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Abstract

Objective: The purpose of this study was to review the role of post-operative imaging and to illustrate with a rich
iconography the main causes of surgical failures and post-operative complications of otosclerosis.

Subjects and methods: This a retrospective study of 49 ears having otosclerosis and undergoing middle ear
surgery. CT scan was performed in the postoperative assessment when post-operative complication or
unsatisfactory surgical results were suggested.

Results: Surgical failures were noticed in 28 ears (57%): Hearing loss was the most frequent symptom
(89%).Tinnitus was found in 21 cases and vertigo in three cases. Audiometric exploration found 21 cases of
conductive hearing loss, six cases of mixed type and one case was a sensorineural type. The causes of surgical
failure were erosion of the long process of the incus in four cases, uncudo-mallear dislocation in one case,
displacement of the prosthesis in five cases and fibrosis of the oval window in one case. Progression of otosclerosis
was noticed in 13 cases. Labyrinthine complication was retained in 21 ears of our study. The causes of labyrinthine
complication were intravestibular protrusion of the prosthesis (15 cases), intravestibular footplate dislocation (1
case), perilymphatic fistula (1 case), ossificans labyrinthitis (1 case), infectious labyrinthitis (1 case) and
intravestibular granulation tissue (1 case). In one case, no abnormities was retained in CT and MRI

Conclusion: After this study, to ensure maximum efficiency in the postoperative monitoring and the management
of complications and post-operative failures, the clinician is required to take into account both the functional findings,
results audiometric and radiological data.

Keywords: Ostosclerosis; Scanner; Surgery; Complications;
Prosthesis

Introduction
Otosclerosis is a primitive osteodystrophy of endochondral layer of

the otic capsule. It is responsible for conductive hearing loss and
sometimes mixed hearing loss. Clinical incidence varies from 0.1 to 2%
worldwide. In Tunisia, its prevalence ranges from 0. 4% to 0.8% [1]. Its
therapeutic management is most often the fate of the surgery which
aim is usually to correct conductive component of deafness. It is
therefore necessary for functional surgery patient prognosis. A
significant hearing improvement is achieved in most surgical patients.
However, a small proportion of patients may have persistent or
recurrent deafness and sometimes signs of labyrinthisation. Imaging
then finds its indications. The CT scan is realized in first intention,
completed with MRI if radio-clinical discrepancy or labyrinthisation
signs [2]. The purpose of this study is to review the role of post-
operative imaging and to illustrate the main causes of surgical failures
and post-operative complications of otosclerosis.

Material and Methods
This was a retrospective study on patients diagnosed

with otosclerosis that received surgery (stapedectomy or stapedotomy)
attended at the otology department of La Rabta Hospital between 1995
and 2015. A post-operative clinical assessment was made of all the
patients at two months, six months and every one year after surgery.
Persistent or recurrent hearing loss, tinnitus or vertigo was noticed.
Postoperative audiometry was performed at 3, 6, 9, 12, 18 and 24
months and then annually. Air conduction (AC), bone conduction
(BC), post-operative air bone gap (ABG) and net decibel (dB) gain of
each ear was detected. Tonal audiometry of AC and BC was
undertaken at frequencies of 500, 1.000 and 2.000 Hz. Hearing
improvement was defined as air-bone gap closure to 10 dB or less
and/or AC improvement of 20 dB or more. CT scan was performed
when surgical failure or labyrinthine complication were suggested. The
temporal bone CT Scan was performed using a 64 channels
multidetector scanner General Electric GE. The exploration was
conducted in the standard axial plan with helicoidal technique and
volumetric acquisition (120 kv, 200 mA, rotation time of 0.5 s,
thickness of the section of 0.5 mm, matrix 512 × 512). The head of the
patient was located in a neutral position and the time of study was of 4
to 6 s. The data analysis was performed in an Advantage® work station.
The temporal bones were visualized in three basic plans (axial, sagital
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and coronal), reconstructed in isometric way (with the same resolution
as the original acquisition) every 0.6 mm. In addition, there were
performed 2D reconstructions multiplanar and oblique curves, and
Maximum Intensity Projections (MIP), according to the structure of
clinical interest or as the findings: Ossicular chain, round and oval
windows, the cochlea, vestibular aqueduct, semi-circular canals and
facial nerve canal.

