation to the margins of each tympanic membrane, although 

correctly positioned relative to each other in any temporal bone with multiple 

EFs, are not accurately to scale.

6.3 Results

The location of each EF in relation to the tympanic membrane for all the 

temporal bones studied in this way is depicted in a series of diagrams (Fig. 6.3a 

to Fig. 6.3d). In each diagram the reference number of the temporal bone is
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Anterior Posterior Posterior

(1 ) L  16 GW

Anterior

(2 )R  16 GW

( 3 ) L  17 GW ( 4 ) R  17 GW

( 5 ) L 1 8 G W  (6 ) R  22 GW

Figure 6.3a Locations of epidermoid formations in fetuses between 16

and 22 weeks gestational age.
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Anterior Anterior

/
\  / \  /  \

(7) L 20 GW (8) R 20 GW

(9) L 21 GW (10) R 21 GW

(11) L 23 GW ( 1 2 ) R 2 3 G W

Figure 6.3b Locations of epidermoid formations in fetuses between 20 and 

23 weeks gestational age.
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Anterior

(13) L 25 GW

Anterior

a
\  /

(14) R 2 5 G W

(15) L 2 6 G W ( 1 6 ) R 2 6 G W

(17) L 28 GW ( 1 8 ) R 2 8 G W

Figure 6.3c. Locations o f  epidermoid formations in fetuses between 25
and 28 w eeks gestational age.
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Anterior

X

(19) L32GW

Anterior

(20) R 3 2 G W

(21) L 8 P P M (22) R 8 PPM

GW -  gestational weeks PPM -  post partum months

Figure 6.3d Locations of epidermoid formations in fetuses

between 32 weeks gestational age and 8 months post partum.

97



Chapter 6

given first in parentheses. This is followed by the side of the bone, L or R, and 

then the age of the subject from whom the temporal bone was derived, which is 

given in the diagrams as gestational weeks (GW) except in the final two 

diagrams which are months post partum.

These diagrams show that most of the EFs are found close to the edge of the 

tympanic membrane. Eighty-two EFs (70.6%) out of the total number of EF 

found, 116, were located in the anterosuperior lateral wall of the middle ear, just 

anterior to the tympanic membrane and adjacent to the anterior limb of the 

tympanic ring. In addition to this location, 23 EFs (19.8%) were also found in 

the anteroinferior lateral wall of the middle ear (Fig. 6.3 temporal bones numbers 

4, 6, 9, 10, 11, 13, 18 & 20). Eight EFs (6.9%) EFs were found on the 

posterosuperior quarter of the lateral wall of the middle ear, near the posterior 

edge of the tympanic membrane (Fig. 6.3a temporal bones numbers 4, 5, Fig. 

6.3c 14 & Fig. 6.4). Two EFs (1.7%) were found on the posteroinferior part of 

the middle ear and two were actually found over the malleus in this study. Fig. 

6.5 summarises these results.

Every temporal bone from 16 weeks gestational age to 8 months post partum 

contained at least one EF. Some of them displayed multiple EFs; up to 23 EFs 

were found in a single bone.

6.4 Discussion

Most EFs have been found in the anterosuperior quarter of the lateral wall of the 

middle ear (Michaels 1986, Wang et al 1987, Huang et al 1993). Kayhan et al 

(1997) found four EFs to be below the level of the handle of the malleus.
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Middle ear cavity

Figure 6.4

Epidermoid formation 

found on the posterolateral 

wall o f  middle ear.
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The only EF found so far in the posterolateral tympanum was described by Teed 

(Teed 1936). This finding has not up till now been confirmed by any of the 

modem investigations. In addition to these locations, Lee et al also found a few 

cases in which the EF was situated on the tympanic membrane (1998).

In the current study, EFs, all confirmed as such by immunohistochemistry, have 

been seen on all four quarters of the middle ear lateral wall (anterosuperior, 

anteroinferior, posterosuperior, posteroinferior), although the majority are 

situated in the anterosuperior quarter of the lateral wall of the middle ear. Many 

EFs were situated on the tympanic membrane. My findings also validate 

Kayhan’s finding that the EF can be found in the anteroinferior part of middle ear 

(1997). For the first time since the rediscovery of the EF by Michaels, EFs have 

been identified over the posterior part of the lateral wall of the middle ear in the 

current study, confirming Teed’s original finding to this effect.

The unexpectedly large total amount of epidermoid tissue that may occur in the 

middle ear during development is clearly displayed by this mapping technique. 

Up to 23 EFs have been found in a single bone. Although only a proportion of 

the bones examined showed such large numbers it seems possible that every 

developing human middle ear may be subjected to a shower of these epidermoid 

"bullets", all of which subsequently disappear unless one or more of them 

continues to grow to form a congenital cholesteatoma (see Chapter 9).

It should be noticed that in this study most EFs were located around the edge of 

tympanic membrane. It has been shown that there is a powerful proliferative 

activity in the epidermis around the edge of the developing tympanic membrane 

(Michaels & Soucek 1990). It seems likely that the annular position of the EFs is 

related to this activity (see Chapter 7).
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Chapter 7 

Origin of the Epidermoid Formation

There have been several new aspects concerning the natural history o f the EF 

revealed by the work described so far in this thesis:

EFs are not present before 16 weeks gestation

• Immunohistochemically confirmed EFs do not appear until 16 weeks 

gestation and after (Chapter 4). Supposed EF precursors in embryos and 

fetuses earlier than 16 w (Michaels 1988) were probably artefactual (Chapter 

4).

• In the early stages after 16 weeks EFs in any one middle ear maybe multiple 

-  as many as 23 may be found (Chapter 4).

• The size of EFs increases significantly with the gestational age (Chapter 5)

• EFs are found in the middle ear epithelium at positions related to all four 

quadrants o f the tympanic membrane (Chapter 6).

• They are usually present in the annular region of the middle ear epithelium in 

those quadrants (Chapter 6).

• EFs have disappeared by early childhood.

A possible explanation for these findings is that EFs originate from the annular 

region of the tympanic membrane epidermis at or after 16 weeks. A study was made 

of the development of the epidermis o f the annular region of the tympanic 

membrane and adjoining connective tissue in relation to the middle ear epithelium to 

seek evidence for such an origin for the EF. Before describing the results of this
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study it is necessary to summarize the known facts of the early development of the 

epidermis o f the external auditory canal.

