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Bone conduction implants transfer sound to the inner ear through direct vibration of
the skull. In patients with skull base tumors and infections, these devices can bypass a
dysfunctional ear canal and/or middle ear. Though not all skull base surgery patients

implant opt for bone conduction hearing rehabilitation, a variety of these devices have been

= skull base surgery

developed and marketed over time. This article reviews the evolution and existing state

= single-sided deafness  of bone conduction technology.

Introduction

The ability to transfer sound energy through bone can
provide an important means of hearing rehabilitation for
patients with skull base tumors. Bone conduction directly
and efficiently stimulates the cochlea, obviating the need
for an ear canal, tympanic membrane and ossicles (~Fig. 1).
Furthermore, the relative lack of impedance that exists
when transmitting a sound signal through the skull can
allow for contralateral cochlear stimulation in patients with
unilateral deafness (single-sided deafness, SSD; =Fig. 2).
Thus, bone conduction hearing systems or bone conduction
implants (BCIs) can potentially be useful for patients with
skull base disease who have conductive hearing loss (CHL),
sensorineural hearing loss (SNHL), and both simultaneously
(mixed hearing loss, MHL). This article is an overview of
technical aspects, indications for use and published out-
comes of BCI systems available to patients with lateral skull
base disease.

History and Mechanism of Bone Conduction
Hearing

The notion of bone conduction hearing was evident at least as
early as the Italian renaissance period. “Ingrassia’s Phenom-
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enon,” named after anatomist Felippo Ingrassia (1510-1580
AD), described the perception of sound when a vibrating table
fork was placed onto the teeth.! Over the time, a variety of
physicians and musicians contributed to the development of
the so-called “tuning fork,” which along with the pocket watch,
utilized principles of bone conduction for diagnostic purposes
around the turn of the 20th century.! Concurrently, the
therapeutic nature of bone conduction hearing also became
more widely evident and devices such as the Dentaphone,
Osteophone, and Audiphone emerged.

Contemporary bone conduction devices used for auditory
rehabilitation still follow the same general principal that
inner ear stimulation can be achieved by transferring sound
energy directly into the bone of the skull; however, more
sophisticated technology and theories of osseointegration, a
phenomenon that describes the actual incorporation of the
implant into the surrounding bone, have allowed devices to
become considerably less conspicuous and more effective. In
the 1980s, Brdnemark and colleagues described surgical
techniques that would allow a BCI to be firmly rooted into
the skull, able to withstand the vibration associated with
sound conduction.>* Modern BCIs generally involve the
placement of an implant which is coupled to an abutment
or a magnet that directly communicates with a sound
processor either through a percutaneous (i.e., post going
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Fig. 1 Clinical photograph of an ear canal overclosure following a
transtemporal approach to the skull base.

Fig. 2 Axial computed tomography (CT) image demonstrating the post-
operative appearance of a right transotic approach to an intracranial tumor.
In this case, the ear canal has been obliterated and overclosed. The arrow
points to the bone of the vertical fallopian canal.

directly through the skin) or a transcutaneous (i.e., magnetic
connection between the skin and bone without a direct
physical connection) mechanism (=Fig. 3).

General Surgical Technique

Bone conduction implant surgery has evolved significantly
over time. Conceptually, BCI use relies on two fundamental
concepts: an external hearing aid processor captures and
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amplifies the vibrations of sound energy, and an implant
that is firmly rooted to the skull transfers these vibrations to
the cochlea. Thus, BCI surgery, in theory, must simply involve
an implant, that is, both able to osseointegrate with the skull
and also communicate with an external device. However, the
reality of either maintaining a permanent, percutaneous for-
eign body (percutaneous BCI), or stimulating a completely
implanted device through intact skin (transcutaneous BCI) is
more complex. Initially, all devices were percutaneous, and
procedures were planned in two stages to maximize the
probability of implant osseointegration and minimize soft
tissue reactions to the implant.>” For a period of time in the
history of percutaneous BClIs, skin graft placement and one-
stage surgery was felt to provide a balance between osseo-
integration, skin thinning, surrounding soft tissue viability,
and inflammation.® However, it became recognized that smal-
ler incisions and less soft tissue manipulation could be effective
in conjunction with long percutaneous abutments attached to
the actual implant.”® In contemporary BCI surgery, each
specific device has distinct procedural nuances but in all cases,
minimizing trauma and invasiveness is preferred where
possible.

