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Abstract

Purpose The aim of this study was to analyze the hearing outcomes and quality of life in a series of 52 patients affected by
conductive or mixed hearing loss and treated with Bonebridge®.

Methods 52 of 71 patients implanted with Bonebridge® between October 2012 and January 2022, were included in the study.
We compared the air conduction thresholds at the frequencies 500, 1000, 2000, 3000, 4000 Hz, the SRT50% and the World
Recognition Score at an intensity of 50 dB with and without the implant. The Abbreviated Profile of Hearing Aid Benefit
(APHAB) was employed to assess the quality of life of patients.

Results The liminal tone audiometry (free field) pure tone average for air conduction after 6 months with the implant was
35.12 dB, obtaining a mean gain of 31.83 dB. With Bonebridge®, the mean SRT was 34.17 dB, whereas before the surgery
no patient achieved 50% of correct answers at a sound intensity of 50 dB. The world recognition score at 50 dB changed
from 11% without the implant to 85% with it. We observed one case of implant failure and one case of implant exposure.
The APHAB questionnaire showed an improvement after implantation in practically all the subscales.

Conclusions The hearing outcomes and the subjective benefits reported by patients obtained in our study are similar to those
published in the literature. Bonebridge® represents an excellent method for the rehabilitation of patients with conductive and
mixed hearing loss, showing a low rate of complications.
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Introduction There are different types of bone conduction devices that
may be classified according to the mode of conduction [3].

Bone conduction devices (BCDs) are an established form of

treatment for conductive and mixed hearing loss as well as e Cutaneous: the vibration is transmitted through the skin

single-sided sensorineural deafness (SSD) [1]. (passive transcutaneous, for example, Sophono, BAHA®
In 1977, Tjellstrom et al. were the first clinicians to insert [Bone Anchored Hearing Aid, Cochlear Co., Australia]

a bone conduction hearing implant [2]. Now, 45 years later, attract)

more than 150,000 individuals have achieved auditory reha- e Direct: the vibration is transmitted directly to the bone

bilitation with bone conducting hearing implants. without passing through the skin. These are divided into
BCDs work by converting sound energy into vibration percutaneous (BAHA®, Ponto), and active transcutane-

of the skull bones. The sound is transmitted through the ous (Bonebridge® [Vibrant MED-EL, Innsbruck, Aus-

skull bone, cartilage, skin and soft tissue, and fluids in the tria], Cochlear Osia OSI200 Implant)

body, ultimately resulting in a sound pressure in the basilar

membrane [1]. The Bonebridge® device BCI 601 was first implanted in

June 2011 as part of a clinical trial and was launched onto
the EU market in September 2012 [4].

Initially, it was approved for patients over 18 years of age
and in 2014 for those over 5 years of age [5].
Department of Otorhinolaryngology Head and Neck Surgery, Bonebrid ge® is a partially implantable device that con-

Son Espases University Hospital, Carretera Valldemossa 79, sists of two components. One component is external and
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includes an audio processor with two microphones for
receiving sounds in the environment, a digital compression
processor, and a battery. The other internal component or
Bone Conduction Implant (BCI) system involves a mag-
net surrounded by a receptor wheel, an electronic device
(demodulator), a transition, and an electromagnetic BCI
601 (BC-FMT) floating mass transducer that is surgically
implanted into the skull in either the transmastoid, retrosig-
moid, or middle fossa regions [6, 7]. The implant is inserted
completely below the skin, connected to a processor through
magnetic attraction, and transforms the signal received into
mechanical vibrations that are transmitted through the tem-
poral bone to the inner ear.

In September 2019, the second generation of Bone-
bridge®, the Bonebridge® BCI 602 was introduced. The
most significant difference from the BCI 601 (first genera-
tion) is the shape and size of the internal part, such that the
thickness of the BC-FMT decreased from 8.7 to 4.5 mm,
with nearly 50% less drilling depth. This feature—together
with great flexibility of the implant and the use of self-
drilling screws—simplifies handling, thereby significantly
reducing surgical time and the risk of dural exposure [§—10].

