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Abstract: There are several pathologies that can change the anatomy of the otic capsule and that can
distort the bone density of the bony structures of the inner ear, but otosclerosis is one of the most
frequent. Similar behavior has been shown in patients affected by osteogenesis imperfecta (Ol), a
genetic disease due to a mutation in the genes coding for type I (pro) collagen. In particular, we note
that otosclerosis and OI can lead to bone resorption creating pericochlear cavitations in contact with
the internal auditory canal (IAC). In this regard, in our experience we have collected 5 cases
presenting this characteristic and their audiological data and clinical history were analyzed. This
feature can be defined as a potential cause of a third-window effect, because it causes an energy loss
during the transmission of sound waves from the OW away from the basilar membrane.

Keywords: third window effect; otosclerosis; osteogenesis imperfecta; cavitating otosclerosis;
cavitating osteogenesis imperfecta; pseudo-CHL; internal auditory canal diverticulum; double ring
effect; cochlear implant

1. Introduction

It is well known that mixed and conductive hearing loss (MHL, CHL) can be associated not only
with middle ear disease, but also with inner ear abnormalities that constitute the “pseudo-CHL”. This
type of hearing loss (HL) is due to third window pathology. The most studied causes are the Minor
Syndrome or canal dehiscence and enlarged vestibular or cochlear aqueduct. Less information is
available about “pseudo-CHL”, which is related to bony changes in the otic capsule.

Several diseases can damage the bony integrity of the inner ear, but the most common is
probably otosclerosis. This pathology mainly affects the oval window (OW) in the early stages
resulting in fixation of the stapedial footplate (fenestral otosclerosis), but may progress to involve the
otic capsule (retrofenestral otosclerosis). The audiological finding is usually conductive hearing loss
(CHL), which may progress to mixed hearing loss (MHL) or sensorineural hearing loss (SNHL).

Another pathology with similar behaviour is osteogenesis imperfecta (OI). Ol is an inherited
disorder of connective tissue metabolism that leads to bone fragility. In most cases, Ol is caused by a
defect in the synthesis of connective tissue correlated with a heterozygous mutation in the COL1A1
or COL1A2 gene. Both genes encode for type I (pro) collagen, a protein expressed in the extracellular
matrix of bone, tendons, vessels, skin, sclerae, and blood [1]. OI patients have an increased
susceptibility to fractures, and other features included reduced body height, blue sclerae, poorly
formed dentin, Marfan-like features, and early HL [2]. A large proportion of patients develop CHL
between the second and fourth decades of life, which is associated with bony changes in the OW and
results in stapedial fixation [3].

Bone damage caused by otosclerosis has been better studied in the literature, and different
patterns of bone demineralization have been described. The Authors’ intention is to focus on the
pericochlear involvement and the extension to the anterior wall of the internal auditory canal (IAC),
forming a cavity. This specific form of advanced otosclerosis has been defined as “cavitating
otosclerosis” [4]. In these cases, the destructive capacity of the otosclerosis was able to form
permeable luminal cavities containing fluid (cerebrospinal fluid, CSF). Several authors have
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associated this finding with a third-window effect, due to energy loss during the transmission of
sound waves from the OW away from the basilar membrane [4,5].

This cavity, if particularly dilated, may communicate with the cochlear lumen, creating a direct
connection between the CSF and the endolymph. In these cases, the HL appears as a “pseudo-CHL”
for the third window effect. This aspect is an important piece of information in the management of
patients with pericochlear cavities in otosclerosis or OI.

No author has ever described this pericochlear cavity in OI, but we can assume the presence of
the third-window effect in OI because of the similarity of the radiological morphology. In this study
we want to describe patients with pericochlear cavity to analyze the audiological characteristics, the
evolution of HL, and the treatments carried out to improve HL.

2. Materials and Methods

A single-center retrospective analysis was conducted at the ENT department of “Guglielmo da
Saliceto” hospital in Piacenza, Italy. Data from patients with HL who underwent CT (computed
tomography) and MR (magnetic resonance imaging) of the temporal bone were retrospectively
analysed. All patients were followed-up at the ENT Department of the Guglielmo da Saliceto
Hospital in Piacenza.

