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with the unaided condition after implantation with the pro-
cessor switched off. An established quality-of-life question-
naire for hearing aids was used to determine patient satis-
faction.  Results:  Postoperative bone conduction remained 
stable. Mean functional gain for all couplers was 37 dB HL 
(RW = 42 dB, OW = 35 dB, Bell = 38 dB, CliP = 27 dB). The 
mean postoperative Freiburger monosyllable score was 
71% at 65 dB SPL. The postimplantation mean SRT 50  (speech 
reception in quiet for 50% understanding of words in sen-
tences) improved on average by 23 dB over unaided testing 
and signal-to-noise ratios also improved in all patients. The 
International Outcome Inventory for Hearing Aids (IOI-HA)
quality-of-life questionnaire was scored very positively by 
all patients.  Conclusion:  A significant improvement was 
seen with all couplers, and patients were satisfied with the 
device at 12 months postoperatively. These results demon-
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 Abstract 

  Objective:  To evaluate the safety and effectiveness of round 
window (RW), oval window (OW), CliP and Bell couplers for 
use with an active middle ear implant.  Methods:  This is a 
multicenter, long-term, prospective trial with consecutive 
enrollment, involving 6 university hospitals in Germany. 
Bone conduction, air conduction, implant-aided warble-
tone thresholds and Freiburger monosyllable word recogni-
tion scores were compared with unaided preimplantation 
results in 28 moderate-to-profound hearing-impaired pa-
tients after 12 months of follow-up. All patients had previ-
ously undergone failed reconstruction surgeries (up to 5 or 
more). In a subset of patients, additional speech tests at 12 
months postoperatively were used to compare the aided 
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strate that an active implant is an advantage in achieving 
good hearing benefit in patients with prior failed recon-
struction surgery.   © 2016 S. Karger AG, Basel 

 Introduction 

 To treat hearing loss with a conductive component, 
reconstruction using passive prostheses, bone, or other 
grafting material is standard treatment [Colletti et al., 
1987]. For reconstruction, multiple surgeries are often 
necessary and results are highly variable. Some evalua-
tions of long-term results have indicated rates of failure 
of up to 45–50% for passive reconstruction using various 
materials, including extrusion rates up to 16% [Kapur 
and Jayaramchandran, 1992; Shinohara et al., 2000]. De-
spite fairly successful ossiculoplasties, hearing loss inter-
fering with speech intelligibility remains in a substantial 
number of reconstruction patients, who require hearing 
aids even after surgery. By then, an auditory canal wid-
ened by previous surgeries can be difficult to fit with an 
ear mold effectively enough to prevent feedback. For 
medical reasons like allergies against hearing aid materi-
als or chronic external otitis a treatment with hearing aids 
might be contraindicated.

  Another treatment option for hearing rehabilitation 
was provided by the development of active middle ear 
implants [Ball, 2010] and their approval for mixed and 
conductive hearing loss, providing new options for surgi-
cal intervention in difficult-to-treat middle ears [Huber 
et al., 2006]. Surgical implantation of an active or ‘direct 
drive’ device – with a transducer located in the middle 
ear – can provide vibratory stimulation closer to the co-
chlea while bypassing the outer ear canal and a damaged 
or partially missing ossicular chain. The floating mass 
transducer (FMT) of the Vibrant Soundbridge (VSB; 
MED-EL, Innsbruck, Austria) is designed to mimic the 
natural function of the middle ear while preserving re-
sidual cochlear function. In middle ears compromised by 
congenital/chronic disease and previous surgeries, how-
ever, the challenge is to find the most effective placement 
for the FMT. The surgery, or ‘vibroplasty’, has been stud-
ied extensively to evaluate which placements work best in 
conductive and mixed hearing loss. Techniques using 
couplers with various FMT placements have been sum-
marized in detail by Lüers et al. [2013]. 

