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Abstract

Purpose To clarify the anatomical distribution of otosclerotic loci in otosclerosis.

Methods Ninety-five patients with surgically confirmed uni- or bilateral otosclerosis were enrolled into the study. Hypodense
areas observed in the otic capsule by high-resolution computed tomography (HRCT) were defined as otosclerotic loci. The
location and number of lesions were examined, and the probability of lesion overlap and correlation with age/hearing param-
eters (air and bone conduction threshold, air-bone gaps) were tested.

Results Otosclerotic loci were confirmed by HRCT in 77 out of 115 operated ears. The three commonly affected sites were
the anterior part of the oval window (ant-OW), anterior part of the internal auditory canal (ant-IAC), and pericochlear area
(PCochA), with lesions detected in 96.1%, 46.8%, and 26.0% of ears, respectively. Only the ant-OW area was affected in
48.1% of the ears; the ant-IAC in 3.9%; and PCochA in none with significant differences (p <0.01). The ant-OW lesions
preferentially overlapped with ant-IAC (44.6%) than PCochA lesions (27.0%) (p < 0.05). Among double sites diseases, tri-
ple sites diseases occurred more commonly in the ant-OW +PCochA group (80%) than ant-OW + ant-IAC group (48.5%)
(p <0.05). There was no correlation between a number of lesions and age/hearing parameters.

Conclusions Based on the probability of lesion overlap, otosclerotic lesions may initiate at ant-OW followed by ant-IAC
and later PCochA. Although the number of lesions showed no immediate correlation with hearing level or age, anatomical
stage of the disease estimated by the location and the number of otosclerotic loci could be useful in predicting the future
hearing status.
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Introduction

Otosclerosis is a localized bone disease of the otic capsule.
Disordered bone resorption, new bone deposition, vascular
proliferation, and/or connective tissue stroma were demon-
strated in otosclerotic foci by temporal bone histological
studies [1, 2]. Diagnosis of otosclerosis has traditionally
been dependent on characteristic clinical findings such as
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progressive conductive or mixed hearing loss of adult onset
without middle ear inflammation [2]. Recent advances in
imaging technologies, such as high-resolution computed
tomography (HRCT), enabled detection of small changes in
temporal bones, including otosclerotic foci [3—17]. Major
findings of otosclerotic foci were in the form of hypodense
decalcified areas in the otic capsule [7, 12, 13]. The histo-
logical studies of the temporal bone of patients with clini-
cal otosclerosis revealed the most common location of an
otosclerotic focus as the anterior part of the oval window
(ant-OW) [2, 18, 19]. However, otosclerotic foci could also
be found in the other areas of the otic capsule, including
posterior part of the oval window, round window niche, api-
cal and medial cochlear wall (pericochlear area, PCochA),
and anterior part of the internal auditory canal (ant-IAC) [2,
18, 19]. Since temporal bone studies demonstrated that the
ant-OW was the most affected site in clinical otosclerosis
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(81.25-95.9%) [2, 18, 19], ant-OW may be the site of oto-
sclerotic origin. In the present study, we aimed to clarify the
anatomical distribution of otosclerotic loci in surgically con-
firmed otosclerosis using HRCT. The correlation of otoscle-
rotic loci with age and hearing parameters was investigated.