This research was registered with the Ethics Committee of the ‘Area Vasta’ Emilia-Nord under
number 969/2022/0SS*/AUSLPC (date of approval 07/02/2023).

Patients with the following radiological changes were included in the study:

1. CT: osteorarefaction of the pericochlear area forming an ipodense cavity that communicating
with the anterior wall of the internal auditory canal (IAC). It appears to be a large IAC
diverticulum;

2. MR: a cavity with hyperintense signal, surrounding the cochlea and the IAC in a heavily T2-
weighted sequence (MR cisternography). The cavity shows the same signal on the MR
cisternography, it contains fluid with the same signal characteristics as the CSF.

We distinguished subjects with and without communication between the cavity and the bony
labyrinth of the cochlea.

In these subjects, we evaluated some aspects of their medical history to understand the
implications of these radiological findings:

—  Etiology, the disease causing the bone remodelling;

—  Age at diagnosis of HL;

- Type of HL at onset;

—  Progression of HL;

—  Stapes surgery, surgery performed/not performed and audiological outcome of the surgery.

3. Results

We found 5 patients with pericochlear cavity (3 females and 2 males). 3 patients were affected
by otosclerosis and 2 by OL. One patient with otosclerosis had this abnormality in only one ear. The
mean age at diagnosis of HL was 28 years (median 29; range 20-40 years). A progressive course of
HL was observed in all cases (Table 1). The initial presentation of HL was different in our cases: 5
ears started with MHL, 2 with CHL and 2 with SNHL.

In the following paragraph, each clinical case is presented individually.
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Patient #1, affected by OI. The patient reported that she had a fracture in in her left arm as a
child. Due to this incident and the presence of blue sclerae, she was diagnosed with OL

She noted bilateral HL since the age of 20 with progression of MHL until stapes surgery was
performed bilaterally. The right ear showed a good improvement in pure tone average (PTA) with
complete closure of the air-bone gap (ABG). There were no surgical complications on this side. In the
left ear, however, there was intraoperative bleeding during drilling of the ossified stapedial footplate,
which necessitated reoperation for persistent HL. Resulting in a second revision surgery.
Postoperative audiometric testing showed partial closure of the gap (ABG 20 dB).

Within a few years, both ears showed progression of HL with worsening of bone threshold to
SNHL bilaterally. In 2017 (27 years since diagnosis) she developed profound SNHL with left-sided
anacusis and underwent cochlear implantation in the left ear. CT and MR images show a large cavity
around the basal turn of the cochlea and massive osteorarefaction around the cochlea (‘double ring’
sign). The cavity appears to contain cerebrospinal fluid but does not communicate with the cochlear
lumen (Figures 1-2).

Figure 1. CT images of patient #1 with osteogenesis Imperfecta. A and B, right side in axial plane. C
and D, right side in coronal plane. E and F, left side in axial plane. G and H, left side in coronal plane.
A pericochlear cavity is visible in all figures;. arrows indicate its origin from the IAC. Asterisks
indicate extension of osteorarefation into the cochlea.
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Figure 2. MR image of patient #1 with osteogenesis Imperfecta. MR cisternography showing the fluid-
signal in the newlyformed cavity (white asterisk).

Patient #2, affected by OI: MHL since diagnosis: Bone threshold was similar in both ears, but
PTA was worst in the right ear with a larger ABG. HL progressed, but the difference between the two
sides was maintained. The patient was fitted with conventional hearing aids bilaterally. Stapes
surgery was not performed because of the radiological aspect (Figures 3-4): a large cavity is present

bilaterally and diffused communication between the cavity and the cochlea is evident.
5 e

Figure 3. CT images of patient #2 with osteogenesis imperfecta. A, axial plane; B, coronal plane. A
large pericochlear cavity is visible; arrows indicate its origin from the IAC, asterisks indicate the
communication of the cavities with the cochlea.
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Figure 4. MR images of patient #2 with osteogenesis imperfecta. MR cisternography: A, axial plane;
B, coronal plane. Note the fluid-signal in the newly formed cavities (white asterisk).

