
In t r oduc t ion

The bony otic capsule consists of endosteal, enchondral
and periosteal layers [1]. In active otosclerosis (oto-
spongiosis) demineralised foci of disorganised spongy
bone appear mainly in the enchondral layer [2]. Two
major patterns occur: in the fenestral type, otospongi-
otic foci are restricted to the lateral wall of the inner ear,
especially around the oval and round windows [1]. The
retrofenestral or cochlear type affects the bony laby-
rinth (cochlea rather than semicircular ducts) but in the
majority of cases is associated with lesions of the fenes-
tral type [1, 3]. Fenestral otosclerosis may result in
stapes dysfunction and conductive hearing loss. The
retrofenestral type presents with combined sensorineu-
ral and conductive hearing loss, with vestibular symp-
toms in some cases [4, 5].

High-resolution CT (HR-CT) has been described as
an efficient imaging modality [6–11] while MRI is con-
sidered inadequate by some workers for diagnosis of

otosclerosis, due to the poor demonstration of the bone
[12]. However, few cases of MRI in otosclerosis have
been published [1, 11, 13, 14].

We evaluated MRI as a method for detecting lesions
in patients with active otosclerosis, showing typical de-
mineralised lesions in CT and elevated activity on tym-
panocochlear scintigraphy (TCS).

Patients and methods

We examined 5 of a group of 29 patients with clinically and audio-
metrically suspected otosclerosis who fulfilled two additional cri-
teria: demonstration of mineralization defects suggestive of oto-
sclerosis on 2-mm axial and modified coronal CTand activity of the
lesions on TCS with 740–800 MB, 99mTc-diphosphono-propane-
dicarboxylate (Table 1). MRI was performed on a 1 T. Imager, with
coronal T2-weighted turbo spin-echo sequences covering the tem-
poral bone (TR 4500, TE 120 ms, 2 acquisitions, 390 5́12 matrix
and 3 mm slice thickness). T1-weighted spin-echo images were ac-
quired in the coronal plane and following 0.1 mmol gadolinium
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Universitätsklinik, Freiburg, Germany

M. J. Reinhardt
Department of Nuclear Medicine,
Universitätsklinik, Freiburg, Germany

Abstract Our aim was to determine
whether MRI reliably shows pathol-
ogy in patients with active otoscler-
osis (otospongiosis). We studied five
patients with clinical and audiomet-
ric signs of this disorder and positive
findings on high-resolution CT and
tympanocochlear scintigraphy. Con-
trast enhancement of otospongiotic
lesions was found in all affected
ears, and could be topographically
related to demineralised otospongi-
otic foci on CT. In lesions in the lat-
eral wall of the labyrinth MRI
sometimes showed the pathology
better than CT, where partial-vol-
ume effects could be troublesome.
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DTPA/kg body weight in coronal and axial planes (TR 550–600,
TE 15–17 ms, 3–4 acquisitions, 256 ´ 256 or 192 ´ 256 matrix and
3 mm slice thickness). The coronal images were obtained in a
modified clivus-parallel plane, as used for CT.

Resu lts

In patients 1–4 with retrofenestral otospongiosis T1-
weighted images revealed foci of soft-tissue signal in the
pericochlear lesions, visible in CT (Figs.1–3). Small in-
conspicuous high-signal areas could be demonstrated at
the same sites on T2-weighted images in patients 1 and
4. Contrast enhacement was seen in all ears positive on
CT and TCS. Patients 1–3 had retrofenestral and fenes-
tral otosclerosis and contrast-enhancing lesions could be
demonstrated in the pericochlear otic capsule (Figs. 1–3)
and the lateral wall of the labyrinth, i. e. the round and
oval window region, the cochlear promontory and the
tympanic segment of the facial nerve canal (Fig. 3). Pa-
tient 4 had retrofenestral otospongiotic lesions without
fenestral involvement on TCS, CT or MRI. She showed
bilateral contrast-enhancing otospongiotic lesions adja-
cent to the basal and middle turns of the cochlea, in
agreement with the results of CT; TCS showed activity
on the right side only.

In patients with retrofenestral otospongiotic lesions
the degree of contrast enhancement was variable. In
patient 1, with a 2-year course of rapidly progressive
hearing impairment, the entire pericochlear region en-
hanced strongly and homogeneously (Fig. 1). In pa-
tients 2 and 3 with chronic otosclerosis, of 18 and
20 years duration, there was less prominent, partial en-
hancement of the demineralised otospongiotic lesions
seen on CT (Figs.2, 3).

