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Abstract: This review provides a comprehensive overview of two major advancements in hearing loss treatment:
the middle ear implant (MEI) and bone conduction implants (BCIs). MEI, surgically inserted in the middle ear,
directly stimulate the ossicles, and are primarily employed to treat sensorineural, conductive, or mixed hearing
losses. BCIs work via bone conduction, bypassing the outer and middle ear to deliver sound vibrations to the
inner ear, beneficial especially for conductive or mixed hearing losses and single-sided deafness. The decision to
opt for these devices is a multifaceted process, considering audiological criteria, surgical feasibility, and patient
expectations. The review also details the portfolio of available devices, their functioning, and audiological usage
indications. While both MEI and BCIs prove beneficial for patients, the review emphasizes the need for careful
preoperative planning and counselling, considering factors such as potential complications, surgical challenges,
and patient suitability. Overall, the two types of implants, despite their individual complexities, provide an
effective alternative to traditional hearing aids, offering a path to improved sound clarity and quality for patients
with various types of hearing loss.

Keywords: bone conduction implants; middle ear implant; review

1. Introduction

Middle ear implant (MEI) and bone conduction implants (BCls) are innovative and effective
treatments for specific types of hearing loss. They represent a significant advancement in the field of
audiology and otolaryngology, providing an alternative to traditional hearing aids for those who
cannot use them or do not find them effective.

MEI are surgically placed in the middle ear and work by directly driving the structures of the
middle ear. They bypass the outer ear and directly stimulate the ossicles, which are responsible for
transmitting sound vibrations to the inner ear. MEI are primarily used in treating sensorineural,
conductive, or mixed hearing loss, offering a wider range of amplification compared to conventional
hearing aids.

On the other hand, BCI work on the principle of bone conduction, where sound vibrations are
delivered directly to the inner ear through the skull, bypassing the outer and middle ear. This is
especially beneficial for individuals with conductive or mixed hearing loss, or those with single-sided
deafness or with an altered anatomy of the middle and/or outer ear. BCls, therefore, are surgically
implanted devices that effectively stimulate the cochlea by creating vibrations in the skull, which the
cochlea interprets as sound.

Both types of implants offer significant benefits to patients with various types of hearing loss,
bringing them a step closer to experiencing a more natural and clearer sound. Each type, however,
has unique advantages and considerations.

These devices stand as a compelling alternative to conventional treatment, passive prosthetics,
and traditional hearing aids for a significant number of patients. Active hearing implants work by
bridging the air-bone gap in cases of conductive or mixed hearing loss and bolstering sensorineural
hearing loss through amplifying sound energy. The decision to use these implants depends on both
audiological and medical criteria [1].
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Choosing an active hearing implant involves a complex, multifaceted decision-making process,
with audiological criteria just one of the considerations. Other factors include both objective
considerations like surgical and anatomical feasibility, as well as subjective factors such as patient
expectations. Often, the final choice reflects a balance between optimal audiological solutions and
various other factors, but the patient's expectations should not influence the physician's decisions.

A recent consensus among ENT specialists, audiologists, health-policy researchers, and industry
representatives has established the first procedural and technical characterization framework. This
agreement is aimed at improving communication among different stakeholders and thereby
enhancing healthcare services [1]. The present review directs its attention to the range of devices
currently available and their audiological usage indications. In addition, a broad consensus is being
published that will make the indications for implantable prostheses even more precise [2].

2. Relevant Section - Implantable Devices

Over the years, a variety of devices with different technologies and capabilities have been created,
allowing customized solutions for individual hearing problems. Figure 1 provides a snapshot of
devices available across European markets.

Active hearing implants comprise an actuator that vibrates a specific anatomical structure; like
ossicular chain, oval or round window; and an audio processor equipped with microphones, a signal
processing unit, and an electric power supply. Bone conduction hearing devices transmit sound
energy to the skull directly or via skin coupling.

In a broad sense, these prosthetic devices can be utilized to address any form of hearing
impairment, including sensorineural, conductive, or mixed hearing loss; regardless of whether it's
bilateral symmetrical, asymmetrical, or unilateral. Of course, the essential requirement is that these
devices must provide adequate prosthetic amplification for the specific type of hearing loss. These
prostheses can be employed to manage almost any middle or outer ear condition.

Middle Ear Implant

Up today the only one MEI on the mark in the vibrant soundbridge (VSB). In 1994, the VSB semi-
implantable MEI was introduced as new kind of acoustical prosthesis. It was consisting of two parts:
the internal Vibrating Ossicular Replacement Prosthesis (VORP) with the terminal floating part, the
floating mass transducer (FMT), and an external Audio Processor (AP). The system operates by
converting sound into mechanical vibrations via the (FMT), bypassing the outer and middle ear to
stimulate the inner ear directly. The FMT, secured on a middle ear structure, emulates the natural
motion of the ossicular chain with small, virtually unobservable displacements. Depending on the
patient's hearing loss type and ear anatomy, the FMT can be placed in various positions within the
middle ear. The VSB is designed to provide a broad frequency response in speech frequencies, with
a band pass covering 100-10000 Hz and providing an average gain of 30-55 dB.