When a percutaneous device is placed, the incision can be
designed as either a 1 to 1.5 cm vertical line or a 5 mm
diameter punch biopsy circle. Generally, it is the authors’
preference that the surgical site to be centered at the same
approximate height as the superior aspect of the auricle,
approximately 5.5 cm in linear distance from the ear canal.
Hair is removed from the immediate surgical site only. A
small gauge needle is placed through the soft tissue of the
planned implant site, down to the bony cortex. The depth of
the soft tissue is measured by grasping the needle at the
point of entry to the skin with care to not compress the skin
which could result in an inappropriately sized abutment.
Three millimeters are added onto this measurement and the
resulting number is considered to be the preferred abutment
size. In the case that the latter value does not match one of
the manufactured abutment lengths, rounding up to the
next-nearest size is recommended. Thereafter, local anes-
thetic is injected into the surgical site. The incision is carried
down to bone and the periosteum is elevated away from the
location planned for the implant. After hemostasis is
achieved, depth gauging drill bits are used sequentially to
ensure that appropriate bone thickness is present in the site
intended for the BCI. Once the appropriate depth of the
implant has been determined, a countersink drill bit is
used to create a well for the implant. Subsequently, the
implant is threaded into this location, preferably with a drill
that has the capacity to apply force in a controlled manner
(i.e., 30-40 N/cm). If the implant does not have a precoupled
abutment in place, the abutment can be placed separately
onto the implant. The soft tissue around the abutment is then
closed in a multilayer fashion. Alternatively, the implant can
be offset within the surgical site which can then be closed in
its entirety and a punch biopsy tool can be used to remove
the skin over the abutment outside.? As noted above, a form
of percutaneous placement of the abutment in whicha 5 mm
punch biopsy replaces an open incision has recently gained
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Fig. 3 (A) Percutaneous bone conduction and (B) transcutaneous bone conduction. Images provided courtesy of Cochlear Americas, 2014

Cochlear Americas.

interest among some surgeons. When compared with tradi-
tional techniques, this form of surgery has been shown to
improve periincisional numbness, cosmetic results, and
operative time.'%"!

In the case of a transcutaneous BCI, incisions are usually
larger to account for the increased size of the implant
(=Fig. 4). Though the procedure for placement can vary
depending on the device manufacturer, generally, a subcu-
taneous pocket is created to house the device and a periosteal
incision is used to expose the cortex. The device is then
fastened to the cortex in either a piecemeal fashion (i.e.,
implant first and magnet second), or the entire device is
placed at one time and locked into place with multiple self-
drilling, self-tapping screws. Thinning the skin flap over the
device is required in some cases to optimize the transcuta-
neous mechanism and surgical site closure is performed in a
multilayer fashion.

Indications and Contraindications

Indications

Most bone conduction implants have been approved by the
United States Food and Drug Administration (FDA) for use in
individuals older than 5 years of age with CHL, MHL, and SSD
who cannot benefit from traditional hearing aid amplifica-
tion (=Fig. 5). As discussed below, the MED-EL Bonebridge is
approved for use in patients age 12 years and older. In a skull
base surgery clinic, candidates for a BCI generally present
with hearing loss despite multiple corrective surgeries, with-
out favorable anatomy for a repair, with ear canal stenosis,
with radical mastoid cavities, or with ear canal overclosure
following a skull base surgical approach.’>'3 In most cases,
candidates are able to simulate the effectiveness of a bone

conduction hearing aid prior to surgery by utilizing a bone
conduction device held in place with a headband.

Fig. 4 (A) Preoperative, (B) intraoperative, and (C) postoperative appearance of a transcutaneous BCl surgical site. BCl, bone conduction

implants.
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Fig. 5 Audiogram examples of (A) right conductive hearing loss,
(B) right mixed hearing loss, and (C) left single-sided deafness.

As previously mentioned, the advantage of the BCI in
these populations lies in the ability of the technology to
bypass the conductive element of the hearing loss and to
provide high fidelity sound quality by direct stimulation of
the ipsilateral cochlea, thereby restoring binaural hearing.
Additionally, individuals with SSD can also be BCI candidates
if traditional air conduction amplification or contralateral
routing of sound (CROS) hearing aids are ineffective.>~'7 In
this population, the sound signal is transmitted to the
contralateral, functional cochlea, though it is noteworthy
that this mechanism does not recreate binaural hearing.