Patient 5 had unilateral fenestral otosclerosis on the
left. Stapedotomy and insertion of a prosthesis into the
footplate had been performed 3 months previously.
However, the patient deteriorated audiometrically
postoperatively. On CT the residual left stapedial foot-
plate was thickened and of lower density than in the
contralateral ear. There was isolated enhancement in
the oval window region on the left.

Contrast enhancement could be topographically re-
lated to lesions visible on CT in all ears. Moreover some
lesions, not easily distinguished from partial volume ar-
tefacts on CT, were better identified on contrast-en-
hanced MRI. They were otospongiotic foci in the lateral
wall of the labyrinth and adjacent to the vestibule.
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Table 1 Clinical and imaging data

Patient/sex/
age (years)

Symptoms CT Scintigraphy MRI

1/m/17 Rapidly progressive
bilateral combined
hearing loss for 2 years

Bilateral very prominent
otospongiotic lesions adja-
cent to basal, middle and
apical turns of cochlea,
round and oval windows,
facial nerve canal and centre
of lateral semicircular canal

Bilateral marked
activity in bony
labyrinth

T2-weighted: inconspicuous small
pericochlear high signal foci. T1-
weighted: soft tissue signal in perico-
chlear enchondral layer; prominent
endochondral enhancement outlining
the cochlea, and around oval and
round windows in both ears

2/m/34 Bilateral combined
hearing loss for 18 years

Bilateral otospongiotic
lesions adjacent to basal,
middle and apical turns of
cochlea and round and
oval windows

Bilateral activity T2-weighted: normal T1-weighted:
small foci of soft tissue signal; enhanc-
ing pericochlear foci, around oval and
round windows in both ears

3/f/46 Bilateral combined
hearing loss for 20 years

Bilateral otospongiotic le-
sions around basal, middle
and apical turns of cochea,
round and oval windows

Bilateral activity T2-weighted: normal T1-weighted:
small foci of soft tissue signal; foci of
faint pericochlear enhancement;
prominent enhancement in lateral
wall of vestibule, round and oval win-
dow region bilaterally

4/f/47 Bilateral severe combined
hearing loss for 8 years

Bilateral otospongiotic le-
sions adjacent to the basal
turn of cochlea, less con-
spicuous on left

Activity on the right T1- and T2-weighted: high signal foci
adjacent to basal turn cochlea more
pronounced on the right; marked bi-
lateral contrast enhancement of peri-
cochlear lesions

5/f/40 Left conductive hearing
loss, stapedotomy 3 months
previously, postoperatively
progressive hearing loss

Stapes prosthesis;
thickened footplate of
stapes

Activity on the left T1- and T2-weighted: normal; small
enhancing focus in left oval window
niche
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1a 1b 1c

2a 2b 2c

2d 3a 3b 3c

Fig. 1 a±c Patient 1, left ear. Coronal T1-weighted MRI a be-
fore, b after contrast medium, and CT c. Soft-tissue signal in the
pericochlear bony labyrinth in a (arrows). b Prominent, com-
plete enhancement of the lesions. c Classical double ring sign
with demineralised zone around the basal turn of the cochlea
(arrow) at the level of the anterior margin of the oval window
(arrowhead)
Fig. 2 a±d Patient 3, left ear. T1-weighted images a, c through
basal turn of cochlea, b,d through vestibule; c,d with contrast
enhancement. Small soft tissue-signal foci in a and b (arrow-

heads). c Enhancement of the anterior margin of the oval win-
dow and segmental enhancement of pericochlear lesions (arrow-
heads). d Prominent enhancement of a perivestibular lesion (ar-
row)
Fig. 3 a±c Patient 2, right ear. a CT, b,c T1-weighted images be-
fore and after contrast medium. a Small low-density otospongi-
otic foci abut the basal and middle turns of the cochlea (arrow).
b Minimal high signal adjacent to the basal turn of the cochlea
(arrow). c Segmental enhancement of pericochlear lesions (ar-
row), and tympanic segment of the facial nerve (arrowhead)



Disc ussion

In the resorptive, active phase of osteosclerosis lesions
contain a vascular stroma, numerous osteoblasts and
osteocytes [15]. In 1900 Siebenmann [16] introduced the
term otospongiosis to describe the spongy histological
appearance of the affected bone. In a later phase dimi-
nution of cellularity, obliteration of blood vessels, re-
mineralisation and formation of lamellar bone take
place within the lesion [15]. Histologically, all stages of
the process may be present in an affected bone [17].