For this device, the most efficient energy transfer is realized when the actuator directly connects
to the mobile components of the middle ear, such as the ossicles or the tympanic membrane, or to a
cochlear window. This allows energy to be transmitted to the cochlea as either 'forward stimulation'
(like the incus, stapes, or stapes footplate) or as 'reverse stimulation' through the round window
membrane [3-6]. Given the minimal inertia of these structures, considerably less energy is needed
compared to when the actuator is coupled to the skull or skin. In any case the skin resistance must be
exceeded, and this results in a loss of about 1.5 dB for every 2 mm of tissue [7].

Bone Conduction Implant

Transmitting sound to the skull bone is highly efficient as it circumvents compromised middle
ear function. Vibrations of the skull travel through various pathways to the cochlear capsule, causing
movement relative to the inner ear fluids and stimulating sensory hair cells [8]. The actuator, which
typically accomplishes this energy transmission, is attached to the skull using screws, with or without
osseointegration.

Owing to its inertia, large forces are necessary to accelerate the skull bone. This is optimally
achieved when the actuator's moving mass is substantial enough to match the resonance behaviour
of the skull bone. Thus, bone conduction stimulators are generally large, and their peak performance
is somewhat constrained. To maximize energy transfer, the optimal coupling site is near the cochlea
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to be stimulated, resulting in a maximum transcranial attenuation to the contralateral cochlear of
approximately 10 dB [9-12]. However, in patients with asymmetrical sensorineural hearing loss, this
could compromise source separation and consequently impact hearing in noise and directional
hearing.

The systems can also be distinguished by the route of energy transfer from the audio processor
to the implant. For instance, in percutaneous bone-anchored devices, the audio processor and
actuator are rigidly connected via an abutment that penetrates the bone, through the skin, to maintain
mechanical energy transfer, earning them the title of direct-drive bone-conduction devices. In
percutaneous, mechanical energy transfer scenarios, all available energy is directly converted into the
skull bone's vibrational energy. Despite its effectiveness, this technology necessitates direct skin
penetration, which could lead to skin irritation, inflammation, or infection [13,14].

When there's a need to circumvent direct attachment to the skull, certain bone-conduction
devices can be affixed through the skin. These devices employ transcutaneous, magnetostatic energy
transfer to connect to an implant placed under the skin and attached to the skull. Transcutaneous
devices are distinguished into active and passive based on the position of the vibrating actuator
(Figure 2).

Active implants connect actuators transcutaneously using a radio frequency electromagnetic
link to the sound processor. The implant decodes the acoustically encoded electromagnetically
transmitted signal so electromechanical or piezoelectric actuators can generate vibrations.
Transcutaneous energy transfer to the implant addresses limitations of percutaneous (skin
penetrating) implants. Systems like the active transcutaneous implants use an analogue
electromagnetic signal transmission to the implant. The voltage induced in the receiver coil
diminishes with the distance between the induction coils (or the thickness of the skin), dropping
about 1.5 dB per 2 mm [7]. This method significantly reduces the risk of feedback loops compared to
percutaneous signal transmission methods [15]. However, some actuators are relatively large,
prompting recommendations for preoperative radiological planning, especially in cases of small
mastoids, malformations, children, or reduced bone volume after canal wall down mastoidectomy
[16]. This need has also spurred companies to develop smaller actuators [17].

Alternatively, a passive bone implant attached to the skull can be operated transcutaneously by
magnetic forces from the actuator co-housed with the audio processor on the skin. These are referred
to as skin-driven bone-conduction devices. Transcutaneous energy transfer can also be facilitated as
electromagnetic energy transfer (induction) from the audio processor coil to a receiver coil beneath
the skin. The device's two components are connected via the magnetostatic forces of two permanent
magnets. The skin's elasticity lessens the force exerted by around 10-20 dB according to Griinder et
al., 2008 [18].
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Figure 1. description of implants available in the European market. Baha, Ponto, Osia, Baha attaract >
Cochlear Ltd, Sydney, Australia; Soundbridge, Bonebridge - MED-EL, Innsbruck, Austria; Sophono -
Medtronic, Dublin, Ireland.

Active Passive

Percutaneous

Transcutaneous

Figure 2. description of bone-implantable prostheses, distinguished as percutaneous, transcutaneous, active,
and passive. Thicknesses dotted in different shades of gray represent skin and skull bone.

