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Abstract The aim of the present study was to provide
evidence for the establishment of sinus cholesteatoma,
deWned as postero-superior pars tensa retraction extending
into the posterior tympanum and tympanic sinuses. Back-
ground: There is clinical evidence for formation of a
retraction, but there is a lack of explanation for the transi-
tion from a retraction pocket to an active and expanding
sinus cholesteatoma. Epidemiological studies on inci-
dence of postero-superior retractions of pars tensa and
follow-up studies on patients with similar pars tensa
retractions were performed. Additionally, expression of
proliferation marker and analysis of basement membrane
were studied in samples of sinus cholesteatoma. The prev-
alence of pars tensa pathology was between 9.2 and 24%
of investigated ears. In children with manifest secretory
otitis there were some sinus cholesteatomas and 5–6%
severe retractions, some of those became pre-cholesteato-
mas, requiring treatment and controls. Immunohistochem-
istry of sinus cholesteatomas showed that proliferating
keratinocytes were very often found within epithelial
cones growing towards the underlying stroma. These
growth cones exhibit focal discontinuities of the basement
membrane especially in areas of intense subepithelial

inXammation. As a possible explanation based on clinical
and immunohistochemical Wndings, we propose a four-
step concept for pathogenesis of sinus cholesteatoma
combining the retraction and proliferation theory: (1) The
retraction pocket stage. (2) The proliferation stage of the
retraction pocket, subdivided in (a) Cone formation, (b)
Cone fusion. (3) Expansion stage of attic cholesteatoma.
(4) Bone resorption.
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Introduction

Acquired cholesteatomas of the middle ear are divided into:
(1) Attic cholesteatoma, originating from the Shrapnell`s
membrane and extending primary into the attic. (2) Sinus
cholesteatoma, originating from the postero-superior retrac-
tion of pars tensa and extending primary into the tympanic
sinuses. From here it may extend along the prominence of
the facial nerve, medial to the incus body, into the posterior
attic and antrum, while the anterior part of the tympanic
cavity and the anterior attic are not involved (Fig. 1). (3)
Tensa-retraction cholesteatoma, originating from an
entirely retracted pars tensa, draping over the posterior and
anterior walls of the tympanic cavity, extending from here
into the hypotympanic cells and tubal oriWce. Furthermore
it may extend, medially to the malleus folds, towards the
posterior and anterior attic.

This classiWcation, proposed by Tos for better under-
standing of the pathogenesis, has become widely accepted.
It subdivides the pars tensa cholesteatomas into sinus
cholesteatomas, with primarily posterior retraction and
posterior pathology (Fig. 1) and into tensa retraction
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cholesteatoma with primary retraction of the entire pars
tensa and primary pathology both in the anterior, inferior
and posterior parts of the tympanic cavity [1] (Fig. 2). Such
classiWcation is also important for evaluation of the natural
history, prognosis, surgical methods and results.

Several theories on pathogenesis of cholesteatoma have
been described:

1. Retraction theory [2], based on a retraction of pars
tensa or the Shrapnell’s membrane as a result of
chronic dysfunction of the Eustachian tube.

2. Papillary proliferation theory [3, 4], based on infection
leading to the proliferation of the epithelial cones in the
basal layers of the keratinizing epithelium of the pars
tensa or the Shrapnell’s membrane.

3. Immigration theory [5], based on an ingrowth of the
squamous epithelium through a preexisting peripheral
perforation.

4. Metaplasia theory [6–8], based on the metaplasia of the
inXamed middle ear epithelium into keratinizing squa-
mous epithelium.

Clinically, it is diYcult to Wnd any support for the immigra-
tion theory; we have never observed an acute perforation of
the pars tensa or the Shrapnell’s membrane, allowing immi-
gration of the keratinized epithelium through it. We have
not observed any cholesteatoma starting somewhere in the
antrum due to metaplasia and expanding outwards through
the pars tensa or the Shrapnell’s membrane.

Indeed there is some evidence for retraction- and prolif-
eration theories for a certain stage of cholesteatoma forma-
tion. There is clinical evidence for formation of a retraction,
but there is no exact explanation for the transition from a
retraction pocket to an active and expanding attic cholestea-
toma. Previously Tos and Tos and SudhoV [1, 9, 10] have
indicated that a combination of the retraction theory and the
proliferation theory could explain the pathogenesis of the
acquired middle ear cholesteatomas.

