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ABSTRACT

Objective: In this study, we aimed to compare the relationship between stapes angle, facial nerve-stapes head distance (FNSD),
and densitometry in patients with otosclerosis and a control group without otosclerosis using high-resolution computed tomography

(HRCT).

Methods: In this retrospective study, the temporal bone CT images of patients obtained between November 2016 and January 2018
were evaluated using a dedicated workstation. The relationship between the densitometry measurements around the otic capsule,
stapes angle, and FNSD were assessed and the contribution of this relationship to the diagnosis of otosclerosis was investigated.
Results: The patient group was found to have lower density measured in the posterolateral to the middle turn of the cochlea than the
control group (p<0.001). No statistically significant difference was found between the patient and control groups in terms of the re-
maining densitometry measurements. The average stapes angle was 77.72°+7.23° in the control group and 73.65°+6.38° in the patient
group (p<0.001). Similarly, FNSD was found to be shorter in the patient group than in the control group (p<0.001).

Conclusion: In addition to the densitometry values in HRCT, FNSD and stapes angle values can be used in the radiological diagnosis of
otosclerosis. However, additional studies are needed to determine the exact reference points in stapes angle measurements.
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Introduction

Otosclerosis is a disease of the otic capsule of the inner ear
and has genetic transmission (1). The disease then spreads to
the annular ligament of the oval window, resulting in stapes
fixation, which leads to conductive and mixed hearing loss (2).
If otosclerosis spreads to the endosteal layer of the cochlea,
sensorineural hearing loss is also added to the patient’s clinical
findings. The disease can sometimes manifest as cochlear oto-
sclerosis with only sensorineural hearing loss (3, 4).

Otosclerosis is histopathologically characterized by abnormal
bone resorption and deposition. It consists of the softer, more
vascular spongiotic phase seen in the early period (hence the
term otospongiosis) and the later sclerotic phase, which is
avascular (5). Spongious and sclerosed areas can be found in a
mosaic form in a single focus (6).
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High-resolution computed tomography (HRCT) is very useful
in the diagnosis of otosclerosis. In the otospongiosis phase, it
is seen as a hypodense lesion in the otic capsule, whereas in
the sclerotic stage, hyperdense irregularity is observed (7, 8).
Pure-tone audiometry plays an important role in the diagnosis
of otosclerosis. Mild conductive hearing loss is observed early
in the disease, and mixed hearing loss occurs later (9).

In this study, we aimed to compare the relationship between
the densitometry measurements of temporal bone foci, stapes
angle, and facial nerve-stapes head distance (FNSD) in the di-
agnosis of otosclerosis using HRCT in adult patients diagnosed
with otosclerosis. Considering that CT is the most commonly
used radiological method in the diagnosis of otosclerosis, we
thought that more objective findings could be obtained for the
radiological diagnosis of otosclerosis with the use of measure-
ments performed on CT.
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Methods

Patients

We retrospectively evaluated the images of all patients aged
between 18 and 80 years who underwent temporal bone CT
imaging for any reason in Ankara Yildirim Beyazit Universi-
ty hospital from 2016 to 2018. Ethics committee approval
was received for the study (17.01.2018-26379996/20) from
Ankara Yildirim Beyazit University. Written informed consent
was obtained from the patients who agreed to take part in
the study. As a result of the re-evaluation of existing imag-
es, patients with motion artifacts on the temporal bone CT,
temporal bone fracture, temporal bone variation anomalies,
acute-chronic otitis media, and a history of temporal bone sur-
gery were excluded from the study.

The study group consisted of 100 patients aged between 18
and 80 years, who were radiologically diagnosed with otoscle-
rosis, and 100 controls who were considered to be radiological-
ly healthy and fulfilled the remaining study criteria.

