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signals (CROS) [2]. Other indications are malformations of 
the outer ear and chronic middle ear infections that prevent 
the use of prostheses.

There are several types of bone conduction devices that 
can be categorized into:

 ● cutaneous, in which the vibration is transmitted through 
the skin. This is the case of passive transcutaneous de-
vices such as Sophono [Medtronic, Minneapolis, USA] 
and BAHA® Attract [Bone Anchored Hearing Aid, Co-
chlear Co., Australia],

 ● direct, in which vibration is transmitted to the bone di-
rectly. These are divided into (i) percutaneous (Ponto 
[Oticon Medical AB, Askim, Sweden] and BAHA® 
Connect) and (ii) active transcutaneous (Bonebridge® 
[MED-EL, Innsbruck, Austria] and Cochlear Osia 
OSI200 implant [Cochlear Co., Australia] [3].

Percutaneous systems include an osteo-integrated titanium 
implant with a skin-penetrating abutment to which a bone-
conducting sound processor can be coupled. These systems 
have excellent functional results but require meticulous care 

Introduction

The World Health Organization estimates that hearing loss 
impacts more than 1.5 billion people worldwide, meaning 
20% of the world’s population [1]. Several hearing rehabili-
tative options are now available for individuals with con-
ductive hear impairment. Bone-conduction hearing aids are 
used to treat these conditions bypassing the affected con-
ductive mechanisms and by stimulating the cochlea directly 
through the skull bone [2]. In general, bone-anchored hear-
ing aids are indicated for patients with uni- or bilateral con-
ductive (CHL) and mixed hearing loss (MHL) who cannot 
be rehabilitated with conventional hearing aids or surgery 
and, more lately, for the treatment of unilateral sensorineu-
ral deafness to advantage the contralateral routing of sound 
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Abstract
Aim of this paper is to present a literature review among bone conduction hearing aids particularly focusing on their 
surgical and functional outcomes.

Methods: A detailed review of the English literature to date on bone conduction hearing aids and outcomes have been 
performed using Pubmed, Scopus, Google Scholar and Medline databases. The literature review was performed using the 
guidelines proposed by the study “Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA)” for 
scoping review.

Results: a total of 30 full text articles were included in this review, collecting 660 patients. All the studies examined 
reported an improvement, in terms of PTA and speech audiometry, following the implantation of bone-conduction devices. 
The subjective outcome of patients was also evaluated, which was positive in terms of improved quality of life perception.

Conclusions: Bone conduction devices represent an excellent rehabilitative solution allowing adequate functional gain. 
Nowadays, the variability of devices consents an appropriate customization of the surgical indication based on the func-
tional and general needs of the patient, to achieve a tailored approach.
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of the skin located around the abutment [4]. Although the 
percutaneous system provides good auditory and clinical 
results, it has some disadvantages related to recurrent soft 
tissue infections around the abutment and potential cos-
metic problems linked to the percutaneous abutment [4].

In recent years, new transcutaneous active bone conduc-
tion implants have been introduced: Bonebridge and Osia 
are examples of this technology [4]. In addition to these 
numerous proposals, ADHEAR [MED-EL, Innsbruck, 
Austria] was introduced in 2018. ADHEAR is an adhesive 
bone conduction hearing aid introduced to overcome the 
skin pressure issues of transcutaneous implants and the skin 
complications associated to percutaneous implants [5].

Since the introduction of bone conduction hearing 
devices, numerous case series have been published, while a 
comprehensive review of the relevant literature is still lack-
ing. Aim of this study is to present a literature review on 
currently available bone conduction hearing aids, including 
their surgical and functional outcomes.

Materials and Methods

A detailed review of the English literature to date on bone 
conduction hearing aids and its outcomes was performed 
using Pubmed, Scopus, Google Scholar and Medline data-
bases. The literature search was performed using the guide-
lines proposed by the study “Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRISMA)” for 
scoping review. Figure 1 [6, 7].

The use of the keywords “Osia”, “Ponto”, “Bonebridge”, 
“BAHA”, “ADHEAR”, ”sophono”, “active bone conduc-
tion implant”, “bone conduction hearing device” and “bone-
anchored hearing aid” identified 477 articles on this topic.

