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Summary
Otosclerosis is a primary otodystrophy that impacts the osseous architecture of the otic capsule 
within the temporal bone, resulting in progressive hearing loss. High-resolution computed tomog-
raphy (HRCT) has traditionally been the gold standard imaging modality in otosclerosis, providing 
critical information in both diagnosis and surgical planning. However, its sensitivity varies widely. 
Recent advancements in imaging technology, such as ultra-high-resolution CT (UHRCT), provide 
higher spatial resolution and lower doses of radiation but, especially if based on cone beam CT 
(CBCT), face challenges in standardising bone density and are often limited by beam-hardening 
artefacts in the presence of metallic prostheses. Photon-counting detector CT (PCDCT) represents 
a promising UHRCT technology that directly converts photons into electrical signals, enhancing 
dose efficiency and image quality while reducing beam-hardening artefacts. Initial findings seem 
to indicate that PCDCT offers superior visualisation of otosclerotic foci and prosthesis positioning 
compared to traditional HRCT. Furthermore, PCDCT allows for less radiation exposure. This review 

Cover figure. Photon counting detector CT acquisition: A and B show the normal anatomy of 
a healthy ear; C and D show the accuracy in stapedial prosthesis positioning evaluation; E shows 
a focal demineralisation of the anterior portion of internal auditory canal; F shows a diverticulus.
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examines the roles that HRCT and UHRCT, based both on CBCT and PCDCT, as well as magnetic resonance imaging, currently have in the imaging evalu-
ation of otosclerosis. The findings highlight that while HRCT remains the standard, UHRCT and particularly PCDCT significantly improve the assessment 
capabilities, overcoming many limitations of previous technologies. Incorporating PCDCT imaging into routine clinical practice could lead to more precise 
diagnosis of otosclerosis, better surgical planning, and improved patient outcomes, ultimately granting more tailored and effective treatment strategies for 
otosclerosis, in line with the goals of precision medicine to optimise patient care.

Key words: otosclerosis, high resolution computed tomography, ultra-high resolution computed tomography, cone beam computed tomography, photon 
counting detector computed tomography, magnetic resonance imaging

Introduction
Otosclerosis is a primary otodystrophy that affects the os-
seous architecture of the otic capsule within the temporal 
bone 1. The primary symptom of the disease is progressive 
hearing loss (HL), which can be conductive or mixed and 
only rarely purely sensorineural 2,3. Hearing impairment is 
commonly bilateral, but can also occur unilaterally. Tympa-
nometry typically reveals a good middle ear ventilation by a 
type A tympanogram, although stapedial reflexes are often 
absent or, exceptionally, exhibit a two-staged pattern (on-
off stapedial reflexes). Tinnitus and vestibular symptoms 
may or may not accompany the HL  2. While otoscopy is 
usually negative, rare cases may present with Schwartze’s 
sign, a localised red blushing on the promontory attributed 
to hypervascularised otosclerotic lesions 4.
Histological manifestations of otosclerosis have been rec-
ognised for over a century. However, it is only in the last 25 
years that different imaging techniques have become useful 
in the evaluation of this condition. Even though imaging 
is not imperative for diagnosis of otosclerosis 5,6, advance-
ments in radiologic techniques have significantly increased 
the importance of imaging in both diagnosis and therapeu-
tic decision-making 7-10.
In current clinical practice, high-resolution computed to-
mography (HRCT) represents the examination of choice 
for radiologic assessment of patients with otosclerosis, both 
in the pre- and postoperative phases (e.g., in the event of 
complications or when surgical revision is necessary)  7-10. 
Despite the several potential applications of HRCT in the 
evaluation of a patient with symptoms of otosclerosis, spe-
cific criteria for its use have not been clearly defined in the 
literature  11. Moreover, other imaging modalities, such as 
magnetic resonance imaging (MRI) 12,13 or even densitom-
etry 14,15, can play a role in assessing specific aspects of this 
disease.
This review examines the current state of the art in imag-
ing for otosclerosis, discussing the importance for clini-
cal applications. Furthermore, it focuses on the impact of 
new technological improvements on diagnosing, planning 
treatment, and enhancing patient outcomes, also reporting 

on experience with the novel photon counting detector CT 
(PCDCT) technology in otosclerosis evaluation.