MRI was performed using a GE 1.5 Tesla or Siemens 3Telsa system.
The following scan parameters were used for the T2-weighted TSE
sequence (FOV 130 × 130 × 24 mm, 0.6 mm isotropic voxels,
TR/TE/TSE factor 2400 ms/200 ms/73 and 80 sections, resulting in an
acquisition time of approximately 6 min) 3D Volumetric CISS in axial
plan with coronal and sagittal reformation and MIP reconstruction.
Oblique sagital reformatted images in perpendicular plan to 7th and
8th nerve in internal auditive conducts were performed.

Imaging records were retrospectively evaluated by a senior
radiologist, and radiology resident. Statistical analyses were performed
with software package: Statistical Package for the Social Sciences.
Clinical and audiological data were correlated to CT and MRI findings.
These correlations were analyzed with linear and binary logistic
regression model (Pearson test): p-value<0.05 was considered to
indicate a statistically significant difference.

Results
A total of 326 patients diagnosed with otosclerosis that received

surgery were initially identified from the department of otology clinical
records. Thirty five of 326 (10.7%) had developed post-operatively
clinical symptoms suggested surgical failure or labyrinthine
complication. Fourteen patients were operated bilateraly a total of 49
ears; 7 (20 %) were males and 28 (80%) were females (sex ratio=0.25).
Their ages were between 24 years and 80 years; the mean age was 49.7
years. Patients were underwent stapedotomy with vein graft
interposition and reconstruction with either a Teflon piston in 14 cases
(29%), a bucket handle prosthesis in 23 cases (47%), or a total
prosthesis in 12 cases (24% ).

Surgical Failure
Surgical failures were noticed in 28 ears (57%). They were an early

procedural failure (<6 months) in four cases and a failure occurred
during follow-up in 24 cases over a period ranging from 6 months to
26 years with a mean of 7.8 years.

Clinical data
In this group of patients, the hearing loss was the most the

commonest presenting symptoms described in 25 cases (89% of
failure). In three cases, it was persistent deafness in early postoperative
(less than three months). In the remaining 22 cases (79%), there was a
recurrence of deafness after a temporary improvement postoperative
period, which was of variable duration ranging between 1 and 26 years.
Tinnitus was found in 21 cases (75%), always associated with one or
more other clinical features. Vertigo was found in three cases (11%). In
one case, it appeared in immediate postoperative period.

 Audiological finding (Figure 1a)
In 4 cases (14%), hearing loss was developed in early postoperative.

They were about, in all cases, conductive type. The ABG was about 41.1

dB. In late post-operative, we noticed 21 cases of mixed hearing loss, 2
cases of conductive type, 1 case of sensorineural hearing loss and no
cases of postoperative deafness. The ABG was about 45.7 dB.

CT finding
The deadline for completion of the CT scan in late post-operative

period and during follow-up was variable with an average of 8.1 years
and extremes ranging from 9 months to 26 years. In the latter case, the
scanner was indicated for mixed hearing loss progressively worsening
with associated vertigo. The dose length product (DLP) averaged 571
milli gray (mGy) per centimeter with a range of 420-1213. Surgical
failure was due to erosion of the long process of the incus in four cases
(14%), incudo-mallear dislocation in one case (4%) and displacement
of the prosthesis in 11 case (39%): Five cases of displacement of the
lateral end of the prosthesis from the uncus, two cases of disconnected
medial end (Figure 2) and four cases of complete dislocation of the
prosthesis (Figure 3). In two case, CT showed a hypodensity of the
ovale window due to fibrosis in one case (Figure 4) and a short
prosthesis with a medial end does not comes into contact with the oval
window in the other case. Progression of otosclerosis (Figure 5),
compared to pre-operative imaging, was noticed in 13 cases (46%)
associated with displacement of the prosthesis in three cases. No
abnormalities were raised only in one CT scan.

MRI finding
MRI was performed in only two patients within a period not

exceeding three months after practicing scanner. It was motivated by
the result of CT showing a fibrosis of the oval window and a
progression of otosclerosis with the presence of an exuberant
hypodensity making suspect of an intravestibular extension. In the first
case, no abnormality was raised. In the second case, MRI showed intra
vestibular nodular lesion hypointense T2 enhanced after Gadolinum
injection due to granulation tissue (Figure 6).