  The multicenter clinical study reported here was de-
signed to provide long-term clinical data to supplement 
surgical experience and document the development of 

FMT placement techniques. These couplers (Kurz Me-
dizintechnik, Dusslingen, Germany) were developed to 
standardize and stabilize the placement of the FMT, situ-
ating it between a 3-pronged clasp at one end and a pros-
thesis section at the other end. The CliP and Bell couplers 
have either an 8-pronged clip or a notched bell that fits 
onto the stapes capitulum. These are similar to standard 
Kurz PORPs (partial ossicular replacement prosthesis, 
Dresden and Tübingen types, respectively) [Beleites et al., 
2011; Hüttenbrink et al., 2011]. The oval window (OW) 
coupler is similar to a TORP (total ossicular replacement 
prosthesis) that can be placed at the stapes footplate if the 
footplate is mobile and the suprastructure of the stapes is 
absent or unusable [Hüttenbrink et al., 2008, 2010; Zah-
nert et al., 2010]. This provides an option for direct cou-
pling of the FMT to a cochlear window, but does not re-
quire as much drilling as placement at the round window 
(RW).

  In cases where the RW is large enough, the FMT can 
be affixed to it directly [Colletti et al., 2006]. This ‘RW 
vibroplasty’ – which bypasses a missing or severely dam-
aged ossicular chain entirely and relies solely on the vi-
brational energy passed through the FMT – has been 
shown to be safe and effective, with stable results in long-
term studies [Baumgartner et al., 2010; Bernardeschi et 
al., 2011; Böheim et al., 2012; Skarzynski et al., 2014]. 
However, placing the FMT at the RW often requires drill-
ing and may be complicated by individual differences in 
RW size, depth of recession, or in cases of RW sclerosis. 
In order to resolve these and other surgical issues, the RW 
coupler was developed with a rounded tip and smaller 
contact point. An example of this application was report-
ed by Iwasaki et al. [2012], showing good results using the 
coupler in a 68-year-old woman with severe bilateral 
mixed hearing loss, tympanosclerosis with plaques on the 
RW and a small RW (0.9 mm compared with a mean of 
1.78 mm in control cases). 

  A recently published consensus paper on RW vibro-
plasty also provides guidelines on best practices for RW 
implantation to ensure optimal coupling and placement 
[Beltrame et al., 2014].

  Materials and Methods 

 This prospective study was conducted at 6 university hospitals 
in Germany, after approval by an ethics committee (Freiburg, 
FEKI code 010/2050). It was designed and conducted in accor-
dance with the principles of the Declaration of Helsinki. Adults 
with mixed or conductive hearing loss, in whom other treatments 
such as bone conduction (BC) devices or hearing aids were con-
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traindicated, and/or in whom passive reconstruction surgery had 
failed, were enrolled. All patients had dry ears with intact ear-
drums, without the Eustachian tube orifice plugged at the time of 
surgery (with the exception of 1 patient). The coupler and FMT 
placement were chosen intraoperatively based on surgical findings 
and could not be randomized. Additionally, different surgical 
methods, such as reinforcing the eardrum with cartilage, placing 
cartilage over the implant, the use of Silastic sheeting and placing 
tissue between the RW membrane and the FMT [Beltrame et al., 
2014] were used, based on the individual patient pathologies and 
anatomical preconditions. Coupling of middle ear implants is very 
important for proper sound transfer following middle ear recon-
struction. Passive implants are often designed with a clip mecha-
nism or centering modules like the Omega connector (Kurz) in 
order to improve the coupling quality to the stapes head and foot-
plate. It can be assumed that proper coupling is also important for 
active middle ear implants. The diameter of the RW membrane is 
about the same size as the VSB, but in many cases it is impossible 
to completely explore the RW membrane. Drilling work at the 
promontory is necessary to expose the membrane, carrying the 
risk of noise or membrane trauma. A coupler can reduce this risk 
and improve the contact to the membrane as well. Since the diam-
eter of the VSB is bigger than that of the oval niche, a coupler to 
the footplate is absolutely necessary in order to ensure contact be-
tween the transducer and the footplate. 

