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ORIGINAL RESEARCH
HEAD & NECK

Prevalence of Internal Auditory Canal Diverticulum and Its
Association with Hearing Loss and Otosclerosis

X K.J. Pippin, X T.J. Muelleman, X J. Hill, X J. Leever, X H. Staecker, and X L.N. Ledbetter

ABSTRACT

BACKGROUND AND PURPOSE: Focal low-attenuation outpouching or diverticulum at the anterolateral internal auditory canal is an
uncommon finding on CT of the temporal bone. This finding has been described as cavitary otosclerosis in small case reports and histology
series. The purpose of this study was to establish the prevalence of internal auditory canal diverticulum and its association with classic
imaging findings of otosclerosis and/or hearing loss.

MATERIALS AND METHODS: Temporal bone CT scans of 807 patients, obtained between January 2013 and January 2016, were retrospec-
tively reviewed to identify internal auditory canal diverticula and/or classic imaging findings of otosclerosis. Clinical evaluations for hearing
loss were reviewed for patients with internal auditory canal diverticula and/or otosclerosis.

RESULTS: Internal auditory canal diverticula were found in 43 patients (5%); classic otosclerosis, in 39 patients (5%); and both findings, in 7
patients (1%). Most temporal bones with only findings of internal auditory canal diverticula (91%) demonstrated hearing loss, with 63% of
this group demonstrating sensorineural hearing loss. The hearing loss classification distribution was significantly different (P � .01) from that
in the classic otosclerosis group and in the group with both diverticula and otosclerosis.

CONCLUSIONS: Internal auditory canal diverticula are not uncommon on CT examinations of the temporal bone and most commonly
occur without classic imaging findings of otosclerosis. These lesions are associated with sensorineural hearing loss, and referral for hearing
evaluation may be appropriate when present.

ABBREVIATIONS: CHL � conductive hearing loss; IAC � internal auditory canal; SNHL � sensorineural hearing loss

A focal low-attenuation notch or diverticulum within the

temporal bone continuous with the internal auditory ca-

nal (IAC) is an unusual finding on imaging studies of the tem-

poral bone. Several histologic and imaging case reports refer to

this finding as a form of cavitary otosclerosis1-4 and even sug-

gest that the presence is associated with advanced disease.3

Otosclerosis is an osteodystrophic disorder of the otic cap-

sule, resulting in abnormal resorption of endochondral bone

and deposition of abnormal vascular bone. Otosclerosis usu-

ally appears in the third-to-fifth decades of life, and most com-

monly affects women. Clinical otosclerosis is present in �1%

of the population, though it has been reported in up to 11% of

the population on histology performed at postmortem exam-

ination.5 On CT of the temporal bone, otosclerosis commonly

appears as lucent or hypodense bone surrounding the otic cap-

sule, often limited to the region anterior to the oval window.

This process results in either conductive hearing loss (CHL)

due to fixation of the stapes footplate or mixed conductive and

sensorineural hearing loss (SNHL) due concomitant otic cap-

sule involvement. Otosclerosis presenting with only SNHL in

the absence of CHL is rare and is often called “cochlear

otosclerosis.”5-9

Establishing the significance of the IAC diverticulum or notch

is important for both the radiologist and referring physician in

guiding clinical management. Determining the relationship of

this lesion to classic imaging findings of otosclerosis could also

be helpful in the understanding of otosclerosis and the spec-

trum of clinical presentations. Therefore, the purpose of this

study was the following: 1) to determine the prevalence of IAC

diverticula at our institution, and 2) to explore potential asso-

ciations with otosclerosis and hearing loss in patients identi-

fied with an IAC diverticulum.
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MATERIALS AND METHODS
Study Design
This study was approved by the institutional review board and

was compliant with the Health Insurance Portability and Ac-

countability Act. A radiology data base was searched for all tem-

poral bone CT examinations performed between January 1, 2013,

and January 31, 2016. Exclusion criteria included age younger

than 18 years or a prior operation that altered the IAC. Eligible

temporal bone CT examinations were retrospectively reviewed

by a neuroradiologist (L.N.L.) with 4 years of experience and a

Certificate of Added Qualification in neuroradiology. Elec-

tronic medical review was performed for patient demograph-

ics, otologic history, clinical examination findings, and audio-

metric evaluation.

