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1 Introduction

An unborn baby reacting to his mother’s voice is perhaps the earliest measurable act of communi-
cation of a human’s life.

Studies detected measurable fetal movements and changes in heart rate in response to sound
at about 25-27 weeks of gestational age [1]. The auditory perception by the human fetus develops
early in the uterine life, which makes it one of the first senses acquired [2], [3], [4], [5].

The auditory system was engineered miraculously to function and perform with remarkable
microelectronics. The ear perceives sound and extracts information from the surroundings, whether
animate or inanimate. The ear’s wide range of features, such as sound localization, signal frequency
organization, transduction and amplification of the acoustic stimulus, and the cochlear ability to
process and conduct the sound with a microscopic dimensional motility, make the hearing organ
simply magnificent [1], [6], [7].

A variety of hearing disorders and anomalies affect the life of millions of people around the
world. According to the WHO, nearly 20% of the global population experience some degree of
hearing loss. 430 million of them have disabling hearing loss. It is expected that by 2050, there
could be over 700 million people with disabling hearing loss.

1.1 Anatomy and Physiology of the Auditory System

The auditory system consists of two main components: the peripheral and central auditory systems
(Figure. 1-1 and Figure. 1-2). The peripheral system includes the external ear, the middle ear, the
cochlea, and the auditory nerve. The central auditory system includes the cochlear nucleus, the
superior olivary complex, the lateral lemniscus, the inferior colliculus, the medial geniculate body,
the auditory subcortex, the cortex and the interhemispheric pathways [8].

PERIPHERAL

Figure 1-1 A drawing of the peripheral and central auditory system: EE = external ear and canal, ME = middle ear, Co = cochlea,
AN = auditory nerve, IAM = internal auditory meatus, CN = cochlear nucleus, SOC = superior olivary complex, LL = lateral lem-
niscus, IC = inferior colliculus, MGB = medial geniculate body, Int. cap. = internal capsule, AC = auditory cortex, CC = corpus
callosum. Source: Musiek and Baran, the auditory system, anatomy, physiology, and clinical correlates [8].
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The auricle receives sound waves from the external environment, which are defined as pressure
pulses of vibrating air molecules. Hertz (Hz) is the unit for the vibration frequency of sound waves
and represents the number of vibrations per second. The human ear can detect frequencies between
approximately 20 Hz and 20 kHz. The intensity of sound is measured in decibels (dB); the range
of human hearing on a decibel scale is from 0 to 130 dB [9].

The unique configuration of the auricle serves as a collector of sound energy. This remark-
able anatomic structure of the auricle facilitates the formation of sound bundles and directs these
along a 3,5 centimeters auditory canal to the tympanic membrane. The response is maximal within
the high-frequency range (around 5000 Hz). This property allows differential enhancement and
amplification of acoustic stimuli before entering the external auditory meatus. The external audi-
tory canal generates an ear canal resonance (enhancement of the acoustic signal) typically at a
frequency of 3000 to 4000 Hz, which is important for the natural perception of sound [10].

The acoustic stimulus reaches the tympanic membrane, which forms the lateral wall of the
middle ear, causing it to vibrate. At this point, the electrical stimulus is transformed into a mechan-
ical vibration. The middle ear includes the ossicular chain, which is formed by the three smallest
bones in the human body: malleus, incus, and stapes. A part of the sound is reflected by a mecha-
nism called acoustic impedance. The greater the mass and the stiffness of the membrane and the
ossicular chain is, the greater the mechanical resistance and therefore the impedance. The surface
area difference between the tympanic membrane (55 mm?) and the footplate of the stapes (3,2 mm?)
produces a remarkable sound amplification. This physiological amplification is necessary to over-
come impedance and allow transmission between the air in the middle ear and the fluid-filled coch-
lea (perilymph). The morphological arrangement and interaction of the middle ear ossicles serve
as a lever system, generating a mechanical advantage and contributing to the signal amplification.
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Figure 1-2 A drawing of the peripheral auditory system and a cross section of the cochlea: 1 = helix, 2 = antihelix, 3 = scaphoid
fossa, 4 = concha, 5 = lobe, 6 = triangular fossa, 7 = external auditory meatus, 8 = tympanic membrane, 9 = Eustachian tube, 10 =
middle ear space (tympanum), 11 = incus, 12 = malleus, 13 = stapes, 14 = superior semicircular canal, 15 = bony cochlea shell
(otic capsule), 16 = round window, 17 = eighth nerve. Source: Musiek and Baran [8, p. 3].



The movement of the stapes applies a vibratory input into the cochlea through the oval window.
At this point, a traveling wave (TW) is elicited in the endolymph within the cochlear duct, which
moves along the entire length of the basilar membrane. Within the cochlear duct lies the organ of
Corti on the basilar membrane. This important structure is responsible for the transduction of au-
ditory signals. The TW causes the stereocilia of outer hair cells (OHCs) in the organ of Corti to
deflect at its upper border against the tectorial membrane (TM). This deflection produces a depo-
larization of hair cells. This shearing or bending effect is essential in the cochlear transduction
pro- cess. The pressure applied to the cochlear fluid is produced through a piston-like action of
the stapes. This pressure is about 22 times the initial pressure directed to the tympanic membrane
with an acoustic gain of approximately 27 dB [11]. Depolarization of hair cells triggers the
release of neurotransmitters (glutamate in case of inner hair cells IHCs) through the synapse and
generates electrical impulses. These electrical signals are conveyed through the auditory sensory
neurons to the auditory cortex in the temporal lobe [8, pp. 1-20], [11].

Numerous diseases and anomalies could disrupt this complex piece of engineering, resulting in
different types of hearing disorders.

1.2 Hearing Loss

According to the World Health Organization (WHO), over 1.5 billion People live with hearing loss
globally. It has been estimated that this number could rise to over 2.5 billion by 2050. The preva-
lence of hearing impairment in Germany according to the WHO criterion is approximately 11.1
million persons [12]. The Robert Koch Institute (RKI) reported in 2012 that 21.5 % of the German
adult population suffer from hearing impairment [13, pp. 54-57].

Hearing loss could have various negative physical and psychological outcomes, which have
a direct impact on the patient’s life. Arlinger reviewed the negative consequences of uncorrected
hearing loss on different aspects of life of the affected person. People suffered from isolation, re-
duced social activity, and increased symptoms of depression. These were reflected in a poorer
quality of life [14].

A person is said to have hearing loss if he or she is not able to hear as well as someone with
normal hearing. There are a variety of hearing loss causes, which include congenital or early onset
childhood hearing loss, chronic middle ear infections, noise induced hearing loss, presbycusis and
toxic hearing loss [15].

Hearing loss is classified according to the diseased part of the auditory pathway into three
main categories (Figure 1-3):

1. Conductive hearing loss
2. Sensorineural hearing loss
3. Mixed hearing loss

A conductive hearing loss indicates that the pathology usually lies in the external or middle ear,
whilst a sensorineural hearing loss suggests that the diseased part lies in the inner ear or the auditory
pathway and cortex. A mixed hearing loss indicate the presence of both conductive and sensori-
neural impairment components [11].
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Figure 1-3 Classification of hearing impairment according to the level of lesion. Source: Prof. Dr. med. Dr. h. c. Thomas Zahnert,
Dtsch Arztbl. Int. 2011 June [15].

1.2.1 Conductive Hearing Loss

This type of hearing impairment could be caused by any pathology between the pinna and the
external auditory meatus to the foot of stapes [16]. These lesions result in a total or subtotal dis-
ruption of the air conduction of the acoustic stimulus.

Someone could have a conductive hearing loss if the sound transmitted through air is di-
minished while the bone conduction is normal. The condition is diagnosed typically using the pure
tone audiometry. The threshold of bone conduction of sounds lies typically at or below 20 dB,
whereas the intensity of stimulus required for hearing via air conduction is greater than 20 dB. The
result is demonstrated with an air-bone gap of more than 10 dB. The size of the air-bone gap indi-
cates the severity of conductive hearing loss with a maximum value of 65 dB [11], [17].

An abnormal embryonic development of the first and second branchial arches and the first
branchial cleft results in aural atresia, which causes a complete disruption of the air conduction
[18]. Various pathologies in the middle ear cause a conductive hearing loss such as acute and
chronic otitis media with or without effusion, cholesteatoma, ossicle discontinuity, and otosclero-
sis. Conductive hearing loss is the most common type in children, which is usually caused by otitis
media with effusion [19], [20].

1.2.2 Sensorineural Hearing Loss

Sensorineural hearing loss results from pathologies causing damage to the hair cells within the
cochlea, the vestibulocochlear nerve or the auditory cortex [21].

This type of hearing loss could be congenital or acquired. Congenital causes may be syn-
dromic (such as Usher, Alport, Pendred and Stickler) or non-syndromic. The non-syndromic hear-
ing loss accounts for 70 % of cases and is transmitted predominantly (75-80 %) as an autosomal



recessive trait [22]. A congenital hearing loss may be caused by several maternal infections such
as CMV, Toxoplasma gondii, rubella virus, HSV and Treponema pallidum [23].

Common causes of acquired sensorineural hearing loss include: presbycusis, Meniere’s dis-
ease, ototoxicity induced by medications, noise-induced hearing loss, meningitis, inner ear concus-
sion and vestibular schwannoma. Most cases of sudden sensorineural hearing loss have no identi-
fiable cause and are classified as idiopathic [24].

Single Sided Deafness (SSD)

Single sided deafness presents the most severe form of unilateral sensorineural hearing loss. The
etiology includes damage to the hair cells within the cochlea or the neural pathway resulting in
deafness or hearing level of 90 dB HL or greater in the affected ear, with normal or near normal
hearing in the contralateral ear [17].

The incidence of children with unilateral hearing loss is 1 in 1000 in newborns, which con-
stantly increases with age to reach 1 in 5 in adolescents [25], [26], [27]. The incidence of acquired
single sided deafness in adults is estimated to affect 12 to 27 per 100,000 persons in the general
population [17], [28].

The Lesion is located mostly in the sensory epithelium of the cochlea and its hair cells. Less
commonly, lesions affect the retrocochlear region in the spiral ganglion, the cochlear nerve and
nucleus. The presence of otoacoustic emissions (OAEs) and cochlear microphonics (CMs) deter-
mines the site of the causing lesion. The absence of these signals indicates that a large portion of
hair cells are damaged [29]. In contrast, the neural pattern of hearing loss, resulting from a lesion
in the cerebellopontine angle like a vestibular schwannoma as an example, is characterized with
measurable OAEs and CMs [30]. In adults, acquired single sided deafness has also an unknown
etiology. Possible causes are trauma, ototoxic medications, viral or vascular diseases, Meniere dis-
ease or as a postoperative complication [11].

1.2.3 Mixed Hearing Loss

A combined damage to the outer or middle ear and inner ear results in a mixed hearing loss. It is
defined as having a bone conduction threshold greater than 20 dB Hearing Level (HL) and an air
bone gap greater than 10 dB [11], [17].

1.2.4 Grading of Hearing Impairment

The WHO proposed a grading system that included four grades of hearing impairments ranging
from mild to severe. The current classification is based on a previous version from 1991 [31] and
is shown in Table 1-1. This grading system is based on hearing thresholds obtained via the pure
tone audiometry (Figure 1-4).

Hearing loss is classified according to the extent of hearing loss, as follows:

Mild hearing loss: Hearing threshold of 25 to 40 dB

Moderate hearing loss: Hearing threshold of 41 to 60 dB

Severe hearing loss: Hearing threshold of 61 to 80 dB

Profound hearing loss or deafness: Hearing threshold of more than 81 dB



Table 1-1 WHO's grades of hearing impairment

Corresponding
audiometric ISO
Grade of impairment value (a,b) Performance Recommendations
No or very slight
hearing problems,
able to hear whis-
0: No impairment 25 dB or better pers No
Able to hear and

repeat words spo-
ken in normal

1: Slight impairment | 25-40 dB voice at 1 m Counseling, hearing aids may be needed
Able to hear and

2: Moderate impair- repeat words using

ment 41-60 dB raised voice at 1 m | Hearing aids usually recommended

Able to hear some

words when
3: Severe impair- shouted into better | Hearing aids needed. If no hearing aids availa-
ment 61-80 dB ear ble, lip-reading should be taught

Unable to hearand | Hearing aids may help in understanding words.
4: Profound impair- understand even a | Additional rehabilitation needed. Lip-reading
ment 81 dB or greater | shouted voice and sometimes singing essential

dB: decibel; Hz: Hertz; ISO: International Organisation for Standardization; m: meter; WHO: World Health
Organisation

a: in the better ear b: average of 500, 1000, 2000 und 4000 Hz

Source: Global Burden of Disease Expert Group on Hearing Loss [32].
This table has been customized for this study.

