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Abstract

The adhesive bone conduction concept described here is a completely new type of non-surgical bone conductor. It is based on a disposable
adhesive adapter, to which an ear-level audio processor can be connected and disconnected without removing the adhesive adapter positioned
on the skin behind the ear. The device, called Adhear, is worn without any pressure against the skin and does not require any bulky retention
arrangements, and therefore offers a comfortable and aesthetic solution. Adhear has been reported to offer high patient satisfaction, excellent
skin acceptance, and an audiological stimulation comparable to that of a softband or headband arrangement. The adhesive adapters are usually
worn for 3 to 7 days before changing to a new one and the adapters can also be worn when sleeping or taking a shower. Adhear offers a new
user-friendly, non-surgical bone conduction stimulator suitable for bilateral or unilateral conductive hearing losses and possibly also for SSD.
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SISTEMA ADHESIVO DE CONDUCCION OSEA ADHEAR. NUEVO METODO DE
TRATAMIENTO DE LA PERDIDA AUDITIVA CONDUCTIVA

Resumen

El dispositivo adhesivo de conduccion dsea es un tipo completamente nuevo de conductor dseo no quirdrgico. Estd basado en un adapta-
dor adhesivo desechable, al que se puede conectar y desconectar el procesador de sonido a la altura del oido, sin que sea necesario eliminar
en cada momento el adaptador adhesivo adherido a la piel detrés de la oreja. El dispositivo no aprieta la piel ni requiere los incémodos con-
juntos de sujecion, por lo cual constituye una soluciéon comoda y estética. El nuevo dispositivo de conduccion 6sea, no implantable, le garan-
tiza al paciente un alto nivel de satisfaccion, una perfecta adaptacion a la piel y una estimulacién audioldgica comparable a las soluciones en
las que se utilizan cintas blandas y cintas para audifonos. Los adaptadores adhesivos se utilizan por lo general de 3 a 7 dias y luego se cam-
bian por unos nuevos. Pueden ser utilizados durante el suefio o en la ducha. El dispositivo adhesivo de conduccion 6sea ofrece un méto-
do nuevo de estimulacion de conduccién 6sea, de facil uso y no quirtrgico, adecuado para pacientes con pérdida auditiva unilateral y bila-
teral tipo conductivo y con sordera unilateral.

Palabras clave: conduccion 6sea « dispositivo adhesivo de conduccion 6sea ¢ ADHEAR e« pérdida auditiva conductiva « audifono de conduc-
cion dsea

CUCTEMA KOCTHOVI ITPOBOAVMOCTU ADHEAR. HOBBIVI METO/[] IEYEHU A
TYTOYXOCTU KOHOYKTMBHOTI'O TUITA

A6cTpakt

AmnmapaTt KOCTHOJ IPOBOJIMMOCTH — 3TO COBEPIIEHHO HOBBII BIJ] HEXMPYPIMIECKOTO KOCTHOTO NMpoBofgHuKa. OH onmpaeTcsa Ha Off-
HOPa30BOM KJIEHIKOM ajjalTepe, K KOTOPOMY MO>KHO IIOfIK/IFOYATh M OTKJIIOYATh ayAVOIPOLIECCOp HA YPOBHE yXa, 6e3 HeoOX0omuMo-
CTH KaXX/IbII1 pa3 yAaaATh KIEMKNIT afflanTep, IPUKIeEHHbII Ha KOXY 3a yXOM. AIIIapaT He JaBUT Ha KOXY, He TpebyeT MCIO0/MIb30Ba-
HIsI HEyOOHBIX IIOJeP>KMBAOIVIX KOMIUIEKTOB, O/1arofapsi 4eMy siB/sieTCs YE0OHbBIM M 9CTeTUYHBIM pelueHreM. HoBoe ycrpoiicTBo
KOCTHOII IIPOBOMMOCTH, He Tpebyolliee XMPYPruieckoro BMeIlaTeIbCTBa, 00ecreynBaeT MalieHTaM BbICOKIIT YPOBEHb YOBIETBO-
peHus, IPeKPacHyo afalTallIo Ha KOXKe U ayAMOIOTMYeCKYI0 CTUMY/IAINIO, CPABHUMYIO C PellleHNsAMY, VCIIONb3YIOUMY MATKIe
TO/IOBHBIE JIEHTBI M JIEHTBI [/Is CTyXOBBIX ammmaparos. Kieilkie afantepsl HOCATCA OOBIYHO B TedeHMe 3 - 7 [Heil, a TOTOM MEHAIOT-
cs1 Ha HOBBIe. VIX MO>KHO JICIIOZIb30BaTh BO BpeMs CHa Wiy npuéMa pyia. Kieiikoe ycTpoiicTBO KOCTHOV IPOBOAMMOCTM IIpefjIaraeT
HOBBII, YAOOHBII 17151 TOTIb30BATENA M HEXMPYPTUIECKIIT METOR, CTUMY/IALMM KOCTHOI IPOBOAMMOCTH, KOTOPBIII TIOJOMAET MaliieH-
TaM C OJHOCTOPOHHEII U IByCTOPOHHEI TYTOYXOCThI0O KOHAYKTUBHOTO TUIIA, & TAKXKe C OJTHOCTOPOHHEI ITTyXOTOIL.