Imaging Review
Most imaging examinations were dedicated CTs of the temporal

bones performed on a 64-section multidetector CT scanner

(LightSpeed VCT; GE Healthcare; Milwaukee, Wisconsin). Pro-

tocol parameters included helical acquisition with 120 kV(peak),

maximum of 320 mA, and a 0.5 pitch extending from just above

the petrous ridge through the skull base. Images of each temporal

bone were reformatted at 0.625-mm section thickness without a

gap with a 100-mm FOV and 512 � 512 matrix. Standard axial

and coronal reformations were reviewed for each temporal bone.

Images were reviewed for the presence of IAC diverticula or

classic imaging findings of otosclerosis. An IAC diverticulum was

defined as a nonvascular, low-density outpouching from the nor-

mal linear contour of the wall of the IAC, identified on both axial

and standard coronal reformatted images. No minimum size

threshold was used for the diagnosis of diverticulum. Classic im-

aging otosclerosis was defined as “fenestral” if abnormal lucent

bone was anterior to the oval window, “cochlear” if the lucent

bone surrounded the cochlea, or a combination of both locations.

All findings were described as bilateral or unilateral.

Hearing Review
Association of imaging findings of IAC diverticula and classic

imaging otosclerosis with hearing loss was evaluated by review of

available clinical and audiometric evaluations. Patients with avail-

able clinical data were divided into 4 categories: no hearing loss,

conductive hearing loss, sensorineural hearing loss, or mixed

hearing loss, based on detailed otolaryngology review. The degree

of pure SNHL was determined by the pure tone average, which is

the average of the pure tone thresholds in decibels obtained at 4

selected frequencies and is a measure of the severity of hearing

loss.10 The 4-frequency pure tone average in our study was re-

ported with 0.5, 1, 2, and 3 kHz. Audiograms for patients who had

undergone prior temporal bone surgery were excluded from hear-

ing analysis to eliminate confounding alterations in hearing loss

related to the operation.

Statistical Analysis
The prevalence of findings in the study population and associa-

tions between hearing groups were evaluated with Wilcoxon rank

sum, Kruskal-Wallis, Fisher exact, and �2 analyses performed

with SAS software, Version 9.4 (SAS Institute, Cary, North Caro-

lina). A P value of � .05 was used to determine statistical

significance.

RESULTS
A total of 810 eligible temporal bone CT examinations were iden-

tified during the 3-year study period. Three studies were excluded

because of nondiagnostic images due to motion or artifacts. Pa-

tient demographics are described in Table 1. Of the 807 patients

included in the study, IAC diverticulum was identified in 5% (n �

43) of examinations. The appearance ranged from a small notch

to full outpouching, with all diverticula located along the anterior

IAC medial to the cochlea (Fig 1). Sixty percent of patients (n �

26) demonstrated bilateral diverticula. Classic imaging findings of

otosclerosis were also present in 5% (n � 39) of patients. Sixty-

nine percent of patients with classic imaging findings of otoscle-

rosis (n � 27) demonstrated bilateral findings. One percent (n �

7) of all eligible patients demonstrated imaging findings of both

otosclerosis and IAC diverticula with 71% (n � 5) of this group

demonstrating bilateral otosclerosis and IAC diverticula (Fig 2).

Demographics of patients with IAC diverticula, both with and

without otosclerosis, are described in Table 2.

Seventy-five of 807 patients (n � 123 temporal bones) dem-

onstrated findings of IAC diverticula, otosclerosis, or both and

were further evaluated for hearing loss. These individual temporal

bones were divided into 3 groups: IAC diverticulum only, otoscle-

rosis only, and both IAC diverticulum and otosclerosis (Table 3).

In the IAC diverticulum-only group, there were 36 patients

with 57 affected temporal bones. Audiogram results were unavail-

able or excluded due to a prior operation for 14 temporal bones in

this group. Of the 43 temporal bones with only an IAC diverticu-

lum and hearing evaluation, 9% (n � 4) demonstrated no hearing

loss, 63% (n � 27) demonstrated SNHL, and 28% (n � 12) dem-

onstrated a mixed hearing loss. No temporal bones in this group

demonstrated CHL.

