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ABSTRACT

Background Otosclerosis is an important cause of hearing
loss and a widespread pathology in ENT medicine. Although
a high diagnostic value of CT with impact on therapy is em-
phasized in the literature, the disease is seldom seen in the ra-
diological routine diagnostics due to ENT findings often being
diagnostic. Radiologists detect it rather more often in cases of
unclear hearing loss or cochlear implant candidates. The find-
ings may be very subtle. They require a target search and an
optimal imaging technique.

Methods This review article is based on a selective search of
the literature in PubMed without any time frame restrictions
as well as on the long clinical experience of the authors.
Results The paper focuses on imaging aspects of otosclero-
sis: current role, advice for imaging technique, characteristic
imaging signs, radiological differential diagnoses and findings
after stapedoplasty. Pathology, clinical signs and therapeutic
options are summarized briefly.

Conclusions With an optimal technique and sufficient radio-
logical experience otosclerosis can be correctly diagnosed by
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imaging in a high percentage of cases. Radiology plays the key
role in the diagnosis of retrofenestral otosclerosis. It can pro-
vide valuable information for the management of complica-
tions after stapedotomy.

Key points:

= X-ray cross-sectional imaging continues to be the method
of first choice in the radiological diagnostics of otosclerosis

= With an optimal imaging technique and sufficient experi-
ence otosclerosis can be radiologically detected

= In complications after stapedoplasty, causes can be iden-
tified supporting the indication for a reoperation

Citation Format
= Kosling K, Plontke SK, Bartel S. Imaging of otosclerosis.
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ZUSAMMENFASSUNG

Hintergrund Die Otosklerose ist eine wichtige Ursache fiir
Schwerhorigkeit und gilt in der HNO-Heilkunde als verbrei-
tetes Krankheitsbild. Obwohl in der Literatur die hohe diag-
nostische Wertigkeit der CT mit Einfluss auf das therapeu-
tische Vorgehen hervorgehoben wird, zihlt die Erkrankung in
der radiologischen Routinediagnostik aufgrund oft diagnose-
weisender klinischer Befunde zu den seltenen Indikationen.
Radiologisch wird sie hdufiger bei unklarer Schwerhorigkeit
oder in der prdoperativen Cochlea-Implantat-Diagnostik ent-
deckt. Die Befunde kénnen sehr subtil sein, bediirfen einer
gezielten Suche und optimalen Untersuchungstechnik.
Methode Diese Ubersichtsarbeit beruht auf einer selektiven
Literaturreche in PubMed ohne Zeitraumbegrenzung und der
langjahrigen klinischen Erfahrung der Autoren.

Ergebnisse Dieser Beitrag hat die Otosklerose unter ver-
schiedenen Gesichtspunkten zum Inhalt: Pathologie, klinische
Zeichen und Therapieoptionen werden (iberblickmaRig dar-
gestellt; das Hauptaugenmerk liegt auf der Bildgebung mit
heutigem Stellenwert, untersuchungstechnischen Hinweisen,
charakteristischen Bildbefunden, radiologischen Differenzial-
diagnosen und bildgebenden Befunden nach Stapesplastik.
Schlussfolgerung Bei optimaler Untersuchungstechnik und
ausreichender Erfahrung kann die Otosklerose in einem
hohen Prozentsatz radiologisch diagnostiziert werden. Eine
diagnoseentscheidende Rolle hat der Radiologe bei der retro-
fenestralen Form der Otosklerose. Im postoperativen Kompli-
kationsmanagement kann er dem HNO-Arzt wertvolle Infor-
mationen liefern.
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Introduction

Otosclerosis is the most common osteodystrophy of the temporal
bone, and only this disease exclusively affects the petrous bone. It
is a significant cause of hearing loss. The histological prevalence is
about 2.5% (up to 10 %), clinically it is significantly lower at 0.3 %-
0.4 % in Caucasians and only 0.03 %-0.1 % in the African and Asian
populations [1]. The disease usually manifests itself in the 3rd-4th
decade of life and occurs bilaterally in 70 %-85 % of cases [1], and
appears rarely in children [2]. Tending to run in families, twice as
many females are affected compared to males [1].

