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CASE SUMMARY 
A 57-year-old female presented with 

a longstanding history of left-sided hear-
ing loss that progressively worsened 
over the previous year with intermittent 
otalgia and superimposed subjective 
non-pulsatile tinnitus. Audiologic evalu-
ation was notable for mixed conductive 
and sensorineural hearing loss on the 
left. Temporal bone CT imaging demon-
strated resorptive changes along the mar-
gins of the oval window and cochlear 
promontory on the left with capsular 
sparing on the right compatible with 
clinically suspected fenestral otosclero-
sis. Due to the low-level gap in air/bone 
conduction at diagnosis, the patient was 
not deemed a surgical candidate for sta-
pes replacement and referral was made 
for fitting of external audiological aid.

IMAGING FINDINGS 
Temporal bone noncontrast CT 

imaging demonstrated resorptive 
changes along the cochlear promon-
tory of the left otic capsule (Figures 
1-3). This pathology lies in the area of 
the left fissula ante fenestram, which is 
consistent with fenestral otosclerosis. 
The contralateral otic capsule demon-
strates the normal dense appearance of 
endochondral bone. 

DIAGNOSIS
Fenestral otosclerosis 

DISCUSSION
Affecting fewer than 1% of the 

U.S. adult population, otosclerosis 
is a primary degenerative idiopathic 
osteodystrophy of the osseous otic 
capsule that most commonly affects 
Caucasians in young to middle adult-
hood. Though the etiology remains 
obscure, a familial genetic predisposi-
tion has been observed with an autoso-
mal dominant transmission displaying 
incomplete penetrance.1 Clinically, 
early otosclerosis causes conductive 
hearing loss. This is later admixed 
with sensorineural hearing loss due to 
disease progression.2 Histopatholog-
ically, the normally dense endochon-
dral bone of the otic capsule is initially 
replaced by islands of vascular, demin-
eralized Haversian bone that gradu-
ally becomes osteosclerotic over time.  
This osseous resorption has also given 
rise to the alternative term “otospongi-
osis” for the early disease phase. Ini-
tial, or fenestral, otosclerosis occurs in 
the area of the fissula ante fenestram, 
a vestigial embryonic cleft anterior to 
the oval window and stapes, and typi-
cally progress to involve the cochlear 

promontory, vestibule and otic cap-
sule.3,4 Involvement of the stapes foot-
plate at the oval window leads to early 
conductive hearing loss via annular 
ligament ankylosis. With disease pro-
gression, otodystrophic damage of the 
cochlea results in generalized retro-
fenestral or cochleariform otosclerosis. 
The end sequelae are mixed senso-
rineural and conductive hearing loss 
with possible superimposed pulsatile 
tinnitus.3

Diagnosis of otosclerosis is based 
on a composite of clinical, audio-
logical, and imaging findings, with 
radiology playing an ever-increasing 
role, not only in initial disease detec-
tion, but also for surgical planning 
and complication assessment. Typical 
clinical findings include the otoscopic 
Schwartz sign, constituted by a visible 
pink tinge at the cochlear promontory 
due to neovascular osseous changes.3,4 
High-resolution, noncontrast CT 
imaging (HRCT) utilizing sub-mil-
limeter slice acquisition with isotro-
pic multiplanar reconstruction is the 
imaging modality of choice. Fenestral 
otosclerosis findings on HRCT include 
ill-defined osseous lucency typi-
cally centered at the oval window and 
cochlear promontory (Figures 1-3). 
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Generalized otic demineralization is 
seen in more advanced cochleariform 
disease (Figure 4). Differential diag-
nostic considerations are limited, and 
they include otosyphilis, Paget’s dis-
ease and osteogenesis imperfecta.4

Meta-analyses have shown wide 
variability in the metrics of HRCT 
diagnosis of otosclerosis with more 
recent reports supporting collective 
sensitivities of over 90% for early 
fenestral involvement.4,5 Several stud-

ies have shown added utility in the use 
of semi-automated histogram analysis 
of CT bone density datasets as well as 
specialized multiplanar reconstruc-
tions paralleling the stapes crus for the 
detection of very early histopathologi-
cal changes.6,7

Various imaging-based grading 
systems for otosclerosis have been 
proposed without universal accep-
tance. A three-tier grading system 
corresponding respectively to iso-

lated fenestral involvement, progres-
sive localized cochlear extension, and 
generalized otic disease is commonly 
used; both inter- and intraobserver 
interpretative agreement have been 
shown to be consistently high for this 
grading system.8 Otosclerosis is man-
aged both medically and surgically, 
with oral fluorides having shown 
proven efficacy at slowing sensorineu-
ral hearing loss.3,9 Fenestral otoscle-
rosis is most commonly treated with 

FIGURE 4. Axial noncontrast HRCT image through the right tempo-
ral bone in a companion case demonstrates more advanced resorp-
tion along the basal turn of the cochlea and vestibule compatible with 
retro-fenestral/cochlear otosclerosis (blue arrow).

FIGURE 1. Coronal reformatted noncontrast HRCT image through the temporal bones 
demonstrates osseous rarefaction along the cochlear promontory of the left otic cap-
sule (blue arrow). The contralateral side demonstrates a normal dense appearance in 
comparison. 

FIGURE 2. Axial HRCT noncontrast image 
demonstrates mottled lucency in the region of the 
anterior cochlear promontory corresponding to the 
early or resorptive otospongiotic phase of otoscle-
rosis (blue arrow).

FIGURE 3. Oblique parasagittal reconstructed multi-planar non-
contrast HRCT image at the level of the oval window demonstrates 
lucency at the cortical margins compatible with the diagnosis of early 
fenestral otosclerosis (blue arrow).
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stapedectomy and prosthesis inser-
tion, while more advanced cochlear-
iform disease is often managed with 
direct cochlear implantation.10 Higher 
grades of disease extent and lower 
Hounsfield densities correspond to 
increased audiologic air and bone 
conduction thresholds for hearing 
stimulation, as well as an increased  
incidence of stapes footplate com-
plications at time of surgery. Fur-
thermore, resorption of the osseous 
covering of the superior semicircular 
canal has been shown to be an inde-
pendent contraindication to stapes 
prosthesis placement.2 Increasingly, 
HRCT temporal imaging assists in 
cochlear versus stapes implant stratifi-
cation plans and serves an invaluable 
role in planning the surgical approach 
to otosclerosis.4

CONCLUSION
In summary, HRCT imaging of the 

temporal bone plays an ever-broaden-
ing role not only in the initial diagnosis 
of otosclerosis, but also in treatment 
planning. Manifesting initially in the 

so-called fenestral phase with resorp-
tive changes at the level of the oval 
window, otosclerosis progresses over 
time to involve the cochlear prom-
ontory and otic capsule. Sclerotic 
overgrowth may be seen with more 
advanced cases, commonly resulting 
in narrowing of the oval window and 
fixation of the stapes footplate. Clin-
ically, patients initially present with 
conductive hearing loss. This pro-
gresses to mixed sensorineural hearing 
loss as the otic capsule is increasingly 
affected. Advanced disease findings 
on HRCT have been shown to cor-
relate independently with both surgical 
treatment failure and increased rates of 
postoperative complications. 
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