7.1 Development of Epidermis of External Auditory Canal

The epidermis of the external auditory canal develops from the ectoderm of the first 

branchial groove. The surprisingly complex development of this structure has been 

described by Michaels and Soucek (Michaels & Soucek 1989, 1990, 1991a). The 

external part o f the canal grows hair follicles, sebaceous and ceruminous (apocrine) 

glands and becomes the superficial external canal (zone 4, Fig. 7.1). The fundus of 

the first branchial groove, by a complex series of changes, becomes the epidermis of 

the tympanic membrane and deep external canal At 6 - 8 weeks a bud grows out 

from the anterior aspect of the first branchial groove. This is the meatal plate. It 

extends medially and anteriorly to reach the middle ear end of the tubotympanic 

recess (the future Eustachian tube and middle ear lining). A similar bud grows from 

the posterior aspect of the fundus o f the first branchial groove. This is the fundus 

extension plate (Michaels & Soucek 1991a). The meatal plate extends also 

circumferentially in a vertical plane around the fundal extension plate. The meatal 

plate opens up by clearing at the centre of the bud. Its medial aspect becomes the 

epidermis covering the pars tensa of the tympanic membrane - a very thin epidermis 

(zone 2, Fig. 7.1). Its lateral aspect becomes the epidermis o f two thirds of the deep 

external canal, a thicker (i.e. more proliferative) epidermis (zone 3). The fundal 

extension plate opens up by clearing at the centre o f the bud. Its medial aspect 

becomes the epidermis covering the pars flaccida and handle of malleus area also a
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FUNDAL EXTENSION PLATE

L'Xtema ear cana

MEATAL PLATE

Figure 7.1 

Four zones o f  the 

epidermis o f  external ear 

canal. Zone 1 covers the 

pars flaccida, handle o f  

malleus and a portion o f  

the deep external ear 

canal. Zone 2 covers the 

pars tensa. Zone 3 covers 

the pars tensa and the 

annulus. Zone 4 covers 

the superficial external 

ear canal. (Courtesy o f  

Professor M ichaels).

External ear canal

2

4

Figure 7.2 The pathway o f  epidermal cell migration in the external 

ear canal. (Courtesy o f  Professor Michaels).
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thicker epidermis (zone 1). The lateral aspect o f the fundal extension plate shares a 

continous surface with the lateral aspect of the meatal plate to become the epidermis 

covering one third o f the deep external canal, again a thick epidermis (zone 3). The 

growing edges of the fundal extension plate and the meatal plate are prominent and 

active throughout life. These are the source o f auditory epithelial migration, an 

activity necessary to remove keratin squames from the surface of the eardrum, was 

suggested by the similarity of the growth patterns described above to the pathways 

o f auditory epithelial migration as shown by sequential photography o f the 

movement of ink dots on the tympanic membrane (Michaels & Soucek 1990). Thus 

the deep external canal and tympanic membrane-covering epidermis are in constant 

lateral movement caused by the growth at the annulus (Fig. 7.2).

7.2 The Relationship of the Meatal Plate Epidermis to the Middle 

Ear Epithelium and Bilaminate Collagen Layer of the Tympanic 

Membrane During Development

To seek a possible origin of the EF from the external canal epidermis it was 

necessary to examine the epidermis of the developing external canal in relation to 

the other structures of the tympanic membrane. The normal mature pars tensa o f the 

tympanic membrane is composed of three layers from lateral surface (facing external 

ear canal) to medial surface (facing middle ear cavity. Fig. 7.3):

• A thin epidermis derived from the medial layer o f the meatal plate

• An intermediate bilaminate collagen layer with scanty fibroblasts. The fibres
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Middle ear cavity

External ear canal

Figure 7.3 Section o f  normal o f  tympanic membrane - pars tensa.
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of the bilaminate collagen layer are themselves separated into two further layers an 

outer one of radial fibres and an inner one of circular fibres.

• A middle ear epithelium composed of simple flat cells

S p ecim en s

The temporal bone sections used in this study were selected from both the recently 

prepared paraffin embedded serial section material and from the 1 in 10 step sections 

of archival temporal bones (see Chapter 2). Material was sampled to survey a wide 

range of specimens from the 6th to about the 20th gestational weeks. In each case 

the developing epidermis, bilaminate collagen layer and middle ear epithelium were 

examined in the anterosuperior annular region of the pars tensa and the findings 

compared with those in other parts of the developing tympanic membrane.

M icro sco p y  o f  D ev e lo p in g  M eata l P late in R ela tion  to M id d le  E a r  E p ith eliu m

At the 8̂*̂ gestational week the anterosuperior part of the meatal plate is near the 

tubotympanic recess (future Eustachian tube and middle ear, Fig. 7.4).

By the 10th gestation week the tip of the anterosuperior portion o f the meatal plate, 

which is, at this time, blunt and round, is near the middle ear epithelium and 

separated from it by a condensation of mesenchymal cells arising from the 

periosteum of the bony annulus. These cells are the future fibroblasts o f the 

bilaminate collagen layer (Fig. 7.5). At this 10th gestation week stage the whole of
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Figure 7.4 A temporal bone o f  8 gestational weeks showing 

meatal plate approaching tubotympanic recess.
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Eustachian tube
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Middle eâr cayity
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bilaminate

% collagen layer

Figure 7.5 Middle ear at 10̂  ̂gestational week.
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the circular outline of the epidermis of the tympanic membrane has developed in a 

vertical plane (Michaels & Soucek 1990), but this can be appreciated only by the 

microscopic examination of serial sections.

At the 12th gestational week the growing edge o f the meatal plate has now become 

jagged and the epidermal cells in this region spindle-shaped (Fig. 7.6). The middle 

ear aspect of the meatal plate is now apposed to the fibroblast layer of the bilaminate 

collagen layer. This is a feature of the whole o f the epidermis o f the tympanic 

membrane, but is first achieved in the anterosuperior region of the meatal plate. An 

additional feature that is seen here, but not in other parts o f the annular growing 

region of the meatal plate, is the commencement o f encroachment o f epidermal cells 

on the fibroblasts from the outer, radial layer of the bilaminate collagen layer. Small 

groups of epidermal cells appear about to drop off the main epidermis into the latter. 

At the 16th gestational week the meatal plate in the anterior superior region has a 

markedly jagged edge and the process o f encroachment of epidermal cells onto the 

fibroblasts of the bilaminate collagen layer has become more marked. Small clumps 

of probable epidermal cells and possibly some single ones lie near the middle ear 

surface (Fig. 7.7).

