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1. INTRODUCTION

Bone conduction implants (BCI) have been used widespread since their discovery and have
provided ideal solution for patients with conductive hearing loss (CHL), mixed hearing loss
(MHL) or single sided sensorineural deafness (SSD) [1-2]. Their main advantage is that the
system creates hearing sensation through an alternative route: the information is transmitted as
vibration through a titanium implant fixed to the temporal bone and reaches the cochlea through
the so-called bone conduction route [3]. Therefore BCIs are ideal in those cases, where
reconstructive surgery or conventional hearing aids failed to work; for example in congenital
or acquired external ear canal, middle ear or complex craniofacial malformations, as well as in

chronic otitis media, when recurrent discharge limits proper fitting of the hearing aid [4-6].

1.1. History and types of Cochlear™ bone conduction implants

The history of BCls can be traced back to the observation of Professor Per-Ingvar Branemark,
who described osseointegration in the 1950s. He called it as “A direct structural and functional
connection between ordered living bone and the surface of the load — covering implant.”[7].
The phenomenon was indispensable for the stability of the first percutaneous (direct) BCI from
Cochlear™ company called Bone Anchored Hearing Aid i.e. Baha system, was implanted first
by Professor Tjellstrom in 1977. Henceforward more than 150,000 implantations have been
performed worldwide and the application of BCI has increased exponentially, and extensive

development of the device has begun [8-9].

The first Baha implants were direct percutaneous implants, where direct processor-implant
connection provided good signal transmission and therefore good hearing experience. In case
of Baha® Connect system the vibration from the speech processor passes through the abutment
which is fixed to a titanium implant (B1300) - drilled in the skull bone (Fig.1.). Since the
connection between the sound processor (SP) and the BI300 is direct through the abutment, the
damping effect of the adjacent soft tissue is less pronounced, which has a significant impact
especially on high frequencies [8, 10]. Based on the bone and soft tissue thickness, different
abutment sizes (Dermalock 6-8-10-12 mm) and implant sizes (3-4 mm BI300 titanium implant)
are currently available on the market [11]. However, their disadvantage is that the penetrating
abutment directly connects the skin surface and the bone. Although manufacturers developed
tissue-friendly abutment coatings like hidroxy-apatite that prohibits formation of a soft tissue

pocket and bacterial biofilm around the abutment, soft tissue infection due to improper cleaning,



tissue hypertrophy and direct trauma can be an issue, especially in children. Moreover, aesthetic

outcome of penetrating BCI system is also unfavorable [12-13].

The transcutaneous systems solved many of these problems. They were designed to minimize
the occurrence of soft tissue complications by eliminating skin penetrating titanium abutment
and improve cosmetic outcome. In case of passive transcutaneous implants, like Cochlear™
Baha® Attract, the abutment function is replaced by a magnetic disk which is placed under the
skin and attached to the implant, thus a magnet-to-magnet connection keeps the SP in place.
The SP is retained via attraction to the internal magnet, and vibrates in response to sound, while
vibratory force passes through the skin [14], indirectly to the BI300 implant that is fixed to the
temporal bone (Fig.1). The indisputable advantage of Baha® Attract is the safety and the more
favorable aesthetic outcome, however, the attenuation of the soft tissue adversely affects signal

transmission, which is more significant in frequencies 2000 Hz and above [15].

BAHA CONNECT BAHAATTRACT
Sound processor

Abutment Internal magnet

\— BI300 Implant 4——)

Fig. 1 Baha® Connect (4) and Attract (B) systems (Copyright © 2016 Cochlear Ltd. All rights
reserved. lllustration provided courtesy of and with permission from Cochlear. External implant
part: Baha sound processor; internal implant part in case of Baha Connect: abutment and
BI300 titanium implant/ internal implant part in case of Baha® Attract: internal magnet and

BI300 titanium implant.

To maximize the previously mentioned advantages of percutaneous and passive transcutaneous
devices, new active transcutaneous implants have been designed recently. The Cochlear™
Osia® 2 system is an innovative active, transcutaneous, osseointegrated steady-state implant
system that uses digital piezoelectric stimulation (Fig.2). The piezoelectric transducer is fixed
to the skull via the BI300 titanium implant, similar to Baha® Connect or Baha® Attract system,

but signal is transferred between implant and SP via a digital radiofrequency link [16-17].