KnroueBbie cmoBa: KOCTHas MPOBOJVIMOCTD s KJI€liKOe yCTPOICTBO KOCTHOI poBoguMocTu s ADHEAR e KOHIyKTUBHas TYTOYXOCTb
* CITyXOBOJf anmapar Ha KOCTHYIO IIPOBOAMMOCTh
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ADHEZYJNY SYSTEM PRZEWODNICTWA KOSTNEGO ADHEAR. NOWA METODA
LECZENIA UBYTKOW SLUCHU TYPU PRZEWODZENIOWEGO

Streszczenie

Adhezyjne urzadzenie przewodnictwa kostnego to zupelnie nowy rodzaj niechirurgicznego przewodnika kostnego. Jest oparty na jednorazo-
wym przyczepianym adapterze, do ktérego mozna podtaczaé i odlacza¢ procesor dzwiekowy na wysokosci ucha, bez koniecznoéci kazdora-
zowego usuwania adhezyjnego adaptera przyczepionego do skory za uchem. Urzadzenie nie naciska na skore oraz nie wymaga nieporgcznych
zestawdw podtrzymujacych, przez co stanowi wygodne i estetyczne rozwigzanie. Nowe niewszczepialne urzadzenie przewodnictwa kostnego
zapewnia pacjentom wysoki poziom satysfakcji, doskonalg adaptacje do skéry oraz stymulacje audiologiczng poréwnywalng z rozwigzania-
mi wykorzystujacymi miekkie opaski i opaski do aparatow stuchowych. Adhezyjne adaptery stosuje si¢ zwykle przez 3 do 7 dni, a nastepnie
zmienia si¢ je na nowe. Moga by¢ stosowane podczas snu lub pod prysznicem. Adhezyjne urzadzenie przewodnictwa kostnego oferuje nows,
przyjazng uzytkownikom i niechirurgiczng metode stymulacji przewodnictwa kostnego, odpowiednia dla pacjentéw z jednostronnym i obu-
stronnym ubytkiem stuchu typu przewodzeniowego oraz jednostronng gtuchota.

Stowa kluczowe: przewodnictwo kostne o adhezyjne urzadzenie przewodnictwa kostnego « ADHEAR e ubytek stuchu typu przewodzenio-

wego e aparat stuchowy na przewodnictwo kostne

Introduction

There is a need for a well-functioning, non-surgical bone
conduction device for bilateral and unilateral conductive
hearing losses and possibly also for SSD.

The drawbacks of existing bone conductors - retained by
a steel-spring headband, spectacles, or an elastic softband
— are well known to anyone with experience of conven-
tional bone conductors. Poor comfort due to the constant
pressure and poor aesthetics from the required retention
arrangements are among the most widely noted weak-
nesses (1). These non-surgical bone conduction solutions
are, however, still available and used by patients around
the world.

Numerous attempts have been made to find better and
more acceptable solutions to the bone conduction design
challenges. Throughout the last decades, significant inno-
vative efforts and investments have been made in order to
find ways of avoiding bulky and uncomfortable retention
solutions. However, only concepts requiring implant sur-
gery have been able to address the drawbacks with con-
ventional bone conductors, which have led to other chal-
lenges and limitations.

The previous bone conduction development efforts de-
scribed here do not cover all aspects and details of bone
conduction technologies and their history. However, it
should offer a valuable background to the need for an im-
proved non-surgical bone conductor and the development
of the Adhear adhesive bone conductor.