Patient #3, affected by otosclerosis: HL started as mild CHL, but she had a progression with a
worsening of the bone threshold, probably due to cochlear progression of the disease. Even in this
case, there was no indication for stapes surgery because of the communication between CSF and
perilymph through the cavities. The images also show a superior semicircular canal deiscence
(SSCD)on the left. CT and MR images show the bilateral cavities (Figures 5-6).
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Figure 5. CT images of patient #3 with bilateral otosclerosis and SSCD of the left ear. A and B, axial
plane; C and D, coronal plane. A cavitating osteorarefation around the cochlea is clearly visible. The
communication of the cavity with the cochlea is indicated by asterisks. The arrow indicates the
origin of the cavity from the IAC. The circle indicates the dehiscence of the SSC on the left side.

Figure 6. MR images of patient #3 with otosclerosis and SSC dehiscence on the left side. MR
cisternography: A and B, axial plane. Note the fluid-signal in the newly formed cavity (white asterisk).
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Patient #4, affected by otosclerosis: He developed mild SNHL since the age of 30 and in a few
years (12 years) he had a severe progression to anacusis. The patient underwent right cochlear
implantation with excellent results. CT and MR images show a large empty space communicating
with the cochlea bilaterally (Figures 7-8).

Figure 7. CT images of patient #4 with otosclerosis. A and B, axial plane. The cavity around the cochlea
is clearly visible as well as the communication of the cavitating osteorarefation with the
cochlea,marked with asterisks.

Figure 8. MR images of patient #4 with otosclerosis. MR cisternography, axial plane. Note the fluid
signal in the newly formed cavity (white asterisks).

Patient #5, affected by otosclerosis: She developed mild CHL on the right ear at the age of 29
and then mild CHL on the left side at the age of 36. On the right she progressed to moderate MHL,
but on the left she progressed to severe SNHL. On CT and MR images (Figures 9-10), the otosclerotic
lesions are well visible bilaterally, but only the right ear was included in the study because a cavity
around the cochlea, communicating with the perilymph, was present only on the right side. The
patient received a left cochlear implant 10 years after diagnosis.
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Figure 9. CT images of patient #5 with otosclerosis. A and B, axial plane. The cavity around the cochlea
is only visible on the right side (the asterisks indicate the contact of the osteorarefation with the
cochlea), instead there is only an otosclerotic process without cavity on the left side.

Figure 10. MR images of patient #5 with otosclerosis. MR cisternography. A and B, axial plane. Note
the presence of fluid signal in the newly formed cavity on the right side only (white asterisks). Authors
should discuss the results and how they can be interpreted from the perspective of previous studies
and of the working hypotheses. The findings and their implications should be discussed in the
broadest context possible. Future research directions may also be highlighted.

4. Discussion

Not only middle ear disease, but also pathologies related to bony changes in the otic capsule can
be associated with CHL. These include otosclerosis and osteogenesis imperfecta.

The HL associated with otosclerosis is initially, usually associated with stiffness of the stapedial
footplate, but it can progress to MHL and SNHL as the disease spreads to the otic capsule. However,
the mechanism of HL in Ol is not clear and is likely to be multifactorial. Ol may produce CHL due to
a fixed and/or thick stapes footplate and an accumulation of ossicular microfractures of unclear origin
for the increased porosity and brittleness of the OI bone. SNHL in Ol is associated with hyalinization
and atrophy of the vascular striae, hair cell atrophy, and microfractures of the otic capsule [6].
Typically, HL is conductive in younger patients and progresses to sensorineural in older individuals.


https://doi.org/10.20944/preprints202308.1727.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 August 2023 d0i:10.20944/preprints202308.1727.v1

11

MHL often begins with fenestral damage causing CHL and progresses to retrofenestral elements
causing SNHL [7-9].

Certainly, otosclerosis and OI have retrofenestral areas of bone degeneration in common. The
deformity may be very diffuse and may cause significant changes in the anatomy of the otic capsule.
In general, the damage on CT of Ol is earlier and more severe, bilateral and symmetrical. Although
the features of these two diseases are similar, histologically they differ in the bone damage:
otosclerosis is limited to the endochondral layer of the otic capsule, instead OI involves the
endosteum, the endochondral layer, and the periosteum [10,11].