In fenestral otosclerosis patients may experience
progressive conductive hearing loss due to involve-
ment of the margins of the oval window and the foot-
plate of the stapes, causing stapedial dysfunction. In
the retrofenestral or cochlear type, sensorineural
hearing loss usually evolves in association with con-
ductive hearing loss and sometimes also with vestibu-
lar symptoms. The clinical diagnosis is based on the
history of usually bilateral and often asymmetrical
hearing loss, audiometry, otoscopy and, in two thirds of
the patients, a positive family history of hearing disor-
der [4]. In most patients with fenestral otosclerosis and
conductive hearing loss radiology is not necessary.
However, some patients may require imaging to con-
firm the diagnosis of cochlear otosclerosis [14] or to
exclude a retrocochlear lesion such as a coexisting
acoustic schwannoma [18].

In the first half of the 1980s high resolution CT was
suggested for patients with otosclerosis [6–10]. It can be
used to show the extent of the pathology of the oval
window and the footplate of the stapes, and when the
diagnosis of otosclerosis is in doubt. It may also be used
to show capsular involvement in cases with combined
hearing loss [11]. In the fenestral type CT may demon-
strate widening of the oval window, thickening of the
footplate of the stapes and small low-density lesions in
the lateral wall of the labyrinth [8]. CT can show co-
chlear involvement in the retrofenestral type, where the
so-called double ring sign is typical, a low-density de-
mineralised enchondral defect outlining the cochlea [7].
In the sclerotic phase the lesions may undergo reminer-
alisation and become indistinguishable from the normal
otic capsule on CT [1, 7].

TCS [19] shows high activity at the site of otospongi-
otic bone resorption due to its affinity for immature,
highly hydrated hydroxyapatite. It reveals activity of the
process but anatomical landmarks are less clearly shown
than on CT or MRI.

Our results indicate that MRI represents an addi-
tional imaging method with a high potential for demon-
strating active otosclerotic lesions. The most reproduc-
ible finding – present in all cases of active otosclerosis –
was contrast enhancement of otospongiotic lesions. We
presume that this is due to contrast medium pooling in
the numerous blood vessels of the otospongiotic foci.

Our observations suggest a positive correlation be-
tween intensity of the contrast enhancement and activ-
ity of the process [11] but more data are needed. A lon-
gitudinal study could be used to evaluate this method
for monitoring therapeutic, especially pharmacothera-
peutic, studies in otospongiosis.

The results of TCS and contrast-enhanced MRI were
congruent except in patient 4, in whom we presume that
positive findings on the left only on MRI indicate a
stage in the evolution of an otosclerotic lesion with ce-
sation of bone resorption but with vascular stroma still
present and visible on MRI.

The fact that patients 1–3 also showed contrast en-
hancement in the lateral wall of the labyrinth (Fig. 2)
confirms that cochlear otosclerosis rarely occurs with-
out fenestral involvement; contrast enhancement was
demonstrated in the round and oval window region, co-
chlear promontory and tympanic segment of the facial
nerve canal.

We interpreted the findings in patient 5 as a mani-
festation of recurrent or residual fenestral otospongio-
sis, but the differential diagnosis of postsurgical changes
has also to be considered.

Our observations in patients with retrofenestral and
fenestral otospongiosis indicate that MRI is of diagnos-
tic value in these lesions; this has not been described in
previous reports [1, 11, 13, 14].

The geniculate ganglion and the tympanic segment of
the facial nerve (Fig. 3), moderately enhancing normal
structures [20], may be a source of possible false-posi-
tive results. The modified coronal clivus-parallel slice
orientation we employed for CT and MRI projects the
geniculate ganglion lateral to the superior margin of the
basal turn of the cochlea. This segment of the facial
nerve typically appears T-shaped in the coronal plane,
due to its giving of the greater petrosal nerve. Differen-
tiation between normal enhancement of the tympanic
segment and pathological enhancement of the bony fa-
cial nerve canal may be difficult or even impossible.

T1-weighted images showed soft-tissue signal in the
pericochlear otospongiotic lesions of patients 1–4. With
confluent lesions the cochlea may appear entirely
thickened, with an irregular shape (Fig. 1). T1-weighted
images without contrast medium generally showed the
pathology less clearly than contrast-enhanced images in
active otosclerosis. They are, however, indispensable for
differentiating enhancement from fat-containing bone
marrow in the temporal bone.

Showing abnormal signal only in two of five patients,
T2-weighted sequences appear relatively insensitive to
otospongiotic lesions. However, we found them useful.
The fluid of the inner ear gives high signal, and, pro-
vided that T2- and contrast-enhanced T1-weighted im-
ages are acquired in the same plane, determination of
the exact site of an enhancing active otosclerotic lesion
is facilitated.
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