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Abstract Introduction The transmastoid approach is the most recommended technique to
Bonebridgesurgery,while inpatientswithbadanatomyor in the canalwall downtechnique,
retrosigmoid or Middle Fossa Approaches are the alternative surgical options.
Objective To describe a novel alternative approach called inverted middle fossa
approach (IMFA) and its technique and audiological outcomes.
Methods Seven patients submitted to the IMFA were included. All patients presented
conductive andmixed hearing loss with bone thresholds of the audiogram> 40 dB. The
audiological test was conducted pre- and postoperatively.
Results A total of 5 males and 2 females, aged 13,8 years old (range 6–25 years old)
were studied. The average follow-up was of 20 months (12 to 32 months). All patients
presented aural atresia, except one with severe osseous-fibrous dysplasia of the
temporal bone. Two patients showed bilateral compromise, three patients had
associated Goldenhar and Treacher Collins syndrome. On the preoperative audio-
grams, air conduction (AC) thresholds showed a PTA4 (0.5, 1, 2 and 4 kHz) of 66.7 dB
(standard deviation [SD]¼ � 7.8), while the bone conduction thresholds reached an
average of 11.2 dB (SD¼ � 6.9). The postoperative thresholds did not change, and
additional sensorineural damage was not observed before activation. Four weeks after
surgery, all the patients were fitted with the external processor. The postoperative
audiological aided exam showed AC PTA 4 thresholds of 18.9 dB (SD¼ � 5.9).
Conclusion The IMFA allows the nearest position of the microphone to the external
auditory canal. The technique is a suitable option to the 3 classical approaches with
similar rate of audiological results. More investigation is needed to determine the
benefit of the novel approach compared with the others.
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Introduction

Bone conduction hearing aids (BCHAs) can be classified in active
or passive ones, and according to the status of the skin in
transcutaneousorpercutaneous.1Thefirst active transcutaneous
BCHA (Bonebridge, Vibrant MED EL, Innsbruck, Austria) was
approved for commercialization in 2012. Its main indication is
the treatment of conductive or mixed hearing loss and single
sided deafness (SSD). In our experience, and due to the high
prevalence of congenital aural atresia (CAA) in our country,2 the
most important indication is in patients suffering from this
malformation, despite the fact that patients with chronic otitis
media andotosclerosis are also usual candidates. TheBonebridge
is a partially implanted bone conductive hearing system that
consists inexternalandimplantedcomponents.Theexternalpart
is the audio-processor (AP), including microphone and battery,
while the implanted part is called bone conductivefloatingmass
transducer (BC-FMT)andreleasesvibrations tothe innerear.Both
componentsarecoupled troughamagnetkeeping theskin intact.

Originally, the manufacturer proposed the transmastoid
approach except in patientswithout a goodmastoid anatomy
or in patients with radical cavities (canal wall down tech-
nique); in these patients, the proposed option is the retro-
sigmoid route (3—4—5). However, there are many patients
for whom the placement of a Bonebridge. Therefore, in 2013,
Agrawal described the technique of the middle fossa ap-
proach for these patients.3–6

An alternative surgical approach is proposed in the pres-
ent paper. This approach allows the placement of the device
in very complex anatomies, such as patients presenting CAA.
The originally described surgery uses the bone space above
the temporalis line to insert the BCI, with the external
processor usually above the original position of the BCI.
Thismeans that themicrophone usually is far from the pinna.

The main objective of the present paper is to describe an
alternative technique in themiddle fossa approach, reversing
the arrangement of the device to facilitate the placement of
the external part of the device with a more appropriate
position of the microphones, closer to the pinna and slightly
over the horizontal axis of the external auditory canal (EAC).
The naturalmicrophone is the ear drumat the end of the EAC,
therefore we proposed this new technique to imitate the
nearest position to the natural microphone.

Material and Methods

This is a prospective, observational study approved by the
institutional ethics committee and registered at the Health
Ministry (N° 235/2018). Seven patients submitted to Bone-
bridge surgery using the IMFA technique were included.
Most of them presented CAA, and one patient had osseofi-
brous dysplasia of the temporal bone.

The decision of the approach is based on the previous
radiological planning. When neither the mastoid route nor
the retro sigmoidal approach offered a better alternative
than the middle fossa, the inverted middle fossa approach
(IMFA) was performed.

Inclusion Criteria
Conductive and mixed hearing loss with a PTA4 audiogram
showing BC thresholds> 40 dB;

Patients � 6 years old;
Signed and dated informed consent.
All patients underwent the IMFA approach. All the sur-
geries were performed by the same surgeon. X-ray control
was done immediately.
Minimum follow-up of 12 months.