Labyrinthine complication
In 21 ears (43%) labyrinthine complications were retained. In these

cases, patients showed signs of functional use in a subsequent period
ranging from one to 21 years and an average of 6.6 years.

Clinical finding
Tinnitus was found in 8 cases (29%), associated in all cases with one

or more other clinical symptom. Vertigo was found in 10 cases (36%).
The hearing loss was described in 14 cases (50%). In the all cases, there
was a recurrence of deafness after a temporary improvement over an
average period of 7.3 years.

 Audiological finding (Figure 1b)
In early postoperative, all patients of this group had ABG between

10 and 15 dB. We only collected the audiological data having been
suspected diagnosis of labyrinthine complication, which was occurred
after a mean of 6.6 years. During follow-up, 14 patients developed
deafness: mixed type (12 ears), conductive hearing loss (1 ear) and
sensorineural hearing loss (1 ear).
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Figure 1: (1a) Audiological finding of patients with surgical failure and (1b) labyrinthine complication, AC=Air Conduction, BC=Bone
Conduction.

Figure 2: Axial oblique CT scan section: The proximal end of the
prosthesis is in anterior footplate and extra status.

Figure 3: (a) Axial oblique section and (b) coronal oblique CT scan
section: separation of the piston at its hook of the long process of
the incus with subsequent rotation, the hook being turned back.
The proximal end of the prosthesis is in anterior footplate and extra
status.

Figure 4: (a) CT scan of temporal bone: Oblique axial sections and
(b) coronal oblique section a patient operated a year ago:
Otosclerosis prestapedian home to exuberant development
responsible for a total filling the niche of the oval window due to
fibrosis of the oval window.

Figure 5: Prestapedian hypodensity coming in contact with the
cochlea and vestibule related progressive pursuit of otosclerosis.
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Figure 6: (a) Axial T2-weighted MR image, (b) Contrast-enhanced
axial T1-weighted MR image shows intra vesibular nodular lesion
hypointense T2 (a) enhanced after Gadolinum injection (b) due to
postoperative intravestibular granuloma (arrow).

Figure 7: (a) Oblique coronal CT image and (b) oblique axial CT
image: deep intravestibular postion of the prothesis reaching
sensorineural area of the labyrinth.

Figure 8: (a) Oblique axial CT image and (b) oblique coronal CT
image: Patient operated 14 years ago: Transplatinaire prosthesis in
normal posterior situation at the labyrinthine tank with depression
of the rest of platinum in the vestibule correspondent to
intravestibular footplate dislocation.

CT finding
In this group, the dose length product (DLP) averaged 665 milli

gray (mGy) per centimeter with a range of 398-1242. CT showed a
deep intavestibualr position of the medial end of the prosthesis
exceeding the external half of the vestibule in 15 cases (71%) (Figure
7). In two cases CT showed a focal hyperattenuation in the vestibule
one case due to intravestibular footplate dislocation (Figure 8). An
extensive hyperattenuation in lateral semicircular canal was noticed in
one case consistent with labyrinthine ossificans (Figure 9).

Intravestibular granulation tissue was suspected in one case. CT was
normal in two cases.

Figure 9: (a) Oblique axial CT image and (b) oblique sagital CT
image: Extensive hyperdensity in lateral semicircular canal.

Figure 10: (a) Axial T2-weighted MR image, (b)Axial T1-weighted
MR image, Contrast-enhanced axial T1-weighted MR image (c)
shows shows abnormal hypointensity of the labyrinthine fluid
(arrow) (a) enhanced after Gadolinum injection (b) due infectious
labyrinthitis (arrow).

MRI Finding
In only three cases, MRI was performed. In two cases, no

abnormalities were raised in CT scan conducted in first-line. MRI was
requested to complement the research of any other cause that may
explain the functional symptoms described showing an infectious
labyrinthitis (Figure 10) in one case and no abnormalities in the other
case. In the third case, the patient complained of recurrent hearing loss
and vertigo. MRI confirmed perilymphatic fistula suspected on CT.

