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Abstract
Purpose Transcutaneous active bone conduction hearing aids represent an alternative approach to middle ear surgery and 
conventional hearing aids for patients with conductive or mixed hearing loss. The aim of this study was to determine quality 
of life, subjective hearing experience and patients’ satisfaction after implantation of a bone conduction hearing aid.
Methods This monocentric and retrospective study included twelve adult patients who received a bone conduction hearing 
aid (Bonebridge, MedEL) consisting of an extracorporeal audio processor and a bone conduction implant (BCI) between 
2013 and 2017. On average 40 months after implantation, the patients were asked to answer three questionnaires regarding 
quality of life (AqoL-8D), self-reported auditory disability (SSQ-12-B) and user’s satisfaction (APSQ) after implantation 
of the Bonebridge (BB). A descriptive statistical analysis of the questionnaires followed.
Results 12 patients aged 26–85 years (sex: m = 7, w = 5) were recruited. The quality of life of all patients after implantation 
of the BB (AqoL 8D) averaged an overall utility score of 0.76 (SD ± 0.17). The mean for ‘speech hearing’ in the SSQ-12-B 
was + 2.43 (SD ± 2.03), + 1.94 (SD ± 1.48) for ‘spatial hearing’ and + 2.28 (SD ± 2.32) for ‘qualities of hearing’. 11 out of 12 
patients reported an improvement in their overall hearing. The APSQ score for the subsection ‘wearing comfort’ was 3.50 
(SD ± 0.87), ‘social life’ attained a mean of 4.17 (SD ± 1.06). The ‘device inconveniences’ reached 4.02 (SD ± 0.71) and 
‘usability’ of the device was measured at 4.23 (SD ± 1.06). The average wearing time of the audio processor in the cohort 
was 11 h per day, with 8 of 12 patients reporting the maximum length of 12 h per day.
Conclusion BB implantation results in a gain in the perceived quality of life (AqoL 8D). The SSQ-12-B shows an improve-
ment in subjective hearing. According to the APSQ, it can be assumed that the BB audio processor, although in an extracor-
poreal position, is rated as a useful instrument with positive impact on social life. The majority stated that they had subjec-
tively benefited from BB implantation and that there were no significant physical or sensory limitations after implantation.

Keywords Bonebridge · Bone conduction implant · Hearing rehabilitation · Quality of life

Introduction

Hypoacusis or hearing loss is defined as functional deficit of 
auditory capacity in comparison to a healthy person. It often 
leads to deterioration in quality of life [1] characterized by 
social isolation, loneliness as well as stigmatization and is 
associated with cognitive decline [2–4]. Worsening dementia 

and depression have been reported as a consequence of hear-
ing loss [5]. According to the WHO, 5% (approx. 430 mil-
lion) of the world population suffered from hearing loss in 
April 2021. A further increase to over 700 million affected 
people in 2050 is predicted [2]. There are indications for 
hearing rehabilitation with an implantable hearing device 
in patients who cannot be fitted with a conventional hear-
ing aid due to either medical limitations or unsatisfactory 
audiological results and in patients with contraindications 
or unpromising outcome of reconstructive middle ear sur-
gery. Furthermore, there should be an expected long-term 
improvement in hearing by an implantable hearing system 
[6, 7].

The success of these devices depends on the audiological 
hearing improvement on the one hand [8–10] as well as on 
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the patient's compliance on the other hand [9, 10]. Compli-
ance can be influenced, among other things, by the patient’s 
willingness to take certain measures [11]. The willingness 
to wear a hearing aid in general thus determines the ther-
apy adherence and directly affects the therapy success [9, 
10]. Therefore, the aim of device development should be to 
maximize both the perceived quality of life and the patient’s 
satisfaction with the hearing aid.

The partially implantable active bone conduction hear-
ing device Bonebridge (BB) by MedEL (Innsbruck, Aus-
tria) consisting of an extracorporeal audio processor and 
the internal bone conduction implant (BCI) is indicated for 
patients with conductive hearing loss, mixed hearing loss 
and single sided deafness (SSD). The evaluation of quality 
of life and patient’s satisfaction as well as the self-reported 
auditory disability after implantation was aimed to be deter-
mined in this study.

Material and methods

Study design

This monocentric, retrospective, observational study was 
approved by the local ethics committee (Ärztekammer Nor-
drhein; No. 2017044). The user experience with the BB was 
reviewed by using three questionnaires.

24 Patients who received the BB between January 2013 
and December 2017 were assessed for eligibility. Inclu-
sion criteria for this study was a minimum of three months 
experience with the BB after activation. Two patients were 
excluded due to chronic diseases (trisomy 21 and CHARGE 
syndrome) which would have significantly affected the qual-
ity-of-life outcome. Another 2 patients were excluded due 
to a language barrier. 20 patients were eligible, whereas 8 
patients did not consent, and 12 patients finally participated 
in this study.

On average, the patients were interviewed 40 months 
(min 8 months; max 68 months) after surgery. The quality of 
treatment was intended to be surveyed with an emphasis on 
the BB user’s subjective experience. Therefore, three differ-
ent questionnaires were used to measure the patient related 
outcome (PRO) [12].