The percutaneous direct bone conductor

At the beginning of 1977, the idea of a percutaneous bone-
anchored hearing aid (Baha) came to Prof. Olle Hallén at
Sahlgren hospital in Gothenburg, Sweden (Prof. Stig Ar-
linger, pers. comm.), and later the same year the first Baha
implantations were performed (2). This direct bone-con-
duction principle offered an efficient and powerful bone-
conduction solution (3). The further advantages of this
concept were that it offered safe retention without any
constant pressure against the skin and that no bulky head-
band arrangements were required. The system offered a
way for the device’s vibrator to have direct, firm mechan-
ical access to the bone of the skull without any damping
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though the skin. The compromise was, of course, that the
concept required surgery and permanent skin penetra-
tion. In the late *90s and early ’00s, researchers and lead-
ing clinics further investigated the clinical possibilities of
bone conduction. The benefits for patients with unilater-
al conductive losses (4), single-sided deafness (SSD) (5),
as well as the benefits of bilateral fitting (6), were investi-
gated and further clinical applications emerged. This clin-
ical research was facilitated by the fact that, for the first
time, clinics had access to, and experience with, a well-
functioning ear-level bone conduction device. The clinical
and technical research and developments of Baha during
this period are summarized by Westerkull (7). The hear-
ing division of Nobel Biocare, who established the percu-
taneous Baha product on the market (including FDA ap-
proval in 1996), was spun off into a dedicated company,
Entific Medical Systems, in 1999. Entific and the Baha sys-
tem were acquired by Cochlear Corp. in 2005.

Aside from the Baha system, the percutaneous concept
has since been further developed and, in 2004, the au-
thor founded the independent R&D company Otorix for
the development of a new percutaneous bone conduction
system with newly developed skin penetration and audio
processor coupling (8). A few years later, this new system
was acquired by Oticon A/S and further developed in Oti-
con Medical. In 2009, the new system was introduced on
the market under the name Ponto System.

Although the percutaneous concept has been a success
and the technology and surgical procedures have been im-
proved, the introduction of surgery and implant technolo-
gy added increased complexity to bone conduction treat-
ment, given that aspects — such as wearing a permanent
implant, surgical planning, anesthesia, medical consider-
ations, and additional costs — now had to be considered.
The percutaneous bone-anchored hearing aid is a well-es-
tablished clinical treatment, although the method of skin
penetration may vary depending on surgical preparation
and the patient’s personal hygiene (3).

The softband for a bone-anchored audio processor

For some patients, however, surgical treatment is not an
option, so that in 2001 the Baha Softband was introduced
to offer improved retention compared to steel-spring head-
bands, especially for small children (9). A bone-anchored
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hearing device connected to a softband is currently a well-
documented treatment for small children who are unsuit-
ed for implant surgery, and it is also the most common
arrangement to preoperatively evaluate candidates for im-
plantation. Audiologically, a softband is a successful treat-
ment for conductive hearing losses (10); however, from a
comfort and cosmetic point of view, a softband solution
is not popular among children (11).

Magnetically attached bone conductor with ex-
ternal vibrator

To overcome the cosmetic drawbacks of a headband or
softband solution, a partially implanted magnetically re-
tained bone conductor without skin penetration, named
Sophono, was introduced by Prof. Ralf Siegert in 2006 (12).
It has a magnetic implant under the skin, and the external
audio processor with the vibrator is magnetically retained.
The advantage of this concept is that no headband arrange-
ment is required. The vibrations are damped through the
skin in a similar manner to a conventional bone conduc-
tor. Therefore, in spite of implant surgery, the output and
audiological performance are more in the range of a non-
surgical concept and it cannot compete with a direct bone
conductor such as a percutaneous device (13). Since the
audio processor includes the weight of both the vibrator
and magnet, retention may also be a challenge (14). Mag-
netically retained devices may fall off too easily if the re-
tention force is too weak, while if it is too strong it may
cause pain and discomfort, and this trade-off becomes a
challenge with increasing device weight. Sophono Inc. was
acquired by Medtronic in 2015.

A further development of this type of concept is now rep-
resented on the market by the Baha Attract device intro-
duced in 2013 by Cochlear Corp. (15). The Baha Attract
includes some additional features and the magnetic attach-
ment of the audio processor also includes a soft pad that
is used to distribute pressure over the area of skin contact
to improve skin tolerance.