  The idea behind the use of the Bell coupler and the CliP coupler 
is to provide better mechanical stability at the stapes head. Both 
couplers are designed to work together with the shape of the stapes 
head. The clip coupler is thought to realize an additional force cou-
pling to the bone of the stapes head and thus better sound transmis-
sion in the higher frequencies and better stability against static pres-
sure changes. However, the CliP coupler cannot be used in all cases. 
If the patient has an atrophic stapes head or narrow relation to the 
promontory, the Bell coupler is an alternative option. The 4 cou-
plers and their recommended placements are shown in  figure 1 . 

  Preoperative BC thresholds were compared to short-term post-
operative thresholds measured at clinical visits up to 3 months af-

ter surgery and to long-term results up to 12 months postopera-
tively. According to the literature [Böheim et al., 2012; Skarzynski 
et al., 2014], audiometric thresholds have been reported to be sta-
ble  12 months postoperatively, with aided performance signifi-
cantly improved over preoperative measurements. Additionally, 
basic audiological tests showed that the air and BC thresholds of 
the patients were not altered by the operation. Therefore, a 
12-month postoperative follow-up time is deemed to be sufficient 
to assess long-term performance and safety. Safety was further 
monitored with otoscopy, medical examination and surgical re-
ports. Preoperative air conduction (AC) and BC thresholds under 
headphones, free-field warble-tone thresholds, and free-field 
Freiburger monosyllables (at 65 dB SPL in quiet) were compared 
with postoperative VSB-aided results. In a few patients, testing 
took place at 3, 6 or 10 months postoperatively, but as patients tend 
to improve with increased experience using the VSB, any bias 
would have been negligible and actually weighted against the treat-
ment rather than in favor of it. Data were divided into groups by 
coupler type for subanalysis. In a subset of patients, speech testing 
with the Oldenburger sentence test (OLSA) was available for anal-
ysis at 12 months postoperatively. In these patients, SRT 50  (speech 
reception in quiet for 50% understanding of words in sentences) 
and signal-to-noise ratios (SNR) in constant 65-dB SPL spectrally 
matched background noise were tested. Unaided results obtained 
with the processor switched off were compared with aided results. 
Speech and noise signals were delivered from the same speaker 
placed at 1 m/0° azimuth in front of the subject. Patient satisfaction 
was measured with the German translation of the International 
Outcome Inventory for Hearing Aids (IOI-HA) questionnaire. 
The most relevant results are depicted graphically, with full data 
presented in text.

  SPSS Statistics 19 (IBM, Armonk, N.W., USA) was used (statis-
tical significance set to p < 0.05). Repeated-measures ANOVAs 
were used to evaluate BC and AC over time, Kolmogorov-Smirnov 
tests to check for normal distribution, and parametric paired-sam-
ple t tests to evaluate audiometric and speech testing. For analyses 
by coupler group, Wilcoxon signed-rank tests were applied due to 

OW coupler CliP coupler Bell coupler RW coupler

  Fig. 1.  Coupler types and placement. 
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the small sample sizes. Graphs and figures were created using Mi-
crosoft Excel and GraphPad Prism 6.0. MED-EL employees de-
signed and monitored this multicenter study and patients will be 
followed up long-term for 36 months. The statistical analysis plan 
set out in the study protocol included the handling of missing data 
using last observation carried forward for missing values from the 
initial fitting at the following interval if necessary. Single missing 
values in a test data set were not substituted. In case individuals 
were not able to elicit a response at the maximal audiometer output 
intensity at a given frequency, a threshold 5 dB above the maxi-
mum audiometer output limit was used to provide a conservative 
estimated value for the absent response.

  Results 

 Patients 
 Patients were consecutively enrolled over a period of 

14 months from September 2010 to December 2011, and 
followed up until the final evaluation time point or exclu-
sion. Only adult patients 18 years or older who were either 
native German speakers or possessed a very good knowl-
edge of the German language were enrolled. Further in-
clusion criteria included psychological stability and med-
ical and audiological indication criteria for the VSB. Pa-
tients with inner ear disorders, ongoing middle ear 
infections, chronic pain in or around the head, and skin 
or scalp conditions that may preclude attachment of the 
audio processor were not included in the study.