In fact, in a study of pathogenesis of attic cholesteatoma
we have documented high incidence of attic retractions in
children and adults as a consequence of previous secretory
otitis and tubal dysfunction [10]. Furthermore, we have in
attic cholesteatoma by immunohistochemistry often dem-
onstrated proliferating keratinocytes within the epithelial
cones, growing towards the underlying perimatrix. We pro-
posed a four-step concept for pathogenesis of attic choles-
teatoma combining the retraction and proliferation theory:
(1) The retraction pocket stage; (2) The proliferation stage
of the retraction pocket, subdivided into (a) Cone forma-
tion, (b) Cone fusion; (3) Expansion stage of attic choles-
teatoma; (4) Bone resorption [10].

The aim of the present study is to give evidence for a
combination of retraction theory and proliferation theory in
sinus cholesteatoma, by documenting high incidence of
postero-superior pars tensa retractions in children and
adults and by demonstrating with immunohistochemistry
evidence for the formation of cholesteatoma by prolifera-
tion of the keratinizing epithelium of the postero-superior
pars tensa retraction. We would thus like to perform a simi-
lar study on pathogenesis of sinus cholesteatoma as we per-
formed on attic cholesteatoma [10].

Fig.1 Schematic illustration of extension of a sinus cholesteatoma,
from the posterior tympanum into the posterior attic and antrum. The
anterior and inferior parts of the tympanic cavity are not involved [30]

Fig.2 Sinus cholesteatoma in 26-year-old male patient
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Materials and methods

Clinical materials and methods

(a) Epidemiological study: In an epidemiological study of
randomized, otherwise healthy, 4-year-old children, 5
repeated tympanometries every 3 months and then every
year from age 5 to age 16 have been performed. From age 5
to age 16, nearly every year changes of the eardrum have
been studied by repeated otomicroscopies [9, 11, 12]. The
prevalence pars tensa pathology and in particular of pos-
tero-superior retractions have been investigated in each
screening (Table 1A).

(b) Clinical studies: In a clinical study initially consist-
ing of 527 ears from 4–8 years old children with secretory
otitis treated with grommet insertion and adenoidectomy
during the late sixties and early seventies at the ENT
Department Gentofte Hospital, the prevalence of pars
tensa pathology, in particular of postero-superior retrac-
tions have been studied several times by repeated otomi-
croscopies, Wrst 3–8 years after surgery [9, 13], then 10–16
years after and again 17–22 years after surgery [9, 14, 15]
(Table 1B).

(c) Clinical studies on surgical material: In daily oto-
logical and surgical practice, patients with postero-supe-
rior retractions of pars tensa have been followed through
several years, observing eventual progression of retrac-
tions, becoming deeper and infected with crust formation
[1, 9, 15] or formation of a speciWc polyp (herodium)
within the postero-superior retraction [16], a sinus pre-
cholesteatoma, most usually ending in sinus cholestea-
toma. Studies on surgical incidence of 740 cholesteatomas,
(137 children and 603 adults) operated on during 16 years
from 1965 through 1980, in an area of the Gentofte Hospi-
tal comprising 300,000 inhabitants have been performed
[17].

Immunohistochemical materials and methods

(a) Specimens were obtained from 17 patients requiring
middle ear surgery for sinus cholesteatoma removing and
investigating the entire cholesteatoma sac (average age,
29.5; 8 male, 9 female patients).

(b) Eleven biopsies of skin of the normal auditory canal
skin or tympanic membrane from the same patients were
investigated.