Audiological Evaluation Protocol
Preoperative measurements of audiometry were performed,
as well as free field audiometry in quiet and noise. Audio-
gram (hearing threshold) and word recognition scores were
measured according to the following scheme. The first mea-
surement was before surgery in unaided condition, and the
day of switch on in unaided and aided condition, and 1 and
6months later. Audiogramwas done bywarble tones in free-
field using an Interacoustics AC- 40b clinical audiometer
(Interacoustics, Middelfart, Denmark). The following fre-
quencies were measured: 0.25, 0.5, 1, 2, 4 and 8 KHz.; while
speech perception was evaluated using phonetically bal-
anced disyllabic words in Argentinian Spanish (Tato list).
The tests were performed in quiet and in noise (65 dB SPL
using a loudspeaker and plugging the contralateral side
when indicated).

Results

The IMFAwas performed on a total of 7 patients. See►Table 1

The average agewas 13.8 years old (range 6–25 years old), 5
were male and 2 were female. All of the patients presented
microtia and external and middle ear malformations, except
only one with a severe osseofibrous dysplasia of the temporal
bone. Two patients showed bilateral compromise of the atre-
sia, three patients had associated syndromes, such as Golden-
har (twopatients) andTreacherCollins. Follow-upoccurredon
average at 20 months, ranging from 12 to 32 months.

Surgical Technique
A semicircular incision is made around the BCI, then a double
layeredflapof skin andmuscle is done (►Fig. 1 A-B). Inferiorly,
a pocket is made to place the coil with themagnet, looking for

Table 1 Demographic and characteristics of patients

N Age at
surgery

Gender Pathology

1 12 female bilateral microtia

2 13 male unilateral microtia

3 15 male osseous-fibrous dysplasia

4 11 male Goldenhar Syndrome

5 25 male unilateral microtia

6 6 female Goldenhar Syndrome

7 15 male Treacher Collins Syndrome

International Archives of Otorhinolaryngology Vol. 25 No. 3/2021 © 2020. Fundação Otorrinolaringologia. All rights reserved.

Alternative Inverted Middle Fossa Approach in Surgery of Bonebridge Zernotti et al. 375



the most horizontal axis position at the entrance of the EAC,
where the eardrum is. The eardrum is the naturalmicrophone
of our ear, asmentioned before. Subsequently, the thickness of
theflap ismeasured, always pointing to a thickness of< 7mm
for subsequent postsurgical coupling with the external pro-
cessor. The bed is drilled for the BC-FMT until the dura is
discovered (►Fig. 1C). At this point, it is necessary to drill
carefully and to avoid compression maneuvers, due to the
presence of the Labbé vein (subdural position and irregular
route), which usually crosses the area where the BB will be
placed.(►Fig. 2A) Posteriorly, two holes are made for the
placement of the screws that will fix the implant and that
transmit the vibrations generated by the electromagnetic coil
of the BCI. (►Fig. 2B) The edge of the surrounding bone of the
implant bed must be smooth and separated from the dura to
avoid tears or injuries of the dura.(►Fig. 2A) Finally, the BB is

placed and the internal muscle flap is closed covering the
prosthesis. Lastly, the skin flap is sealed with nonabsorbable
suture (►Fig. 2C). Head bandage is required. This technique
does not offer major technical problems. Approximately after
30 days, the implant was activated by fitting.

Audiological Assessments
On the presurgical audiograms, the AC thresholds showed a
PTA4 (0.5, 1 ,2 and 4 kHz) of 66.71 dB HL (standard deviation
[SD]¼ � 7.8), while the bone conduction thresholds reached
an average of 11.25 dB (SD¼ � 6.9). The postoperative
thresholds did not change at all. Four weeks after surgery,
all the patients were fitted with the external processor. The
audiological protocol was made. In the aided condition, the
AC PTA 4 thresholds reached an average of 18.92 dB HL
(SD¼ � 5.9).

Fig. 2 (A) The dura is seen; the border should be smooth, (B): drilling of holes with a special burr, (C): implant in position and attached with screws.

Fig. 1 (A) Semicircular incision above the pinna, (B): double layered flap, skin and muscular one, (C): implant bed.

Fig. 3 PTA4 of patients with air and bone conduction thresholds, and aided with bone conductive implant.
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The overall average percentage of speech discrimination
before surgerywas37% (SD¼ � 11.4). In the aided condition, it
reached91% in the1stmonthand94%(SD¼ � 5.3)at6months,
whileWRS innoise (signal at 65 dB andnoise at the same level:
- 65dB - S0N0) was 24% (SD¼ � 1 0.5) unaided and reached
74% (SD¼ � 9.7) in aided condition. (►Fig. 3)

Complications
Regarding complications, we did not have intraoperative
complications. Postoperatively, only one patient mentioned
some mild degree of skin irritation after 12 hours of use (it
was the only patient without hair in between the magnet
zone and the external processor).

