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Relationship between CT densitometry
with a slice thickness of 0.5 mm
and audiometry in otosclerosis

Abstract The appropriate cutoff
Hounsfield unit (HU) value for the
diagnosis of otosclerosis was deter-
mined and the correlation between the
bone conduction threshold and the
findings of computed tomography
(CT) densitometry investigated. CT
images, 0.5-mm thick, were evaluated
in 24 ears with otosclerosis and 19
control ears. Eight regions of interest
were set around the otic capsule. The
mean HU values in the area anterior to

the oval window (A-OW) and anterior
to the internal auditory canal (A-IAC)
were significantly lower in otosclero-
sis than in controls. Based on receiver
operating characteristic (ROC) analy-
sis, the cutoff HU value in A-OW was
determined to be 2,187.3 HU. The
mean HU value in retrofenestral oto-
sclerosis was significantly lower in the
area A-OW, A-IAC and around the
cochlea than in controls. Based on
ROC analysis, the cutoff HU value in
the latter was determined to be
2,045 HU. A statistically significant
correlation was found between the
density of the area A-OW and the
hearing level at 500 and 1,000 Hz, and
between the density of the area around
the cochlea and the hearing level at
most frequencies. These results sug-
gest the semi-automated diagnosis of
otosclerosis may be possible.
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Introduction

Otosclerosis is an osseous remodeling disorder limited to
the otic capsule of the temporal bone [1, 2]. The lesion in
otosclerosis is pleomorphic; i.e., the lesion is initially
spongiotic and is then replaced by fibrous tissue and
becomes sclerotic [1, 2]. It is said that the earliest changes
occur in the otic capsule anterior to the oval window and

that the lesion then spreads around the cochlea and
vestibule [1, 2].

Otosclerosis is diagnosed based on the patient’s clinical
history, physical findings, audiometric testing, and radio-
logical examinations [3–11]. Computed tomography (CT)
and magnetic resonance imaging (MRI) have been reported
to be useful for the diagnosis of otosclerosis [4–13]. The
active lesion in otosclerosis is shown as an enhancing
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lesion in contrast-enhanced MR images [7, 12, 13].
However, the modality of choice for the imaging evalua-
tion of otosclerosis is generally CT [14]. CT images play an
important role in assessing the extent of the lesion in
otosclerosis and the severity of destructive and sclerotic
foci [4, 9, 15]. CT images show overgrowth of abnormally
hypoattenuating bone in the region of the fissula ante
fenestram in the fenestral type and show a hypoattenuating
halo around the cochlea in the retrofenestral type [3, 4].

Although the CT densitometry of fenestral otosclerosis
and the correlation between CT densitometry and audiom-
etry have been reported [16–22], there have been few
reports concerning CT densitometry or the cutoff value for
the diagnosis of otosclerosis using CT images with a slice
thickness of 0.5 mm.

The purpose of the present study was to determine the
appropriate cutoff Hounsfield unit (HU) value for the
diagnosis of otosclerosis and to investigate the correlation
between the bone conduction threshold and the findings of
CT densitometry.

Materials and methods

Patients and controls

This study was performed in consecutive patients in the
period from May 2000 to November 2002. Twenty-four
ears of 17 patients with otosclerosis (seven females and ten
males) and 19 normal ears of 19 patients (ten females and
nine males) were evaluated. The control ears were the
opposite normal ears in patients with otitis media, chole-
steatoma, trauma, surgical trauma, or tinnitus. They
showed normal CT and audiometry findings and were
diagnosed as normal by an otorhinolaryngologist and
radiologists. The final diagnosis of otosclerosis is the basis
of clinical history, physical findings, audiometric test and
CT imaging. CT imaging is used for rule out other possible
conductive hearing loss. The patients ranged in age from 6
to 77 years (mean, 41.96±21.7 years) in the otosclerosis
group and from 7 to 72 years (mean, 43.63±21.56 years) in
the control group (Table 1). When otosclerosis was
suspected by the otorhinolaryngologist, CT examination
was performed. The diagnosis of otosclerosis based on CT
images was prospectively established by the consensus of
two neuroradiologists in our department. The diagnostic
criterion for fenestral otosclerosis was the overgrowth of
abnormally hypoattenuating bone in the fissula ante
fenestram and the criterion for retrofenestral otosclerosis
was the presence of a hypoattenuating halo around the
cochlea [4] (Fig. 1). The diagnosis was surgically
confirmed in three of these 24 ears.