The Global Burden of Disease (GBD) expert group on hearing loss proposed a revised classifica-
tion in 2010, in which the normal hearing limit was reduced from 25 to 20 dB. The new recom-
mendations addressed 6 different degrees of bilateral hearing loss with a separate category for uni-
lateral hearing impairment. A consistent change of 15 dB between different degrees was adopted
and considered significant. Relying solely on the hearing threshold of the pure tone audiogram is
insufficient for determining the cause of hearing loss and evaluating the condition of the central
auditory nervous system [31], [32].
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Figure 1-4 Audiogram examples showing hearing thresholds at various frequencies. showing (a) normal hearing and (b) mild to
moderate hearing loss. Source: Zhao, Fei & Mayr, Robert. (2021) [33].

There are three main types of hearing aids used for rehabilitation with patients who suffer from
hearing loss: air conduction (AC) hearing aids, bone conduction (BC) hearing aids and active mid-
dle ear hearing aids (AMEI) [34].

In the next section, we will review the mechanism of bone conduction, as well as the indi-
cations and types of currently available bone conduction hearing aids.

1.3 Bone Conduction Hearing Devices (BCHD)

Aural rehabilitation using bone conduction hearing devices, also known commonly as bone an-
chored hearing aids (BAHA), has a longstanding tradition. The devices are surgically implantable
or semi-implantable and have been utilized for hearing improvement over the past 40 years [35].
The first implantation of a BAHA was performed by Prof. Dr. Anders Tjellstrom in 1977 in Swe-
den. Since then, a remarkable improvement of this type of hearing aids has been achieved [36].

BAHA operate by converting sound waves into mechanical vibrations, which are transmit-
ted to the cochlea, bypassing pathologies in the external and middle ear. Vibrations at the level of
basilar membrane elicit, as mentioned earlier, action potentials in the dendrites of the cochlear
nerve, which will further propagate to the auditory cortex in the temporal lobe (area 41 and 42).
Stenfelt and Goode in 2005 concluded five factors contributing to bone conduction hearing: sound
radiated into the external ear canal, middle ear ossicle inertia, inertia of the cochlear fluids, com-
pression of the cochlear walls and pressure transmission from the cerebrospinal fluid. They added
that the inertia of the cochlear fluid seems to be the most important factor [37].



The indications of bone conduction hearing devices include conductive or mixed hearing
loss or single sided deafness with a normal hearing in the contralateral ear. Advances in the field
of bone conduction rehabilitation provided a new line of therapy for hearing difficulties, which
could not be improved with conventional hearing systems. These devices should be considered in
patients, who are not able to use conventional hearing aids due to various conditions such as chronic
ear discharge, chronic otitis media or externa and aural atresia. In cases of single sided deafness,
sound signals propagate via bone conduction transcranially to the contralateral, normal hearing
cochlea [38].

Bone conduction hearing devices are classified into two main groups: percutaneous and
transcutaneous devices. This classification is based on the presence or absence of a skin-penetrating
abutment [38].

1.3.1 Percutaneous Bone Conduction Devices

This type of hearing aids is based on direct transmission of signals through a bone-anchored abut-
ment without signal attenuation through skin and subcutaneous tissue [39]. The surgery is straight-
forward and can be performed under local anesthesia [40].

The main complications associated with this system are infection and local inflammation.
Other adverse effects include wound healing disorders, dehiscence, ulceration, and device extru-
sion [41], [42], [43], [44], [45]. Holgers et al. (1998) classified the local skin reaction around the
abutment into five categories, which range from no skin reaction (grade 0) to a clear skin infection
(grade 1V). Severe skin infections in grade IV necessitate a surgical intervention to remove the
implant [46].

There are currently two available percutaneous bone conduction devices: the Cochlear Baha
Connect System (Cochlear Bone anchored Solutions AB, Sweden) and the Oticon Ponto System
(Oticon Med AB, Sweden). Percutaneous BCHD consist of three main parts: external sound pro-
cessor, skin penetration abutment and osseointegrated implant [38].

1.3.1.1 Baha Connect System (Cochlear Company)

The company Cochlear presented this system to the market in 1977 as the first percutaneous, osse-
ointegrated System. It consists of a titanium osseointegrated implant BI300 with a length of 3 or 4
mm, an abutment BA400, and an external processor. The abutment is available at different lengths
to accommodate various skin thicknesses. Sound processors have been upgraded over time. The
Baha 6 Max sound processor has a small size with a fitting range up to 55 dB sensorineural hearing
level (SNHL) [38], [47].

1.3.1.2  Oticon Ponto (Oticon Medical Company)

The Oticon Ponto was first introduced to the market in 2009. The available series include Ponto 3,
Ponto 4, and Ponto 5. Various sound processors are available for each series, including the regular
edition, Power, and SuperPower. These are suitable for patients with bone conduction hearing
thresholds up to 45 dB HL, 55 dB HL and 65 dB HL, respectively [40], [48].



1.3.2 Transcutaneous Devices

Transcutaneous devices are further subdivided into active and passive implants according to the
site of elicited vibrations. In passive devices, vibrations are generated at the external sound proces-
sor level and then transmitted transcutaneously through the intact skin to the implanted device.
Whereas in active transcutaneous devices, the external auditory process produces electrical im-
pulses, which propagate through the intact skin from the sound processor to the implanted device.
The vibrations originate directly from the implanted device itself, which is in direct contact with
the skull bone [38].

1.3.2.1 Passive Transcutaneous Devices

The general principle of this system illustrates the transmission of electromagnetic signals gener-
ated in the sound processor through the intact skin to the implanted component of the device. The
absence of abutment reduces skin related adverse effects [40], [49].

The sound processor is attached to the titanium implant placed under the intact skin through a
magnetic force. This magnetic force may lead to various pressure induced adverse effects involving
the skin and subcutaneous tissue. These complications hinder the device’s usability, hence resulting
in a decrease in the daily average use of the sound processor [38], [50].

Despite the significant hearing improvement, studies showed a signal attenuation up to 25
dB especially at high frequencies between 6000 and 8000 Hz, when compared to percutaneous
devices [51], [52].

The currently available transcutaneous devices are the Baha Attract System (Cochlear
Bone-Anchored Solutions, AB, Sweden) and Alpha 2 MPO System (Medtronic, Ireland).

1.3.2.1.1 Baha Attract (Cochlear Company)

The Baha Attract was introduced by Cochlear to the market in 2013. The system consists of an
internal magnet (BIM400 Implant Magnet) which attaches to a fixation screw (BI300 Implant).
The Baha Attract system uses the same BI300 implant as the percutaneous Baha Connect. The
implants were designed to lie completely under an intact skin without an abutment. Besides, both
Baha Attract and Baha Connect utilize the same external processor. The most advanced Baha sound
processor can compensate for a sensorineural element up to 65 dB HL [38], [53], [54], [55], [56].

1.3.2.1.2 Alpha 2 MPO-System (Medtronic, USA)

The Alpha 2 MPO-System (Medtronic, USA) was first released in 2006 [57]. The implant consists
of two magnets hermetically sealed in a titanium case. The implant is fixed under the skin within
a shallow bone bed with five screws. The sound processor receives sounds from the environment
and transfers these through the intact skin to the magnetic bone implant. The Transcutaneous En-
ergy Transfer (TET) enables a further transfer of the signals to the patient's cochlea. The Alpha 2
MPO ePlus sound processor is suitable for patients with a conductive hearing loss up to 45 dB HL
with an ideal candidacy up to 35 dB [38], [40], [58].



1.3.2.2 Active Transcutaneous Devices

Active transcutaneous devices are semi-implantable devices which offer the advantage of active
transduction of signals under the intact skin.

The currently available devices include the Bonebridge (Med El, Austria) and the most
recently introduced Osia System (Cochlear Bone-Anchored Solutions, AB, Sweden).

1.3.2.2.1 Bonebridge (Med El, Austria)

The first generation of Bonebridge (BCI 601) was released to the market in 2012 and the second
version BCI 602 in 2019. The implantable part consists of a magnet, a receiving coil, a sound
processor or demodulator and a bone conduction floating mass transducer (BC-FMT) with an elec-
tromagnetic technology [38], [40], [59]. Electromagnetic signals are transmitted from the sound
processor to the implanted transducer. The transducer transforms these signals into direct mechan-
ical vibrations. These vibrations are directly applied to the temporal bone, hence reducing signal
attenuation. Besides, the absence of abutment minimizes the associated skin and soft tissue com-
plications [38], [59], [60], [61].

The device is indicated by conductive or mixed hearing loss with a bone conduction hearing
threshold better than or equal to 45 dB HL or as a routing device for the contralateral side in cases
of SSD [60], [61], [62], [63].

Table 1-2 Overview of bone conduction hearing devices

Bone Conduction Hearing Devices
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Percutaneous BCHD Transcutaneous BCHD
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(Medtronic)
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(MedEl)
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-
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Osia
(Cochlear)
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Source: based on Rahne and Plontke 2022, the table has been customized by the author specific for this study.
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1.3.2.2.2 Osia System (Cochlear Bone-Anchored Solutions, AB, Sweden)

The new Cochlear™ Osia system is the most recent active transcutaneous device, which was in-
troduced to the market in 2019. The System consists of a Piezo Power transducer which is fixed to
an osseointegrated implant (BI300) and an external sound processor. The Piezo Power transducer
is made of piezoelectric layers which expand and contract, producing mechanical vibrations when
an electric voltage is applied. The first generation transducer OSI100 had a flexible lead between
the transducer and the coil. The second generation OSI200 has a stable connection between the
transducer and the coil. The new design facilitates the surgical procedure and reduce feedback
noises [64]. The BI300 implant is a common component used in other Cochlear™ products. The
external Osia2 sound processor has a smaller size compared to the first generation and features an
updated signal processing [65], [66].

(A)

Osia2 sound Processor
Osial sound Processor

N
h' 4
Osia 0SI200 Implant ‘
E )
@«

;o/

Osia 0SI100 Implant

BI300 Implant

5

Figure 1-5 Cochlear Osia system implant OSI100 and OSI200 with BI300 implant and audio processor.

Device Description and mechanism:

The Osia system consists of two components: The external component includes a sound processor
with the associated accessories. The function of the sound processor is to pick up the surrounding
sounds and transfer them to the implant through a digital inductive link.

The processing unit comprises two microphones for receiving sounds, a custom integrated
circuit with digital signal processing (DSP), a visual indicator and a button allowing control of key
features and a battery (Figure 1-6). The materials being used are Polyamid 12 (PA12) for the sound
processor enclosure and the magnet housing, besides gold coated magnets. The Osia 2 processor
unit weighs 7.8 g and has the following dimensions: length 36 mm, width 32 mm, depth 10.4 mm.
It is provided with a high power 675 (PR44) zinc air dispensable battery and weighs 9.4 with the

11



battery. The sound processor receives sounds with THIS WAY UP
a frequency range between 100 Hz and 7 kHz, with
the ability to produce a sound output between 400

Hz and 7 kHz. o ont
The wireless connection link operates in the 1.4 light
GHz ISM band using GFSK (Gaussian frequency- Control
shift keying) and a proprietary bidirectional com- hdtton
munication protocol [65], [67]. Wicistoe
ports
The internal part includes a coil to receive and for-
. . Cover
ward the electrical signal to the actuator. At the ac-
tuator, the signals are coded into vibrations, which
are then transmitted via the BI300 Implant to the
cochlea through bone conduction. The actuator is
connected to the BI300 Implant, which in turn is
osseointegrated with the skull bone [68]. Figure 1-
7 provides an overview of the Osia OSI200 Im-
plant with its various components.
Attachment
holes for
Safety line
Battery
door

Figure 1-6 Cochlear Osia 2 sound processor with its different
components (user manual).

Cochlear™ Osia® OSI200 Implant

0OSI200 Implant (P1170466)

Coil

Removable magnet

Waist

Actuator

Fixation interface

Serial number and QR-code
Fixation screw

NoubkwnNn=

e

O}

IS 3N

— TR0
0

3

Skin side Bone side

Figure 1-7 Cochlear Osia OSI200 implant (Phyician’s Guide OS1200 Implant). [69]
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The BI300 Implant is available in 3 mm and 4 mm COChlea I‘TM BI300 Impla nt
lengths (Figure 1-8.).

The system is supplied from the manufacture with its E

compatible instruments and accessories, which in- 4= Vo) 1 Fixation interface

clude an OSI200 Implant template to ensure an appro- S

priate position of the OSI200 und BI300 implants, a === Avalablein3mm(92128)and 4mm
conical guide drill (3-4 mm) and two widening drills ﬂ 192123 lengths

(3 mm und 4 mm).

Figure 1-8 Cochlear BI300 implant (user manual).