Specific Audiologic Criteria: Conductive Hearing Loss

Candidates with CHL can generally benefit from a BCI system.
Specifically, patients with a CHL consisting of air conduction
thresholds that are greater than 30 dB HL are shown to have
better outcomes with the use of a BCI when compared with
traditional hearing aids."*'® Clinicians should consider bilat-
eral BCI placement if the CHL is symmetrical and the interaural
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difference is less than 15 dB. Furthermore, more favorable
benefit for spatial perception (localization) and release of
masking has been shown with bilateral BCI use in the setting
of CHL as compared with unilateral use.'®'® The most common
conditions resulting in unilateral CHL in patients with skull
base disease include lateral temporal bone resection for cuta-
neous malignancy involving the ear canal or periauricular area,
or subtotal petrosectomy with ear canal closure commonly
performed for large jugular paraganglioma resections or
refractory cerebrospinal fluid leak.

Specific Audiologic Criteria: Mixed Hearing Loss

Patients with MHL may potentially benefit from a BCI system.
Presently, the most powerful BCI on the market can be fit on
patients with a SNHL pure tone average (PTA) of up to 65 dB HL
(averaged across 0.5, 1, 2, and 3 kHz). However, various
manufacturer technologies have individual limits on power
output; therefore, accurate assessment of the sensorineural
component of the hearing loss is necessary for proper selection
of the sound processor and implant (percutaneous versus
transcutaneous). Typically, candidates with a mild-to-moder-
ate SNHL and with > 30 dB CHL can benefit from the use of a
BCI system.

Specific Audiologic Criteria: Single Sided Deafness

Bone conduction hearing systems can be used for patients
with SSD when air conduction thresholds are within the
normal hearing range (> 20 dB HL) in the contralateral ear.

Contraindications
The clearest contraindications for a bone conduction hearing
system are evident in patients who do not satisfy the audio-
logic criteria for a specific device. Also, as noted above, age-
based contraindications are present for most devices in the
pediatric population, predicated on the notion that bone may
lack sufficient structural integrity and thickness for proper
BCI placement before a certain age. With most manufac-
turers, a bone conduction device can be attached to a head-
band when a candidate patient is too young, essentially
leading to transcutaneous stimulation though the scalp.
However, implantation with traditional percutaneous
devices has been studied prior to age 5 years using additional
sites of implant fixation, or using a staged surgical approach
allowing for an extended length of osseointegration time to
account for potentially decreased implant stability.°

Other potential contraindications are worth considering
in the candidate population. Patients may have suboptimal
performance or outright failure with a BCI in the setting of
poor bone or soft tissue quality in the surgical site.* As such,
patients diagnosed with intrinsic bone abnormalities (i.e.,
osteogenesis imperfecta, Paget’s disease, severe osteoporo-
sis, or osteopenia) or those with medical comorbidities that
would affect bone and soft tissue (i.e., external beam radia-
tion, smoking, and chronic corticosteroid use) should be
thoroughly counseled regarding the possibility of bone or
soft tissue problems that could occur with a BCI. Recipients
with altered bone density or quality may require alteration of
standard implantation procedure, such as constant cooling

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



irrigation during drilling to minimize thermal injury and
limited torque to avoid stripping the implant.21 Shorter
abutments can also be used in this population to potentially
reduce protrusion from the scalp, thus minimizing the risk of
impact trauma. As above, staged placement of the abutment
and allowance for extra osseointegration time (beyond 3
months) can also be used to mitigate the impact of sub-
optimal bone and soft tissue quality.2%22

Other medical conditions that may become problematic
include keloid and hypertrophic scar tendencies, or immune
deficiencies in which soft tissue infections are probable.'*
The ability to provide hygiene to an abutment site can also be
important, as a relative contraindication exists in patients
who lack the personal ability or caregiver support to care for
the device on a daily basis.'>'”?3> The need for future
magnetic resonance imaging (MRI) studies can also be a
relative contraindication to a ferromagnetic transcutaneous
system, as is discussed in more detail below.?*

Current BCl Processor Systems|
Manufacturers

Multiple FDA approved BCI systems are available for use in
the United States: the Cochlear Baha 5 Implant System, the
Oticon Medical Ponto 3 System, and the Medtronic Sophono
Bone Conduction Hearing System. A fourth system, the MED-
EL Bonebridge, was recently granted de novo FDA clearance
in July 2018. These devices will be briefly reviewed below,
and further information can be found in ~Table 1.