Materials and methods

Ninety-five patients with diagnosis of uni- or bilateral oto-
sclerosis (that was confirmed by the stapes surgery per-
formed at Niigata University Medical and Dental Hospital
during January 2000 to December 2011) were enrolled into
the study. The study included 25 men and 70 women with
the mean age of 51.6 years at the time of the CT scan (men,
48.7 years; women, 52.6 years). Among the 95 patients, 28
(29.5%) had unilateral and 67 (70.5%) had bilateral hear-
ing impairment. Twenty out of the sixty-seven patients with
bilateral hearing impairment underwent bilateral stapes sur-
gery, while the remaining forty-seven underwent only uni-
lateral surgery. Therefore, a total of 115 operated ears were
analyzed in this study: 28 ears in patients with unilateral
and 87 ears in patients with bilateral hearing impairment.
Incidence and location of otosclerotic lesions in the otic cap-
sule were examined using preoperative HRCT. These data
were correlated with sex, age, and various hearing param-
eters including the mean of 500, 1000, and 2000 Hz of air
conduction (AC) threshold, bone conduction (BC) thresh-
old, and air-bone gaps (ABG), respectively. Time difference
between a CT scan and an auditory test was 15.3 +41.1 days
(mean + SD). Otosclerotic loci were defined as hypodense
areas observed in the otic capsule by HRCT. Images were
reviewed by two authors (CY and YM) independently with-
out knowledge about the clinical data. Discrepant interpreta-
tions were resolved by discussion between the two authors.
GE Yokogawa Lemage Supreme CT unit (window level 50,
window width 200, slice width 1 mm) was used for data
acquisition for 97 ears and Toshiba Aquilion (window level
1000, window width 4000, slice width 1 mm) for 18 ears.
As described in “Results” section, HRCT revealed that 67%
of patients had one or more otosclerotic loci and that there
were three sites of predilection: ant-OW (96.1%), ant-IAC
(46.8%), and PCochA (26.0%). Therefore, we concentrated
on these three sites in this study, and probability of overlap
for each lesion was statistically tested. Correlation between
the location and number of otosclerotic loci was assessed
with Fisher’s exact test. Differences in gender, age, and hear-
ing parameters between otosclerotic loci-positive and -nega-
tive patients were assessed with Pearson’s Chi-square test, ¢
test, and Mann—Whitney U test, respectively. All statistical
analyses were performed using SPSS version 21.0 computer
software for Windows. The significance level was set at
p<0.05. As a control, we analyzed whether otosclerosis-like
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hypodense area can be found in consecutive 107 cholestea-
toma patients who underwent surgery during the same
period as this investigation.

Results
Incidence of otosclerotic loci by gender and age

There were 25 male and 70 female patients who had under-
gone stapes surgery, indicating higher female susceptibility.
Among 115 operated ears, one or more otosclerotic loci were
confirmed by HRCT in total 77 ears (67.0%): 21 male and
56 female ears (Table 1). Otosclerotic loci were found in
72.4% (21/29) and 65.1% (56/86) of male and female ears,
respectively, indicating no gender differences in the posi-
tive findings on HRCT (Table 1). Mean age of otosclerotic
loci-positive and -negative patients was 50.9 +10.8 and
53.0+9.6 years (mean + SD), respectively (Table 1).

Location and the number of otosclerotic loci

HRCT identified the three major sites of otosclerotic loci
in surgically confirmed otosclerosis patients: ant-OW, ant-
IAC, and PCochA (Fig. 1a). In 77 ears with otosclerotic
loci, ant-OW was affected in 74 ears (96.1%), ant-IAC in
36 ears (46.8%), and PCochA in 20 ears (26.0%), with over-
lap between the loci (Fig. 1b; Table 2). When counting the
number of ears with only a single locus, ant-OW (37/74)
was more likely to be affected than ant-IAC (3/36) and
PCochA (0/20) (p <0.01) (Fig. 1b; Table 2). Similarly, ant-
IAC (17/36) was the more likely affected site than ant-OW
(21/74) or PCochA (4/20) in double loci diseases (p <0.01)
(Table 2). Given that the ant-OW may be the site of origin,
a secondarily involved site can be estimated by comparing
the probability between d + g (ant-IAC) and e + g (PCochA)
in Fig. 1b. Overlap with ant-IAC lesion (33 out of 74 ears,
44.6%) was seen more frequently than overlap with PCochA
(20 out of 74 ears, 27.0%) (p <0.05) (Fig. 1b; Table 3). Tri-
ple site disease was seen more often in the latter samples (16
out of 20 ears, 80%) than in the former (16 out of 33 ears,
48.5%) (p <0.05) (Fig. 1b; Table 4). These results suggest
that the otosclerotic loci likely develop as ant-OW-based
lesions followed by ant-IAC and, finally, by PCochA lesions.