High-resolution computed tomography
HRCT involves acquiring images (thickness mostly 
0.6 mm) with a high spatial frequency reconstruction algo-
rithm to evaluate and characterise various conditions affect-
ing different organs, particularly the petrous bone. HRCT 
is commonly conducted using multidetector CT (MDCT) 
scanners, which can acquire near-isotropic data.
HRCT is currently the most used imaging technique for 
pre- and postoperative assessment of otosclerosis and is 
widely considered the gold standard in imaging evaluation 
of this condition  5,16-20. It provides clinicians with crucial 
information for making therapeutic decisions, especially in 
atypical or ambiguous clinical presentations, and plays a 
pivotal role in enabling differential diagnosis.
Radiologically, otosclerosis is categorised into 2 types: 
fenestral and retro-fenestral. Generally, cochlear forms are 
preceded by the fenestral form, leading some authors to con-
sider them as a pathologic continuum 5,21. Fenestral otoscle-
rosis accounts for 70-80% of cases, primarily presenting as 
pure form rather than the rarer retro-fenestral form 1,22,23.
Through cross-sectional X-rays, HRCT can effectively 
highlight both the otospongiotic and sclerotic phases of oto-
sclerosis. Otospongiotic foci appears as hypodense regions 
with decalcification within the otic capsule  22,24,25. False 
negatives can be correlated with small lesions or those in 
sclerotic stages characterised by attenuation similar to adja-
cent normal bone 7.
Specifically, in the fenestral form of otosclerosis, bone re-
modelling foci typically localise along the medial tympanic 
cavity wall, predominantly at the level of the fissula ante 
fenestram, and occasionally extending to the promontory or 
round window (Fig. 1A). Less frequently, foci may be ob-
served in the tympanic segment of the facial bony canal 10. 
Advanced fenestral otosclerosis may exhibit complete 
thickening of the entire platina. Retro-fenestral otosclero-
sis, on HRCT, often shows variably dense areas throughout 
the petrous bone. Notably, the cochlea may display a char-
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acteristic double-ring appearance known as the Valvassori’s 
sign (Fig. 1B), and additional involvement of other laby-
rinthine structures, the facial canal, or the internal auditory 
canal are commonly observed.
One of the characteristic lesions associated with otoscle-
rosis involving the internal auditory canal (IAC) is the di-
verticulus, which manifests as an erosion in the anterior 
canal wall and is considered a form of “cavitary otosclero-

sis” 26-28. It is thought to be present in the 70% of the oto-
sclerotic petrous bone with IAC involvement 29. As well as 
with HRCT, its presence has been described in post-mortem 
otopathological studies  29. However, IAC diverticula have 
been documented in patients lacking radiographic evidence 
of fenestral or retro-fenestral otosclerosis and even in his-
tologically normal temporal bones from individuals with 
normal hearing 26,29 (Fig. 1C).