Patients were asked to answer the Assessment of qual-
ity of life (AQoL-8D) questionnaire, the Speech, spatial 
and qualities of hearing questionnaire (SSQ-12-B) related 
to self-reported auditory disability and the audio proces-
sor satisfaction questionnaire (APSQ) for user satisfaction 
with the audio processor. No time limit was imposed on 
the patients to answer the questionnaires. Table 1 shows 
the patient characteristics (gender, age, implant side), 
the summarized medical history, the time span between 
implantation and answering the questionnaires and the 

bone conduction thresholds of the implanted and con-
tralateral ear. The general quality of life after implanta-
tion of the BB was surveyed using 35 questions from the 
AQoL-8D-questionnaire (Version 12, 2017) [13]. Patients 
were asked to compare the present situation with the BB to 
the situation before this hearing rehabilitation. The AQoL 
consists of health-related multi-attribute utility quality of 
life instruments represented in 8 variable response dimen-
sions. All dimensions may be scored separately or sum-
marized in two superdimensions (superdimension ‘men-
tal’ utility score calculated from the dimensions ‘mental 
health’, ‘happiness’, ‘self worth’, ‘coping’ and ‘relation-
ships’ and superdimension ‘physical’ utility score calcu-
lated from the dimensions ‘independent living’, ‘senses’ 
and ‘pain’). The dimension ‘senses’ is composed of the 
items ‘vision’, ‘hearing’ and ‘communication’. The overall 
utility score of the AQoL-8D-questionnaire is composed 
of the superdimension scores [14].

The comparative self-reported auditory disability before 
and after BB was evaluated using the SSQ-12-B question-
naire (12 questions) by Noble et  al. (Short version B, 
year 2013) [15]. It includes hearing speech in a variety 
of contexts (subsection ‘speech hearing’), spatial hearing 
(subsection ‘spatial hearing’), listening to speech streams 
with background noise, the ease of listening and the natu-
ralness, clarity and the ability to differ sounds, speakers, 
musical pieces and instruments (subsection ‘qualities of 
hearing’) [15, 16].

The APSQ by Billinger-Finke et al. (2020) [17] was 
developed to assess user satisfaction with an audio proces-
sor, which is primarily perceived by patients as the actual 
hearing aid. A total score and subscale scores for ‘wearing 
comfort’, ‘social life’, ‘usability’ and ‘device inconven-
iences’ can be calculated by 21 questions represented in a 
Likert scale. In addition, the test includes a survey of the 
wearing time per day and night in hours [17].

The active bone conduction hearing implant

The BB by MedEl (Innsbruck, Austria) is a partially 
implantable active bone conduction implant system con-
sisting of an extracorporeal audio processor and a BCI. 
The audio processor Amadé or Samba of MedEl (Inns-
bruck, Austria) are fixed over the implant on intact skin 
by a holding magnet. The BCI by itself contains a receiver 
coil, a demodulator, and a transducer (Boneconduction-
Floating Mass Transducer; BC-FMT). The BC-FMT can 
be surgically positioned either in the mastoid bone or ret-
rosigmoidally, depending on the specific morphology of 
the patient‘s skull. For this purpose, the patients received 
a high-resolution temporal bone computertomography pre-
operatively to plan the procedure.
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Surgery

Surgery was performed by the senior author in all cases 
under general anesthesia in a supine position. The mas-
toid and temporal bone were exposed via a retroauricular 
approach. The implant bed was milled out to accommodate 
the BC-FMT. Finally, the implant was inserted and fixed 
with cortical screws, followed by wound closure in lay-
ers. After completion of the primary postoperative healing 
process, the initial fitting of the audio processor took place 
6 weeks later as an outpatient procedure.

Statistics

Baseline data collection and descriptive statistics was per-
formed with Excel 2010 (Microsoft Inc., Redmond, USA). 
Data were either presented at the patient level or summarized 
by means and standard deviations (SD) for the full cohort. 
AQoL-8D questionnaires were scored with the weighted 
utility algorithm for SPSS (available at http:// www. aqol. 
com. au/ index. php/ scori ng- algor ithms). For the SSQ-12-B 
questionnaire, scores for ‘speech hearing’, ‘spatial hearing’ 
and ‘qualities of hearing’ (subscale scores) were calculated 

as mean value (± SD) over respective items. An overall score 
was calculated from the subscale scores. APSQ scores for 
the subsection ‘wearing comfort’, ‘social life’, ‘usability’, 
and ‘device inconveniences’ were calculated as mean value 
(± SD) over respective items.

Results

Patients of all ages (26–85 years) were included in this 
study (sex: m = 7, w = 5, d = 0). Six patients received a BB 
implant on the right side, five on the left side. One patient 
was implanted bilaterally. Ten out of 12 patients had a his-
tory of tympanoplasty or stapes surgery. The etiology of 
hearing loss varied among our patients. Nearly two-thirds 
of all patients suffered from mixed hearing loss, one patient 
suffered from an unilateral functional deafness and the rest 
showed a conductive hearing loss without any inner ear 
deafness. 7 Patients have had ear surgery due to chronic 
epi- or mesotympanic otitis before. Recurrent inflammation 
(recurrent external otitis, recurrent auricular perichondritis) 
and otosclerosis both were found in two cases. One patient 
showed an atresia of the external auditory canal.

Table 1  Patient characteristics

HL—hearing loss, m—male, f—female, CROS—contralateral routing of signals

ID Age (years) Sex (m/f) Implanted side Time from Implanta-
tion to questionnaire 
(months)

Medical history Bone conduction 
threshold mean 
(decibel)

Right ear Left ear

1 45 m Left 8 History of tympanoplasty and cholesteatoma, 
conductive hl

15 20

2 81 m Right 66 History of tympanoplasty and radical cavity, 
mixed hl

30 25

3 56 m Left 18 History of tympanoplasty, recurrent auricular 
perichondritis, mixed hl

25 25

4 27 m Left 64 History of tympanoplasty and cholesteatoma, 
mixed hl

30 35

5 26 f Right 11 Malformation (atresia of external auditory canal), 
conductive hl

15 5

6 39 m bilateral 46 Bilateral history of tympanoplasty and cholestea-
toma, conductive hl

15 10

7 55 m Right 68 History of tympanoplasty, cholesteatoma and 
radical cavity, mixed hl