Table 1 Gender and age of patients by otosclerotic loci

Sex (male/female) Age (years)
(mean +SD)
Otosclerotic loci (+) 21/56 50.9+10.8
Otosclerotic loci (=) 8/30 53.0+9.6
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Fig. 1 a Localization of otosclerotic foci by HRCT. Low-density area
was found in ant-OW, ant-IAC, and PCochA as indicated by arrow
heads. b Overlap of otosclerotic loci. In 77 ears with otosclerotic loci,
ant-OW was involved in 74 ears (96.1%), ant-IAC in 36 ears (46.8%),
and PCochA in 20 ears (26.0%) with overlap. ant-OW anterior part of
the oval window, ant-IAC anterior part of the internal auditory canal,
PCochA pericochlear area

Table 2 Number of sites by the location of otosclerotic loci (ears)

ant-OW ant-IAC (n=36) PCochA (n=20)
(n=174)

Single 37% 3 0

Double 21 17+ 4

Triple 16 16 16%%*

ant-OW anterior part of the oval window, ant-IAC anterior part of the
internal auditory canal, PCochA pericochlear area

*p<0.01 vs. ant-IAC, PCochA
**¥p <0.01 vs. ant-OW, PCochA
*#*%p <0.01 vs. ant-OW, ant-IAC

Table 3 Secondarily involved site in ant-OW (+) ears (ears)

a—d+g a—etg

ant-OW — ant-IAC
ant-OW — PCochA

33%/74
20/74

ant-OW anterior part of the oval window, ant-IAC anterior part of the
internal auditory canal, PCochA pericochlear area

*p <0.05 vs. PCochA

Table 4 Number of triple site disease in ant-OW/ant-IAC or ant-OW/
PCochA disease (ears)

ant-OW/ant-IAC ant-OW/
PCochA
Double sites 17 4
Triple sites 16 16*

ant-OW anterior part of the oval window, ant-IAC anterior part of the
internal auditory canal, PCochA pericochlear area

*p <0.05 vs. ant-OW/ant-IAC

Table 5 Number of otosclerotic loci by bone conduction threshold
(ears)

BC<30dB 30dB<BC
Single 27 13
Double 12
Triple 8 8
PCochA (+) 11 9
PCochA (-) 36 21

BC bone conduction threshold

Table 6 Hearing parameters in patients with or without otosclerotic
loci (dB)

AC BC ABG
Loci (+) (n=77) 56.0+11.4 27.3+10.0 28.7+9.6
Loci (—) (n=38) 534+12.9 28.8+9.8 24.6+11.1

Data are mean +SD

AC air conduction threshold, BC bone conduction threshold, ABG air-
bone gap

Otosclerotic loci and hearing impairment/age

As shown in Table 5, there were no differences in the num-
ber of loci between the patients < 30 dB BC threshold and
those with > 30 dB. Moreover, there were also no differ-
ences in the number of patients with affected PCochA
locus, which would be the latest among the three vulner-
able sites, between the patients with <30 dB BC threshold
and those with > 30 dB (Table 5). In ears with otosclerotic
loci (n="77), the mean AC threshold, BC threshold, and
ABG were 56.0 dB, 27.3 dB, and 28.7 dB, respectively
(Table 6). In ears without otosclerotic loci (n=38), the
mean AC threshold, BC threshold, and ABG were 53.4 dB,
28.8 dB, and 24.6 dB, respectively (Table 6). There were
no differences in all hearing parameters between otoscle-
rosis loci-positive and loci-negative ears (Table 6).

