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Abstract 

Background The standard methods for diagnosing otosclerosis (OS) include clinical and audiological testing. Radio‑
logic imaging continues to expand with use in diagnosis, staging, surgery planning, and outcomes.

Objective To determine if high resolution computed tomography (HRCT) imaging advances to the audiological find‑
ings in the diagnosis of otosclerosis.

Methods This prospective randomized controlled study was conducted from June 2018 to June 2022. Fifty patients 
with OS who divided into two subgroups: group 2a, 50 early OS ears, and group 2b, 35 ears with late OS. The controls 
includes 50 individuals who have healthy ears (group 1). All participants had otorhinolaryngology examination, audio‑
logical evaluation and HRCT imaging.

Results Early OS had higher air conduction thresholds than control, and late OS had considerably higher air conduc‑
tion thresholds than either the early or control subjects (p < 0.001). Early OS patients had higher bone conduction 
threshold (BCT) than control, while late OS patients had higher BCT than both early and control subjects (p < 0.001). 
In early and late OS, there is a significant association between bone conduction of 11 dB and 21.6 dB, respectively 
(P = 0.004), and a significant air–bone gap of 25.5 and 31 dB, respectively (P = 0.03). HRCT showed a sensitivity of 75% 
and high specificity 92% with accuracy 83% in early OS and sensitivity of 78% and high specificity 94% with accuracy 
86% in late OS.

Conclusion HRCT is a more sensitive and specific diagnostic tool for OS than audiometry. HRCT could discriminate 
between early and late OS, suggesting that it can be used to do so with a high degree of confidence.
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Background
OS is a unique otic capsule otodystrophy that is autoso-
mal dominant. Because spongy vascular bone replaces 
the typical ivory-like enchondral bone, it is also known 
as "otospongiosis."Patients typically present in their sec-
ond or fourth decades of life with any type of hearing 
loss with/without tinnitus. OS affects white people 0.3%–
0.4% more frequently than it does black people. Females 
are more likely than males to have bilateral (85%) OS [1].

The diagnosis is frequently made using audiometric 
results and clinical suspicion [2]. The stapedotomy opera-
tion, which entails the creation of window at stapes foot-
plate and installation of a prosthesis that replaces the 
stapes, is presently thought to be the standard surgical 
technique in the literature that have high success rates 
[3–5].

Diagnosis, grading, surgical planning, complications, 
and results are the goals of increasingly performed radi-
ological imaging when handled properly, and temporal 
bone HRCT is the preferred imaging approach [6, 7]. 
There have also been suggested applications for single 
photon emission computed tomography, magnetic reso-
nance imaging, and cone beam computed tomography. 
Therefore, typical patients do not always obtain imaging, 
and the clinical usefulness of imaging is yet uncertain [8, 
9].

It is known that fine-cut CT scans show evidence of 
otosclerotic foci surrounding the middle ear windows 
and the otic capsule. The clinical utility of CT scanning 
for OS is still up for debate. In order to aid with surgi-
cal planning and patient management, HRCT scanning is 
recommended as an efficient way of recognizing middle 
ear abnormalities and affirming the presence of OS prior 
to management [10].

This study sought to determine if the degree of OS and 
the degree of hearing loss (conductive or sensorineural) 
were related, as well as whether HRCT scanning accu-
rately identified otosclerolic foci.

Methods
Participants
This prospective randomized controlled study was con-
ducted from June 2018 to June 2022 on patients identified 
as OS, regardless of age or gender, attending otorhinolar-
yngology clinics in Damietta, Al-Azhar University Hos-
pital in Egypt or private centers. The exclusion criteria 
for all participants include no history of past exposure to 
noise, ototoxic medication use, no history of congenital 
disease and no history of consanguinity, head trauma, 
diabetes mellitus, hypertension, kidney, or cardiovascular 
illness.

Fifty healthy adult volunteers made up the control 
group (group 1). They all had normal hearing thresholds, 

normal otoscopic findings, and normal middle ear as 
shown by both tympanometry and acoustic reflex. They 
were chosen from the workers at Damietta Al-Azhar 
University Hospital as well as from relatives of patients 
who accompanied them to the Otorhinolarngology clin-
ics and audiology clinics in university hospital or private 
centers.

