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Abstract

development of the cholesteatoma.

Background: The anterior epitympanic plate (cog) and Koerner's septum are gaining more importance since the
introduction of transcanal mastoidectomy as these anatomical structures are serving landmarks for the attic.
Moreover, different morphological types of cog and Kderner's septum revealed embryological relation to the
development of the isthmic membrane; the latter is linked to aeration of the attic and thus affects the pathological

Results: A retrospective review of CT images of 86 patients proved by surgical biopsies revealed: 49 cholesteatomas
and 37 non-cholesteatomatous CSOM. The type-l “cog” had a higher incidence (n = 40) and was statistically more
prevalent in non-cholesteatomatous CSOM (n = 30, 81.1%). Type-Il was the second commonest and was statistically

more prevalent in cholesteatomatous CSOM (n = 22, 44.9%). Type-Ill was the third commonest, seen in (n = 18, 20.9%)
and was statistically more prevalent in cholesteatomatous CSOM (n = 17, 34.7%). Kberner's septum was more prevalent
in non-cholesteatomatous CSOM (70.3%) with statistical significance (p value = 0.002).

Conclusions: The difference in the distribution of different morphological types of anterior epitympanic plate “cog,” as
well as the difference in Kderner's septum existence amongst cholesteatomatous and non-cholesteatomatous CSOM
are suggested as risk factors for the development of cholesteatoma and may predict a cholesteatoma on CT images.
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Background

Chronic suppurative otitis media CSOM is defined as a
persistence of middle ear inflammation for more than 6
weeks and is characterized by discharging ear via a per-
forated tympanic membrane. Some ears with CSOM
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develop cholesteatoma with the creation of an enlarging
ectopic sac of stratified strongly keratinized squamous
epithelium [1-3].

Surgeons and radiologists have made several attempts
to classify cholesteatoma [2, 4]. The most widely used
classifications are based mainly on either their pathogen-
esis (congenital or acquired) or on their location in the
middle ear cavity in relation to the TM [1, 5]. Recently,
the “European Academy of Otology and Neuro-otology”
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and the “Japanese Otological Society” proposed a new
classification system based primarily on extension and
complications [4].

Regarding its location, pars flaccida variety is the com-
monest developing just lateral to the ossicles in the
Prissak’s space (subcomponent of epi-tympanum). Pars
tensa variety is much less common and often develops
in hidden areas such as facial recess or sinus tympani,
thus verifying the need for better assessment [5].. Owing
to the fact that the epi-tympanum is considered one of
the most frequent sites for primary and recurrent cho-
lesteatoma, a sufficient awareness of the surgery-related
details about anatomical construction of the epi-
tympanum, the attic, and its adjacent structures is very
valuable for the surgeon [6-8].

The anterior epitympanic recess (AER) is a small space
in front of the malleus head. A coronally oriented bony
septum named the anterior attic bony plate or “Cog”
partitionates the anterior epitympanic recess-AER from
the epi-tympanum proper (attic) [9]. It is considered the
medial continuation of the transverse crest, which is
projecting from the tegmen tympani [10]. Moreover, this
bony structure and related mucosal fold of this space are
closely relevant to the anterior ventilation and drainage
of the epi-tympanum and mastoid, which therefore can
cause inflammation if got obstructed [11, 12]. The devel-
opment of chronic otitis media is likely related to mor-
phological types of the “cog” to a certain degree. A
completely developed cog is linked to the embryological
development of an isthmic membrane, which offers a
pathway for aeration via anterior and posterior isthmic.
On the other side, incomplete forms of cog are linked to
a short or absent isthmic membrane with poor attic ven-
tilation and thus more incidence of cholesteatoma. Thus,
the type “cog” carries important pathological concerns.
Moreover, the AER is increasingly attaining surgical con-
cerns of its proximity to nearby important structures,
where it is serving as a landmark to the attic during cho-
lesteatoma surgery [12].

Another anatomical variant, which may affect the
epitympanic aeration is the “Koerner’s septum”-(KS),
also called the “petro-squamosal lamina.” It represents
the persistence of the developmental petro-squamous
suture line. Koerner’s septum is viewed in CT images
as a dense bony plate found in the mastoid process.
This developmental septum, when present, constitutes
a junctional line between superficial squamous and
deeper petrous portions of mastoid. It may create
problems or complications during mastoidectomy if
the surgeon was not informed about its prevalence
and morphology [13-15].