Audiological Indication Criteria:

The Osia system is indicated for patients with a conductive hearing loss or a mixed hearing loss,
provided that the bone conduction hearing thresholds at the main speech frequencies 4PTA (500
Hz, 1 kHz, 2 kHz and 4 kHz) are 55 dB or better. In cases of single sided deafness, the contralateral
hearing threshold must be within 20 dBHL [70], [71], [72]. Vibrations are transmitted through the
skull bone to the contralateral normal ear; therefore, any hearing impairment of the contralateral
side could disrupt this mechanism [73]. Figure 1-9 illustrates the audiological indication criteria.

a) Diseased Ear b) Contralateral Normal Hearing Ear
125 250 500 1000 2000 4000 8000 Hz 125 250 500 1000 2000 4000 8000 Hz
0 0 !
10 10
20 20
30 30
40 40
50 50
60 60
70 70
80 80
90 90
100 L0O
dB dB

Figure 1-9 Audiological indication criteria include: a) Conductive hearing loss or mixed hearing loss with a maximum inner ear
hearing impairment up to 55 dB, b) Single sided deafness with a normal hearing level at the contralateral side. This Figure was
adapted from the candidate selection guide for the Cochlear Osia System and designed by the author specific for this study.
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1.4 Aim of the Study

The new Cochlear Osia™ system is considered the most recent active transcutaneous bone con-
duction hearing system in the market. The objective of this work is to present the clinical applica-
tions of the Osia system and to evaluate the surgical and audiological outcomes. All subjects in-
cluded in this retrospective study suffered from a conductive or mixed hearing loss mostly after
several previous ear surgeries.

At the department of Otolaryngology, Head and Neck Surgery at Liibeck University, we
performed seven surgeries with Osia OSI200 implants, marking the highest number of implants in
northern Germany at the time of the study. In this work, we address the necessary preoperative
preparation, the surgical procedure, possible risks and complications and the aesthetic outcome. To
assess the benefits of this system and its impact on the patient’s life, a comparative analysis of
audiological values pre- and postoperatively was conducted. In addition, a self-administered survey
was utilized to assess changes of various aspects of the patient's quality of life following the inter-
vention.

In summary, this study illuminates the clinical use of the Osia system, its effect on hearing
improvement and the patient’s self-perceptions of the overall well-being through patient-reported
outcomes.

The following questions are addressed in the study:

(1) Which audiological results and outcomes could be obtained in the frequency range of pure
tone audiometry (functional gain)?

(2) What is the percentage improvement in speech intelligibility in the free field in quiet and
with noise?

(3) Does the hearing-related quality of life (HRQoL) improve after the implantation of the Osia
system?

(4) How to assess the direct bone conduction through an active transcutaneous transmission?
(5) What are the possible risks and complications related to the operative procedure that may

occur during or after the surgery?

In the following, we would like to discuss our study results in the indications, the surgical procedure
and the clinical performance of the new Osia System.
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2 Patients and Methods

In this section, we present the study design and course, specific instruments and implant placement
guidelines, the audiometric testing methods, the questionnaire inventory and the statistical methods
used.

2.1 Study Design
2.1.1 Ethical and Legal Statement

Our study was approved by the Local Ethics Committee at Liibeck University with the registration
number: 2023-179 1 and conducted in agreement with the Declaration of Helsinki (2013 version).
In addition, an informed consent was obtained from all included patients prior to surgery.

2.1.2 Patients

In 2021 and 2022, 7 Osia OSI200 implantations were performed in 5 adult patients, in which two
patients received bilateral implants (n=7). The average age of patients included in the study was 34
years. Patients suffered from mixed and conductive hearing loss after multiple ear surgeries fol-
lowing cholesteatoma. In one case, a percutaneous bone-anchored hearing aid (Ponto, Oticon) had
to be removed because of a severe skin reaction. One patient suffered from an external auditory
canal atresia with a subsequent conductive hearing loss.

2.1.3 Course of the Study

During the initial visit, a detailed medical history was obtained from all patients. In addition, an
exact audiological assessment was performed by all participants. This assessment included: a pure-
tone audiometry PTA and a Freiburg speech intelligibility test.

In the postoperative evaluation, unaided and aided bone conduction (BC) at the frequencies
250, 500, 1000, 2000, 3000, 4000 und 6000 Hz and air conduction (AC) thresholds at the frequen-
cies 250, 500, 1000, 2000, 3000, 4000, 6000 and 8000 Hz were measured. To determine the speech
intelligibility improvement postoperatively, the Freiburg monosyllabic test was performed in free
field at 65 dB in quiet and in the presence of a narrow band noise at 60 dB. In addition, patient
reported outcomes were collected using validated questionnaires to include the patient's analysis
of changes regarding hearing and its impact on the quality of life. Furthermore, we address the
specific surgical instruments provided from the manufacturer, the recommended position of the
OSI200 implant and the external sound processor.
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2.2 Instruments and Optimal Placement Guidelines

Cochlear™ provided various instruments that
help with the preparation of the implantation site
and the fixation and insertion of both the BI300
and OSI200 implants.

2.2.1 Preparation of Implant Site

According to the manufacturer, the optimal posi-
tion of the sound processor is at the level or
slightly above the superior part of the pinna. This
position is intended to ensure an optimal acousti-
cal outcome. In each surgery, two OSI200 implant
templates are needed. The first template is used in
the non-sterile field to mark the correct site if the

Figure 2-1 Cochlear Osia system [144].

OSI200 und BI300 implants on the skin. The second OSI200 implant template is used in the sterile
field to check if the pocket size is suitable and ensure the correct the position of the actuator.

Figure 2-4 Marking of OSI200 und BI300 sites.

Source: Physician’s Guide OSI200 Implant [68].

=

Figure 2-5 Checking the pocket size with OSI200 template.
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2.2.2 BI300 Implant Specific Instruments

For the BI300 implant placement, two types of drills are provided. A conical guide drill with a 3-4
mm spacer which can be used first. Afterwards, the drilling can be continued with the correspond-
ing widening drill (3 or 4 mm) depending on the depth reached with the guide drill. The BI300
implant is picked up and inserted using a specific implant inserter [68].

= 155 - Conical guide drill  =——— Implant inserter
3+4 mm
g"(g, Widening drill s BI300 Implant
. with countersinking 5% 3mmor4mm
q—ﬂ 3mmor4mm

Figure 2-6 shows BI300 implant specific reusable instruments. (Source: Physician’s Guide OSI200 Implant) [68]

2.2.3 OSI200 Implant Specific Instruments

A bone bed indicator is provided to check for interfering bone projection. The indicator is placed
on the BI300 implant and rotated 360° clockwise. Bone projections should be removed to insure a
proper signal transmission between the actuator and the BI300 implant.

4e3jy20>
eIsO

L -

Pin  Body

Figure 2-7 Bone bed indicator (17 mm) used to ensure an adequate clearance above bone level. The indicator is delivered in two
parts (body and pin) that must be combined before use. Source: Physician’s Guide OSI200 Implant [68].
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In the OSI200 sterile package, two fixation screws are available, but only one is necessary to fix
the OSI200 implant to the BI300 implant. A screwdriver UniGrip 95 mm is used to pick up the
fixation screw from the implant blister pack and to screw the fixation screw into the actuator. For
the fixation of the actuator on top of the BI300 implant, a machine screwdriver UniGrip 25mm and
multi wrench with ISO adapter are needed [68], [74].

E Bone bed —&=———=_9  Screwdriver UniGrip
Eﬁi indicator 17 95 mm
: mm
PrO— Multi wrench 0SI200 Implant
- with ISO template
adapter
= Machine ’ 0SI200 Implant
screwdriver o —{ ]
UniGrip 25 ' :
mm

Figure 2-8 shows OSI200 implant specific instruments. Source: Physician’s Guide OSI200 Implant [68].
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2.3 Audiological Methods
2.3.1 Pure Tone Audiometry (PTA)

A pure tone audiometry was used historically to assess hearing across a range of frequencies, which
are important for daily life activities. This method evaluates the severity and the type of hearing
loss to assist physicians with determining the differential diagnosis, the prognosis of the condition
and eventually planning the treatment strategy [8], [75].

The word ‘audiometry’ was first used in 1879 by Richardson, and the first audiometry chart
was created by the German otologist Arthur Hartmann in 1885, where he plotted left and right
tuning fork responses and the percentage of hearing [75]. Since the manufacturing of audiometers
in the 1930s, a huge technological progress has occurred. Nevertheless, the fundamental principles

have remained unchanged over the last 50+ years. However, there are well known limitations of
the pure tone audiometry. It provides no information in cases of involvement of the primary audi-
tory cortex or regarding the auditory processing of real-world signals such as speech and music [8].

The auditory assessment includes testing both the air and bone conductions. In air conduc-
tion, the sound travels into the external auditory canal, passing through the tympanic membrane,
vibrating the ossicular chain to reach the cochlea. Afterwards, the auditory stimulus will propagate
through the cochlear nerve to reach the auditory cortex [11].

The sound can also be transmitted as vibrations in the skull bone and soft tissues that cause
the bone around the cochlea to vibrate and result in perception of sound [37].

Both pure tone and speech audiometry were carried out by certified audiometrists, typically
in a soundproofed booth to eliminate external sounds. The device used is Auritec AT900 (Auritec
GmbH, Hamburg) with its compatible software. The Audiometer generates acoustic stimuli with
various frequencies, which are then transmitted to the patient through both air conduction and bone
conduction headphones.

Hearing thresholds are measured in decibels Hearing Level (dBur) and represent the quiet-
est sound at different frequencies that a patient can hear at least 50% of the time [76]. The so-called
Hughson-Westlake method is used to test hearing level typically at decreasing intensity in 5- or 10-
dB steps until the tone becomes inaudible and then at increasing intensity until becoming audible
again [77]. Another way to measure hearing thresholds is the automated, modified Békésy tracking
method [77], [78]. Hearing thresholds up to 25 dB are considered normal, however some people
would be able to hear lower than 0 dBur [76].

Hearing levels are tested typically at the following frequencies: 250, 500, 1000, 2000, 3000,
4000, 6000 and 8000 Hertz. This range covers the speech-relevant spectrum, which spans from 500
to 4000 Hertz [79]. It is recommended to start testing at 1000 Hertz, as the patient faces less diffi-
culties recognizing the tones at this frequency. Afterwards, testing will classically take the follow-
ing sequence: 1000, 2000, 3000, 4000, 6000, 1000 (repeat), 500 and 250 Hz. The measured pure
tone thresholds are visualized on an audiogram to facilitate interpretation, in which, the frequencies
ranging from 250 to 8000 Hertz are plotted on the X-axis in Hertz, the hearing thresholds are plotted
on the Y-axis in decibels Hearing Level [11].

To summarize the audiometric findings, a pure tone audiometry (PTA) is used internation-
ally at the 4 main frequencies 500, 1000, 2000 und 4000 Hertz. Bone conduction and air conduction
measurements at these main frequencies are abbreviated as 4PTAgc and 4PTAAxc, respectively.
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A pure tone audiometry was performed as part of the preliminary examination for the purpose of
establishing the indication and usually repeated two days prior to surgery. For the study, both hear-
ing thresholds were considered identical to maintain consistency.

In order to issue a hearing aid prescription, according to the German hearing aid guidelines,
the indication must be fulfilled, which includes in cases of a unilateral hearing rehabilitation:

(1) Hearing loss of the worst ear in pure tone audiometry (DIN ISO 8253-1) of at least 30 dB
(SPL) at one or more frequencies between 500 and 4000 Hz.

(2) In speech audiometry the speech recognition score (SRS) with headphones (DIN ISO 8253-
3) of the worst ear at 65 dBur should not exceed 80 %.

The same indication applies for the best ear in case of bilateral hearing rehabilitation (Guideline
implantable hearing aids 09/2018) [80].

A hearing aid rehabilitation is indicated, if a conventional hearing aid cannot be used, or if
a long-term benefit is expected [81], [82].

Some of the common problems faced by patients with a conductive hearing loss using a
conventional hearing aid are chronic otitis media, external auditory canal stenosis and chronic otor-
rhea. An implantable hearing device is also indicated if the conventional hearing aid fails to ade-
quately improve the hearing deficiency, particularly in cases of a conductive or a combined hearing
impairment following conditions such as chronic otitis media, cholesteatomas and middle ear sur-
geries [83].

In addition, a single sided deafness can be also an indication for an implantable hearing
system, if the conventional CROS/BiCROS hearing aids don’t achieve a sufficient rehabilitation
[84].

The type of hearing loss is determined with the air conduction (AC) and bone conduction
(BC) thresholds. A sensorineural hearing loss is described if the AC and BC thresholds lie beyond
the normal limits, however within 10 dB of each other.

In cases of a conductive hearing, the bone conduction falls within the normal range with an at least
15 dB difference between the AC and BC (air-bone-gap (ABG) [17].

Table 2-1 Audiometric symbols

Setting Right Left
Air Conduction unmasked O

masked A
Bone Conduction unmasked <Z D
J
[ ]

masked E
Free Field Unaided Threshold
Free Field Aided Threshold .

Source: based on Lehnhardt and Laszig 2009, the table has been customized by the author specific for this study.
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Pathologies in the external or middle ear cause an air bone gap (ABG) to various extents. A maxi-
mal ABG of 60 dB is seen in cases such as a complete ossicular chain discontinuity or an external
auditory canal atresia. These conditions result in a complete blockage of the sound transmission
via air conduction [11].