This patients (group 2) consists of 50 individuals with 
OS, of which 15 have unilaterally and 35 have bilaterally, 
for a total of 85 afflicted ears.They were classified into 2 
subgroups; group 2a: early OS involved 50 ears and group 
2b: late OS involved 35 ears.

When a patient experiences hearing loss that lasts less 
than thirty months (the average duration of the disease in 
our study), we refer to it as early OS. We used the term 
"late OS" to refer to hearing loss that has been present for 
more than 30 months.

The Helsinki Declaration and the standard operating 
procedure standards of the Helsinki and Domietta Fac-
ulty of Medicine et al. Azhar University were followed in 
the acceptance of this research, with the approval num-
ber (DFM-IRB 00012367–23-09–001) serving as the 
basis. Every participant provided written consent.

Otological and audiological evaluation
Participants in all groups underwent the following 
assessments: Taking a detailed medical history to rule out 
any systemic illness, hearing loss in the family, otoscopic 
evaluation, basic audiological testing, involving the sub-
sequent: a) Pure tone audiometry in octaves, starting at 
250,500,1000,2000,4000,8000 Hz for air conduction and 
500,1000,2000,4000 Hz for bone conduction. The TDH 
39P supra-aural headphone type was used to give the 
air conduction stimulation. A bone conduction vibra-
tor was used to deliver the bone conduction. b) Speech 
audiometry, which uses Arabic phonetically balanced 
words (PB words) for speech discrimination scores and 
Arabic spondee words for speech reception threshold 
(SRT). c) Tympanometry, which is performed at pres-
sures between + 200 and –400 mm H2O, and acoustic 
reflex threshold evoked same and other side using a fre-
quency range of (500 up to 4000Hz) are two components 
of impedancemetry.

HRCT study
Axial and coronal temporal bone CT cuts were produced 
using the following parameters (cut thickness, 0.5–1 mm; 
increment, 0.5 mm). With the use of a 4-detector CT, 
high-quality images of the temporal bones have been 
captured. At least two radiologists reviewed all HRCT 
studies (Fig. 1).

The otic capsule’s hypodense zones or the presence of 
localized thickening and/or decimation lesions within the 
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Fig. 1 Radiological images for different cases of otosclerosis
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oval and round windows were used to describe lesions 
with OS. Any footplate thickness greater than 0.6 mm is 
thought of as abnormal. Otosclerotic foci were localized 
within the otic capsule and were restricted to fenestral 
and retrofenestral lesions [11].

Six places are most frequently affected by OS; ante 
fenestrum, round window, cochlear promontory, coch-
lear apex, basal turn of cochlea, and posterior fenestrum 
[12].

CT grading
Grade 0: normal. Grade 1: a small lucent lesion within the 
fissula ante fenestram. Grade 2A: characterized by scle-
rosis and constriction of the basal turn. Grade 2B: lucent 
lesion that extends to the cochlea’s middle turn from the 
fissula ante fenestram. Grade 2C: Patchy lucency sur-
rounds the lateral side of the basal, middle, and apical 
turns of the cochlea, while the medial region of the coch-
lea appears to be spared. Severe, confluent lucency encir-
cling the cochlea is grade 3 [6].

Statistical analysis
The analyses were carried out using the statistical soft-
ware SPSS v23 (SPSS, Inc., Chicago, Illinois). Descriptive 
statistics, such as mean, standard deviation, frequency, 
and correlation coefficients, were calculated for each 
measure. A paired t-test was used to compare the two 
groups, and P values were ascertained by applying the 

corresponding χ2 test, Pearson’s correlation test, one-
sample t-test, and Wilcoxon test as needed. The Analysis 
of Variance (ANOVA) test should be used when compar-
ing more than two groups (F). A statistically significant 
level was defined as P < 0.05.

Results
This study includes 50 patients with OS; 15 of them 
was unilateral and another 35 patients with bilateral 
OS of total 85 affected ears. Their ages ranged from 23 
– 39 years. They were 28 ears for males and 57 ears for 
females. They were classified into two subgroups; early 
OS involved 50 ears (15 males and 35 females) and late 
OS involved 35 ears (13 males and 22 females). Another 
50 ears of 50 healthy volunteers were served as control 
subjects, they were 25 males and 25 females matched 
with the patients’ group (p > 0.05) (Table 1).

Air conduction threshold (ACT) showed elevation in 
the early OS group than control subjects and much more 
elevation in late OS then both early and control subjects 
(p < 0.001) (Table 2).

