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Implantation of a new active
bone conduction hearing device
with optimized geometry

Bone conduction hearing
implants

Bone conduction hearing implants im-
provehearing inpatientswith conductive
ormixedhearing loss, whodonot experi-
ence hearing improvement with conven-
tional hearing aids or conventional mid-
dle ear surgery (tympanoplasty, creation
of an ear canal in atresia) [4, 8]. How-
ever, it is necessary to consider the lim-
itations of these systems with respect to
their audiological indicationcriteria [19].
In patients with single-sided deafness,
bone conduction hearing implants can
be used to rehabilitate hearing through
“contralateral routing of signal” (CROS)
[4, 23].

In the indications described above,
bone conduction hearing implants have
successfully restored hearing for decades
with percutaneous mechanical energy
transfer. However, the disadvantage of
these implants is that they penetrate the
skin, which poses the inherent risks of
skin reactions and infections. Fussey
et al. analyzed long-term effects of
percutaneous bone conduction hearing
implants in children. They reported that
77% of children experienced soft tissue
complications that required treatment
[10]. When soft tissue infections occur,
the sound processor cannot be worn
due to interference from the local treat-
ment. This situation places constraints

The German version of this article can be
found under https://doi.org/10.1007/s00106-
020-00876-3.

on hearing rehabilitation for the patient.
A previous meta-analysis showed that
these complications led to implant loss
in 1.6–17.4% of patients [11].

With the introduction of minimally
invasive implantation techniques and the
avoidance of skin thinning with longer
abutments, the complication rate appears
to have improved. However, long-term
follow-up studies in larger cohorts are
lacking [24]. The typical soft tissue com-
plications associated with percutaneous
bone conduction hearing implants can
be avoided with transcutaneous systems.
With these systems, the active (vibrating)
component is implanted subcutaneously,
whichavoidsapercutaneousanchor. Ad-
ditionally, the risk of skin irritation is
reduced with inductive energy transfer,
whichavoidspermanentpressure. Oneof
these systems is the transcutaneous bone
conduction implant (BCI) called “Bone-
bridge” (MED-EL, Innsbruck, Austria).
The first generation (BCI 601) was in-
troduced in 2012. In 2014, the BCI 601
was also approved for use in children,
starting from age 5 years [3, 35].

The audiological outcome showed re-
sults similar to those reported for per-
cutaneous bone conduction hearing im-
plants [18]. However, the complication
rate and the rate of revision surgery were
lower with the transcutaneous system
than with percutaneous implants [11, 18,
26]. These features have given rise to
a trend towards using bone conduction
hearingaid implantswith transcutaneous
inductive energy transfer, rather than
percutaneous hearing aid implants [31].

The active (vibrating) component of
the BCI 601 is responsible for energy
transfer to the skull and, thus, to the inner
ear. This component is called the bone
conduction-floating mass transducer
(BC-FMT). Based on three-dimensional
(3D) reconstructions of temporal bones
and “virtual surgery,” the BC-FMT can
be adequately fitted to the mastoid bone
in 77% of women and 81% of men, but
less than 50% of children under 8years
of age [20]. Therefore, it was necessary
to develop smaller active transcutaneous
bone conduction hearing implants.

Further development of the BCI 601
(the BCI 602) reduced the penetration
depthof theBC-FMTfrom8.7 to4.5mm.
This was achieved by increasing the BC-
FMT diameter from 15.8 to 18.2mm
and locating some components of the
BC-FMT above the bony surface. With
the additional use of 1-mm spacing
washers (BCI 602 Lifts), the implan-
tation depth can be further reduced
to 3.5mm. This configuration elevates
the BC-FMT to 5.1mm above the bony
surface. The anchor holes in the fixa-
tion wings are 24.4mm apart (BCI 601:
23.8mm; . Fig. 1).

This article describes the surgical
technique for implanting the new active
transcutaneousbone conductionhearing
implant, BCI 602 (MED-EL, Innsbruck,
Austria) with optimized geometry.