Although otosclerosis is a common disease in ENT medicine, it
is rarely encountered by radiologists, most frequently in clarifica-
tion of unexplained hearing loss or in preoperative cochlear im-
plant (Cl) diagnostics or postoperatively in the event of complica-
tions. Less frequently there is a specific request for evidence of
otosclerosis. X-ray cross-sectional imaging is the method of
choice for the detection of otosclerotic foci. The findings can be
very subtle and require a targeted search and as well as an
optimal examination technique.

This article is intended to inform the reader about otosclerosis
with main focus on the current status of imaging, image morpho-
logical signs and imaging findings after stapedoplasty.

Etiology and Histopathogenesis

The etiology of otosclerosis is largely not understood. The follow-
ing models are discussed: Genetic causes (most likely autosomal
dominant inheritance), autoimmunity, cytokines of bone metab-
olism, measles infection, hormones, environmental influences
[3,4].
Histological examinations have demonstrated that otosclerosis
is characterized by focal changes in the bony labyrinth that occur
in stages. Four stages have been distinguished:
= Stage I: Inflammatory resorption of woven bone of the otic
capsule by osteoclasts.
= Stage Il: Replacement by spongy vascular bone (otospongiotic
phase).

= Stage lll: Osteoclastic degradation of the spongy bone,
replacement by compact lamellar bone (otosclerotic phase).

= Stage IV: Suspension of remodeling processes, in which active
resorption and recalcification frequently coexist [5].

Symptoms and clinical ENT Findings

The main symptom of otosclerosis is a unilateral or bilateral pro-
gressive conductive hearing loss (CHL) caused by foci on the oval
window leading to stapes fixation with mechanical malfunction of
the stiffened ring band [1, 3, 4]. Associated with this are typical
results in the tuning fork tests (Rinne negative, Weber lateralized
into the ear with stronger CHL) and absent stapedius reflex in the
diseased ear. The manubrium is easily moved (test with pneumat-
ic ear magpnifier), and the middle ear is well-ventilated (test with
tympanogram). In general, history of inflammation of the middle
ear is absent.
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Otoscopy often reveals a circumscribed reddening on the
promontory (Schwartze's sign), caused by hypervascularized
otosclerotic lesions [3].

Tinnitus is evident in the majority of cases [5]. Vestibular symp-
toms are less frequent and are described as undirected short-term
vertigo [3, 5].

Likewise, combined hearing loss resulting from cochlear invol-
vement or up to 10 % purely sensorineural hearing loss (SNHL) in
isolated capsular otosclerosis are also observed [6, 7]. However,
isolated capsular sclerosis without stapes fixation has been found
very rarely in temporal bone preparations [8]. A typical phenom-
enon is the Carhart depression, a drop in bone conduction thresh-
old of 15dB in the pure tone audiogram at 1.5-2kHz [3, 6, 9].

Various hypotheses explain the presence of SNHL in cases of
otosclerosis. Histologically, it has been shown that involvement
of the cochlear wall in active otosclerotic foci was associated with
collagen deposits in the spiral ligament (hyalinization) and atro-
phy of the adjacent stria vascularis [10-14]; SNHL can be
explained by both changes. Other hypotheses assume damage to
hair cells by cytotoxic enzymes, inflammatory cytokine mediators,
oxidative stress and reactive oxygen species. It is possible that
these molecules enter the endolymph, impair hair cell function
and cause SNHL [4, 15]. This hypothesis is supported by the de-
tection of antioxidants in the serum of otosclerosis patients [16].

The symptoms and examination findings are not clearly
pathognomonic. Clinical differential diagnoses include post-
inflammatory ossicular fixation (tympanosclerosis) or ossicular ar-
rosion, traumatic ossicular dislocation, congenital cholesteatoma,
middle ear malformations, Paget's disease, brittle bone disease
(the latter two are very rare), pseudo CHL in dehiscence syndrome
of the superior semicircular canal or in a mass in the inner ear, and
apparent CHL in cases of insufficient masking in pure tone audio-
metry (detailed overview in [3]).

Therapy

To date there is no causal therapy for otosclerosis. Therapy
options range from audiological follow-ups, conventional hearing
aids, standard surgical therapy in the form of stapedoplasty to
implantable hearing aids and cochlear implants [17].

In stapedoplasty, the stapes superstructure is removed, the
stapes footplate is perforated (stapedotomy) and a prosthesis is
inserted into this perforation, which is attached to the long pro-
cess of the incus by a loop or clip [17]. Although hearing improve-
ment can be expected in about 90 % of operations [18, 19], and
existing tinnitus is reduced after the operation [20], an approxi-
mately 1% risk of deafness must be taken into account [18, 19].

