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Abstract

Background: The Bonebridge bone conduction implant (BCI) is used in cases of conductive, mixed hearing loss and single-sided deafness.
The system can be implanted in the mastoid process pre- or retrosigmoidally. Presigmoid placement tends to reduce the number of subse-
quent implantations. The use of new refinements — such as spacers called BCI lifts, which facilitate adjustment during surgery — broadens the
applicability of Bonebridge to a larger group of patients.

Case report: This case study presents a 58-year-old female patient with bilateral chronic otitis media who had undergone several operations
in the past and who qualified for a Bonebridge implant. During surgery, a lift for the lower screw of the bone-conduction floating mass trans-
ducer (BC-FMT) was used because of an anterior course of the sigmoid sinus. We analysed hearing results before and 3 months after the sur-
gery. The results indicated stable bone conduction thresholds and improved hearing and speech recognition after implantation.

Conclusions: The Bonebridge system is an effective treatment for hearing loss caused by chronic otitis media in cases where classic otosur-
gery cannot be performed. Difficult conditions during surgery, as caused by an anterior sigmoid sinus, can limit the use of the Bonebridge.
In such cases use of a lift can widen implantation options.
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CURSO ANTERIOR DEL SENO SIGMOIDEO Y USO DE UN ELEVADOR (LIFT) CON
EL IMPLANTE BONEBRIDGE: ESTUDIO DE UN CASO

Resumen

Antecedentes: el implante de conduccion dsea Bonebridge (BCI) se utiliza en casos de pérdida auditiva conductiva, pérdida auditiva mixta y
sordera unilateral. El sistema se puede implantar en la apdfisis mastoide pre o retrosigmoidalmente. La colocacion presigmoidea tiende a re-
ducir el nimero de implantaciones posteriores. El uso de nuevos refinamientos, como los espaciadores llamados elevadores BCI, que facili-
tan el ajuste durante la cirugia, amplia la aplicabilidad de Bonebridge a un grupo mas grande de pacientes.

Caso clinico: a continuacion, se presenta el caso de una paciente de 58 anos con otitis media cronica bilateral que se ha sometido a varias
operaciones en el pasado y que es candidata para un implante Bonebridge. Durante la cirugia, se us6 un elevador para el tornillo inferior del
transductor de masa flotante para conduccion 6sea (BC-FMT) como consecuencia de una anteriorizacién del seno sigmoideo. Analizamos
los resultados auditivos antes y 3 meses después de la cirugia. Los resultados indicaron unos umbrales de conduccion dsea estables y mejora-
ron la audicién y el reconocimiento del habla después de la implantacion.

Conclusiones: El sistema Bonebridge es un tratamiento eficaz para la pérdida de audicion causada por la otitis media crénica en los casos en
que no se puede realizar la otocirugia clasica. Las condiciones dificiles durante la cirugia, como las causadas por un seno sigmoide anteriori-
zado, pueden limitar el uso de Bonebridge. En tales casos, el uso de un elevador puede ampliar las opciones de implantacion.

Palabras clave: Bonebridge « implante de conduccidn dsea « seno sigmoideo anterior « elevaciones BCI
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IMPEJIEXXAHME CUTMOBIJIHOI'O CMHYCA N UCITIOJIb3OBAHME
ITPOKITATOK B MMIIVTAHTAX BONEBRIDGE - OIIMCAHME CIIYYAA

AHHOTaIMA

Bcrynnenne: ViMmnant kKocTHolt nposoaumocti Bonebridge (BCI) ncmonbsyercst B cy4ae 4aCTUYIHON MOTEPH CTyXa KOHIAYKTUB-
HOTO VW/IM CMEIIAHHOTO XapaKTepa, a TaKXKe IIPU OFHOCTOPOHHEII ITyXoTe. JJaHHAsl CHCTeMa BXKUBJISIETCS B COCLIEBU/HBIIL OTPOCTOK
Tepef VIM 3a CUTMOBVIHBIM CHHYCOM. JIOKa/IM3a1is Ieper; CHHYCOM IPUBOAUT K YMEHBIICHNIO YIC/Ia BO3MOXKHBIX MMIUTAHTALIVIL.
BHefipeHe HOBBIX MIHCTPYMEHTOB, TAKUX KaK pacnpegenurensuble npoxnaaku «BCI lifts», KoTopsle II03BOSIOT BO BpeMsi OIlepaliun
PAaCIIOIOKUTD MMIUIAHT COOTBETCTBYIOLIMM 06PasoM, IIO3BOJIAET PACUIMPUTH BO3ZMOXXHOCTH JCIIONb30BaHNMsA NMITaHTa Bonebridge
cpeny GONIblLelT TPYIIIbI HAEHTOB.