Although middle ear (ME) disease can be evaluated
with usual otologic and audiometric examinations, more
pertinent questions about disease extension and
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anatomical variants need to be answered. A cholestea-
toma in the “hidden areas” like anterior epitympanic re-
cess and sinus tympani can be missed [5]. Surgeons are
also blinded with subtle details of anatomical variations
of the temporal bone prior to surgery [14—17]. Providing
excellent spatial resolution, the high-resolution CT scan-
ning offered an indispensable tool in confirmation of
disease extension, identification of anatomical details,
and detection of asymptomatic complications [5, 8, 9,
18, 19]. As a matter of fact, HRCT provides a clear road-
map for surgeons to plane the appropriate approach, es-
pecially for extensive cases and revision or second look
surgery [20, 21]. This helped by multiple reformations
offered in all planes and even double-oblique reforma-
tions. The latter technical merit is provided only by
multi-slice (> 16 slices) scanners, in contrary to oligo-
slice scanners (16 and less). These multi-slice scanners
allow for volume acquisition and reconstruction at only
6 microns slice thickness, with the ability to visualize
any structures regardless of its direction due to oblique
image reformations [11]. Thus, the cog and KS could be
adequately revealed regardless of their orientation.

Mastoidectomy is known to be the classic surgical ap-
proaches for the total removal of the disease [14, 15].
The trans-canal endoscopic and microscopic ear surgery
approaches offer a new era in the management of lim-
ited attic cholesteatoma, providing less invasive surgical
technique [21-23]. Still, less invasive surgeries are ques-
tioning identification of some landmarks; the “Cog” and
“KS,” both serving as a guidance route to the attic in
both approaches [24, 25]. The aim of this study is to
evaluate a statistical relation between the morphological
types of the temporal bone anatomical structures,
namely the “cog” and “KS” with an evaluation of their
incidence in CSOM with or without cholesteatoma. This
was done by a retrospective review of multi-slice CT im-
ages for both pathology groups and trying to find a rela-
tion between the incidence of a certain “cog” type and
existence of “KS” with the development of the type of
middle ear disease.

Methods

Study description

The protocol of our retrospective study had approval
mad by the Institutional Review Board (IRB) of our uni-
versity hospital. Patient approval or informed consent
was not required for the review of images and clinical
records. The study followed a retrospective approach for
patients referred to our department by ENT surgeons
for chronic ME disease (in the duration between April
2019 and February 2020). The HRCT multiplanar re-
formatted images of temporal bones in 86 patients were
retrospectively reviewed.
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Fig. 1 Cog type-l (a) seen as a thin complete plate as compared to “cog” type-Il (b) shown a pyramidal bony projection (colored arrowheads)

Inclusion criteria

The study was meant to include only (a) adult patients
(> 18years old) with (b) proven surgical results of
CSOM following mastoidectomies and with (c) unilateral
disease.

Exclusion criteria
The study excluded (a) children (< 18years old), (b)
post-operative, and (c) bilateral cases.

CT imaging technique

All patients were examined using multi-detector row
scanner (Somatom sensation-64, Siemens, Germany).
Non-contrast and multi-planar images of the temporal
bone were acquired in a plane parallel to the orbito-
meatal line. The scanning parameters included section-
thickness of 0.5 mm, zero slice interval, pitch of 0.85, ro-
tation time of 1s, matrix of 512 x 512, 130kV, and 225
mA. Raw data were reconstructed by using a bone algo-
rithm for optimizing visualization of the bony details of

the temporal bone. The reconstructed images were dis-
played on FOV of 20 cm at the window level of 450 and
window width 4500 of HU. “Double-oblique” reformat-
ted images are made to assess for additional data on the
status of the ossicle and bony walls.

Image analysis

This was done by two radiologists experienced in “Head
& Neck” imaging (with 10 and 15years of experience).
CT examinations were reviewed to identify the morpho-
logical variations of anterior attic plate (cog), and Koer-
ner’s septum was reported as present or absent. This is
detailed as follows.