Bone BCT showed elevation in the early OS group than 
control subjects and more elevation in late OS then early 
OS and control subjects (p < 0.001) (Table  3). Air–bone 
gap (ABG) was increased in late than early OS (p < 0.001). 
These tests were observed in all audiometric tones used 
(Air conduction done from 250 to 8000 Hz; while in bone 
conduction done only for 500 to 4000 Hz) (Table 4).

Table 1 Age and sex distribution of the studied groups

χ2 = Chi square test, P > 0.05 = non‑significant, OS Otosclerosis

Control OS ears Early OS Late OS Significance

Gender No % No % No % No % χ2 P

Males 25 50.0 28 33 15 30.0 13 37 0.547 0.145

Females 25 50.0 57 67 35 70.0 22 63

Total 50 100 85 100 50 100 35 100

Age (years): F P

 Mean ± SD 28.8 ± 10.3 29.1 ± 9.6 27.9 ± 8.7 29.3 ± 9.2 0.642 0.127

 Range 20 – 40 23 – 39 23 – 37 25 – 39

Table 2 Comparison of air conduction thresholds (ACT) between both studied groups

* P < 0.05 = statistically significant. PTA pure tone audiometry. Values in decibel (dB)

PTA (KHz) Control (n = 50) Early (n = 50) Late (n = 35) F P1 P2 P3

0.25 8.9 ± 7.4 35.7 ± 9.72 55.8 ± 9.99 0.662 0.001* 0.001* 0.001*

0.50 9.6 ± 7.4 37.4 ± 9.32 51.0 ± 11.95 0.795 0.001* 0.001* 0.002*

1.0 7.9 ± 6.8 35.8 ± 9.56 52.0 ± 11.47 0.835 0.001* 0.001* 0.001*

2.0 10.0 ± 8.2 40.5 ± 9.98 56.8 ± 14.39 0.845 0.001* 0.001* 0.003*

4.0 12.1 ± 9.6 32.9 ± 10.2 50.8 ± 14.96 0.657 0.001* 0.001* 0.001*

8.0 15.5 ± 9.17 35.9 ± 8.69 49.1 ± 11.81 0.564 0.001* 0.001* 0.003*

Mean ± SD 10.65 ± 7.58 36.4 ± 8 52.75 ± 8 0.654 0.001* 0.001* 0.002*
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The results of several audiometric tests were con-
trasted with the Footplate thickening (FPT) results from 
the CT scan. FPT significantly correlates with means of 
36.4 dB and 52.75 dB in air conduction in early and late 
OS, respectively (P = 0.002). Significant correlation of 11 
dB and 21.6 dB in bone conduction in early and late OS, 

respectively (P = 0.004), with a significant ABG of 25.5 
and 31 dB in early and late OS, respectively (P = 0.03) 
(Table 5).

Grading by computed tomography in early and late 
OS were performed. Grade 1 was found in 26% of the 
affected ears in early OS only, grade 2A in 54% in early 
OS and 8.6% in late OS. Grade 2B in 18% in early OS and 
22.9%, in late OS. Grade 2C in 2% and 31.4% in early and 
late OS, respectively and finally grade 3 was found in 
37.1% in late OS only. They showed a statistically highly 
significant differences between early and late OS in all 
grades (P < 0.001) except grade 2B that showed significant 
difference (p = 0.041) (Table 6).

In the current study, HRCT demonstrated a sensitivity 
of 75%, high specificity of 92%, and accuracy of 83% in 
early OS and 78%, high specificity, and accuracy of 94% in 
late OS (Table 7).

Discussion
When doing HRCT scans for OS, a bone computational 
scan with a slice thickness of 1 mm or less is usually used; 
higher slice thicknesses result in higher false negative 
rates. Several studies have demonstrated that the sensi-
tivity of HRCT is limited by infra-millimeter with super-
ficial foci, dormant illness, and density variations of less 
than 200 Hounsfield units that are imperceptible to the 
naked eye [7, 13].

Better CT scanning equipment with improved col-
limation is thought to have improved the quality of the 
images accessible for analysis [14], this has resulted in a 
greater diagnostic yield, together with the use of auto-
mated workstations for image analysis like HRCT. The 
possibility to zoom in and scroll through images on com-
puterized workstations helps one better understand tiny 
anomalies [15].