  The distribution of patients initially recruited at par-
ticipating clinics was as follows: Berlin (n = 8), Dresden 
(n = 4), Cologne (n = 5), Rostock (n = 1), Tübingen (n = 
7) and Würzburg (n = 5). The demographic characteris-
tics of the enrolled patients were as follows: 17 were fe-
male and 13 were male, 2 had purely conductive impair-

ment, and the remainder had mixed hearing loss with an 
additional sensorineural component. Patients ranged in 
age from 34 to 77 years (mean age = 58) at surgery. Pre-
surgical conditions and characteristics are provided in 
 table 1 . All patients had undergone at least 1 previous sur-
gery in the implanted ear, with most having had multiple 
prior surgeries. A high percentage of patients had mod-
erately severe to severe hearing loss. Most had had a his-
tory of chronic otitis media (40%) or cholesteatoma 
(36.7%), or a combination of both (13.3%). There was no 
sign of active disease at the time of implant surgery.

  Safety Results 
 At 12 months postoperatively, data were available for 

24 patients. BC results are presented in  figure 2 . Stable 
thresholds demonstrated that implantation had no nega-
tive effect on residual sensorineural hearing. Mean thresh-
olds remained unchanged between pre- and postopera-
tive testing (p values at frequencies of 0.25–4 kHz ranged 
from 0.339–0.985). 

  A total of 6 patients were excluded from the analysis. 
Preoperative CT scans in 2 patients did not provide suf-
ficient information about accessibility/mobility of the re-
maining ossicular chain elements, and it was therefore 
determined during surgery; however, after study enroll-
ment implantation with a coupler was not feasible in 
these patients. One further patient was dropped from the 
paired-samples BC and all further data analyses due to 
deterioration in hearing and resulting concomitant treat-
ment outside the study protocol criteria. In this patient 
there had been no surgical complications, although the 
patient’s footplate had been found at surgery to be hyper-
mobile. In further clinical follow-up, no indication of un-
derlying disease, in particular Ménière’s disease, was 

 Table 1.  Enrolled patients: presurgical condition and characteristics

Primary pathology Degree of hearing loss (PTA 4)  Surgical history

etiology n % severity n % pr ior surgeries n %

Chronic otitis media 12 40.0 Moderate 1 3.3 One 5 16.7
Cholesteatoma 11 36.7 Moderate/severe 12 40.0 Two 10 33.3
Chronic otitis media/

cholesteatoma
4 13.3 Severe

Profound
13

4
43.3
13.3

Three
Four
Five or more
Multiple/unspecified

5
4
2
4

16.7
13.3

6.7
13.3

Atresia 1 3.3
Microtia 1 3.3
Otosclerosis 1 3.3

PTA = Pure-tone audiology.
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found. However, the extent of hearing fluctuation already 
present preoperatively was outside the study parameters 
and the data had to be excluded. Subjectively, the patient 
was very satisfied with the VSB and later had the contra-
lateral ear implanted as well. 

  One patient had been included in short-term postop-
erative BC analysis, although it turned out postoperative-
ly that the patient was not in sufficient command of the 
German language. As speech testing results might there-
fore not have been comparable to the rest of the cohort, 
the patient was excluded from further analyses. 

  As is often the case with multiple prior surgeries and 
chronic or debilitating middle ear conditions, 2 patients 
could not be evaluated for the entire study period, but 
their removal from the analyses for the reasons detailed 
below was not device- or surgery-related and did not in-
troduce bias to the results.

  After short-term BC testing, a 77-year-old patient was 
hospitalized due to a fracture of the femoral bone fol-
lowed by inflammation-induced acute hearing impair-
ment requiring cortisone therapy on the implanted side 

and facial palsy on the nonimplanted side. The patient 
recovered from the facial palsy. The overall medical con-
dition of the patient was not good, and she missed ap-
pointments and did not use the audio processor regularly. 
It was decided, in conjunction with the clinic, to exclude 
the patient. There is no device relation for the acute hear-
ing impairment and the comorbid occurrences.