The hearing loss is considered mixed if the configuration of the audiogram includes both
conductive and sensorineural impairment components in one or more frequencies [17].

125 250 500 1000 2000 4000 8000 Hz 125 250 500 1000 2000 4000 8000 Hz
0 0
10 10
20 RN 20 ) T
2Ty st
C P M~
50 50 O e
60 60 9
70 70
80 80
90 90
100 100
dB dB
a) Sensorineural hearing loss b) Mixed hearing loss

Figure 2-9 Examples of audiograms. Source: based on Lehnhardt and Laszig 2009, the diagrams have been customized by the
author specific for this study.

Applying an acoustic stimulus to one ear with a sufficient intensity may cross to the cochlea of the
opposite ear. This signal-crossover to the contralateral side produces false audiometric results [17].
The volume of sound intensity attenuated by crossing from one ear to the other is known as in-
teraural attenuation. To prevent cross-hearing, the non-test ear is masked by applying a noise during
the measurement. Clinical masking is required when the difference in hearing thresholds between
ears is greater than the interaural attenuation. The interaural attenuation for bone conduction is
negligible and assumed to be 0 dB [85]. On the other side, the interaural attenuation for air con-
duction testing using a supra-aural earphone is 40 dB. Insert-earphones produce greater attenuation
between ears with around 55 dB [86].

The necessity for masking must be expected, with certain exceptions, when the difference
between hearing thresholds of ears exceeds 50 dB [85]. An over masking may occur when the
masking noise crosses back from the non-test ear to the test ear. Ralph F Naunton was the first to
describe this phenomenon, which has since been known as ‘Naunton's masking dilemma’ [87].

The postoperative measurement of aided hearing thresholds was conducted in the free
sound field (FF). The audiometric thresholds were measured using frequency-modulated tones,
known as warble tones. Warble tones help to minimize the interference caused by steady waves in
the testing room, allowing more reliable measurements [88].

The measurement of functional gain is calculated as the difference between aided and un-
aided thresholds at each specific frequency and is defined as the relative decibel difference [89],
[90]. The calculated functional gain at the pure tone average frequencies (500, 1000, 2000 und
4000 Hz) is abbreviated as 4PTArg.
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2.3.2 Speech Audiometry

The most frustrating outcome of hearing loss is the loss of speech recognition, which has a direct
impact on the quality of life. While a pure tone audiometry examines hearing ability of pure tones,
the speech audiometry assesses speech intelligibility and discrimination and determines the quali-
tative perception of spoken words by the patient in a real-world environment. Besides, it plays an
important role during the hearing aid fitting. Other useful applications are the diagnosis of periph-
eral and central hearing disorders and the evaluation of a certain surgical procedure by comparing
pre- and post-operative results. Together with the pure tone audiogram, the speech audiometry
forms the backbone of the audiological examination [91].

The testing is performed in a sound-proof booth with recorded word lists presented to the
patient at different intensities via headphones or loudspeakers. The use of headphones allows for
separate examination of each side and masking the non-test ear. The word lists are presented usu-
ally at 20 to 30 dB greater than the pure-tone average for the frequencies 500, 1000, 2000, and
4000 Hz. Afterwards, the sound volume is changed to +10, +20, -10 and -20 dB or more from this
level [91].

The speech audiometry tests usually used in clinical practice are the speech detection
threshold (SDT), the speech recognition threshold (SRT) and the word recognition score (WRS).
Threshold tests confirm the pure tone audiometry thresholds and determine the speech detection
threshold (SDT), also known as speech reception threshold, which corresponds to the level at which
speech is audible to a person in 50% of cases. The SDT employs threshold tests to confirm hearing
thresholds obtained with the pure tone audiometry. The speech recognition threshold (SRT), also
known as the speech perception threshold, is the lowest hearing level at which an individual can
recognize and correctly repeat 50% of the speech material, typically involving disyllabic words.
The word recognition score (WRS) is the percentage of words correctly repeated by the patient. A
list of monosyllabic words is presented to the patient at the speech recognition threshold + 30 dBur
(supra-threshold speech perception). The percentage of correctly repeated words is referred to as
the discrimination score, while the percentage of incorrectly repeated words is termed the discrim-
ination loss [92], [93].

The Freiburg intelligibility speech test is one of the most used speech tests in German-
speaking countries. According to DIN 45621, the test was introduced 70 years ago by Hahlbrock
in 1953 [94]. It has been used primarily to determine the speech perception threshold (based on
two-digit numbers) and the ability to discriminate speech at suprathreshold presentation levels
(based on monosyllabic nouns) [95].

The speech material was presented to the patient through both headphones and loudspeak-
ers, with the patient asked to repeat afterward. The maximum speech recognition score (SRS) was
obtained prior to surgery. It’s defined as the subject’s maximum score, no matter how loud the
volume is turned up [91]. The usual used words are numerical words (polysyllable) and monosyl-
labic nouns. The numerical words are generally easier to understand. A healthy individual can
correctly hear all numbers at a volume of approximately 30 dB and monosyllables at a volume of
50 dB [11]. The word recognition score was tested with a sound intensity at 65 dBur in quiet and
in the presence of narrow band noise at 60 dBspr, applied to the patient via a loudspeaker. Both the
speech material (S) and the noise (N) were presented from a loudspeaker positioned 1 meter in
front of the patient at an angle of 0° (SONO). Masking was applied using a headphone to prevent
cross-hearing through the non-test ear. The results of the Freiburg intelligibility speech test were
compared in free field before surgery (unaided) and after surgery (aided with Osia). The test played
an important role in fulfilling the diagnostic criteria and indicating the need for hearing implants.
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As mentioned earlier, the word recognition score should not exceed 80% at 65 dBn in order to
prescribe a hearing aid or hearing implant, following the German guidelines (DIN ISO 8253-3).

The test results are plotted on a graph (Figure 2-10), illustrating the percentage of speech
discrimination (WRS) on the y-axis in response to the corresponding acoustic intensity on the x-
axis. Hearing disorders determine the shape of the graph. A normal hearing ear produces a sigmoid-
shaped curve with a steep near-vertical portion in the middle. In a conductive hearing loss, the
curve is parallel to that of a normal ear but shifted to the right. A sensorineural hearing loss dimin-
ishes speech discrimination and consequently the maximum speech recognition score. The gradient
of the middle portion of the curve is often less and a plateau is reached regardless of increase in the
sound presentation level ‘plateau effect’. In a retrocochlear lesion, the speech recognition improves
with intensity increase up to a point, after which speech recognition deteriorates with further in-
crease in the intensity, which is called ‘rollover’ [11], [91], [92], [93].

Speech Audiogram
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Figure 2-10 Examples of speech audiometry curves, the speech audiometry in a conductive hearing loss is shifted to the right, the
maximum SRS is still 100% as discrimination is preserved (0% discrimination loss). A cochlear pathology usually shows a plat-
eau effect, with a maximum SRS below 100% despite a rise in intensity. A retrocochlear pathology demonstrates a phenomenon
called ‘rollover’, in which the speech recognition decreases as intensity increases. Source: Figure adapted from Key Topics in
Otolaryngology by Nick et al., 2019 [91].
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2.4 Patient Reported Outcomes

The Glasgow Benefit Inventory (GBI) was conducted to allow a subjective evaluation of hearing
development and its impact on the quality of life. This questionnaire was completed by patients
and used in the statistical analysis.

Glasglow Benefit Inventory (GBI)

The Glasgow Benefit Inventory is an 18-item questionnaire developed especially for the otorhino-
laryngological (Orl) interventions to measure the patient benefit and the change in health status
[96]. The original GBI was developed in 1996 to be patient-oriented and to register and compare
changes in health status, whether positive or negative [96], [97].

In the first publication in 1996, Robinson and his colleagues implemented the GBI in five
otorhinolaryngological interventions retrospectively: middle ear surgeries to improve hearing, ton-
sillectomy, rhinoplasty, provision of a cochlear implant and middle ear surgery to eradicate ear
activity [96].

The GBI has gained since then a huge popularity in Otorhinolaryngology [97], [98]. Hendry
et al. published in 2015 a systematic review of 117 reports regarding the use and value of GBI to
address impact on health and quality of life after interventions [98]. Since the original report, there
have been numerous publications assessing the patient benefit using the GBI, not only postopera-
tively, but also for non-surgical interventions. For example: after endoscopic sinus surgery [99],
[100], bone anchored hearing aids [101], [102], [103], [104], [105], [106] and cochlear implants
[107], [108]. Some authors conducted retrospective studies that used the GBI in medically managed
Meniere’s disease [109] or in patients after a sialendoscopy [110], [111].

The GBIl is divided into three different subscales: twelve questions dealing with the general
changes in health status including the psychosocial aspects. Three questions address social support,
the remaining three questions address changes in physical health status including the need to take
any medications and the number of doctor visits or consultations after the intervention [98].

Each question has five different possible answers. The questions are answered using a 5-
point Likert scale ranging from a marked deterioration (1 point) to a large improvement (5 points)
in health status. To avoid a response bias, half the questions are graded from a large deterioration
to a large improvement and the other half is sorted in the other order.

For the evaluation, the mean score of each group is subtracted by 3 and multiplied by 50.
The obtained value ranges from -100, which projects a maximum worsening of overall health sta-
tus, to +100 by maximal improvement after intervention [96], [97].
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2.5 Statistical Methods

A biometric consultation was conducted at the Institute of Medical Biometry and Statistics to assist
in choosing the appropriate method for data presentation. The statistical calculations and analysis
were performed using the statistical programs IBM SPSS Statistics 29.

A one-sample t-test was used for the purpose of the comparison within the groups, and to determine
whether the differences between them are statistically significant. A repeated measures ANOVA
was implemented to compare the means of more than two groups and determine whether these
means are statistically different from each other. Results with P-values lower than 0.05 were con-
sidered statistically significant. The mean values of the calculated data are provided with their cor-
responding standard deviation.

25



3 Results

3.1 Patient Demographic Data

In 2021 and 2022, 7 Osia implantations were performed in 5 adults, 2 patients received bilateral
implants. The mean age of patients at the time of implantation was 34 (SD +13,7) years. The
youngest patient had the surgery at the age of 17 years, the oldest at the age of 52 years (Tab. 3-1).

With respect to etiology of hearing loss, four ears suffered from a conductive hearing loss

(CHL) after multiple ear surgeries following cholesteatoma, three ears suffered from a mixed hear-
ing loss (MHL). Figure 3-1 summarizes the etiology by the subjects included in the study.

A bilateral hearing loss was present by the youngest patient since birth. In one case, a percu-

taneous bone-anchored hearing aid (Ponto, Oticon) had to be removed because of a severe skin

reaction. One patient suffered from an external auditory canal atresia with a subsequent conductive

hearing loss.

Type of hearing loss

EcHL
Il MHL

Figure 3-1 Type of hearing loss.
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Table 3-1 Age of patient at time of implantation

N Minimum Maximum Mean Std. Deviation
Age of patient at time of 7 17 52 33,57 12,765
implantation
Valid N (listwise) 7
3.2 Surgery

3.2.1 Preoperative Preparation

A thoughtful preoperative preparation is necessary to assess the feasibility of the procedure and to
ensure its compatibility to the clinical condition. This assessment aims to predict the best possible
auditory outcome and reduce surgery-related morbidities.

In all subjects, a high-resolution cranial CT scan was readily available due to prior ear con-
ditions, mostly cholesteatomas. This allowed a meticulous evaluation of the petrous bone status
and plan the position and dimension of the implant. Important adjacent structures such as the in-
ternal carotid artery, the sigmoid sinus, the course of the facial nerve, and the external auditory
meatus were considered.

A proper assessment of the bone condition plays an important role in cases with previous
ear surgeries such as a radical mastoidectomy. In this regard, the measurement of bone thickness
is significant at the level of BI300 implant/ transducer. The skin flap thickness should be kept at or
less than 9 mm to ensure a good magnet retention of the external sound processor.

3.2.2 Surgical Procedure

After obtaining an informed consent from the patients, all surgeries were conducted under general
anesthesia following the instructions provided by the manufacturer of the device. The surgery time
varies between 42 and 101 minutes for the unilateral Osia implantation and 135 minutes for the
bilateral implantation.

At first, a surgical marking pen and a caliper were used to mark the preauricular incision
site. The location of the OSI200 Implant was marked by using the template provided from the
manufacturer. To mark the location of the BI300 implant on the bone following the manufacturer’s
instructions, a needle with a marketing ink ‘’methylene blue’’ was inserted through the hole of the
actuator area of the OSI200 template down to the bone. The soft tissue thickness was measured
using a thin hypodermic needle, a skin thinning was not necessary in all cases (Figure 3-2).
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Figure 3-2 Planning the postauricular incision and the position of the OSI200 implant. A sterile template was used to mark the
position of the OSI200 implant. Approximately 1 cm was kept between the incision and the edge of the implant according to standard
recommendations. The skin and pericranial incisions should not be overlapped. Source: ENT Department UKSH Liibeck.