Inclusion criteria were: (i) studies published in the last 5 
years (from 2018 to 2023), (ii) studies reporting patients in 
which at least one device was placed and correctly activated, 
(iii) studies with results presented in homogeneous groups 
and (iv) studies with objective and quantifiable results in 
terms of functional hearing outcome (tonal and/or speech 
audiometry).

Data on number of patients, number of devices implanted, 
age, gender, cause of deafness, pre and post audiometry, 
pre and post speech audiometry, subjective evaluation of 
patients, and complications of surgery or related to the 
device were collected and then compared.

Exclusion criteria were: articles that only described the 
surgical technique without reporting audiological or subjec-
tive results; case reports.

At the end of the full-text revision, 30 articles were 
included in this review, giving a total of 660 patients [2–5, 
8–34].

Results

Percutaneous Devices

Ponto

Two selected articles matched the inclusion criteria and 
report the results among 57 patients (see also Table 1). The 
average gain in pure tone average (PTA) achieved using the 
device was 34.56 dB; gain on speech recognition was also 
evaluated and showed objective improvements. Skarzyn-
ski et al. also proposed a subjective assessment for patients 
that showed good subjective results on questionnaires [32]. 
Complications were as expected for percutaneous devices, 
i.e., infection and skin complications reported by Amaral et 
al. as affecting 45% of patients [21].

Baha Connect

No articles on Baha Connect were found that met the afore-
mentioned inclusion criteria.

Passive Transcutaneous Devices

Sophono

No articles on Sophono were found that met the aforemen-
tioned inclusion criteria.

Baha Attract

Four articles matched the inclusion criteria and were there-
fore included, for a total of 118 patients. These results are 
summarized in Table 2. The average gain of PTA obtained 
by the subjects using Baha Attract was 28.98 dB, and a good 
subjective tolerance has been reported in all items examined 
although with different questionnaires.

Only 1 case, among those reported, required implant 
removal due to persistent skin complications. Other cases 
reported minor complications such as paresthesias, seromas, 
hematomas, discomfort, and skin infections were temporary 
and did not require surgical revision.

Active Transcutaneous

Osia

The thirteen selected articles about the Osia system and its 
outcomes are summarized in Table 3.

Data were collected on a total of 237 implants, since 
17 patients were implanted bilaterally. Of the 220 patients 
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Table 1 Identified papers on Ponto device: audiological and surgical features
Authors Number of 

patients
Audiometry unaided 
(PTA)
dB ± SD

Average gain 
(PTA) with Ponto
dB ± SD

QoL evaluation Speech audiometry Complications

Skarzynski et al. 
[32]

15 83.1 54.5 Clinical Global 
Impression Scale
GBI
APHAB

WRS from 1–75% at 
65 dB

2 patients 
with persistent 
skin infection 
requiring 
revision

Amaral et al. [21] 42
(20 + 22)

63.6 ± 17.6
70.3 ± 21.3

27.9 ± 11.1
30.9 ± 7.4

N/A Speech Perception 
Test from 60 and 48 
to 96

Skin compli-
cations 45% 
cases

Fig. 1 Literature review performed using PRISMA guidelines
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Table 2 Identified papers on Baha attract: audiological and surgical features
Authors Number of 

patients
Audiometry 
unaided (PTA)
dB ± SD

Average gain 
(PTA) with BAHA 
attract
dB ± SD

QoL evaluation Speech audiometry Complications

Ye et al. [34] 12 52.5 24.0 SSQ
Chinese translation 
of the Spatial Hear-
ing Questionnaire 
(C-SHQ)

Speech Discrimination 
Scores (SDSs) from 
26.3–87.9%

1 hematoma
2 seromas

Nevoux et al. 
[30]

32 72.2 40.3 APHAB SRT from 73 dB to 44 
dB

25% of the patients 
reported paresthesia

Den Besten et 
al. [4]

54 N/A + 21.0 ± 10.4 HUI3
APHAB
SSQ

Word recogni-
tion score at 65 dB 
(WRS65) + 44.5% for 
MHL and + 40.7% for 
SSD

4 pressure-related 
skin complication
1 skin infection 
which required 
removal

Chen et al. [24] 20 59.43 ± 4.54 24.9 ± 3.76 SSQ N/A 1 implant exposure 
and infection
1 soft tissue atrophy