Drug therapy approaches may consist of the use of 3rd gen-
eration bisphosphonates to prevent the progression of otosclero-
sis [21]. This, however, is not considered standard therapy. Active
middle ear implants may be indicated in special cases, especially
for moderate to profound hearing loss. Advanced otosclerosis
with profound hearing loss bordering on deafness is an indication
for a cochlear implant [3, 22, 23].
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Imaging Diagnostics

Current status

Although the detection of otosclerosis-related lesions has already
been achieved by polytomographic examinations [24, 25], and to-
day even very small lesions can be depicted much more precisely
by modern X-ray cross-sectional imaging [26-29], patients with a
typical clinical otosclerosis constellation are often treated surgi-
cally without imaging. In the case of a combined or sensorineural
hearing loss, a request for imaging is often made under the indi-
cation “unexplained hearing loss”. False negative findings regard-
ing otosclerosis may result if MRI is performed as the first or sole
procedure for this issue. The imaging diagnosis of otosclerosis
requires a cross-sectional X-ray [26-29], which can also reliably
detect other middle ear pathologies causing unexplained hearing
loss [26-29]. After a retrospective analysis of 259 CT scans per-
formed on patients with clinically suspected otosclerosis, Dudau
et al. [29] conclude that CT is a valuable aid in the management
of otosclerosis patients. They determined a positive predictive val-
ue of 100 % for CT for the diagnosis otosclerosis, a relevant alter-
native diagnosis in 33 % of the cases and an influence of CT find-
ings in the indication for stapedoplasty in 45 % of the cases. In this
study, image analysis was performed by radiologists experienced
in temporal bone reading. The CT examination technology was
optimal. In the authors' point of view, very subtle foci in the co-
chlear cleft are often overlooked in routine diagnostics, not least
due to a suboptimal examination technique.

Hearing success can be proved immediately after stapes sur-
gery. If employed, a postoperative documentation of the prosthe-
sis by imaging is not performed in Germany. If a progressive
decline of inner ear function occurs during the hospitalization
phase, revision is frequent regardless of the outcome of imaging,
ifitis performed at all [30, 31]. In the event of a later recurrence of
hearing loss or vestibular symptoms, imaging can disclose the
cause in a high percentage of cases, thus supporting patient
counseling and indication for re-operation [30, 32-34], where
there is a higher risk of deafness than in the initial operation.

Examination technology principles

CT, Cone Beam CT (CB-CT) and 3 D rotational angiography are
suitable for the detection of typical otosclerosis changes and
postoperative complications. Currently, CT is regarded as the
method of choice, as it is the only method that is widely available
or can be used for otosclerosis diagnostics with respect to capaci-
ty. Due to the very small temporal bone structures, it is important
to achieve optimal spatial resolution in all 3 procedures. High-
quality axial and coronary multiplanar reconstructions (MPR)
with a slice thickness of 0.3-0.6 mm should be created from a
thin-layer isotropic axial data set; for CT, the spiral technique
with the narrowest possible collimation should be selected [35].
The region of the oval window including the stapes plays a special
role in pre- and postoperative imaging of otosclerosis patients. It
can best be assessed by means of paraxial MPR [36], prepared
with high magnification parallel to the longitudinal axis of the
stapes by planning the sectional position on the coronal images
(» Fig. 1). Due to spatial resolution and radiation hygiene, it is ad-
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visable to examine both temporal bones separately in CB-CT [37]
and to blend exactly on temporal bone borders in 3D rotational
angiography .

Signs of otosclerosis on X-ray cross-sectional imaging

Depending on the localization of the bone remodeling foci, a dis-
tinction can be made between fenestral and retrofenestral forms,
whereby retrofenestral otosclerosis rarely occurs in isolation with-
out fenestral involvement and is also assumed to be a continua-
tion of the fenestral form [26, 38]. Of the histologically described
stages, the otospongiotic phase is characterized by areas of
reduced bone density (demineralized zones) and is the easiest to
detect. In the otosclerotic stage and when remodeling processes
are suspended, the foci are again more dense and more difficult to
differentiate from normal surrounding bone. A concomitance of
otospongiotic and sclerotic components is also frequently ob-
served on imaging. Determination of density values in the CT
analysis of otosclerosis lesions [39] has not become generally
applied.