Various studies compared clinical outcomes to evalu-
ate the sensitivity of CT in the diagnosis of OS [8, 16]. 
Therefore, the goals of our investigation were to ascertain 
if there is a relationship between the degree of hearing 
loss and the degree to which OS, as well as the accuracy 
of HRCT scanning in identifying OS foci. To represent 

Table 3 Comparison of bone conduction thresholds (BCT) 
between early and late otosclerosis

* P < 0.05 = statistically significant. Values in decibel (dB)

BCT (KHz) Early (n = 50) Late (n = 35) F P

0.5 8.9 ± 4.96 17.8 ± 3.9 0.193 0.003*

1.0 8.4 ± 5.31 20.7 ± 4.1 0.264 0.002*

2.0 15.7 ± 6.6 25.9 ± 5.3 0.525 0.004*

4.0 11.2 ± 4.6 21.9 ± 4.7 0.224 0.003*

Average 11 21.6 ± 4.2 0.234 0.004*

Table 4 Comparison of air–bone gap (ABG) between early and 
late otosclerosis ears

* P < 0.05 = statistically significant. Values in decibel (dB)

ABG (KHz) Early (n = 50) Late (n = 35) T P

0.5 28.5 ± 5.4 33.2 ± 7.6 0.924 0.04*

1.0 27.4 ± 7.3 31.3 ± 11 0.976 0.05*

2.0 24.8 ± 6.5 30.9 ± 9.6 0.956 0.03*

4.0 21.7 ± 8.9 28.9 ± 9.5 0.935 0.03*

Average 25.5 ± 7.5 31 ± 10.3 0.987 0.03*

Table 5 Relation between CT‑findings and hearing tests of the 
patients group

* p < 0.05 = significant

Hearing test Footplate 
thickening by CT
Median (Range) dB

Significance

Early OS Late OS T P

Air conduction threshold 36.4 52.75 5.147 0.002*

Bone conduction threshold 11 21.6 4.377 0.004*

Air–Bone Gap 25.5 31 4.864 0.03*

Table 6 CT grading of both early and late otosclerosis ears

CT computed tomography, OS Otosclerosis

χ2: Chi square, *P < 0.05 = significant

CT Grading Early OS (n = 50) Late OS (n = 35) Significance

No % No % χ2 P

Grade 1 13 26 0 0.0 ‑15.532 0.000*

Grade 2A 27 54 3 8.6 ‑20.344 0.000*

Grade 2B 9 18 8 22.9 0.364 0.041*

Grade 2C 1 2 11 31.4 18.338 0.000*

Grade 3 0 0.0 13 37.1 12.081 0.000*
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85 affected ears in this context, we selected 15 unilateral 
and 35 bilateral otosclerotic patients, in comparison to 50 
healthy ears (controls).

In our study, there is a highly significant difference 
between patients with early OS compared to controls, 
while there is a very highly significant difference between 
late OS and controls as regard delay in air-conduction 
threshold in all pure tone audiometry. However, it was 
more significant between 1 and 4 kHz with maximum 
value at 2 kHz (Carhart notch).

This was identical to other studies that found that the 
mean ambient absorbance values in the normal and OS 
groups were not significantly different at low frequen-
cies up to 1 kHz, contrary to previous findings in a larger 
sample of ears [17].

The tympanic membrane (TM) may have stiffened 
because of the ossicular chain’s relative stiffness, over-
loading the TM, which might account for these low-fre-
quency effects. The OS group had a notable and distinct 
decrease in ambient absorbance at 4 kHz, which might 
be related to functional variations in ossicular-chain 
transmission above the first resonance of the TM. The 
tympanometric absorbance at the tympanometric peak 
pressure (TPP) at low frequencies (0.7–1 kHz) and the 
absorbance at the positive-tail pressure (2.8 kHz) both 
showed mean variations [18].

Furthermore, a different investigation corroborated our 
findings, observing that at both the early and late phases 
of the OS, hearing loss was considerably higher than in 
the reference population for both air and bone conduc-
tion thresholds, although it was more noticeable in the 
late group [19].

In a study that observed the same results and stated 
that Carhart notch was observed at 2 kHz. They advised 
no treatment required in air conduction thresholds are 
lower than 30 dB HL or air–bone gap less than15dB. 
Treatment would be medical in early and surgical in late 
OS. Therefore, it is important to determine the stage of 
OS for an appropriate treatment modality [20, 21].

