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Abstract:

 

Otosclerosis is a bony dyscrasia characterized by histopathological findings of os-
teoclast production. Osteoclastogenesis explains the pathogenesis of otosclerosis. Basic sci-
ence research in the experimental animal otic capsule has given insight into the process of
evolution of otosclerosis. The normal otic capsule is preserved with very little bone turnover
as a result of the production of osteoprotegerin (OPG) by the membranous inner ear that pre-
vents the activation of osteoclasts. Animals genetically unable to produce OPG demonstrated
the production of hearing loss and histopathology of the temporal bones consistent with that
seen in otosclerosis. Applying the understanding of osteoclastogenesis to the treatment of oto-
sclerosis has led to the clinical use of the class of drugs called 

 

bisphosphonates

 

. The bisphos-
phonate group of drugs specifically targets osteoclasts by reducing production of osteoclasts
and accelerating their early cell death. The rationale for use of bisphosphonates to treat the sen-
sorineural hearing loss of otosclerosis is explained, with cases that illustrate the bisphospho-
nates treatment algorithms and the response to treatment.
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tosclerosis is a bony dyscrasia of the otic cap-
sule [1,2]. In its active phase, it is character-
ized by histopathological findings of osteoclast

production. The new investigative field of osteoclasto-
genesis has evolved, explaining the pathogenesis of oto-
sclerosis [3–6]. Osteoclastogenesis explains the rationale
for the use of bisphosphonates in the treatment of oto-
sclerosis. Simple cartoons of osteoclastogenesis (the nor-
mal otic capsule, Fig. 1; otosclerosis, Fig. 2) are provided.

The normal otic capsule is preserved with very little
bone turnover and is devoid of osteoclasts as a result of
production of a cytokine osteoprotegerin (OPG) by the
membranous inner ear. OPG attaches at the receptor-
activator nuclear kappa (RANK) receptor of the macro-
phage to prevent its conversion to an osteoclast [7].

Research in animals genetically unable to produce
OPG revealed hearing loss and histopathology of the
temporal bones consistent with that seen with otosclero-
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sis [8]. The active phase of otosclerosis is character-
ized by osteoclast activation as a result of inflammation
[9–14]. Tumor necrosis factor

 

 

 

alpha (TNF-

 

�

 

), a cyto-
kine by-product of osteoclast activity, has been identi-
fied in biopsy material from stapedectomy [15]. TNF-

 

�

 

has also been identified as a factor responsible for sen-
sorineural hearing loss in experimental animals [14].
Applying the understanding of osteoclastogenesis to the
treatment of inner-ear otosclerosis has led to the clinical
utilization of the class of drugs called 

 

bisphosphonates

 

.
The bisphosphonate group of drugs specifically targets
osteoclasts by reducing production of osteoclasts and
accelerating their early cell death [3,16–20]. Before the
advent of these newer drugs, fluoride was the only med-
ical treatment for otosclerosis [21–25]. This recent basic
science research in the field of osteoclastogenesis leads
to a further understanding of the rationale for the use
of the bisphosphonate class in the medical treatment of
otosclerosis [26].

 

CASE REPORTS

 

Presented here are two cases of patients who underwent
stapedectomy. One patient underwent a successful oper-
ation but his hearing later deteriorated and, in the second

 

O
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patient, the procedure was not successful. The medical
management using bisphosphonates also is presented.

 

Patient 1

 

This man

 

 

 

presented in 1988 at age 47 with a history of
progressive hearing loss since age 15. He underwent sta-
pedectomy in the left ear at age 35, with a good result.
The right ear was operated on at age 20 and “worked like
a charm.” In the last 7 to 8 years, this patient’s hearing
has been deteriorating. The patient has a steady hissing
sound in both ears, louder on the left. He was placed on
sodium fluoride and calcium carbonate (Fig. 3). He was
lost to follow-up until 1994, when he returned. He had
remained on the sodium fluoride and calcium carbonate
in the interim. The hearing showed a drop in the left ear,
but the discrimination was similar to that in 1988. He
was placed on the early bisphosphonate etidronate along
with a supplemental calcium and vitamin D preparation
and a fluoride and calcium preparation. He was on this
regimen for approximately a year without a change in
his hearing. He returned to the sodium fluoride and cal-
cium, and the hearing remained the same, then improved

to 84% discrimination. He returned 2 years later with a
drop in discrimination in both ears and in the pure tones
in the right ear. The discrimination was 68% in the right
ear and 56% in the left ear. When on the sodium fluoride
and calcium, hearing improved in the right ear to 84%,
whereas in the left ear it dropped to 24% discrimina-
tion (Fig. 4).