Figure 1. Computed tomography pictures in otosclerosis. A) Otosclerotic focus localised at the level of fissula ante fenestram of a right ear; B) Val-
vassori’s sign: double ring appearance of otic capsule in a retrofenestral form of otosclerosis of a left ear; C) Internal auditory canal diverticulus on a 
right ear; D) Right ear pneumolabyrinth; E) A complete subversion of the otic capsule in an advanced otosclerosis in a left ear; F) Superior semicircular 
canal dehiscence from the dilatation of the superior petrosal sinus in a left ear.
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A study conducted by Wells and colleagues 26 on 97 petrous 
bones studied with both HRCT and histopathologic section 
demonstrated that, while not pathognomonic, IAC divertic-
ula are frequently observed in cases of otosclerosis, particu-
larly when they are sizable. Similar results were reported 
in the study by Wang and coworkers 30. A study by Pippin 
and colleagues 31 examining 807 petrous bone HRCT scans 
revealed that the presence of diverticula correlated with HL, 
regardless of whether otosclerosis signs were present. In-
triguingly, sensorineural HL (SNHL) showed a higher asso-
ciation with IAC diverticulum compared to traditional con-
ductive or mixed findings of otosclerosis, both in petrous 
bones with or without other radiological signs of otosclero-
sis. This association was not confirmed by the latter study 
of Burd and colleagues 32, who concluded that there are no 
clear audiometric implications in the presence and even the 
morphology of IAC diverticula. 
According to the study by Yagi and colleagues 18, otosclerot-
ic foci are distributed in the anterior portion of the oval win-
dow (essentially at the level of the fissula ante fenestram) in 
more than 95% of cases in their cohort, in the anterior seg-
ment of the IAC (often defining the diverticulus) in 46.8%, 
and in the pericochlear area in 26%.
Another aspect to be evaluated with HRCT is the thickness 
of the otic capsule contour and the anterolateral to the ante-
rior margin of the oval window. Sanghan and colleagues 33 
hypothesised and demonstrated that individuals with oto-
sclerosis exhibit a measurable increase in otic capsule 
thickness adjacent to the anterolateral aspect of the anterior 
margin of the oval window on CT compared to individuals 
with normal hearing.
The link between radiologic findings and audiometric re-
sults in otosclerosis has been explored by many authors, 
although there is still not a clear consensus regarding this 
relationship. Mangia and coworkers  34, evaluating the im-
aging and audiometric findings of 40 ears with surgically 
confirmed otosclerosis, found that ears with endosteal ex-
tension of the foci or with multiple affected sites within the 
otic capsule had worse bone-conduction hearing thresholds, 
and that mixed fenestral and retro-fenestral disease was as-
sociated with higher pure tone audiometric values. On the 
other hand, Zanini et al. 35 found no significant correlation 
between the location of otospongiotic foci and air conduc-
tion, bone conduction, or air-bone gap, disconfirming the 
thesis by Mangia et al.  34. Intriguingly, the otospongiotic 
involvement of the round window, especially if it is fully 
obliterated, is reported to be associated with worse bone 
thresholds both in the pre- and postoperative periods  36,37.  

Various grading systems for otosclerosis have been devel-

oped based on HRCT findings, but none have gained wide 
acceptance. For example, Rotteveel et al.  38 introduced a 
system classifying otosclerosis into fenestral and retro-
fenestral subtypes.
However, the sensitivity of HRCT in detecting otosclerosis 
varies across studies. In a systematic review on HRCT sen-
sitivity conducted by Wegner and colleagues 6, based on 7 
studies of moderate to high relevance and moderate to low 
risk of bias, reported sensitivities ranged from 60% to 95%, 
with high specificity that was 100% in two studies. Moreo-
ver, these authors demonstrated that the positive predictive 
value (PPV) of HRCT was particularly high in cohorts with 
a high prevalence of the disease, and that diagnostic per-
formance was better in more recent studies, possibly due to 
technological advancements. Similarly, in another system-
atic review, Kanzara and Virk 19 reported that HRCT had a 
sensitivity of 58%, and was also associated with high speci-
ficity (95%) and PPV (92%).
The wide variation of the sensitivity of HRCT reported in 
the literature may be related to differences in image qual-
ity, slice thickness, and study protocols, as well as radiolo-
gist experience in petrous bone imaging  39,40. From these 
findings, it clearly emerges that adequate study quality and 
protocol, as well as dedicated radiologists, should be ad-
vised 17.

