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ABSTRACT

Objective: To analyse postoperative audiological findings in fenestral otosclerosis patients treated with stapedotomy, focal
location-extensiveness findings on temporal high-resolution computed tomography (HRCT), and intraoperative macroscopic
stapes footplate findings. Moreover, preoperative audiological findings were compared with HRCT and intraoperative macros-
copic findings.

Study Design: An observational study.

Place and Duration of Study: Department of Otorhinolaryngology, University of Health Sciences, Ankara Numune Training
and Research Hospital, Turkey from January 2015 to January 2018.

Methodology: Patients were classified according to the temporal bone HRCT findings into three groups based on otosclerotic
focus location and extensiveness. Macroscopic classification was based on the intraoperative findings of blue and white foot-
plate. Patients with obliterative otosclerosis were not included in the study. Preoperative and postoperative audiological findings
as well as surgical success were investigated. Findings were compared with HRCT and macroscopic classification groups.
Results: Postoperative air bone gap (ABG) increased as HRCT class increased from 0 to 3, meaning a more extensive otoscle-
rotic focus (p=0.002). The comparison of the audiological outcomes, in accordance with the intraoperative findings, revealed
that the postoperative air conduction pure-tone averages (AC PTA), ABG and ABG difference were higher in the white footplate
group, with statistically significant differences compared to blue footplate group (p = 0.039, p = 0.001 and p=0.029, respec-
tively).

Conclusion: Postoperative audiological findings were found to be correlated with intraoperative and HRCT findings. A white
footplate seen at surgery or a more extensive otosclerotic focus on temporal HRCT indicates a suboptimal audiological
outcome. HRCT findings should be taken into account when planning the surgery.
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INTRODUCTION

Otosclerosisis a focal idiopathic osteodystrophic disease of the
otic capsule.' The disease usually starts from the fissula ante-
fenestram and spreads to the annular ligament and the stapes
footplate.?
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Conductive hearing loss develops due to the involvement of
the stapes footplate. In addition to stapes fixation, it has been
reportedthattoxic, inflammatory products may causeanenzy-
matic disorder affecting the membranous labyrinth and
resulting in a mixed-type hearing.’ Depending on localisation
of the otosclerotic focus, the disease is classified under two
main headings: fenestral and retrofenestral otosclerosis. In
the fenestral type, the focus may be localised in the tympanic
segment of the oval window, round window, promontorium,
and facial canal; whereas, in the retrofenestral type, the focus
may be localised in the pericochlear region, semicircular
canals, internal acoustic canal, vestibular aqueduct or coch-
learaqueduct.*
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Audiological findings are not sufficient to accurately predict the
localisation and extent of the otosclerotic foci. High-resolution
computed tomography (HRCT) of the temporal bone may be
used to determine the presence of other middle ear pathologies,
including tympanosclerosis, ossicular fixation and congenital
anomalies, extent of otosclerotic foci in the oval window and
stapes footplate, and presence of cochlear involvement.*
Naumann et al. described a classification regarding the localiza-
tion-extensiveness of fenestral and retrofenestral otospongiotic
foci in HRCT findings.” On the other hand, Malafronte et al.
described a macroscopic classification based on the intraopera-
tiveappearance ofthestapes footplate.

Predictive values of intraoperative macroscopic classification
and HRCT findings on preoperative audiological variables and
surgicalsuccesshavenotbeenclearly determinedinliterature.

The primary aim of this study was to determine the correlations
of preoperative audiometric findings, HRCT classification, and
intraoperative macroscopic classification. The secondary aim
was to investigate the relations of radiological and intraopera-
tive macroscopic classificationswith surgical success.