In fenestral otosclerosis the bone remodeling foci are located
along the medial tympanic cavity wall. They are most commonly
found in the fissula ante fenestram (> Fig. 2), a gap between the
middle and inner ear located in front of the oval window and filled
with fibrocartilaginous tissue in the embryonic period. Less fre-
quent are plaques on the promontory, the round window
(» Fig. 3) and the tympanic facial canal.

As the disease progresses, the entire footplate may be affec-
ted, which is sometimes very thickened after many years
(» Fig. 2d). Familiarity with a thickened stapes footplate is helpful
for stapedoplasty. During the recalcification phase, bony protru-
sions into the vestibule can occur (» Fig. 3c), which then constrict
it. The windows, very rarely also the stapes, can also be complete-
ly ossified (> Fig. 3b, c). If a Cl should be inserted, a bony closed
round window provides an obstacle to the insertion of the elec-
trode array which must be removed or bypassed.

A little-known phenomenon is incudomalleolar separation as a
result of otosclerosis (> Fig.3d) [26]. Due to the close positional
relationship, plaques on the promontory often contact the basal
turn of the cochlea, so that strictly speaking a mixed fenestral-ret-
rofenestral form is thus present (> Fig. 3a, d).

Retrofenestral involvement (> Fig.4) occurs much more
frequently due to the progression of fenestral otosclerosis with
encroachment on the bone surrounding the membranous laby-
rinth than as an isolated manifestation (» Fig.5). Depending on
the stage of the disease, more or less dense, spotty or band-
shaped plaques are found in the os petrosum. The cochlea may
have a double-ring appearance (Valvassori sign) (> Fig. 4a). The
otosclerotic lesions can reach all structures of the membranous
labyrinth (cochlea, vestibule, semicircular canals, endo- and peri-
lymphatic duct), the facial or internal auditory canal, but they can
also lie isolated in the bone.

Despite the current high level of X-ray cross-sectional imaging
technology, false negative findings in the sclerotic stage of fenes-
tral otosclerosis cannot be completely excluded if there are no
contour irregularities [40].
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> Fig. 1 Normal anatomy of the oval window region. a Slice placement on the coronal CT image. b Paraxial CT image. c Paraxial CB-CT image. All
components of the stapes well-depicted: Anterior (1), posterior crus (2) and head (3), called stapes superstructure, as well as the wafer-thin foot
plate (4) in the oval window.

> Fig. 2 Fenestral otosclerosis with plaque in the fisslua ante fenestram (arrows). Good detectability in the otospongiotic a or mixed
otospongiotic-otosclerotic phase b. More difficult detection in the otosclerotic phase ¢, d. In d inclusion of the stapes footplate, which is greatly
thickened (dotted arrow) - the stapes superstructure is missing after removal of the stapes prosthesis. a-c Axial CT, d paraxial CB-CT.

> Fig. 3 Fenestral otosclerosis. a Plaque on the promontory (white arrow), contacting the basal turn of the cochlea (black arrow) and spreading to the
round window (dotted arrow). b Closure of the round window by an otosclerotic plaque (arrow) c Large otosclerotic plaque (arrow) with protrusions
into and constriction of the vestibule and closure of the oval window. d Incudomalleolar separation (dotted arrow) as a result of otosclerosis - plaque
on the promontory (arrow) with contact to the basal cochlear turn on a more caudal slice. a, d Axial CT, b Coronal CB-CT, c Paraxial CT.

In addition to the classification into fenestral and retrofenstral Signs of otosclerosis on the MRI image
otosclerosis, various grading systems have been proposed in
imaging studies depending on focal location, density and extent
[41-43], none of which has been generally accepted to date.