At the 17th gestation week the anterior edge of the meatal plate is still jagged with 

some encroachment by epidermal cells on the fibroblast tissue o f the bilaminate 

collagen layer (Fig. 7.8). The fibroblasts have become more condensed. A zone of 

clearing of the meatal plate epidermis has developed on the right separating zone 2 

epidermal cells of the pars tensa (above) from zone 3 epidermal cells of the deep 

external canal (below) (Michaels and Soucek 1990). Two probable EFs, both small
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Middle ear cavity £ ■
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Bilaminate
collagen
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Figure 7.6 The growing edge o f  the meatal plate

becomes jagged and the epidermal cells in this region 

spindle-shaped at 12th gestational week.
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Middle ear cavity

f  - ^  I

Figure 7.7 At 16th gestational week the meatal plate in this

anterior superior region has a markedly jagged edge and the process o f  

encroachment o f  epidermal cells onto the fibroblasts o f  the bilaminate 

collagen layer has become more marked.

Middle ear cavity

mmm

Figure 7.8 At 17th gestational week the anterior edge o f  the

meatal plate is still jagged with some eneroachment by epidermal cells 

on the fibroblast tissue o f  the bilaminate collagen layer. Note two 

epidermoid formations.
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and undifferentiated, but one larger than the other, are present on the middle ear 

epithelium anterior to the meatal plate.

The presence of isolated epidermal cells between epidermis and middle ear 

epithelium had, so far in this study, been assumed only on the basis of the 

appearances of the cells in H & E-stained sections. In this 18th gestation week fetus 

such cells have been confirmed in paraffin sections by immunostaining by their 

expression of antigen of epidermis appropriate to the age of the fetus. The meatal 

plate edge still shows a jagged edge. Clearing is more extensive in the epidermis. 

Cells on the middle ear surface of the meatal plate are still loosely arranged and 

there are loose-lying epidermal cells (expressing 34[3E12 antigen) in the radial layer 

of bilaminate collagen layer fibroblasts (Fig.7.9).

After the 18th gestational week, although the powerful proliferative activity of the 

meatal plate epidermis is manifested by the presence of prominent rete ridges in later 

development, nowhere in the tympanic membrane region is there seen any 

encroachment on the fibroblastic cells of the bilaminate collagen layer.

7.3 Origin of Epidermoid Formation

Although apposition of epidermis to the fibroblast cells o f the bilaminate collagen 

layer was seen to be a feature after the 12th gestational week o f the whole epidermis 

o f the tympanic membrane, it was only in the epidermis of the anterosuperior region 

that encroachment o f epidermal cells on the fibroblast cells of the bilaminate 

collagen layer was seen. This started at 12th gestational week and became more 

marked between 14th and 18th week gestation when there was very close
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Middle ear simple epithelium 34pE12 positive cells

V. ? "

- . t  ‘ s •

External ear epidermis

Figure 7.9 34pE12 staining in a temporal bone of an 18*** gestational 

week fetus. Positive cells are found between external ear epidermis and 

middle ear epithelium.
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approximation o f epidermis to middle ear epithelium in this region. Epidermal cells, 

identified by their positive expression of immunohistochemical markers relevant to 

the gestational age, were observed between the two epithelia. It is possible that they 

give rise to the EFs, which are seen in all fetal ears after the 16̂  ̂gestational week. 

The earliest point o f approximation of the meatal plate epidermis to middle ear 

epithelium in the anterosuperior part o f the primordial tympanic membrane seems to 

form an attachment region before the apposition o f the rest o f the epidermis of the 

tympanic membrane takes place. It seems possible that the growth area o f this 

attachment region, o f the meatal plate has especially powerfully proliferating cells 

which can infiltrate the bilaminate collagen layer and this would account for the 

development of EFs mainly in the anterosuperior region o f the tympanic membrane. 

The whole of the annular region of the meatal plate and also o f the fundal extension 

plate has a high proliferative capacity, as shown by the strong expression by the 

epidermal cells of the annular region of Ki67 proliferative antigen (Michaels & 

Soucek 1990). This would explain my finding of EFs not only in the anterosuperior, 

but also in the other three quadrants of the eardrum, although encroachment of 

epidermal cells on the bilaminate collagen layer those areas was not seen in this 

preliminary study. It would also explain the propensity for the EF to develop mainly 

on the middle ear epithelium in the annular region over the whole tympanic 

membrane. The anterosuperior region of the annular growing edge of the meatal 

plate perhaps possesses an even more powerful invasive activity than that of other 

regions o f the meatal plate because it is the first formed part o f the meatal plate and 

its growing tip has to migrate and seek the tubotympanic recess.
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The encroachment o f epidermal cells on to the bilaminate collagen layer that takes 

place between the 14th and 18th gestational weeks in the anterosuperior region of 

the meatal plate may be a manifestation not only o f the powerful growth activity of 

the epidermal cells at the annular edge of the meatal plate, but also o f a relatively 

weak resistance to invasion presented by the fibroblasts o f the bilaminate collagen 

layer. Up to 16th gestational week the bilaminate collagen layer has a high 

proportion of stellate fibroblasts with little collagen formation. More condensation 

of this layer is apparent at the 17th gestational week, but even at the 18̂  ̂gestational 

week the bilaminate collagen layer lacks the density that is produced by the 

substantial collagen deposition present in the mature tympanic membrane.

The possibility that the bilaminate collagen layer might normally act to prevent the 

entry o f epidermis into the middle ear epithelium, but that this activity might 

sometimes be weakened in the fetus, was suggested by Aimi in 1983, before the 

rediscovery of the EF (Aimi 1983). He studied horizontally cut serial sections of 

three fetal temporal bones aged 15 to 20 gestational weeks. In one of the three, a 

I 6 V2 gestational week fetus, the "middle layer" o f the tympanic membrane, i.e. what 

I have referred to as the "bilaminate collagen layer" of the tympanic membrane (see 

above), was significantly penetrated near the annulus postriorly by epidermis. On 

the basis of this observation, Aimi suggested that congenital cholesteatoma might 

originate from the epidermis o f the eardrum after its penetration o f the bilaminate 

collagen layer. This concept is similar to what I am suggesting in this thesis: that 

cholesteatoma is derived from the EF, which itself, I am suggesting, is a product of 

the penetration o f the bilaminate collagen layer by the external epidermis.
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7.4 Conclusions

Loose collections and single epidermoid cells can be found in the bilaminate 

collagen layer at between 14th and 18th gestation week near the growing edge o f the 

meatal plate. At this time the latter is in close apposition to the middle ear 

epithelium and the bi laminate collagen layer is very cellular with little or no 

collagen fibre formation. It is possible that these epidermoid cells give rise to the EF.
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Chapter 8 

Tubotympanic Fold

8.1 Introduction

In a study of the EF in temporal bones of fetuses and children, attention was 

drawn to a folded epithelial structure consistently located at the middle ear end of 

the eustachian tube (Lee et al 1998). It was suggested in this study of Lee et al 

that this structure might play a role in the formation of the closed type of 

congenital cholesteatoma. In this chapter I give the results of a study on this fold, 

which will be referred to as the “tubotympanic fold”, which was made on 

archival temporal bone sections.