Radiologic evaluation

The temporal bone CT scans were obtained using a 256-slice
CT device (Somatom Definition Flash, Siemens Healthcare,
Forchheim, Germany) in the axial plane with a standard proto-
col of 512 x 512 matrix, 120 kV tube voltage, 400 mA current
strength, 0.6 mm cross-sectional thickness, 0.3 mm cross-sec-
tional spacing, and 6.19 sec acquisition time. Densitometry was
performed using a dedicated workstation with a 1.0 mm? cur-
sor area (Syngovia, Siemens Healthcare, Forchheim, Germany).
The consensual analysis of all CT images was performed by two
neuroradiologists. The densitometric measurements of seven
different points of the temporal bone otic capsule were per-
formed, and the Hounsfield unit (HU) values were recorded.
In the axial sections, these points were oval window posterior
(OWP), oval window anterior (OWA), cochlear mid-turn pos-
terolateral (CMPL), cochlear apex and mid-turn lateral (CAML),
cochlear apex (CA), cochlear mid-turn anteromedial (CMAM),
and cochlear basal turn medial (CBM) (Figure 1).

FNSD was measured by drawing a straight line between the
tympanic segment of the facial nerve and the stapes head over
the coronal sections (Figure 2). In addition, the stapes angle
was measured from the two straight lines drawn from the oval
window and the promontorium to the stapes head in the cor-
onal plane (Figure 3).

Statistical analysis
The data analysis was performed using The Statistical Package
for Social Sciences version 21.0 software (IBM Corp.; Armonk,

Main Points:

Although the diagnosis of otosclerosis is based on a good
medical history, physical examination, and audiological find-
ings. In some patients, diagnosis is difficult.

High-resolution computed tomography (HRCT) is very useful
in the diagnosis of otosclerosis.

In addition to the densitometry values in HRCT, facial
nerve-stapes distance and stapes angle values can be used
in the radiological diagnosis of otosclerosis.

Stapes angle and FNSD in otosclerosis

NY, USA). A single densitometry value was obtained by taking
the average of the densitometry measurements obtained from
the participants in the study. Age, densitometry measure-

ments, stapes angle, and FNSD distribution were examined

Figure 1. Seven focal density measurement on the axial image using
temporal bone computed tomography

Figure 2. Measurement of the distance between the tympanic seg-
ment of the facial nerve and the stapes head on the coronal image
using temporal bone computed tomography

= b

Figure 3. Measurement of the stapes angle from the coronal image
using temporal bone computed tomography
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with the Shapiro-Wilk test and normality graphs. All continu-
ous variables were obtained as meanzstandard deviation and
median (min-max), and numbers and percentages were used
for sex.

For the continuous variables, the independent-samples t-test
or Mann-Whitney U test was used depending on the distri-
bution of variables in general and sex-based comparisons
between the patient and control groups. The Pearson chi-
squared test was used to compare the patient and control
groups according to sex. In the patient group, the results of
the Pearson or Spearman correlation analysis were obtained
according to the distribution of variables in the examination
of the relationships between oval window posterior-anterior
measurements and stapes angle FNSD. The power of densi-
tometry measurements, stapes angle, and FNSD in the diag-
nosis of otosclerosis was evaluated by the receiver operating
characteristic curve (ROC) analysis. This analysis provided the
area under the curve (AUC), and 95% confidence interval (Cl)
values and cut-off points based on the Youden index, and the
sensitivity/selectivity values at these cut-off points and 95%
binomial Cl were calculated. As the study was retrospective,
the general accuracy rate and positive and negative predictive
values were not evaluated. The statistical significance level was
accepted as p<0.05.

Results

The median age of the patient and control groups included in
the study was 43.5 years (min-max: 21-77) and 45 years (min-
max: 19-77), respectively. A total of 57% (n = 57) of the pa-
tients and 69.0% (n = 69) of the controls were women. There
was no statistically significant difference between the patient
and control groups in terms of age and sex (p>0.05).

The median CMPL density of the patient and control groups
was 1,519.5 HU (min-max: 5672-2,217) and 1,823 HU (min-
max: 941-2,213), respectively. The CMPL level of the patient
group was significantly lower than that of the control group
(p< 0.001). The mean densitometry was 1,366.51+131.95 HU
in the patient group and 1,402.10£91.05 HU in the control
group. The mean densitometry of the patient group was sig-
nificantly lower than that of the control group (p=0.028). There
was no statistically significant difference between the patient
and control groups in terms of the remaining densitometry
measurements (p>0.05).