30 30

8 80 f Right 44 History of otosclerosis, stapes surgery years ago, 
mixed hl

35 15

9 83 f Left 39 History of otosclerosis, stapes surgery years ago- 
vertigo after surgery, mixed hl

30 35

10 60 f Right 33 History of tympanoplasty, recurrent external 
otitis, conductive hl

10 10

11 85 f Left 54 History of tympanoplasty, mixed hl 25 35
12 47 m Right 35 Mixed hl (functional deafness), cros with conven-

tional hearing aids not tolerated
65 5

http://www.aqol.com.au/index.php/scoring-algorithms
http://www.aqol.com.au/index.php/scoring-algorithms
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Bone conduction thresholds of the implantation side 
and the contralateral ear variied among our cohort. Three 
patients showed a bone conduction threshold from 10 to 
20 dB HL, a threshold from 20 to 30 dB HL was found 
four times and other four patients had a bone conduction 
threshold from 30 to 40 dB HL of the implanted ear. Once 
there was a bone conduction with more than 40 dB HL 
(patient no. 12, Table 1). The bone conduction threshold of 
the implanted ear and the contralateral ear deviated in most 
cases up to 10 dB HL, two patients showed a higher differ-
ence of their thresholds (Table1).

AQoL‑8D‑questionnaire

The AQoL-8D score for all patients after BB was an over-
all utility score mean of 0.76 (SD ± 0.17; Min = 0.46; 
Max = 0.95). The lowest superdimension ‘mental’ utility 
score in our cohort was 0.2, and the highest was 0.75. The 
mean of the superdimension ‘mental’ utility scores was cal-
culated at 0.47 (SD ± 0.17).

The mean of the superdimension ‘physical’ utility scores 
was 0.64 (SD ± 0.18) with a maximum of 0.89. and a mini-
mum of 0.34 (Fig. 1).

The dimension ‘senses’ showed a mean of 0.81 
(SD ± 0.65). The mean values of all dimension and super-
dimension utility scores (‘mental’ and ‘physical’) of the 
AQoL-8D questionnaire are shown in Fig. 2 in relation to 
data of the German total population and the healthy German 
population (Germany Healthy Public) [18].

SSQ‑12‑B‑ questionnaire

11 Out of 12 patients reported an improvement in their over-
all hearing experience (positive overall score). The highest 
overall score in the evaluation of the hearing situation com-
pared to before BB was + 4.44 and the lowest was – 2.50. 
Similarly, the subscale scores of ‘speech hearing’, ‘spatial 

hearing’ and ‘qualities of hearing’ were at least + 1 in 11 of 
12 cases.

A negative overall score (– 2.5) was found once. The 
subscale ‘speech hearing’ and ‘qualities of hearing’ were 
rated with – 3 and – 3.75 by patient no. 2. The subscale 
‘spatial hearing’ achieved a score of 0 in this case. The 
results of the SSQ-12-B questionnaire are shown in Fig. 3.
The mean subscale score for the item ‘speech hearing’ 
was + 2.43 (SD ± 1.94), + 1.94 (SD ± 1.48) for ‘spatial hear-
ing’ and + 2.28 (SD ± 2.32) for ‘qualities of hearing’ (Fig. 4).

APSQ

The mean score of the subsection ‘wearing comfort’ was 
3.50 points (SD ± 0.87). The average subsection score for 
‘social life’ was 4.17 (SD ± 1.06). The ‘usability’ of the 
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device was rated with a score of 4.23 (SD ± 1.06) and the 
‘device inconveniences’ subsection was 4.02 (SD ± 0.71).

The maximum for ‘wearing comfort’ was 4.33, for ‘social 
life’ 5.00, for ‘usability’ 4.8 and for ‘device inconveniences’ 
4.8. The minimum for ‘wearing comfort’, ‘social life’ and 
‘usability’ was 1.0; the minimum for ‘device inconven-
iences’ was 2.40. Besides one patient, 11 of 12 subsection 
scores were calculated above a score of 3. The results of the 
APSQ are shown in Fig. 5 as mean values of the total cohort. 
8 out of 12 patients reported an audio processor wearing 
time of 12 h per day. This value also corresponded to the 
maximum wearing time of the cohort. The minimum was 

0 h per day, while the mean was 10.9 h (SD ± 2.0). None of 
the patients reported wearing the audio processor at night.

Discussion

One aim of this study was to determine the quality of life 
after BB implantation. Mulrow et al. were able to demon-
strate a restriction of the quality of life in a study of 472 
patients who were affected by hearing loss [1]. The results 
of our study show that the assessed quality of life of the 
cohort significantly increased after BB implantation (Fig. 1). 
According to our data, the BB offers patients suffering from 
conductive hearing loss, mixed hearing loss or SSD the pos-
sibility to increase their perceived quality of life above the 
average of the overall German population (overall utility 
score 0.76 vs. 0.73, Fig. 2), maybe this is since hearing reha-
bilitation is perceived as a particularly strong improvement 
in quality of life. In comparison, the healthy German popu-
lation only reported a slightly higher average quality of life 
(overall utility score 0.88 vs. 0.76, Fig. 2) [18].