CT examination

All CT images were obtained using a four-detector-row CT
scanner (Aquilion, Toshiba Medical Systems Corporation,
Tokyo, Japan) with 0.5-mm collimation and a 512×512
matrix. Scan conditions were 140 kV, 300 mAs, and 1 s/
rotation in non-helical mode. In the axial slice depicting the
footplate of the stapes and the modiolus, eight circular
regions of interest (ROIs) were manually set by the
radiologist. HU value at each ROI was obtained from a
single measurement. Details of ROI setting are shown in
Table 2.

Fig. 1 A 24-year-old man with otosclerosis (fenestral and retro-
fenestral lesions). An area of hypodensity anterior to the oval
window is depicted in a CT image with 0.5-mm collimation
(fenestral lesion, white arrow). Demineralization of the otic capsule,
with a hypodense defect outlining the cochlea, is seen as the
retrofenestral lesion (black arrow)

Table 1 Summary of the subjects

Controls Otosclerosis

Age 43.63(±21.6) 41.96(±21.7)
Number of Subjects 19 17
Sex
Male 9 10
Female 10 7
Number of ears 19 24
CHL 0 6
SNHL 0 5
MHL 0 13

( ): ±standard deviation
CHL: conductive hearing loss; SNHL: sensorineural loss; MHL:
mixed hearing loss
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The area of each ROI was 1 mm2, and the mean HU
value in each ROI was measured. An example of ROI
setting is shown in Fig. 2. One otosclerotic lesion was
directly visible on CT images in 18 ears of the 24 ears and
more otosclerotic foci were visible in six ears.

Audiometric testing

Audiometric tests were performed in a double-walled
sound room within 2 months before or after CT examina-
tion. Testing was not performed in one patient in the normal
group. Air conduction, bone conduction, and the air-bone
gap threshold were recorded at 250, 500, 1,000, 2,000,
4,000, and 8,000 Hz. The hearing levels for air conduction
and bone conduction were calculated using the formula
(500 Hz + 2×1,000 Hz + 2×2,000 Hz + 4,000 Hz)/6.
Conductive hearing loss (CHL) was diagnosed if the air-
bone gap was more than 15 dB and bone conduction was
less than 30 dB. Sensorineural hearing loss (SNHL) was
diagnosed when the air-bone gap was less than 15 dB and
bone conduction was more than 30 dB. Mixed hearing loss
(MHL) was diagnosed when the air-bone gap was more
than 15 dB and bone conduction was more than 30 dB. Six
of the 24 ears with otosclerosis showed CHL, five ears
showed SNHL, and 13 ears showed MHL.

Data analysis

CT densitometry results for each ROI (from ROI 1 to ROI
8) were evaluated using the Student’s t-test to compare the
24 ears with otosclerosis against the 19 normal ears (first
analysis pattern). To determine the appropriate cutoff HU
value for the diagnosis of otosclerosis, receiver operating
characteristic (ROC) analysis was performed. For ROC
analysis, a binormal ROC curve was fitted to each mean
HU value in a given ROI using a maximum-likelihood
estimation. The area under the binormal ROC curve was
used as an index of diagnostic performance.

Here, to focus on retrofenestral otosclerosis, the 18 ears
with otosclerosis that showed SNHL or MHL were also
compared against the 19 normal ears (second analysis
pattern).

Furthermore, in order to evaluate the linear relationship
between CT densitometry findings and hearing loss at
specific frequencies, the pairwise Pearson correlation
coefficients between the mean CT value in each ROI and
bone conduction at each frequency were calculated in the
normal ears and in all ears with otosclerosis (24 ears).