Identification of types of anterior epitympanic plate-“Cog”

The cog was identified as the posterior boundary of AER
in front of malleus head and cochleariformis process.
Cogs are classified as types I, 11, and III: (a) Type-I: seen
as complete thin bony plate crossing at the anterior por-
tion of the attic of the middle ear, dividing the cavity

-

(€))

(b)

Fig. 2 Type-lll-non-visualized: in the absence of opacification (a) and in the presence of opacification (b)
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Fig. 3 Koerner's septum (colored arrowheads) is shown as a thin bony plate at the lateral most portion of the mastoid cavity, seen slightly
interrupted (a) and complete in (b)

.

into anterior epi-tympanic recess and attic proper; (b) this entity, so we preferred to keep the term “non-visual-
Type-II: a small bony wedge-shaped bony projection at ized.” The exclusion of bilateral cases was made for this
lateral bony attic wall; and (c) Type-III: non-visualized on  concern. The type of cog is almost always symmetrical
CT basis. This pattern of classification was made accord-  in very individual. So that viewing of the contralateral
ing to the classification proposed by Lee et al. [21]. The ear of cog was part of our imaging viewing, refer to Figs.
rare event of eroded cog may not be differentiated from 1 and 2.

, N
-

(c) (d)

Fig. 4 Case 1: A 32-year-old male with non-cholesteatomatous CSOM, showing type-l cog (a) shown as a complete thin bony plate. Reformatted
images in (b), (c), and (d) reveal intact ossicular chain; malleus-incus complex in (b) and (c), and stapedial supra-structure in (d)
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Identification of Kberner’s septum (KS)

KS was identified on the axial image at three points; super-
ior SCC, level of head of the malleus, and level of the sinus
tympani. If it is present, it may be complete or incomplete.
The Koerner’s septum is identified as most lateral near
horizontal and near-complete mastoid septum traced an-
teriorly to the lateral edge of the aditus, and lateral attic
wall. The bony line can be seen in different inward and out-
ward curves and with slight interruptions versus smooth
continuity, refer to Figs. 3a, b, 4, 5, 6, 7 and 8. No definite
classification for KS was made.

Statistical analysis and data interpretation

Data were fed to the computer and analyzed using IBM SPSS
software package version 20.0. (Armonk, NY: IBM Corp).
Qualitative data were described using the number and per-
cent. Kolomgrov-Smirnov test was used to verify the nor-
mality of the distribution of variables. A comparison
between the two groups of patients (cholesteatomatous
and non-cholesteatomatous) was made for categorical var-
iables were assessed using chi-square test. Mann-Whitney
test was used to compare two groups of abnormally
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distributed quantitative variables. The significance of the
obtained results was judged at the 5% level.

Results

The included subjects ranged in their ages from 18 to 86
years old with a mean age of 43.1 + 17.4. Fifty-nine (68.6%)
were males and 27 (31.4%) were females. All patients had a
clinical and pathological proof of CSOM either with choles-
teatoma in 56.9% or without in 43% of temporal bones. The
distribution of demographic data according to the type of
CSOM is detailed in Tables 1, 2, and 3.

The CT scans of the 49 (57%) cholesteatomatous CSOM
showed variable radiological findings of cholesteatoma: 37
(75.5%) of them had scalloping of middle ear walls, 33
(67.3%) of them had widening of aditus, and all of them
showed ossicular erosions. The other 37 (43%) of temporal
bones of non-cholesteatomatous CSOM showed less ag-
gressive signs of chronic infection without definite signs of
cholesteatoma, apart from three cases with non-
cholesteatomatous minor erosions. These radiological
findings were confirmed post-operatively following mas-
toidectomies in all cases. The anterior epitympanic recess

(©)

(b)

(d)

Fig. 5 Case 2 A 25-year-old male presented with proven cholesteatomatous CSOM. a Type-Il (pyramidal type) is seen as a pyramidal projection at
the lateral margin of the attic. The curved multi-planar image in b shows erosion of the lenticular process of the incus. Image ¢ shows the mass
effect on the attic and mild aditus widening. Kberner's septum is not visualized. d Marked tegmental defects
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Fig. 6 Case 3: Type-ll in non-cholesteatomatous CSOM. Type-Il (pyramidal) is seen in a, and Kéerner septum is seen in b, at the lateral margin of the opacified
mastoid antrum. Curved multiplanar reformats reveal ossicular-V sign of intact incus body and process (This means the V-shaped appearance of the intact
continuous incudo-stapedial junction is most susceptible to erosions). The stapes is well visualized in d with intact incudo-stapedial junction

\

(AER) was involved in 79% of the diseased ears with no
statistical difference between the two groups of patients
(83% versus 73%, respectively).

