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Abstract Introduced in the late 90s, the active middle ear

implant Vibrant Soundbridge (VSB) is nowadays used for

hearing rehabilitation in patients with mild to severe sen-

sorineural hearing loss (SNHL) unable to tolerate conven-

tional hearing aids. In experienced hands, the surgical

implantation is fast done, safe and highly standardized.

Here, we present a systematic review, after more than

15 years of application, to determine the efficacy/effective-

ness and cost-effectiveness, as well as patient satisfaction

with the VSB active middle ear implant in the treatment of

mild to severe SNHL. A systematic search of electronic

databases, investigating the safety and effectiveness of the

VSB in SNHL plus medical condition resulted in a total of

1640 papers. After removing duplicates, unrelated articles,

screening against inclusion criteria and after in-depth

screening, the number decreased to 37 articles. 13 articles

were further excluded due to insufficient outcome data. 24

studies remained to be systematically reviewed. Data was

searched on safety, efficacy and economical outcomes with

the VSB. Safety-oriented outcomes included complication/

adverse event rates, damage to the middle/inner ear, revision

surgery/explant rate/device failure and mortality. Efficacy

outcomes were divided into audiological outcomes, includ-

ing hearing thresholds, functional gain, speech perception in

quiet and noise, speech recognition thresholds, real ear

insertion gain and subjective outcomes determined by

questionnaires and patient-oriented scales. Data related to

quality of life (QALY, ICER) were considered under eco-

nomical outcomes. The VSB turns out to be a highly reliable

and a safe device which significantly improves perception of

speech in noisy situations with a high sound quality. In

addition, the subjective benefit of the VSB was found to be

mostly significant in all studies. Finally, implantation with

the VSB proved to be a cost-effective and justified health

care intervention.
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Introduction

Introduced in the late 90s, the active middle ear implant

Vibrant Soundbridge (VSB) is used for hearing rehabili-

tation in patients with mild to severe sensorineural hearing

loss (SNHL) unable to tolerate conventional hearing aids

(HAs). VBS can be also used in the treatment of con-

ducting or mixed hearing loss with a suitable vibratory

structure to benefit from amplification, as for reconstruc-

tion of the hearing after cholesteatoma or ear surgery with

good benefit.

SNHL originates from a deterioration of the inner ear

function and can be acquired or congenital. Acquired
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SNHL is the most common reason of hearing loss, affect-

ing 20–30% of the population, mainly the elderly due to

age related deterioration of the sensory function, but also

younger people due to noise exposure or ototoxic events

[1, 2].

In cases with mild to severe SNHL, HAs are commonly

fitted matching the residual hearing. HAs may provide

adequate amplification for many patients, however, there

are limitations ranging from acoustic feedback, gain limi-

tations, sound and voice distortion, frequent servicing and

maintenance of their devices or discontinued use, due to

discomfort. Moreover, conventional HAs generally occlude

the ear canal, which may exacerbate conditions such as

otitis externa and media. It is estimated that only one fifth

of the individuals, who would benefit from an acoustic

hearing device, actually own a HA. In addition, 12% who

own a HA never use it [3]. Of those, who regularly wear a

HAs, only 58% are fully satisfied with their HA [4].

For candidates that cannot benefit from conventional

external amplification for medical reasons, such as external

otitis, external ear aplasia, external ear skin irritations or

not enough amplification with conventional HAs,

implantable middle ear prostheses, such as the VSB have

been used since 1996. The principle of this middle ear

implant is based on the direct drive of the ossicular chain

using mechanical vibrations, relayed via an implanted

transducer. Implantation involves a surgical procedure

under general anesthesia. The vibrating ossicular prosthe-

ses (VORP) is implanted subcutaneously and the floating

mass transducer (FMT) is crimped to the long process of

the incus, the stapes footplate or suprastructure, or is

coupled to the round window via surgery known as

Vibroplasty. The audioprocessor, worn externally and hold

in place by a magnet, receives the audio signals by a

microphone system and sends them to the VORP which

converts it into mechanical vibrations carried out by the

FMT. The transducer vibrates the ossicular chain and

delivers frequency information up to 8 kHz.