Before making the incision, a local anesthetic agent with epinephrine was applied at the marked
incision line. A retroauricular C-formed incision was performed parallel to the helical rim. As sug-
gested by the manufacturer, a 10-15 mm distance between the incision and the edge of the implant
was kept reducing the tension on the skin. The incision cuts through all layers followed by a sub-
periosteal dissection. A periosteal flap was raised posteriorly to create a coil pocket. To plan the
optimal implant position, a sterile template was inserted to check the pocket size (Figure 3-3).

Figure 3-3 Showing a postauricular incision with a large posterior periosteal flap. The periosteal flap is raised with a retractor to
ensure an adequate bone surface for seating the OSI200 implant. The sterile template is inserted to check the pocket size. Source:
ENT Department UKSH Liibeck.
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An optimal position of the OSI200 implant was taken into consideration, according to the manu-
facturer, the actuator should be close to and in horizontal line with the ear canal or slightly
superior, without contact to the pinna.

In most cases, an implant well of 3-4 mm in the bone was prepared to lower the implant in
the bone bed. Drilling started at the middle of the planned position for the floating mass transducer.
Next, a conical guide drill with a 3mm spacer was used at 2000 rpm perpendicular to the bone
surface, with an adequate bone thickness, the drilling was continued with the wider spacer (4mm)
to reach a depth of 4 mm, followed eventually with the widening drill. The drilling was carried out
in a perpendicular manner with a continuous irrigation and cooling of the bone (Figure 3-4).

Figure 3-4 Sequential drilling procedure demonstrating guide drill use with the spacer being removed (left), followed by widening
drill to 4 mm depth (right). Source: ENT Department UKSH Liibeck.
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In all cases, a transmastoid approach was chosen, where the BI300 implant was inserted in the
sinodural angle. The insertion and fixation of the BI300 implant was performed with a torque
wrench limited to 20-30 Ncm (Figure 3-5). The surface of the actuator site was evaluated using the
bone bed indicator (Figure 2-7). Bone projections were removed with the drill to ensure a correct
mounting of the OSI200 implant, which is essential for a good transmission. Figures 2-6 and 2-8
show the instruments used for inserting und fixing the implants. Afterwards, the OSI200 implant
was inserted into the subperiosteal pocket, the actuator was fixated on top of the BI300 implant
with a screwdriver UniGrip 25mm with a maximal torque of 25 Ncm (Figure 3-6).

Figure 3-5 Showing the placement of the BI300 implant. Source: ENT Department UKSH Liibeck.

30



Figure 3-6 Showing placing the OSI200 implant. The center of the actuator is fixed to the BI300 implant with a screwdriver
UniGrip 25 mm manually at 25 Nem torque. Source: ENT Department UKSH Liibeck.

Finally, the closure of the skin and soft tissues over the implant was performed in two separate
layers with resorbable and non-resorbable sutures (Figure 3-7). All wounds were dressed with a
circular head bandage to avoid hematoma.
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Figure 3-7 Showing closure of the skin with a continuous locking non-absorbable suture. Source: ENT Department UKSH
Liibeck.

3.2.3 Post-Operative Management

All patients were monitored postoperatively in the intermediate care unit and were released after a
hospital stay of 3-4 days without postoperative complications. The sutures were removed between
the 10th and 14th day postoperatively. A presentation at our outpatient clinic was scheduled for the
activation of the device around the 4th week after surgery.

The patient follow-ups in our outpatient clinic were arranged at 1m, 3m, 6m, 9m and 12m
after activation. Unfortunately, not all patients attended the scheduled visits. During the follow ups,
aided hearing thresholds were tested with Pure Tone Audiometry (PTA) and Freiburg intelligibility
speech test in quiet and with noise.

3.2.4 Surgical Outcome

The aesthetic result was convenient for all patients. All surgeries were successful, no postoperative
complications including wound healing problems were reported. Performing an implant well re-
duced the protrusion caused by the transducer significantly. A skin reduction was not necessary in
any case. In one case, a technical problem with the sound processor was recorded which was re-
solved by visiting the hearing-aid acoustician.
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3.3 Audiological Outcomes

In the following, we present the audiological outcomes after surgery which are measured subjec-
tively using the pure tone (PTA) and the speech audiometry.

The following nomenclature is used for the audiological data: hearing thresholds in bone
conduction (BC) and air conduction (AC) were demonstrated at 0.5, 1, 2 und 4 kHz (4PTA). These
represent the four main frequencies in the international literature. Measurements of bone conduc-
tion and air conduction hearing thresholds at these frequencies are abbreviated as 4PTApc and
4PTAAxc respectively.

The audiological functional gain (FG) was calculated as the difference between the average
free-field warble-tone thresholds with Osia and the preoperative unaided air conduction hearing
thresholds. The functional gain at the main speech frequencies is abbreviated as 4PTAFrg.

The difference between air conduction and bone conduction audiometric thresholds is
known as air-bone-gap (4PTAagsc). A significant air-bone-gap indicates the presence of a conduc-
tive hearing pathology.

3.3.1 Pure Tone Audiometry

By the audiological assessment, the bone conduction (BC) was a representative for the inner ear
function. On the other hand, the air conduction (AC) reflected the efficiency of the external audi-
tory canal and the middle ear. A mixed hearing loss was detected by impairment of both methods
of sound conduction.

The measurements were obtained at 0.25, 0.5, 1, 2, 4 and 6 kHz, however the findings at
the most relevant frequencies for speech discrimination (4PTA) are demonstrated next in this sec-
tion.

The following values represent the bone conduction measurements pre- and postoperatively
(Figure 3-8):

The pure inner ear performance was reflected through the measured bone conduction pre-
operatively and showed a mean hearing threshold 4PTApc of 14.9 + 12.2 dBur (500 Hz 21.4 + 14.9
dBur, 1 kHz 10.7 + 7.3 dBut, 2 kHz 22.9 £+ 7.6 dBnr, and 4kHz 20 + 9.6 dBwy).

The bone conduction was also measured postoperatively and showed a mean hearing
threshold 4PTAgc of 13.6 £ 12.7 dBur (500 Hz 12.9 + 5.7 dBut, 1 kHz 12.1 + 10.4 dBui, 2 kHz
25.7+17.2 dBui, and 4 kHz 19.3 + 11.3 dBnv).

The difference between the two bone conduction measurements 4PTApc-pifrwas 0.8 = 10.6
dBur (500 Hz -8.6 + 15.2 dBur, 1 kHz 1.43 + 13.76 dBnt,2 kHz 2.86 + 17.0 dBur. and 4 kHz -0.71
+ 6.7 dBur). The post operative mean bone conduction values showed no significant difference to
the preoperative mean bone conduction values. A repeated-measures ANOVA was conducted to
compare bone conduction hearing thresholds before and after surgery at various frequencies. The
statistical analysis revealed no significant difference between the two conditions (F (1,42) = 0.285,
p > .05). The safety of this procedure is documented by the absence of significant bone conduction
difference, with a value less than 1 dB (p = 0.596), when comparing pre- and postoperative meas-
urements.

In table 3-2, the mean preoperative and postoperative bone conduction measurements are
shown at different frequencies with its corresponding standard deviation.
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Table 3-2 Measurements of preoperative and postoperative bone conduction at different frequencies

preoperative BC postoperative BC
Frequencies Mean D Mean D F p-value
250 6.43 3.78 7.86 6.365
500 21.43 14.92 12.86 5.67
1000 10.71 7.32 12.14 10.35
0.285 0.596
2000 22.86 7.56 25.71 17.18
4000 20.00 9.57 19.29 11.34
6000 19.29 14.56 17.14 14.10
Bone Conduction Measurements
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Figure 3-8 Bone conduction measurements. Mean preoperative (green) and postoperative (blue) bone conduction hearing thresh-
olds; the mean values are shown =+ standard deviation.
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Mean Bone Conduction Difference (Postoperative - Preoperative)
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Figure 3-9 Bone conduction differences are measured by subtracting the preoperative bone conduction threshold values from the
postoperative values. The mean values are shown with the standard deviation at each frequency.

The bone conduction difference represents the change in bone conduction thresholds postopera-
tively compared to preoperatively. Negative values indicate a positive change in bone conduction
hearing thresholds after surgery, while positive values indicate a negative change. However, the
sign convention of the values is negligible in this context, as no impact of the device on the bone
conduction is expected after surgery. The values represent the absolute change in bone conduction
rather than addressing improvement or deterioration in the bone conduction (Figure 3-9).

The following values represent the air conduction measurements:

The pure tone audiometry registered a preoperative air conduction mean threshold 4PTAac 66.3 +
16.4 dBur (500 Hz 65.7 = 18.4 dBur; 1 kHz 53.6 + 14.1 dBur; 2 kHz 58.6 + 11.4 dBur and 4kHz
65.7 £ 15.9 dBmv).

A postoperative measurement of air conduction is meaningless, as no change in the audio-
metric thresholds is suspected. Such changes or rather improvements could be seen in middle ear
surgeries. Figure 3-10 shows the mean preoperative bone and air conduction hearing thresholds
with the corresponding standard deviation at various frequencies.
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Figure 3-10 Preoperative bone and air conduction measurements: mean preoperative BC (green) and mean preoperative AC (red)
are shown + standard deviation.

As mentioned earlier, the type of hearing loss is determined by the air bone gap which is the dif-
ference between the air conduction and bone conduction thresholds. A significant air-bone-gap was
calculated 4PTAapG 48.2 = 16.4 dBur (500 Hz 44.3 + 9.8 dBur; 1 kHz 42.9 = 11.9 dBnur; 2 kHz
35.7+12.7 dBur and 4kHz 45.7 + 11.7 dBuv). This finding indicates a conductive component, and
considering the normal bone conduction hearing thresholds imposes a conductive hearing impair-
ment primarily (Fig. 3-11).
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Figure 3-11 Mean air bone gap values at various frequencies.

3.3.2 Functional Gain

As mentioned earlier, the pure tone audiometric hearing thresholds measured in the unaided situa-
tion prior to surgery showed a mean value of 66.3 = 16.4 dBur (500 Hz 65.7 + 18.4 dBur; 1 kHz
53.6 = 14.1 dBur; 2 kHz 58.6 = 11.4 dBur and 4kHz 65.7 £ 15.9 dBwuy). In the aided situation, the
measured hearing thresholds with Osia in the free sound field using warble tones had a mean value
of 27 £ 10.9 dBur (500 Hz 24.3 = 4.5 dBur; 1 kHz 20.7 + 6.1 dBur; 2 kHz 22.1 + 8.1 dBuL and
4kHz 31.4 = 12.1 dBur). The measured values are shown in Figure 3-12.

The functional gain produced with Osia was calculated by the difference between the aided
hearing levels (Osia on) obtained in the free sound field using warble tones and the unaided hearing
levels (Osia off).

A mean functional gain 4PTAfrg of 39.3 with a standard deviation of 16.7 was achieved
after Osia implantation. We concluded that the surgery improved the aided thresholds with a meas-
urable functional gain at the following corresponding frequencies 4PTArg: 500 Hz 41.43 + 17.3
dBnr; 1 kHz 32.9 + 11.9 dBur; 2 kHz 36.4 + 14.4 dBnur and 4kHz 34.3 + 11.3 dBnr (Figure 3-13).
The noticeable effect of Osia on hearing is evident at all frequencies, indicating its efficacy in
hearing rehabilitation through the entire speech spectrum.
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Figure 3-12 Preoperative air conduction measurements (blue) and postoperative free field measurements with warble tones (red).
The mean values are shown + standard deviation.
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Figure 3-13 showing the mean functional gain values 4PTA-FG at different frequencies.
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The mean air conduction measurements compared to the sound-field thresholds with warble tones

at different frequencies are shown in table 3-3:

Table 3-3 Measurements of preoperative air conduction and sound-field thresholds with warble tones

Frequencies

250
500
1000
2000
4000
6000
8000

Preoperative AC

Sound-Field Thresholds

with Warble Tones
Mean SD Mean SD F
72.86 16.04 27.14 6.36
65.71 18.35 24.29 4.50
53.57 14.06 20.71 6.07
58.57 11.44 2214 8.09 2544
65.71 15.92 31.43 12.15
73.57 16.00 32.14 13.18
7429 16.94 31.43 17.49

p-value

<0.001**

A repeated-measures ANOVA was conducted to compare preoperative air conduction hearing
thresholds with postoperative sound-field thresholds with warble tones at various frequencies. The
statistical analysis revealed a significant difference (F (1,42) =254.4, p <.001), indicating a sub-
stantial functional gain. There was no significant interaction observed regarding the improvement
of hearing across the frequencies, with a p-value of 0.774. This indicates that changes in hearing
did not vary significantly across the tested frequencies after intervention.
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3.3.3 Speech Intelligibility

The speech intelligibility assessment was conducted using the Freiburg monosyllabic test in free
field, following the guidelines outlined in DIN ISO 8253-3. The word recognition scores (WRS)
were obtained under two conditions: in quiet and with the presence of narrow band noise. The
speech material is presented with a sound intensity at 65 dBspr. and with a narrow band noise ap-
plied at 65 dBspr. Both speech and noise are presented from a loudspeaker positioned 1 meter in
front of the patient at a 0° angle (SONO).