The patient was placed on alendronate, and the dis-
crimination in the left ear rose to 60% (Fig. 5). He re-
mained on the alendronate, calcium with vitamin D,
and sodium fluoride. In January 2001, he was placed on
risedronate, 5 mg, to increase to eventually three times
weekly. At that visit, the hearing in the left ear had a fur-
ther air-bone gap and a discrimination score of 56%. It
was discovered clinically that the appropriate dose for
risedronate was 30 mg twice weekly, on which the pa-
tient was placed. The discrimination in the left ear grad-
ually improved so that it reached 76% in the left ear,
with a significant air-bone gap (Fig. 6).

The hearing in the right ear has remained at the same
level. The patient underwent revision stapedectomy in
the left ear in November 2003.The air-bone gap was re-
duced by 25 dB, allowing him to function better with his
hearing aid, with a speech reception threshold of 65 dB
rather than 90 dB, while the speech has remained at
72% (Fig. 7).

Figure 1. Cartoon of osteoclastogenesis in normal bone.
(M-CSF � macrophage colony–stimulating hormone; OPG �
osteoprotegerin; PTH � parathyroid hormone; RANK �
receptor-activator nuclear kappa; RANKL � RANK ligand.)
(From Steven L. Teitelbaum, Bone resorption by osteoclasts.
Science 289(5484):1504–1508, 2000. Reprinted with permis-
sion from AAAS.)

Figure 2. Cartoon of otosclerotic bone with osteoprotegerin
(OPG) blocking the receptor-activator nuclear kappa receptor.

Figure 3. Patient 1. Audiology, June 1988.
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Figure 4. Patient 1. April 1998. Figure 6. Patient 1. April 2003.Figure 5. Patient 1. January 2001.

Figure 7. Patient 1. February 2007. Figure 8. Patient 2. April 2003. Figure 9. Patient 2. July 2007.

 

Patient 2

 

A 49-year-old man presented with a hearing loss in his
right ear for more than 10 years. Nine years before, he
had obtained amplification for that ear. With time, the
hearing deteriorated further in the right ear, and deterio-
ration began to some degree in the left ear as well. Some
7 years earlier, the patient underwent a stapedectomy in
the right ear that resulted in a further decline in threshold

and in discrimination. He subsequently obtained am-
plification for his left ear. He has some intermittent tin-
nitus, predominantly in his right ear. The audiological
workup revealed a bilateral moderate to severe mixed
hearing loss, more pronounced on the right side, with
a significant reduction in speech discrimination of 44%
(Fig. 8).

The patient was placed on risedronate, 30 mg twice
weekly, along with supplemental calcium and vitamin D
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resistant to cleavage by alkaline phosphatase. Their
chemical structure causes bisphosphonates to be avidly
absorbed onto the surface of hydroxyl apatite crystals in
bone at sites of active remodeling. They inhibit the ac-
tivity of osteoclasts when they are engulfed by the osteo-
clasts during the resorption process.

The effect is to reduce the osteoclast population and
slow the production of osteoclasts. In addition, etidro-
nate has an effect of slowing osteoblastic function. Thus,
etidronate cannot be used on a continuing basis. With the
addition of a nitrogen molecule, the subsequent genera-
tion of bisphosphonates more strongly targeted the os-
teoclasts, sparing the osteoblasts, and could be used on a
continuing basis. Clinical experience has revealed rise-
dronate to be the more effective of the oral amine bis-
phosphonates, but the required effective dose for treating
otosclerosis is almost twice the dose used for osteoporo-
sis. This higher dose of bisphosphonates is supported by
the findings that the normal otic capsule is devoid of
osteoclasts as opposed to the bone subjected to osteo-
porosis. By chance, the addition of the alternate use of
an amine bisphosphonate (risedronate) and a non-amine
bisphosphonate (etidronate) appears to exert a maximum
effect on inner-ear function.