During the active phase, the otosclerotic foci accumulate contrast
agent [44, 45] (» Fig.6), which is only noticeable on thin-sliced
(£2mm) contrast-supported T1-weighted or FLAIR sequences.
The foci are even more difficult to identify and only partially visi-
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> Fig.4 Mixed fenestral-retrofenestral otosclerosis with patchy and band-shaped bone remodeling zones (white arrows) in the bony labyrinth and
along the medial tympanic cavity wall. a Double ring sign around the cochlea. a, b There is contact with the facial canal (dotted arrows) and anterior
semicircular canal (black arrow). c Inclusion of the stapes footplate (dotted arrow). d Closure of the round window (dotted arrow), contact with the
cochlear aqueduct (black arrow; includes perilymphatic duct) and vestibular aqueduct (dotted arrow; includes endolymphatic duct). a Coronal

CB-CT, b-d Axial CB-CT.

ble as intermediate foci in the bony labyrinth on native T1-w
sequences. If the findings are recognized, an X-ray cross-sectional
image procedure should be performed to confirm the diagnosis. If
the contrast enhancement is low or if the plaques are very small,
in the experience of the authors, a false negative result is usually
obtained in routine diagnostics. In the sclerotic stage, the diagno-
sis cannot be made be MRI.

Differential diagnoses on imaging

Radiology-based differential diagnoses primarily concern other
osteodystrophies, which, however, are not isolated diseases of
the temporal bone, but which can also affect it. Due to similar
bone remodeling processes, otosclerosis is also known as isolated
Paget’s disease; image morphology is correspondingly similar
(» Fig. 7a). No differentiation to retrofenestral otosclerosis can
be made if only a cross-sectional X-ray examination of the tem-
poral bone is available, and the onset of the disease or the age of
manifestation, which in the case of Paget's disease is beyond the
age of 40, is unknown. Involvement of the temporal bone in brit-
tle bone disease is a rarity. Here the images likewise resemble
those of retrofenestral otosclerosis [46]. However, it is unlikely
that the diagnosis is not known at the time of imaging because
patients exhibit typical clinical findings. Other bone remodeling
diseases such as osteopetrosis and fibrous dysplasia are not
considered as differential diagnoses due to their different appear-
ance on X-Ray cross-sectional imaging.

Relevant differential imaging diagnoses are globuli ossei
(» Fig.7b), norm variants that the authors have so far only
observed in younger children. These are remnants of embryonic
cartilage, which, when located in the fissula ante fenestram
fissula, are also referred to as the cochlear cleft [47]. They appar-
ently ossify later (» Fig. 7c), and are seen between 32-40 % in the
pediatric population under 10 years of age [47, 48].

Congenital stapes fixation cannot be differentiated from fenes-
tral otosclerosis on the basis of clinical findings and formerly could
not be detected by CT. Advances in X-ray cross-sectional imaging
have increasingly made it possible to visualize a thickened stapes
base plate, sometimes also an ossified stapes superstructure, as
an imaging morphological correlate when making paraxial recon-
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> Fig.5 Isolated retrofenestral otosclerosis (capsular sclerosis) with
band-shaped pericochlear density reduction (arrows). Asympto-
matic incidental finding on imaging due to a contralateral choles-
teatoma. Axial CT.

structions (> Fig. 7d). It is important that otosclerosis-typical foci
with reduced density are absent.

Diseases that cause osteolysis, hydroptic ear disease and mal-
formations are characterized by a different image morphology
and therefore they are not a radiological differential diagnosis. A
recent study has been shown that endolymphatic hydrops is com-
mon in advanced otosclerosis [49].

Imaging after stapedoplasty

Prostheses used today are usually made of titanium and have sig-
nificantly fewer metal extinction artifacts than previously-used
gold prostheses. Simplified, stapes prostheses consist of a piston
and aloop or clip [17]. The different types differ mainly in the loop
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» Fig.6 Comparison of MRI and CB-CT in otosclerosis. a, b On MR, a lesion (arrow) located laterally on the cochlea shows significant enhance-
ment, another medially located (dotted arrows) show very little enhancement, and a third one located on the vestibule (dotted arrow in c) does not
show accumulated contrast. ¢ On the basis of the CB-CT, the diagnosis can be clearly established. The foci demonstrate different densities. a Axial

T1-weighting, b Axial CM T1-weighting, c Axial CB-CT.

» Fig. 7 Radiological differential diagnosis to otosclerosis. a Retrofenestral bone remodeling areas (arrows) in a 64-year-old with known Paget’s

disease. b Globuli ossei (arrow) and ‘cochlear cleft’ (dotted arrow) in a 2-year-old. cIn an 11-year-old, these changes (arrow, dotted arrow) can only
be vaguely seen. d A thickened stapes footplate (arrow) and an ossified stapes superstructure (dotted arrow) without other foci indicate congenital
stapes fixation. a—c Axial CT, d Paraxial CB-CT.

design, which cannot be differentiated on imaging. From the
radiological point of view, the main task is to assess the position
of the prosthesis on the basis of cross-sectional X-ray imaging.
For an exact assessment, axis-aligned reconstructions are neces-
sary, sometimes thin-sliced MIPs can be helpful.