The included postoperative assessments were conducted at the following schedule: after
initial activation (First Fit, 4 weeks after surgery), 1 month, 3 months, 6 months, 9 months and 12
months after initial activation. The routine control appointments were not attended by all patients
regularly. However, we obtained the missing audiological test results from the respective hearing
centers. It has also been shown that the number of patients who attended the follow-up visits had
been reduced as early as 6 months after activation to 3 patients by the 12th month after activation.

3.3.3.1 Speech Intelligibility in Quiet

Prior to surgery, the speech intelligibility of the Freiburg monosyllabic test in quiet with 65 dB
SPL was 3.12 % with a standard deviation of 2.13.

Figure 3-14 presents the word recognition scores (WRS) in quiet using the Freiburg speech test,
displayed in percentage at 65 dBspr in free field. After implant activation, a significant improve-
ment in word recognition scores was observed, with scores increasing form 3.12 % + 2.13 (unaided)
to 93.5 % £ 9.4 (aided) in speech intelligibility.

In the follow-up assessments, the following speech recognition values were recorded re-
spectively: 1M: 96.4 + 6.2 % (n=7); 3M: 95.7 + 6.0 % (n=7); 6M: 94.1 £ 5.8 % (n=6); OM: 96.2 +
4.7 % (n=5); 12M: 95.0 + 5.0 % (n=3).

The word recognition scores in free field Freiburg without noise at 65 dBspr. were compared
among different times using a repeated measures ANOVA. The statistical analysis revealed no sig-
nificant difference (F (5,28) = 0.476, p > .05). Speech intelligibility remained relatively constant
at the different time measurements, all showing a significant improvement compared to the pre-
operative measurements. The absence of significant variance indicates a consistence performance
of Osia in enhancing speech intelligibility over the duration of the study. In figure 3-14 and table
3-4, the word recognition scores are shown at different time points: preoperatively, at initial fitting,
and during the following months after activation.
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Speech Intelligibilty of Freiburg Monosyllabic Words in Quiet at 65dB SPL
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Figure 3-14 WRS represented in percentage in quiet at 65 dB SPL using the Freiburg monosyllabic test.
Table 3-4 Word recognition scores in free field Freiburg in quiet at 65dB SPL
Time in Months Mean SD F p-value
Pre-OP 3.12 2.13
Initial Fitting 93.57 9.45
1 96.43 6.27
3 95.71 6.07 0.476 0.787
6 94.17 5.85
9 96.25 4.79
12 95.00 5.00
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3.3.3.2 Speech Intelligibility in Noise

The assessment of speech intelligibility in real life situations and daily interactions necessitate the
presence of background noise while testing. We measured the word recognition scores in free field
with a sound intensity at 65 dBspL and simultaneously with the presence of narrow band noise at
60 dBspL.

The following values were obtained from the Freiburg monosyllabic test and are displayed
in figure 3-15: After initial activation: 58.0 £ 9.4 % (n=7); 1M: 60.0. £ 8.1 % (n=7); 3M: 60.0 +
15.2 % (n=7); 6M: 59.1 £ 16.8 % (n=6); OM: 61.2 + 13.1 % (n=5); 12M: 63.3 £23.0 % (n=3).

Speech Intelligibilty of Freiburg Monosyllabic Words with Noise at 66dB SPL
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Figure 3-15 WRS in noise using the Freiburg monosyllabic test, displayed in percentage at 65 dB SPL with 60 dB narrow band
noise in free field.

As shown, a significant improvement of the speech Intelligibility threshold was also observed with
60 dB noise immediately after activation. All subjects demonstrated a significant increase in speech
understanding in noise in all the following months after Osia implantation.
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3.4 Patient-reported outcomes

The subjective benefit with Osia was rated using the Glasgow Benefit inventory (GBI), which
was explained previous section (2.4).

The means and standard deviations of the GBI scores were reported. The total GBI score was
24.30 (+ 7.98). The general, social, and physical health subscale scores measured were 35.91 (+
8.94), 8.25 £ (16.25), and — 4.17 £ (8.33), respectively, as provided in table 3-5 und figure 3-16.

Table 3-5 Descriptive statistics of the GBI

Scale | Minimum Maximum MV SD Median P-Value
TS 13.88 33.33 24.30 7.98 25.00 0.009%**
GS 22.83 41.66 3591 8.94 39.58 0.004**
CS 0 33.00 8.25 16.50 0 0.391 ns
PS -16.66 0 -4.17 8.33 0 0.391 ns

A one sample t-test compared the mean values of the GBI subscales (total score, general score,
social score and physical score). The statistical analysis revealed a significant difference found in
both the total and general subscales (p-value < 0.01, indicating a subjective improvement in the
quality of life and the daily activities correlated with hearing enhancement.
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Figure 3-16 Total, general, social and physical subscale scores of the GBI.
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Total Score General Score
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Figure 3-17 Percentage distribution of patients with negative benefit (<0), no benefit (0) and post-intervention benefit (>0) ac-
cording to the scales of the GBI.

The total score of the Glasgow Benefit Inventory indicated that every patient observed positive
changes in their well-being and overall satisfaction following the intervention. The highest level of
benefit was expressed by all patients on the general subscale of the assessment. Three patients
reported no improvement in both the physical and social subscales, while one patient experienced
a decline in the physical subscale and another patient showed an improvement in the social aspect
(Figure 3-17). Statistically, there was no significant difference observed in the social and physical
subscales scores (p-value > 0.05).
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4 Discussion

In this section, we will evaluate our data in the context of the published results from studies ad-
dressing the Osia System. The discussion focuses on the surgical procedure, safety and adverse
effects, audiological outcomes and patient-reported outcomes.

4.1 Surgical Procedure

For the unilateral Osia implantation, the surgery time from skin incision to closure varied between
42 and 101 minutes. In a single case, the procedure required 135 minutes for a bilateral implanta-
tion. Published data showed similar surgery durations. For example, Rauch et al. (2021) reported
a mean surgery time of 64,4 minutes (SD £23) for unilateral Osia implantation and 160 minutes
(SD +49) with bone polishing in a study which included 22 adult patients [112]. Similarly, Briggs
et al. (2022) reported a mean surgery time of 52,8 minutes (SD £13,3) with bone polishing in 12
out of 29 subjects in the overall population [113]. Arndt et al., (2021) had a surgical time between
30 and 60 minutes [112].

All our surgeries were conducted under general anesthesia following the manufacturer’s
guidelines. A retroauricular C-shaped incision parallel to the helical rim was chosen by all surger-
ies. The recommended incisions from the manufacturer are the postauricular, inferior postauricular
and posterior C-shaped incisions. In literature, all types of incisions were performed, taking into
consideration anatomical variations and previous ear surgeries. Alnoury and Daniel (2023) used a
transverse skin incision over the implant rather than the previous recommended incisions. After-
wards, a biplane dissection of subcutaneous, muscular and periosteal tissues at two different levels
to prevent device exposure. The study was conducted in seven children with aural atresia and de-
scribed a minimal invasive Osia implant surgery (MOSIA) with using an endoscope for the device
fixation. The authors reported that this technique reduces dissection, postoperative pain, scarring
and postoperative numbness. The biplane dissection reduces the risk of device exposure. There was
a skin dehiscence in one case. However, the implant did not become exposed despite the external
skin dehiscence. Furthermore, the method was recommended by the authors for microtia and atresia
patients, as it minimizes dissection and preserves the skin donor site for an auricular reconstruction
[114]. Deep et al. (2022) described two types of modified incisions in a study of 25 patients, who
received the Osia system. The authors explained that the aim of these modifications is to avoid
placing the incision at the site of wound tension, particularly along the anterior-inferior corner of
the device especially if the device is placed too inferior. The first incision is a linear horizontally
placed incision over the intended site of the implant screw. The second alternative is the inverted-
U incision that comes across the waist of the device. The authors did not report any surgical or
postoperative wound complications using the modified incisions [115]. Other skin incision alter-
natives were proposed by Chew et al. (2023) after performing 30 Osia implantations. The authors
explained that placing the incision across the waist or surface of the actuator achieves a wider
surgical field allowing greater surgical efficacy and reduces surgical trauma. The authors con-
cluded that the preferred ‘Sheffeld-S’ incision across the waist of the implant optimizes the surgical
field and provides a tension-free wound closure with an aesthetically well hidden scar within the
hairline. It provides an adequate exposure for planning and placement of the implant, and for any
bone polishing or recessing if required [64].
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In all our surgeries, some degree of bone polishing was necessary to create a smooth surface under
the actuator and ensure a good transmission. Other authors have outlined the necessity of polishing
or recessing in most of the cases [112], [116], [117]. Furthermore, Arndt et al. (2021) mentioned
that an implant well of 4-5 mm was prepared in most surgeries to lower the implant. The low profile
of the piezoelectric actuator allows for minimal bone removal compared with other active
transcutaneous systems, which require the electromagnetic actuator to be recessed [113].
Following the manufacturer’s recommendation, the BI300 implant was placed in the
sinodural angle in all cases included in our study. The OSI200 implant position is mostly optimal
with the actuator close to and in horizontal line with the ear canal or slightly superior without
touching the pinna. Anterior placement of the implant may lead to difficulties for some patients
when wearing glasses. Therefore, some discretion is required to decide whether recessing of the
actuator is required [118]. A retrosigmoid position could be also chosen in cases of previous ear
surgeries. Previous operations may affect wound healing at the recommended implantation site
because of the thinned subcutaneous tissue and the displaced temporal muscle. Willenborg et al.
(2022) recommend placing the implant outside the region of prior surgery, especially behind the
mastoid. Previous repetitive procedures can lead to reduce in the thickness of soft tissues which
may cause healing disorders and device exposure due to the potential risk of compromised blood

supply [119].

4.2 Safety and Adverse Effects

The results of this study indicate the safety of the surgery and coincide with the data published until
now [71], [72], [118], [119], [120], [121], [122], [123]. The system was proved to be safe in adults
and pediatric patients as well [124]. An extended follow-up data over a 24-month period demon-
strates that the Osia 2 system also remains safe over time [125].

Our audiological results did not show any alteration of the bone conduction hearing thresh-
olds after implantation. Other published studies have confirmed that the implantation of Osia has
no negative influence on the hearing thresholds of both the implanted ear and the contralateral ear
[112], [118], [119].

The surgery proceeded smoothly in all patients, without any reported adverse effects. In the
literature, diverse adverse effects were documented, including issues associated with the device as
well as complications arising from the procedure, or both. However, because of the direct-drive
stimulation to the bone, a constant static pressure against the skin is not required to ensure a good
transmission. This reduces the pressure related complications such as numbness and discomfort
[61],[126], [127].

In the published data from Lau et al. (2020), two postoperative wound infections were re-
ported. One settled down with antibiotics, whilst the other resulted in a small wound dehiscence,
which was treated with a secondary suture. One patient (on clopidogrel by atrial fibrillation) had
an acute subdural haemorrhage on the 18™ day postoperatively. A discussion at the neurosurgical
multidisciplinary meeting concluded that the subdural hemorrhage was not directly related to the
implantation [118].

Gawecki. et al. (2022) compared in a study eight adult patients with bilateral mixed hearing
loss, who were randomly divided into two groups. Group 1 was implanted with Osia and group 2
was implanted with Baha Attract. The authors reported that in all cases, the surgery was successful
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and the healing uneventful. Three months after the surgery, the operated area was free of pain in
all cases, but in one Osia patient and one Baha patient, skin sensitivity was still limited [116].
Rauch et al. (2022) reported two serious adverse events in a study that included 22 patients. In one
patient, Osia had to be explanted due to prolonged wound infection postoperatively. In the other
case, a reimplantation was necessary because of a wound infection at primary diagnosis of acne
inversa [72].

A search of the FDA MAUDE database examined device malfunctions, patient injuries,
inciting events and subsequent interventions, revealing 83 reports related to different active im-
plantable bone conduction hearing systems. Of all adverse events reported with Osia, three (8.8 %,
3/34) were reported concerning malfunctions, while 31 (91.2%, 31/34) were reported for patient
injuries. The most reported adverse events included lack of conduction or hearing (n = 26, 28.6%),
infection (n = 14, 15.4%), and intermittent or reduced conduction or hearing (n = 12, 13.2%). The
study found that Osia implants were involved in most reported patient injuries with active bone
conduction implants. Infection, wound formation and pain were among the top reported injuries
[128].

