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INTRODUCTION: Electromagnetic middle ear implants which had been

originally used in patients with high frequency hearing losses with normal

middle ear conductive mechanism, recently were begun to be used on

patients with defective or absent ossicles. Round window application of

transducer of electromagnetic implant, first used by Colletti seems to be

promising in such patients. 

OBJECTIVES: In this study indications and a modified technique of round

window attachment of an electromagnetic implant (Vibrant Sound Bridge)

are presented, and results obtained on 5 patients are discussed. 

MATERIALS AND METHODS: All patients had been implanted at Izmir

Teaching and Research Hospital on 2007 - 2008. All cases were formerly

operated in various centers because of cholesteatoma and all but one

found to be free of residual or recurrent cholesteatoma during surgery. In

all cases floating mass transducer has been applied onto the round

window membrane in a perichondrial envelope. Patients were switched

on 4-6 weeks after surgery.

RESULTS: Pre-op AC levels were between 65-85 db (median 69.3) and BC

levels were between 10.1-60db (median 33.7). SDS scores were between

46-95 % (median 77.3) In all patients we have not seen any detoriation in

these values after surgery. After switch on hearing thresholds with implant

were elevated near to BC levels. SDS scores were considerably better in

all patients (median 83) after surgery.
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Satisfactory hearing is only possible if the adequate

amount of sound energy vibrates cochlear fluids and

these vibrations excite the auditory neurons. Any

problem which prevents sound energy to reach the inner

ear fluids leads to a conductive deafness. Although

various surgical techniques have been described in

order to overcome problems of conductive mechanism,

there remains a group of patients who can not benefit

from middle ear surgery. In these patients hearing aids

may be a solution.[1] But a specific group of patients,

namely patients with radical cavities have problems

with hearing aids. Occlusion of ear canal leads to cavity

problems, loss of acoustic energy within cavity causes

feedback and inadequate gain and sound quality is far

from being normal. Moreover the primary pathologies

which leads to destruction of conductive mechanism

may give harm to inner ear, i.e. in most of these patients

a cochlear component can be seen at least in high

frequencies. Most hearing aids do not cover the high

frequencies. All these factors make the patients with

radical cavities very bad hearing aid users.[1,2]

Implantable hearing aids or active middle ear implants

are popularized at last decade.[3,4] Currently there are two

group of implantable hearing aids; piezoelectric devices

and electromagnetic devices. Patient selection is

important and each device may have specific

indications.[3,4,5,6,7] Vibrant Sound Bridge(VSB) which is

an electromagnetic implantable hearing aid is the only

device commercially available in Turkey. It is mainly

used in patients with high frequency hearing losses.

Classically the transducer of the VSB is clipped to the

long process of the incus. [8,9] Although outcome is

satisfactory in selected patients relatively high costs and

limited indications prevents its widespread usage.[8,10]

Sono inversion is not a new concept. First by Holmgren,

later by Sourdille and Lempert, fenestration of lateral

semisircular canal was used in otosclerosis.[11] Colletti in

2005 have first used the transducer of Vibrant Sound

Bridge onto the round window. Since this time round

window application of implantable hearing aids have

gained interest.[12]

In this study small modifications in application of

vibrant sound bridge(VSB) would be presented

stressing important points in surgery and results

obtained at 5 patients who were implanted at Izmir

Teaching and Research Hospital CI Center will be

discussed.

MATERIAL AND METHODS

Patients were aged between 23 and 58 years. One
was a female and the rest were male.

All patients but one had radical cavities in both
ears. One patient had open cavity tympanoplasty type
3 in one ear and radical cavity in the other, the
constructed tympanic membrane was immobile and he
had a severe mixt hearing loss.

All patients were bad hearing aid users for years
mainly because of cavity problems and inadequate
gain. All were enthusiastic about a better solution for
their hearings.

In all patients VSB was applied onto the round
window.

In all patients devices have switched on 4-6 weeks
after operation.

All patients but one were followed up with tonal
and speech audiometry on monthly basis. Patient 5
although  had regularly come to follow up visits
refused detailed audiological tests after second month.

Audiological  results at 8 months after operation in
four patients and 2 months after in one patient were
evaluated for the study.

Surgical Technique

The important steps of the surgical tecnique is as
follows :

a) A postauricular insicion is used in order to reach
the cavity.  Cavity is entered from behind relatively
high enough in order to protect the epithelial lining of
the cavity from excessive tension.

b) Epithelial lining of  the cavity is gently elevated
caring not to tear it.
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c) Promontorium and round window niche is
visualized. Some bone drilling may be necessary to
reach to the round window.

d) Posterior lip of round window niche is drilled
with a diamond burr, caring not to touch the round
window membrane.

e) A bed for VSB is created on the temporalis
squama and implant body is fixed to the bed with
nylon sutures.

f) A rectangular piece of tragal perichondrium is
laid onto the round window membrane. (Fig.1)

Figure-1

g) Clips of the VSB transducer (Floating Mass
Transducer=FMT) is cut.

h) FMT is placed perpendicular to round window
membrane.

i) Small pieces of perichondrium used in order to
wrap the FMT.(Fig.2)

Figure-2

j) Electrode carrier is covered with bone dust,
perichondrium and cartilage. Some fibrin glue is used
for fixation.