According to its morphology type, anterior attic plate
(cog) was classified into three types: (a) Type I (complete
plate type) in 46% of ears (20.4% of cholesteatoma and
81.1% of non-cholesteatoma with p value < 0.001), (b)
Type II (pyramidal-like projection) in 32.6% of ears (44.9%
of cholesteatoma and 16.2% of non-cholesteatoma with p
value < 0.005), and (c) Type III (non-visualized) in 20.9%
of ears (34.7% of cholesteatoma and 2.7% of non-
cholesteatoma with p value < 0.001). This shows statistical
significance in the incidence of mentioned types of “cog”
amongst the ME pathology.

Kéerner’s septum (KS) was not visualized in 15 (17.4%)
of temporal bones (associated coalescent mastoiditis was
seen in 4 of them). It was seen as (a) a complete bony
septum in 35 (40.7%) of scanned temporal bones and as
(b) an incomplete septum in 8 (9.3%) of temporal bones.
Its prevalence in patients without cholesteatoma (70.3%)

was significantly higher than in those with cholestea-
toma (34.7%) with (p value = 0.002). In 32.5%, it could
not be perfectly evaluated because of extensive scleros-
ing mastoid bone as a complication of chronic infection.

Discussion

The anterior epitympanic recess (AER) is frequently in-
volved in chronic infections and represents a common
location of the more common pars flaccida growth [8,
25]. The complexity of the anatomical architecture of
epi-tympanum necessitates accurate and deep know-
ledge of the surgeon about the spatial relationships
present at this site, thus avoiding misguided procedure
and inadvertent injury of vital structures [8, 26, 27].
HRCT has a crucial role in the preoperative detailed
anatomical information [9, 28].

A thin bony plate, cog, protruding down from the teg-
men tympani was found reaching antero-superior to the
malleus head. The height of this bony plate was 1.5 to 3.0
mm, and when complete, it is seen to extend from the
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Fig. 7 Case 4: A 22-year-old male: Type-lll in cholesteatomatous CSOM. Non-visualized bony projection at any level and this is termed as “Absent.”
a-c Revealed ossicular erosions of the incus and malleus (arrowheads). d Revealed marked mass effect with marked attic walls scalloping and
marked aditus widening. Also, an element of “coalescent mastoiditis” is seen, so the Kéerner's septum cannot be evaluated

facial canal wall to the scutum [29]. The cog is considered
a dividing landmark between the anterior and the poster-
ior epitympanic compartments, while the Tensor Tympani
mucosal fold (TTF) is subdividing the anterior epitympa-
nic compartment into anterior epitympanic recess (AER)
and supra-tubal recess (STR) [10]. Commonly, a vertical
type of TTF (mucosal fold) is attached to the cog, and if
this TTF is complete, the ventilation to anterior epitympa-
nic recess can be blocked. In that scenario, removal of the
cog and TTF can provide a sufficient ventilation route
from the Eustachian tube to the epi-tympanum [10, 30].
Otherwise, in the abovementioned case, the only ven-
tilation pathway will be the “isthmus” which is a nar-
row pathway between the epitympnum and
mesotympanum. This “isthmus” or “isthmic ventila-
tion” is provided through anterior and posterior
“isthmi” in an isthmic membrane, the development of
which is correlated to the development of the anterior
epitympanic plate or so-called Sheehy’s cog.

This cog has different morphological variations,
which are suggested to carry a good link to the em-
bryological development of the isthmus or isthmic
ventilation. A complete thin plate of “cog” is corre-
lated to a more developed isthmic membrane and
thus better isthmic ventilation. On the other hand,
more incomplete shallow types of cog are associated
with shorter isthmus and poor ventilation of epi-
tympanum. This shows a good risk for the develop-
ment of an attic cholesteatoma [31-33].