Unlike transcutaneous devices for signal transmission,
osseointegration of the cortical fixation screws is not crucial
[5], resulting in a lower complication rate than percutaneous
systems and higher and more reliable hearing gain compared
to other transcutaneous or percutaneous systems [4, 5]. Fur-
thermore, the fast activation of the implant system enables
the recipient of the system to benefit postoperatively from
the intervention in a short time frame.
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Audiological criteria [5]

Audiological criteria for the Bonebridge® implant recom-
mended by MED-EL are (Fig. 1):

1. Conductive or mixed mild-to-moderate hearing loss;
pure tone average (PTA) bone conduction (BC) thresh-
olds (measured at 0.5, 1, 2, 3, and 4 kHz) > =45 dB HL;
any central or retrocochlear disorder must be ruled out

2. Profound sensorineural hearing loss in one ear and nor-
mal hearing in the opposite ear and air conduction hear-
ing thresholds of the hearing ear > =20 dBHL (meas-
ured at 0.5, 1, 2, 3, and 4 kHz)

In addition to audiological criteria, a detailed personal
medical history must be performed to rule out certain
medical conditions:

e Previous tympanoplasty, external ear canal stenosis or
chronic infections that make the use of conventional
hearing aids impossible

e Otosclerosis or tympanosclerosis that cannot be treated
with surgery or conventional hearing aids

e Sudden hearing loss, vestibular Schwannoma, or other
causes of single-sided deafness

e Unfavorable temporal bone anatomy, previously valued
by CT scan, to ensure safe placement of the implant

e Retrocochlear or central disorder

e Psychological/psychiatric disorders
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Fig. 1 Audiological criteria for Bonebridge®. A Conductive/mixed hearing loss. B Unilateral sensorineural hearing loss
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The aim of this study was to assess the effectiveness of
Bonebridge® in a large series of 52 patients diagnosed with
conductive/mixed hearing loss, reporting the audiological
outcomes and subjective benefits in hearing-related quality
of life (QoL). A secondary goal was to analyze the compli-
cation rate.

Materials and methods

A retrospective study was made of a series of 71 patients
who had received treatment with the Bonebridge® system
between October 2012 and January 2022 in the Otorhino-
laryngology and Head and Neck Surgery Department of the
Son Espases University Hospital, Palma, Spain. The aim of
the study was to analyze the audiological outcomes obtained
in patients diagnosed with conductive/mixed hearing loss,
the complication rate, and the subjective benefits in hearing-
related QoL.

Audiological evaluation

A pre- and postoperative audiological analysis was carried
out in all patients. This included a liminal tone audiometry
(free field) and a speech audiometry with contralateral mask-
ing. Minimum follow-up was 6 months.

Inclusion criteria for audiological analysis.

¢ Conductive and mixed bilateral hearing loss with thresh-
olds in bone conduction greater than or equal to 45 dB in
frequencies of 0.5, 1, 2, 3, 4 kHz

e Patients older than 5 years

e Minimum follow-up of 6 months

Exclusion criteria for audiological analysis.

e Patients diagnosed with severe/profound unilateral hear-
ing loss

Of 71 patients, 19 cases of severe/profound single-sided
sensorineural hearing loss were excluded from audiological
analysis. Finally, 52 patients met the inclusion criteria and
were included in the study. All patients were preoperatively
subjected to a Computed Tomography with contrast to assess
the best approach for the safest placement of the device. First
generation of Bonebridge® (BCI 601) was implanted from
October 2012 to August 2019. From September 2019 the
second generation of Bonebridge® (BCI 602) was implanted
in 26 patients, 15 of whom had been diagnosed with conduc-
tive or mixed hearing loss and included in the study.