In experienced hands the implantation is fast done, safe

and highly standardized. Like in all operations of the

middle ear, complications may occur compromising chorda

tympani or facial nerve damaging or inner ear

deterioration.

After more than 15 years of application, a systematic

review of evidence from existing research on the safety,

efficacy/effectiveness, patient satisfaction and economical

outcomes of the VSB for the treatment of mild to severe

SNHL plus medical condition, which does not allow treat-

ment with HAs, was performed following the Cochrane

Collaboration Guidelines and the PRISMA statement [5].

The main question to be addressed was whether the VSB

is the most appropriate treatment for the above mentioned

population.

Materials and methods

Methods of the inclusion criteria, procedures and analysis

were determined following the guidelines of the Cochrane

Collaboration Handbook.

Study eligibility criteria

Electronic databases were searched to identify systematic

reviews, meta-analysis and clinical trials published as of

December 2012. All papers were assessed against the set

‘‘PICOS’’ below.

Participants

Subjects of any age, gender or ethnicity with mild to severe

SNHL of any etiology in one or both ear(s) who failed all

other conservative medical, surgical, pharmaceutical

treatment and could not benefit from conventional HAs

were included. Subjects with mixed or conductive hearing

loss or profound unilateral hearing loss were excluded.

Intervention

The intervention included was unilateral implantation with

the VSB middle ear implant by means of incus vibroplasty.

Any surgical approach was considered.

Comparators

Unilateral VSB implantation was compared to receiving no

surgical intervention and to the Esteem and Carina fully

implantable hearing devices.

Outcomes

Data was searched on safety, efficacy and economical

outcomes with the VSB. Safety-oriented outcomes inclu-

ded complication/adverse event rates, damage to the mid-

dle ear/inner ear revision surgery/explant rate/device

failure and mortality. Efficacy outcomes were divided into

audiological outcomes (hearing thresholds, functional gain,

speech perception in quiet and noise, speech recognition

thresholds, real ear insertion gain) and subjective outcomes

(questionnaires and scales). Data related to quality of life

(QALY, ICER) were considered under economical

outcomes.

Study design

Systematic reviews, meta-analysis, clinical studies,

including randomized or non-randomized comparative

studies, case series, case–control studies, controlled/
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uncontrolled before-and-after studies and interrupted time

series (ITS) analysis were included. Non-systematic

reviews, case reports, letters, editorials, animal, in vitro/

laboratory studies and clinical studies n\ 5 were

excluded.

Study identification and search strategy

The electronic databases search included the Cochrane

Consumers and Communication Review Group Specialised

Register, PubMed (MEDLINE), OVIDSP (EMBASE),

NHSEED (CRD) and the Turning Research into practice

database (TRIP). Relevant papers, authors and citied ref-

erences were cross-checked using PUBMED and Journal/

Author Name Estimator (JANE).

Study selection

Following the deletion of duplicates, all articles found to be

not related to the middle ear implants were removed from

the review. The titles and abstracts of the remaining articles

were screened against the ‘‘PICOS’’ described above. The

full texts of articles matching the inclusion criteria were

obtained for further evaluation. Studies were excluded, if

they still did not fulfill the eligibility criteria or if the study

was of low quality. All articles selected were screened

again for qualitative data synthesis by two independent

authors with discrepancies resolved by discussion or con-

sulting a third reviewer. Inter-rater reliability was calcu-

lated using Cohen’s kappa statistic [6] which revealed good

to strong agreement between the authors at the two levels

of full text selection (r = 0.74 and r = 0.95, respectively).

Data extraction

A data extraction sheet was developed according to the

Cochrane Consumers and Communication Review Group

[7], piloting the template on three randomly selected

included articles and subsequently refining it. Data were

extracted, if reported in the text or tables or if it could be

accurately calculated from graphs, figures or raw data sets.

Information was extracted from each article on (1) sample

characteristics (age, gender, etiology, diagnosis, treatment

received/receiving), (2) type of intervention (use of HAs,

surgical approach, audio processor type) and (3) type of

outcome measures (testing intervals, surgical complica-

tions, pure tone thresholds, sound field thresholds, func-

tional gain, hearing preservation, speech perception/

recognition, APHAB, GBI). The evidence level presented

in the selected studies was assessed and classified accord-

ing to the Oxford Centre for Evidence-based Medicine

(2011).