In the statistical analysis, a value of P<0.05 was accepted
as significant.

Results

In the first analysis pattern, the mean HU value of the ears
with otosclerosis was significantly lower in ROI 2 (i.e., the
area 1 mm anterior to the oval window) and ROI 8 (i.e., the
area of 1 mm anterior to wall of the internal auditory canal)
compared with the normal ears, as shown in Table 3 and
Fig. 3 (ROI 2, P<0.001; ROI 8, P=0.0285). No significant
differences were observed between the ears with otoscle-
rosis and the normal ears in the other ROIs.

Figure 4 shows the binormal ROC curve for CT
densitometry of ROI 2, because it is thought ROI 2 is
more significant difference than ROI 8. The area under the
binormal ROC curve (Az) was 0.92. The threshold CT
value for the point on this ROC curve at which sensitivity
and specificity were equal was 2,187.3 HU, and the
sensitivity (specificity) at that point was 85.21% (Fig. 4).

In the second analysis pattern, when the ears with
otosclerosis were restricted to the 18 ears with SNHL or

Fig. 2 Example of ROI setting. In the axial slice including the foot
plate and modiolus, eight ROIs are manually placed. Each ROI has
an area of 1 mm2

Table 2 The ROI setting

ROI #1: the area of 1 mm posterior to the oval window
ROI #2: the area of 1 mm anterior to the oval window
ROI #3: the area of 1 mm lateral to the interscalar septum between basal and middle turn of the cochlea
ROI #4: the area of 1 mm anterolateral to the apex of the cochlea
ROI #5: the area of 1 mm anterior to the apex of the cochlea
ROI #6: the area of 1 mm anteriomedial to the interscalar septum between basal and middle turn of the cochlea
ROI #7: the area of 1 mm anteromedial to basal turn of the cochlea
ROI #8: the area of 1 mm anterior to wall of the internal auditory canal
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MHL, the mean ROI value of the ears with otosclerosis was
significantly lower in ROI 2, ROI 6 (i.e., the area 1 mm
anteromedial to the interscalar septum between the basal
and middle turns of the cochlea) and ROI 8 compared with
the normal ears, as shown in Table 3 and Fig. 5 (ROI 2,
P<0.001; ROI 6, P=0.0387; ROI 8, P=0.0327). No
significant differences were detected between the ears
with otosclerosis and the normal ears in the other ROIs.

Considering only the 18 ears with SNHL or MHL, the
binormal ROC curve for ROI 6 is shown in Fig. 6. The Az

value was 0.72. The threshold CT value for the point on
this ROC curve at which sensitivity and specificity were
equal was 2,045 HU, and the sensitivity (specificity) was
68.11% (Fig. 6).

Secondly, the linear relationships between the CT
densitometry and hearing loss were evaluated at specific
frequencies. Statistically significant correlations were
found between the CT density in ROI 2 and the hearing
level at 500 Hz (P=0.0213) and 1,000 Hz (P=0.0296).
There were also significant correlations between ROI 5
(i.e., the area 1 mm anterior to the apex of the cochlea) and
the hearing level at 250 Hz (P=0.002), 500 Hz (P<0.001),
1,000 Hz (P<0.001), 2,000 Hz (P=0.004), and 4,000 Hz
(P=0.0273). In ROI 6 (i.e., the area 1 mm anteromedial to
the interscalar septum between the basal and middle turns

of the cochlea), there were significant correlations at all
frequencies (250 Hz, P<0.001; 500 Hz, P<0.001;
1,000 Hz, P<0.001; 2,000 Hz, P=0.0027; 4,000 Hz,
P=0.0234; and 8,000 Hz, P=0.0475) (Fig. 7).