Table 3 Identified papers on Osia: audiological and surgical features
Authors Number 

of patients
Audiometry 
unaided (PTA)
dB ± SD

Average gain 
(PTA) with 
Osia
dB ± SD

QoL evaluation Speech 
audiometry

Complications

Willenborg et 
al. [8]

6 56.8 ± 1,4 31.8 ± 2.2 APHAB
BBSSD

WRS 65db from 
3(± 6.7)% to 95 
(± 3.5)%

1 infection 
causing implant 
removal

You et al. [9] 30 64.4 ± 11.9 43.2 ± 4.3 Evaluated without questionnaire Speech reception 
threshold (SRT) 
from 63.2 dB to 
22.1 dB

Power of the 
magnet too weak

Florentine et al. 
[10]

14 69.7 (± 9.4) 43.3 ± 4.9 Evaluated without questionnaire N/A 1 case of mild 
edema, 1case of 
mild infection

Briggs et al. [11] 27 N/A 28.4 HUI
APHAB
SSQ

WRS 50dB:
+ 62,3%

2 infections

Lau et al. [12] 10 64.8 39.4 COSI
GBI

SRT from 38.1 dB 
to 22.7 dB

2 infections,
1 wound 
dehiscence
1 subdural hemor-
rage (not related)

Marszal et al. [13] 4 80 ± 11.1 38 ± 10,4 APHAB
SSQ

WRS 80 db from 
23–100%

None

Goycoolea et al. 
[14]

9 N/A 36.88 GBI
SSQ

N/A None

Rauch et al. [15] 22 65.3 ± 23.2 Osia 1:35.34 
Osia 2:36.04

HUI
SSQ
APHAB,

N/A 1 infection 
causing implant 
removal

Gawecki et al. 
[16]

4 80 42 ± 4.9 APHAB
SSQ

N/A None

Mylanus et al. 
[17]

51 N/A 30.4 APHAB
HUI
SSQ

N/A 1 infection 
causing implant 
removal

Kim et al. [18] 17 77.4 38.3 ± 10.1 APHAB
SSQ

N/A Not reported

Pla gil et al. [19] 10 75.31 40.62 APHAB
GBI

WRS 92.33% at 
65 dB

N/A

Young et al. [20] 30 N/A N/A GBI WRS from
26–94%

N/A
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the OSIA system; however, we could not retrieve numerical 
values since not always expressed, and this precluded the 
calculation of average scores pre and post device placement. 
All subjective data collections were found to be positive 
with an objectively measurable improvement in quality of 
life in all studies.

Reported surgical complications were 7 surgical site 
infections, 3 of which required explantation and were there-
fore excluded from the analysis of functional outcomes [8, 
17].

Other reported minor complications were overly weak 
or strong magnet force causing low processor retention or 
painful discomfort, which were both overcome by adjusting 
the magnet strength [9, 16].

Bonebridge

7 papers met the inclusion criteria and were therefore 
selected for a total of 214 patients. Of these, 5 were bilater-
ally implanted (see also Table 4), and 6 were younger than 
5 years of age.

The average gain in PTA was 40.34 dB; concerning the 
speech audiometry, although WRS was used in almost all 
cases, the results, even if good, are difficult to compare 
objectively since they were performed at different sound 
intensities. The work proposed by Bae et al., examining 
patients younger than 5 years, reported one major complica-
tion of increased endocranial pressure with left sixth cranial 
nerve palsy, resolved after explantation [22]. Only 5 other 

reported within the selected papers, 33 were under 18 years 
of age.

Etiologies of hearing impairment were: 55 chronic otitis 
media (COM), 42 aural atresia with or without microtia or 
canal stenosis, 43 SSD, 5 ossicular anomalies, 2 previous 
tumors and 2 traumas. In the remaining cases the cause of 
deafness was not specified.

An improvement of PTA was reported by all studies, 
in particular the average gain in PTA after Osia activation 
was 37.2 dB. Speech audiometry threshold values are not 
numerically comparable, despite being objectively quantifi-
able in most of the identified papers, as in some cases are 
expressed as Speech Recognition Threshold (SRT) and in 
other in terms of Word Recognition Score (WRS) at differ-
ent dB levels (see also Tab II). In particular, Willemborg et 
al. found an average increase at the WRS at 65 dB from 3 to 
95%, while Briggs et al. observed an increase in the WRS 
at 50 dB of 62.3% [8, 11]. The SRT recorded by You et al. 
underwent a change from 63.2 dB to 22 dB, similarly Lau 
et al. also report an improvement in SRT from 38.2. dB to 
22.7 dB [9, 12].

