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The Bonebridge active bone conduction implant (Med-El, Inns-
bruck, Austria) was developed to overcome the skin- and osteo-
integration-related complications of bone-anchored hearing aids
(BAHAs). Hearing outcomes are comparable between patients
with conductive hearing loss who receive the Bonebridge device
and those who receive BAHAs [1]. The Bonebridge device is
permitted for use in children over 5 years old in Europe and in
those over 12 years old in the United States. The age limitations
are based on concerns regarding the size and thickness of the
skull, which are relatively insufficient for the floating mass trans-
ducer (FMT). The thickness of cortical bone in the retro-sigmoid
area in a 3-year-old child is approximately 3.5 mm [2,3]. The FMT
of the BCI 601 model (Med-El) is significantly thicker, at 8.7 mm,
and this discrepancy can theoretically result in intracranial com-
plications. Nevertheless, hearing rehabilitation outcomes may be
better when interventions are implemented early, as demon-
strated in studies concerning cochlear implantation. Because
early childhood is regarded as a critical period for language de-
velopment [4], strategies to address these limitations may be
necessary to improve patient outcomes.

In this report, we discuss six cases in which the Bonebridge
implant was applied in Korean children under the age of 5 years.
The feasibility of implantation in children younger than recom-
mended ages is discussed in relation to our institutional experi-
ence. To the best of our knowledge, this is the first study to re-
port Bonebridge outcomes and complications in children under
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the recommended age. We identified six children under the age
of 5 years who received the Bonebridge implant between 2015
and 2020 (Table 1). Skull thickness was calculated from an axial
computed tomography image of the temporal bone obtained at
the level of the lateral semicircular canal. Skull thickness was
defined as the average thickness of the thickest and thinnest parts
of the retro-sigmoid area.

The Institutional Review Board of Severance Hospital ap-
proved this retrospective study (IRB No. 4-2021-1157). The re-
quirement for informed consent was waived due to the retro-
spective nature of the study. Before surgery, parents were pro-
vided sufficient information, including the approved age range
of the device. The decision to perform surgery was made after a
thorough discussion and agreement with the parents. All opera-
tions were performed by one experienced ENT surgeon (JYC).
The implanted model was the BCI 601 in all enrolled patients.
The site of implantation was selected by the surgeon based on
preoperative temporal computed tomography and direct surgical
findings. Surgery was performed in accordance with the proce-
dure recommended by the manufacturer. Auditory brainstem re-
sponses (ABRs) or pure-tone audiometry (PTA) were used to
confirm conductive hearing loss. The test selected (ABR or PTA)
was based on the patient’s cooperation. If the patient was unable
to understand conventional PTA, play PTA was conducted. As-
sessments of ABRs including bone conduction were performed
if play PTA was also not possible.

The site of FMT implantation was determined mostly based
on the status of the mastoid bone. For retro-sigmoid implanta-
tion, the skull was carefully drilled to create a thin island bony
flap. After the dura was exposed, the skull and dura around the
FMT well were gently dissected. Surgicel® was packed into the
space between the dura and the skull. The sigmoid sinus was al-
ways identified and used as a landmark. No intraoperative com-
plications, including cerebrospinal fluid leakage or bleeding, were
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Table 1. Patient characteristics
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Skull Follow-up

Contralateral

FEIETH Sex Clpsrive thickness  duration  Side hearing Model/sound CHL etiology Syndromic disease
No. age (mo) processor
(mm) (mo) threshold
1 F 49 5.03 62 L Noresponse  BCI 601/Amadé Ossicle anomaly (L) CHARGE syndrome
Microtia (L)
2 M 41 3.32 62 R No response  BCI 601/Amadé Ossicle anomaly (B) Cornelia de Lange
EAC narrowing (B) syndrome
3 M 52 3.62 59 R 15dB BCI 601/Amadé Ossicle anomaly (R) None
Microtia (R)
EAC atresia (R)
4 M 54 6.63 57 L 64 dB BCI 601/Amadé Ossicle anomaly (B) None
EAC narrowing (R)
EAC atresia (L)
Microtia (L)
5 M 43 3.96 54 R 70dB BCl 601/Amadé Ossicle anomaly (B) Cornelia de Lange
EAC narrowing (B) syndrome
6 M 54 4.05 29 L 55dB BCI 601/Samba Ossicle anomaly (B) None

EAC narrowing (B)

CHL, conductive hearing loss; L, left; R, right; B, bilateral; EAC, external auditory canal.

observed. However, patient 3 exhibited lethargy immediately
after discharge and developed paralysis of the left abducens
nerve (CN6) 1 week after surgery. After a neurologic and oph-
thalmologic examination, the patient was diagnosed with increased
intracranial pressure (IICP). After the Bonebridge device was re-
moved, the patient recovered from the above-mentioned com-
plications. No other patients experienced complications during
the follow-up period.

Four of the six enrolled patients were examined using aided
PTA. All patients experienced hearing gain using the Bonebridge
device (Fig. 1). The mean of the average PTA threshold (average
thresholds of 0.5, 1, 2, and 4 kHz frequencies) decreased from
58.8 dB (unaided air conduction threshold) to 28.3 dB (aided
threshold). The smallest difference between the aided and bone
conduction thresholds was observed at a frequency of 2 kHz.

We aimed to share our experience with Bonebridge implanta-
tion in children under 5 years old. Obvious hearing gains were
observed following implantation in all patients. Furthermore, the
surgical findings were unremarkable, and no long-term compli-
cations were identified. However, one of the six patients experi-
enced serious complications associated with IICP shortly after
surgery. Given that the FMT is thicker and larger relative to the
skull in young children, IICP is a major concern. I[ICP has never
been reported as a complication for adults and children after
cochlear implantation, BAHA, or Bonebridge surgery [5-10]. In
this regard, the IICP observed in this patient seems to have been
associated with his young age.

Except for a risk of IICP, our findings indicate that the Bone-
bridge implant may be safe and beneficial for children under
5 years of age, as we observed no complications over a follow-
up period of at least 2 years. In this study, the mean aided aver
age PTA threshold was 28.3 dB (functional gain of 30.5 dB), and
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Fig. 1. The audiogram findings after the Bonebridge implant in
younger children. Error bars indicate standard deviation. AC, air
conduction; BC, bone conduction.

the most effective frequency was 2 kHz. The functional gain was
consistent with previously reported results for the Bonebridge
implant [9]. The BCI 602 device has recently been commercial-
ized and exhibits an FMT thickness of 4.5 mm from the surface
of the skull, which is remarkably thinner than that of the BCI
601. This advance may significantly reduce the risk of complica-
tions resulting from compression of brain structures, including
the dural venous sinus. Our findings highlight the need for fu-
ture prospective studies to investigate the implantation of the
BCI 602 device in younger children.

In conclusion, our findings indicate that the Bonebridge de-
vice can be implanted in children under 5 years old when ex-
treme care is taken to avoid compression of the sigmoid sinus.
Furthermore, functional gain was comparable to that observed
in older patients, and no intraoperative or long-term complica-
tions were observed.
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