Assessment of study quality

The quality of each study was assessed using a checklist

available from the Evidence Analysis Library, Academy of

Nutrition and Diabetics [8], making it possible to identify

bias in prospective designs. The quality or validity of the

studies was determined by the number of items ticked.

Data synthesis

The effect of treatment was primarily measured by the

mean change in pure tone averages, speech perception and

subjective ratings after receiving the VSB, as well as by

determining the occurrence of adverse events postopera-

tively on all primary outcomes along with tabulated study

characteristics.

Results

Search results

The systematic search of electronic databases for studies

investigating the safety and effectiveness of the VSB in

SNHL plus medical condition resulted in a total of 1640

papers. The number decreased to 209 after removing

duplicates and unrelated articles. These results were

screened against inclusion criteria, resulting in 86 being

kept for in-depth screening. 49 articles were excluded due

to irrelevant study design, only mixed HL, no or incorrect

description of outcomes, no original data being reported or

insufficient reporting of statistical tests. Of the remaining

37 articles, 13 were excluded due to insufficient outcome

data or inability to extract tabulated data. 24 studies

remained to be systematically reviewed (Diagram A,

Supplemental Digital Content 1).

Study characteristics and quality

Included in the 24 studies were 22 original articles, one

conference proceeding [9] and one FDA Report on the

Esteem implant [10]. 23 studies were conducted in Europe,

one in the US [11]. The articles covered a total of 679

participants with a sample size from n = 5–125. Moreover,

Labassi and Beliaeff [9] reviewed a total of 1100 cases on

the safety of the VSB. All participants were 18–86 years

and diagnosed with pure SNHL in 16 studies and SNHL

plus medical condition in six studies. Follow-up time in

most studies ranged from 2 to 24 months, with long-term

results reported up to 11 years postoperatively. According

to the Oxford levels of evidence, 14 studies had level 4 and

nine studies level 3 evidence.
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Of the 22 original articles, 12 pro-and ten retrospective

studies have been identified. Patients served as their own

control. Postoperative performance with the VSB was

compared to unaided or preoperative HA performance.

Sample characteristics and inclusion/exclusion criteria

were sufficiently described in 17 papers, including an

adequate follow-up method and period in 14 papers. In five

studies withdrawals or patients lost of follow-up (\20%)

were reported. The intervention was sufficiently described

in all studies with extra/unplanned treatments in 13 papers.

Statistical analysis of outcome data was performed cor-

rectly in 17 studies. One study used an inappropriate

parametric test, their significance values were not consid-

ered within this review [12]. Negative findings, bias and

study limitations were reported in seven studies. A conflict

of interest was indicated in three prospective studies

[13–15].

Results of individual studies

Safety

The safety of the VSB was assessed by either calculating

the amount of hearing preservation or the occurrence of

adverse events. Ten studies investigated hearing preserva-

tion of 375 patients and seven studies investigated adverse

events of 1398 patients.

Hearing preservation was reported as the shift in unai-

ded pure tone averages (PTA) with a different range of

frequencies from 0.5 to 6 kHz (Fig. 1). Most studies

reported a clinically non-significant shift of 1–3 dB [16].

Schmutziger et al. [17] reported a significant shift of 8 dB

after surgery. This could be related to the timing of hearing

threshold measurement, as they tested patients 2 years after

implantation, whereas others reported PTA shifts of

2.75 dB at 12 months [18] or 1 dB at 18 months [19].

Moreover, Schmutziger et al. [17] described several sur-

gery related complications and side effects, while Todt

et al. [19] reported no surgical complications.

Adverse events occurring with VSB implantation were

in general low, presenting mainly aural fullness (27%) or

taste disturbances (9%) (Table 1). Implant failures from a

batch of first generation VSBs, explanted due to a con-

ductor lead breakage, were reported with 14% [9]. The

number of implant failures improved with the next gener-

ation device and the implant was exposed to higher quality

assessment. The most common reasons for revision surgery

were implant failure (36.8%), problems with FMT fixation

during surgery or dislocation postoperative due to MRI or

fibrous tissue (18.4%). Pooling the numbers of implant

failures across the studies, the rate of 2.6% was much lower

compared to the failure rate of first generation implants.

