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Abstract

Purpose of review—The aim of this study is to summarize current advances in research and
clinical aspects of cochlear otosclerosis.

Recent Findings—Recent studies have revealed that otosclerosis is a process of bone
remodeling that is unique to only the otic capsule. Even though no obvious bone remodeling is
seen in the otic capsule under normal conditions, remodeling starts when some molecular factors
trigger the capsule in certain patients who have genetic and/or environmental tendencies.

Summary—Caochlear otosclerosis is defined as otosclerosis located in the otic capsule involving
the cochlear endosteum and causing sensorineural hearing loss or mixed type hearing loss. It has
been clearly shown that when otosclerosis is sufficiently severe to involve the cochlear endosteum,
it usually fixes the stapes as well.
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Introduction

Otosclerosis is a progressive otic capsule disease that affects only human beings through
changes in the middle and inner ear. It can occur independently or together at the stapes
footplate, and/or the cochlear capsule.

Definition
Histologic otosclerosis is defined as an incidental finding in temporal bone autopsies;
however, when otosclerosis fixes the stapes footplate it causes conductive hearing loss and
is defined as clinical otosclerosis. On the other hand, the controversial numbers between
radiological and histological studies clearly indicate that “cochlear otosclerosis” as a
definition is not uniform. The classical description is that cochlear otosclerosis is defined as
a focus of otosclerosis located in the otic capsule involving the cochlear endosteum and
causing sensorineural hearing loss without any stapes fixation or any conductive component.
However, Schucknecht et al. [1] clearly showed that when otosclerosis is sufficiently severe
to involve the cochlear endosteum, it usually fixes the stapes as well. If the definition of
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cochlear otosclerosis is accepted as the involvement of cochlear endosteum without
associated stapes fixation, then the incidence among ears with pure progressive
sensorineural hearing loss is about 1%[1].

Cochlear otosclerosis can be classified as a mixed type or a sensorineural type according to
the clinical appearance: When there is a mixed hearing impairment, the conductive
component could be due to clinical otosclerosis where the stapes footplate is fixed with
otosclerotic involvement.

The Etiology of cochlear otosclerosis

Otosclerosis is a process of bone remodeling in the otic capsule that has a unique remodeling
process different than other parts of the body [2]. Even though little or no bone remodeling
is seen in the otic capsule under normal conditions, remodeling may start when certain
molecular factors trigger the otic capsule in patients who have genetic and/or environmental
tendencies [3].

Even though there is no special report on the genetic component in cochlear otosclerosis,
evidence supports the thesis that clinical otosclerosis has an autosomal dominant tendency
with incomplete penetrance. Even though the eight loci have been reported so far in patients
with otosclerosis, there is still uncertainty about the ratio of cochlear otosclerosis in these
groups [4-10]. In addition, the responsible disease related genes in those loci remain
unclear. Other genes that have been shown to be involved in the etiopathogenesis of
otosclerosis include COL1A1, TGFB1, BMP2, BMP4, ACE, AGT and RELN gene [11-16].

The role of measles virus has been studied by using electron microscopy,
immunohistochemistry, and reverse transcriptase polymerase chain reaction for the
amplification of the viral RNA in patients with otosclerosis [17-19]. In addition, the
presence of measles virus—specific antibodies in perilymph samples from patients with
otosclerosis has also been shown [20]. These studies show that the role of the virus in the
pathogenesis of disease should be considered, at least in some cases. Even though
otosclerosis is reported to deteriorate during periods of intense hormonal activity [21], the
association between otosclerosis and pregnancy is still disputed.

Stankovic et al. [22**] investigated the gene expression of the otic capsule and found out
that the gene profile of the otic capsule is distinctly different from that of the tibia and
parietal bone. The most characteristic genes of the otic capsule are: osteoprotegerin, bone
morphogenetic protein receptor 1b and bone morphogenetic protein 3. The authors thought
that osteoprotegerin and bone morphogenetic protein receptor 1b can play a role in
inhibition of remodeling within the otic capsule.