  One patient’s hearing, which was at the edge of the in-
dication criteria before the operation, deteriorated be-
yond these criteria during the course of the study, and the 
VSB was replaced with a cochlear implant. 

  Detailed surgical reporting and follow-up showed the 
treatment to be safe in this large study cohort. No cases of 
vertigo or tinnitus were reported. One patient had mild 
pruritus on the skin under the audio processor, which was 
resolved by using a weaker attachment magnet in the pro-
cessor. One patient reported disturbing noises during cer-
tain head movements, which was corrected with reposi-
tioning surgery in which the Bell coupler was changed to a 
CliP coupler. In 1 patient in this study (VSB placement at 
the head of the stapes) tympanoplasty itself was effective. 
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  Fig. 2.  Mean BC thresholds for all data 
available at 3 months (n = 27) and 12 
months (n = 24) postoperatively. Error 
bars reflect ± SD. 
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  Audiometric Results 
 AC audiometry was missing for 1 patient postopera-

tively, and 1 had to be excluded from warble-tone analysis 
because the patient’s preoperative hearing was so poor 
that hearing aids had been used to aid preoperative test-
ing, leading to data that were not comparable with the 
postoperative results of the rest of the cohort. No signifi-
cant change in AC thresholds was found. Patients were 
divided according to which coupler they had received, 
and no statistically significant difference was found be-
tween pre- and postoperative mean measurements in any 
of the coupler groups (p = 0.23 to p = 0.49 across different 
frequencies and coupler groups). However, enrollment in 
some coupler groups was smaller than originally expect-
ed. Additionally, patient anatomy in these indications is 
extremely diverse, and therefore in these smaller samples, 
conclusions could not be drawn about whether one par-
ticular coupler provided better conductive assistance 
over another. 

  Functional gain was calculated as the difference be-
tween unaided preoperative and 12-month postoperative 
aided free-field warble-tone testing, with the processor 
set to each patient’s preference and adjusted as necessary 
during follow-up. As shown in  figure 3 , the average of the 
frequencies 0.5, 1, 2 and 4 kHz yielded a functional gain 
of 36 dB HL for all couplers combined. Individual results 
of each coupler group were as follows: RW = 43 dB, 

OW = 35 dB, Bell = 37 dB, CliP = 27 dB. These values ex-
ceed clinically significant improvement, measured at 15 
dB HL [Maier et al., 2015]. The average preoperative un-
aided and postoperative aided free-field thresholds, re-
spectively, at the frequencies 0.5, 1, 2 and 4 kHz for each 
coupler group in dB HL were as follows: RW = 75.44 and 
32.06, OW = 76.79 and 41.60, CliP = 60.00 and 32.90, 
Bell = 73.40 and 36.60. All couplers yielded the expected 
benefit in the range of a mild hearing loss (30 ± 10 dB HL). 
The aided free-field threshold for the OW coupler does 
not fall out of this category as the standard deviation (SD) 
is ±6.6 dB HL. As seen in  figure 4 , overall warble-tone 
thresholds showed a significant improvement over pre-
operative unaided measurements at all frequencies, and 
hearing thresholds were best (lowest) at 1.5 kHz. 

  Word Recognition Scores 
 Freiburger monosyllables in quiet in the preoperative 

unaided condition were compared with aided 12-month 
postoperative results ( fig. 5 ). The mean unaided preop-
erative word recognition score (WRS) was 2.9% (range 
0–40%, SD 9.4) and the VSB-aided mean for all patients 
was 71% (15–100%, SD 22.4). 

  However, true effectiveness in individual patients was 
more applicable to analysis of benefit. All but 3 of the pa-
tients had hearing loss causing substantial impairment 
in speech intelligibility, as shown by preoperative WRS 
scores of 0%. A significant improvement in the group was 
shown with the parametric paired-sample t test after ap-
proximately normal distribution was demonstrated by 
the Kolmogorov-Smirnov test (p < 0.001). 