Audiological outcomes: functional gain

15 studies reported on sound field audiometry to calculate

the functional gain obtained with the VSB. Two publica-

tions measured pure tone averages over different frequency

Fig. 1 Shift in unaided pure

tone averages after VSB

implantation: stars denote

values estimated from graphs

and filled bar PTA4
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ranges from 1 to 6 kHz in 38 patients at activation [20] and

from 1 to 3 kHz in seven patients [21]. 13 publications

reported the results as PTA4 measured over 0.5–4 kHz in a

total of 370 patients (Fig. 2a). On average, the functional

gain with the VSB ranged from 12.5 to 33 dB HL, with a

higher range of 25–33 dB HL in studies n[ 30

[11, 15, 22, 23]. In three publications [11, 14, 19], results

with the analog (A) and digital audio processor (D) were

displayed (Fig. 2a). In three cases [15, 18, 22], the audio

processor type was not specified.

A comparison of the hearing benefit with the VSB and

HAs within the frequency range of 0.5–4 kHz was per-

formed by seven independent studies (Fig. 2b). In six studies

of 108 patients, the functional gain was significantly better

with the VSB plus digital audio processor, with a gain from

12.9 to 33.4 dB HL for the VSB and 7.5–27 dB HL for

HAs. Only Saliba et al. [18], reported a worse FGVSB than

for HAs (FGVSB = 18 dB HL vs FGHA = 27 dB HL).

Audiological outcomes: speech perception in quiet

and noise

Speech tests were conducted by several studies; however,

there was large variety in the type of tests, including dif-

ferences in settings/conditions and in the amount of data

reported.

Considering speech in quiet, various approaches were

taken. Snik et al. [24], assessed phoneme recognition,

while the majority assessed speech perception at a word

level using lists of monosyllables (Hungarian monosylla-

bles [21], NU-6 word lists [11], Freiburger monosyllables

[12, 19, 23, 25–28] or disyllabic words [French Fournier’s

word lists: 15, 18, 22, 29–31]. Böheim et al. [26] also used

a plurisyllabic Freiburger number test in combination with

monosyllabic word lists.

Figure 3 displays studies with the Freiburger mono-

syllable word lists in quiet at 65 dB SPL. Boeheim et al.

[26], Pok et al. [23] and Todt et al. [19] provided a

comparison of VSB and HAs, thereby Pok and Todt sig-

nificantly favored the VSB. Comparing unaided and aided

conditions with the VSB, speech perception improved

from *30 to *60% with VSB. Even when the speech

perception in the unaided situation was as good as 56%,

an improvement of *30% in the aided condition could be

reported [19].

French disyllabic test in quiet was used in several pub-

lications, using different methods [15, 18, 22, 31]. Even

more heterogeneity in the methods was reported on speech

perception in noise by ten studies, presenting eight differ-

ent speeches in noise tests of 177 patients (Table, Sup-

plemental Digital Content 2). In both settings, the test

scores improved with the VSB.

Table 1 Reported adverse events

Adverse

events VSB

Fisch

et al. [13]

Fraysse

et al. [14]

Labassi and

Beliaeff [9]

Mosnier

et al. [15]

Luetje

et al. [20]

Schmuziger

et al. [17]

Sterkers

et al. [22]

N of

cases

N of patient

evaluated

%

Taste

disturbances

6 6 3 7 22 239 9

Middle ear

effusion

0 0 95 0

Pain 3 1 4 120 3

Vertigo/

dizziness

0 0 95 0

Tinnitus 1 2 1 4 162 2

Facial palsy 0 1 2 7 1172 1

Limited

benefit

3 3 95 3

Headaches 2 0 2 115 2

Revision

surgery

1 16 14 4 3 38 528 7

Skin flap

problems

9 9 18 950 2

Implant

failure

27 27 200 14

Aural fullness 21 21 77 27

Total 47 25 1100 77 34 20 95 1398 3562 39

The total number of cases and the proportion in regard to the summed sample size are given
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Fig. 2 a Bar plot of the

functional gains obtained with

the VSB. A analog audio

processor, D digital audio

processor. b Bar plot of the

functional gains obtained with

HAs and VSB. SD was plotted

whenever reported

Fig. 3 Bar plot of speech

perception results in quiet as

assessed by Freiburger

monosyllabic words at 65 dB

SPL. A analog AP, D digital AP.