When properly positioned, the stapes prosthesis is located in
the posterior third of the oval window and does not protrude
significantly beyond the window plane in the direction of the
vestibule (> Fig. 8a, b) [30-34]. In the middle ear it is usually
attached to the long process of the incus.

Prosthesis dislocation is the most frequent complication after
stapedoplasty, which is usually accompanied by an acute functional
disorder. If there is dislocation into the tympanic cavity (> Fig. 8c,
d), then a more or less large gap arises between the end of the
prosthesis and the stapes footplate, which prevents sound trans-
mission to the inner ear fluid, and the patient suffers from renewed
hearing loss. In dislocations into the vestibule (> Fig.9) usually ver-
tigo is to the fore. In some cases, triggering factors for prosthesis
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dislocation can also be found, such as a loosening of the anchorage
on the long process of the incus (> Fig.9c, d), a prosthesis fracture
(» Fig. 10a, b) or a necrosis of the incus as a late complication
(» Fig. 10c); in the latter case, there is a wafer-thin long incus pro-
cess. Scarring (> Fig. 10d) can be assumed if the prosthesis is sur-
rounded by flat or strand-like opacifications that draw towards the
eardrum, which appears retracted.

Rare complications include perilymph fistula and granulations.
Indirect signs of a perilymph fistula include air in the vestibule
(this sign is useless shortly after stapedotomy, as air may have
penetrated intraoperatively and has not yet been resorbed [31])
and/or a fluid level in the tympanic sinus.

If none of the described changes are present on X-Ray cross-
sectional images in suspected complications, it is recommended
to perform an MRI of the temporal bone, since granulation can
only be classified reliably in this way [30]. They are characterized
by strong contrast enhancment. In extremely rare cases, they can
extend intracranially via the inner ear/inner auditory canal.
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» Fig. 8 Condition post-stapedoplasty. a, b Proper prosthesis position: Seat in the posterior third, the piston does not protrude significantly beyond
the oval window plane (arrows), the loop is attached to the long incus process (dotted arrows). ¢, d Minor dislocation into the tympanic cavity -
there is a gap between the end of the piston (arrows) and the stapes footplate in the oval window. On the axial image, delicate metal artifacts

surround the prosthesis. a, ¢ Paraxial CT; b, d Coronal CT.

» Fig.9 Condition post-stapedoplasty Prosthesis dislocation into the vestibule. a, b Decentralized position and too deep dipping of the piston into
the vestibule (arrows). Otospongiotic plaque in the fissula ante fenestram (dotted arrow). ¢, d Loosening of the prosthesis anchorage at the long
incus process (arrows). a Paraxial CB-CT, b Coronal CB-CT, c Paraxial CB-CT MIP, d Coronal CB-CT MIP.

» Fig. 10 Condition post-stapedoplasty. a, b Deep dislocation into the vestibule, prosthesis fracture (arrows); the loop is no longer attached to the
long anvil leg (dotted arrow). Otospongiotic plaque on the cochlea (dotted arrow). ¢ Distinct prosthesis dislocation in the tympanic cavity in due to
anvil necrosis (arrow). d Proper prosthesis position. The prosthesis and the retracted ear drum are connected by focal opacification (arrow),
resulting from scar tissue. a Paraxial CB-CT, b, ¢ Coronal CB-CT, d Coronal CT.

Summary

Unlike the ENT physician, the radiologist rarely encounters oto-
sclerosis. The much more common fenestral form is associated
with a typical clinical constellation where imaging is not consid-
ered necessary to confirm the diagnosis. In this form the image
morphological changes can be very discreet. On X-ray cross-
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sectional imaging technique and targeted search are necessary
for their detection. The situation is different in mixed forms and
the very rare isolated retrofenstral otosclerosis. Here the radiolo-
gist plays a crucial role in establishing the correct diagnosis. If
complications after stapedoplasty are suspected, the radiologist
can provide information regarding the cause and can support the
indication for repeated surgery.
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