Semi-implantable, active, direct bone conductor
with implanted vibrator

The latest addition to implant-based bone conduction con-
cepts is the Bonebridge, introduced by Med-El in 2012
(16). This concept has an implanted vibrator, usually po-
sitioned in the mastoid, so the vibrator is in direct con-
nection with the bone of the skull, thus offering similar
high acoustic performance to a percutaneous system (17).
A significant advantage is that there is no skin penetra-
tion, since the signal to the vibrator is transmitted wire-
lessly through the skin from an external, magnetically re-
tained audio processor. Since the external processor does
not include a vibrator, the weight is quite low, which re-
duces the risk of the external device falling off, while in-
creasing wearing comfort since less magnetic force is re-
quired for retention. This is the latest and most advanced
type of bone conduction concept currently available, and
although the surgery is usually straightforward, it may be
challenging in some cases to accommodate the implant-
ed part. Since this concept includes implanted electron-
ics, it is under a similarly high level of quality control as
a cochlear implant. The surgical complexity and costs for

treatment are, however, far lower than for a cochlear im-
plant and closer to that of a bone-anchored hearing aid.

Non-surgical, intraorally attached bone conductor

A recent attempt to solve the bone-conduction challenge
without surgical implantation was the Soundbite bone
conductor from Sonitus Medical. This consisted of an in-
the-mouth dental vibrator unit that was wirelessly con-
nected to a behind-the-ear device (18). This device was
commercially available for a few years but, in spite of sig-
nificant investments, there were limitations and practical
drawbacks, and the company filed for bankruptcy in 2015.

The need for an improved bone conduction
solution

The above background describes some of the previous ef-
forts and shows how difficult it has been to find a simple,
straightforward, robust bone conduction concept. The so-
lutions are either not user-friendly or impractical, or they
involve surgical implantations with all the increased com-
plexity in such treatment. The enormous efforts and in-
vestments behind the above solutions also clearly show
the widespread clinical need for good bone conduction
solutions.

The need for an efficient user-friendly, non-surgical bone
conductor is significant for both children and adults, al-
though in pediatrics there are specific needs.

In children, a fairly rapid hearing rehabilitation period
is important since they may, after a fairly short time, lag
behind in school or in development since they frequent-
ly cannot follow classroom activities or social interac-
tions (19).

In the case of a unilateral conductive loss, the motivation
for surgery may often be lower than for a patient with a
bilateral conductive loss. However, it is well-documented
that children with unilateral hearing losses have signifi-
cant problems in school (20). In pediatrics, many conduc-
tive losses may also have an uncertain duration, and as
long as there is hope for recovery, there is usually no im-
plant surgery. The child and/or the parents may also sim-
ply want to avoid implant surgery or surgery in general
for other reasons. Many people simply want a non-surgi-
cal option, and with the drawbacks of the hitherto non-
surgical options, it has, in many cases, meant no device
at all or the device ending up in the drawer. In pediatrics
and younger adults the conductive losses are, in most cas-
es, pure conductive losses with a normal cochlear func-
tion, and so the challenge for a hearing device is princi-
pally limited to overcoming the air-bone gap.

Based on the need for a better non-surgical bone conduc-
tion solution, the author outlined the concept for an ad-

hesive bone conduction system, which is described below.

The adhesive bone conduction concept

The adhesive bone conduction concept represents a new
type of bone conduction system (21). The core of the new
concept is a disposable, adhesive adapter that has, on one
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side, an adhesive surface to attach it to the hairless skin
behind the pinna and, on the other, a connection to which
the audio processor can be easily connected and discon-
nected (see Fig. 1). By pressing the device at the front end,
the audio processor can be taken off the user’s head with-
out tearing the adhesive adapter off from the skin. The con-
cept works without any pressure against the skin and offers
secure retention without bulky headband arrangements.

The adhesive adapter

The adhesive adapter is a soft rubber pad with a rigid cent-
er plate that has a snap coupling to which the audio pro-
cessor can be connected. The adhesive adapter is worn
day and night and is usually worn for around 3 to 7 days
before changing to a new one. This is essential in offering
a skin-friendly concept, since the change interval for the
adhesive adapter can be optimized to what is suitable for
the skin in combination with the adhesive.

The top layer of the skin, the stratum corneum, consists
of 15 to 20 layers of dead skin cells, with the cells on top
naturally flaking off on a daily basis (22). The renewal rate
for stratum corneum in young adults is approximately

M3

Figure 2. Simplified model of bone conduction transmis-
sion through the skin from a bone conduction device.
M1 is the mass of the skull which is coupled via the skin
k1 to the mass M2 which is primarily the mass of the
skin contact plate. The skin contact plate is, via the in-
ternal vibrator spring k2, coupled to the oscillating mass
M3 of the vibrator. A high mass M2 reduces efficiency of
the transmission, and a firmer connection k1 increases
the efficiency of the transmission of the vibrations to
the bone of the skull.
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Figure 1. The Adhear adhe-
sive bone conduction system.
a) The attached adhesive
adapter. b) The audio proces-
sor connected to the adhesive
adapter. The audio processor
can be snapped on and off
from the adhesive adapter
without removing the adhe-
sive adapter from the skin.
The adapter is usually worn
for 3-7 days before changing
it to a new one.