3. Discussion

In addition to traditional hearing aids and cochlear implants, there are also implantable
prostheses that contribute to the spectrum of hearing solutions available for individuals who are deaf.
Audiologists and otolaryngologists have these three options at their disposal to manage various kinds
of hearing loss. While BCI and, particularly, MEI can be utilized to address all types of hearing loss,
they are mostly indicated for treating mixed and conductive hearing losses. Indeed, when
considering patients with conductive hearing loss or mixed hearing loss, both MEI and BClIs are
viable options. These devices can be particularly beneficial for patients who struggle with regular
hearing aids, such as those with skin issues, recurring or chronic otitis externa, external ear aplasia,
or exceptionally narrow ear canals.

While the MEI supports a wider audiometric range, up to about 55 dB of bone conduction
hearing threshold, compared to the BCIs’s about 45 dB, the selection between the two can be complex
especially for patients with an air conduction threshold up to 45 dB. This scenario always necessitates
detailed preoperative audiometric analysis, counselling, and patient education. Additionally, BCls
can be tested with a softband to gauge a patient's preoperative preference or comfort with the device.
In contrast, this method is not applicable with MEL

The decision to implant an MEI or BCls requires comprehensive patient counselling and an
evaluation of the potential impact of the device on hearing. Implanting an MEI can be a complex
process depending on the existing middle ear structures. Other considerations like scarring and
postoperative migration can also influence the device's functional results. For a BCls, careful
preoperative planning is required to determine optimal placement. In terms of explantation, revision,
and complication rates, the BCIs seems to perform better than the MEI [19,20].

The postoperative performance of patients using either an MEI or a BCls is generally equivalent
[19]. However, the MEI does offer an advantage by avoiding cross hearing in the opposite ear through
direct stimulation via remaining ossicles or the round or oval window. With a BCls, cross hearing is
more likely because of the limited attenuation of bone-conducted sound.

The challenge is that the clinical or audiological guidelines for selecting the appropriate device
often intersect, causing confusion in determining the optimal solution for those with hearing
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impairments. Sometimes, the decision is guided more by the preferences of the specialist or patient
rather than concrete, evidence-based clinical data.

Over time, many researchers have tried to clarify the proper application of these devices, but
their guidelines can be vague or ambiguous. This led to the creation of a consensus statement on
implantable prostheses that offers precise directions. Recently, a group of experts developed and
approved twenty-nine consensus statements, which outline the best practices for diagnosis, clinical
and audiological indications, and surgical procedures [2]. These statements signify an important
progression toward accurately identifying suitable candidates for these devices.

The consensus statements have helped to clarify various uncertain aspects found in the global
scientific literature. For instance, while the existing literature does not detail the necessary
preoperative exams for implantable device candidates, the expert panel has emphatically defined that
a complete evaluation, including all audiological tests, imaging, and questionnaires, is essential prior
to surgery [2].

The panel also firmly stated that implantable hearing devices are not a substitute for
conventional surgery. BCls are only advised when treatment for chronic otitis or otosclerosis has
failed, and MEI can be utilized exclusively for specific cases like dry ear without cholesteatoma or
with advanced otosclerosis alongside a stapedial prosthesis. According to the experts, implantable
hearing aids are not the preferred treatment for SSD and asymmetrical hearing loss [2,21]. However,
for conductive or mixed hearing loss, they are helpful for adults and essential for children's cognitive
development. In instances of bilateral symmetrical hearing loss, fitting implantable hearing aids on
both sides is recommended [2].

The consensus statement also tackled some surgical considerations. The expert panel concluded
that there are no strict age restrictions for recommending an implantable device, as age limitations
are solely tied to surgical feasibility, anaesthesia type, or anatomical contraindications. Lastly, the
panel asserts that the operating room is always the most appropriate setting for implants, and only
percutaneous BCIs may be inserted using local anaesthesia in adults [2].

4. Conclusions

In conclusion, the range of hearing solutions for deaf individuals is broad, with options
including traditional hearing aids, cochlear implants, and implantable prostheses like BCIs and MEIs.
While both BCIs and MEIs are beneficial in treating mixed and conductive hearing loss, their selection
requires careful consideration and patient consultation. BCIs have the advantage of being testable
with a softband preoperatively, unlike MEIs. The decision-making process is complex and requires
an evaluation of multiple factors, including the patient's specific condition and the audiometric range
supported by the devices. Consensus statements from experts have recently offered clearer guidelines
for practitioners, emphasizing the importance of thorough preoperative evaluation and the
limitations and considerations regarding different devices. Overall, these insights reflect a significant
step towards improved clarity and precision in the selection and application of hearing aids, aiming
for patient-centric and evidence-based solutions.

5. Future Directions

Looking to the future, continued research, and development in implantable hearing devices,
including BCIs and MEIs, could further expand the options for addressing diverse hearing loss
challenges. Emphasis should be placed on developing more refined patient selection guidelines,
minimizing surgical complexity, and creating personalized solutions that cater to individual
preferences and medical conditions. Collaborative efforts among audiologists, otolaryngologists, and
medical device manufacturers could facilitate more precise treatment plans, ultimately enhancing the
quality of life for those with hearing impairments.
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