In the classic otosclerosis-only group, there were 33 patients

with 54 affected temporal bones. Most (81%, n � 44) temporal

bones had fenestral otosclerosis only, while 4% (n � 2) had co-

Table 1: Demographic characteristics for total study population

Characteristic
Total Population

(n = 807)

IAC Diverticulum Otosclerosis

Present
(n = 43)

Not Present
(n = 764) P Value

Present
(n = 39)

Not Present
(n = 768) P Value

Median age (range) (yr) 52 (18–96) 61 (18–91) 52 (18–96) �.01a 52 (22–85) 52 (18–96) .69a

Sex (No.) (%) .93b .13b

Male 343 (42.5) 18 (41.9) 325 (42.5) 12 (30.8) 331 (43.1)
Female 464 (57.5) 25 (58.1) 439 (57.5) 27 (69.2) 437 (56.9)

a P value was calculated with the Wilcoxon rank sum test.
b P value was calculated with the �2 test.
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chlear otosclerosis only and 15% (n � 8) had both fenestral and

cochlear otosclerosis. Audiogram results were unavailable or ex-

cluded for 15 temporal bones in this group. A total of 18% (n � 7)

demonstrated no hearing loss, 26% (n � 10) demonstrated

SNHL, 23% (n � 9) demonstrated a mixed hearing loss, and 33%

(n � 13) demonstrated CHL.

In the IAC diverticulum and otosclerosis group, there were 7

patients with 12 affected temporal bones. Fenestral otosclerosis

was present in all 12 temporal bones, with 3 temporal bones dem-

onstrating concomitant cochlear otosclerosis. Audiogram results

were unavailable or excluded for 5 temporal bones in this group.

A total of 14% (n � 1) demonstrated no hearing loss, 29% (n � 2)

demonstrated SNHL, 43% (n � 3) demonstrated a mixed hearing

loss, and 14% (n � 1) demonstrated CHL.

Comparison of the 3 groups demonstrated a statistically sig-

nificant difference in hearing loss patterns between each group.

These findings suggest that SNHL is more commonly associated

with IAC diverticulum than with traditional imaging findings of

otosclerosis.

DISCUSSION
The prevalence and clinical significance of IAC diverticula are not

well-established in the current literature. In this large retrospec-

tive case review, IAC diverticula were present in 5% of our study

population and more frequent (n � 43) than classic findings of

otosclerosis (n � 39). The appearance of diverticula varied from a

small notch to a larger outpouching and was always located at the

anterior IAC near the medial margin of the dense otic capsule.

IAC diverticula were more commonly an isolated finding and

rarely occurred with concurrent classic findings of otosclerosis.

Compared with patients with isolated otosclerosis (median age,

52 years), patients with IAC diverticula were significantly older at

median ages of 62 years with additional findings of otosclerosis

and 61 years without additional findings of otosclerosis (P � .01).

Most (91%) patients with an isolated IAC diverticulum with-

out additional imaging evidence of otosclerosis had hearing loss

with more than half (63%) demonstrating pure SNHL. The pat-

tern of hearing loss in isolated IAC diverticula was also found to be

significantly different from hearing loss patterns in the classic im-

aging appearance of otosclerosis with or without an additional

finding of an IAC diverticulum. These findings suggest that IAC

diverticula are a clinically important finding on temporal bone

CT and have important hearing loss implications.

Audiometric data demonstrated more advanced hearing loss

in patients with isolated IAC diverticula than previously reported

with presbycusis or age-related hearing loss. Presbycusis or age-

related hearing loss is defined as SNHL caused by the aging pro-

cess without a confounding etiology, such as metabolic disorder,

trauma, or noise injury.10 Presbycusis may play a partial role in

SNHL in the diverticula group, given that the median age of the

diverticula-only group was 61 years. However, the average pure

tone average was 53.5 dB in the 27 temporal bones with isolated

IAC diverticula, which is consistent with moderate-to-moderate-

severe hearing loss and was greater than expected with presbycusis

alone.10,11 Moreover, the average pure tone average in the 27 iso-

lated diverticula with SNHL was like that in the 10 temporal bones

FIG 1. IAC diverticula on temporal bone CT. A, CT of the right tem-
poral bone in a 41-year-old woman with vertigo. A CSF-density saccu-
lar outpouching of the anterior IAC medial to the cochlea is compat-
ible with an IAC diverticulum (black arrow). B, CT of the left temporal
bone in a 67-year-old woman undergoing evaluation of SNHL. A
smaller diverticulum or notch is present along the anterior IAC in a
location similar to that of the larger diverticula in A (black arrow).