Fig. 4 ROC curve of ROI 2 in otosclerosis. The area under the
binormal ROC curve (Az): 0.9262; negative diagonal: 2,187.3 HU

Fig. 3 Mean values of average
density in ROI #2 and ROI #8
HU: Hounsfield unit, ROI: re-
gion of interests, ROI #2: the
area anterior to the oval window,
ROI #8: the area anterior to the
wall of the internal auditory
canal A statistically significant
difference was found between
the control and otosclerosis
groups in ROI #2 (Student's t-
test, p<0.001) and ROI #8
(Student's t-test, p=0.0285).
Box-whisker plots of CT num-
ber (HU) values are shown. The
center horizontal line indicates
the median value. The bottom
and top edges of the box indicate
the 25th and 75th percentiles.

207

Table 3 The mean HU value of
ROIs

Values are expressed as means ±
standard deviation

ROI Controls Otosclerosis Otosclerosis with SNHL and MHL

1 2280.96±356.96 2222.02±345.48 2190.13±286.15
2 2416.44±211.87 1382.89±764.06 1285.35±780.78
3 2386.50±244.83 2218.40±312.44 2217.71±321.95
4 2352.95±309.35 2199.28±343.87 2197.42±380.29
5 2179.57±202.37 1970.45±509.95 1920.14±579.65
6 2111.29±121.27 1961.82±306.62 1932.10±341.86
7 2014.44±86.53 1937.03±386.02 1893.93±439.17
8 1971.27±139.43 1634.56±613.16 1638.07±618.22
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Discussion

Structural details can be clearly visualized by CTwhen thin
slices, such as a slice thickness of 0.5 mm, are used. This is
due to the elimination of partial volume effects [23]. This is
considered to be particularly useful for the evaluation of
extremely small anatomical structures such as those in the
temporal bone [24, 25].

Analysis of CT densitometry findings with a slice
thickness of 0.5 mm was performed using two analysis
patterns. In the first analysis pattern, the mean HU values of
the ears with otosclerosis were compared with the normal
ears. In the second analysis pattern, the mean HU values of
the ears with otosclerosis and SNHL or MHL were
compared with the normal ears. The second analysis
pattern was assumed to correspond to retrofenestral
otosclerosis. In retrofenestral otosclerosis, CT is used for
the more sensitive imaging evaluation of the otic capsule
[8, 26].

Fig. 5 Mean values of average density in ROIs 2, 6 and 8 in
controls and patients with otosclerosis with MHL and SNHL.
Statistically significant differences between the control and otoscle-
rosis groups were found in ROI 2 (Student’s t-test, P<0.001), ROI 6
(Student’s t-test, P=0.0387) and ROI 8 (Student’s t-test, P=0.0327).

Box-whisker plots of CT number (HU) values are shown. The center
horizontal line indicates the median value. The bottom and top
edges of the box indicate the 25th and 75th percentiles. The vertical
line indicates the range of data

Fig. 6 ROC curve of ROI 6 in otosclerosis with SNHL. The area
under the binormal ROC curve (Az): 0.7469; negative diagonal:
2,045 HU
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In addition, an attempt was made to determine the
appropriate cutoff value for the diagnosis of otosclerosis
from these analyses. Areas of radiolucency may be seen to
be mixed with sclerotic changes in otosclerosis [6].
Because it may not be possible to diagnose this
remineralized phase using CT [19], the macroscopic
diagnosis of otosclerosis is sometimes difficult. Therefore,
we attempted to determine the appropriate cutoff HU value
by ROC analysis.

In the first analysis pattern, a significant difference was
found in ROI 2 (i.e., the area 1 mm anterior to the oval
window) and ROI 8 (i.e., the area of 1 mm anterior to wall
of the internal auditory canal). Huizing and de Groot [17]
performed CT densitometry of the capsule of the cochlea
with a slice thickness of 1.5 mm, although they were not
able to establish a site of predilection for otosclerotic foci.
In a study involving CT densitometry of the capsule of the
cochlea with a slice thickness of 1 mm, Miura et al. [16]
confirmed that the mean value in the area anterior to the
oval window was significantly lower in fenestral otoscle-
rosis, as was found in our study. Grayeli et al. [22] showed
bone density in the fissula ante fenestram (corresponding to
ROI 2) and posterior semicircular canal (the area near ROI
1) were lower in otosclerosis groups with a slice thickness
of 0.5 mm [22]. There was no significantly difference in
anterior margin of the internal auditory canal (correspond-
ing to ROI 8) between controls and otosclerosis. The cutoff
HU value in that area was not determined in the previous
study. The cutoff HU value in ROI 2 was found to be
2,187 HU by ROC analysis. The area under the binormal
ROC curve (Az) was 0.92, and it is suggested that this
value may be useful in the radiological diagnosis of
otosclerosis in combination with other diagnostic methods.