Cochlear Baha Implant System

Cochlear’scurrent systems provide three sound processor
options, Baha 5, Baha 5 Power, and the Baha 5 SuperPower,
which are available for use with the Cochlear Baha magnetic
implants (transcutaneous) and Dermalock abutments (percu-
taneous; BIA400; ~Fig. 6). All three sound processors are
available for use with a percutaneous abutment system,
transcutaneous magnetic system, a soft elastic headband,
and a steel spring behind the headband. The portfolio of sound
processors can use bluetooth smart technology and can sup-
port direct streaming to the sound processors for audio and
data. All sound processors are compatible with a smartphone
app which allows patients to control their sound processors.
Accessories including a remote control, TV streaming device,
microphone, and phone pairing device are available using
2.4 GHz wireless signal technology. The devices are compati-
ble with standard frequency modulation (FM) systems and
wireless assistive listening device (ALD) systems with the use
of a receiver connected to the mini microphone accessory.?>2®

Medtronic Sophono Bone Conduction Hearing System
Medtronic offers the Sophono Alpha 2 MPO Processor, which
is compatible with the low profile Sophono Magnetic
Implant (=~Fig. 7). This system uses a retention dual magnet
implant that is fixated to the temporal bone using five
titanium screws and an externally worn sound processor
that couples to the implant using magnetic force. Audio
transmission through the Sophono processor is possible

Table 1 A comparison of bone conduction implant systems
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Fig. 6 (A) Cochlear Baha Connect (percutaneous) and (B) Baha
Attract (transcutaneous) implants. Images provided courtesy of
Cochlear Americas, 2014 Cochlear Americas.

Fig. 7 The Medronic Sophono implant (solid arrow) and audio
processor (dashed arrow). Image provided courtesy of Medtronic PLC.

using a direct audio input with a standard earplug. The
Sophono Alpha MPO processor uses dual microphones
with Omni and directional abilities, and accessories permit
use with mobile phones, standard FM systems, and personal
music devices.?’

Oticon Medical Ponto System

The Oticon Medical BCI system is the Ponto 3 sound proces-
sor family, consisting of the single unit Ponto 3, Ponto 3
Power and Ponto 3 SuperPower (=Fig. 8). All three sound
processors utilize a percutaneous abutment. Device control
and audio streaming are possible using the Oticon Medical
Streamer to connect any of the Ponto family sound proces-
sors with the Oticon Medical ConnectLine App available for
certain smartphones. The system uses direct sound trans-
mission and signal procession with a 6 ms delay.?®

MED-EL Bonebridge System
The MED-EL Bonebridge implant was recently granted de novo

clearance by the FDA for patients who are 12 years of age or

Journal of Neurological Surgery—Part B Vol. 80 No. B2/2019

Fig.8 (A) Oticon Ponto implant system components and (B) a clinical
picture of the device in use. Images provided courtesy of Oticon
Medical AB.

older (~Fig. 9). The Bonebridge is completely implantable and
works via transcutaneous conduction of sound energy. How-
ever, distinct from other transcutaneous devices, the Bone-
bridge involves active bone conduction by using a demodulator
to drive a floating mass transducer. Recent publications would
suggest that this device is safe and well tolerated, and compared
with passive transcutaneous BCls, hearing outcomes are poten-
tially better. Further research will be needed to establish the
role of the Bonebridge in hearing rehabilitation surgery for skull
base surgery patient, though initial clinical results are
promising.zg’30

Nonimplantable Bone Conduction Devices

Conventional, nonimplantable bone conduction devices worn
on a steel spring headband, soft headband, or attached to
spectacles have been available for use since the beginning of
the 20th century.'” Today, similar concepts remain a valuable
part of bone conduction hearing aid technology, especially in
children who do not qualify for candidacy for a percutaneous
or transcutaneous BCI due to their alge.31 Similar to transcu-
taneous BCIs, one major drawback to bone conduction hearing
without an implant is the high amount of static pressure
required for adequate transmission of sound which can be
causing skin compression and discomfort. Also, it has pre-
viously been suggested that functional gain measures of
hearing sensitivity using a bone conduction device on a soft
headband or steel spring headband can be associated with a
decrease in thresholds of 8 to 20 dB in the high-frequency
range (1-4 kHz).3? Frequent feedback due to microphone
placement are is also cited as an issue.'” Recently approved
by the FDA, the MED-EL ADHEAR device (~Fig. 10) is a new
addition to the realm of nonimplantable devices that can
reportedly facilitate bone conduction without the potential
discomfort of static pressure, though more evidence will be
needed to establish the role of this device in clinical practice.>