Histopathology

The histopathologic correlates of the sensorineural hearing loss in patients with cochlear
otosclerosis have been the topics of several studies. It has been shown that the sensorineural
hearing loss starts to appear when the otosclerotic focus reaches the cochlear endosteum
[23]. Later on, atrophy of the spiral ligament and stria vascularis, as well as the formation of
hyalinization in the spiral ligament; have been seen to be responsible for the hearing
impairment by hindering recycling ions and by reducing the endocochlear potential with
subsequent cochlear hair cell dysfunction [24] (Figure 1-2). The recent studies that explored
the functions of spiral ligament have supported the findings of histopathologic studies
performed in the temporal bones from patients with cochlear otosclerosis [25]. There is
increasing evidence that fibrocytes are very specialized cells which maintain the ionic
homeostasis of the cochlea that is necessary to function properly. However, limited number
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of studies with a small number of cases did not give sufficient explanation about the
incidence, degree, and the mechanisms of the sensorineural hearing loss found in cochlear
otosclerosis. On the other hand, Sato et al. [26*] stated that cochlear otosclerosis adjacent to
the round window caused more damage to spiral ganglion cells and outer hair cells than
cochlear otosclerosis adjacent to the oval window. On the other hand, cochlear otosclerosis
adjacent to the oval window caused more damage in the spiral ligament by ending up with a
hyalinized and atrophied spiral ligament. It has been shown that high incidence of fixation of
the head of the malleus occurs in otosclerosis.

Clinical manifestations of cochlear otosclerosis

The clinical course of the disease depends on the progression of the cochlear otosclerosis
and its otic capsule involvement. In addition to sensorineural or mixed type hearing loss,
tinnitus (common) and vertigo (less common) can also occur in patients with cochlear
otosclerosis. If there is no stapes fixation, there is expected to be a positive stapes reflex.
Linthicum [27] indicated that the presence of a small depression of the preoperative bone
conduction threshold in a patient with clinical otosclerosis shows the presence of otic
capsule involvement and the possibility of hearing deterioration in the postoperative years.
Makarem and Linthicum [28] described cavity formation in cochlear otosclerosis
surrounding the middle and apical turns of the cochlea. They thought the cavitating
otosclerosis may be a cause of “third window” lesions, and it is a potential cause for
cerebrospinal fluid (CSF) gushing and electrode misplacement during cochlear implantation.

Otosclerosis can be associated with an increased incidence of vestibular symptoms [29-31].
The otosclerotic involvement of the vestibular organs has been thought to be the cause of the
vestibular symptoms [30,32]. It has been assumed that the dizziness could be due to the
changes in the biochemical composition of the perilymph [33,34]. Vestibular symptoms
associated with otosclerosis can be recurrent, positional, or spontaneous. Benign paroxysmal
positional vertigo is seen in patients with extensive otosclerosis [35]. On the other hand,
though Hayashi et al. [36] found a significant increase in cupular deposits in otosclerosis,
they did not find any association between vestibular symptoms or endosteal involvement
and cupular deposits. The association of endolymphatic hydrops with or without vertigo and
extensive otosclerosis can occur [37]. The mechanisms suggested include physical and
physiological obstruction of the vestibular aqueduct [38], biochemical changes in the
content of the perilymph by involving the otic capsule [30], and neural damage to the
vestibular organ [39]. On the other hand, Morales-Garcia [29] indicated that vestibular
symptoms can occur without cochlear involvement as well. If there is an active otosclerosis
focus located in the promontory, there could be a reddish appearance upon examination of
the tympanic membrane that is known as Schwartze’s sign.

In the clinical diagnosis of cochlear otosclerosis, there are some criteria suggested in the
literature, such as sensorineural hearing loss with good speech discrimination [40], a family
history of otosclerosis in a patient with symmetrical sensorineural hearing loss accompanied
by stapes fixation [41], and a positive Schwartze’s sign [41]. Cause et al. [42] stated that the
sensorineural hearing loss in cochlear otosclerosis is suddenly aggravated at puberty or at
periods of endocrine activity such as pregnancy, menopause, or treatment with estrogen. The
presence of a depression in bone conduction threshold in a patient with otosclerosis may
indicate cochlear otosclerosis even if the acoustic reflex is normal [27].

Carhart [43] reported a reduction in bone conduction sensitivity with a peak at 2.000 Hz,
which is an audiological marker for otosclerosis. Tonndorf [44] indicated three pathways of
bone conduction as bone to cochlea, bone to middle ear then cochlea, and bone to external
auditory canal to middle ear and then cochlea. Because the middle ear pathway is blocked to
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a certain extent in otosclerosis due to stapedial fixation, bone conduction threshold is
elevated in some frequencies with a peak at 2.000 Hz. It is thought that the 2.000 Hz
frequency is the resonant frequency of the human ossicular chain for bone conducted
signals; therefore the effect is mostly pronounced at this frequency. Since this is not an
indicator of cochlear hair cell loss or cochlear sensitivity, it may be corrected by surgical
intervention. On the other hand, in cochlear otosclerosis, the hearing loss has a persistent
sensorineural component that is totally different from Carhart’s notch.