The mean stapes angle was 77.72° + 7.23°, and FNSD was 1.29
+ 0.25 mm in the control group. In the patient group, the sta-
pes angle was 73.65° £ 6.38° and FNSD was 1.13+£0.22 mm.
Both the stapes angle (p<0.001) and FNSD (p<0.001) were sig-
nificantly lower in the patient group than in the control group.

Men had a median FNSD value of 1.1 mm (min-max: 0.7-1.6) in
the patient group and 1.4 mm (min-max: 0.7-2) in the control
group. FNSD was significantly shorter in the patient group than
in the control group (p=0.008). There was no significant differ-
ence between the patient and control groups in terms of the
densitometry measurements and stapes angle (p>0.05).

There was no significant difference between the two groups
in relation to the densitometry measurements (p>0.05). The
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Table 1. Diagnostic power of densitometry measurements,
stapes angle, and FNSD in otosclerosis

AUC 95% ClI p
OwWP 0.531 0.451-0.612 0.449
OWA 0.532 0.451-0.612 0.441
CMPL 0.701 0.629-0.773 <0.001
CAML 0.529 0.448-0.611 0.481
CA 0.545 0.465-0.626 0.270
CMAM 0.511 0.431-0.592 0.785
CBM 0.502 0.422-0.583 0.957
Densitometry 0.580 0.500-0.660 0.049
Stapes angle 0.656 0.581-0.732 <0.001
FNSD 0.692 0.619-0.765 <0.001

FNSD: Facial nerve-stapes head distance, AUC: Area under the curve, CI:
CConfidence interval, OWP: Oval window posterior, OWA: Oval window anterior,
CMPL: Cochlear mid-turn posterolateral, CAML: Cochlear apex and mid-turn
lateral, CA: Cochlear apex, CMAM: Cochlear mid-turn anteromedial, CBM:
Cochlear basal turn medial

mean stapes angle was 73.06°£6.73° in the patient group and
78.86°+7.47° in the control group, indicating a significant dif-
ference (p<0.001). Similarly, the mean FNSD was 1.12+0.23
mm in the patient group and 1.29+£0.25 mm in the control
group, with a significant difference between the two groups
(p<0.001).

The ability of these measurements to diagnose otosclerosis
was also examined. The AUC and 95% confidence interval val-
ues of the CMPL measurement for the diagnosis of otoscle-
rosis were calculated as 0.701 and 0.629-0.773, respectively,
which was statistically significant (p<0.001). The other densi-
tometry measurements were not statistically sufficient to di-
agnose otosclerosis (p>0.05) (Table 1).

Discussion

In this study, a significant difference was found in the den-
sitometric CMPL measurements obtained from seven points
around the otic capsule in patients diagnosed with radiological
otosclerosis. The mean CMPL density of the patient and con-
trol groups was 1,492.93+340.79 HU and 1,721.69+295.88
HU, respectively. There was no statistically significant differ-
ence between the patient and control groups in terms of the
remaining densitometry measurements (p>0.05). The signifi-
cance of the differences in the CMPL values can be explained
by this area being closer to the fissula ante fenestram and hav-
ing no effect on the partial volume. The remaining six points
providing non-significant results in the density measurements
were consistent with the literature (10).

In a study performed by Anand et al. (11) the mean stapes an-
gle was 64.55°+7.19° in the patient group and 99.70°+4° in
the control group. In our study, this angle was 73.65°£6.38°
in the patient group and 77.72°+7.23° in the control group. In
our study, the stapes angle measured in the control group was
lower compared with the previous study. At the same time,
there was no statistically significant difference in the stapes
angle between the patient and control groups among the male
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participants of our study. This may be related to the small
measuring area in our study and the uncertainty of the starting
points of the two lines described. We believe that the stapes
angle should be carefully used in the diagnosis of otosclerosis
at this stage.