Compared to Baha® systems, the Osia® system grants high-power output and improved high
frequency gain for optimizing speech perception and it provides significantly higher functional
gain at higher frequencies (5-7 kHz) [18-19]. Since it is transcutaneous, the possibility of
trauma and soft tissue complications is lower compared to percutaneous BClIs, and aesthetically

more feasible, similarly to Baha® Attract [20].

Osia 2 Sound
processor

0SI 200 Implant
BI300 Implant

Fig. 2 Osia® 2 system Copyright© Cochlear Ltd. All rights reserved. Illustrations provided
courtesy of and with permission from Cochlear. External implant part: Osia 2 soind processor;
internal part: OSI2 implant system: magnet and coil, piezoelectric transducer and BI1300

titnium implant.

1.2. Indication for implantable bone conduction hearing aid systems
1.2.2. Audiological indications

The audiological indications for implantable bone conduction hearing aid systems are as
follows (Fig. 3) [21]:
1. CHL where the air-bone gap (ABG) exceeds 30 dB HL
2. MHL with dominantly air conduction (AC), where the ABG is also greater than 30
dB HL, bone conduction (BC) threshold is also affected, but better than 45-65 dB
HL (in terms of Baha sound Processor: Baha 5 SP- 45 dB HL, Baha 5 Power- 55 dB
HL, Baha 5 Super Power SP-65 dB HL and new Baha 6 Max SP 55 dB HL/ in terms
of Osia 55 dB HL)



3. SSD: severe unilateral hearing loss, cannot be functionally corrected by
conventional amplification methods while the opposite ear is intact or in the 0.25-
0.5-1-2-3 kHz range, BC is not greater than 20 dB HL.

Conductive hearing loss Mixed hearing loss Single-sided deafness (SSD)

4
vel (dBH
1 (dB HL

2 i i e | =
O—0- g g 60| g9

Fig.3 Audiological indication of bone conduction implants. Audiograms represent audiological
indication of bone conduction devices: conductive hearing loss, mixed hearing loss and single

sided deafness.

1.2.3. Clinicopathological indications:

Following the previous classification, CHL and MHL consist of the chronic otitis media and
their end-stages that cannot be reconstructed by conventional microsurgical procedures, as well
as various congenital, acquired external and middle ear malformations, including external ear
canal atresia or complex craniofacial malformations (e.g. Treacher-Collins syndrome) [22].
Malformation cases are predominantly CHL cases, since chronic inflammation of the middle

ear or advanced stage otoslerosis are associated mostly with MHL.

Several diseases can cause unilateral sensorineural hearing loss: (1) unknown origin; (2)
malignancy; (3) benign tumor of cerebellopontine angle (e.g., vestibular Schwannoma); (4)
demyelinisation (e.g., multiple sclerosis); (5) vertebrobasilar stroke; (6) acoustic trauma; (7)
skull injury (e.g., transverse fractures of temporal bone); (8) perilymph fistula; (9) ototoxic drug
effect; (10) labyrinthitis; (11) Meniere's disease; (12) autoimmune disease process (e.g., Cogan
syndrome, Wegener's granulomatosis, lupus, Takayasu arteritis, systemic sclerosis, and other

rheuOmatological autoimmune diseases, etc.) [23].



1.3 Rehabilitation aspects:

In CHL the main goal is to bypass the damaged conductive component, i.e. to functionally close
the ABG.

In MHL, requiring minimal sound amplification, the correction of the perceptual component is
also an important task, which can be optimized by choosing optimal SPs.

In SSD, BCI works similarly to the CROS (Contralateral Routing of Signals) system. Speech
is largely encoded in high-frequencies which are attenuated during bypassing the head, and this
leads to impairment of speech perception. To solve this ,,head shadowing effect” signals are
transmitted via bone conduction to the opposite side of the head. Although BCIls do not
rehabilitate hearing loss in the patient's affected side, still the Baha and Osia systems have
importance to increase the ability to localize sound.