20 days (23). An adhesive that is torn off from the skin
will remove some top layer skin cells with it, and, if this
is done too frequently, skin redness will occur. The Ad-
hear concept offers secure retention, so it requires a well-
adhering adhesive. Moreover, by not having to tear the
adhesive away from the skin each time the audio proces-
sor is taken off, this significantly reduces the frequen-
cy of adhesive removals from the skin. The entire adhe-
sive adapter is disposable, which offers an easy-to-use
and practical concept.

The Adhear adhesive adapter has a medical adhesive that
has been designed to interact with the moisture of the skin
itself, which is important for interacting with the skin. It is
able to both resorb and transport moisture in a way that is
suitable for the skin in this application. Furthermore, the
adhesive adapter can stay in place while taking a shower
or swimming. The change interval of the adhesive adapter
is individual, and will vary with sweating, positioning, and
mechanical handling. In order to achieve a lasting attach-
ment, it is essential to ensure the skin is dry and hairless
over the entire area where the adhesive adapter is placed,
and to place it with sufficient pressure.

The mechanical coupling between the audio processor and
the adhesive adapter allows the audio processor to be tilt-
ed off from the adapter and has been designed so that the
wear and tear of the coupling is not located on the audio
processor. The elastic snap is instead located on a dispos-
able adhesive adapter that is frequently changed. This is in
direct contrast to the design of a coupling for a percutane-
ous concept, where the plastic snap is located on the au-
dio processor, since the skin-penetrating abutment should
not be the part that wears out. The Adhear coupling de-
sign is a way of making the audio processor more robust
overall. Furthermore, the Adhear system has a low-pro-
file mechanical design to reduce the load on the adhesive
and to avoid the device touching the outer ear or collar.

Adhesive bone conduction transmission physics

A simplified model for bone conduction transmission,
which includes transmission of vibrations through the
skin, includes a triple-mass mechanical system (see Fig-
ure 2). The model includes the mass of the human head
(M1) which is coupled through the skin (k1) to the mass
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(M2) of the skin contact plate of the device (the mass M2
also includes the mass of other mechanical components of
the device which are rigidly connected to the skin contact
plate). The skin (k1) is a spring and damping connection
between M1 and M2. The mass M2 is connected via the
internal spring (k2) of the vibrator to the oscillating mass
(M3) of the vibrator. The vibrations are generated by the
vibrator’s oscillation of the mass M3.

A more firm k1 connection between M1 and M2 will im-
prove the transmission of vibrations to the skull bone, es-
pecially for higher frequencies. A higher weight of the skin
contact plate M2 will decrease the transmission of vibra-
tions to the skull bone, especially for higher frequencies.
In a conventional bone conductor with pressure against
the skin, the mechanical coupling between M2 and M1 is
improved by the pressure since M1 and M2 are then more
firmly connected to each other. However, for such a de-
vice, the fairly high weight of the skin contact plate M2
will reduce the efficiency.

For the new adhesively attached bone conductor, there is
no pressure against the skin, and this reduces transmis-
sion through the skin. However, for an adhesive system,
the loss of energy due to the lack of pressure against the
skin may be less than expected, and for the new adhesive
bone conduction concept, the mass M2 is significantly low-
er compared to that of a conventional bone conductor. The
new adhesively attached bone conductor may therefore
compensate, at least partially, for the loss in transmission
due to a lack of pressure by gaining transmission efficien-
cy thanks to a very low M2 weight. To give a hint about
the weight difference, the M2 equivalent mass for a typi-
cal softband is around 2 to 3 grams and the correspond-
ing M2 mass for the adhesive concept is around 0.6 grams.