Surgical technique

The implantable component of the bone
conduction implant BCI 602 consists of
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Fig. 19 Comparison of
the bone conduction im-
plants (BCI) 601 and 602.
Images show the new ac-
tive bone conduction hear-
ing system, BCI 602 (right),
and the previousmodel,
BCI 601 (left), (©MED-EL,
Innsbruck, Austria, with
permission). Virtual three-
dimensional (3D)mod-
els of the bone conduc-
tion-floatingmass trans-
ducers (BC-FMT) are used
for preoperative planning.
All measurements are ex-
pressed inmillimeters

19.2 mm
29.9 mm

16.1 mm

2.7 mm bone thickness

5.1 mm bone thickness

Fig. 28 Landmarks for transferring the preoperatively determined implant position into the surgical
field. Suitable landmarks include themastoid tip, the anteriorwall of the external ear canal or its rem-
nants, the lateral orbital rim (not shownhere), or the temporomandibular joint [17].During planning,
bone thickness ismeasured in the areawhere the self-drilling cortical screwswill be placed to fix the
bone conduction-floatingmass transducer [33]

an FMT with the electronics and an at-
tachment magnet surrounded by the re-
ceiver coil (. Fig. 1). The external part,
the audio processor, is held in place by
the magnet.

Preoperatively, the temporal bone is
evaluated to determine placement of the
BC-FMT. Severalmethods and tools have
beendescribed for this task, varying from
adetailed visual analysis and two-dimen-
sional (2D) measurements of standard
computed tomography (CT) scans to so-
phisticated planning tools and preoper-
ative “virtual surgery” [2, 6, 7, 12, 13, 15,
17, 27–30, 34].

Surgery can be performed with either
local or general anesthesia. All surgeries

described here were performed with
the patient under general anesthesia
and additional periauricular infiltration
with Ultracain/Suprarenin (articaine/
adrenaline). The optimal position of the
BC-FMT was then transferred to the
surgical field (. Fig. 2).

» Surgery can be performed
with either local or general
anesthesia

Thesurgeon should consider a number of
precautions. First, the receiver coil and
the audio processor should not come into
contact with scars from previous surg-

eries. Pressure due to contact with the
magnets could lead to impaired capillary
perfusion and, in the worst case scenario,
necrosis in the overlying scarred skin.
Skin and pericranial incisions should not
be superimposed. In cases where an aes-
theticauricularreconstructionisplanned
at a later stage due to atresia, or to leave
roomforthispossibility, a “posterioratre-
sia incision” can be performed, as de-
scribed by Frenzel et al. (2010). In this
procedure, an incision cuts through all
layers, following which a subperiosteal
dissection is performed. Thus, the phys-
ical integrity of the tissue layers around
the ear remnant are preserved (. Fig. 3;
[9]).

Next, only the implant bed for the BC-
MFT is drilled. Despite careful preop-
erative planning, the implant bed might
reach the dura, the sigmoid sinus, an ear
canal remnant, or an open mastoid cav-
ity. Therefore, the authors typically start
by drilling the implant bed in the center
of the BC-FMT position to a depth of
4.5mm with a small-diameter drill bit,
approximately 5mm in diameter. The
implant bed is then gradually enlarged.
By successively moving the drill bit away
from the structures mentioned, they can
be avoided (. Fig. 4A).The adequate size
and shape of the implant bed can be eval-
uated with a sterile “BCI 602 Sizer Kit”
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(. Fig. 4B).Alternatively, anadaptedster-
ile ruler and an intraoperatively “created”
depth gauge (the authors use a 0.7-mm
suction tip, off-label) have proven useful
for this measurement (. Fig. 4C, D).

The implant can be bent in the tran-
sition zone, ±90° in the horizontal plane
and –30° in the vertical plane (. Fig. 5).
While bending, the implant should be
held with the thumbs and index fingers
of both hands, one at the positioning
aid and one at the BC-FMT (. Figs. 1
and 5). The receiver coil and the attach-
mentmagnetareplaced inasubperiosteal
pocket, directly on the skull. The fixa-
tion wings with anchor holes should lay
flat on the bone (. Fig. 6A, B). When
pressing the BC-FMT down with a fin-
ger, it should not wiggle or wobble. The
BC-FMT is then fixed with self-drilling
cortical screws (. Fig. 6C, D).

The audio processor retention force is
determined by the thickness of the skin
over the magnet and receiver coil and
by the magnet strength [32]. For the
BCI 602, skin thickness should not ex-
ceed 7mm; this can be tested with a skin
flap gauge [1]. Skin thickness can also be
determined by putting an injection nee-
dle through the skin in the area where the
receiver coil and magnet will be placed.