To choose which side to implant, all patients underwent
a bandwidth test, through observing the benefits in tone and
speech audiometry and subjective perception of well-being

reported by the patient. An audiological evaluation in the pre
and postoperative setting was performed, by analyzing air
conduction (free field in the postoperative analysis) and bone
conduction thresholds in the liminal tone audiometry as well
as the discrimination thresholds in the speech audiometry.
The pure tone average (PTA) based on the frequencies of
0.5, 1, 2, and 4 kHz was calculated for the air and bone
conduction prior to the surgery, and its value was compared
with the free field air conduction PTA with the use of the
device. With regard to the speech audiometry, two param-
eters were calculated in the pre- and postoperative setting:
(1) the Speech Recognition Threshold 50% (SRT50), defined
as the intensity in dB at which the patient achieves 50% dis-
crimination; and (2) The Word Recognition Score (WRS),
which is the percentage of correct answers at an intensity
of 50 dB.

Quality of life

The Abbreviated Profile of Hearing Aid Benefit (APHAB)
was employed to assess the QoL of patients implanted with
Bonebridge®. This is a 24-item inventory that assesses the
amount of difficulty that a person experiences when com-
municating in a variety of conditions and enables pre- and
post-operative results to be compared in the same session.
The APHAB provides a global score as well as subscale
scores for ease of communication, reverberation, background
noise, and aversiveness domains. As reported by Magele
et al. [4] in their recent meta-analysis, APHAB stands out as
the most frequently used tool to assess hearing-related QoL
benefits in patients with Bonebridge®.

Complication rate

Minor complications (with no need for revision surgery),
major complications (requiring revision surgery), and cases
of failure of the implant were analyzed in all patients.

Results

A total of 52 patients were included in the study (Table 1),
28 women and 24 men with a ratio of 1.16—-1 aged between
19 and 74 years (mean age 50.205 years). Thirty-one
devices were implanted in the right ear and 21 in the
left ear, all unilaterally. Regarding medical history, eight
patients had previously had surgery for bilateral cholestea-
tomatous otitis media; 31 for chronic bilateral otitis media;
three for recurrent external otitis, which prevented the use
of standard hearing aids; one for aural agenesia; nine for
otosclerosis, from which five had not improved with sta-
pedotomy surgery; one for whom the surgery could not be
completed, due to the persistence of the stapedial artery
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Table 1 Characteristics of the patients

Patients in the series (n=52)

Sex
Men (n=24)
Women (n=28)
Implanted ear
Right ear (n=31)
Left ear (n=21)

Unilateral /bilateral
Unilateral (n=52)
Bilateral (n=0)

Causes
Chronic otitis media (n=31)
Bilateral cholesteatoma (n=28)
Otosclerosis (n=9)

Recurrent external otitis (n=3)
Aural agenesia (n=1)

Surgical approach/implant placement
Presigmoid approach (n=23)
Retrosigmoid approach (n=4)
Middle fossa approach (n=25)

Bonebridge® generation

First generation BCI 601 (n=37)
Second generation BCI 602 (n=15)

which obliterated the oval window, while three refused
surgical treatment. From September 2019, the second gen-
eration of Bonebridge® (BCI 602) was implanted in 26
patients, 15 of whom had been diagnosed with conduc-
tive or mixed hearing loss and were included in the study.
The middle fossa approach and presigmoid approach were
employed in 11 and four patients, respectively.
Activation of the devices was always planned 3 weeks
after surgery. In all cases, patients were visited 10 days
after the intervention to remove the sutures. Mean surgi-
cal time was 47.8 min. A presigmoid, retrosigmoid, and

Fig.2 Comparison between

mean preoperative AC thresh-
olds and mean AC thresholds
with Bonebridge® in free field

== preoperative AC thresholds

middle fossa approach were employed in 23, 4, and 25
patients, respectively.

Audiological results
Tone audiometry comparison

All patients met the Bonebridge® audiological criteria of
bone conduction thresholds (less than or equal to 45 dB HL);
the mean preoperative bone conduction thresholds were 24,
25, 39, 39, and 38 for the frequencies of 0.5, 1, 2, 3, 4 kHz,
respectively. The preoperative free field air conduction
thresholds were 68.4 dB at 500 Hz; 64.32 dB at 1000 Hz;
64.26 dB at 2000 Hz; 68.9 dB at 3000 Hz; and 70.84 dB at
4000 Hz.