Furthermore, the adhesive adapter is positioned right be-
hind the ear and is closer to the cochlea compared to the
position of, for example, a softband contact plate, and,
especially for higher frequencies, the hearing stimulation
from the adhesive concept may be further improved by this
more favorable position. BC stimulation at the bone level
in different positions can be improved by around 5-20 dB
(at the ipsilateral cochlea) at higher frequencies by mov-
ing the stimulation point to a position 5 cm closer to the
ear canal (compared to stimulation away from the ear ca-
nal) (24). Although this comparison was done with direct
bone conduction at the bone surface, it suggests that, due
to a more favorable position on the head, an improve-
ment of the output from the adhesive adapter compared
to a softband. The softband performance will also suffer
from some loss in efficiency due to the hair being caught
between the contact knob and the skin.

Electroacoustic measurements

Method

The output of the Adhear audio processor was measured
using an Interacoustics SKS 10 skull simulator. The aim
was to measure the output of the Adhear processor in the
same way as the output from a regular bone-anchored
hearing aid processor for a percutaneous application is
measured. To enable a firm mechanical connection of

the audio processor to the skull simulator, a special snap
coupling for the skull simulator was developed, since the
skull simulator’s standard connection is only compatible
with couplings for regular bone-anchored hearing aids.
An acoustic test chamber Interacoustics TBS 25 togeth-
er with an Interacoustics Affinity 2.0 was used for elec-
troacoustic testing.

Furthermore, to objectively compare transmission of vibra-
tions from a pressureless adhesive bone-conduction con-
cept with transmission from a softband arrangement that
includes pressure, a soft tissue simulation adapter using a
5 mm silicone cushion (Shore A 25) to the Interacoustics
SKS 10 was developed. This adapter allowed, on the same
spot of the simulated skin, attachment of either an adhe-
sive adapter or a softband arrangement with stimulation.
When measuring with a softband, hair was placed inbe-
tween the softband pressure knob and the simulated skin,
since this is the normal situation on a head. To simulate
a regular hairstyle, the total thickness of the compressed
hair was around 1 mm. No hair was present for measure-
ments with the adhesive adapter. For the comparison, the
same Adhear audio processor was used either on the adhe-
sive adapter or with the softband. The contact force from
the softband pressure knob against the simulated skin was
3 N, which corresponds to a well-tightened softband at-
tachment on a head.

Results

The maximum output of the Adhear audio processor is
shown in Fig. 3. The maximum output is in the same range
or slightly higher than for a regular bone-anchored hear-
ing aid with the same size battery (size 13) when compar-
ing available datasheets for such devices. The Adhear vi-
brator has a second resonance boost at around 6 to 8 kHz
which offers additional output at high mid frequencies;
this may offer valuable additional output which somewhat
compensates for damping through the skin. This type of
additional boost at high mid frequencies is not available
from regular bone-anchored hearing aids since these are
designed for percutaneous application.

The output from the Adhear audio processor connect-
ed to the pressureless adhesive BC concept, as well as the
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Figure 3. The maximum power output in dB re 1 pN of
the Adhear audio processor at 90 dB SPL in. The device
was directly connected to an Interacoustics SKS10 skull
simulator. The audio processor has a high frequency
boost which may be valuable in partially compensating
for damping through the skin.
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Figure 4. Electroacoustic comparison of the output from
the Adhear audio processor attached via the pressure-
less adhesive concept (solid line) and from the device
attached to a pressure-based softband (dotted line)
measured using a skin simulating adapter on an SKS 10
skull simulator. The maximum output frequency re-
sponse is shown in dBre 1 pN and is measured at 90 dB
SPL in. In a clinical situation, the adhesive concept may
have additional output at high frequencies due to its
more favorable position closer to the ear compared to a
softband, and both concepts may have a higher output
above 4 kHz due to improved transmission through skin
than through the silicone skin simulator.
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Figure 5. Free-field hearing thresholds for pressureless
adhesive bone conduction (Adjoin, circles) vs the same
audio processor connected to a conventional softband
arrangement (triangles) or to a conventional steel-
spring headband (squares). Measurements performed
on normal hearing subjects with plugged ears (w = 10).
From (25), with permission.

output from the same processor connected to a conven-
tional pressure based BC softband concept, are shown in
Figure 4. The stimulation position on the skin simulator
was the same for the adhesive adapter as for the softband.
Moreover, the output from the adhesive concept is quite
similar to the softband at low and mid frequencies up to
4-5 kHz. At higher frequencies, the softband performed
slightly better in this laboratory setup. However, on a pa-
tient the adhesive adapter would be positioned closer to the
ear canal and the hearing organ than the softband knob,
and there may be hair inbetween the softband knob and
the skin, which may improve the high and mid frequency
output from the adhesive concept; so on an actual user the
adhesive concept may still be at least equally efficient. The
significant drop in output from both concepts at around
4 kHz may be the result of silicone being a compressible
material and, for actual skin, this drop may have been
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even lower since skin primarily consists of water — an in-
compressible fluid that makes skin a better high-frequen-
cy conductor than silicone. The purpose of this compar-
ison was to obtain an objective comparison, although as
a simulator for actual bone conduction performance on a
patient, it is naturally limited.