Preoperative HRCT evaluation
In preoperative evaluation with HRCT for stapedial sur-
gery, several factors need to be considered. Firstly, the 
size of the oval window niche, potentially reduced by 
osseous hypertrophy, congenital anomalies, or otoscle-
rotic foci, requires precise assessment since it can impact 
postoperative results. Ukkola-Pons et al.  41 established a 
minimal normative value of 1.4 mm for the niche height, 
below which the risk of surgical difficulties increases. Ad-
ditionally, the potential obliteration of the round window 
by otosclerotic foci demands careful consideration as it 
can negatively affect post-surgical outcomes 21,24,42,43. Ex-
tensive damage to the otic capsule and inner hearing canal 
must also be evaluated 42.
The relationship between the facial nerve and the oval win-
dow, particularly in cases of prolapse or dehiscence, neces-
sitates careful assessment due to its significant impact on 
surgical feasibility, as does the presence of a very high jug-
ular bulb. Integrating preoperative assessments with HRCT 
into the clinical workflow can enhance the surgeon’s ability 
to anticipate and assess potential intraoperative challenges 
and estimate outcomes more accurately 7.
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Another relevant aspect is the concomitant presence of 
otosclerosis and superior canal dehiscence. Superior canal 
dehiscence can present with variable symptoms including 
vertigo triggered by sound pressure or head movement, 
autophony, conductive hyperacusis, pulsatile tinnitus, and 
conductive HL 44. Given the importance of appropriate dif-
ferential diagnosis between the 2 conditions joined by the 
presence of conductive HL, some authors have reported 
that outcomes of stapes surgery in patients with concur-
rent superior canal dehiscence syndrome and otosclerosis 
are not straightforward concerning the probability of suc-
cessful surgery in this particular group of patients  45,46. A 
recent systematic review concluded that although the length 
and location of the dehiscence might inform surgical deci-
sions, it is not possible to draw definitive conclusions about 
the appropriate indications for surgical treatment due to the 
limited number of cases with adequate data reported in the 
literature 47.
Preoperative HRCT assessment can also rule out condi-
tions that can mimic otosclerosis, such as specific inner ear 
malformations (IEM) or ossicular chain issues. Incomplete 
partition types II and III, as well as some forms of cochlear 
hypoplasia (mostly types II, III, and IV), can be associated 
with mixed or pure conductive HL, type A tympanogram, 
and lack of stapedial reflexes due to increased endolymph 
pressure or congenital alterations of articulation between 
the stapes and oval window  48. An interruption of the os-
sicular chain occurring laterally from the stapedial muscle 
insertion can also be associated with conductive HL, nor-
mal tympanogram, and absent stapedial reflexes.

Postoperative HRCT assessment of 
otosclerosis
In cases of suboptimal outcomes following stapes surgery 
or when a patient experiences hearing deterioration over 
time, an imaging study is advisable. In such cases, HRCT 
can evaluate the placement of the stapedial prosthesis and 
any potential dislocation. Additionally, HRCT can assess 
other possible issues such as erosion of the long process of 
the incus – a frequent cause of stapedial prosthesis disloca-
tion – or the presence of granulation tissue, a perilymphatic 
fistula, or a pneumolabyrinth (Fig. 1D). 
If preoperative HRCT was not conducted, imaging can also 
reveal unexpected conditions that may have limited the sur-
gical outcome, such as round window obliteration  49 or a 
concomitant and previously undiagnosed superior semicir-
cular canal dehiscence  45,50. Rarely, in cases of long-term 
hearing deterioration, HRCT can reveal progression of 