» By successively moving the
drill bit away from the structures
mentioned, they can be avoided

Skin closure is typically performed
in layers, with resorbable (subcuta-
neous and pericranial: 3/0) and non-
resorbable (skin, 4/0) sutures. Alterna-
tively, cyanoacrylate topical skin adhe-
sive can be used to close the skin. The
pericranial layer can usually be closed
completely over the BC-FMT, despite its
partial elevation above the bone surface.

The first activation and fitting of the
audio processor is carried out after com-
plete disappearance of any swelling over
the receiver coil and magnet, at approxi-
mately 4weeks after surgery, in an appro-
priate audiological center. Thereafter, an
adaption phase of several weeks is nec-
essary, depending on the individual pa-
tient. Technical and medical check-ups
are necessary at least once per year.

. Figure 7 shows the preoperative
planning for implanting bone conduc-
tion hearing systems in a 4.5-year-old
patient with atresia (ear canal stenosis,
malformation of the malleus and incus,
and a thickened stapes footplate) and
complete conductive hearing loss. The
parents declined the offer to continue
hearing rehabilitation with a soft-band
bone conduction hearing aid or canalo-
plasty with tympanoplasty. Preoperative
3D planning was performed without BC
Lifts, since lifts would further elevate the
BC-FMTover the bony surface, a feature
the authors like to avoid, particularly
in the presence of thin skin, which is
common in children.

» The audio processor is
first fitted and activated at an
audiology center following
wound healing

. Figure 8 shows the preoperative plan-
ning for an adult patient with bilateral
complex malformation and after previ-
oushearing rehabilitationwith apercuta-
neous bone conduction hearing implant
on the right side (BAHA, Cochlear, Syd-
ney, Australia) and a transcutaneous sys-
temonthe leftside (BCI601). Thepatient
had experienced recurrent skin irrita-
tion around the abutment, including skin
overgrowth; therefore, the percutaneous
bone conduction systemon the right side
was replaced with a BCI 602. Detailed
preoperative CT-based planning was re-
quired due to scars from the previous
skin incisions, the plan to simultane-
ouslyexplant thefixture, andthepresence
of mastoid hypoplasia. Placing the BC-
FMT required limited exposure and tem-
porary impression of the sigmoid sinus
(. Fig. 9). By pressing the bony island
of the sinus inward with a suction tip,
it could be protected while the BC-FMT
implant bed was molded with the burr.
This technique can also be applied to
avoid injury to the dura.

Discussion

Thedimensionsof theBC-FMTarebased
on physical and technical requirements.
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Abstract
Here, we describe the surgical technique for
implanting a new, active, transcutaneous
bone conduction hearing aid. The implant
technology is based on a system that
has been in use reliably since 2012.
The geometry of the new implant has
been adapted based on experience with
previously introduced implants. The surgery
was feasible, standardized, and safe. Due
to the optimized geometric design that
improved the bone fit, it is not necessary
to use specialized, detailed preoperative
planning, except in challenging anatomical
conditions; e.g., in young children,
malformations, poor pneumatization, or
after a canal wall downmastoidectomy.

Keywords
Patients · Hearing aids · Otologic surgical
procedures · Hearing loss, conductive ·
Hearing loss, mixed, conductive-
sensorineural

Thepreviousmodel (BCI601)wasassoci-
ated with considerable risk of depressing
the sinus and/or the dura, particularly in
children, malformations, poorly pneu-
matized mastoids, and after canal wall
down surgery.

» To avoid depressing the
sinus or dura, CT-based surgical
planning is recommended

Therefore, detailed preoperative, CT-
based surgical planning was recom-
mended in those situations [2, 6, 7,
12, 13, 15, 17, 20, 22, 27–30, 34]. The
introduction of BCI Lifts increased the
probability that the BC-FMT could be
fitted to the bone with 4-mm lifts in up
to 100% of patients older than 9 years
[20, 28].

Arecentmeta-analysis that focusedon
the BCI 601 showed a rate of 1.7% (five
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Fig. 38 Planning the incisions. The skin andpericranial incisions should not be superimposed.Ex-
ceptions include cases of atresia, with a possible aesthetic auricular reconstruction planned at a later
stage. In these cases, the position of the ear ismarked according to standard recommendations.The
posterior incision ismade through all layers at a distance of approximately 15mm from the later helix
[9]