FIG 2. IAC diverticulum with classic imaging findings of otosclerosis
on temporal bone CT in a 34-year-old woman evaluated for mixed
hearing loss. There is a small IAC diverticulum along the anterior IAC
(black arrow) with focal lucency of the otic capsule adjacent to the
anterior oval window near the fissula ante fenestram (white arrow).
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with isolated imaging findings of otosclerosis presenting with

SNHL (55.3 dB). Therefore, the degree of SNHL in temporal

bones with diverticula was higher than expected for age-related

hearing loss and like that in temporal bones with accepted inner

ear pathology.

IAC diverticula are described in small case reports as rare en-

tities reflective of cavitary otosclerosis.1-4 Beyond the hearing loss

implications of cavitary otosclerosis, Makarem et al2 also de-

scribed the clinical significance of the lesion for potential cochlear

implant malpositioning into the diverticulum. The consistent lo-

cation of all diverticula in this series along the anterior IAC

matches that in prior temporal bone histology series descriptions

of cavitary otosclerosis.12,13 The occurrence of outpouching or

notches was like classic CT findings of otosclerosis in this study,

both groups representing 5% of all patients. Therefore, the prev-

alence of IAC diverticula is likely not as rare as previously implied.

Moreover, the findings in this series do not support previous re-

porting of an IAC diverticulum as a manifestation of severe oto-

sclerosis3 due to its high frequency as an isolated finding and the

occurrence of the lesion in patients without hearing loss. Previous

case reports do not directly address the significance of IAC diver-

ticula as an isolated finding without additional classic CT findings

of otosclerosis. This study suggests that isolated IAC diverticula

are related to hearing loss in a different pattern than the classic CT

presentation of otosclerosis.

Classic otosclerosis invariably involves the anterior stapes

footplate near the fissula ante fenestram and presents with a com-

ponent of CHL.5,14 SNHL in otosclerosis is less well-understood

and may be due to production of local inflammatory cytokines

leading to atrophy and concomitant dysfunction of the spiral lig-

ament.15,16 SNHL is usually present with CHL and manifests as a

mixed hearing loss classification. Temporal bones in this study

that had classic imaging findings of otosclerosis more commonly

presented with CHL, and temporal bones with both classic imag-

ing findings of otosclerosis plus diverticula more commonly pre-

sented with mixed hearing loss as ex-

pected. No hearing loss was identified in

7 temporal bones with findings of oto-

sclerosis (18% of temporal bones with

otosclerosis). These temporal bones had

imaging indications for otosclerosis or

hearing loss with a unilateral clinical

presentation of hearing loss and bilateral

imaging findings. Otosclerosis present-

ing with isolated SNHL without a con-

ductive component is believed to be rare

and not well-understood.5,17-19 IAC diverticula may represent an

imaging manifestation of otosclerosis with an isolated SNHL, be-

cause most patients with diverticula in this study presented with

isolated SNHL (63%). A smaller portion of isolated IAC divertic-

ula demonstrated a mixed pattern of hearing loss (28%). These

IAC diverticula may result in not only SNHL due to spiral liga-

ment dysfunction but also CHL due to abutment to the scala

vestibuli, resulting in a third-window phenomenon.2,4,16,20 An-

other potential explanation of mixed hearing loss with CT find-

ings of isolated diverticula may be otosclerosis involvement of the

footplate below the resolution of routine CT temporal bone

examinations.

There were several limitations to this study. Its retrospective

nature limited the information available for review. Namely, clin-

ical data were not available for all patients with IAC diverticula or

classic otosclerosis. Small sample sizes, especially in the combined

IAC diverticula and otosclerosis group, limited statistical analysis

for comparing grouped populations of CT findings. This study

also had a component of selection bias that may have overesti-

mated the prevalence of findings on CT due to referral patterns.