Immediately after surgery, the tissue was Wxed in forma-
lin, embedded in paraYn and examined histopathologically
with routine HE staining. Immunohistochemical staining
was performed by using the Alkaline-Phosphatase-anti-
Alkaline-Phosphatase (APAAP) and Avidin-Biotin-Com-
plex (ABC) labeling method as described elsewhere [14].
ParaYn sections (4 �m) were placed on poly-l-lysine-
coated slides (Sigma, Munich, Germany). As monoclonal
antibodies that are applied to formalin-Wxed and paraYn-
embedded tissue we used MIB 1 (Molecular Immunology
Borstel 1) (Dianova, Hamburg, Germany) and collagen
type IV (DAKO, Hamburg, Germany) [15, 16]. MIB 1 has
been reported to recognize cell proliferation-associated
human nuclear antigens present in the late G1, S, S2 and M
phases of the cell cycle alike, but to be absent in the G0 and
the early G1 phases. It reacts with recombinant parts of the
Ki-67 antigen (1002 bp Ki-67 c-DNA fragment) and is a
widely used proliferation marker. Anti-Ki-67 has been
applied to cholesteatoma- and ear canal skin materials to
assess the cell kinetics. On excised benign and malignant
tumors the Ki-67/MIB 1 antigen proliferation marker and
has a very high acceptance as a prognostic marker [17].

Collagen type IV is a major component of the basement
membrane in the dermal–epidermal junction. It is a non-
Wbrillar collagen and constitutes the structural scaVolding
of specialized sheets of extracellular matrix. Increased
attention has been focused on the role of collagen type IV

Table 1 Prevalence of various 
pathologies of pars tensa in a co-
hort of otherwise normal chil-
dren at various ages (A) and in a 
group of patients with previous 
secretory otitis treated with ade-
noidectomy and grommet inser-
tion (B) and re-evaluated in 
various years after treatment

Pathology of pars tensa (A) Cohort of 
children age

(B) Treated secretory otitis 
years after treatment

Years 5 7 16 3–8 10–16 17–22

No. of ears No. of ears

684 % 564 % 320 % 527% 362% 217%

Atrophy only 4.5 9.9 7.2 21.3 11.4 27.2

Post atrophy, retraction and pexi 0.3 1.4 3.4 3.2 4.7 5.1

Adhesive otitis – – – 2.5 2.2 1.8

Atrophy with perforation 0.2 0.2 – – 0.3 0.5

Atrophy with tympanosclerosis 0.4 1.8 5.3 9.1 10.8 24.0

Tympanosclerosis only 3.8 7.5 8.1 18.8 25.7 15.2

Total 9.2 20.8 24.0 64.8 55.1 73.8
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as a stabilizing protein of extracellular matrix in the process
of tumor invasion and metastasis [18].

Results

Incidence of retractions

In a cohort of randomized, otherwise healthy children aged 5–
16 years the prevalence of ears with some pathology of pars
tensa was 9.2% at 5 years of age, 20.8% at 7 years of age and
24% at 16 years of age (Table 1A). The prevalence of atrophy
with postero-superior retraction and Wxation to incudostape-
dial joint or to the stapes has increased from 0.3% at the age
of 5 years to 3.4% at the age of 16 years, which is relatively
common if we consider that the retractions were found in the
healthy teenage population (Table 1A).

In the material of manifest secretory otitis (13–15),
treated actively with adenoidectomy and grommet insertions
the incidence of ears with some pathology of pars tensa was
high at all three postoperative evaluations, between 55 and
74% (Table 1B). These children were at least at two evalua-
tions adults. There were between 3.2 and 5.1% postero-
superior retractions, some sinus cholesteatomas and 5–6%
severe retractions, some of those became pre-cholesteato-
mas, requiring treatment and controls (Table 1B)

Normal auditory meatal skin

In normal auditory meatal skin, MIB 1 positive proliferating
cells were mainly found in the stratum basalis. An average
MIB 1 score of 7.1% § 3.9 was counted by the image ana-
lyzer system (Table 2 and Fig. 3). Positive cells were distrib-
uted regularly within the basal cell layer. MIB 1-positive
cells could be observed only infrequently within the normal
underlying connective tissue of the auditory meatal skin.

Avidin-biotin-complex peroxidase stain for collagen
type IV showed a continuous linear immunoreacivity
within the basement membrane of normal auditory meatal
skin and middle ear mucosa (Fig. 4)

Sinus cholesteatoma

HE staining of the active sinus cholesteatomas showed in
majority of the investigated cases epithelial cones. These
cones are extensions of the basal cell layer down into the

subepithelial connective tissue, the so-called perimatrix.
With increasing length of the growth cone, we observed an
increasing occurrence of intra-epithelial corniWcations.