  The Wilcoxon signed-rank test was used for analyses 
of coupler groups due to the small sample sizes. RW-im-
planted patients (n = 9) improved from unaided preop-
erative WRS of 0% in all patients to aided mean scores of 
73.3% (15–100%, SD 25.9). Significant improvement (p = 
0.008) was shown. OW-implanted patients (n = 7) im-
proved from a mean of 3.6% (0–25%, SD 9.4) to 68.2% 
(40–95%, SD 19.8). A significant total improvement of 
64.6% (p = 0.018) was shown. 

  In 5 patients with the Bell coupler, the preoperative 
WRS was 0% in all patients and the VSB-aided mean 
WRS improved to 69% (25–95%, SD 28.8) postoperative-
ly. A significant improvement was shown (p = 0.041). In 
the 3 patients with available data for the CliP coupler, the 
preoperative unaided WRS was 15% (0–40%, SD 21.8) 
and the VSB-aided mean was 70% (55–80%, SD 13.2). 
The mean improvement over preoperative scores was 
55%. A significant difference between preoperative un-
aided testing and 1-year postoperative aided values was 
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  Fig. 3.  Functional gain for whole group and each coupler type, cal-
culated using mean free-field warble-tone thresholds for frequen-
cies 0.5, 1, 2 and 4 kHz in the VSB/coupler-implanted ear: preop-
erative unaided compared with 1-year postoperative aided thresh-
olds. 
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not found (p = 0.109) in this group, probably due to the 
very small sample size and 1 patient with a high preop-
erative WRS. However, all individual patients implanted 
with the CliP coupler demonstrated improved speech 
recognition (improvements over preoperative scores 
were 75, 35 and 55% respectively, with total postoperative 
scores of 80, 75 and 55%). Additionally, the postoperative 
aided mean in the CliP coupler group (70%) was compa-
rable with the other groups (RW 73.3%, OW 68%, Bell 
69%).

  OLSA Sentences 
 The OLSA tested in quiet was used to compare speech 

perception thresholds with and without the VSB activat-
ed at postoperative clinic visits up to 12 months after sur-
gery. SRT 50  was defined as the dB SPL needed to under-
stand 50% of words in one test list. As shown in  figure 6 , 
SRT 50  improved on average by 23 dB with the VSB acti-
vated. The OLSA was also used for SNR, using a test pro-
tocol with a fixed background noise level of 65 dB and 
varied speech signal ( fig.  7 ). All individual test results 
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  Fig. 4.  Mean free-field warble-tone thresh-
olds for the VSB/coupler-implanted ear 
(n = 23): preoperative unaided compared 
with 1-year postoperative aided thresholds. 
Error bars reflect ± SD. 
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  Fig. 5.  WRS. Freiburger monosyllables presented at 65 dB SPL. 
Bars show the SD; top of the column shows the mean (n = 24). 
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showed improvements in SNR with the VSB activated, 
demonstrating that speech comprehension in back-
ground noise improved for each patient.

  Patient Satisfaction: IOI-HA 
 A German translation of a questionnaire designed to 

evaluate external hearing aids, the IOI-HA (IIEH in Ger-
man) [Cox et al. 2002], was answered by 21 patients. This 
translation carefully follows the design principles of the 

original version. Heuermann et al. [2005] showed that the 
psychometric properties of this German translation are to 
a large extent similar to the English version, and that the 
German version is a valid self-reporting instrument for 
evaluating patient satisfaction. Validation of the German 
translation included a mailing campaign in 2,000 patients 
(Cronbach’s alpha of 0.91) and field tests in 80 patients 
(Cronbach’s alpha of 0.83). 
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  Fig. 6.  SRT 50  in quiet (OLSA sentences) for the implanted ear: 
postoperative unaided condition compared with VSB/coupler-
aided condition. Bars show the SD; top of the column shows the 
mean (n = 17). 