1.4. Bone conduction implants in pediatric population

Considering the audiological and safety benefits of active transcutaneous systems, early
application of these devices in the pediatric population would be advantageous. However, date
of surgery, type of implanted system, applied surgical techniques, and complication
management in young children is always a major concern [24]. Therefore, stable, safe, high-
power implants and straightforward surgery adapted to younger patient population is necessary.
At present, implantation of different Baha® systems is approved above the age of 5 or a skull
bone thickness greater than 3 millimetres. Under 5 years/3 mm bone thickness, Baha SP can be
applied with Softband or SoundArc. In contrast, Osia® implant in the United States is approved
for patients aged 12 years and above, whereas in Europe it is independent of age, the only
criteria that the body weight has to be at least 7 kg. Since children are smaller and have
morphological differences, e.g. thinner soft tissue and bone structure compared to adults [25,
26].

Choosing the ideal implant size-fit for the child bone thickness helps to reduce intraoperative
complications, such as exposition of the dura, injury of the sigmoid sinus and consequent
bleeding, or entering the mastoid cavity. Also, soft tissue thickness has to be considered. Below
3 mm, the possibility of soft tissue complication such as necrosis or permanent pain to magnet
compression is increased while thick soft tissue prohibits proper signal transmission. Therefore,
knowledge of age-dependent anatomy is essential. Since cranial CT scan is not recommended
prior Baha® Attract or Osia® implantation, to know how to do the implantation surgery safely,

a morphometrical/clinical study of the implant area is required.

10


https://link.springer.com/article/10.1007/s00405-022-07338-2#ref-CR7
https://link.springer.com/article/10.1007/s00405-022-07338-2#ref-CR13

2. OBJECTIVES

Since Baha® and Osia® surgeries require minimal bone work, they can be safe solutions in
pediatric hearing rehabilitation. However, a number of studies focused on surgical safety of
Baha® and Osia® systems, only few of them involved bone and soft tissue thicknesses.
Inadequate BI300 implant size and malposition can lead to dural exposure or excessive
bleeding, while too thin or too thick soft tissue hinder uninterrupted SP usage. Since
preoperative CT imaging is not necessary in case of these implants and especially cranial CT
should be avoided in children, studies that focus on pediatric morphometry of the implant region
are essential. The aim of our two studies was to perform a morphometric investigation to
analyse different aspects of the temporal region and develop a safe surgical protocol for Baha®
Attract and Osia® implantation in children without preoperative cranial CT. Based on our
findings, the results of the first pediatric Attract® and Osia® implantation are presented in the

thesis.

2.1 Baha® Attract study

Our aim was to demonstrate Baha® Attract application in childhood:

e Perform morphometric analysis of the thickness of the skull bone and soft tissue at the

recommended implant site based on CT scans among 1 to 8 year-old patients.

2.2 Osia® study

The aim of our Osia® study was to perform a morphometric investigation among 5-12-year-
old children to develop a safe surgical protocol for implantation of the Osia® 2 system. Main

quests for our investigation are the following:

e Measure the bone thickness to recommend optimal size BI300 for children.

e Measure the soft tissue thickness in different levels, whether tissue thickness is adequate
to provide magnet compression or transducer vibration and ensure proper signal
transmission between the SP and the coil.

e Assess the risk of complications (exposing the dura, injury of the sigmoid sinus and
consequent bleeding, or entering the mastoid cavity) and the method that helps avoid them.

e Based on the previous considerations, define the optimal position for BI300 with regards

to the dimensions of the implant (i.e. coil and transducer, and sound processor).
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3. MATERIALS AND METHODS

Ethical approval for both studies was obtained from the Institutional Review Board (Human

Investigation Review Board, University of Szeged, Albert Szent-Gyorgyi Clinical Centre.