SD provided when reported by

studies
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Subjective outcomes

Ten studies investigated the subjective outcomes of the VSB

of 373 patients. Seven different self-assessment scales were

used with the most frequent ones being the APHAB and the

Glasgow Benefit Inventory (GBI). Five studies implemented

the APHAB, drew comparisons between the VSB and pre-

operatively worn HAs (Fig. 4a). Patients seem to have most

difficulty in listening in background noise and least difficulty

in communicating. A comparison of the mean response

profile of the VSB with HAs revealed that patients present

less difficulty on all subscales with the VSB (Fig. 4b). In all

studies comparing VSB and HA benefit, differences between

the subscales were mostly found significant.

VSB users’ performance on GBI is provided in Fig. 4c.

A similar amount of benefit was reported by three studies,

Fig. 4 Subjective outcomes of

the VSB. a Bar plot of the

results presented with the

(A)PHAB in five different

studies. b Results of the

APHAB with VSB and HA.

c Results of the GBI with VSB

in four publications
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except one [32]. Snik et al. [32] evaluated patients with

chronic otitis externa and SNHL who received a VSB or an

Otologics middle ear transducer (MET). The results on the

GBI were not reported separately for the implants which

might be a reason for the different outcome.

Cost utility

Information on the economic impact of the middle ear

implants (MEI) in general is limited. Only five studies or

systematic reviews dealing with economic analysis could

be identified. The quality of the evaluation was low. One

study comprised a systematic review of studies [33],

describing the effect of MEIs on quality of life, the results

of which were used to infer cost-effectiveness. In general,

costs captured were limited to those related to the proce-

dure/implantation of the device.

Primary studies on cost-effectiveness

Snik et al. [32] investigated the cost-effectiveness of MEI

in patients with chronic otitis externa. In the context of the

Dutch health care system, the cost per QALY of MEI

implantation was calculated to be € 18,655. The authors

conclude that ‘‘middle-ear implantation proved to be a

cost-effective and justified health care intervention for the

treatment of hearing impaired patients with severe external

otitis’’. In Scandinavia, Edfeldt et al. [34] conducted a cost-

utility study of VSB implantation, presenting a cost per

QALY of € 7259 for SNHL, compared to € 12,502 for

conductive and mixed HL.

Comparison to WTP data

Each health system defines a willingness to pay (WTP)

threshold. Shiroiwa et al. [35] investigated the WTP in

Japan, South Korea, Taiwan, UK, Australia and US. Fig-

ure 5 shows the data of Shiroiwa et al., (converted into

Euro) in comparison to the reported costs by Snik et al.

[32] and Edfeldt et al. [34]. The graph shows that actual

costs per QALY lie below the defined WTP threshold in all

countries, which indicates that middle ear implantation

with the VSB is cost-effective.

Discussion

During the past decade, the application of the active middle

ear implant VSB in cases of SNHL has been topic of many

publications. To achieve a statistical relevant conclusive

result in an adequate amount of cases, this systemic review

has been undertaken to examine the safety, effectiveness

and patient satisfaction with VSB in the treatment of mild

to severe SNHL.

The study selection followed the standardized procedure

for systematic reviews, based on the Cochrane guidelines.

A template was used to extract the data with assessment of

the evidence presented in the selected studies using the

levels of evidence defined by the Oxford Centre for Evi-

dence-based Medicine (2011). 24 publications of initially

1640 identified, could be systematically reviewed for

safety, efficacy and economical outcomes with the VSB.