8.2 Materials and Methods 

Sections

Sections of a total of 230 human temporal bones from 142 cases ranging in age 

from 8 weeks gestation to 52 years were examined in this study. Seventy-nine of 

these cases had temporal bones of both sides available for study. Appendix 1 

gives details of these specimens. Sections were prepared as outlined in Chapter 

2. In each temporal bone the middle ear, the whole of the tympanic end of the 

Eustachian tube and the tympanic membrane region were examined.

Measurements for the Tubotympanic Fold

The depth of tubotympanic fold and its distance from the anterior edge of the 

tympanic membrane epidermis were measured using an eyepiece graticule. The
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graticule was subsequently calibrated using a stage-slide graticule with an 

engraved subdivided mm rule (Fig. 6.2). The projection of the anterior edge of 

the tympanic membrane on to the middle ear epithelium was determined by 

dropping an imaginary vertical line from the junction of the stratified squamous 

epithelial covering of the pars tensa with the similar covering of the deep 

external canal on to the adjacent middle ear epithelium. The distance from this 

point of contact to the most posterior point of the tubotympanic fold was 

measured, using an eyepiece graticule as described above.

8.3 Results 

Prevalence

The structure was found in 76 of 230 temporal bones (33%). The earliest age at 

which it could be found was 19 gestational weeks; the latest was in a 52-year-old 

adult. Seventeen cases were found with tubotympanic folds in both temporal 

bones; in 16 cases in which both temporal bones were available for study 

tubotympanic folds were found on one side only.

Gross Examinaton

In one fetal middle ear the fold could be seen on observation of the gross 

specimen with a dissecting microscope as a slit in the wall of the middle ear 

adjacent to the orifice of the eustachian tube (Fig. 8.1). The fold in each case ran 

in a direction approximately at right angles to the length of the eustachian tube in 

a vertical direction.
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Microscopic Examination

Under the histology microscope the tubotympanic fold was situated between the 

tympanic membrane and the eustachian tube. It took the form of a U-shaped 

diverticulum of the columnar epithelium of the anterior middle ear into the 

underlying connective tissue in fetal cases (Fig. 8.2). However, in the neonatal 

and adult cases, the tubotympanic fold was found at a lower level of the middle 

ear between the tympanic membrane and the eustachian tube, forming a small 

pouch (Fig. 8.3). In some cases there were more than one tubotympanic fold 

present (Fig. 8.4). Inflammatory changes were found in the tubotympanic fold of 

some cases (Fig. 8.5).

The average distance of a tubotympanic fold from the tympanic membrane was 

970 pm. Average depth of a tubotympanic fold was 375 pm. An EF was 

identified near the fold in 26 of the 76 temporal bones with folds. In 14 bones 

the EF was posterior to the fold, in three it was anterior and in 12 it was situated 

in the mucosa actually within the fold (Fig 8 .6). Appendix 5 summarises the 

ages of subjects, measurements and positions of any nearby EFs in the temporal 

bones found in relation to a tubotympanic fold.

8.4 Discussion

We have been unable to find any report in the literature of the presence of a 

tubotympanic fold in the developing human middle ear. However, the process of
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Tubotympanic fold
Tympanic
membrane

Primitive
mesenchyme

Cochlea

Figure 8.1 Gross specimen showing tubotympanic fold.
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Figure 8.2 Tubotympanic fold under microscope.
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Figure 8.3 Adult form o f the tubotympanic fold.
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Figure 8.4 Multiple tubotympanic folds.
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Figure 8.5 Tuboltympanic fold in adult showing

inflammatory material (high power view: polymorphonuelear 

neutrophils, macrophages and debris) adherent to wall .
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Figure 8.6 An epidermoid formation (EF) situated within a 

tubotympanic fold.
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folding in the postnatal human eustachian tube has been reported (Sudo and 

Sando 1997) in which a progressive decrease in the folding of the eustachian 

tube itself, both in density and size of fold, with maturation from child to adult, 

was observed. The folds described in that study were structures within the 

eustachian tube. The tubotympanic fold described in the current study is 

confined to the anterolateral wall of the middle ear.

The tubotympanic fold appears to develop at about 19 gestational weeks. It runs 

at a right angle to the eustachian tube as a mucosal fold adjacent to the anterior 

edge of the tympanic membrane. Unlike the EF that disappears in early 

childhood or soon after birth, the tubotympanic fold grows to form a small pouch 

and may persist throughout life. I am unable to suggest any positive function for 

the tubotympanic fold. However, it might have an adverse effect; inflammatory 

exudate was found in the tubotympanic fold in an adult case with widespread 

chronic otitis media (Fig. 8.5) suggesting that, if the mouth of the fold were 

closed off, the undrained structure might serve as a reservoir of infection in otitis 

media.

Very few studies have considered the possible reason for the prevalence of the 

cystic in contrast to the open type of congenital cholesteatoma. Politzer (Politzer 

1891) has separated the “closed” or cyst-like form of cholesteatoma from the 

“open” or carpet-like form of pathological anatomy of this disease. Most of the 

acquired cases have adopted the open form, while the majority of the congenital 

cases are in the closed form. Criticism has been put forward in regard to the 

proposed origin of congenital cholesteatoma from the EF in that the majority of 

large EFs appear “open”. However, the majority of EFs are small and
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undifferentiated (see Chapter 5). Spinous and keratinizing cells may be observed 

within the interior of these structures. Thus if congenital cholesteatoma were 

derived predominantly from the latter form of EF a closed form would be in the 

majority.

In the current study it was shown that many EFs had a close relation to the 

tubotympanic fold, many of them being situated actually within the fold. The 

closing off of the mouth of a fold containing an EF could also lead to the closed 

form of cholesteatoma.