Omnucanue cnyvas: [IpencTaBieHHbI KIMHUYECKMIA CTy4ail ONMMChIBAET MCTOPUIO 60/Ie3HNM 58-7IeTHell MAIeHTKN C XPOHMYECKUM
BOCITaJIEHVeM CPEJJHEro yXa ¢ 06eMX CTOPOH, KOTOPOIi [I0 3TOT0 ObIIIO MPOBEJIEHO HECKOIBKO OIIePaIiNii, M KOTOpas OblIa HallpaB/IeHa
Ha OIepanyio 10 BXXMBJIEHUIO MMIUIAHTa KOCTHOI npoBoayumMocTu Bonebridge. Bo Bpems onepanymu ns-3a nmpejjie>xaHus CUTMOBW/-
HOTO CHHYCa ObI/IM MCIIO/Ib30BAHBI PACIIpefieNNTeNbHbIe IPOKIAKN MO, HIDKHUIT BUHT npeobpasosarens BC-FMT. ITpoBenen aHa-
U3 IOy YEeHHBIX Pe3y/IbTaTOB CIyXa [0 oIeparuu u 3 MecaAna moce. Ilonydennsie pe3ynibTaThl IOATBEPXKAAIOT CTAOUIBHOCTD TOPO-
TOB CITyXa KOCTHOJ MPOBOAMMOCTH, YTydIlleHNe CTyXa M MOHMMAaHMs P4y MOC/e UMITTAaHTal .

Brisopsr: Cucrema Bonebridge sapnsierca addexTvBHBIM CIIOCO6OM JI€4eHUsT TYTOYXOCTH, BBI3SBAHHON XPOHMYECKUM BOCIIA/IEHNEM
Cpef{Hero yxa B CIIy4asX, KOTfIa He MOTYT OBITh IIPMMEHEHBI METOIbI K/IaCCHMYecKoit oToxupyprun. CoXKHbIe YCIOBIUA BO BpeMs oOIle-
panuu, BbI3BaHHbBIE IIPelIe>KaHyeM CUTMOBUIHOTO CHHYCa, MOTYT OTPaHUYMTh MICIIONIb30BaHMe cucTeMbl Bonebridge. B Takux ciyda-
AX UCTIONIb30BaHME PACHPENeTNTeTbHBIX MPOKIAZIOK MOKET PACIIMPUTD BO3MOXXHOCTH MICIIONb30BAHMS MIMIUIAHTIPYEMOI CHCTeMBbI.

KiroueBsle coBa: Bonebridge « MMIIIaHT KOCTHOJ IIPOBOAVMOCTH o IIPEJIEXKaHVe CUTMOBU/JHOTO CHHYCA » PAaclpefenTebHbIe IPO-
xmanxu (BCI lifts).

PRZODUJACA ZATOKA ESOWATA I ZASTOSOWANIE PODKLADEK
DYSTANSUJACYCH DO IMPLANTU BONEBRIDGE - OPIS PRZYPADKU

Streszczenie

Wprowadzenie: Implant na przewodnictwo kostne typu Bonebridge stosowany jest w przypadku niedostuchu o charakterze przewodzenio-
wym, mieszanym a takze w jednostronnej gluchocie. System ten moze by¢ implantowany w wyrostku sutkowatym w lokalizacji przed lub za
zatoka esowatg. Lokalizacja przedzatokowa moze niekiedy ogranicza¢ grono odbiorcéw tego urzadzenia. Wprowadzenie nowych narzedzi,
jakimi sg podkladki dystansujace, pozwala na tatwiejsze dopasowanie czeéci wewnetrznej podczas zabiegu operacyjnego i zastosowanie im-
plantu typu Bonebridge w wigkszej grupie pacjentéw.

Opis przypadku: Opis przypadku klinicznego dotyczy 58-letniej pacjentki z przewleklym zapaleniem ucha srodkowego obustronnie, ktéra
przeszta kilka operacji w przeszlosci i zostata zakwalifikowana do zabiegu wszczepienia implantu na przewodnictwo kostne typu Bonebrid-
ge. W trakcie zabiegu operacyjnego zastosowano podkiadke dystansujaca pod dolng $rube¢ przetwornika BC-FMT z powodu przodowania
zatoki esowatej. Dokonano analizy uzyskanych wynikéw stuchowych przed operacja oraz 3 miesigce po wszczepieniu urzadzenia. Uzyskane
wyniki potwierdzaja stabilno$¢ progéw styszenia na drodze kostnej oraz poprawe slyszenia i rozumienia mowy po wszczepieniu systemu.