& =
Fig. 4 Postion of Baha® Attract. Picture A-B: recommended position by manufacturer. Picture

C: real life radiogram of a 7 year old patient with Baha Attract. Picture D: Soft tissue and bone
thicknesses were measured on cranial CT scans by using GEPACS software, Picture E: using
multiplane view to determine more precisely the thicknesses in the possible implantation site.
Picture F: 3D CT reconstruction of a 5-year-old male with schematic position of the internal
magnet. Copyright © Cochlear Ltd. All rights reserved. Illustration provided courtesy of and

with permission from Cochlear.
3.1 Baha® Attract study

Cranial CT scans (a minimum of 0.625 mm slice thickness) of 72 children (both male and
female) aged 1 to 8 years were investigated in the database of University of Szeged, Albert
Szent-Gyorgyi Medical School. Each age group consisted of 9 patients, whose cranial CT was
necessary due to: 1) polytrauma/whole body CT (with no trauma in the region of interests)

(n=23), 2) prior to ear surgery/cochlear implantation (n=35), 3) preoperative cranial CT for

12



neurosurgery patients or cranial CT for patients with particular neurological disorder (n=14).
None of the patients had severe craniofacial malformation, however, unilateral ear canal atresia

patients were also included in the study.

CT scans were analysed with GE PACS (General Electric Picture Archive and Communication
System, GE Healthcare, Chicago) radiology software. Based on manufacturer’s guideline, the
position of the BI300 was determined: since the titanium implant should be 50-70 mm from the
ear canal, and the superior edge of the processor should be in line with the top of the pinna,
reference points were dedicated as the opening of the external ear canal (EEC) and the inferior
margin of the orbit, which are almost in line with the superior margin of the pinna (FAST

Surgery Guide, www.cochlear.com). Once possible implant position was localised, three

additional sample points were determined, and average bone and soft tissue thickness was

calculated in a multi-planar view in each age group (Fig. 4).

During 2013 to 2017 overall 35 Baha® Attract implantations were performed at our clinic, out

of which 8 were juvenile. Our detailed patient data are shown in Table 1.

Table 1. Detailed patient data of implanted patients (Abbrevations: SSD: single sided deafness;
COM: chronic otitis media)

Patient | Age DIAGNOSIS IMPEANTED SOUNDPROCESSOR
SIDE
1 15.1 left atresia and microtia left BP100
2 17.1 left SSD left BP100
3 15.4 Treacher-Collins syndr left BP100
4 11.5 left atresia I.s. left BP100
5 11.6 left SSD I.s. left Baha4
6 13.2 COM left Bahab
7 14.8 COM right Baha5
8 7.0 right atresia and microtia right BP100

The mean age of the patients was 13.2 + 3.2 years (ranging from 7 to 17 years), 6 males and 2
females. One surgery (patient No.8.) was performed in Romania, Targu Mures in the framework

of cross-border professional cooperation.
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The surgeries of Baha® Attract were performed under genereal anesthesia. Instead of the
officially recommended 8-9 cm long “C-shaped” retro-supraauricular incision [27], 3-4 cm

“modified posterosuperior incision” was used, This technique was developed at our Clinic [28].
(Fig. 5.)

Fig. 5 Surgical steps of Baha® Attract implantation: Picture A: Drilling the implant bed.
Picture B: Checking the depth. Picture C: Inserting the implant. Picture D: Fixing the internal
magnet on the surface of the implant.

This technique is based on our previous study in which detailed anatomy of the retroauricular
area was investigated with different modalities. Surgeries were performed with 3 mm implants.
Patients were discharged home on the first postoperative day, and surgical follow-up was
minimum 6 months. SPs were fitted four weeks after surgery. The type of the SPs used for
rehabilitation are shown in Table 1.

14



3.2 Osia® study

High resolution cranial CT scans with a minimum of 0.625 mm slice thickness (0.4 mm in a
proportion of cases) of 40 children between the ages of 5 and 12 years were collected from our
clinical database and systematically analysed. The indication of cranial CT was the following:
1) polytrauma/whole body CT (with no trauma in the ROI) (n=15); 2) uni- or bilateral external
ear canal atresia without additional severe craniofacial malformation or syndrome (n=6); 3)
temporal CT prior to ear surgery (n=38), and 4) preoperative cranial CT for neurosurgery
patients or cranial CT for patients with particular neurological disorders (n=11). Scans from
individuals with any form of head trauma including temporal region or severe complex
craniofacial  malformations  were  excluded.  Different  attributions of the
retroauricular/temporoparietal region were measured in four specific age groups (56 years; 7—

8 years; 9-10 years, and 11-12 years). The number of patients in each group was 10, and both

male and female candidates were selected.