Moreover, the results of the AQoL-8D reveal that our 
patients rated the superdimension ‘mental’ worse than the 
superdimension ‘physical’ on the overall average (Fig. 2). 
According to these ratings, the hearing rehabilitation thus 
seems to have an impact primarily on the physical aspects of 
our patients’ lives. An interesting fact is that the superdimen-
sion dealing with the physical quality of life (superdimen-
sion ‘physical’) is composed of the dimensions ‘independ-
ent living’, ‘senses’ and ‘pain’. A dimension score ‘senses’ 
of 0.81 implies a subjective improvement of sensory per-
ception. Thus, a successful hearing rehabilitation can be 
assumed in our cohort with BB. Skarżyński et al. already 
propagated that hearing rehabilitation with the BB in 21 
patients did not only lead to an audiological improvement, 
but also to an increase in the subjectively assessed qual-
ity of life. In contrast to the questionnaire employed by our 
group, they used the APHAB questionnaire [19]. Since both 
instruments led to similar results, our results can be con-
firmed as valid. In a current study by Garcier et al. (2021) 
comprising 24 patients the APHAB questionnaire was also 
used to ensure reproduceable results of an improvement in 
hearing performance and quality of life after implantation 
of the BB [20].

The analysis of the SSQ-12-B emphasized a subjec-
tive hearing improvement in our BB patients. Our cohort 
reported an improved hearing experience on average sub-
scale scores (‘speech hearing’ = 2.43, ‘spatial hearing’ 
= 1.94, ‘qualities of hearing’ = 2.28) after implantation of 
the BB. 11 out of 12 patients reported positive values for 
each SSQ-12-B score (Fig. 3). The greatest satisfaction was 
achieved in ‘speech hearing’ (mean subscale score = 2.43) 
and ‘qualities of hearing’ (mean subscale score = 2.28), 
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whereas ‘spatial hearing’ showed the least improvement 
(Fig. 4). In a study by Laske et al. from 2015, the subjec-
tive hearing benefit after implantation of a BCI was also 
determined using the SSQ-B questionnaire. Their positive 
results in patients’ satisfaction with the implant are in line 
with our results, whereby ‘spatial hearing’ also achieved the 
lowest results [21].

Weiss et al. (2016) confirmed this observation concern-
ing the ‘spatial hearing’ using audiometric testing. Patients 
with SSD were excluded from this measurement. A quantifi-
able improvement in sound localization after BB implanta-
tion could not be determined (no significant change in the 
mean localization error) [22]. Incongruently, Rahne and col-
leagues showed an audiological improvement in sound local-
ization (significant reduction of the angle detection error) 
in a cohort of 11 patients (including 1 patient with SSD) in 
their 2015 study [23]. The meta-analysis by McLeod et al. 
may help to clarify the upcoming questions to those con-
troversial results. After a literature review, they concluded 
that a binaural fitting with a BCI is necessary to achieve an 
improvement in sound localization [24]. This can also be 
assumed reviewing our data. In one case of binaural fitting, 
we found the greatest subjective improvement in ‘spatial 
hearing’, which is discussed as a difficult and controversial 
aspect of BCI treatments in the literature [22]. Patient 6, 
who received a bilateral BB implantation, showed a higher 
‘spatial hearing’ subscale score in comparison to the other 
subscales (Fig. 3). The rating evaluated by patient 6 (‘spa-
tial hearing’ subscale score = 2.67, Fig. 3) was even higher 
than the average score of the full cohort (mean subscale 
score = 1.94, Fig. 4). This fact could support the interpreta-
tion, that the spatial hearing is best served with a binaural 
BB. A similar bone conduction threshold of both ears can 
be seen in patient 6 (Table 1).

Moreover the highest SSQ-12-B-overall-scores by patient 
can be found at lower bone conduction thresholds of the 
implanted side and with little difference between the thresh-
olds of both ears (Fig. 3, patient no. 1, 3, 5 and 10).

Regarding to our results of the SSQ-12-B and the AQoL-
8D patients with higher scores in the AQoL-8D seem to 
show also higher scores in the SSQ-12-B (Figs. 1 and 3). 
This shows that hearing rehabilitation directly influences 
perceived overall quality of life. Hearing loss does not only 
have a somatic effect, but also influences other areas of life, 
such as social life and mental quality of life. Several studies 
in the past have shown that people with hypoacusis have a 
higher prevalence of associated comorbidities than people 
with normal hearing [25–27].

The average ratings of the audio processor in our study 
(Fig. 5) were consistently high with an APSQ score of at 
least 3.5 out of 5 (mean subsection score ‘wearing com-
fort’), especially the ‘usability’ and the ‘social life’ subsec-
tion of the audio processor were rated particularly high. 

Despite the evaluation of the three subsections mentioned 
above, there was a high level of ‘device inconvenience’ in 
our cohort (mean = 4.02). In conclusion, despite the general 
user satisfaction, our patients perceive discomfort with the 
audio processor. ‘Wearing comfort’ reached a mean of 3.50 
(SD ± 0.87), which is low in comparison to the average sub-
section score for ‘social life’ (mean = 4.17; SD ± 1.06). Still 
the ‘usability’ of the device was rated with a score of 4.23 
(SD ± 1.06). In average, the ‘device inconveniences’ subsec-
tion (4.02; SD ± 0.71 outweighed the comfort experienced 
with the audio processor.

Nevertheless, 8 out of 12 patients reported a wearing time 
of 12 h per day. The willingness of our cohort to wear the 
audio processor for many hours a day, despite any device 
inconvenience, reinforces the conclusion that the gains in 
quality of life and hearing experience outweighs any device 
disadvantages. High scores for ‘social life’ and ‘usability’ 
confirm that assumption. A possible explanation for device 
inconvenience relates to the practicability of the audio pro-
cessor in everyday life. Garcier et al. stated that even if the 
handling and aesthetics of the device was rated positively, 
the average results decreased especially in wearing the audio 
processor during sports or at work [20]. The lowest average 
score results of our study in the subsection ‘wearing com-
fort’ supports those findings.

Patient no. 2 rated all questionnaires with the lowest 
scores and reports a deterioration in his subjective hear-
ing experience after BB implantation. In this case about 
4 months after the BB implantation (in 2013), a revision 
surgery (repeated additional skin thinning) was performed. 
The magnetic fixation of the audio processor had not been 
sufficient in the obese patient. Furthermore, the patient com-
plained of recurrent pain around the implant. The BB was 
removed in 2020 at the patient’s request.