  Fig. 7.  SNR (OLSA sentences) for the implanted ear (noise level 65 
dB SPL, speech level varied): postoperative unaided testing com-
pared with postoperative testing with activated VSB. Bars show the 
SD; top of the column shows the mean (n = 16).   
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  Fig. 8.  Patient satisfaction: IOI-HA ques-
tionnaire responses from 21 patients, rated 
from 1 (worst) to 5 (best).   
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  Participants who answered the IOI-HA/IIEH indicat-
ed that they were very satisfied with the VSB in all catego-
ries. The IOI-HA uses a 5-point rating system (1 = worst 
to 5 = best) for each of 7 categories (see y-axis in  fig. 8 ). 
Responses in all categories were well over 4. Almost all 
patients wore their processor more than 8 h per day (ques-
tion A). They found the VSB helped either ‘quite a lot’ or 
‘very much’ in situations where they most wanted to hear 
better (question B) and that they were able to hear in such 
situations either with ‘no difficulty’ at all or with only 
‘slight difficulty’ (question C). 

  Additionally, patients responded that the VSB was ei-
ther ‘quite a lot’ or ‘very much’ worth the effort of having 
it implanted and fitted, and wearing it (question D). They 
answered that it had mitigated their hearing loss so much 
that the impairment now had minimal, if any, effect on 
the things they wanted to do in life (question E). They 
scored questions evaluating ‘impact on others’ (question 
F) and ‘quality of life’ (question G) quite positively as well, 
with question G ‘quality of life’ receiving the highest over-
all score, equal in positive significance with the scoring of 
question D about whether the implanted device was 
‘worth the effort’. 

  Discussion 

 The development of FMT couplers was driven by the 
following goals: (1) simplifying vibroplasty by standard-
izing the different attachment possibilities and (2) im-
proving stability with long-term effectiveness, for which 
good coupling of the transducer is a critical element 
[Beleites et al., 2011; Böheim et al., 2012; Zahnert et al., 
2010]. Techniques for vibroplasty have expanded to keep 
pace with treatment indications and are now quite varied 
in the placement options offered for the FMT. RW vibro-
plasty differs from other types in that it connects the FMT 
directly to an inner ear window and not to (remnants of) 
the ossicular chain. Cartilage or fascia ‘packing’ can be 
placed between the FMT and the RW membrane, but fas-
cia may atrophy over time, causing shrinkage and reduc-
ing contact between the FMT and the membrane. Careful 
drilling to widen the RW niche is often required, which 
could be one drawback to this approach. In comparison 
with this technique [Colletti et al., 2013; Skarzynski et al., 
2014], the RW coupler may improve vibroplasty by add-
ing a more stable substance to the fascia or cartilage (or 
eliminating the need for it), while also reducing the 
amount of drilling at the RW niche [Lüers and Hütten-
brink, 2014]. Schwab et al. [2013] state that using the RW 

coupler is a safer and more effective surgical procedure. 
It should be noted that the addition of the RW coupler 
increases the length of the FMT; however, we felt that this 
did not cause problems during surgery in inserting the 
FMT in front of the RW niche. It was necessary to care-
fully drill to remove some bone in the hypotympanic re-
gion to use the RW coupler, but this was not much more 
extensive than the amount removed when not using the 
RW coupler. This could become a surgical problem if the 
patient has a high-standing jugular bulb, in which case 
changing to stapes coupling could be a better option. 