METHODOLOGY

In this study, 37 ears of 33 patients, who underwent surgery for
otosclerosis between January 2015 and January 2018 at the
Otorhinolaryngology Clinic of Ankara Numune Training and
Research Hospital, were retrospectively analysed. The study
was approved by the local Ethics Committee (No. E-18-2072),
and conducted in accordance with the ethical principles
described by the Declaration of Helsinki. Patients with comorbid
middle ear pathologies detected with temporal bone HRCT, such
as congenital cholesteatoma, glomus tympanicum, tympanos-
clerosis, superior semicircular channel dehiscence; with retro-
fenestral otosclerosis; with incudomalleolar ossicular fixation
detected intraoperatively; and those who had revision surgery
were excluded from the study. Paients who had surgery for otos-
clerosiswereincludedinthisstudy.

Pure-tone speech audiometry measurements were performed
preoperatively and 8 weeks after surgery. Air conduction (AC)
thresholds, and bone conduction (BC) thresholds were
measured. Pure-tone averages (PTA) were then determined, and
air-bone gap (ABG) PTA values were calculated. For audiometric
tests, AC 40 Clinical Audiometer (Interacuostic, Middelfart,
Denmark) and AZ 27 Tympanometry (Interacuostic, Middelfart,
Denmark) devices were used. Temporal bone HRCT was
obtained preoperatively. Following a scan with 0.5- millimeter
(mm) axial and 1-mm coronal cross-sectional range using an
Alexion Multislice 16 CT Scanner (Toshiba, Otawara City, Tochigi,
Japan).

Cases were classified according to the temporal bone HRCT
findings. The focus could not be detected in group 0 patients,
while a small focus localised in the fissula antefenestram was
seeningroup 1 patients (Figurel). Group 2 patients had a focus
occupying at least half of the diameter of the oval window,
localised in the oval window niche and/or cochleariform process

area (Figure 2). Finally, group 3 patients had a wide focus,
localised in occupying the entire oval window niche, that holds
theentire ovalwindow diameter (Figure 3).

The stapedotomy technique included a transcanal modified
Rosen’s incision. Ossicular chain was palpated; and to confirm
that the stapes was immobile. Footplate appearance was evalu-
ated, the incudostapedial joint was separated, and the tendon
was cut. The anterior and posterior crura of the stapes were
broken and the superstructure was removed. Stapes footplate
was fenestrated with a perforator. A fluoroplastic teflon piston
(0.6-mmdiameter) was shortened tothe appropriatelength, and
placed between the long arm of the incus and the footplate
fenestrum.

Cases were macroscopically classified according to intraopera-
tive findings. The patients who had blue colored footplate
grouped as blue footplate patients (Figure 4). The patients who
had white colored footplate grouped as white footplate patients
(Figure 5). The patients whom the stapes footplate could not be
distinctively seen groupedas obliterative otosclerosis patients.’

Surgical success was evaluated, based on the American
Academy of Otolaryngology-Head and Neck Surgery Founda-
tion criteria (postoperative ABG PTA 0-10 decibel (dB): highly
successful, 11-20 dB: successful, 21-30 dB: acceptable, >30
dB:unsuccessful).®

Mean preoperative and postoperative ACPTA, BCPTA, ABG PTA
values and ABG PTA difference values were calculated from the
audiometric findings. The results were compared among the
groups classified based on the temporal bone HRCT findings.
Similarly, the same values were compared among the groups
classified based on intraoperative macroscopic findings. The
surgicalsuccesswasalsocompared among differentgroups.

Qualitative variables were expressed as frequencies and
percentages. Quantitative variables were expressed as mean
with SD or median with IQR (25th percentile-75th percentile).
Shapiro-Wilk test was used to assess the normality of quantita-
tive variables. Differences between dependent two groups
were analysed with paired t-test or Wilcoxon test. Differences
between independent two groups were analysed using the
unpaired t-test or Mann-Whitney U-test. Differences among
groups were analysed by one-way analysis of variance or
Kruskal-Wallis test. P < 0.05 was deemed statistically signifi-
cant. SPSS statistical software (SPSS for Windows version 21.0;
SPSSInc, Chicago, IL, USA) was used for statistical analysis.