To best of our knowledge, few studies mentioned two
different types of cog without correlation to chronic in-
fection predisposition [10, 28]. Also, few studies investi-
gated the radio-anatomical assessment of the KS and its
predisposition to middle ear infection [13, 14] A single
more recent prior study in oto-laryngology literature
proposed a classification of morphological types of “cog”
on an oligo-slice CT, which was followed in our study
on multi-slice CT (MSCT) [12]. The MSCT offers higher
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(b)

(d)

opacification is seen with failure to identify the Kéerner's septum

Fig. 8 A 45-year-old male patient. Type-/ cog in cholesteatomatous CSOM: Type-l is seen as a complete bony plate. The incus body and process
show erosions in b and ¢ pointed by an arrowhead in b, matching with post-operative finding of non-cholesteatomatous erosions. The mastoid

resolution and multi-planar reconstruction of multi-slice
allowing reformations in orthogonal and double-oblique
orientation. This is expected to provide higher visibility
and better identification of types of anatomical variants
under study.

In our study, retrospective CT imaging evaluation of
diseased 86 temporal bones revealed 49 cholesteatomas
and 37 non-cholesteatomatous CSOM. Three morpho-
logical variations of cog were noticed. It was a complete
plate in 46.5%, pyramidal projection in 32.6%, while it was

Table 1 Comparison between the cholesteatoma and non-cholesteatoma according to age and sex

Total Final diagnosis Test of p
(n = 86) Cholesteatoma Non-cholesteatoma 5ig.
(n=49) (n=37)
Sex
Male 59 (68.6%) 33 (67.3%) 26 (70.3%) X’= 0084 0.772
Female 27 (31.4%) 16 (32.7%) 11 (29.7%)
Age (years)
Mean + SD. 431 £ 174 432+ 1738 431 +17.1 U= 902.50 0972
Median (Min. = Max.) 415 (18 — 86) 40 (18 = 77) 43 (18 - 86)

X% Chi square test, U: Mann Whitney test
p: p value for comparing between Cholesteatoma and Non-cholesteatoma
*: Statistically significant at p < 0.05
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Table 2 Comparison between the cholesteatoma and non-
cholesteatoma according to Cog type (|, Il and IlI)

2

Total Final diagnosis X p
(n = 86) Cholesteatoma Non-cholesteatoma
(n =49) (n=37)
Cog type

| 40 (46.5%) 10 (20.4%) 30 (81.1%) 31.194" <0001"
Il 28 (326%) 22 (44.9%) 6 (16.2%) 7.898" 0005
Il 18 (20.9%) 17 (34.7%) 1(2.7%) 13.037 <0001

X () 32.320" (<0.001")

X? Chi square
p: p value for comparing between Cholesteatoma and Non-cholesteatoma
* Statistically significant at p < 0.05

not visualized in 20.9% of temporal bones. Li et al. [10]
had found a cog in all their studied patients with ME dis-
ease revealing complete and rudimentary types only. The
“complete” type was most commonly seen (89%). Also, Li
et al. [10] pointed to the correlation between types of TTF
and abnormal anterior epitympanic recess aeration; how-
ever, they found no statistical difference between types of
cog and types of TTF [10]. On the other hand, El Anwar
et al. [28] and Hong et al [31] made their studies on “non-
pathologic” temporal bones. They reported that the cog
was a constant boundary of the STR and that the
“complete cog” was the commonest among the studied
group, which was associated with single-cell STR; seen in
(79.5%) of temporal bones [28, 31].

Lee et al. [12] assumed that the development of the
chronic otitis media is relatively correlated to the type of
the anterior attic bony plate. They found that in the sim-
ply diseased ears, the incidences were 40%, 44%, and
16% for the plate type, pyramid type, and anterior type,
respectively, and in the cholesteatoma ear, 30%, 43%,
and 27%, respectively, with a significant statistical differ-
ence. This study mad by Lee et al. [12] included normal
and diseased ears. They classified cog into thin and long
plate type (67%), thick pyramid type (28%), and more an-
teriorly located type (5%) in normal ears. Lee et al. [12]
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non-visualized cog owing to its more horizontal orienta-
tion making it hard to be visualized by HRCT. Lee et al.
[12] explained the relation between cog morphology and
ventilation that the plate type was associated with well-
developed supra-tubal recess and better ventilation of
the AER. The “pyramidal type” was associated with shal-
low or nearly absent supra-tubal recess. The “anterior
type” was more frequent in cholesteatoma than in non-
cholesteatoma with a significant statistical difference
owing to association with less ventilation [12].