In all cases included in the present review, patients were 
given questionnaires to assess subjective improvements in 
quality of life. There were several questionnaires selected 
for this purpose, the main ones being the Abbreviated Pro-
file of Hearing Aid Benefit (APHAB) [35], Glasgow Benefit 
Inventory (GBI) [36], and Speech, Spatial and Qualities of 
Hearing Scale (SSQ) [37]. Scores obtained from question-
naires were reported to be improved after the application of 

Table 4 Identified papers on Bonebridge: audiological and surgical features
Authors Num-

ber of 
patients

Audiometry 
unaided (PTA)
dB ± SD

Average gain 
(PTA) with 
BONEBRIDGE
dB ± SD

QoL 
evaluation

Speech audiometry Complications

Kim et al. [29] 30 103.33 28.43 Bern ben-
efit in ssd 
(BBSS)
APHAB

SDS from 2,3% to 
82,1%

No complications

Cywka et al. 
[25]

22 65,7 ± 9.9 35.9 ± 7,5 APHAB WRS from 12,1% 
to 87,3%

No complications

Brkic et al. [23] 59
(64 
devices)

65.4 38.9 N/A WRS from 
13.3–65.4%

2 skin dehiscence explanted
1 lack of benefit explanted

Bae et al. [22] 6 58.8 23.8 N/A N/A 1 paralysis of left abducens nerve due to 
increased intracranial pressure explanted

Garcier et al. 
[27]

24 77 ± 3.2 (COM, 
n = 13)
86 ± 5.9 (others, 
n = 11)

34 ± 2.6 (COM)
36 ± 4.7 (Others)

APHAB WRS65 from 
26–91%

1 skin necrosis requiring surgical 
revision

Skarżyński et al. 
[33]

21 65.5 ± 12.55 33.75 ± 8.23 APHAB WRS60 from 
43–74%

1 pain

Carnevale et 
al. [3]

52 66.9 35.12 APHAB WRS50 from 
11–85%

1 implant exposure in previous facelift, 
revision surgery with flap
1 removal for poor performance
1 failure
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Percutaneous devices give excellent functional results and 
have been used for many years; however, they require 
meticulous care of the skin around the abutment, which is 
particularly susceptible to infection and inflammatory reac-
tions. Ponto was introduced in 2009 and belongs to the 
category of percutaneous devices. Although the aesthetic 
problems related to the permanent percutaneous abutment 
and possible skin complications are well known, Ponto is a 
solution that can be effectively applied in cases of severe-to-
profound conductive or mixed hearing loss that could poorly 
benefit from other bone-conduction devices [32]. In addi-
tion, in 2011 Hultcrantz developed the Minimally Invasive 
Ponto Surgery (MIPS) technique, which was later compared 
by Amaral et al. to the classical technique proving to be an 
effective and fast procedure for device application under 
local anesthesia [21, 38]. Baha Connect also belongs to the 
category of percutaneous devices and similarly achieved 
great success especially at its debut since its applicability 
to profound conductive or mixed hearing loss. However, 
according to the most recent literature examined, the inter-
est among this device has decreased within the recent years.

Transcutaneous devices have been introduced aiming to 
overcome the problems of percutaneous devices and par-
ticularly those related to the skin. Among passive transcu-
taneous devices, Sophono was the first to be introduced, in 
2006, and after an initial interest with promising results, 
the attention around this means has decreased within the 
recent years [39]. Baha attract was presented in Europe in 
2013 and consists of a passive subcutaneous implant that 
is magnetically attached to an external processor (the mag-
net is available with six different strengths) [30]. Reported 
functional results are good although slightly inferior to the 
performance of percutaneous devices with the benefit of 
decreased skin complications. Despite the resolution of the 
problems related to the percutaneous abutment, Nevoux et 
al. still suggested caution and careful monitoring of the skin 
at the implantation site, as this can be subjected to skin pres-
sure with discomfort and possible complications that should 
not be ignored [30]. Although skin complications are rare, 
when they occur, can lead to wound dehiscence or implant 
extrusion. For this reason, Chen et al. suggested a possible 

devices were explanted out of the entire population consid-
ered: 2 due to infection and skin dehiscence, 2 due to poor 
benefit, and 1 due to device failure.