Prominent diverticula of the eustachian tube (Fig. 8.7) are present in the adults of 

several mammalian species notably horses and most bats (Hinchcliffe et al 1969). 

In horses these structures (known as the gutteral pouches) are particularly well- 

developed, and it has been suggested that they may serve to cool the blood to the 

brain flowing through the nearby internal carotid arteries during vigorous 

exercise (Baptiste 1997). Since the structure of the adult equine diverticula is 

similar to that of the human tubotympanic folds seen in the current study 

(although the location of the latter is more posterior than that of the equine fold) 

it is possible that both share a developmental homology with each other and the 

corresponding folds of other mammals.
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MC

Figure 8.7 Temporal bone o f  a bat (Courtesy o f  Dr. A Pye).

MC- middle ear eavity. ET- Eustachian tube.

D- diverticulium.
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Chapter 9 

The Role of the Epidermoid Formation in the 

Pathogenesis of Congenital Cholesteatoma

In this section the newer findings described in this thesis, and those in the literature, 

will be considered from the point of view of the role o f the epidermoid formation 

(EF) as the source of congenital cholesteatoma.

9.1 Detection of Epidermoid-specific Cytokeratins

The term “epidermoid” for the middle ear structure in fetuses described by Michaels 

(1986) was applied because some of the formations that he saw showed definite 

epidermoid differentiation. The features were those o f a multilayered structure with 

a basal layer and multiple spinous cells. Some EFs were capped also by a stratum 

granulosum and a stratum comeum. Multicellular formations were also seen in the 

same position as that o f the definitely epidermoid bodies, but without clear 

epidermoid differentiation. It was assumed that they were earlier, less differentiated 

forms of the EF. There was no conclusive proof, however, o f such epidermoid 

constitution. Subsequent workers nevertheless, have continued to use the term 

epidermoid for these structures. In the study described in this thesis I have 

confirmed that supposition of earlier workers by showing that the non-differentiated
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bodies possess antigens characteristic of stratified squamous epithelium during the 

particular stage of development at which they are found.

The work described here refutes the contention of one author that the “epidermoid” 

formation is not epidermoid (Tos 2000) and that it therefore cannot give rise to 

cholesteatoma. It has also been suggested that the EF is unlikely to be the source of 

cholesteatoma because the former does not keratinize (Kayhan et al 1997). This 

contention is also unacceptable because epidermoid epithelium easily transforms 

from keratizing to non-keratinizing tissue and vice versa, depending on the local 

conditions. In point of fact, keratinizing EFs are well described (Michaels 1986). 

My immunochemical studies on paraffin serial sections have shown that the EF, 

appearing as it does in every fetus above 15 weeks gestation, is a normal structure. 

The EF is not found in older children or adults. It seems likely that it disappears at 

about 3 years. The mode of its dissolution is unknown. It seems possible that if, for 

some unknown reason, this normal structure continues to grow it could become a 

congenital cholesteatoma.

9.2 Locations

In the current study EFs have been observed on all four quadrants o f the middle ear 

lateral wall (anterosuperior, anteroinferior, posterosuperior, posteroinferior), the 

majority being in the anterosuperior quadrant. An EF was actually found over the 

malleus in this study. Many EFs were situated on the tympanic membrane. My 

findings validate those o f Kayhan et al (1997) that the EF can even be found in the 

anteroinferior part o f the lateral wall of the middle ear and that o f Teed (1936) over
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the posterior part of the lateral wall of the middle ear. The positions o f the EF in 

relation to the tympanic membrane are similar to those of congenital cholesteatoma 

in the middle ear and this lends support to the concept that the EF is a precursor of 

congenital cholesteatoma. Most EFs are found in the anterosuperior region of the 

middle ear and the finding that the majority of congenital cholesteatomas are also 

seen in that region is further evidence that cholesteatoma is derived from the EF. 

Doubt has arisen regarding the origin of the congenital cholesteatoma from the EF in 

cases in which the anterior edge of small congenital cholesteatomas in the 

anterosuperior quadrant are separated from the anterior annulus by a zone of normal 

tympanic membrane (Schuknecht 1988). Such an observation might arise as a result 

of the angulation o f the epitympanum/Eustachian tube that is normally present in 

fetuses and young children in respect of the tympanic membrane (Fig.9.1). Another 

explanation is that the epidermoid formation/congenital cholesteatoma might 

perhaps “move” posteriorly in the course of development. Such a motion could 

result from more rapid relative developmental growth of the middle ear mucosa 

anterior to it.

It has been inferred, moreover, that congenital cholesteatoma cannot originate from 

the EF, because in cases with that form of cholesteatoma the latter is found to lie 

loose in the middle ear cavity without a connection with the lateral wall of the 

middle ear (Tos 2000). This is not the case for all congenital cholesteatomas. Some 

congenital cholesteatomas are definitely attached to the lateral wall of the middle 

ear. Some can even be found to show a layer of middle ear mucosa external to the
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Figure 9.1 Angulation o f  epitympanum/Eustachian tube in relation to 

tympanic membrane. Line o f  vision by otoscopy o f  large 

epidermoid formation (small congenital cholesteatoma). A  

normal zone might be misconstrued by the observer anterior to 

the structure.
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matrix of stratified squamous epithelium of the middle ear epithelium, thus 

occupying a position in this regard similar to that of some EFs (Friedberg 1994).

9.3 Numbers

The large numbers of EFs found in some fetal temporal bones, especially in the 

earlier weeks after their appearance indicate that a considerable quantity of stratified 

squamous epithelium may enter the fetal middle ear as a normal occurrence. The 

possibility o f transformation of one or more of the EFs to a cholesteatoma thus 

seems more likely than has been heretofore considered.

9.4 Size

My findings that there is an increase in size and a progressive differentiation of the 

EF with advancing age supports the concept that continued growth of the EF could 

lead to cholesteatoma. Stages intermediate in size between an EF and a small 

cholesteatoma have been described. In fact Karmody et al (Karmody et al 1998) 

described a giant EF with no less than 8 rete ridges, which they referred to as a 

“small cholesteatoma”.