RESULTS

Of the 33 patients included in the study, 23 (69.7%) were
femalesand 10(30.3%) were males. The ageranged from 28to
54 years (mean = 39.13 + 6.65 years). Temporal bone HRCT
could notdetectanyfociin6ears(16.2%) (Group 0). There were
7ears(18.9%)inGroupl,16ears(43.2%)inGroup 2,and 8 ears
(21.6%) in Group 3. Intraoperative macroscopic classification
revealedbluefootplatein27 ears(73.0%) and white footplatein
10ears(27.0%).Mean preoperative ABG PTAvalueswere calcu-
lated separately forHRCT classificationgroups (Tablel).
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Table I: Temporal bone HRCT and audiological findings (PTA dB).

No focus (N=6) Group 1 (N=7) Group 2 (N=16) Group 3 (N=8) p-value
Preoperative AC 48.33+£5.35 52.86+14.78 48.31+10.24 59.88+9.51 0.086
Preoperative BC 20.50+4.14 25.86+11.48 20.81+5.15 20.88+7.77 0.425
Preoperative ABG 27.83+£5.38 27.00+6.86 27.50+8.88 39.00£12.90 0.031
Postoperative AC 23.83+4.49 23.86+9.58 23.13%5.71 29.00+9.18 0.307
Postoperative BC 17(14.25-20.5) 15(8-23) 12(10.25-18) 12.5(9.25-16.5) 0.248
Postoperative ABG 6.67+2.80 8.71+3.86 9.63+2.96 16.50+8.26 0.002
ABG difference 21.17+6.74 18.29+5.28 17.88+8.50 22.50+9.58 0.540

The values indicate median (IQR) and means-standard deviations. HRCT: High resolution computed tomography; PTA:
4000 kHz); dB: Decibel. N: Number of ears; AC: Air conduction; BC: Bone conduction; and ABG: Air bone gap.

Pure tone average (500, 1000, 2000,

Table IlI: Intraoperative macroscopic classification and audiological findings (PTA dB).

Blue (N=27) White (N=10) p-value
Preoperative AC 48(41-53) 61.5(54.5-67.25) 0.001
Preoperative BC 20(18-25) 20.5(15.5-27) 0.904
Preoperative ABG 26.30+6.34 39.80+11.74 0.005
Postoperative AC 23.15%+6.52 28.70+8.15 0.039
Postoperative BC 14.63+5.44 13.00£3.77 0.391
Postoperative ABG 9(6-10) 12.5(11-21.25) 0.001
ABG difference 17.78+6.62 24.10+9.60 0.029

Air conduction; BC: Bone conduction; and ABG: Air bone gap.

The values indicate median (IQR) and means-standard deviations. PTA: Pure Tone Average (500, 1000, 2000, 4000 Hz); dB: Decibel; N: Number of ears; AC:

Figure 1: Left axial HRCT image demonstrating otosclerotic focus as
bone demineralisation (black arrow) (a patient in group 1).

Median preoperative AC PTA and mean ABG PTA values were
calculated for intraoperative macroscopic classification
groups (Table IlI). AC PTA and ABG PTA values were signifi-
cantly higher in the white footplate group (p=0.001 and
p=0.005, respectively, Table Il). Statistically significant differ-
ences were found between the preoperative and postopera-
tive AC PTA, BC PTA, and ABG PTA (p <0.001). Postoperative
ABG was found between 0 and 10 dB in 62.6% of patients.
The overall success rate was found as 91.9%. The best audio-
logical outcomes were in Group 0, and the worst outcomes
were in Group 3 on HRCT findings (p=0.002, Table I). The
postoperative AC PTA, ABG and ABG difference were higher in
the white footplate group, with statistically significant differ-

ences compared to blue footplate group (p=0.039, p=0.001,
p=0.029, respectively, Table II).

Figure 2: Left axial HRCT image demonstrating otosclerotic focus as
bone demineralisation (black arrow) (a patient in group 2).