On computerized tomography (CT), a distinctive pericochlear hypodense double ring
appearance due to demineralization of the bone around the cochlea is seen in patients with
cochlear otosclerosis [45]. Since active otosclerosis will appear as a hypodense ring within
the otic capsule, CT of the temporal bone will only detect active otosclerosis. Even though
the temporal bone and otosclerosis is best characterized on high resolution CT, magnetic
resonance imaging (MRI) may suggest central causes in patients with sensorineural hearing
loss. MRI demonstrates a ring of intermediate signal in the pericochlear and perilabyrinthine
regions on T1 weighted images, and demonstrates mild to moderate enhancement after
gadolinium administration. MRI shows perilabyrinthine and pericochlear soft tissue with
contrast enhancement. T2 weighted images also show increased signals.

Sodium Fluoride that is very safe in therapeutic doses may be effective if there is active
otosclerosis focus. The idea came from comparable studies indicating the high incidence of
clinical otosclerosis in low-fluoride areas [46]. The mechanisms postulated regarding
fluoride’s activity included antienzymatic activity against proteolytic enzymes [41-48],
reduction of bone resorption [49], changing otospongiotic active lesions to more dense
inactive lesions [50] and an increase of new bone formation in the healing process of bone
structures.

The adverse reactions reported during fluoride treatment included synovitis, plantar faciitis,
gastrointestinal side effects such as recurrent vomiting, peptic ulcer, anemia, and increased
skeletal fragility [51,52].

The dosage can be adjusted starting with 60 mg and continuing with the maintenance dosage
of 20-25 mg if clinical proof of effectiveness of the treatment is seen [50-54]. Derks et al.
[55] found out that fluoride treatment is more effective for the higher frequencies in cases
with cochlear otosclerosis and an initial sensorineural hearing loss of less than 50dB.

Biphosphonates also have a potential use in the treatment of cochlear otosclerosis by
inhibiting the activation of osteoclasts [56]. Blookler and Tanyeri [57] reported 70%
improvement in their hearing, 54% in dizziness, and 52% in tinnitus in patients with
otosclerosis by assessing the efficacy of etidronate, a biphosphonate. Even though the
adverse effects are rare, those effects are nausea, ulcers of upper gastrointestinal tract, and
similar findings of osteomalacia due to impaired mineralization. In addition, acute renal
failure was also reported with IV infusion of etidronate in three patients with malignancies
[58].

Since patients with cochlear otosclerosis have a sensorineural hearing loss usually with
adequate speech discrimination, hearing can be amplified with hearing aids or in the case of
deafness and lack of hearing aid assistance, a cochlear implant. It has been reported that
there is a significant risk of cochlear ossification and facial nerve stimulation after cochlear
implantation in patients with cochlear otosclerosis and profound sensorineural hearing loss
[59].
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Conclusion

The fact that there are some clinical studies with imaging techniques which report patients
with a pure cochlear sensorineural type of otosclerosis, while otopathologic studies indicate
that this type of ear pathology is very rare; points to the need for more clinical control
studies in large series. In this regard, future human temporal bone studies with audiological
and clinical correlation are indispensable. Cochlear otosclerosis is defined as an otosclerosis
foci located in the otic capsule involving the cochlear endosteum and causing sensorineural
hearing loss or a mixed type of hearing loss with reasonable speech discrimination. On CT, a
distinctive pericochlear hypodense double ring appearance due to demineralization of the
bone around the cochlea is seen in patients with cochlear otosclerosis. Sodium fluoride
treatment can be tried to arrest the disease progress but amplification of hearing with hearing
aids should be considered.
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Figure 1.

a: Otosclerosis focus is involving cochlear endosteum and extending to the stapes footplate.
1b: A high magnification of the cochlear endosteum shows the hyalinization of the spiral
ligament (*); and atrophy of the stria vascularis (arrow) (H&E staining).
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Figure 2.

a: Multiple otosclerotic foci involving stapes footplate and cochlear endosteum as well as
blocking the vestibular aqueduct. 2b: a higher magnification of the rectangular area from
figure 2a shows involvement of cochlear endosteum, hyalinization of the spiral ligament,
and endolymphatic hydrops (H&E staining).
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