9.5 Origin

My findings have led me to suggest that the epidermoid cells of the EF are derived 

from the deep external canal epithelium. I have indicated that (see Chapter 7) two 

factors may be responsible for the formation of the EF at about 16 gestational week
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-  the powerful growth activity of the annular edge of the meatal plate (especially the 

anterior superior portion of it) and the lack of resistance o f the bilaminar collagen 

layer to the ingress of epidermal cells at that time because o f its high cellular, low 

collagen content). The concept that the EF can grow to become a cholesteatoma 

would put the origin o f congenital cholestatoma in line with the currently accepted 

origin of acquired cholesteatoma from the external epidermis o f the eardrum. This 

resemblance is enhanced by the similarity of congenital to acquired cholesteatoma in 

several other respects:

• Molecular biology o f the two forms of cholesteatoma appears to be similar. For 

instance both strongly express the hyperproliferation antigen, CK16 (Broekert et al 

1992)

• The natural history of both at a late stage displays considerable aggressiveness with 

marked bone erosion and widespread invasion (Grundfast et al 1995).

Indeed, it seems possible that some so-called “acquired cholesteatomas” may be, in 

fact, examples o f late congenital cholesteatoma. Thus the origin of the EF from the 

epidermis of the ear canal is in keeping with it being the source o f a cholesteatoma. 

Acquired cholesteatoma also arise from the entry of epidermoid epithelium from the 

outer surface o f the eardrum into the middle ear epithelium. Such an entry has been 

observed in retraction pockets (Wells and Michaels 1983) and in active acquired 

cholesteatoma (Sudhoff and Tos 2000). The process has been referred to as a 

“cone” and is likely the result of damage of the tympanic membrane structure, 

including its bilaminar collagen layer (Fig. 9.2)
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Figure 9.2 Entry o f  a “cone” o f  stratified squamous epithelium

into the middle ear epithelium in a ease o f  otitis media.
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It must be added, however, that the EF is not itself a cholesteatoma. Although 

composed of epidermoid tissue like cholesteatoma there is a fundamental difference 

in proliferative activity from that of cholesteatoma. When the expression of M lBl 

(a proliferation marker) in the EF is compared with that of acquired cholesteatoma it 

is found that the latter shows a much greater activity (Fig. 9.3). The activity of 

M lBl in the EF is confined to a small proportion of the cells, as it is in normal deep 

external canal epidermis shown in the figure. In cholesteatoma, however, a much 

higher number of epidermal cells express the antigen. This does not rule out an 

origin of cholesteatoma from the EF. It suggests, however, that some further 

stimulus is required before the EF can become a cholesteatoma. It is possible that the 

“cones” seen in otitis media shown above and also in retraction pocket (Wells and 

Michaels 1983) has a lower proliferative activity than cholesteatoma itself and 

represents a stage similar to that of the EF in regard to the genesis o f cholesteatoma.

9.6 Origin of Cholesteatoma

The tympanic membrane epidermis has two phases of development in relation to the 

fundal extension plate and meatal plate (Michaels & Soucek 1990, 1991a)

• Physical expansion at the growing margin at 10 to 28 gestational weeks.

• Proliferation of epidermal cells at the growing margin, accompanied by loss 

of cells in the deep canal. This leads to auditory epithelial migration without 

physical expansion at 28 gestational weeks and for the rest of life.
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Figure 9.3 MIB-1 staining in a temporal bone aged 32-gestation-week  

(below) in comparison to cholesteatoma epithelium (above).
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It is suggested in this thesis that the powerful growth activity o f the first phase 

results in the passage of epidermal cells from the growing edge of tympanic 

membrane epidermis to the middle ear epithelium to produce EFs in all developing 

ears. Occasionally, continued growth of the latter may lead to congenital 

cholesteatoma. In the second phase of development if  epidermal cells at the 

growing margin and/or their underlying connective tissue are damaged by chronic 

otitis media, normal auditory epithelial migration may be deranged and the 

powerfully active epidermal cells may enter the middle ear to produce acquired 

cholesteatoma.

Thus congenital and acquired cholesteatoma both have the same origin -  the 

powerfully active epidermis of the growing edge o f the tympanic membrane, but this 

origin takes place at different periods of development, during the earlier and during 

the later phase, respectively.
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Chapter 10 

Contributions Made by this Investigation and 

Suggestions for Further Investigations

10.1 Contributions Made by this Investigation

Contributions to the Epidermoid Formation Study 

Incidence

In the studies that I carried out on the EF, some novel discoveries were made 

regarding the incidence of these structures. They are not present before the 16̂  ̂

gestational week. A previous report of an EF precursor having been observed before 

that time is now suggested as having been based on artefacts. EFs are present in 

every single temporal bone after the 16̂  ̂gestational week until the eighth month 

post partum. EFs are frequently multiple, with sometimes up to 23 discrete 

fragments of epidermis being found in the middle ear epithelium.

Location

Although the anteroposterior annular location o f the EF is well known and my study 

on immunohistochemically confirmed EFs shows that the majority o f EFs are in that
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position the present study has also located substantial numbers o f EFs in the other 

three quadrants related to the tympanic membrane.

Origin

A previous study, based on observations now thought to be artefactual, had 

suggested that a single EF in each ear arose from a primordial transfer of ectoderm 

to endoderm. Preliminary investigations in the current work indicate, however, that 

the EF arises from the 14̂  ̂to the 18̂  ̂week from the external canal epidermis when 

that tissue is very close to the middle ear epithelium. Indeed whole showers o f EFs 

often arise at that time.

Relationship to Cholesteatoma

The above new findings have made it more likely that the EF is a precursor of 

congenital cholesteatoma and the evidence of an ear canal epidermal origin of the 

EF confirms an underlying similarity between congenital and acquired 

cholesteatoma.

A New Method for Investigating Temporal Bone Histology and 

Immunohistochemistry

In the work described in this thesis I devised a new method for the study o f temporal 

bone histology. This method succeeded in its object of identifying possible EFs 

from serial sections while retaining nearby sections unstained for subsequent 

immunohistochemical confirmation of the the epidermoid nature of the structures.
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The method also successfully attained the object of producing histological sections 

which would support immunohistochemical studies, which is not possible with 

standard methods of preparing temporal bone sections for histology.

The new method consists for the most part of the use of a series of techniques 

already described in the literature which the I grouped together to achieve the above 

results. In the course of the immunohistochemical staining it was found that the 

current methods for antigen unmasking severely damaged the delicate paraffin 

temporal bone sections. Instead I successfully used an original technique of heating 

the sections more gently by immersing them in a 70 °C water bath, which does not 

damage the sections.

10.2 Suggestions for Future Investigations

Work on the origin of the EF carried out in the present study is still in the 

preliminary stage. The entry of epidermis into the middle ear could be a fruitful 

model for the genesis o f all cholesteatoma, acquired as well as congenital.