  Vibroplasty at the stapes or stapes footplate/OW is 
more similar to standard ossiculoplasty in the surgical ap-
proach used. The natural interface between the ossicular 
chain remnant and OW remains intact, which may be a 
theoretically more ‘natural’ or stable construction [Lüers 
et al., 2013]. Surgical VSB placement poses challenges 
similar to reconstruction with passive prostheses in need-
ing to achieve a balance between flexibility and stable, 
minimally invasive attachment to fragile middle ear ele-
ments. The advantage of coupler/transducer combina-
tions is a standardized fixation of the FMT to the middle 
ear, irrespective of the passive sound conduction proper-
ties of the coupler/transducer/middle ear remnant com-
bination. Additionally, in contrast to reconstruction us-
ing passive prostheses (which are solely driven by the 
comparatively low energy of airborne sound and must be 
surrounded by air for optimal function), attenuation 
caused by a more stable fixation does not play such a de-
cisive role with an active coupler-transducer prosthesis. 
Therefore, a more stable attachment of the FMT using 
thick cartilage embedded with fibrin glue can be used, 
ensuring the long-term stability of the treatment [Lüers 
and Hüttenbrink, 2014].

  Despite the satisfactory overall enrollment of patients 
with specialized needs examined in this study, a limita-
tion of the study was the difficulty in recruiting a suffi-
cient number of patients with a similar middle ear im-
pairment in each coupler category to make a reliable com-
parison between groups. This is a common problem in 
patients with severely impaired middle ears, in which in-
dividually tailored surgical solutions are often required. 
Even in this fairly heterogeneous patient group, however, 
results showed beneficial stability of all vibroplasty types. 

  As warble-tone and speech testing demonstrate, all 
patients showed a substantial improvement in hearing 
benefit. A less dramatic AC improvement under head-
phones compared to free-field warble-tone and speech 
testing may indicate that, in most of these patients, the 
active transducer is more crucial for auditory rehabilita-
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tion than conductive repair. A similar interpretation can 
be drawn from the postoperative comparisons between 
unaided and aided SRT 50  and SNR testing conducted at 
12 months postoperatively. An improvement in OLSA 
testing indicated that activation of the ‘direct drive’ FMT 
is beneficial for patients with a high degree of conductive 
impairment. Particularly in cases when prior reconstruc-
tion has failed and the middle ear structure is severely 
damaged, the additional gain provided by an active 
transducer in close proximity to the inner ear is an ad-
vantage. 

  In terms of patient satisfaction, an unexpected result 
was seen with IOI-HA survey results. This survey was 
chosen because it is a commonly used test for externally 
worn hearing aids, and could be expected to provide gen-
eral equivalence for comparison of patient satisfaction 
with the VSB. The IOI-HA questionnaire was originally 
developed to score responses of patients after 2 weeks of 
use with new externally worn hearing aids. As external 
hearing aid fitting requires no surgery, and the process 
is much simpler and less invasive than VSB implanta-
tion, responses to questions such as whether or not a 
hearing aid is ‘worth the effort’ (question D) might be 
weighted differently when the same questionnaire is 
used by patients who have just undergone surgery. Ques-
tion G asks: ‘Considering everything, how much has 
your present hearing aid changed your enjoyment of 
life?’ Again, it might have been expected that the effort 
and investment involved in vibroplasty (including sur-
gery and multiple clinic visits) detracted from patient 
satisfaction. 

  Interestingly though, this group of VSB-implanted re-
spondents scored these questions higher than any others 
on the IOI-HA. Findings should be balanced against the 
3 patients who underwent AC, warble-tone and Freibur-
ger testing but did not answer the IOI-HA, but overall the 
available results of the IOI-HA indicate that patients were 
very pleased with the implanted device, and preferred it, 
regardless of surgical risk and time needed for fitting, to 
any hearing aids (where possible) or other surgical treat-
ment they had tried prior to VSB implantation. Such data 
probably indicate the degree to which this patient cohort, 
all with previous surgeries (up to 5 or more), had been 
dissatisfied with earlier treatments, including classic os-
siculoplasty reconstruction, passive prosthetics and ex-
ternally worn hearing aids. 

  This study, therefore, substantiated trends shown in 
earlier studies, as well as the general direction of current 
research, and confirmed that the VSB combined with a 
coupler has been a valuable addition to the toolkit avail-
able for the surgical treatment of conductive and mixed 
hearing loss. The release of the CE-approved 3rd-gener-
ation couplers in November 2014 points to the constant 
development in vibroplasty.
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