RESULTS

Case 1

Case2



Case 3

Case4

Case 5

On audiograms 1, 2, 3, 4, 5 hearing results of the
patients can be seen. In all patients we have not seen
any detoriation of the hearing after surgery. Hearing
levels with implants elevated near to BC levels. In
patients 3,4 some over correction could be obtained in
some frequencies. In all patients hearing with VSB
were better than hearing with conventional aids. In
speech tests both in monosyllables and sentences
marked benefit was obvious. For patient 5 all speech
tests could not be completed because of patients
resistance to the tests which were considered boring
and time consuming by him. All patients have been
wearing their devices full day regularly. We have not
seen any complication on these patients.

DISCUSSION

Hearing is only possible with the vibration of
cochlear fluids. In patients whose air conduction
mechanism was destroyed either because of disease or
previous surgeries sound energy can not reach
adequately to the oval window. Although many
tympanoplasty methods have been described there still
remains a special group of patient who does not benefit
these techniques.

Despite an intact tympanic membrane and a good
ossiculoplasty a patient can not hear properly because
of immobilization of reconstructed system due to
fibrosis. Multiple surgeries which are sometimes
necessary to eradicate the pathologic tissues can
enhance unsatisfactory hearing results. Moreover in
some patients there can be a cochlear component of
hearing loss which can not be corrected by middle ear
surgeries.

Ear level hearing aids or bone conducting devices
may be a solution for these patients but patients who
have radical cavities generally have difficulties with
the conventional hearing aids. Apart from rise of
cavity infections due to occlusion of the ear canal
acoustical problems can occur such as inadequate
amplification, unnatural sound quality and feedback. It
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may be difficult to satisfy such a patient with 
any device and some of them wear their aids
occasionally [2].

Bone anchored hearing aids(BAHA) can restore the
hearing deficit of patients with conductive
deafness[13].It seems very suitable to patients with
radical cavities but disadvantage of having an
abutment which penetrates the skin may cause
considerable hesitancy among these patients.[14]

Moreover sensorineural component can not be
corrected with BAHA in every instance.

Implantable hearing aids which are originally
developed for the patients with sensorineural hearing
losses seems to be beneficial in patients with
conductive or mixed type deafness using special
techniques. Stimulation of cochlear fluids via round
window, sonoinversion is not a new  concept. Sourdille
first have got successful results with fenestration of
lateral semicircular canal in patients with stapedial
ankylosis.[11]

Active middle ear implants seems to give
promising results when they are used onto the round
window. Colletti who has first used VSB onto the
round window reported excellent results. He has used
the method on patients who had had several
unsuccessful middle ear surgeries. In all cases he could
reach to better hearing levels with implants than aided
conditions.[12] Kiefer implanted an ear atresia patient
combining the method with reconstruction of the
auricle.[15] Other middle ear implants have also been
used onto the round window with success in atresia
patients.[16]

Among these five patients we have not seen any
complications but our experience from cochlear
implant patients with radical cavities shows that if the
position of the implant body and the electrode array is
not correctly tailored electrode array can disrupt the
epithelial lining of the cavity and can cause serious
problems [17,18].One can claim that blind-sac closure of
the external auditory canal(EAC) may be more suitable
in such patients [19].Although this method seems to be
safer it is not possible to close the external auditory

canal in all cases because of very wide meatoplasties.
All our cases had very wide meatoplasties so that we
preferred to leave the EAC open.

Hearing gain obtained with the VSB onto the round
window seems to give satisfactory results even better
than the best aided conditions. At least in four patients’
speech tests point out that patients get considerable
benefit from implantation. All patients have reported
that sound quality is much more better than any
hearing  aid which they have ever tried. Elimination of
cavity occlusion is another advantage of the technique.
Electromagnetic middle ear implants may be a remedy
for the patients who already had lost the conductive
system.

CONCLUSION

Patients with radical cavities in both ears can
benefit from electromagnetic middle ear implants.
(VSB) Surgery needs some skill and when technical
steps carefully applied,round window application of
FMT seems not to be hazardous to the residual hearing
of the patients. Hearing gains are better than
conventional hearing aids. Despite relatively high
prices active electromagnetic middle ear implants will
play an important role in the rehabilitation of selected
patients with conductive and mixed hearing losses.
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