Discussion
The essential limitations of our study was the small number of

patients included in our study and the lack of correlation of imaging
results to the results of the surgery Failures and complications affect
less than 10% of patients operated on for otosclerosis. Recurrent
hearing loss or deafness after a period of improvement hearing is the
most common symptom described in 91% of cases on average in the
literature [3,4]. Persistent deafness has been described in average 21%.
Tinnituses are associated in all cases reviewed in the literature [3] to
another functional symptom. Recurrent deafness is often conductive
type, but most often it degrades to become mixed type and even
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deafness. This evolution is variable over time with deadlines that can
go up to 7 years and over in the literature [5]. Vertigo is infrequent and
is only present in 10 to 20.1% of cases in literature [6]. In our study,
hearing loss was found in 79% and vertigo in 25%. It was a recurrent
hearing loss in 54.4%. The failures are the most common reasons for
revision surgery. These failures are due to a displacement of the
prosthesis, the progression of otosclerosis, lysis/erosion of the
descending branch of uncus, fibrosis of the oval window and incudo-
mallear dislocation. Several studies [7-11] examined the causes of
failures found at the post-operative CT scan. Table 1 summarized their
results comparing to our findings [11-15]. The labyrinthine
complications are less common causes of revision surgery. The main
causes of labyrinthine suffering are secondary to migration of the
prosthesis from the center portion of the oval widow, peri-lymphatic
fistula, reparative granuloma extending into the vestibule, labyrinthitis
or bleeding intra-vestibular. Table 2 summarized their results
comparing to our findings [9,10,16-18]. The results of our series were
comparable with previously published studies. On suspicion of failure
or post-operative complication, clinical and audiometric results
conclude in some cases in suffering or a labyrinthine destruction
without any etiological specificity. CT and MRI are extremely useful in
the etiological diagnosis. Based on clinical results, audiometric and the
imaging findings, retaining conclusion of complications and failures of
the primary surgical treatment of otosclerosis may require medical
treatment cochlear support and/or vestibular, recovery surgical or
hearing aid fitting [19,20]. However, several studies have reported that
the CT scan data were not always correlated with operative findings,
especially in case of lysis of uncus or fibrosis of the oval window [21]:
Ayache et al. about 26 cases of revision surgery, showed a discrepancy
between the conclusions of the radiologist and surgeon observations in

50% of cases while the correlations were excellent in 37.5% of cases
and partial in 12.5% of cases. However, the helical acquisition
techniques and MPR reconstruction, which were not used in this
series, significantly improve the reliability of imaging and used to
dictate the surgical procedure or take medical treatment. Moreover,
according to some articles [10,22], simple erosion of uncus, frequently
observed during surgical revision regardless of the type of prosthesis is
usually not detected on CT.

 
Han et
al. [16]

Wiet et
al. [10]

Lesinsk
i [7]

Betsc
h et al.
[9]

Lippy
et al.
[5]

Our
study

 n=74 n=1147 n=279 n=73 n=49

Displacement of
prosthesis 17.5 45 81 37.1 58.1 24

Lysis/Erosion of
uncus 43.2 23.6 31 8.5 - 8

Progression of
otosclerosis 24.3 10.5 13.5 7.1 - 20

Fibrosis of oval
window 44.6 2.9 - 32.8 2.7 2

Uncudo-mallear
dislocation - 0.8 4 5.7 - 4

Short prosthesis 20.3 4.5 5 5.7 - 0

Table 1: Underlying causes of surgical failures of our study comparing
to litterature (p. 100).

 
Han et al.
[16]

Wiet et al.
[10] Shea [18] Lesinski [7]

Betsch et al.
[9] Our study

 n=74 n=1147 n=308 n=279 n=73 n=49

Peri-lymphatic fistula 5.4 10 2 5.4 5.7 2

Intravestibular protrusion of prosthesis 1.4 0.4 0.8 2 5.7 22

Reparative granuloma extending into the vestibule - 2.3 0.4 - 5.7 2

Labyrinthitis - - - - - 4

Floating platinium - - 0.8 - - 2

Table 2: Underlying causes of labyrinthine complications of our study comparing to litterature (p. 100).

Conclusion
To ensure maximum efficiency in the postoperative monitoring and

the management of complications and post-operative failures, the
clinician is required to take into account both the functional findings,
results audiometric and radiological data. However, in some cases
during the postoperative period, imaging may be insufficient in the
search for an etiology for the patient's symptoms. In the future,
technological advances in imaging and the confrontation between the
imaging data and operative findings should help increase the reliability
of imaging.
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