Regarding to the bone conduction threshold of patient no. 
2 there is an individual inner ear hearing loss of 30 dB HL 
on the implanted ear. Questioning whether a severe inner ear 
deafness could have harmed the patient reported outcome, 
it becomes clear that other patients with similar bone con-
duction thresholds have rated the questionnaires with bet-
ter results. In summary there cannot be found a significant 
pattern between certain bone conduction thresholds of our 
patients and their ratings in the PROM.

Retrospectively, patient no. 2 can be classified as a 
non-user (wearing time of 0 h a day). Apart from the fact 
that generally up to 20% of all patients with hearing aids 
are non-users [28], special attention should be paid to the 
regular adjustment of the hearing system. Uncomfortabil-
ity in the sense of pain occurs in up to 15% of all patients 
with a hearing aid (of any kind) [29]. That underlines 
the importance of a strict follow-up. Standardization in 
the form of a guideline, has been confirmed by Oh et al. 
among others. According to their study the acceptance of 
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hearing aids was increased and non-user rate was reduced 
due to the standardization of aftercare [30].

Comparing our results to the recent literature one limi-
tation is the variable time (8 to 48 months) between BB 
implantation and the survey. However, Table 1 shows that 
in 10 out of 12 cases this period exceeds at least 1 year. 
Familiarization and adjustment should be reached at that 
point.

Another limitation of our study could be seen in the 
missing correlation of audiological testing, which has 
been excluded in the sense of PRO [12]. However, PRO 
is an accepted method to test the outcome regarding to 
the quality of life with a certain therapy [31–34]. In the 
case of the bone-anchored hearing aid (BAHA) a num-
ber of other investigations proved an enhancement of 
QoL [35–37]. Badran et al. showed in their BAHA-study 
already in 2006 the importance of patient’s self-rated 
QoL to justify a procedure and to reach a better predic-
tive value at the time of preoperative counseling [38]. 
Han et al. showed 2020 a higher device usage of BB in 
comparism to BAHA in patients with mixed hearing loss 
or SSD [39]. As already discussed in this work, the suc-
cess of hearing aids depends on the patient’s compliance 
[9, 10]. The high device usage in the investigation of 
2020 can be found in our work and therefore, proves the 
self-reported benefits of BB implantation and a positive 
PRO. Other recent studies external to Oto-Rhino-Lar-
yngology showed an impact to monitore therapy effects 
using patient related measurements (PROM) [12, 40]. 
Monitoring the efficacy of a therapy by PROM should be 
considered ever then since the optimized use of medical 
resources in nowadays society gets more and more impor-
tant [41]. Moreover, improvements of health care and bet-
ter decision making for future patients and clinicians can 
be supported by QoL data after a therapy or procedure 
[42]. We used three different questionnaires, which has 
so far, to our knowledge, not been utilized before to assess 
perceived hearing rehabilitation.

Since the impact of the BB in audiometric testing and 
the effectiveness has already been proven in previous 
trials [43–46], we focused on comparing the different 
questionnaires among each other instead of analyzing 
the questionnaires to audiometric testing results. As Snik 
et al. reported that audiometric testing can vary within 
one examination of a patient [47], we also saw a great 
variance in our patients’ audiometric test evaluations. 
This fact even supports our decision to omit audiometric 
testing in our study. Moreover, due to the inhomogeneity 
of diseases of our cohort, the respective patient history 
the comparison of our patients’ audiometries seemed not 
be feasible in a meaningful way. Different investigators 
during audiometric testing can be seen as another bias.

Conclusion

In summary, our results show an appropriate perceived hear-
ing rehabilitation with the BB. The evaluation of quality 
of life, the decrease of the self-reported auditory disability 
and patients’ satisfaction can confirm the BB as an adequate 
therapy for auditory rehabilitation. Especially the improved 
quality of life and the outstanding results in speech hearing 
of the cohort after BB implantation can lead to an increase 
of social life satisfaction. Spatial hearing showed the least 
improvement with BB, which is also discussed in recent 
studies and seems to be served best in the case of a binaural 
BB implantation.

Funding Open Access funding enabled and organized by Projekt 
DEAL. No external funding was acquired for this study.

Declarations 

Conflict of interest The Department of Otorhinolaryngology, Head 
and Neck Surgery at St. Elisabeth-Hospital in Bochum, Ruhr-Univer-
sity of Bochum, has received unrelated third-party funds from MED-
EL. Stefan Dazert and Stefan Volkenstein have received travel expense 
support from MED-EL. The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships and 
report no other conflicts of interest in this work. The other authors 
declare that they have no potential conflict of interest in relation to this 
study. The other authors declare that they have no potential conflict of 
interest in relation to this study.