Adhesive Devices

ADHEAR

Four articles have been selected according to the review cri-
teria, for a total of 51 patients using the ADHEAR device 
(see also Table 5). The PTA showed an average increase of 
17.54 dB with discrete gains on speech audiometry. No skin 
complications or adverse reactions have been reported.

Discussion

Hearing loss affects more than 1.5 billion people worldwide 
with major social consequences affecting about 20% of the 
population [1]. Bone conduction hearing aids can be used to 
treat some of these conditions by skipping the middle and 
outer ears and stimulating the cochlea directly. In general, 
bone-conduction devices are indicated for patients with 
conductive and mixed hearing loss who cannot be rehabili-
tated with conventional hearing aids (e.g., due to chronic 
otitis or malformations of the outer ear that make it impos-
sible to use a prosthesis) or with surgery. More recently, an 
indication has also been proposed for the treatment of SSD 
for the benefit of contralateral routing of signal (CROS) [2].

Bone-conduction devices that can be classified according 
to the mode of conduction into:

 – cutaneous, in which the vibration is transmitted through 
the skin (this is the case with passive transcutaneous de-
vices such as Sophono and BAHA® Attract);

 – direct, in which the vibration is transmitted directly to 
the bone. These are divided into (i) percutaneous (Pon-
to and BAHA® Connect and (ii) active transcutaneous 
(Bonebridge® and Cochlear Osia OSI200 implant) [3].

Table 5 Identified papers on Adhear: audiological and surgical features
Authors Number of 

patients
Audiometry 
unaided (PTA)
dB ± SD

Average gain (PTA) 
with ADHEAR
dB ± SD

QoL evaluation Speech audiometry Compli-
cations

Urik et al. [5] 17 33.52(± 27.27) 20.23 (± 16.84) SSQ10
AQoL-6D

+ 2.17 ± 10.23) dB HL No com-
plications

Dahm et al. [26] 12 45.1 ± 7.0 30.8 ± 7.1 SSQ12
AQoL-8D

WRS65 + 30% gain No com-
plications

Almuhawas et al. [2] 12 N/A + 23 (± 3.2) SSQ SRT from 49.17 ± 3 to 
26.67 ± 2.3

No com-
plications

Hirth et al. [28] 10 N/A + 19.6 SSQ WRS65 from 34.0 ± 23.5% 
to 84.5 ± 17.9%

No com-
plications
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proposed the application of the device under 5 years of age, 
therefore allowing an earlier rehabilitation [22]. The study 
recorded a major complication (increased intracranial pres-
sure) in one of 6 implanted patients resolved after the device 
removal, and promising functional results in the other cases 
[22]. Further investigations should be necessary to clarify 
the role of this major event and the applicability before 5 
years of age. Finally, Carnevale et al. highlighted a risk of 
extrusion in case of revision surgery for the Bonebridge [3].

ADHEAR [MED-EL, Innsbruck, Austria] is an adhesive 
bone conduction hearing aid introduced in 2018 to over-
come the skin pressure issues of transcutaneous implants 
and the skin complications associated with percutaneous 
implants [5]. It consists of processor attached to an adhesive 
adapter with a snap-on attachment which is secured to the 
mastoid plane [31]. Contact is maintained only through the 
adhesive glue of the adapter [5]. This device is character-
ized by little to no complications and the absence of surgical 
intervention for its placement, which makes it quickly and 
effectively applicable in any case. However, its significantly 
lower functional gain compared to implantable prostheses 
limits its application to cases with mild deficits, not under-
going surgery for any reason.

Conclusions

Bone conduction hearing aids represent a viable option for 
hearing rehabilitation in conductive or mixed hearing loss 
and SSD. Nowadays, the variability of these devices and 
their features allow tailoring the hearing rehabilitative treat-
ment depending on patients’ personal needs and residual 
hearing features. In fact, all the examined devices show wor-
thy results on both PTA gain and speech audiometry, and in 
the era of precision and tailored medicine, these means can 
represent feasible treatment options.

Further studies will be necessary to confirm these prom-
ising results and in particular to study the incidence of com-
plications in larger populations and to refine the indications 
of each device.
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