A CT scan of the temporal bone can be used to assess bone loss. When the process develops
around the cochlea in patients with otosclerosis, the so-called "double ring" sign is radiologically
visible. This sign can also be seen in OI and is common (33.3%) [12,13]. Instead, the formation of an
empty cavity around the cochlea that communicates with the IAC is defined as “cavitating
otosclerosis” [4, 14-16], but this peculiarity can also be reported in patients with OL The cavity is
formed by the union of the rarefaction around the cochlea and a diverticulum of the IAC. In these
cases, MR is used to confirm the presence of CSF in the cavity.

Our hypothesis is that the CHL that most of these patients develop may also be related to a third
window effect, a defect in the bony structure of the otic capsule that locally reduces the
hydrodynamic resistance of the perilymphatic space. In fact, when the damage is located in the
anterior part of the labyrinth, patients generally develop a CHL/MHL, without vestibular symptoms
[17].

In these patients, CHL may develop not only because of the stiffness of the stapes, but also
because of the leakage of energy through this newly formed cavity. In general, the acoustic reflex in
CHL is an effective test to differentiate third window disorders from middle ear disease [18].
However, in the case of pericochlear cavitation, the stapedial stiffness and third window are likely to
coexist and therefore the acoustic reflex is likely to be absent, as in the cases reported here. Only
radiological images can help and identify these factors. To confirm the presence of a double aetiology
of CHL, other authors have studied patients with otosclerosis and concomitant third window after
stapes surgery. Ye Ji Shim et al. found that cochlear otosclerosis with cavitating lesions involving the
IAC had significantly worse postoperative audiological outcomes than those without cavitating
lesions [15]. They explain that the improvement in hearing is related to the resolution of the ossicular
chain fixation, but the residual ABG is related to the third window effect associated with the
cavitating IAC diverticulum.

Stapes surgery shows the same audiological results in patients with otosclerosis and
concomitant other types of third- window effect, such as superior semicircular canal dehiscence
(55CD) [19-22], enlarged vestibular aqueduct [20], and communication of the cochlea with the carotid
canal [23]. Similar studies have not been performed for OI with third window radiological features,
but in general it can be said that stapes surgery has a low success rate (59,1%) in the OI population
[6]. In our sample, only one patient with OI underwent bilateral stapes surgery. She had different
results on both sides despite similar radiological findings: she had an improvement on the right side,
while an ABG remained on the left side. Both ears then deteriorated over time to SNHL. Based on the
above literature, it can be hypothesised that the third window effect was already present in the left
ear at the time of stapes surgery and that the left CHL was at least in part a pseudo-CHL.

It's interesting to note that the coexistence of the IAC cavity and another type of third window
effect doesn’t seem to add up in terms of the audiological features. In fact, in patient #3, we found a
SSCD in the left ear in addition to the otosclerotic cavity, but the ABG was only 10 dB on that side
and progressed to 15 dB after 18 years (Table 1) whereas in the controlareal ear it was slightly higher
both at first detection and later (15 and 25 dB).

In our sample, ABG is present at first diagnosis in 4 out of 5 patients; only one had SNHL from
the beginning. Probably in this patient (patient #4) the otosclerosis started as a retrofenestral form
and cochlear impairment was present since the beginning. The other patients had a standard course
of the diseases, accumulating cochlear damage over time, as evidenced by the CT and MRI images.
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Given our case history and the literature on the subject, caution should be exercised in clinical
practice when performing stapes surgery. Although the possibility of good audiological results after
stapes surgery exists, the risk of partial or poor success must be considered, as only the component
of HL related to stapedial plate stiffness can be resolved.

4 out of 5 patients in our sample also have another factor against the indication for stapes
surgery: the empty space around the cochlea can grow and connect with the cochlear lumen. This
feature indicates communication between the CSF and perilymph. This is a very important aspect as
this communication could lead to intraoperative gusher at the time of stapedotomy. This is a serious
complication resulting in loss of perilymphatic fluid and CSF, which in some cases may lead to
anacusis or significant HL [24].

5. Conclusions

Osteogenesis imperfecta and otosclerosis can cause retrofenestral spread of bony rarefaction; in
rare cases these conditions can lead to the formation of cavities around the cochlea in communication
with the IAC. Sometimes the cavity communicates with the cochlear lumen. These patients develop
pseudo-CHL, and stapes surgery should be carefully considered in view of the potential limited
benefits and adverse effects.
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