Positive immunoreactivity for the proliferation marker
could be demonstrated in basal cell layer keratinocytes of
epithelium of all 17 cases of cholesteatoma. The MIB 1
proliferation indices ranged from 8.1 to 39.6% with a mean
value of 17.4 % § 9.2 (Table 2 and Fig. 5). Proliferating
keratinocytes were very often found within epithelial cones
growing towards the underlying stroma.

The 14 out of 17 cases of positive immunoreactivity for
collagen type IV revealed a distinct linear staining of the
intrinsic basement membrane exhibiting focal discontinu-
ities especially in areas of intense subepithelial inXamma-
tion and especially adjacent to the advancing front of the
growth cones (Fig. 6).

Discussion

We have brought evidence of high incidences of attic retrac-
tions in otherwise healthy children who have had secretory

Table 2 MIB 1 score index and collagen type IV staining of normal
auditory meatal skin and middle ear cholesteatoma epithelium

Antigen Skin Cholesteatoma

MIB 1 (Ki-67) score 7.1% § 3.9 17.4% § 9.2

Collagen type IV Linear, continous Disruptions

Fig. 3 Immunoperoxidase staining for MIB 1 in normal auditory me-
atal skin showing a restriction of MIB 1-positive keratinocytes mainly
to the basal cell layer (£400)

Fig. 4 Immunoperoxidase staining collagen type IV of normal audi-
tory meatal skin. Continous linear staining of the subepithelial base-
ment membrane (£400)
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otitis and long-term tubal dysfunction [1, 10]. The retrac-
tions were highly correlated to episodes of secretory otitis
and chronic tubal dysfunction. However, only a minority of
these children will have a progression of the retraction and

only few will develop a cholesteatoma [1]. There seems to
be several prerequisites for the establishment and growth of
cholesteatoma, such as attic retraction of any degree, local
infection within the retraction due to factors in the external
ear canal or infection in the middle ear [10].

As a possible explanation based on clinical and immuno-
histochemical Wndings, we propose a pathogenesis of sinus
cholesteatoma divided into several stages, combining the
retraction and proliferation theory: (1) The retraction pocket
stage. (2) The proliferation stage of the retraction pocket,
subdivided into (a) Cone formation, (b) Cone fusion. (3)
Expansion stage of attic cholesteatoma. (4) Bone resorption.

The sinus retraction pocket stage

The prevalence and incidence of sinus retraction of various
severity is less compared to that of attic cholesteatoma
(Table 1). Most retractions will never progress to cholestea-
toma as migration and self-cleansing of the keratin is well
functioning, due to normal migration of the squamous epithe-
lium from the basal cell layers to the surface. In some retrac-
tion pockets the keratinized epithelium will start to proliferate
and the self-cleansing mechanism will be disturbed.

The factors, which induce and promote proliferation of
the epithelium within the retraction, can be the external fac-
tors located in the external acoustic meatus, e.g. external
otitis with high epithelial turnover or blockage of debris
transport due to cerumen at the entrance of the retraction
pocket. This may lead to disturbed self-cleansing leading to
accumulation of debris within the retraction, crust forma-
tion and local infection behind the crust or inclusion cysts
of the squamous epithelium (Fig. 1). This local infection
can induce cone proliferation. Clinically this condition
could be regarded as pre-cholesteatoma. The internal (mid-
dle ear) factors are acute middle ear infection causing
higher turnover of the epithelium, higher desquamation and
accumulation of debris within the retraction leading to the
same local infection and crust formation.

Other internal factors are deterioration of the tubal dys-
function and ventilation and of the attic and antrum, caus-
ing negative middle ear pressure, pulling parts of the
retraction wall into the postero-superior portion of the pars
tensa, making it deeper and causing impairment of its self-
cleansing. Further internal factors are formation of inXam-
matory tissue, localized structural damage of the pars tensa
with a loss of its regular assembly of the extracellular
matrix and adhesion of the attic behind the retraction mem-
brane, pulling it inside, making it deeper and irreversible.