The audiological outcomes with the use of the implant
in free field were 39.2 dB at 500 Hz; 30.4 dB at 1000 Hz;
32.76 dB at 2000 Hz; 32.85 dB at 3000 Hz; and 38.12 dB at
4.000 Hz (Fig. 2).

The functional gain in dB was 29.2, 33.92, 31.5, 36.05,
and 32.72 dB in the respective frequencies.

Pure tone average or PTA for bone conduction were
31.5 dB. The liminal tone audiometry (free field) PTA for
air conduction was 66.9 dB. After 6 months, the liminal tone
audiometry (free field) PTA with a functioning device was
35.12 dB, obtaining a mean gain of 31.83 dB (Fig. 3).

Speech audiometry comparison

In relation to the results of the speech audiometry, two
parameters were studied:

e SRT50 up to an intensity of 50 dB
e Percentage of correct answers at an intensity of 50 dB or
Word Recognition Score at 50 dB (WRS50dB)

Comparison between AC thresholds without Bonebridge® and AC
thresholds with Bonebridge 6 months after surgery

== == AC thresholds with Bonebridge

6 months after surgery at the 0
frequencies of 0.5, 1, 2, 3,
4 kHz. AC air conduction
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Fig.3 Mean PTA functional

gain 6 months after surgery.

PTA pure tone average; AC air

conduction, BC bone conduc-

tion 80

60
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20

With Bonebridge®, the mean SRT was 34.17 dB, while
without Bonebridge® practically none of the patients
obtained 50% of correct answers to the assessed intensi-
ties (up to 50 dB), except for one who accomplished it at
50 dB. This finding indicates that when patients use the
Bonebridge® system they are able to understand half of the
words at a mean of 34.17 dB while masking the contralateral
ear, contrary to what happens without it, in which case only
one was able to complete the test successfully.

When the percentage of correct answers was evaluated at
50 dB (WRS50dB), the patients with the implant obtained
85% of correct answers, whereas those without it only
obtained 11% (Fig. 4).

Complication rate
No adverse events were observed during surgeries and no

complications were noted in the immediate postoperative
period.

Fig.4 Word recognition scores
(WRS) obtained in free field

audiometry at 50 dB SPL. 100 ®
Boxes indicate the 25th and 90 ©
75th percentiles. The median is
given as a horizontal line. The 80 ©
difference between unaided and 70 ©
aided at 6 months of follow- L]
up is statistically significant Q 600
(p<0.001) n
§ 50 ©
40 ©
30 ©
20 0
10 o
0

Mean PTA functional gain at the frequencies of 0.5, 1, 2 and 4KHz 6 months after

surgery

[ BCPTA [ AC preoperative PTA [l AC PTA with Bonebridge in free field [ll PTA functional gain

One case of implant exposure was observed in a patient
with a previous face lift [11]. In this case the Bonebridge®
had been implanted in the retroauricular region using a
classic presigmoid approach. After oral antibiotic treat-
ment, surgical debridement was performed, and a rota-
tional skin flap was needed to close the defect. In the end,
the same device was implanted at the level of the middle
fossa on the squamous portion of the temporal bone. In
another patient with chronic otitis media with effusion,
poor performance of the implant was observed. Hence,
the implant was removed from the presigmoid region and
implanted at the level of the middle fossa on the squamous
portion of the temporal bone, with a satisfactory result.
Finally, one case of implant failure was found in a patient
in whom the Bonebridge® had been placed in the retrosig-
moid region. In this case, the implant was removed, and
another device was placed at the level of the middle fossa
on the squamous portion of the temporal bone.

M Unaided Bonebridge System

® 6 ©¢ ©¢ 6 ¢ 6 6 o o
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No major adverse events (meningitis, empyema, or lateral
sinus thrombosis) were observed in our series during the
follow-up (6—116 months).