Mechanism of Original Survival of the EF in Middle Ear

A more detailed examination using my method of preparation o f the temporal bone 

so that immunohistochemical studies can be performed, should examine the 

relationship during development between the epidermal covering of the tympanic 

membrane, the bilaminar collagen layer and the middle ear epithelium. The 

epidermis could be labelled by the requisite cytokeratin markers and the collagen 

layer by suitable mesenchymal cell and collagen II markers. Particular attention
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should be paid to the annular region. The pars flaccida region, where the collagen 

layer is different from that of the pars tensa region, should also be included in the 

study. An eardrum mapping procedure, on the lines o f that used for the current 

research, could plot the findings.

If it can be confirmed that epidermis routinely reaches the middle ear in this way 

during development, in the form of the EF, the next stage o f the investigation could 

be a molecular genetic study o f the annular region o f the growing epidermis, seeking 

the microenvironmental changes that take place in this region that might trigger its 

invasive propensity. Again the method of tissue preparation carried out in the 

current research could be utilised.

The mechanism of the disappearance of the EF from middle ear in early childhood 

remains unknown. An investigation looking into this mechanism could provide 

useful knowledge o f the requirements for the survival of the epidermis in the middle 

ear. Such a study could yield results important in the understanding of 

cholesteatoma as a whole. These could eventually lead to effective new treatments 

of the condition.

Animal Model

There have been no published studies investigating the existence of the EF in other 

animal so far. It will be useful to seek an animal model upon which experiments can 

be performed to induce the formation of a cholesteatoma from an epidermoid 

formation.
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Appendix

Appendix 1 Specimen Index For 1 In 10 Step Section Study

KEY:

GW- Gestational week M Male F- Female

Case Num ber Sex Age
F95 M 25GW

F120 F 7
F126 F 30 GW
F133 M 5
F135 M 4
F136 F 16 GW
F137 20 GW
F139 8GW
F143 F 14
F144 M 6
F147 M 14
F150 F 2
F164 12 GW
F165 10 GW
F166 M 14
F171 M 4
F176 F 15
F177 32 GW
F188 22 GW
F191 F 8
F206 M 10
F207 M 11
F215 M 5
F227 21 GW
F232 F 6
F234 M 13
F248 M 52
F263 M 12
F316 F 40 GW
T4L M 8
T71 37 GW

T112 M 32 GW
T170 M 42 GW
T181 M 36 GW

C4 12 GW
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C l 20 GW
C8 14.5 GW
C9 8G W

CIO 15 GW
C12 16 GW
C l 3 17 GW
C14 14 GW
C15 18 GW
C16 19 GW
C17 14 GW
C18 16 GW
C19 17 GW
C22 19 GW
C24 17 GW
C26 15 GW
C27 15 GW
C28 20 GW
C30 17 GW
C31 15 GW
C32 15 GW
C33 22 GW
C34 13 GW
C36 12 GW
C37 M 31 GW
C38 F 30 GW
C39 M 28 GW
C40 M 30 GW
C41 M 28 GW
C42 13 GW
C43 14 GW
C44 17 GW
C45 8GW

C46A 15 GW
C46B 15 GW
C51 12 GW
C53 8GW
C61 F 41 GW
C62 M 24 GW
C63 M 25 GW
C64 M 32 GW
C66 M 27 GW
C69 F 9G W
C71 F 14 GW
C73 21 GW
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C74A 19 GW
C74B 19 GW
C78 M 22 GW
C80 F 20 GW
C82 F 29 GW
C83 M 28 weeks
C85 F 27 GW
C89 23 GW
C90 24 GW
C91 23 GW
C92 22 GW
C93 20 GW
C94 23 GW
C95 22 GW

C102 12 GW
C106 35 GW
C107 M 38 GW
Cl 15 20 GW
C116 M 30 GW
C118 M 30 GW
Cl 19 F 28 GW
C122 M 28 GW
C123 M 20 GW
C124 13 GW
C125 M 19 GW
C128 M 40 GW
C129 M 31 GW
C130 F 35 GW
C133 M 39 GW
C134 F 27 GW
C135 30 GW
C136 M 22 GW
C151 M 30 GW
C152 M 27 GW
C153 M 23 GW
C l54 M 48 days
C155 F 40 GW
C l56 M 28 GW
C158 F
C160 M 24 GW
C l64 M 19 GW
C l63 19 GW
C172 M 36 GW
C199 M 35 GW
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C202 M 26 GW
C205 F 28 GW
C206 F 33 GW
C236 10 GW
C264 M 40 GW
C268 F 25 GW
C289 26 GW
C303 6 months
C306 F 22 GW
C307 M 29 GW
C308 F 24 GW
C309 M 24 GW
C310 M 29G W
C314 F 25 GW
C315 F 25 GW
C323 M 20 GW
C324 M 28 GW
C342 M 27 GW
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Appendix 2

Table Comparing Fetal Age with Crown-rump Length

(Adapted from Streeter 1921)

End of week Crown-rump Length (mm) End o f week Crown-rump Length (mm)

81/2 27 25 218

9 31 26 228

10 40 27 238

11 50 28 247

12 61 29 256

13 74 30 265

14 87 31 274

15 101 32 283

16 116 33 293

17 130 34 302

18 142 35 311

19 153 36 321

20 164 37 331

21 175 38 341

22 186 39 352

23 197 40 362

24 208
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Appendix 3 Slide Coating Procedure

• Concentrated adhesive agent HistoGrip was supplied by Zymed Laboratories, 

Inc. (458 Carlton Court, So. San Francisco, CA 94080).

• Working solution: dilute HistoGrip 1:50 in acetone.

• Immersed slides in the solution for 2 minutes.

• Rinsed in 3 changes o f distilled water (10 dips each).