Outcome Considerations

Comparing Transcutaneous and Percutaneous Devices
Percutaneous BCIs are generally accepted as the traditional gold
standard for bone conduction hearing rehabilitation in patients
with CHL.!3:1>34 Compared with transcutaneous devices, some
advantages to percutaneous bone conduction systems are a
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Fig. 9 The MED-EL Bonebridge implant. (A) Profile of the implant and of the (B) Samba audio processor. (C) Illustration of the Bonebridge

placement in vivo. Images provided courtesy of MED-EL GmbH.

i

Fig. 10 The MED-EL ADHEAR system. (A) The adhesive adapter (solid arrow) and the audio processor (dashed arrow) and (B) a clinical picture of

the device in use. Images provided courtesy of MED-EL GmbH.

shorter, less invasive surgical procedure, significant improve-
ment in speech reception thresholds (SRT), and superior ampli-
fication in the higher frequencies, resulting in an improvement
in functional gain thresholds of 5 to 10 dB with the most
substantial increase at 4,000 Hz (4.5 dB).'*> Specifically in
patients with MHL and a more severe SNHL, the percutaneous
implant may be more appropriate to overcome the soft tissue
attenuation, particularly in the high frequencies.'®”

There are disadvantages to the percutaneous systems,
which are largely consist of cosmetic concerns and skin
complications around the implant, which can include skin
overgrowth, chronic wound infection, implant extrusion,
and loss due to trauma. Most of the literature on this subject
has identified soft tissue reactions to the protruding tita-
nium skin-piercing coupler to be the most common compli-
cation of a percutaneous BCL'>'>17:3% Children are
particularly susceptible, with research showing that those
who receive percutaneous implants are more likely to suffer
skin complications (7.8%) and trauma to the implant result-
ing in device removal (15.2%) when compared with the adult
population.’>34

Transcutaneous bone conduction hearing systems are an
alternative to the traditional percutaneous devices. Benefits of
the transcutaneous implant include less required care and
maintenance of the surrounding hair and skin tissue, improved
cosmesis, a reduced need for daily cleaning and maintenance,
and reportedly lower revision surgery rates.'>?33°737 Most
notably, a significant percentage of patients who fall within
candidacy guidelines for a BCI system may reject the skin-
piercing abutment for aesthetic reasons.'>'>233% A review of
the published outcomes from transcutaneous BCI system use
shows the devices to be generally safe and effective. Along with
some functional improvements that are comparable to percu-
taneous devices, there is a relatively low rate of fixture loss and
high rates of patient satisfaction.?*-3>36

However, the potential benefits of the transcutaneous BCls
also come with obvious costs. Two noteworthy concerns are
that these devices are generally less efficient due to the
complexity of sound transmission through an intact skin layer
when compared with direct bone conduction transmission,
and that sound processors associated with these devices need
to maintain significant pressure on the underlying soft tissue
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for effective coupling. With regard to the former, transcuta-
neous BCI systems provide adequate functional gain at all
frequencies up to 3,000 Hz.?> However, there is significant
attenuation beyond that point. With regard to the second
challenge, the coupling strength required for proper sound
transmission through the implant may cause discomfort or
skin/soft tissue complications.’>?33® The magnet strength
should provide reliable retention of the sound processor but
clinicians should exercise care when selecting magnet
strength and fitting the magnetic sound processor to the
implant to reduce discomfort for patients. A multicenter retro-
spective study revealed that as many as 25% of patients may
complain of skin irritation and pain around the magnet site.'>

Special Considerations in Single-Sided Deafness

The FDA first approved BCI systems for the rehabilitation of
SSD in 2002.38 In patients with acquired SSD, the BCI systems
can help to eliminate the head-shadow effect by transmitting
sound from the poorer hearing ear/side to the contralateral
intact cochlea via bone conduction.'®'83% An analysis of four
controlled trials comparing the benefit of contralateral BCI
systems to the CROS hearing aids and the unaided condition
found no benefit to localization ability with either aid.
However, all four studies showed an advantage with the
BCI to speech discrimination in noise over the CROS and
unaided conditions.>® In the authors’ opinion, the patient
benefit with BCI for SSD is variable relative to what is seen
with CHL. As previously noted, the benefit of binaural hear-
ing is not restored with BCI for SSD, and a higher nonuse rate
is seen in this setting relative to other indications for BCI use.