Quality of life. Results
Patient-reported outcomes

The APHAB questionnaire showed an increase in QoL after
implantation of the Bonebridge®. Global scores decreased
significantly from 56% (SD 10.4%) before surgery to 26.2%
(SD 8.2%) after 6 months of follow-up (Fig. 5; Paired ¢ test
p<0.01). Similarly, significant improvements were observed
in background noise (mean change 34.1; 95% CI 31-37.2),
reverberation (mean change 22.77; 95% CI 19.85-25.7),
and ease of communication (mean change 32.15; 95% CI
28.4-35.8) subscales. In the aversiveness subscale, no sig-
nificant changes were found (mean change 1.17; 95% CI
0.1-2.8) (Fig. 5).

Discussion

The audiological outcomes observed in our series confirm
the effectiveness of the Bonebridge® in patients with con-
ductive/mixed hearing loss, revealing similar results to those
observed in a previous series published by Carnevale et al.

[3].

A significant improvement in air conduction thresholds
in liminal tone audiometry and in speech discrimination
is observed. PTA for liminal tone audiometry (free field)

Fig.5 Results of the APHAB
questionnaire. EC Ease of Com- 80
munication, RV reverberation,
BN background noise, AV aver-
siveness, GS global score. The
differences in the EC, BN, and
RV subscales are statistically
significant at p <0.01, but the
difference in the AV subscale is
not. Bars represent mean scores;
error bars represent standard
deviation

Mean Difficulty in hearing (%)
=] 3
o

n
(=]

EC
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improved from a preoperative value of 66.9 to 35.12 dB
6 months after surgery with a functioning device, obtaining
a mean functional gain of 31.83 dB. Our results confirm the
data observed in other studies, where functional gain was
reported from 24 to 37 dB, and in 50% of cases better than
30dB [5, 6, 12].

Regarding speech audiometry, the word recognition score
at 50 dB was 85% with Bonebridge® (only 11% before sur-
gery) and the mean SRT50 (50% speech recognition thresh-
old) was 34.17 dB with Bonebridge® 6 months after surgery,
while without Bonebridge® practically none of the patients
obtained 50% of correct answers in the assessed intensities
(up to 50 dB). These results at 6 months after surgery match
with the data observed in the first European multicenter
study published by Sprinzl et al. [6], in which a gradual
improvement in SRT50 was observed during the first few
months after surgery, with an SRT50 of 36.6 dB at 3 month
follow-up.

Similar findings were observed by Skarzynski et al. [13],
with WRS improving from 0, 43, and 62% before surgery
to 40, 74, and 87% after 3 months and 43, 75, and 89% after
6 months of follow-up, respectively, in all three level settings
(50, 60, 70 dB).

A significant improvement in speech recognition over
time was also observed by Seiwerth et al. [14] in a recent
article published in 2022, where word recognition score in
quiet at 65 dB SPL improved from 11% preoperatively to
74% at 3 months and 83% at > 11 months.

This effect was also reported in children by Baumgartner
et al. [15] who suggested device acclimation effects and
additional fitting procedures as possible factors. For this

APHAB subscales and Global Scores for CMHL

RV BN AV GS
APHAB subscales
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reason, the authors report the hearing outcomes obtained at
6 months of follow-up.

Regarding patient-reported outcome measures, the ben-
efits in patient satisfaction are in line with hearing benefits
measured by functional gain, and WRS. The APHAB ques-
tionnaire is considered to be a very good tool for the assess-
ment of hearing-related QoL in Bonebridge® patients, as
it is easy to use and enables pre- and postoperative perfor-
mances to be compared during the same session. A signifi-
cant improvement was observed in all domains except for the
aversiveness subscale, which showed no significant changes.
This observation is similar to other studies, in which the
AV subscale did not change significantly or was prone to
increase [13, 16, 17].

From the surgical point of view, the Bonebridge® can be
implanted in three different locations [18]. In cases of nor-
mal anatomy demonstrated on the pre-operative CT scan, it
is placed in the sinodural angle, in a presigmoid location. If
the mastoid is already drilled out or if there is little space
in the sinodural angle, the bone conduction floating mass
transducer can be placed either behind the sinus [19, 20]
(retrosigmoid approach) or above the temporal line in the
middle fossa region [21].