In the second analysis pattern, ROI 2, ROI 6 (i.e., the
area 1 mm anteromedial to the interscalar septum between
the basal and middle turns of the cochlea) and ROI 8
showed significant differences compared with controls.
From the second analysis pattern, we attempted to
determine the appropriate cutoff HU value for the diagnosis
of retrofenestral otosclerosis. Most ears with retrofenestral

otosclerosis show involvement not only of the cochlea
(corresponding to ROI 6) but also the fissula ante fenestram
(corresponding to ROI 2) [4, 14]. In this study, ROI 6 was
selected as the area for determining the cutoff HU value for
retrofenestral otosclerosis because ROI 2 was selected as
the area for determining the cutoff HU value for fenestral
otosclerosis (the first analysis pattern in the present study).
The cutoff HU value was determined to be 2,045 HU based
on ROC analysis. The area under the binormal ROC curve
(Az) was 0.75, and it was judged that the diagnostic
performance of CT densitometry is acceptable for retro-
fenestral otosclerosis.

In CT images of the temporal bone, the normally
hypoattenuating area called the cochlear cleft was seen in
the otic capsule lateral to the middle turn of the cochlea
[29]. The incidence of the cochlear cleft has been reported
to be 62% in the youngest group (less than 4 years of age),
falling to 19% in the oldest groups (teenagers) [29]. In the
present study, the mean ages were 41 years in the control
groups and 43 years in the otosclerosis groups. Further-
more, the cochlear cleft corresponded to ROI 3 in the
present study, and there were no differences between the
control and otosclerosis groups in densitometry. Therefore,
it is concluded that there is no need to consider the cochlear
cleft in interpreting the findings of this study.

Negative correlations between the mean CT value in
each ROI and the bone conduction threshold were found in
ROI 2, ROI 5 (i.e., the area 1 mm anterior to the apex of the
cochlea), and ROI 6. In particular, the CT values in ROIs 5
and 6 showed the highest correlation at 500 Hz, as shown
in Fig. 7.

High tones show maximal vibration near the basilar turn,
medium tones in the middle turns, and low tones in the
apical turn [27]. The highest audible frequency of
approximately 20,000 Hz is associated with the membrane
behind the round window, and the apical end corresponds
to a frequency of just 60 Hz [27]. Swartz et al. [19] have
shown a correlation between decalcification of the otic
capsule and SNHL at high, middle, and low frequencies,
although quantitative evaluation, such as densitometry, was
not performed. In other reports using a 1.5-mm slice
thickness, it has been shown that the highest correlation is
seen in the middle cochlear turn or the basal cochlear turn
[18, 19]. In the present study, although the highest negative
correlation was observed in ROIs 2, 5, and 6, correspond-
ing to the middle turn, no clear correlations were found
between the position of decalcification and the hearing loss
frequency. It is thought that the cause of the hearing loss,
i.e., a reduction in cochlear blood flow or the condition
known as hyalinization by enzymes [1, 28], may not be
detectable by CT.

In the present study, CT images were found to be useful
for visualizing decalcification, but sclerotic changes were
not detectable. Furthermore, surgical or autopsy confirma-
tion was not performed in most of our cases. Further studies

Fig. 7 Correlation coefficients in ROI 5 and ROI 6 in otosclerosis.
The correlation coefficient (R) was highest at 500 Hz for both ROI 5
and 6
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including pathological evaluation are needed to confirm
these findings.
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