Goldstein et al. (2021) reviewed collected data during a controlled-market release (CMR)
of the Cochlear™ Osia 2 System as well as outcomes at single, tertiary private practice Oncol-
ogy/Neurotology Centre. Five complications were observed during the CMR in the 44 performed
surgeries on 43 recipients (one bilateral), none of which were device related. The most serious
complication involved exposure of the dura with bleeding from the transverse sinus. Despite this
event, the BI300 implant fixture was successfully placed in this patient. Besides, there were two
postoperative wound infections, both treated successfully with antibiotics. Lastly, there were two
postoperative hematomas. One resolved via application of cold compresses, and the other was
treated by needle aspiration. At the Centre for Neurosciences, none of the 6 operated patients had
any postoperative surgical complications [71].

Florentine et al. (2022) reported two postoperative complications limited to mild skin com-
plications in overall 14 patients, four of them underwent a bilateral placement. These complications
included two cases of mild edema and seroma over the implant site. In both cases, the complications
were resolved without any surgical intervention [124].

Chew et al. (2023) reported no surgical complications in a study which included 30 patients,
10 of them had the device implanted bilaterally [64].

Deep et al. (2022) reported no surgical complications or postoperative wound complications
in a study of 25 patients, which involved the use of linear or inverted-U modified incisions, as
described previously [115].

Szabo et al. (2023) reported in their study no intraoperative complications, such as dura or
sigmoid sinus injury, bleeding or liquorrhea. Postoperative complications such as hematoma,
seroma, infection or other wound healing problems were not detected during the follow up. Pain
complaints were negligible. The study included five patients who received the first-generation of
Osia system after a previous use of the BAHA Attract system [129].

Willenborg et al. (2022) reported no intraoperative complications in a study that included
6 patients. However, in one patient, the implant had to be removed before the initial fitting due to
wound dehiscence with pyogenic inflammation. The authors explained that multiple previous op-
erations (CI and BAHA connect) were performed close to the implantation site. The wound healing
deficit was caused probably due to decreased subcutaneous tissue thickness, displaced temporalis
muscle and subsequently impaired blood flow at the site of the implantation [119].
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Similarly, Mylanus et al. (2020) reported that the postoperative healing was uneventful in
all 51 patients, except for one subject. In this particular case, an infection developed at the implan-
tation site on the third postoperative day, which subsequently developed into skin necrosis and
dehiscence. Despite attempts to salvage the implant through salvage surgical debridement, rota-
tional flap and antibiotic treatment, the implant had to be removed on the 55 day after implanta-
tion. The authors mentioned that this complication constituted the only procedure-related serious
adverse event (SAE). Non-serious adverse events, such as pain, numbness, vertigo, swelling, ten-
sion at the implant site, warmth at the sound processor site, hematoma and bleeding, were also
mentioned. All these events were resolved by the end of the 12-month investigation period [117].
Cowan et al. (2023) reported the following adverse events related to the device or proce-
dure: pain behind the implant, skin irritation and prominence of the posterior inferior edge of the
system. Some of the patients included in the study experienced discomfort from the sound proces-
sor heating up, increased tinnitus, two reports of non-use and two reports of frustration. The sever-
ity of adverse effects varied between mild and moderate. The majority of described adverse effects
were resolved by the end of study [125].

Alnoury et al. (2023) described an endoscopic minimally invasive Osia implant surgery
(MOSIA) in a study that included seven children. The authors reported a one case of intraoperative
sigmoid bleeding, which was controlled with bone wax and changing the implant site, without any
signs of CSF leak. Another patient had a partial dehiscence at the skin incision at the first week
after the surgery, which healed spontaneously with no device exposure. All wounds healed with no
dehiscence or device exposure one month after surgery [114].

The published data confirmed that surgical and postoperative complications are rare [64],
[72], [117], [119]. Transcutaneous systems typically result in lower complication rates compared
with percutaneous systems [130].

4.3 Audiological Outcomes

The new active transcutaneous BCHI has proven to be an effective method for rehabilitation for
patients with CHL, MHL or SSD. Our data demonstrated an improvement in the mean PTA4 hear-
ing thresholds compared with the preoperative unaided hearing situation. Similarly, the improve-
ment in speech tests, both in quiet and with noise, was statistically significant. Published data con-
firm an evident audiological benefit after Osia implantation [71], [112], [113], [117], [118], [119],
[121], [124], [129], [131], [132].

The Osia system delivered a functional gain 4PTArg of 39.3 dB when comparing the aided
and the unaided situation. Likewise, improvements in the aided pure tone audiometry thresholds
were evident in other studies.

Willenborg et al. (2022) described an improvement in the mean pure tone audiometric thresh-
olds in 6 patients with single sided deafness after implantation of Osia. The Osia system improved
the preoperative mean hearing threshold from 56.8 + 1.4 dB HL to 25.3 £ 2.2 dB HL after implan-
tation [119].

Similarly, the study conducted by Lau et al. (2020) that included ten patients, two patients
with single sided deafness, three with conductive hearing loss and five with mixed hearing loss,
showed a significant audiological gain after Osia implantation. The mean gain was 86.5 dB + 10.6
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dB for single sided deafness, 31 dB + 17.3 dB for mixed and 22 + 9.5 dB for conductive hearing
loss. The overall mean gain in hearing with the implant was 39.4 + 28.3 dB [118].

Briggs et al. (2022) reported an improvement of 28.4 dB in the PTA, particularly prominent
at higher frequencies (36.1 dB at 6000 Hz). The Osia system achieved an average gain of 13.9 dB
compared with the Baha 5 Power on a Softband [113].

Mylanus et al. (2020) stated a significant improvement in hearing thresholds for the two
included subgroups (MHL/CHL and SSD) at all tested frequencies (0.25-8 kHz) and PTA4, with
the largest improvement at frequencies above 3 kHz [117].

Goycoolea et al. (2020) reported that the average functional gain for all frequencies was sta-
tistically higher for Osia system (36.88 dB) than for Baha 5 Power on a Softband in the preoperative
testing (30.57 dB). Moreover, the largest and significant differences between functional gain results
were obtained at higher frequencies [131].

Szabo et al. (2022) reported comparable results. Osia performance was better compared to
the BAHA Attract at each frequency, especially over 2000 Hz. The mean hearing threshold ob-
tained when aided with a BAHA 5 sound processor on Attract was 43 + 8.6 dB HL, whereas the
Osia system provided a mean aided hearing threshold of 28 + 4.3 dB HL [129].

In a study by Nevoux et al. (2023), similar results were obtained with six patients undergoing
the conversion of a BAHA Attract to an Osia system. The unaided hearing thresholds improved
from 73 to 27 dB HL with Osia, producing a functional gain of 46 dB. The superiority of the Osia
system over BAHA Attract was evident at higher frequencies (>4 kHz). The amplification of Osia
was maintained up to 8 kHz (26 dB) [132].

This matches the finding by Rauch et al. (2022), in which the Osia system showed an in-
creased 4PTA of around 7 dB against the preoperative thresholds obtained using warble tones for
BAHS (Baha BP110 or Ponto Pro Power) on a Softband. A significant improvement was evident
especially at higher frequencies [72].

Goldstein et al. (2021) reported a mean hearing gain of 58.5 dB by comparing the preopera-
tive unaided (85.8 dB HL) and postoperative aided hearing thresholds (27.3 dB HL). Using the
Osia 2 System showed an average PTA4 gain of 9.6 dB compared to Cochear™ Baha Attract and
10.2 dB compared to Cochlear™ Connect systems. An additional high-frequency gain of 19.3 dB
at 6000 Hz was found with the Osia 2 system when compared with the previous mentioned systems
[71].

A significant improvement with a mean gain of 42.8 + 4.9 dB SPL was also observed by
Gawecki et al. (2022) after Osia implantation. The measured mean gain in PTA for the Baha Attract
was 38.8 £ 8.5 dB SPL. The authors did not find any evident differences between Osia and Coch-
lear™ Baha Attract in terms of free field pure tone audiometry improvements. However, they men-
tioned that the average age in the Osia group was higher and the initial hearing performance was
worse [116].

These results suggest the higher performance of the Osia system compared with passive
transcutaneous systems because of the lack of skin attenuation. The skin attenuates the bone con-
duction stimulus by 10-20 dB in patients, particularly with increasing frequency [133]. It should
be noted that a lower transcutaneous transmission at higher frequencies (>4 kHz) at the mastoid
compared to the BAHA location was evident [134], [135]. In relation to signal attenuation at high
frequencies, Florentine et al. (2022) found that aided audiograms after Osia 2 system placement
exhibited no high frequency roll-off [124].

Kim et al. (2023) examined the audiological outcomes of the Osia system with Baha Attract
and Bonebridge in recipients with either CHL/MHL or SSD. In the CHL/MHL group, the effective
gain of the Osia system (11.1 + 14.9 dB) surpassed that of the Baha and Bonebridge (2.7 + 12.6

49



dB) at 2 kHz. The effective gain of the Osia system was significantly superior to that of the com-
posite cohort of Baha Attract and Bonebridge group across all frequencies, although statistical sig-
nificance was observed only at 2 kHz. Besides, the Osia system tended to tolerate the worst bone
conduction thresholds, up to the level of 61 dB. In the SSD group, the functional gain of Osia at 4
kHz (37.5 + 3.1 dB) was higher than that of the Baha and soundbridge group (26.9 + 3.0 dB). The
study demonstrated significantly larger audiological gains of the Osia system than other BCHIs in
both SSD and MHL patients [121]. The utilized piezoelectric transducer in Osia produces a greater
output at higher frequencies compared with electromagnetic transducers [136]

Similarly, our study showed significant improvements in speech recognition in quiet and in
noise compared with the preoperative condition. The speech recognition was tested using the Frei-
burg monosyllabic test at a sound level of 65 dB SPL in a quiet environment. Osia provided a
significant improvement in speech recognition up to 93.5% + 9.4 immediately after activation. The
speech recognition scores were measured at 1M, 3M, 6M, 9M and 12M after implantation. The
speech recognition improvement was stable and did not differ significantly at different time meas-
urements. A significant improvement of the speech recognition was also observed with 60 dB
broadband noise immediately after activation. This finding was consistent with results obtained by
Mylanus et al. (2020)[117].

Willenborg et al. (2022) reported an improvement in speech intelligibility in quiet, tested
with the Freiburg monosyllabic word test. The mean WRS at 65 dB in quiet increased from 3.0 +
6.7 % unaided to 95.0 £ 3.5% aided with the Osia [119].

In a study that was conducted over a 24-month period, Cowan et al. (2023) reported that the
Osia 2 system remains effective over time. No statistically significant differences were found in
paired comparisons between the 6-month follow-up and 24-month follow-up data, indicating stable
improvements in speech intelligibility in noise for patients with MHL/CHL and SSD [125].

In the study conducted by Lau et al. (2020), the mean SRT improved significantly from 38.1
dB + 7.8 dB unaided to 22.7 + 4.6 dB aided with Osia [118].

Nevoux et al., (2023) reported that the Osia system provided superior improvements in WRS
compared to BAHA Attract, which were prominent at higher frequencies (> 2 KHz) [132].

Goldstein et al. (2021) reported an average improvement of 57% of the functional gain in
speech perception by comparing the aided versus unaided sound-field Consonant-Nucleus-Conso-
nant (CNC) words scores [71].

Gawecki et al. (2022) reported an evident improvement in speech audiometry (Polish mon-
osyllabic word test), both in quiet and noise, compared to the unaided situation. In comparison
between the Osia system with the Baha 5 Power processor in a Softband, there were no evident
differences between the two groups in terms of speech audiometry improvements. As mentioned
earlier, the authors added that there were some differences in the age and preoperative hearing
status before the surgery between these groups; because the mean age of the Osia group was higher,
and the initial hearing performance was worse. A similar hearing improvement for both devices
was an indication that the Osia was a better choice [116].

In the study conducted by Nevoux et al. (2023), speech understanding in both quiet and with
noise was clinically improved reaching a mean signal-to-noise ratio (SNR) of less than 1 dB at 12
months with the Osia system [132].

Szabo et al. (2022) confirmed a significant improvement in speech audiometry after Osia
implantation. The mean speech recognition threshold and mean word recognition testing improved
significantly from unaided values of 62 + 25 dB and 76 + 25 dB, respectively to aided values of
28.8 = 8 dB HL and 42 + 10 dB HL, respectively. Although mean thresholds of the Osia system
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were better, no significant difference was detected between the Osia and Baha Attract results
(BAHA 5 sound processor on Attract) [129].

The study of Briggs et al. (2022) showed that the Osia system provided statistically signifi-
cant and clinically relevant improvements in speech intelligibility in noise and in quiet compared
with the unaided situation. Besides, significant improvements in speech intelligibility in quiet and
in noise were also observed compared with the preoperative condition with Baha 5 Power SP on a
Softband. These changes were clinically important at 50 dB SPL, but not when listening in a noisy
background [113].

Our findings align with published data, indicating that speech tests corroborate with results
obtained from the free-field pure tone audiometry. While the superiority of the Osia system over
passive transcutaneous systems (Baha Attract) not always statistically evident in speech tests, there
was an evident better performance in the pure tone audiometric results, particularly at high-fre-
quencies due to lack of skin attenuation [72], [117], [129], [131], [132]. The ability to improve
hearing for frequencies above 3 kHz is important to understand speech in background sounds and
is also important for the sound localization [137]. Results of bilateral Osia recipients showed com-
parable benefit to unilateral users [112].