As shown in Table 1, there were no differences in
age between otosclerotic loci-positive and loci-negative
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patients. Furthermore, the number of otosclerotic loci did
not correlate with age or any hearing parameters (Table 7).

Hypodense area of otic capsule in cholesteatoma

Fourteen of 107 patients had hypodense area close to the sta-
pes footplate; however, all these were the continuous lesions
from the cholesteatoma but not isolated lesions like otoscle-
rosis. One petrous apex cholesteatoma had hypodense area
in all three areas (ant-OW, ant-IAC, PCochA); however, they
were continuously invaded cholesteatoma but not isolated
lesions. One of 107 cholesteatoma patients had hypodense
area at ant-IAC. Fisher’s exact test revealed that hypodense
area at ant-IAC was significantly rarely seen in cholestea-
toma (1/107) than otosclerosis (33/115) (p <0.0001). None
of 107 cholesteatoma patients had isolated hypodense area
at ant-OW or PCochA.

Discussion

Otosclerosis is a localized disorder of bone metabolism
of the otic capsule endochondral bone that is character-
ized by disordered resorption and deposition of bone [1,
2]. Temporal bone histological studies [2, 18, 19] as well
as radiological studies [6-8, 12, 15] (including the current
study, Fig. 1b) demonstrated that the most common loca-
tion of the otosclerotic lesion was the ant-OW, suggesting
that the ant-OW is the site of otosclerotic origin in the otic
capsule. However, otosclerotic foci could also be found in
other areas of the otic capsule including posterior part of the
oval window, round window niche, PCochA, and ant-IAC
[2, 18, 19]. In the present study, none of 107 cholesteatoma
patients had isolated hypodense area at ant-OW or PCochA.
Hypodense area was found at ant-IAC in just one patient out
of 107 cholesteatoma patients, which was significantly lower
incidence than otosclerosis patients. These findings suggest
that hypodense area at ant-OW, ant-IAC, and PCochA was
the specific sign of otosclerosis.

Given that the otosclerosis is a progressive disease in
terms of auditory dysfunction, it is supposed that otoscle-
rosis may also have an anatomical stage. Although more

Table 7 Age and hearing parameters by number of otosclerotic loci

Age (years) AC(dB) BC(dB)  ABG (dB)

Single (n=40) 52.3+10.8
Double (n=21) 49.7+8.7
Triple (n=16)  49.3+12.7

56.8+12.7 26.7+104 30.1+10.4
56.2+112 27.7+7.5 285189
541+£76 285x11.6 25574

Data are mean + SD

AC air conduction threshold, BC bone conduction threshold, ABG air-
bone gap
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than half of patients had only single lesion (40/77), some
patients but not all would develop the second and the third
locus (37/77). To examine the stage of otosclerosis, monitor-
ing the chronological changes of CT findings in each indi-
vidual over several decades is the ideal method. However,
this option, where no surgery is performed for the curable
hearing impairment, is unrealistic. As an alternative, we
thought that a detailed examination of the location and the
number of otosclerotic loci and probability of overlap for
each lesion could be able to estimate the anatomical stage
of the otosclerosis.

Among patients with the single otosclerotic locus, ant-
OW was solely affected in 48.1%, ant-IAC in 3.9%, and
PCochA in no case, suggesting that the ant-OW was the
first site to be affected as reported previously [6-8, 12, 15].
The overlap of ant-OW lesion with ant-IAC lesion (44.6%)
was seen more frequently than overlap with PCochA lesion
(27.0%), suggesting that the ant-IAC was the second site
to be affected. Triple site disease was seen more often in
patients with PCochA (80%) lesion than in patients with
ant-IAC (48.5%) lesion, suggesting that the PCochA was the
last site to be affected. These results suggest the anatomical
stage of otosclerosis as followings: it initially starts from
the ant-OW followed by ant-IAC and lastly PCochA in the
final stage.