Our current study adopted the “cog” classification pro-
posed by Lee et al. [12]. In our study, the “pyramid type”
was the commonest in patients diagnosed with choles-
teatoma (in 45%) followed by anterior type (34.7%),
while the plate type was the commonest in patients with
non-cholesteatomatous CSOM (in 81.1%) with a signifi-
cant statistical difference. This finding supports the etio-
pathogenesis of cholesteatoma in a hypo-ventilated re-
cess pre-disposed by incomplete types (II and III), in
comparison to good ventilation facilitated by complete
“cog” and isthmic membrane.

Recognition of another anatomical variant, “Koer-
ner’s septum” before antro-mastoidectomy operations
revealed to bear clinico-surgical relevance. During
cholesteatoma surgery, a disregarded Koerner’s
septum may be mistaken as the medial wall of the
mastoid antrum resulting under-exposure of operative
filed with high possibility for residual cholesteatoma
[13, 14, 32]. Moreover, a prominent KS may be con-
fused for the bony lamina covering of the sigmoid
sinus with consequent inadvertent entry into antrum
or facial nerve injury [13, 33, 34]. Some authors sug-
gested that the middle portion of the Koerner’s
septum is the cog itself, or an extension of it, and it
was regarded as having a role in ventilation of the
tympanic cavity [34, 35]. Multiple researches revealed
that KS might be disrupted in more than one point
along its course [13]. In our study, 17.5% of temporal
bones revealed non-visualized KS with 4 temporal

reported that 5% of completely healthy ears showed bones showed coalescent mastoiditis. Koerner’s
Table 3 Comparison between the cholesteatoma and non-cholesteatoma according to Kéerner septum
Total Final diagnosis X P
(n = 86) Cholesteatoma Non-cholesteatoma
(n =49) (n=37)
Koerner septum
Absent 15 (17.4%) 12 24.5%) 3(8.1%) 3.929" 0.047"
Present 35 (40.7%) 13 (26.5%) 22 (59.5%) 9471 0.002"
Non-evaluable 36 (41.9%) 24 (49%) 12 (32.4%) 2372 0.124

X (p)

10.239 (0.006)

X% Chi square
p: p value for comparing between Cholesteatoma and Non-cholesteatoma
*: Statistically significant at p < 0.05
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septum was recognized as a complete septum in 40.7%
of our patients and as incomplete septum in 9.3% of
cases [33].

In their study, Przewonzy et al. [34] reported Koerner’s
septum in 6.5 to 47% of both healthy and diseased ears,
while Wojciechowski et al. [35] reported the prevalence
of Koerner’s septum as 6.58% of healthy ears, 30.4% in
ears with retraction pockets, and 17.4% in simple
chronic otitis media without retraction pocket [34, 35].
On the contrary, we found that the prevalence of the KS
was 70.3% in patients with simple chronic otitis media
and 34.7% in those with cholesteatoma, showing a sig-
nificant statistical difference for being more prevalent in
simple inflammation (p value = 0.002). A significant
number of researches confirmed the impact of Koerner’s
septum on the predisposition to chronic infection by fa-
cilitating blockage of isthmus during inflammation of
the middle ear [36-38]. Thus, a prominent Koerner’s
septum is associated with an increased risk of developing
CSOM with or without cholesteatomas.

Preoperative HRCT therefore represents a mandatory
guidance to the oto-surgeons. It submits information re-
garding the spread of disease together with detailed ana-
tomic variations and possible complications to be avoided
during surgery. The type of “cog” and Koerner’s septum
may be written in the radiology report for CSOM cases
[39-41]. The main limitation of this study was the ab-
sence of a healthy subject group to compare the incidence
of cog and KS between them and diseased groups. It was
difficult to differentiate rudimentary from eroded “cog” or
“KS” as regard CT appearance. However, the incidence or
complete erosions are a quite rare event.

Conclusions

We concluded that the morphological variations in the
anterior attic plate “cog” had a significant correlation to
the prevalence of chronic otitis media and cholesteatoma
owing to the fact that changes in cog position and
morphology can change attic dimensions and aeration.
KS was considered as another important anatomical pre-
disposing factor to chronic infection and cholesteatoma.
Therefore, the difference in the distribution of different
morphological types of anterior epitympanic plate “cog”,
as well as difference in Kderner’s septum amongst cho-
lesteatomatous and non-cholesteatomatous CSOM are
suggested as risk factors for the development of choles-
teatoma and may predict a cholesteatoma on CT images.

Abbreviations
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