Our study found that CT scanning had a 75% sensi-
tivity, a high specificity of 92%, and an accuracy of 83% 
in OS diagnosis. Several investigations examined audio-
metric and CT data to determine if endosteal marginal 
involvement is linked to SNHL related to OS. Patients 
with endosteal involvement on CT were reported to 

have an average BCT that was considerably higher than 
those without endosteal involvement [22]. This sug-
gests a positive endosteal marginal involvement on CT 
images and a generally optimal association between 
the OS resulting in SNHL. On histology, every tempo-
ral bone with endosteal marginal involvement on CT 
showed endosteal marginal involvement [23]. The cur-
rent investigation demonstrates a strong association 
between audiometric and CT results.

According to history and audiometry, it was found radi-
olucent regions in 45% of individuals who were suspected 
of having cochlear OS. This weak correlation may have 
resulted from a misdiagnosis of cochlear otosclerosis or 
from the CT scan’s inability to identify radiolucent foci 
involving the endosteal border [24]. The low association 
seen in the previous research can be partially explained 
by the 37% (3/8) false negative rate for endosteal marginal 
involvement on CT, consequently, CT is not as reliable in 
ruling out participation in their research but can be uti-
lized to establish endosteal marginal involvement [14].

A broad range of sensitivity, from 34 to 95%, was 
reported in earlier evaluations; some reviews stated 
values higher than 90% [25]. The reviewed literatures 
showed a high positive predictive value, a high specificity, 
and a poor sensitivity overall. However, there were high 
confidence ranges, especially in the sensitivity, which was 
mostly because of another work (12%) [26].

Other considerations include the diversity of features 
across the people being tested and potential differences 
in disease stages at the time of the scans. For instance, 
only a research sample of Taiwanese individuals was 
included in the investigation of HRCT in the diagno-
sis of OS in Taiwan (46% sensitivity). As with previous 
reports suggesting low sensitivity and incidence in other 
ethnic groups, it is impossible to determine whether the 
relatively low sensitivity in this study is due to ethnic dif-
ferences per se or is a manifestation of other factors like 
patients presenting late in the otosclerotic phase. These 
problems are inextricably linked to the delayed presenta-
tion and maybe the low level of sensitivity about HRCT. 
These results’ wider scope is restricted by the subgroup’s 
unique characteristics [7, 27].

Even though retrofenesteral OS is less prevalent than 
fenesteral OS, HRCT is superior at diagnosing fenestral 
OS, supporting findings from other investigations. How-
ever, recognizing retrofenestral and endosteal margin 
involvement remains problematic [26, 28]. Research has 
indicated the limits of HRCT in the diagnosis of retrofen-
estral OS, with a 58% sensitivity [29].

The cochlear, pericochlear, and regions anterior to 
the round window niche are the primary regions of 
concern in retrofenesteral OS [30]. Because of the 
possibility of developing SNHL, cochlear disease has 

Table 7 Statistic analysis of HRCT for otosclerosis ears

OS Osteosclerosis, HRCT  High resolution computed tomography, PPV positive 
predictive value, NPV negative predictor value

OS PPV NPV Sensitivity Specificity Accuracy

Early 88% 62% 75% 92% 83%

Late 89% 58% 78% 94% 86%
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clinical consequences for treatment planning and 
patient counseling. Preoperative diagnosis is therefore 
beneficial.

Unluckily, there are still issues with CT diagnosis, espe-
cially in cases with tiny otospongiotic foci and associated 
disorders that demineralize the otic capsule, such syphi-
lis, osteogenesis imperfecta, or Paget’s disease. These lim-
itations are pointed out in another study, where CT was 
63% sensitive in detecting endosteal margin involvement.
inframillimeter disease was the cause of the mislead-
ing negative results. This highlights that while endosteal 
lesions can be detected by HRCT, they cannot be ruled 
out definitively [7, 28].

Our study requires additional patients with a greater 
range of variations, despite our best efforts to ascertain 
if HRCT imaging contributes to the diagnosis of OS in 
association with audiological results.

Conclusion
When compared to audiometry, HRCT is more sensitive 
and specific for the diagnosis and grading of OS. Since 
HRCT was able to distinguish between early and late OS, 
it may be utilized to make this difference more accurately.
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