the disease with a complete subversion of the otic capsule 
(Fig. 1E) 51.
HRCT has also been used to check the postoperative po-
sitioning of stapes prostheses and correlate intravestibular 
protrusion with surgical outcomes. The criteria for meas-
uring intravestibular protrusion of the prosthesis vary 
among different studies, as does the measure of insertion 
considered normal. Williams and Ayache  52 set the limit 
at 1 mm, Rangheard et al.  53 at 2 mm, and Whetstone et 
al. 49 at 50% of the vestibule width. Meanwhile, the depth 
of non-metallic prosthesis tips in the vestibule is thought 
to be generally underestimated 54, and depth insertion of 
metal prostheses tends to be overestimated due to beam 
hardening artifacts caused by the metal  54-56. Because of 
the inhomogeneous criteria, as well as the technical dif-
ficulties due to low spatial resolution and the predisposi-
tion to artefacts, in general, HRCT is yet not considered 
as a reliable method for the evaluation of intravestibular 
protrusion of stapes prostheses 55,56.

Is pre- or postoperative imaging 
assessment necessary?
Given the frequency of a clear clinical appearance of oto-
sclerosis, the use of preoperative assessment with CT can 
be questioned. As previously discussed, the sensitivity of 
HRCT can be suboptimal, and it is economically and do-
simetrically costly. However, pre- and postoperative CT 
highlight information for surgical planning and identify 
concomitant or concurrent conditions that may limit or 
have limited surgical outcomes, providing the surgeon with 
greater knowledge of potential surgical difficulties or sub-
optimal outcomes and giving the patient the best chance of 
an uneventful surgery. This aspect justifies the suggestion 
of implementing HRCT whenever otosclerosis is associated 
with atypical symptoms such as autophony, imbalance, ver-
tigo, oscillopsia, hyperacusis, and aural fullness 11.
From a national survey carried out in the US in 2022, 35.3% 
of surgeons reported routine use of CT, with a significant 
difference between academic and private practice respond-
ents, especially focusing on patients with vestibular com-
plaints, childhood HL, possible advanced otosclerosis, or 
any atypical symptoms 57.
In his systematic review, Wegner 6 reported that CT might 
not be essential to confirm otosclerosis in patients with a 
high clinical suspicion based on conductive HL. Instead, 
its utility might be better realised in evaluating the extent 
of the disease or planning surgical interventions rather than 
serving as a primary diagnostic tool. 
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In our opinion, a proactive strategy utilising an imaging 
evaluation, especially in patients with atypical presenta-
tions of otosclerosis, can enhance precision in counsel-
ling, and in anticipating surgical outcomes and functional 
results. By adopting a comprehensive preoperative evalua-
tion, even with the best achievable imaging, it is more likely 
to achieve improved surgical efficiency and decrease intra-
operative risks.

Ultra-high-resolution CT
The advent of ultra-high-resolution CT (UHRCT) repre-
sents a significant step forward in imaging technologies. 
This advancement is primarily driven by the introduction 
of more sophisticated detector systems, such as enhanced 
ultra-small multi-slice detectors, flat-panel detectors, or the 
new photon-counting technology detectors, which allow for 
the capture of images at finer slice thicknesses compared 
to traditional HRCT. These advanced detectors ensure a 
higher matrix size during image reconstruction, resulting in 
clearer and more detailed images, and facilitating better vis-
ualisation of minute anatomical structures and pathologies. 
Given that the slice thickness of conventional HRCT is 
typically 0.6 mm, this level of spatial resolution may be 
inadequate for accurately delineating otosclerotic foci 
smaller than 1 mm 8,40. This limitation underlines the need 
for more advanced imaging techniques that are capable of 
capturing finer details. In this context, Akazawa and col-
leagues 58 analysed the performance of UHRCT based on 
ultra-small multi-slice detectors. They measured the thick-
ness of the stapes footplate in patients with otosclerosis 
finding a significant increase in thickness in otosclerosis 
patients compared to control subjects (0.60 ± 0.09 mm vs 
0.46 ± 0.04  mm; p  <  .001). Furthermore, the thickness 
at the midpoint, where the interobserver variability was 
lowest, correlated well with surgical difficulty during sta-
pedotomy.