The bisphosphonate effect is presumably due to de-
crease of the by-products of bone breakdown that are
able to diffuse from the otic capsule through the same
channels that allow OPG to gain access from the peri-
lymph. At least one of the products of osteoclast activity
is TNF-

 

�

 

. There may be other cytokines produced by
osteoclastogenesis that are toxic to the inner ear, pre-
sumably the hair cells. By cutting down or eliminating
these by-products through the use of bisphosphonates,
the effect may be reversed, as was seen in the two case
reports presented.

and sodium monofluorophosphate and calcium. His hear-
ing remained nearly level for a year. A year later, eti-
dronate (another bisphosphonate) was added alternately
with the risedronate. With subsequent visits, speech dis-
crimination showed progressive improvement to the 68%
level, where it has remained. The patient was well aware
of his improved ability to communicate with binaural
amplification. He especially volunteered that he was able
to hear much better in meetings (Fig. 9).

 

DISCUSSION

 

Otosclerosis is a bony dyscrasia of the otic capsule char-
acterized in its active phase by the presence of osteo-
clasts. The normal otic capsule is devoid of osteoclasts.
This normal otic capsule is achieved by a membranous
labyrinth that produces OPG, which diffuses through
unobstructed channels that have been identified as con-
necting the perilymph space into the otic capsule [7].
Otosclerosis is triggered by some form of inflammation:
The most common inflammation refers to the measles
virus. Evidence of both measles RNA and TNF-

 

�

 

 have
been found in specimens obtained at stapedectomy [11,
13,14].

RANK ligand is a TNF-

 

�

 

 cytokine associated with
activation of macrophages to become osteoclasts by at-
taching at the RANK receptor of the macrophage. Ex-
perimental animals that are genetically bred to produce
no OPG are shown to develop hearing loss by electrodi-
agnostic testing and histopathological evidence similar
to human otosclerosis [8]. Also possible is that an in-
flammatory insult to the membranous labyrinth could
result in completely or partially reduced production of
OPG, also leading to unopposed stimulation of osteo-
clast production. TNF-

 

�

 

 is a cytokine produced by os-
teoclast breakdown of bone and has been identified as a
factor responsible for sensorineural hearing loss in ani-
mals with experimentally produced pneumococcal men-
ingitis [15]. Infusing a TNF-

 

�

 

 neutralizing agent before
inducing the meningitis prevented the meningitis-induced
sensorineural hearing loss in these animals. The same
channels through which the OPG can diffuse to the otic
capsule provide an unobstructed route by which TNF-

 

�

 

can enter the perilymph [7]. TNF-

 

�

 

 in the perilymph is
presumably toxic to the hair cells producing the symp-
toms identified.

The bisphosphonates (Fig. 10) are a class of drugs,
the first of which was discovered by researchers look-
ing for a new detergent. Etidronate was discovered to
have an effect on osteoclasts; it is termed 

 

antiresorptive

 

in the sense that osteoclasts are targeted. Bisphospho-
nates are analogs of pyrophosphates that have a common
phosphorus-carbon-phosphorus chain, rendering them
impervious to breakdown by pyrophosphates. They are

Figure 10. Bisphosphonate tree. (Reproduced courtesy of
Procter & Gamble.)
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SUMMARY

 

The normal otic capsule is devoid of osteoclasts. This
state is accomplished by the inner-ear production of
OPG. Otosclerosis is an osteoclast-driven disorder of
the otic capsule. Stapedectomy may alleviate the con-
ductive component of the otosclerosis, whereas the otic
capsular otosclerosis may progress to produce a sensori-
neural hearing loss.

Osteoclastogenesis (osteoclast formation) has an
inflammatory trigger and produces inflammatory by-
products of the breakdown of bone. There are channels
connecting the otic capsule bone with the perilymphatic
fluid space of the inner ear through which OPG diffuses
to the otic capsular bone and through which inflam-
matory by-products from the breakdown of bone can
enter the perilymph. These inflammatory by-products are
toxic to hair cells.

The bisphosphonate class of drugs targets the osteo-
clasts by reducing osteoclast production and accelerat-
ing osteoclast apoptosis. Reducing osteoclast activity
results in less diffusion of the by-products of osteoclast
activity to effect hair cell function.

Improved auditory function is evidenced in the two
patients described in this article, who had improved
bone lines or speech discrimination or both. Bisphos-
phonates should be considered as a treatment to salvage
sensorineural hearing loss occurring after stapedectomy
surgery or in association with conductive hearing loss.
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