Ethical approval The study was approved by the local ethics commit-
tee (Ärztekammer Nordrhein, No. 2017044) and in consistence of the 
Declaration of Helsinki.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Mulrow CD, Aguilar C, Endicott JE et al (1990) Association 
between hearing impairment and the quality of life of elderly 
individuals. J Am Geriatr Soc 38:45–50. https:// doi. org/ 10. 1111/j. 
1532- 5415. 1990. tb015 95.x

 2. World Health Organization. Deafness and hearing loss. In: 2021. 
https:// www. who. int/ news- room/ fact- sheets/ detail/ deafn ess- and- 
heari nglos s#: ~: text= ident ifica tion% 20and% 20man ageme nt% 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1532-5415.1990.tb01595.x
https://doi.org/10.1111/j.1532-5415.1990.tb01595.x
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearingloss#:~:text=identification%20and%20management%20of%20common,to%20prevent%20ototoxic%20hearing%20loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearingloss#:~:text=identification%20and%20management%20of%20common,to%20prevent%20ototoxic%20hearing%20loss


5562 European Archives of Oto-Rhino-Laryngology (2022) 279:5555–5563

1 3

20of% 20com mon,to% 20pre vent% 20oto toxic% 20hea ring% 20loss. 
(Date of access: 5th April 2021)

 3. Erler SF, Garstecki DC (2002) Hearing loss- and hearing aid-
related stigma: perceptions of women with age-normal hearing. 
Am J Audiol 11:83–91. https:// doi. org/ 10. 1044/ 1059- 0889(2002/ 
020)

 4. Völter C, Götze L, Haubitz I et al (2021) Impact of cochlear 
implantation on neurocognitive subdomains in adult cochlear 
implant recipients. Audiol Neurootol 26:236–245. https:// doi. 
org/ 10. 1159/ 00051 0855

 5. Dawes P, Emsley R, Cruickshanks KJ et al (2015) Hearing loss 
and cognition: the role of hearing AIDS, social isolation and 
depression. PLoS ONE 10:e0119616. https:// doi. org/ 10. 1371/ 
journ al. pone. 01196 16

 6. Lenarz T, Weber BP, Mack KF et  al. [The Vibrant Sound-
bridge System: a new kind of hearing aid for sensorineural 
hearing loss. 1: Function and initial clinical experiences]. 
Laryngorhinootologie 1998; 77: 247–255. https:// doi. org/ 10. 
1055/s- 2007- 996970

 7. Tjellström A, Granström G (1994) Long-term follow-up with 
the bone-anchored hearing aid: a review of the first 100 patients 
between 1977 and 1985. Ear Nose Throat J 73:112–114

 8. Gopinath B, Schneider J, Hartley D et al (2011) Incidence and 
predictors of hearing aid use and ownership among older adults 
with hearing loss. Ann Epidemiol 21:497–506. https:// doi. org/ 10. 
1016/j. annep idem. 2011. 03. 005

 9. Gallagher NE, Woodside JV (2018) Factors affecting hearing aid 
adoption and use: a qualitative study. J Am Acad Audiol 29:300–
312. https:// doi. org/ 10. 3766/ jaaa. 16148

 10. Murphy J, Coster G (1997) Issues in patient compliance. Drugs 
54:797–800. https:// doi. org/ 10. 2165/ 00003 495- 19975 4060- 00002

 11. Perez E, Edmonds BA (2012) A systematic review of studies 
measuring and reporting hearing aid usage in older adults since 
1999: a descriptive summary of measurement tools. PLoS ONE 
7:e31831. https:// doi. org/ 10. 1371/ journ al. pone. 00318 31

 12. Deshpande PR, Rajan S, Sudeepthi BL et  al (2011) Patient-
reported outcomes: a new era in clinical research. Perspect Clin 
Res 2:137–144. https:// doi. org/ 10. 4103/ 2229- 3485. 86879

 13. Centre for Health Economics MU. AQoL-8D (Data Collection 
Copy - Simplified) version 12 modified. In: 2017: https:// www. 
aqol. com. au/ docum ents/ AQoL- 8D/ AQoL- 8D_ simpl ified_ Data_ 
Colle ction_ v12. pdf (Date of access: 5th April 2021)

 14. Richardson J, Iezzi A, Khan MA et al (2014) Validity and reli-
ability of the Assessment of Quality of Life (AQoL)-8D multi-
attribute utility instrument. Patient 7:85–96. https:// doi. org/ 10. 
1007/ s40271- 013- 0036-x

 15. Gatehouse S, Noble W (2004) The speech, spatial and qualities 
of hearing scale (SSQ). Int J Audiol 43:85–99. https:// doi. org/ 10. 
1080/ 14992 02040 00500 14

 16. Noble W, Jensen NS, Naylor G et al (2013) A short form of the 
speech, spatial and qualities of hearing scale suitable for clinical 
use: the SSQ12. Int J Audiol 52:409–412. https:// doi. org/ 10. 3109/ 
14992 027. 2013. 781278

 17. Billinger-Finke M, Bräcker T, Weber A et al (2020) Develop-
ment and validation of the audio processor satisfaction question-
naire (APSQ) for hearing implant users. Int J Audiol 59:392–397. 
https:// doi. org/ 10. 1080/ 14992 027. 2019. 16978 30

 18. Richardson J, Khan M, Iezzi A et al. Cross-national compari-
son of twelve quality of life instruments, MIC Paper 7: Germany. 
Research Paper 85 Im Internet: https:// www. aqol. com. au/ papers/ 
resea rchpa per85. pdf. (Date of access: 5th April 2021)

 19. Skarżyński PH, Ratuszniak A, Król B et al (2019) The Bonebridge 
in adults with mixed and conductive hearing loss: audiological 
and quality of life outcomes. Audiol Neurootol 24:90–99. https:// 
doi. org/ 10. 1159/ 00049 9363

 20. Garcier M, Lavedrine A, Gagneux C et al. Bone-anchored and 
closed skin bonebridge implant in adults: hearing performances 
and quality of Life. Audiol Neurootol 2021; 1–7. https:// doi. org/ 
10. 1159/ 00051 2496

 21. Laske RD, Röösli C, Pfiffner F et al (2015) Functional results and 
subjective benefit of a transcutaneous bone conduction device in 
patients with single-sided deafness. Otol Neurotol 36:1151–1156. 
https:// doi. org/ 10. 1097/ MAO. 00000 00000 000791