Discussion

There aremany papers thatmention the auditory advantages
of Bonebridge in conductive hearing loss, particularly in CAA.
The present study examined the Bonebridge, the first active
transcutaneous bone conduction implant system, implanted

with a different approach. This is the first study of this novel
approach where the results indicate audiological measure-
ments comparable with other publications.

The idea was originated in a surgical laboratory doing
different approaches and comparing the distance from the
EAC to the position of the external audio processor (AP) as
shown in ►Figs. 4 and 5.

In the traditional approach (transmastoid), the distance
between the EAC and themagnet is usually from 75 to 80mm,
while in themiddle fossa approach the distance is longer (80 to
85mm). In the inverted position, the distance reached 40 to
45mm(►Fig. 6). Probably thehalfofdistancewouldbebenefit
for localization and to reduce the shadow effect.

Therefore, the IMFA could be better for the audiological
results, especially regarding localization and shadow effect.

Bravo-Torres et al implanted 15 children with congenital
aural atresia in the middle fossa. Before surgery, the average
AC threshold was 66.5 dBHL (95% confidence interval [CI]:
64.2–68.9), and with the BCHA switched on, the average
threshold was 31.0 dBHL (95%CI: 28.2–33.8), decreasing to
25.2 dBHL (95%CI: 23.5–26.9) after amonth of use. Therefore,
the functional gain (FG) reached 41.3 dBHL. The average of
correct speech recognition before surgery was 29.4% (95%CI:
25.2–34.6), while in aided condition it increased to 90.7%
(95%CI: 87.4–93.9) and, a month afterwards, reached 96.4%
(95%CI: 92.7–100.2).7

Der et al (from the same group) implanted 24 patientswith
atresia with the same approach. The average AC thresholds
before surgery were 66.5 dBHL and 31 dBHL when aided by
bone conduction implant (FG¼ 35.5 dBHL). The average
speech recognition percentage before surgery was 29.4%
(95% CI 25.2–34.6), 90,7% at the day of activation and reaching
96.4% (95% CI 92.7–100.2) aided after a 1-month follow-up.8

Baumgartner et al, in 12 pediatric patients, most of them
(10 patients) affected by microtia/atresia, showed a preop-
erative mean monosyllabic word recognition score of 14.5%
(SD¼ � 21.6), which increased to 67.2% (SD¼ � 17.9)
1 month after implantation aided with Bonebridge, and to
82.1% (SD¼ � 12.1) at 3 months.9

Fig. 4 Transmastoid approach: distance between magnet and the EAC.

Fig. 5 Middle Fossa Approach, with usual position of the magnet
showed the longest distance.

Fig. 6 Inverted Middle Fossa Approach showed the shortest distance
from the EAC.
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In a previous paper, our group published a study in which
fourteen childrenwith CACwere implantedwith Bonebridge.
The preoperative PTA4 was 66.4 dBHL (95%CI: 64.2–68.6)
and after activation moved to 19.2 dBHL (95%CI: 16.9–21.5),
resulting in a mean functional gain of 47.2 dBHL. Regarding
speech discrimination, the preoperative outcomes of the
disyllabic measurements were 34.3%, and for monosyllables
they were 27.4%. Following activation, the speech discrimi-
nation improved to 98.6% and 97.9%, respectively.4

Magele et al recently published thefirst systematic review
of use of BB. Themeta-analysis for 30 conductive hearing loss
subjects revealed aweighted functional gain of 39.48 dB SPL.
Regarding the speech understanding in quiet, resulting in a
mean unaided WRS score of 25.73� 23.64% improving to
84.48� 15.09% in the aided condition (overall mean im-
provement of almost 60%).10

However, the classic approaches sometimes are difficult,
and very commonly produce compression of the sigmoid
sinus in the mastoid approach or important bleeding in the
retrosigmoid position. The IMFA overcomes these two prob-
lems. While it is sometimes necessary to compress the dura,
it causes neither pain nor additional problems. In a paper by
Lassaletta et al, this was extensively studied, and the pain
was measured with Headache Impact Test (HIT6) and Pain
Brief Inventory (BPI) prior and posterior to surgery and the
level of pain did not change with or without compression of
the dura.11

Finally, regarding complications, Sprinzl said that “Bone-
bridge offers a lower complication rate to percutaneous
systems and higher andmore reliable hearing gain compared
to other transcutaneous or percutaneous systems.”12 In our
study, only one patient showed mild skin irritation.

Conclusion

The IMFA allows the nearest position of the microphone to
the EAC. The technique is a suitable option to the 3 classical
approaches with a similar rate of audiometric results and
word speech discrimination. Due to the small number of
subjects, more investigation is needed to determine the
benefit of the novel approach in comparison with the
others.
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