Whioski: System Bonebridge to skuteczny sposéb kompensowania niedostuchu spowodowanego przewleklym zapaleniem ucha $rodkowe-
go w przypadkach, gdy nie mozna wykonac¢ klasycznej otochirurgii. Trudne warunki podczas operacji, spowodowane przodujacg zatoka eso-
watg, mogg ogranicza¢ mozliwosci zastosowania systemu Bonebridge. W takich przypadkach uzycie podkladek dystansujacych moze zwigk-
szy¢ mozliwo$¢ implantacji urzadzenia.

Stowa kluczowe: Bonebridge « implant na przewodnictwo kostne « przodujaca zatoka esowata « podktadki dystansujace

Introduction internal, comprising a BC-FMT (bone conduction floating

mass transducer) and a receiver coil with magnet and de-
The Bonebridge implant (Med-El, Innsbruck, Austria) is modulator, and external, comprising sound processor held
a system used to treat mixed, conductive hearing loss and over the inner part by magnets [2]. The system is implanted

single-sided deafness [1]. The device consists of two parts:

Figure 1. (A) Presigmoid placement
of the BC-FMT; (B) retrosigmoid
placement of the BC-FMT (own
drawings)

2018 Vol. 8 - No. 4 57



Case Reports  56—61

RIGHT EAR

750 1500 3000 6000 Hz

dB
-10

0
10
20
30 >
40
50

60 /@/ ‘

70
80 Y /

A\

90 N
100

110
120

125 250 500 1000 2000 4000 8000 Hz

LEFTEAR

750 1500 3000 6000 Hz

dB
-10

0
10 v
20 = =
30 =
40
50
60 / \\>
70 &\)e
80
90
100
110
120

Ll

125 250 500 1000 2000 4000 8000 Hz

Figure 2. Pure tone audiometry before implantation of the Bonebridge system

pre- or retrosigmoidally. Sometimes an approach through
the middle cranial fossa is used [3].

In the case of the Bonebridge, implantation using a presig-
moid placement is generally preferred [1]. If the BC-FMT
is placed retrosigmoidally, the meninges are exposed and
the transducer can be in contact with them, sometimes
even pressing against them [3] (Figure 1). The Bonebridge
system has been used in clinical practice only since 2012
[4], and so long-term observations are unavailable, espe-
cially in cases where the safety of the transducer pressing
upon the meninges is a concern. With presigmoid place-
ment of the implant, the reference points are the sigmoid
sinus, the middle cranial fossa dura, and the posterior wall
of the external auditory canal.

In terms of everyday use the Bonebridge system is well re-
ceived by patients. After implantation, the skin flaps are
closed, providing low risk of skin complications. Patients
assess the implanted area as more esthetic compared to
percutaneous systems [4]. Nevertheless, the BC-FMT of
the system is large and therefore the number of patients
suited to presigmoid implantation is limited. The bone bed
of the inner part of the BC-FMT requires a mastoid bone
thicker than 8.7 mm and an antero-posterior dimension
in excess of 15.8 mm [2]. During preparation of the bone
bed, particular attention needs to be made to the place-
ment with respect to the dura and the bony wall of the
sigmoid sinus [5].

In addition to an anterior course of the sigmoid sinus, a
decreased volume of mastoid due to congenital defects or
prior radical operations can lead to serious limitations in
how the Bonebridge system is implanted. However, thanks
to the use of a lift (currently available in four sizes from 1
to 4 mm) and a procedure for rebuilding the posterior wall
of the external auditory canal after radical surgery, options
for Bonebridge implantation are now wider.
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Case Presentation

This clinical case study reports the Bonebridge implan-
tation of a 58-year-old woman with bilateral, mixed
hearing loss. Analysis of the audiometric results was
carried out with the consent (KB/07/2016) of the lo-
cal bioethics committee. The patient’s medical histo-
ry listed bilateral chronic otitis media with choleste-
atoma with recurrent draining ears for over 30 years.
In the past, the patient had undergone myringo- and
ossiculoplasty of the right ear and modified radical
operation of the left ear, followed by two revisions of
the left ear. During myringo- and ossiculoplasty of the
right ear, a large quantity of adhesions were observed,
presenting a high risk of no postsurgical hearing im-
provement. In addition, during revision surgery af-
ter a modified radical operation of the left ear, a total
lack of auditory ossicles was observed, and as a result
reconstruction was considered to be too risky. Due to
the degree of hearing loss (Figure 2), stable bone con-
duction thresholds over the last few years, and no op-
tion to perform a classical surgical reconstruction, the
recommendation to the patient was implantation of a
bone conduction device. Audiological tests (free-field
and speech audiometry) with a BC device on a softband
showed that objective and subjective improvements in
hearing could be obtained. A CT of the temporal bone
was performed in order to show whether a bone con-
duction floating mass transducer (BC-FMT) could be
implanted within the mastoid processes. On the right
side it was found that if a bone conduction implant lift
(BCI lift) of 3 mm was used, there was room for im-
plantation of the transducer. On the left side, however,
the anatomy made implantation of the device impossi-
ble. The patient therefore qualified for implantation of
the Bonebridge device on the right side.