Fig. 48 Creating the implant bed.ADrilling of the implant bed is started in the center of the position
planned for the bone conduction-floatingmass transducer.The depth is 4.5mmand the diameter is
relatively small, approximately 5mm.The implant bed is successively enlarged bymoving the drill bit
away from critical structures (sigmoid sinus, dura, ear canal, openmastoid cavity) to avoid damage.
B The adequacy of the size and shape of the implant bed can be evaluatedwith a sterile “BCI 602 Sizer
Kit.” Alternatively, the implant bed canbemeasuredwith a sterile ruler and adepth gauge (here, the
authors used a 0.7-mm suction tip, off-label) (C, D)

of 289 implantations) for serious adverse
events (SAEs), i.e., complications that led
tosurgical revisionordeviceexplantation
[14]. A previous retrospective, mono-
centric observational study reported that
theBCI601wasexplanted infiveof64pa-
tients (7.8%) due to implantation out of
audiological (one patient) or anatomical
indication criteria (four patients). Three
patients experienced protrusions into an
open mastoid (“radical”) cavity, and one
patient received an implantation under
the scar tissue fromapreviousBAHAim-
plant [5]. Another retrospective, multi-
centerobservational studyreportedSAEs
in three of 61 (5%) patients. One patient
required inpatient treatmentdue toapro-
cedure-relatedwoundinfectionandahis-
tory of multiple previous reconstruction
surgeries for dysplasia and atresia. The
second patient complained of cephalal-
gia, which, during revision surgery, was
found to be due to newly formed soft tis-
sue and bone between the implant and
the dura. In the third patient, the de-
vice was exchanged due to an unantici-
pated device-related SAE (device failure)
at 27 months after the primary surgery
[18].

» The lower penetration depth
of the BC-FMT into the temporal
bone requires a larger BC-FMT
diameter

At the authors’ centers, only one of 51
(2%) patients required a BCI 601explan-
tation. However, that was not device-
related, but due to sudden hearing loss
in the contralateral ear and, thus, the
patient lost the audiological indication
range for a CROS. Two revision surgeries
(3.9%)were necessary; onewas to reduce
the skin flap over the receiver coil and
magnet, and the other was to relocate the
implant bed due to progressive outlining
of the implant through the preexisting
thin retroauricular skin, without skin ir-
ritation. Two other patients experienced
infections of the auricular episthesis an-
chors; however, the infections were not
related to the bone conduction hearing
implant.

HNO · Suppl 2 · 2020 S109



OP-Techniken

Fig. 58 Positioning the receiver coil andmagnet.A The implant can be bent at the transition zone (white arrow inC) ±90°
in the horizontal plane and –30° in the vertical plane.While bending, the implant should be heldwith the thumbs and index
fingersofbothhands; onehandshouldbeplacedat thepositioningaid (Bandblack arrow inC), and theotherhandshouldbe
placed at the bone conduction-floatingmass transducer. (A: MED-EL, Innsbruck, Austria, with permission)

Fig. 68 Fixing the bone conduction-floatingmass transducer (BC-FMT) to the bone.A,B The fixation
wingswith anchor holes should lay flat on the bone.When pressing the BC-FMTdownwith a finger, it
should notwiggle orwobble.C, D The BC-FMT is fixedwith self-drilling cortical screws; this procedure
issimpler inthismodel (BCI602)thaninthepreviousmodel (BCI601). (A,C:MED-EL, Innsbruck,Austria,
with permission)
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Fig. 78 Preoperativeplanforthe implantationofanactive, transcutaneousboneconductionhearingsystemina4.5-year-old
patientwith atresia and complete conductive loss (according to Plontke et al.2014 [17]). The bone conduction-floatingmass
transducers requiredintracranialpenetrationsof: (A,B)6–7mmfortheBCI601and(C,D)<2mmfortheBCI602. Duetotheex-
pectedskullgrowth[25], a computedtomographyscanandplanningwerenot repeatedbefore surgeryat theageof5.5years.
Intraoperatively, the dura and sigmoid sinuswere exposed, but not impressed.This patient is also shown in.Fig. 4
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Fig. 88 Radiological planning and surgical field for the simultaneous explantation of a fixture from
a percutaneous bone conduction implant and implantation of a BCI 602 (right ear).A The computed
tomography (CT) scout view shows the fixture. Axial CT (B) and coronal (C) CT showmastoid hy-
poplasia, the lateralized sigmoid sinus, andminimal cortical bone thickness (<5mm) at the bone
conduction-floatingmass transducer (BC-FMT)position. The abutment is completelyovergrownwith
skin (black arrow) (D) and is removedbefore creating the implant bed (E). (A–C: CT images reproduced
withpermission fromProf. Dr. med. M.A.Weber, Institute forDiagnostic and Interventional Radiology,
Pediatric andNeuro-Radiology, UniversityMedicine Rostock)