 22. Weiss R, Leinung M, Baumann U et al (2017) Improvement of 
speech perception in quiet and in noise without decreasing locali-
zation abilities with the bone conduction device Bonebridge. Eur 
Arch Otorhinolaryngol 274:2107–2115. https:// doi. org/ 10. 1007/ 
s00405- 016- 4434-2

 23. Rahne T, Seiwerth I, Götze G et al (2015) Functional results after 
Bonebridge implantation in adults and children with conductive 
and mixed hearing loss. Eur Arch Otorhinolaryngol 272:3263–
3269. https:// doi. org/ 10. 1007/ s00405- 014- 3403-x

 24. McLeod RWJ, Culling JF, Jiang D (2018) Advances in the field 
of bone conduction hearing implants. Adv Otorhinolaryngol 
81:24–31. https:// doi. org/ 10. 1159/ 00048 5587

 25. Davis A, McMahon CM, Pichora-Fuller KM et al (2016) Aging 
and hearing health: the life-course approach. Gerontologist 
56(Suppl 2):S256-267. https:// doi. org/ 10. 1093/ geront/ gnw033

 26. Agrawal Y, Platz EA, Niparko JK (2008) Prevalence of hearing 
loss and differences by demographic characteristics among US 
adults: data from the National Health and Nutrition Examination 
Survey, 1999–2004. Arch Intern Med 168:1522–1530. https:// doi. 
org/ 10. 1001/ archi nte. 168. 14. 1522

 27. Besser J, Stropahl M, Urry E et al (2018) Comorbidities of hearing 
loss and the implications of multimorbidity for audiological care. 
Hear Res 369:3–14. https:// doi. org/ 10. 1016/j. heares. 2018. 06. 008

 28. Dillon H, Day J, Bant S et al (2020) Adoption, use and non-use 
of hearing aids: a robust estimate based on Welsh national survey 
statistics. Int J Audiol 59:567–573. https:// doi. org/ 10. 1080/ 14992 
027. 2020. 17735 50

 29. Kochkin S. Obstacles to adult non-user adoption of hearin aids. 
In: The Hearing Journal; 2007: 24–51. https:// doi. org/ 10. 1097/ 01. 
HJ. 00002 85745. 08599. 7f

 30. Oh SH, Lee J (2016) General framework of hearing aid fitting 
management. J Audiol Otol 20:1–7. https:// doi. org/ 10. 7874/ jao. 
2016. 20.1.1

 31. Kluetz PG, Chingos DT, Basch EM et al (2016) Patient-Reported 
Outcomes in Cancer Clinical Trials: Measuring Symptomatic 
Adverse Events With the National Cancer Institute’s Patient-
Reported Outcomes Version of the Common Terminology Crite-
ria for Adverse Events (PRO-CTCAE). Am Soc Clin Oncol Educ 
Book 35:67–73. https:// doi. org/ 10. 1200/ EDBK_ 159514

 32. Lee SE, Farzal Z, Ebert CS et al (2020) Readability of patient-
reported outcome measures for head and neck oncology. Laryn-
goscope 130:2839–2842. https:// doi. org/ 10. 1002/ lary. 28555

 33. Armstrong AW, Reich K, Foley P et al (2019) Improvement in 
Patient-Reported Outcomes (Dermatology Life Quality Index 
and the Psoriasis Symptoms and Signs Diary) with Guselkumab 
in Moderate-to-Severe Plaque Psoriasis: results from the Phase 
III VOYAGE 1 and VOYAGE 2 Studies. Am J Clin Dermatol 
20:155–164. https:// doi. org/ 10. 1007/ s40257- 018- 0396-z

 34. Tatman LM, Obremskey WT (2019) Patient reported outcomes: 
the foundation of value. J Orthop Trauma 33(Suppl 7):S53–S55. 
https:// doi. org/ 10. 1097/ BOT. 00000 00000 001613

 35. McDermott AL, Williams J, Kuo M et al (2009) Quality of life in 
children fitted with a bone-anchored hearing aid. Otol Neurotol 
30:344–349. https:// doi. org/ 10. 1097/ MAO. 0b013 e3181 8b6491

 36. Nevoux J, Coudert C, Boulet M et al (2018) Transcutaneous Baha 
Attract system: long-term outcomes of the French multicenter 
study. Clin Otolaryngol 43:1553–1559. https:// doi. org/ 10. 1111/ 
coa. 13214