In our department, when an anatomical variant exists,
such as a low middle fossa dura plate or anterior procident
sigmoid sinus, or previous surgery such as a petrosectomy or
a radical mastoid cavity has been performed, we prefer the
middle fossa approach, placing the bone conduction floating
mass transducer on the squamous portion of the temporal
bone so as to avoid exploring the previously operated ear.
In 2014 the authors stopped performing the retrosigmoid
approach and 5 years later published an article describing
their preferred technique for the middle fossa approach with
the first generation of Bonebridge®, using a 14 mm drill head
(Neuro Drill) to create the bed at the squamous portion of
the temporal bone [22].

The authors observed that the use of the Neuro Drill
avoided the risk of damage to the dura mater observed with
the classic otologic drill, since its mechanism of action is
based on the automatic interruption of its movement when it
does not find bone resistance, which guarantees the integrity
of the dura mater. When compared with the retrosigmoid
approach, this technique turned out to be easier, surgical
time was significantly shorter, and there was no risk of dam-
aging the sigmoid sinus or dura mater, which are the main
risks of the retrosigmoid approach. In September 2019, with
the introduction of the second generation of the implant, we
stopped using the neuro drill for the middle fossa approach.

Indeed, the change in size and shape of the internal
part, with a reduced thickness of the BCM-FMT from 8.7
to 4.5 mm enables nearly 50% less drilling depth, thereby
reducing drilling time and the likelihood of dural exposure.
This is a considerable advantage and gives opportunities for

using it on patients, where it was impossible to use the first-
generation implant due to limited anatomical conditions [8].

In addition to the reduced size and less drilling depth, the
second generation of Bonebridge® affords several advan-
tages that make the surgical procedure safer and faster. The
first one is its flexible surgical placement. In fact, the flexible
transition between the receiver coil and the floating mass
transducer enables it to bend up to 90° in either lateral direc-
tion and medially up to 30° to accommodate the curvature of
the skull. In addition, self-drilling screws simplify handling
[23, 24].

In this series the presigmoid, retrosigmoid, and middle
fossa media approaches were used in 23, 4, and 25 patients,
respectively, and the second generation of Bonebridge® was
implanted in 15 of 52 cases, 11 of which were in the middle
fossa and 4 in the presigmoid region.

Safety of Bonebridge® has been well-documented in the
literature [3, 18, 25-29]. In our series, no minor compli-
cations, such as skin infection, edema, or local pain, were
reported. One major complication with skin necrosis and
extrusion of the implant in a patient with previous facelift
surgery was observed, resulting in a 1.9% rate of major
complications. Furthermore, one case of implant technical
failure and one case of poor performance of the implant,
because recurrent middle ear effusion was observed. Similar
data have recently been published by Magele et al. [4] and
Sprinzl et al. [5] with a major complication rate of 0.85%
and 1.7%, respectively.

Existence of previous cervicofacial surgery is a recog-
nized risk factor for implant extrusion, since it may com-
promise the vascularization of the retroauricular region and
cause dehiscence and necrosis of the skin. In the event of
previous cervicofacial surgery, where postauricular vascu-
larization depending on the posterior auricular artery can
be compromised, we propose the following: 1) harvest two
flaps: a superficial flap that includes the skin and subcuta-
neous tissue; and a deeper fascio-muscular flap, to reduce
the risk of device extrusion; 2) consider the middle fossa
approach the best option to avoid a large postauricular inci-
sion in the conflictive area [20, 30].

Conclusions

The results observed in this series reveal a significant
improvement in hearing and speech discrimination with a
low rate of complications. The subjective benefits reported
by patients are in line with audiological outcomes, with a
significant improvement in quality of life. This surgery is
safe and reproducible, nonetheless the most adequate surgi-
cal approach must be evaluated preoperatively to reduce the
risk of adverse events. In conclusion, our study confirms
that the Bonebridge® is a very effective and safe method for
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the audiological rehabilitation of patients with conductive/
mixed hearing loss.
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