4.4 Patient-reported Outcomes

In this study, the subjective benefit after Osia implantation was measured using the Glasgow Ben-
efit inventory (GBI). The GBI revealed a clinically relevant und statistically significant improve-
ment in the total GBI score. The highest and most significant improvement was reported by all
patients on the general subscale of the assessment. In the physical and social subscales, our patients
reported no significant differences compared to the preoperative status, which might be due to the
low number of reports. In the study conducted by Goycoolea et al. (2020), improvements were
evident in the total GBI score and in all three subscales. The highest score was observed in general
health status, followed by social status and the lowest score was seen in physical status [131].

In the literature, various questionnaires were employed to allow patients to evaluate the
impact of the Osia system on their hearing and quality of life. Therefore, we set other published
data regarding patient-reported outcomes in context. Studies showed significant subjective im-
provements after Osia implantation in hearing benefit and health-related quality of life compared
to the preoperative situation [70], [71], [113], [116], [120], [121], [125].

The abbreviated profile of hearing aid benefit (APHAB) measured speech understand in
various everyday environments, using the following subscales: ease of communication (EC), re-
verberation (RV), background noise (BN) and negative reactions to environmental noise (aversive-
ness (AV) of sounds) [138], [139]. Published data showed significant improvements in the APHAB
subscales [113], [116], [119], [120], [132]. Briggs et al. (2022) reported that the improvements
included all measured domains other than aversiveness, in which decreasing scores have been cor-
related with increasing hearing loss [113]. This finding coincides with the results obtained by
Mylanus et al. 2020, Willenborg et al. 2020 and Marszal et al., 2021. Adapting to the new hearing
system may lead to reduced aversiveness to loud sounds over time [117]. This increase in the aver-
siveness is not unique to Osia, and was evident with other bone conduction implants [140], [141],
[142], [143]. The results of Nevoux et al. (2023) yielded an improvement in all the subscales and
the global score of the APHAB questionnaire with the Osia system. Hearing related problems in
the APHAB scale were significantly reduced after implantation [116]. The changes were more
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significant with the Osia system compared to Baha 5 Attract [116], [132]. The study by Cowan et
al. (2023) showed stable hearing status across all APHAB subscales up to the 24-month follow-up
[125].

Similarly, significant improvements were evident across all parameters (speech, spatial, and
quality) of the SSQ-12 questionnaire [113], [116], [117], [120], [125], [132]. Gawgcki et al. (2022)
reported that, contrary to the APHAB-results, changes in the SSQ were slightly favorable for the
Baha 5 Attract group compared to the Osia group [116]. In the study conducted by Kim et al.
(2023), CHL/MHL patients reported greater subjective benefits in the SSQ compared to SSD pa-
tients [121]. Goycoolea et al. (2020) observed improvements in the scores measured at follow-up
points, suggesting that the perception of benefit could continue to improve over time [131].
Mylanus et al. (2020) noted that the SSD group also showed an improvement in spatial hearing,
despite the heavily impaired ability to localize sound due the non-functioning cochlea [117].

These improvements were also reflected in the Health Utility Index-3 (HUI-3) data [113],
[117], [132]. Goldstein et al. (2021) used the Hearing Handicap Inventory for the Elderly (HHIE-
S) to examine changes in hearing disability. The average pre-activation HHIE-S was 24, suggesting
a mild to moderate hearing handicap compared to an average post-activation HHIE-S of 7, sug-
gesting no hearing handicap [71]. These results were consistent with the outcomes of a study, which
was conducted in the United Kingdom by Lau et al. (2020). The mean Glasgow disability score
improved from 52% (preimplantation) to 20.3% (postimplantation). The change was statistically
significant and indicated a decrease in hearing disability [70].

A good patient compliance and comfort level was reflected in the reported daily use hours

[117], [125]. The mean daily use in subjects with MHL/CHL and SSD was 12.2 and 9.3h/d, re-
spectively [117].The daily use of Osia was significantly higher than the daily use reported in pre-
vious multicenter clinical investigation of a passive transcutaneous BCHI [113], [117], [126].
A lower average daily usage of Osia was reported: 8.6 h/d by Briggs et al. (2022) and 8.2 by Cowan
et al. (2023), respectively. A separate comparison of the regular usage rate of Osia users with that
of Baha and Bonebridge users, for CHL/MHL and SSD patients, showed a significantly higher rate
in favor of Osia for the SSD patients. The usage rate of the Osia system for the CHL/MHL partic-
ipants showed no significant difference from that of the Baha and Bonebridge users [121].

The results of patients-reported outcomes from various questionnaires in the literature con-
firmed our findings and were consistent with the audiological outcomes.

4.5 Limitations

Due to the retrospective study design, some data could not be collected from patients or were not
retrievable. A prospective or a multicenter study would be suitable to overcome such limitations.
Although our clinic is recognized for having the highest number of OSI200 implantations in north-
ern Germany during the study, the relatively small sample size limits the ability to draw definitive
conclusions. Future studies with a larger sample size and long-term follow-ups are encouraged to
draw definitive conclusions. This includes conducting comparative studies of the recently an-
nounced updated version OSI300 implant with other active transcutaneous bone conduction hear-
ing devices, such as the Bonebridge, regarding audiological indication criteria, hearing improve-
ments, and surgical performance during implantation.
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5 Conclusions

Recent innovations in the field of bone conduction hearing implants provided a new line of therapy
for patients with hearing disabilities. In this work, we present the first study in northern Germany
that investigated the most recent active transcutaneous bone conduction Osia system, which was
introduced to the market in 2019.

The Osia system utilizes piezoelectric technology that produces mechanical vibration at the
actuator when an electric signal is applied. These Vibrations are transmitted afterwards to the coch-
lea overcoming pathologies involving the external and middle ear. The indications of Osia
include conductive or mixed hearing loss or single sided deafness with a normal hearing level in
the con- tralateral ear.

The study analyzed the early outcome of the device, who received OSI200 implants at the
department of Otolaryngology, Head and Neck Surgery at Liibeck University. The included pa-
tients suffered from mixed and conductive hearing loss after multiple ear surgeries, provided that
the bone conduction hearing thresholds at the main speech frequencies 4PTA are 55 dB or better.

We reviewed different components of the Osia system and the specific instruments required
for performing the surgical procedure. Additionally, the study explained surgical steps und tech-
nique in a great amount of detail.

The audiological assessment included pure-tone audiometry and speech intelligibility using
the Freiburg monosyllabic test. The testing was conducted in free field at 65 dB in quiet and with
narrow band noise at 60 dBspr to simulate real life situations. The Glasgow Benefit Inventory (GBI)
was implemented to assess the impact of OSIA from the patient’s perspective on overall quality of
life as whole and on the ease in daily activities affected by changes in hearing.

The surgery proceeded smoothly without any notable complications. Our data demonstrated
a significant improvement in the mean 4PTA hearing thresholds compared with the preoperative
unaided hearing situation. Similarly, the improvement in speech intelligibility in quiet and with
noise was statistically significant. Patients reported a significant improvement in hearing perfor-
mance, which was reflected in their quality of life.

In conclusion, the new Osia system provides a safe and effective therapeutic option using
active transcutaneous conduction to help patients suffering from conductive or mixed hearing loss,
as well as for those with unilateral single sided deafness.
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7.6

GBI Questionnaire Overview

H R- IMPLANTAT
POST OPERATIVHR QJJALrrY OFLIFEFRAGEBOGEN

IMPLANTAT

NAME

DATUM

UNTERSCHRIFT'

Bine kreuzen Sie eine Antwon an. Es gibt kei.ne fulschen und ke.ine richt:igen Antworten. Wir mochten Ilrre
Eiruchatzung Ihrer Lehensqualirat MIT dem Hor - Implantat.

1.GBI Hatcla]mpl.. . Amwirbmpm.aafdi.aw... ‘wiaSlia lwdon.te nJnptml7
ERWACHSENE
JUGENDI!CHE - - -
ab 1 6( sehr schlechte geringfugig ke.ine geringfugig gute sehrgute
A k:ung schlecb.tere Veriinderung AUSWIllkung Auswirkung
Auswirlrung
LJ LJ O LJ O
2.GBI Hatclai ThrLI!Ibim.. oI .mt_ocll!ll' axhlaclma:t?
ERWACHSENE stark verbessen et\vas od.e.r ein ke.ine etwas oder ein stark
[UGENDIICHE wenig Veriinderung bisschen ve.r.;chlechtert
ab 16
verbesse.rt verSchlechten
LJ LJ LJ
O O
3.GBI Sahm. Sia dar Z-aknnft.mitdar ——  mabrodar . =
ERWACHSENE viel mehr ke.ine weniger viel we.niger
JU('I“::)D];K’M" oplimistischer optimislisch Verii.nderung optimistiscli optimist:isch
LJ LJ LJ
LJ LJ
4.GBI r.t.lhmm. nacJ- Implmtat:im clea Ji& Implmms *+  2.aDDmN!D.eln in lllinar Grappe -.nn.
ERWACLSENE | Mwechan DIllhr-odarwmdprplliD&hi’
fUGENDUCHE - — — - - — - -
b 16 viel peinlicher peinlicher keine weniger peirilicb. vielweniger
Verand.e.rung peinlich
LJ LJ | LJ LJ
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H R-IMPLANTAT
POST OPERATIVER Q.UALITY OF LIFE FRAGEBOGEN
IMPLANTAT

5.GBI Vldllpn: Sm Milt Om,Jmphmmtton . B&--Implntatw ilbar mllhr oclerwmpr

ERWACHSENE

JLIGENDLICHE

ah 16 viel mehr meh:r keine weniger viel wenigff
Selostvertrau.en Selhstvertrauen Veriinde:rung Selbstvertrau.en Selbsrvertrauen
LJ LJ LJ LJ
6.GBI MD&me < mtPdane RNmeZtwnnnff'Nin admm
ERWACHSENE lelclmif£ odilr
JUGE DUCHE - - - - — - —
ab 16 viel le.ichter leichter keine schwieriger viel schwieriger
Verand.erung
LJ LJ LJ ([
) )

7.GBI MalDIIIDS1&!i dwSieMltdet-ImplmtPdandMHnri-Impl....-mehrodm-wmrlg8r
EIWACHSENE | [Dim'II DIZDDg"'OD lhnlll Fnn.mdm witt111111111p7

JUGE DLICHE

ab 16 viel IIfillr mehr keine weniger viel weniger
Unterstiitzung Unterstiitzung Verande.rung Unl:erstiitzung Unterstiitzung
LJ LJ LJ LJ

8.GBI Wmm. Sia [altmrJmplmradm W Jmt.-T:mplanta:twhInftpr... wmiprhInftprTm

ERWACHSENE Omm R.._*Q:.....,tau WUMAN Grindm?
JUGENDUCHE - - - - - - -
b 16 viel haufig haufiger ke.ine weniger hliufig viel weniger
Verlind@rung Mu:fig
LJ LJ Ol LJ LJ
9.GBI Sahm Sia Milt dar Implam:atton Q. _Jmpl.....SmD.....hen-IDIt mabr oda-W'llirlpr
ERWACHSENE - P
JU('”"?}]D;“ ; CHE m:iit viel mehr mitmeh:r kein@ mit weniger m:iit viel weniger
Selostvertrauen Selbstvertrauen Veriinderung Selbstvenrauen Selbsrvenrauen
LJ LJ LJ LJ
10.GBI |_PliblmSuimehtmtdir- = cIMHIr-, * ml'lhrodiir- unafcher?
ERWAC“ISENE viel unsichffer uruicherer keine weniger unsicher viel weniiger
JUUEabDI%(’HE Veriinderung unsicher
LJ LJ Ll LJ
LJ




HOR- IMPLANTAT
POST OPERATIVER QJJALITY OF LIFE FRAGEBOGEN
IMPLANTAT

11.GBI QbtmIltdP lmplntwikm dm B61'-Jmp1111bb'11111hr odarwmpr Leata. diamb. amSui
ERWACHSENE Smpn Da'ban7
‘]U('k:br)ll'()]( e viel me.hr Leute mehrLeute ke.ine weniger Leute viel weniger
Vera.nderung Leute
LJ LJ LJ LJ
12.GBI ladm Sia Nit dar Ytmplam:adan dm HJ!I'-Tmpbmlm 1.IDBpr adar'Wi!ddprhla:Bgm
ERWVACHSENE | 1Mr11tnfton undinfehl.-7
e EabDlL ()I cHE viel hlltufiger haufiger keine wenige:r haufig viel wen.iger
Verand.erung haufig
LJ LJ LJ LJ
[ 1
13.GBI Mmmm.Sia llllt &irlmplaomkm .- Bllr-Implmtm, eplam Wl!lichan. Grll:D&m, mabrodIll'
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