https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearingloss#:~:text=identification%20and%20management%20of%20common,to%20prevent%20ototoxic%20hearing%20loss
https://doi.org/10.1044/1059-0889(2002/020)
https://doi.org/10.1044/1059-0889(2002/020)
https://doi.org/10.1159/000510855
https://doi.org/10.1159/000510855
https://doi.org/10.1371/journal.pone.0119616
https://doi.org/10.1371/journal.pone.0119616
https://doi.org/10.1055/s-2007-996970
https://doi.org/10.1055/s-2007-996970
https://doi.org/10.1016/j.annepidem.2011.03.005
https://doi.org/10.1016/j.annepidem.2011.03.005
https://doi.org/10.3766/jaaa.16148
https://doi.org/10.2165/00003495-199754060-00002
https://doi.org/10.1371/journal.pone.0031831
https://doi.org/10.4103/2229-3485.86879
https://www.aqol.com.au/documents/AQoL-8D/AQoL-8D_simplified_Data_Collection_v12.pdf
https://www.aqol.com.au/documents/AQoL-8D/AQoL-8D_simplified_Data_Collection_v12.pdf
https://www.aqol.com.au/documents/AQoL-8D/AQoL-8D_simplified_Data_Collection_v12.pdf
https://doi.org/10.1007/s40271-013-0036-x
https://doi.org/10.1007/s40271-013-0036-x
https://doi.org/10.1080/14992020400050014
https://doi.org/10.1080/14992020400050014
https://doi.org/10.3109/14992027.2013.781278
https://doi.org/10.3109/14992027.2013.781278
https://doi.org/10.1080/14992027.2019.1697830
https://www.aqol.com.au/papers/researchpaper85.pdf
https://www.aqol.com.au/papers/researchpaper85.pdf
https://doi.org/10.1159/000499363
https://doi.org/10.1159/000499363
https://doi.org/10.1159/000512496
https://doi.org/10.1159/000512496
https://doi.org/10.1097/MAO.0000000000000791
https://doi.org/10.1007/s00405-016-4434-2
https://doi.org/10.1007/s00405-016-4434-2
https://doi.org/10.1007/s00405-014-3403-x
https://doi.org/10.1159/000485587
https://doi.org/10.1093/geront/gnw033
https://doi.org/10.1001/archinte.168.14.1522
https://doi.org/10.1001/archinte.168.14.1522
https://doi.org/10.1016/j.heares.2018.06.008
https://doi.org/10.1080/14992027.2020.1773550
https://doi.org/10.1080/14992027.2020.1773550
https://doi.org/10.1097/01.HJ.0000285745.08599.7f
https://doi.org/10.1097/01.HJ.0000285745.08599.7f
https://doi.org/10.7874/jao.2016.20.1.1
https://doi.org/10.7874/jao.2016.20.1.1
https://doi.org/10.1200/EDBK_159514
https://doi.org/10.1002/lary.28555
https://doi.org/10.1007/s40257-018-0396-z
https://doi.org/10.1097/BOT.0000000000001613
https://doi.org/10.1097/MAO.0b013e31818b6491
https://doi.org/10.1111/coa.13214
https://doi.org/10.1111/coa.13214


5563European Archives of Oto-Rhino-Laryngology (2022) 279:5555–5563 

1 3

 37. Rahim SA, Goh BS, Zainor S et al (2018) Outcomes of Bone 
Anchored Hearing Aid Implant at Universiti Kebangsaan Malay-
sia Medical Centre (UKMMC). Indian J Otolaryngol Head Neck 
Surg 70:28–32. https:// doi. org/ 10. 1007/ s12070- 017- 1193-3

 38. Badran K, Bunstone D, Arya AK et al (2006) Patient satisfac-
tion with the bone-anchored hearing aid: a 14-year experience. 
Otol Neurotol 27:659–666. https:// doi. org/ 10. 1097/ 01. mao. 00002 
26300. 13457. a6

 39. Han JJ, Park HR, Song JJ et al (2020) A comparison study of audi-
ological outcome and compliance of bone conduction implantable 
hearing implants. Eur Arch Otorhinolaryngol 277:3003–3012. 
https:// doi. org/ 10. 1007/ s00405- 020- 06025-4

 40. McGee RG (2020) How to include patient-reported outcome 
measures in clinical trials. Curr Osteoporos Rep 18:480–485. 
https:// doi. org/ 10. 1007/ s11914- 020- 00611-5

 41. Calvert M, Kyte D, Price G et al (2019) Maximising the impact 
of patient reported outcome assessment for patients and society. 
BMJ 364:k5267. https:// doi. org/ 10. 1136/ bmj. k5267

 42. Black N (2013) Patient reported outcome measures could help 
transform healthcare. BMJ 346:f167. https:// doi. org/ 10. 1136/ bmj. 
f167

 43. Fan X, Yang T, Niu X et  al (2019) Long-term outcomes of 
bone conduction hearing implants in patients with bilateral 

microtia-atresia. Otol Neurotol 40:998–1005. https:// doi. org/ 10. 
1097/ MAO. 00000 00000 002370

 44. Manrique M, Sanhueza I, Manrique R et al (2014) A new bone 
conduction implant: surgical technique and results. Otol Neurotol 
35:216–220. https:// doi. org/ 10. 1097/ MAO. 00000 00000 000253

 45. Tang IP, Ling XN, Prepageran N (2018) A review of surgical 
and audiological outcomes of bonebridge at tertiary centres in 
Malaysia. Med J Malaysia 73:276–280

 46. Sprinzl G, Lenarz T, Hagen R et al (2021) Long-term, multicenter 
results with the first transcutaneous bone conduction implant. Otol 
Neurotol 42:858–866. https:// doi. org/ 10. 1097/ MAO. 00000 00000 
003159

 47. Snik A, Maier H, Hodgetts B et al (2019) Efficacy of auditory 
implants for patients with conductive and mixed hearing loss 
depends on implant center. Otol Neurotol 40:430–435. https:// 
doi. org/ 10. 1097/ MAO. 00000 00000 002183

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s12070-017-1193-3
https://doi.org/10.1097/01.mao.0000226300.13457.a6
https://doi.org/10.1097/01.mao.0000226300.13457.a6
https://doi.org/10.1007/s00405-020-06025-4
https://doi.org/10.1007/s11914-020-00611-5
https://doi.org/10.1136/bmj.k5267
https://doi.org/10.1136/bmj.f167
https://doi.org/10.1136/bmj.f167
https://doi.org/10.1097/MAO.0000000000002370
https://doi.org/10.1097/MAO.0000000000002370
https://doi.org/10.1097/MAO.0000000000000253
https://doi.org/10.1097/MAO.0000000000003159
https://doi.org/10.1097/MAO.0000000000003159
https://doi.org/10.1097/MAO.0000000000002183
https://doi.org/10.1097/MAO.0000000000002183

	The bone conduction implant BONEBRIDGE increases quality of life and social life satisfaction
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design
	The active bone conduction hearing implant
	Surgery
	Statistics

	Results
	AQoL-8D-questionnaire
	SSQ-12-B- questionnaire
	APSQ

	Discussion
	Conclusion
	References