UHRCT with cone beam CT technology
Cone beam CT (CBCT) has become increasingly popular 
for temporal bone imaging due to its capacity to gener-
ate high-spatial-resolution images with low radiation dos-
es 59,60. It is mainly based on the emission of a cone-shaped 
radiant beam (not fan-shaped as in conventional CT) and a 
solid detector that can be shaped into a large surface panel 
(flat panel). 
The slice thickness of CBCT can range from 0.075 to 
0.5 mm 61. However, a significant challenge in using CBCT 
for bone density assessment is the technical variability in 

pixel values. Compared to standard multidetector CT, CBCT 
is more prone to produce regional artefacts. These artefacts 
are primarily due to off-axis X-ray beam projections, beam 
hardening, and scatter radiation. They are especially prob-
lematic when high-density materials are present within 
the beam path but outside the reconstructed field of view, 
producing very intrusive beam-hardening artefacts 62, such 
as in postoperative metallic stapedial prosthesis position-
ing evaluation. In their prospective study, Redfors et al. 63 
compared the diagnostic capabilities of CBCT and HRCT 
in patients with otosclerosis who underwent stapedectomy 
30 years prior. The authors found that CBCT is an effec-
tive and reliable imaging technique to detect hypodense 
otosclerotic lesions in the otic capsule, and was compara-
ble to HRCT. On the other hand, Liktor et al.  64 reported 
that while CBCT exhibits high sensitivity for histologically 
confirmed active fenestral otosclerosis, it is significantly 
less effective at detecting retro-fenestral lesions. In another 
study by the same group, CBCT was found to be effective 
in detecting active otosclerosis with a sensitivity of 100%, 
but its sensitivity dropped to 0% for inactive otosclerosis. 
Furthermore, CBCT did not have the ability to detect retro-
fenestral lesions, marking a significant limitation compared 
to HRCT. The general sensitivity of CBCT was 61.3% for 
all cases of otosclerosis, which was less than the sensitiv-
ity shown by traditional HRCT  65. Only recently, in their 
retrospective case-control study, Deng and colleagues  66, 
calibrating CBCT pixel values using 3 internal references 
to obtain a relative attenuation ratio that allows quantita-
tive assessment of bone density, reported a high sensitiv-
ity (97.3%) and specificity (97.1%) of CBCT to diagnose 
otosclerosis. Another recent study by Xu and colleagues 67 
evaluated the diagnostic capabilities of cone beam based 
UHRCT and standard HRCT in detecting isolated fenestral 
otosclerosis. UHRCT showed a sensitivity of 100% when 
images were evaluated by dedicated neuroradiologists and 
87.5% if evaluated by general radiologists, while traditional 
HRCT demonstrated lower sensitivities, which was 89.2% 
for neuroradiologists and 41.5% for general radiologists. 
Significant differences in sensitivity between UHRCT and 
HRCT were reported, with UHRCT proving more effec-
tive in detecting smaller foci under 1  mm. However, the 
limitations of CBCT in standardising bone density and the 
subsequent difficulties in evaluating retro-fenestral otoscle-
rotic lesions, as well as the noticeable impact in evaluating 
prosthesis positioning given by beam hardening artefacts, 
make this UHRCT study suboptimal for otosclerosis imag-
ing evaluation.
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UHRCT with photon-counting detector 
CT technology
On the other hand, photon-counting detector CT (PCDCT) 
is an emerging technology with promising results in im-
proving clinical imaging  68,69. It directly converts photons 
into an electric signal, thereby recording each individual 
photon, allowing for more dose-efficient and high-spatial-
resolution imaging 70,71. Additionally, PCDCT assigns uni-
form weighting to each detected photon regardless of its 
energy level, enhancing the signal-to-noise ratio and reduc-
ing beam-hardening artefacts, thereby improving overall 
image quality 72,73. Furthermore, Zhou et al. 74 demonstrated 
in a previous cadaver study that PCDCT allows for approxi-
mately a 50% dose reduction in radiation.
In a further study by Benson and colleagues 75, 13 patients 
underwent temporal bone imaging with both traditional 
HRCT and UHRCT with PCDCT. Their findings clearly 
reported that PCDCT provides higher resolution images 
and requires lower radiation doses compared to traditional 
HRCT.
As far as we know, no studies on the performance of PCDCT 
in otosclerosis evaluation have yet been published. Herein, 
we report a recent experience with PCDCT in the pre- and 
postoperative evaluation of 6 patients with otosclerosis us-
ing a dual-source CT scanner Photon Counting Naetom Al-
pha (Siemens-Healthineers): 140 kV, mean volume CT dose 
index = 27.17 [SD, 1.4] mGy, pitch = 0.55, rotation time = 1 
second using the high-resolution mode (120 x 0.2 mm col-
limation) with a dedicated sharp Hr 92 kernel and the small-
est section thickness of impressive 0.2 mm.
The Cover figure illustrates the high quality of image ac-
quisition, displaying a detailed representation of the foci 
as well as all the anatomical structures critical for surgical 
planning, addressing the limitations of UHRCT based on 
CBCT reported earlier. However, our current sample size is 
too limited to reliably assess the specificity and sensitivity 
of this method in evaluating otosclerosis. 
The main advantages of executing an UHRCT with PCDCT 
are:
•	 the ease of detection and characterisation of foci’s exten-