Complications

The incidence of major complications in BCI systems is
generally low, with a majority of difficulties arising from
soft tissue issues at the implant site, such as infections or skin
reactions, as noted above,213-36:37.4041 Though there is a
relative paucity of high-powered prospective studies that
consider BCIs complications with uniform standards of
reporting, a few specific points from the extant literature
are noteworthy.'? Dun et al published a large single-center
experience highlighting the incidence of adverse reactions in
1,132 implants, and it was shown that some degree of skin
reaction, ranging from mild erythema to complete skin
overgrowth of the implant was seen in 14.6% of cases.
However, only 8.3% of complications involved removal or
“loss” of the device.* A meta-analysis of complications
associated with osseointegrated hearing aids from 2013
compared 20 distinct publications of BCI complications,
concluding that revision surgery or complete removal of
the osseointegrated implant occurred in 0.0 to 25% in pedia-
tric patients and 1.6 to 17.4% in adults.'? It was also noted
that negative prognostic factors can include patient demo-
graphics, incision technique, graft thickness, postoperative
dressings, and one-stage versus two-stage procedure.

Specific Skull Base Surgery Considerations
As noted above, surgical approaches can lead to CHL or SNHL,

and in some instances, bone conduction is an excellent
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rehabilitative option. Certainly, cases that spare the inner
ear but involve ear canal overclosure would be expected to
benefit from a BCI. SSD after vestibular schwannoma surgery
can also present an opportunity for BCI use.*! Following
either translabyrinthine and retrosigmoid surgery, BCIs have
been shown to be effective, though care should be taken to
select a surgical site that gives access to healthy bone outside
the prior craniotomy.*?** Similarly, consideration should be
given to performing implantation as a staged procedure to
mitigate the risk of cerebrospinal fluid (CSF) leak through a
percutaneous BCI site. In terms of surgical timing, it has also
been demonstrated that BCI placement is safe to perform
simultaneous with tumor resection, if desired.*> In all cases,
patients should undergo extensive presurgical counseling
regarding the risks and benefits of immediate hearing reha-
bilitation with a BCI, especially in patients with intact hear-
ing prior to tumor resection.

The use of BCls in the setting of external beam radiation
deserves special mention. As noted above in the section on
contraindications, external beam radiation in the treatment
of skull base malignancy, though not incompatible with BCI
use, can create an unfavorable environment for osseointe-
gration and soft-tissue healing. In 2016, Nader et al published
areport of 32 BCI patients, 19 of whom had radiotherapy for
head and neck malignancy.?' It was noted that the incidence
of BCl-related complications was lower in cases where the
implant surgery occurred prior to irradiation, and specifi-
cally, it was recommended that the BCI be placed at the time
of a primary oncologic resection, if possible. While radiation
scattering has not been previously investigated with BCIs,
studies of similar titanium dental and craniofacial implants
show minimal scattering effect at the implant site itself.**

Another consideration for a skull base surgery team is the
magnetic resonance imaging (MRI) compatibility of the
implanted device. If MRI surveillance is necessary following
BCI placement, a ferromagnetic implant could become proble-
matic.?® In terms of percutaneous devices, it has been demon-
strated that implanted components (the implant and the
abutment) create little artifact and are safe in terms of move-
ment in the magnetic field, even at significant flux density
(9.4T).45 In terms of transcutaneous devices, the Sophono has
been shown to be MRI conditional to 3 T, while the Cochlear
Baha Attract is MRI conditional to 1.5 T.>”4647 Both transcu-
taneous devices would be expected to create significant image
artifact, which depending on device placement, could blanket
a significant portion of the lateral skull base. Additionally, pain
or discomfort at the implant site induced from magnetic field
exposure can limit patient tolerance.*®

Innovations

Though not currently available for clinical use, the SoundBite
was an innovative, nonsurgical option for transmitting acous-
ticinformation to a healthy cochlea by dental bone conduction
from a transmitter placed on the maxillary molars.'” Clinical
trials demonstrated improved sound quality, better spatial
hearing, and improvement in understanding of speech in noise
for users.*® Murray et al also demonstrated that the SoundBite
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system was a safe and effective bone conduction intervention
for patients with SSD.>%> Limitations of the SoundBite tech-
nology included acoustic feedback, softer output for low
frequencies, and discomfort or distortion when eating, and
ultimately, the device is no longer commercially available.

Conclusion

Bone conduction hearing implants can be an important
means of hearing rehabilitation for specific patients with
skull base disease. Some patients do not elect to purse
hearing rehabilitation following skull base surgery, though
for those who do, percutaneous and transcutaneous devices
exist, each with their own respective set of potential benefits
and challenges. Multiple BCI systems are currently available
for use, and patient specific factors can largely dictate which
device, if any, is most appropriate.
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