DISCUSSION

Otosclerosis should be suspected in case of unilateral or
bilateral slowly progressing hearing loss, in absence of other
causes of hearing loss and in presence of similar complaints
in the family.”®

Main treatment modality of otosclerosis is surgery. Several
studies have been investigated about the effect of prog-
nostic factors on surgical outcomes.
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A
Figure 3: Right axial HRCT image demonstrating otosclerotic focus as
bone demineralisation (black arrow) (a patient in group 3).

Figure 4: Otomicroscopic image showinéa blue footplate (white arrow).

Figure 5: Otomicroscopic image showing a white footplate (white arrow).

Quaranta et al. investigated the impact of intraoperative
factors on outcomes of otosclerosis; surgery; and found that
obliterative pattern predicted a suboptimal functional

outcome.’ Baklaci et al. showed that a preoperative wide
ABG was poor prognostic factor for surgical success in
patients with otosclerosis.’ When the results of audiometric
measurements, temporal bone HRCT, and intraoperative
macroscopic classification are taken altogether, they may
still be insufficient to determine the surgical success. The
success rates were reported as 94%, 91%, 82%, 71% and
87% by Wincent et al., Topdag et al., Kisilevsky et al., Brujin
et al. and Ahmed et al.,*”” respectively.'** The surgical
success rate in this study was 92%.

Demineralisation or radiolucent foci may be detected at
fissula antefenestram or adjacent regions or otic capsule.’
Temporal bone HRCT significantly contributes to disease
staging, surgical planning, and prognosis determination. It
is, therefore, recommended to be used in the diagnosis.*®
Min et al. compared the intensity ratios and sizes of otoscle-
rotic foci appearing as hypodense areas with preoperative
and postoperative audiological findings, and found a signifi-
cant correlation between postoperative mean ABG values.’
Kiyomizu et al. reported a correlation between the size of
otosclerotic focus and ABG values.”” Naumann et al. investi-
gated whether there was a correlation between audiological
test data and the classification based on localization-exten-
siveness of fenestral and retrofenestral otospongiotic foci in
HRCT, and found a significant correlation between the size of
fenestral otosclerotic foci and ABG values.’

Previous studies have reported significant changes in the
preoperative and postoperative audiometric measurements
in cases with retrofenestral (cochlear) involvement, and that
these involvements affected the surgical results.””*® In this
study, retrofenestral otosclerosis patients with sensorineural
hearing loss were excluded from the study, based on exclu-
sion criteria. In this study, postoperative ABG increased as
HRCT class increased from 0 to 3, meaning a more extensive
otosclerotic focus. The results of this study showed that an
extensive otosclerotic focus involving oval window seen on
HRCT predicts a worse postoperative hearing outcome.

The color of the visible portion of the stapes footplate was
intraoperatively evaluated by Malafronte et al.' and classified
as blue otosclerosis, white otosclerosis, and obliterative otos-
clerosis. In their study, 77% of the patients who underwent
stapedotomy were identified to have blue footplates, and
23% were identified to have white footplates. Malafronte and
Filosa found that the rate of blue otosclerosis was 74% and
that of white otosclerosis was 26%."

They found preoperative AC PTA as 65.9 dB and 66.8 dB,
respectively, and reported no significant difference between
the two groups. In the same study, it was found that hearing
results were significantly better in the blue otosclerosis
group compared to the white otosclerosis group.

In the present study, the frequency of blue otosclerosis
(73%) and white otosclerosis (27%) were consistent with
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those in previous studies. Mean preoperative AC PTA and
ABG PTA values were found to be significantly higher in the
white footplate group. Postoperative AC PTA, postoperative
ABG and ABG difference were significantly higher in white
otosclerosis group compared to blue otosclerosis group.

CONCLUSION

Postoperative audiological findings were found to be corre-
lated with intraoperative and HRCT findings. A white foot-
plate seen at surgery or a more extensive otosclerotic focus
on temporal HRCT indicates a poor audiological outcome.
HRCT findings should be taken into account when planning
the surgery.
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