sion due to the very high spatial resolution and standard-
ised density value;

•	 the precision in the evaluation of stapedial prosthesis po-
sitioning due to the absolute reduction of beam harden-
ing artefacts;

•	 a reduction of the dose vs. traditional HRCT.
Some of the most interesting findings to be anecdotally re-
ported were:

•	 a typical extension of the classical fissular otospongiotic 
area in a caudal and rostral direction with involvement of 
the lateral wall of the vestibule;

•	 an impressive rate of association between superior 
semicircular canal dehiscence in patients with otoscle-
rosis, mainly from a dilatation of the superior petrosal 
sinus, accounting for one third of the evaluated subjects 
(Fig. 1F);

•	 the frequent presence of an otospongiotic area in the lat-
eral portion of the anterior wall of the IAC that often 
hints at a more or less pronounced diverticulum. This 
finding could support the hypothesis that such a finding 
is nothing more than a very punctual area of cavitary oto-
sclerosis derived from the evolution of an otospongiotic 
focus.

It is the authors’ opinion that such a promising technique 
could be considered a game-changer in pre- and postopera-
tive imaging evaluation of otosclerotic patients and could 
also contribute to a better understanding of the aetiopatho-
logic evolution of otosclerosis.

Magnetic resonance imaging 
Although MRI is not the primary imaging modality for 
evaluating otosclerosis, it can reveal specific changes such 
as a pericochlear halo of intermediate signal intensity on 
T1-weighted sequences with pericochlear enhancement 
in post-contrast sequences  12,13,21,43. This enhancement is 
thought to occur due to the passage of contrast into numer-
ous vessels within the otosclerotic foci 25. Occasionally, T2 
hyperintensity can also be observed 76.
Purohit and coworkers  77 explored the use of MRI as a 
diagnostic tool for otosclerosis. The study was retrospec-
tive, analysing 13 cases from KU Leuven University Hos-
pitals where MRI was used as the primary diagnostic tool 
instead of HRCT. The findings indicated that MRI could 
reveal subtle signs of otosclerosis, particularly when spe-
cific imaging features like intermediate T1 signal and 
post-contrast enhancement in perilabyrinthine or per-
icochlear regions are present. The study concluded that 
although MRI should not be the first choice for diagnos-
ing otosclerosis, it can effectively detect the condition in 
patients where otosclerosis was not initially considered. 
Thus, MRI can lead to more targeted use of HRCT and 
help confirm the diagnosis.
Moreover, as our group has previously reported 12,13 the use 
of MRI 3D-FLAIR sequences before and after gadolinium 
administration can effectively evaluate cochlear damage 
caused by the disease. The presence of endocochlear hy-
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perintensity and post-contrast enhancement are considered 
good predictors of permeability changes in the blood-lab-
yrinth barrier. These labyrinthine disturbances might cor-
relate with clinical parameters such as disease duration and 
the degree of cochlear damage as measured by audiometric 
thresholds. Our findings represent a significant advance-
ment in understanding the pathogenic mechanisms under-
lying SNHL in otosclerosis. Specifically, the hyperintensity 
observed on 3D-FLAIR sequences likely reflects areas of 
active otospongiotic lesions where increased vascular per-