The BCI 601 and 602 manufacturer
has specified that the audiological indi-
cation limit is a maximum bone conduc-
tion threshold of 45dB, in the frequency
range of 0.5–to 3kHz. Considering the
maximum power output and a dynamic
range of 30–35dB, and based on the au-
thors’ own experience, the best audio-
logical results (sufficient loudness and
dynamic range) are achieved when bone
conduction has not yet reached the 45-
dB limit [16, 19, 21]. For single-sided
deafness, the bone conduction threshold
should not exceed 20dB, in the range
of 0.5–3kHz, in the contralateral (hear-
ing) ear (based on manufacturer specifi-
cations and the authors’ ownexperience).

With the new active BCI and its
optimized geometry, the anatomical
indication range has significantly in-
creased compared to the previous model
(BCI 601). A study that performed
“virtual surgery” in 151 temporal bones
of 81 children and young adults (ages
5 months–20 years) demonstrated that,
in all patients aged 12 years and older,
the BCI 602 could be completely fitted to
the bone. In patients aged 3–5 years, the
BCI 602 couldbefitted to the bone in75%
of cases. In contrast, a complete bone
fit was not achieved with the BCI 601 in
any of the temporal bones without BCI
lifts [33]. However, the BCI 602 has not
been approved for this age group of up
to 5 years. A lower penetration depth
would entail a reduced volumeof the BC-
FMT. However, adequate acceleration of
the skull, which is necessary for stimu-
lating the inner ear, would be difficult to
achieve. The resonance frequency is in-
directly, exponentially related to themass
of the BC-FMT (~m–1/2). Thus, for an
electromagnetic transducer with a given
mass and resonance frequency, a lower
penetration depth required a larger di-
ameter (BCI 601: 15.8mm and BCI 602:
18.2mm; . Fig. 1). This corresponds
to a 15% increase in the diameter and
a 45% reduction in the volume of the
implant bed. The latter was reached
by partially translocating the BC-FMT
above the skull surface (. Fig. 1). Due
to the translocation of the electronics
(demodulator) into the BC-FMT, the
overall “footprint” of the implant has
decreased. Consequently, depending
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Fig. 98 Placing the bone conduction-floatingmass transducer (BC-FMT) close to the sigmoid sinus.
A, CDue to the close proximity of the sigmoid sinus (S), a bony island is created on the exposed sinus
wall (white arrow). This can be used to protect the sinus from thedrill bit by temporarily and gently
pressingon the islandwith the suction tip.B,DFinal positionof theBC-FMTafter removing thepre-ex-
isting fixture (asterisk)

on the individual configuration of the
temporal bone, implantation in children
under 5 years old appears to be possible
and has been performed (off-label) in
individual cases (. Fig. 10).

Summary

4 The new active bone conduction
hearing implant technology is based
on a system that has been reliable
since 2012.

4 The surgery is feasible, standardized,
and safe.

4 The optimized geometric design has
improved the fit of the implant to
the bone even under challenging
anatomical conditions.
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Fig. 108 Preoperative planning based on Plontke et al.2014 [17] for the implantation of the active transcutaneous bone
conductionhearingsystems,BCI601andBCI602, ina3-year-oldpatient.Thepatienthadbilateralatresia,poorlypneumatized
mastoids, hypoplastic tympanic cavities, dysplastic ossicles, an atypical facial nerve course, and complete conductive loss.
Without theBCILifts, theBCI601 required intracranialpenetrationsof6.2mm(BCI601 right)and4.4mm(BCI601 left).Thenew
implantwith optimized geometry (BCI 602) required intracranial penetration,with an impression of the dura and/or sinus, of
2mm (BCI 602 right). However, intracranial penetrationwas completely avoided on the left side by using a 1-mmBCI Lift at
the inferior fixationwing (bottom row center). After informed consent about the off-label use in this age group, anddue to
the explicit wishes of the parents, the BCI 602was implanted in this patient at the age of 3 years and 4months (this patient is
also shown in.Fig. 3). The axial computed tomography (CT) (center top) and coronal CT (centermiddle) are reproducedwith
permission fromProf. Dr. S. Kösling (Radiology, UniversityMedicine Halle, Germany)
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