2018 Vol. 8 - No. 4



Figure 3. The light blue wall of the anterior sigmoid
sinus is visible in the posterior lower quadrant of the
created bone bed in this intraoperative picture of the
right ear.

% ; i

Figure 4. Placement of a 3 mm lift under the lower part
of the BC-FMT

5

Figure 5. Fitting the transducer together with the BCl lift
in the bone bed

During surgery, a right postauricular incision was made,
subcutaneous tissues were dissected, the periosteum was
elevated, and a bone bed matching the size of the trans-
ducer was prepared. During creation of the bone bed, the
anterior sigmoid sinus could be observed through the bony
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wall (Figure 3). Two holes (1.4 mm in diameter) were then
made using a 3.9 mm drill head. The implant was placed
in the bed using a 3 mm lift under the lower part of the
transducer (Figures 4, 5). It was attached by two screws
of 2 mm diameter (upper part) and 2.4 mm (lower part)
(Figure 6). Torque measurement gave a figure of 25 Ncm
(Figure 7). The skin flap was of the correct thickness and
it was closed in layers.

The postoperative period proceeded without complica-
tions. At the control visit 10 days after surgery, the stitch-
es behind the right ear were removed and correct healing
of the implant area was observed. The patient did not re-
port any complaints. Four weeks after surgery, the exter-
nal audio processor was fitted.

A control hearing test was performed 3 months after sur-
gery. Pure tone audiometry showed stable air and bone
conduction thresholds (Figure 8). Free-field audiome-
try performed with and without the device from 500 to
4000 Hz (Figure 9) showed a significant improvement in
hearing sensitivity, and the average functional gain was
31 dB (calculated for 500, 1000, 2000, and 4000 Hz). The
results of speech audiometry in the free field using mon-
osyllabic word tests for speech signal intensities of 50, 60,
and 70 dB SPL indicated an improvement in speech dis-
crimination score of up to 70% in quiet; improvement in
speech discrimination was also obtained at a signal-to-
noise ratio of +10 dB (Figure 9).

Discussion

As indicated in the literature, the extent of the anterior
course of the sigmoid sinus is often correlated with a low
quantity of air in the mastoid process [6], which is affected,
among other things, by chronic otitis media [7, 8]. Ichijo
et al. [7] suggest that otitis media in childhood affects the
development of the mastoid process and thus the course
of the sigmoid sinus within it. There are several classifi-
cations of the extent of the anterior course of the sigmoid
sinus [6, 9], and in temporal bone section preparations a
relatively high percentage — over 57% — of anterior dis-
placement of the sigmoid sinus has been reported [9].

In the case of the Bonebridge implant, displacement of the
sigmoid sinus is a significant limitation in implanting it
presigmoidally. Due to an anterior course of the sigmoid
sinus, presigmoid placement of the Bonebridge can be lim-
ited or even impossible.

Techniques which facilitate presigmoid placement of the
Bonebridge BC-FMT are available, e.g. maps of bone
thickness or use of BCI lifts [10]. From our experience,
the latter seems to be an additional tool that facilitates
and sometimes even allows implantation that is other-
wise impossible. At the moment, no studies are available
on possible complications of the use of lifts, such as skin
complications.

The use of BCI lifts during implantation of the Bone-
bridge system makes it possible to increase the number
of potential recipients. Lifts provide additional help dur-
ing surgery in cases where positioning of the transduc-
er in the bone bed is difficult, as in the described case.
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Figure 6. Condition after fixing the implant to the bone Figure 7. Checking the tightening torque of the fixing
bed screws. A torque of 25 Ncm was measured under the
lower part of the implant.
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Figure 8. Results of pure tone audiometry 3 months after surgery
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Figure 9. Results of free-field audiometry and speech audiometry 3 months after surgery
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However, the use of lifts, especially those 3 or 4 mm
thick, requires further observation, because it is possi-
ble that skin complications, associated with the forma-
tion of a bone step between the surface of the implant
and the temporal bone, may occur.

Conclusions

Despite difficult intraoperative conditions, the Bonebridge
system was implanted in the anterior sigmoid sinus using
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