Audiometric performance

The pre-clinical testing of the audiometric performance
of the adhesive bone conduction concept compared to the
established softband arrangement has been reported in
two separate investigations. In the initial 2015 investiga-
tion, the new adhesive bone conduction concept was com-
pared to a conventional bone conduction device retained
with a softband or steel-spring headband (25). To simulate
a conductive hearing loss, normal hearing subjects with
ear canals plugged with deeply fitted ear plugs were used
for the evaluation (n = 10). Free-field hearing thresholds
were measured using the same audio processor connected
to either the adhesive adapter, a steel-spring headband, or
to an elastic softband (Figure 5). The results showed that
the performance of the adhesive bone conduction concept
is comparable to that of a softband or headband arrange-
ment. This investigation was further confirmed later in
2015 in a similar investigation (n = 20) where the adhe-
sive bone conduction concept was compared with a soft-
band retention concept showing equivalent performance
for the two concepts (26).

Discussion

The vision of being able to offer a non-invasive, comforta-
ble, and aesthetically appealing bone-conduction solution
for those who are reluctant to have, or who cannot have,
implant surgery was the primary impetus for this project.

To develop an easy-to-use, non-invasive ear-level bone-
conduction concept that works without any pressure
against the skin, yet still offers efficient audiological stim-
ulation, has long been seen as impossible and against es-
tablished principles. The new adhesive bone conductor
goes against the common expectation that bone-conduc-
tion transmission through the skin requires constant skin
pressure. Furthermore, the new concept also goes against
the common view among those not involved in skin adhe-
sive science that long-term, repeated adhesion to the skin
in the same area results in skin irritation. Both these chal-
lenges have been overcome in the new adhesive bone-con-
duction system. Of course, just as with high quality wound
plaster, there is likely to be a few patients with highly sen-
sitive skin who may not tolerate it. However, the skin reac-
tions can be expected to be significantly less troublesome
than with many existing bone-conduction solutions which
either create problems from constant pressure against the
skin, the risk of infections for percutaneous solutions, or
the risk of numbness or pain at the site of implantation.
The Adhear simply does not require any pressure or need
any surgery, which should be beneficial for the skin. A
limitation of the Adhear system may be adhesion in cas-
es where the skin behind the ear is very uneven (due to
scar tissue) or where there is limited bone support under
the skin in this area such as in a case of generous radical
mastoidectomy.
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Due to the basic laws of physics, the adhesive bone con-
duction device does have feedback limitations. Like any
ear-level BC device that dampens vibrations through the
skin, it does not offer as much amplification, especially in
the high frequencies, as a direct bone conduction concept
in which the vibrator is directly and firmly connected to
the bone of the skull. The adhesive bone conduction sys-
tem does not replace the implant solution for all patients,
but it will nonetheless prove a very valuable and easily ac-
cessible solution for many patient groups in need of bone-
conduction amplification.

The adhesive bone conduction concept offers similar
acoustic output to conventionally retained devices, and is
primarily intended for the rehabilitation of unilateral and
bilateral conductive hearing losses. This is a significant pa-
tient group, and in children and young adults almost all
conductive hearing losses are pure conductive losses and
not mixed hearing losses.

Clinical results with the adhesive bone conduction con-
cept have not yet been published due to the novelty of
this technology; however the results presented at scientif-
ic conferences as described below indicate that it may be
an important clinical treatment option for the relevant pa-
tient groups. Several studies presented at conferences are
planned for publication in scientific journals.