MR images of the temporal bone were also not reviewed in this

study, despite MR imaging being a frequently ordered examina-

tion to evaluate SNHL. With most patients with IAC diverticula

demonstrating SNHL, the actual prevalence of IAC diverticula

may have been higher on high-resolution MR imaging compared

with CT.

The relationship of the anterior internal auditory canal wall to

the development of a diverticulum or focal otosclerosis is unclear.

The IAC diverticulum may be occasionally present in classic oto-

sclerosis early in the disease process when other changes are too

subtle to be detected on imaging. An additional consideration is

that the IAC diverticulum represents a variant of cochlear otoscle-

rosis with the nidus for resorption of endochondral bone near the

junction of endochondral bone of the medial otic capsule and

lamellated bone of the IAC, as opposed to the more common

Table 3: Associations between IAC diverticulum or otosclerosis and hearing loss

Characteristic

IAC
Diverticulum
Only (n = 43)

Otosclerosis
Only (n = 39)

IAC Diverticulum +
Otosclerosis

(n = 7) P Value
Hearing loss (No.) (%) �.01a

None 4 (9%) 7 (18%) 1 (14%)
SNHL 27 (63%) 10 (26%) 2 (29%)

PTA (average) (range) (dB) 53.5 (10.6–120) 55.3 (16.9–115) 97.5 (94.4–100.6)
CHL (No.) (%) None 13 (33%) 1 (14%)
Mixed (No.) (%) 12 (28%) 9 (23%) 3 (43%)

Note:—PTA indicates pure tone average.
a P value was calculated for comparison of groups with the Fisher exact test.

Table 2: Demographic characteristics by the presence of IAC or otosclerosis

Characteristic
IAC Diverticulum

Only (n = 36)
Otosclerosis
Only (n = 32)

IAC Diverticulum +
Otosclerosis (n = 7) None (n = 732) P Value

Median age (range) (yr) 62 (18–91) 52 (18–91) 61 (30–70) 52 (18–96) �.01a

Sex (No.) (%) .47b

Male 15 (41.7) 9 (28.1) 3 (42.9) 316 (43.2)
Female 21 (58.3) 23 (71.9) 4 (57.1) 416 (56.8)

Temporal bone involvement (No.) (%) .02b

Unilateral 9 (20.9) 15 (38.5) 5 (71.4)
Bilateral 34 (79.1) 24 (61.5) 2 (28.6)

a P value was calculated with the Kruskal-Wallis test.
b P value was calculated with the Fisher exact test.
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location of the fissula ante fenestram. In this situation, the diver-

ticula could potentially represent advanced spongiotic bone im-

mediately adjacent to IAC CSF. Hounsfield unit values were not

measured to evaluate quantitative density due to the small size of

several of the diverticula, limiting accuracy. However, this lesion

qualitatively appeared as a low, near-CSF density notch or out-

pouching in the bone cortex. IAC diverticula are also unlikely to

be found in disease processes such as osteoporosis, Paget disease,

or osteogenesis imperfecta given their frequency as a small iso-

lated finding. It is also unlikely that an IAC diverticulum reflects a

normal anatomic variant, given its association with hearing loss

greater than expected for age. While this study cannot determine

the etiology of the diverticulum, this lesion does demonstrate a

relationship with hearing loss and, most commonly, SNHL.

The results of this study illustrate the clinical importance of

identification of IAC diverticula due their association with hear-

ing loss, and radiologists should be aware of this entity. If identi-

fied on imaging, otolaryngology consultation and audiometric

evaluation should be considered if not previously performed. IAC

diverticula can be identified not uncommonly on temporal bone

CT and should be mentioned in the radiology report, given their

association with hearing loss.

CONCLUSIONS
IAC diverticula are focal CSF attenuation outpouchings at the

anterolateral internal auditory canal, present on 5% of CT exam-

inations of the temporal bone in our study population. IAC di-

verticula are most commonly isolated findings and are associated

with a different pattern of hearing loss compared with classic find-

ings of otosclerosis. Identification of this clinically significant

finding on CT may warrant audiometric evaluation, given the

association with hearing loss, specifically SNHL.
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