• Air dry at room temperature for 60 minutes and then stored in a 45 °C oven.
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Appendix 4 Measurements of EF Diameter and Depth 

Key: GW -  gestational week

Slide number Diameter (|im) Depth (pm)
C113L 22-11 16GW 27 21

L19-4 16GW 36 21
C113R 22-8 16GW 53 21

25-26 16GW 54 21
26-31 16GW 40 21

CIOOL 22-16,17,18 17GW 30 35
24-13,16 17GW 56 21

CIOOR 33-10 17GW 72 70
35-10 17GW 30 21
35-28>31 17GW 45 28
34-10>16 17GW 70 49
34-28>31 17GW 55 28
32-4>10 17GW 70 49
32-4>10 17GW 36 21
32-13 17GW 36 21
31-19>22 17GW 40 28
31-4>7 17GW 36 28
30-27 17GW 40 21
30-16 17GW 45 21
29-19 17GW 27 21
29-10 17GW 72 21
28-31>29-l 17GW 45 35
28-25>28 17GW 27 28
28-22 17GW 36 21
28-19 17GW 40 21
28-16 17GW 45 21
28-16 17GW 36 21
27-10 17GW 43 21
27-4 17GW 50 21
26-26 17GW 44 21

C144L 33-16 18GW 90 42
29-26>33 18GW 52 56
29-26>33 18GW 35 56
30-10 18GW 45 21
32-l>4 18GW 53 35
33-l>4 18GW 54 35
33-13 18GW 40 21
33-13 18GW 36 21
33-22>25 18GW 43 35
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33-28>31 18GW 56 35
33-28>31 18GW 45 35
34-8>13 18GW 63 42
34-15 18GW 36 21
34-27 18GW 54 21
35-1 18GW 50 21
35 -1013 18GW 54 35
35-1013 18GW 38 35
35-19 18GW 45 21

T297L 35-31 20GW 45 56
35-26 20GW 33 21

T297R 26-4 20GW 63 35
24-21>24 20GW 56 35

1521L 34-16 21GW 54 56
32-23>25 21GW 46 28
34-7>8 21GW 48 21
35-8 21GW 45 21

1521R 28-1 21GW 53 35
18-1 21GW 62 28
20-8 21GW 86 28
21-23>24 21GW 90 21
25-17 21GW 45 21
25-9 21GW 43 21

C148R 31-19>32-4 22GW 72 147
31-31 22GW 45 21
31-10 22GW 45 21
28-13>16 22GW 54 35
29-4 22GW 43 21
29-19>22 22GW 45 28
30-1 22GW 45 21
30-28 22GW 44 21
31-7>13 22GW 63 49
32-16>19 22GW 45 28
32-28>31 22GW 45 28
33-25>31 22GW 108 56

T239L 29-29 23GW 27 21
T239R 18-10 23GW 63 98
1523L A12-1 25GW 43 21

A12-21 25GW 36 21
A17-20 25GW 63 35
B3-1 25GW 43 28

1523R 24-7 25GW 42 21
23-10 25GW 25 21

1527L 25-36>26-3 26GW 44 49
18-37>193 26GW 46 49
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21-1 26GW 45 21
22-21 26GW 50 21
23-4 26GW 70 21
24-18>20 26GW 90 28
19-31 26GW 45 23
20-27 26GW 100 21

1527R 19-2 26GW 80 28
20-3 26GW 46 28
20-29>21-4 26GW 53 49
23-1 26GW 54 28
25-1 26GW 45 21

1558LB B5-1 28GW 100 63
1558R 7-17 28GW 60 35

4-10 28GW 63 21
4-26 28GW 54 21
13-20 28GW 27 21

1526L 9-35>10-18 32GW 135 147
8-1 32GW 72 28
12-18>23 32GW 63 49
12-27>13-5 32GW 143 126

1526R 23-18 32GW 146 98
23-18 32GW 58 63
28-1 32GW 54 35
29-18 32GW 48 56
20-30 32GW 67 98
22-6>l 1 32GW 92 42
23-28 32GW 48 42
24-26 32GW 46 84
25-33 32GW 25 21
26-37 32GW 60 70

1525L 20-18 8 months 315 84
1525R 24-10 8 months 72 28
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Appendix 5 Tubotympanic Folds: Measurements and Relation 

to Epidermoid Formation

Key:
TM- tympanic membrane
EF- epidermoid formation
ANT.- anterior
POST.- posterior
W K .- gestational week

Case Number Age Distance to TM (gm) Depth (pm) EF in fold ANT. to an EF POST, to an EF

C128R 19WK 2607 1964
C129L 19WK 2500 1286
C129R 19WK 1786 1607
C133L 20WK 2679 1430
C151R 20WK 320 360
C152L 20WK 2321 1607
C152R 20WK 2143 1430
C153R 20WK 1429 1100
C154L 21WK 2500 1250
C154R 21WK 1800 900
C155R 22WK 990 68 YES YES
C156L 22WK 720 90
C156R 22WK 387 32
C158L 22WK 227 73
C172R 23WK 900 162

C199R 23WK 136 227 YES
C202L 23WK 585 166 YES
C202R 24WK 630 158 YES
C205R 26WK 720 100 YES
C206L 26WK 405 72 YES
C22L 26WK 558 181 YES

C264L 26WK 159 136 YES
C289L 26WK 630 90 YES
C289R 27W 202 90

C28L 27WK 1305 315 YES
C28R 27WK 315 270 YES YES

C306R 27WK 720 68
C307R 27WK 350 77

C323R 27WK 405 45

C342L 28W 720 99
C342R 28WK 400 80
C38L 28WK 1062 68
C39R 28WK 531 50
0 4 1 R 28WK 318 104 YES
0 6 1 R 28WK 157 45 YES
064L 28WK 630 68

066R 28WK 540 90 YES
O80R 29WK 1872 118 YES
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C83L 30W 432 36 YES

C85R 30WK 432 90
C90R 30WK 2880 63
C91L 31WK 495 189
C92L 31WK 765 56 YES
C92R 32WK 630 50 YES
C94R 32WK 630 50
C95R 33WK 765 73 YES
F144L 35WK 540 136 YES
F144R 35WK 90 218
F166L 36WK 136 173 YES

F166R 36WK 765 117

F171R 38WK 549 90 YES
F176R 39WK 495 171 YES YES

F191R 40WK 870 50
F206L 40WK 450 108
F206R 40WK 720 72

F207R 41WK 540 135
F215L 48 days 585 23
F215R 48 days 855 54

F191L 4 486 81 YES
F227R 5 1080 45
F232R 5 630 135 YES
F234R 6 405 22
F248L 6 540 72 YES

F263R 6 540 45
T112R 8 210 140

T181L 8 540 135

C106L 10 2393 1679
C107R 10 1714 1464

C116L 11 2429 1286
C118L 12 1956 2170
C122R 13 1786 1821

C123L 13 4321 2671

C123R 14 2429 1321

C125L 14 3142 1321

C125R 15 2071 1679

F234L 52 540 180
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