Fig. 5 Cost utility. Willingness

to pay (WTP) for one QALY in

different countries (bars) in

comparison to the cost per

QALY of MEI treatment

(horizontal lines). For better

comparison, WTP values are

shown in the respective Euro

value
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The safety of the VSB was assessed by either calculating

the amount of hearing preservation or the occurrence of

adverse events. Discussing the safety data of the VSB to

other active middle ear implants, it is relevant to identify

products that cover the same indication. The most suit-

able comparison is the active middle ear implant Esteem

[10], which also is implanted by an antrotomy, posterior

tympanotomy approach to the long process of the incus.

The literature review revealed data of 3562 VSB cases

(Table 1) compared to 56 Esteem cases (Table, Supple-

mental Digital Content 3). The rate of surgery related

complications implanting the device is ranging from 2 to

9% in the VSB patients (Table 1), compared to 5–44% in

the Esteem patients. The leading symptoms of the in gen-

eral low adverse events of the VSB were associated with

complications occurring during routine middle ear surgery,

taste disturbances, middle ear effusion, aural fullness,

predominantly resolving over time. The surgical steps of

VSB implantation did not relevantly change the measured

pure tone audiometric results, little shifts of 1–3 dB could

also be directly attributed to surgical remnants, like scare

formation in the middle ear. In comparison to the com-

plications arising from classical middle ear surgery, espe-

cially using the posterior tympanotomy approach, the

surgical complication rate during implantation of the VSB

was not increased.

Revision surgery was needed in cases of implant failure

or dislocation after application of the magnetic field of the

MRT. Implant failures rates massively decreased with the

second generation of VSB development to currently 2.6%

of all devices, which is almost half compared to the Esteem

data.

The audiological outcome in terms of functional gain is

hard to describe in a standardized way, since not all authors

mentioned which audio processor they used. According to

the date of publication, the predominant numbers of

patients might have been supplied with the newer digital

processor AP404 released in 2000, compared to earlier

analog versions which clearly leads to improved hearing

outcome (Fig. 2). Although the numbers are small to be

comparable in the overall calculation, the VSB provided a

functional gain from 25 to 33 HL in sound field audiometry

and pure tone averages over different frequency ranges

[11, 15, 22, 23]. In addition, the functional gain showed a

markedly better outcome for the VSB plus digital audio

processor to conventional behind the ear HAs (Fig. 2b).

The speech perception in quiet and noise is a major tool

to evaluate the functionality and dynamic range of a HA.

The more publications referred to the topic, the more

apparent became the variety of testing tools. The most

compact group that could be discussed, applied the Frei-

burger Sprachtest at 65 dB (Fig. 3). In this setting, the VSB

leaded to an improvement of speech understanding of

*30% from unaided to aided conditions with the VSB and

showed a significant better speech understanding compared

to conventional HAs [19, 23].

Discussing the subjective evaluation of the VSB

implantation, the number of available testing tools again

outweighs the results. Only five eligible studies drew

comparisons between the VSB and preoperatively worn

HAs, revealing patients having much less difficulty on all

subscales with the VSB (Fig. 4). In all comparative studies,

patients benefit from a VSB or HA. However, the VSB is

described as much more comfortable, clearer in sound

perception and with less events of unease.

Considering the economical benefit of the VSB

implantation, there is little information on the economic

impact of the MEIs available (Fig. 5) and the overall

quality of the evaluations based on published guidelines for

economic evaluations in health care is low. In general,

costs captured were limited to those related to the proce-

dure. In comparison to WTP threshold data, an implanta-

tion with the VSB is cost-effective (Fig. 5).

In conclusion, the VSB turns out to be a highly reliable

device which significantly improves perception of speech

in noisy situations with a high sound quality and can be a

safe tool in surgically experienced hands. Nonetheless,

more standard operating procedures to compare functional

outcomes or measure subjective qualities of VSB device

performance are necessary to increase the validity of

measured data.
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23. Pok SM, Schlögel M, Böheim K (2010) Clinical experience with

the active middle ear implant Vibrant Soundbridge in sen-

sorineural hearing loss. Adv Otorhinolaryngol 69:51–58. doi:10.

1159/000318522

24. Snik AF, Cremers CW (2001) Vibrant semi-implantable hearing

device with digital sound processing: effective gain and speech

perception. ArchOtolaryngol HeadNeck Surg 127(12):1433–1437
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