The proliferation stage of the retraction pocket

InXammatory stimuli of the subepithelial connective tissue
or of the bottom of the retraction will alter the keratinocyte

Fig. 5 MIB 1 immunohistochemistry. Increased number of proliferat-
ing keratino-cytes within epithelial cones inWltrating the underlying
stroma (£200)

Fig. 6 Collagen type IV-immunostaining of cholesteatoma. Increased
number of vessels adjacent to an epithelial cone within the inXamed
underlying stroma. Note the lack of immunoreactivity the growth
cones (£200)
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proliferation and lead to cone formation (Fig. 7) [19]. The
local release of collagenases, which are able to degrade the
basement membrane and cause its focal disruptions
(Fig. 6), is involved in growth of the cones [20–22]. The
basal keratinocyte proliferate due to inXammatory factors
are known to be released from the perimatrix [14, 23–27].
This results in an enhanced proliferation of basal cells,
results in an active down-growth and elongation of the epi-
thelial cone. Once the cone is established, the intraepithelial
maturation of the keratinocytes will diVer from that of nor-
mal skin. In skin, the basal keratinocyte, which is detached
from the basement membrane, will be moved vertically to
the surface layer and desquamated as keratin shells
(Fig. 7a). Within in the cone the process of keratinization is
altered and will result in an accumulation of keratin in the
center of the cone. The process of keratinocyte desquama-
tion and diVerentiation is only altered in its orientation; that
means that the basal cell cannot grow to the periphery of
the retraction membrane, but to the center of the cone, far
underneath of the surface of the retraction pocket (Fig. 7b).
Under the pressure of the keratin, the micro-cholesteatoma
will increase in size. Several cones will presumably accu-
mulate keratin in the center as small lakes Wlled with kera-
tin, which will increase in size and gradually fuse with
adjacent ones and lead to the expansion the cholesteatoma
(Fig. 7c).

The expansion stage

Fusion and expansion of several micro-cholesteatomas and
further expansion to the periphery will cause disappearance
of the overlying keratinized epithelium and the cholestea-

toma has opened to the bottom of the retraction which
hereby has grown in depth by the length of the one cone
(Fig. 8a–d). This results in a new surface of the retraction
pocket. As the process of proliferation at the bottom of the
cone continues, a new accumulation of keratin in the cone
will be soon formed in the same manner as described
above. It can be imagined that this process continues
repeatedly allowing further expansion of cholesteatoma and
retraction. Now a vicious circle of the retraction is estab-
lished in the following way: proliferation at the bottom of
the cone, keratin formation within the cones, fusions of
micro-cholesteatomas and further accumulation of keratin
leading deterioration of cell cleaning.

Bone resorption and further expansion

Once the expansion stage of sinus cholesteatoma is estab-
lished, further well-known complication of cholesteatoma

Fig. 7 Schematic illustration of the proliferation stage. a Normal in-
traepithelial keratinocytes diVerentiation and maturation in an epithe-
lial cone orientated vertically towards the surface. Due to initial
increase of keratinocyte proliferation the cones have started to grow
(Thick arrow). b The keratinocyte diVerentiation is orientated towards
the center of a long cone (arrows) forming small lakes of keratin—the
micro-cholesteatoma. c The micro-cholesteatoma lakes are expanding,
opening to the surface of the retraction and to the neighboring cones,
making the cholesteatoma to expand for the length of a cone

Fig. 8 Schematic illustration of the expansion stage. a Expansion of
sinus cholesteatoma, and the lakes of keratin are opened to the surface
of the retraction wall in the depth the cones are proliferating and grow-
ing. Lateral migration and cell cleaning is superWcially still possible
(arrow). b The cholesteatoma has expanded by the length of the cone
in the depth new micro-cholesteatoma are formed within the new
cones. c The keratin lakes are fused, moving the border of the matrix
further towards the attic. d Further expansion of attic cholesteatoma.
Establishment of a vicious circle in following way: proliferation at the
bottom of the cone, keratin formation within the cones, fusions of mi-
cro-cholesteatomas and further accumulation of keratin leading to fur-
ther deterioration of cell cleaning
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will appear. Active ingrowth continues and bone resorption
of the adjacent ossicles and scutum will be initiated [28, 29].
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