There are some differences between the findings related to
FNSD found in the study of Anand et al. and those we obtained.
In the study conducted by Anand et al, FNSD was measured
as 2.49+0.24 mm for the patient group and 1.46+0.16 mm for
the control group. However, in our study, FNSD was found to be
1.2940.25 mm for the patient group and 1.13+0.22 mm for the
control group (11). The most important difference between the
two studies is the number of patients, with our study including
more patients than the previous study. Therefore, we consider
that this difference may be due to the differences in sample size.

The diagnosis of otosclerosis is based on a good medical history,
physical examination, and audiological findings. However, it may
be difficult to diagnose in some patients, demonstrating that
the otosclerotic focus with HRCT can greatly contribute to the
diagnosis. Many authors have used different CT staging systems
in their studies on otosclerosis. For example, considering its lo-
cation, it was classified as fenestral and retrofenestral by Cassel-
man and Bensimon (12). Shin et al. (13) examined otoseclerosis
in two separate groups, namely, as fenestral and pericohlear. The
pericohlear group was classified as diffuse or non-diffuse to the
cochlear endosteum. The classification of Kiyomizu et al. (14)
included a fenestral group, fissula ante fenestram, and cochle-
ariform process involvement in the anterior oval window, diffuse
demineralization around the cochlea, and thick plaques in the
anterior and posterior. However, none of these staging systems
has yet received widespread acceptance (15).

The quantitative evaluation of otosclerotic lesions is possible
using a CT densitometer, which can also provide information
about the autospongiotic or sclerotic phase of the otosclerot-
ic focus. In a study by Kawase et al.'® 24 otosclerotic ears of
17 patients were evaluated using a 0.5 mm thin-section CT,
and the densities of eight different points of the otic capsule
were compared with 19 normal ears. Conductive hearing loss
was detected in six ears, sensorineural type in five, and mixed
type in 13. Stapedotomy was performed in only three of these
ears, and otosclerosis was detected. The authors found a sta-
tistically significant difference in the HU values of the internal
acoustic canal anterior wall with the localization of the fissu-
la ante fenestram than in the normal ears. The prevalence of
the lesions in this study is unknown. However, in otosclerosis,
which is only fenestral, it can sometimes be difficult to identify
lesions. Suspicious otosclerotic foci or density measurements
are significant if surgery can prove them to be otosclerosis (7).
Conductive hearing loss in the ear may suggest that these ears
probably have only fenestral otosclerosis. In addition, the le-
sions in five ears with only sensorineural hearing loss will not be
supported by surgery. Therefore, it may be necessary to deter-
mine the extent of these lesions on CT. False positive results
may be obtained in dense and small lesions because of the par-
tial volume effect. Grayeli et al. (17) prospectively compared
the densities of seven different points of the otic capsules of
vestibular schwannoma and the ears of 10 patients with oto-
sclerosis using a 0.5-mm thin-section CT. Four of the 10 pa-
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tients had unilateral conductive hearing loss, two had unilat-
eral, and four had bilateral mixed hearing loss. All the patients
underwent stapedotomy. The authors found that only the fis-
sula ante fenestram and posterior semicircular canal densities
were statistically significant.

Our study had some limitations. First, surgical typing of oto-
sclerosis was not available. We consider that the type of sta-
pedial otosclerosis may affect the stapes angle and FNSD.
Future studies analyzing postoperative pathologic correlations
can better reveal the relationship between the stapedial type
of otosclerosis and the stapes angle, FNSD, and densitometry
values. The second limitation was the small number of patients
participating in the study. There is a need for further large-
scale studies in this area. Third, our study could not be carried
out in correlation with the treatment decision as the decision
for surgical treatment was based on audiometry. The compar-
ison of CT measurements before and after treatment could
be the subject of a different study. Finally, the interobserver
variability was not assessed and, therefore, should be evaluat-
ed in further studies. In addition, the problem of interobserver
variability can be resolved with studies involving a larger study
population using artificial intelligence.

In conclusion, FNSD and stapes angle values can be used along
with the densitometry values in HRCT in the radiological diag-
nosis of otosclerosis. However, additional studies are needed
to determine the exact reference points in stapes angle mea-
surements.
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