meability allows gadolinium to penetrate the cochlear tis-
sues. This hyperintensity can be viewed as a biomarker 
of active disease, indicating ongoing inflammation and 
remodelling processes within the cochlea. The correlation 
between these MRI findings and clinical parameters such 
as duration of disease and audiometric thresholds supports 
the hypothesis that these permeability changes contribute 
directly to the sensorineural component of HL observed in 
otosclerosis patients.
Our research also provided a possible in vivo explanation 
for the pathogenesis of SNHL in otosclerosis by demon-
strating that these imaging findings are not just incidental 
but are significantly associated with clinical deterioration. 
By quantifying the extent of cochlear damage through 
imaging, we can better predict the progression of HL and 
potentially identify patients who might benefit from early 
therapeutic interventions aimed at stabilising or reversing 
these permeability changes. This understanding could lead 
to more targeted treatment strategies, improving outcomes 
for patients with otosclerosis. 
Additionally, Vicente and colleagues 78 have explored the 
use of MRI to monitor clinical treatment responses in 
otosclerosis. Employing a standard MRI protocol with-
out 3D-FLAIR images, they observed a decrease in en-
hancement within active bone otospongiotic lesions on 
T1-weighted post-Gd sequences following drug treatment 
with sodium alendronate or sodium fluoride. It is pro-
posed that incorporating a 3D-FLAIR sequence with or 
without gadolinium could be a valuable method to spe-
cifically identify active endocochlear damage in patients 
with otosclerosis, potentially enhancing the effectiveness 
of drug therapy. Although the efficacy of drug therapy in 
treating retro-fenestral otosclerosis has not been conclu-
sively demonstrated, this imaging protocol could offer a 
new endpoint for evaluating the impact of treatment. Fi-
nally, when considering cochlear implantation, MRI is 
helpful for assessing cochlear patency, providing essential 
insights for surgical planning 12.

Conclusions
HRCT represents the gold standard for imaging evaluation 
of otosclerosis. Historically, however, it was considered 
nonessential due to the typically clear clinical presentation 
and well-defined audiological diagnostic features of oto-
sclerosis, which could often be confirmed intraoperatively. 
Furthermore, systematic reviews have highlighted the sub-
optimal performance of HRCT, primarily due to technical 
limitations that resulted in limited spatial definition and 
consequently low sensitivity.
On the other hand, UHRCT and especially PCDCT appear 
to overcome the limitations of previous imaging modali-
ties in the evaluation of otosclerotic patients. With their ex-
traordinary spatial definition and minimal beam-hardening 
artefacts in the presence of metallic stapedial prostheses, 
PCDCT holds great promise to become the imaging modal-
ity of choice for otosclerosis both pre- and postoperatively.
The advent of PCDCT may lead clinicians to re-evaluate 
the role of imaging in the clinical management of otoscle-
rosis, especially in the context of precision medicine. En-
hanced imaging capabilities may facilitate more accurate 
diagnosis, better surgical planning, and improved postop-
erative assessment, ultimately leading to more tailored and 
effective treatment strategies for patients with otosclerosis.
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