The first preliminary clinical outcome with the adhesive
bone conduction concept came from Birmingham Chil-
dren’s Hospital, UK. At the clinic, 20 children with bilat-
eral or unilateral conductive hearing losses with normal
cochlear function were fitted with the adhesive bone con-
duction concept (27). These patients had not been inter-
ested in implant surgery and had previously been fitted
with a bone-anchored hearing aid on a softband, which
was either in the drawer or worn for a limited time. Dis-
satisfaction was due to poor wearing comfort, practical
drawbacks, or cosmetic issues. The ages ranged from 4 to
14 years and the follow-up time was 3 to 12 months. Of
these 20 patients, 19 reported no skin problems at all from
the adhesive concept, and only one patient reported mi-
nor problems during a shorter period but could still con-
tinue to wear it. The audiological performance of the ad-
hesive concept in terms of free-field hearing thresholds
was comparable to the performance with the same au-
dio processor connected to a softband. Subjective evalua-
tion using the Glasgow Children’s Benefit Inventory score
(GCBI) showed that the new adhesive bone conduction
concept offered significant value to the patients and was
worn with high rates of satisfaction.

The reported conclusions from the study were:

« The adhesive adapters were comfortable and stable with
the audio processor

o The audiological outcomes were good even at higher
frequencies

« The subjective benefits were excellent

o There were no skin problems

o The device was very well accepted by children and carers.

The patients in this study who have now worn it the long-

est have now used the adhesive bone conduction concept

on a daily basis for 4 years, and all the patients in the

study were fitted more than 3 years ago. The vast majority

of patients have chosen to continue to wear the adhesive
bone conduction concept since they were fitted and are
continuing to wear the Adhear system (Ann-Louise Mc-
Dermott, pers. comm.).

Scientific publications on clinical data and on the Adhear
are not yet available, and the above experiences are as re-
ported in abstracts and orally at a scientific conference
and as presented on slides shared by the presenter. Clinical
experiences should therefore be regarded as preliminary.

A further clinical study at the Institute of Physiology and
Pathology of Hearing, Warsaw, Poland, included not only
a comparison with a softband solution (n = 5) but also a
comparison between Adhear and a magnetically attached
bone conductor (Baha Attract with a Baha 4 processor)
(n = 5). Compared with the semi-implantable magneti-
cally attached bone conductor, Adhear was found to be
acoustically comparable (28).

The Adhear concept has also been investigated as an al-
ternative CROS solution for patients with single-sided
deafness (29). Adhear was compared with a conventional
air-conduction CROS solution (n = 17). The Adhear was
found to be useful or better for 66% of the test candidates,
and the conclusion was that Adhear may be a suitable clin-
ical option for this patient group.

Most Adhear candidates will have very similar bone con-
duction audiograms, i.e. normal cochlear function at all
frequencies. Therefore, there is less need for a complex fit-
ting procedure and in its factory setting Adhear is already
well adapted to these patients. The device may even be
used clinically without any individual frequency shaping
or programming; however, there is configuration software
available for fine tuning and user adaptation. Of course,
advanced pre-processing features such as automatic adap-
tive directional microphones, noise reduction, etc., are still
as relevant as with any other type of hearing aid and are
included in the new Adhear processor.

Although the new adhesive bone conductor has proven
to be an easy-to-use bone conduction alternative, there is
nonetheless still room for further technical developments
as well as further clinical investigations.

At the very birth of this innovation, the first listening
tests using very simple equipment were not that impres-
sive, and it could all have ended up in the drawer at that
point. However, as development progressed, innovative
technical solutions and further understanding emerged
and challenges were overcome.

During initial development, this project was named Ad-
join, and this name was previously used to describe the
adhesive bone conduction concept. The adhesive bone
conduction system is now a product of Med-El Medical
Electronics, Innsbruck, Austria, and the system is being
brought to the market under the name Adhear.

Conclusion

The Adhear adhesive bone conduction system offers
comfortable and secure retention of the ear-level audio
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processor without the need for a bulky headband arrange-
ment or surgical implants. The Adhear works without any
pressure against the skin and its audiological performance
is comparable to the softband arrangement for bone-an-
chored hearing aids. The output of the Adhear audio pro-
cessor is optimized for adhesive application and is a new
direction compared to regular high-end bone-anchored
hearing aid audio processors.

The design of the concept, where the audio processor can
be connected and disconnected from the adhesive adapt-
er without tearing the adhesive away from the skin, is a
key factor in its success. This design significantly reduces
the frequency with which the adhesive has to be removed
from the skin, a vital factor.

The audiological performance of the new concept relies
on the low weight of the adhesive adapter, improving the
mechanical transmission, and on an improved stimulation
position closer to the ear canal of the user compared to a
softband. The adhesive bone-conduction system should
be a valuable clinical alternative for patients with bilater-
al or unilateral conductive hearing losses. The reported
clinical experiences focused on children have indeed been
very positive, with excellent results and high patient sat-
isfaction; patients have continued to wear the device on a
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