As shown in Table 5, there were no differences in the
number of affected sites or the number of patients with PCo-
chA involvement between those with better (<30 dB) and
worse (>30 dB) BC threshold. Moreover, there were no dif-
ferences in all hearing parameters (AC threshold, BC thresh-
old, ABG) between the patients with and without otoscle-
rotic loci on HRCT (Table 6). The number of otosclerotic
loci did not correlate with any hearing parameters (Table 7).
These findings suggest that the anatomical stage of the dis-
ease did not parallel the hearing parameters. Reports on
correlation between the hearing impairment and abnormal
CT or temporal bone histology have been inconsistent. For
example, it has been shown that the severity of cochlear
disease on HRCT correlates with the BC threshold [6, 7, 10,
16]; however, the opposite results have also been reported
[9, 17]. Similarly, based on the temporal bone histology, the
size, cellular activity, and location of otosclerotic lesions
showed no correlation with the magnitude of sensorineural
hearing loss [19]. On the contrary, Hueb et al. demonstrated
histologically that temporal bone with two or more sites of
endosteal involvement had a significantly worse BC thresh-
old [18]. Again, results from the current study demonstrated
that the stage of otosclerosis such as the number of otoscle-
rotic loci and/or PCochA involvement did not correlate with
any hearing parameters.

From the clinical point of view, it is more important
to predict the future status of hearing impairment than to
demonstrate the correlation between the hearing and the
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CT findings. For instance, it would be expected that hear-
ing impairment of the single locus disease (early stage) is
more likely to progress in the future than that of the triple
loci disease (final stage), even if both patients have the
same hearing threshold. This hypothesis should be tested
in future, as this information could be useful for patients
in predicting their future hearing status.

Given that otosclerosis is a progressive disease, one
would expect the correlation of disease stage (number of
otosclerotic loci) with age. However, as shown in Table 1,
no differences in age between otosclerotic loci-positive
and -negative patients were found. Furthermore, the num-
ber of otosclerotic loci did not correlate with age (Table 7).
This is probably because the speed of disease develop-
ment may be different individually. It is also well known
in otosclerosis patients that the hearing threshold does not
correlate with age, as some patients have younger-onset
and are the so-called juvenile otosclerosis [20]. Gristwood
et al. reported that patients with younger-onset otosclero-
sis had extensive lesions in the stapes footplates, while
those with older-onset otosclerosis tended to have a lesion
restricted to the anterior part of the footplates [21]. In this
study, we only recorded the age at the time of surgery but
not at disease onset, and therefore, a possibility remains
that a more detailed classification of stapes lesion (whole
stapes or anterior part of footplate only) could reveal age-
dependent differences.

In this study, we used the hypodense area in the otic cap-
sule as a marker for otosclerotic loci [7, 12, 13]. This would
underestimate the stage of otosclerosis, because the scle-
rotic stage following the spongiotic stage would be missed
by this criterion. However, overall rate of positive findings
on HRCT in our clinical otosclerosis patients (67%) was
not much lower than in the previous reports [5-7, 10, 16],
suggesting that our criteria was reasonable. Although many
researchers proposed radiological grading systems for oto-
sclerosis in combination with spongiotic and sclerotic find-
ings [6, 8, 10], no system has gained wide acceptance yet.
Here, we used the straightforward and reliable assessment,
namely, hypodense decalcified area in the otic capsule, to
point otosclerotic loci. This is a reliable approach to quan-
tify the lesions, since semi-automatic quantitative analysis
such as CT histogram analysis [4] and bone density meas-
urements [9, 14] reveals that bone density was significantly
lower in the otosclerotic loci than in the control.

In conclusion, otosclerotic lesions were most frequently
seen at ant-OW followed by ant-IAC and PCochA. Progres-
sion of the disease may vary within individuals, with no
apparent correlation between the number of disease sites and
age/hearing level. The knowledge of the anatomical stage for
this disease could be useful in predicting the future hearing
status.
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