Fig. 6 Osia 2 system implant with size parameters (top left) and manufacturer recommended
position (bottom left panels and panels A-D). Illustration provided courtesy of and with

permission from Cochlear.
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All output of CT data were converted into Digital Imaging and Communications in Medicine
(DICOM) files, and exported to RadiAnt DICOM viewer 2020.2 (Medixant, Poznan, Poland).
Based on the recommended position and dimensions of the implant soft tissue and bone

thickness was determined (Fig. 6).

Fig. 7 3D CT reconstruction of a 5-year-old male. Picture A: schematic position of the implant
Picture B: reference lines determined by fix points: lower margin of the orbit, zygomatic arch
and the ear canal midline (blue line). Green reference line shows the mid-axis of the implant.
Picture C: Multiplanar view of cranial CT scans: fix points were set in each view. Soft tissue

and bone thickness were calculated in the region of interest.

Since structure of the Osia implant is more complex compared to Baha® Attract, to achieve a
reproducible measuring method, fix points were assigned: lower margin of the orbita,
zygomatic arch and the EEC midline. Implant parameters were marked on the reference lines
defined by the fix points. Bone and soft tissue thicknesses were calculated in a multi-planar
view along the aforementioned reference lines (Fig. 7). Three additional sample points were
taken and average skin and bone thickness was determined in each session. With this method,
soft tissue thickness was assessed in the level of the SP and in the level of the transducer, while
bone thickness was calculated in the level of transducer/possible position of BI300 implant, i.e.,

EEC midline. Besides the recommended BI300 position, bone thickness was also measured

16



superior to the EEC midline to collect information of bone structure and to determine whether
alternative placement of the titanium implant would be feasible. For safety purposes, sigmoid
sinus distance from the posterior wall of the EEC, and bone thickness above the sinus was also
measured. Both the left and right temporal areas of each patient were analysed. For further

planning, representative samples were printed in 3D to validate our technique of measurement.

Two pediatric Osia implantations were performed in collaboration with Prof. Gabor Katona and
Dr. Zsuzsanna Csakanyi (Ear Nose Throat Department, Heim Pal National Pediatric Institute,
Budapest, Hungary) in 2021 September. Both patients presented with unilateral grade 4 anotia
(patient ,,A” 7 year old male, right side anotia, patient ,,B” 6 year old male, left side anotia) and
CHL- normal bone conduction (BC) and 50dB air conduction (AC) along the frequencies.
Operations were performed under general anaesthesia. BI300 implant position was determined
based on manufacturers guideline and 3 mm BI300 implant was fixed to the temporal bone.

(Fig. 7) After wound closure, cranial CT was performed with Siemens Cios Spin® Mobile C

arm. Patients were emitted on the first postoperative day. SP was fitted after 4 weeks.

Fig. 8 Surgical steps of Osia implantation: Figure A: Posterior incision. Figure B: Osia
template to predict necessary space for the implant Figure C: BI300 insertion. Figure D:

fixation of the implant Figure E-F: postoperative result.

17



3.3 Surgical questionaire and initial audiological results

A short surgical questionnaire was administered to all patients who underwent Baha Attract
implantation and Osia implantation. The questionnaire was designed to capture the following
data: type of anaesthesia, surgical time, soft tissue reduction, intraoperative complications,
healing problems, aesthetic outcome, pain, and numbness. Questionnaire data were collected
following each implantation surgery and questions related to patient reported data (i.e. healing
problems, aesthetic outcome, pain, and numbness) were repeated at first fitting (4 weeks after
surgery). Patients scored the questions about pain and numbness from 1 to 5 with the help of a

visual analogue scale.

Since children were investigated in the studies, only unaided and aided pure tone audiometry
(PTA) was performed; unaided AC thresholds with supra-aural headphone (125-8000 Hz) and
BC thresholds over the mastoid process were measured at 250, 500, 1000, 2000, and 4000 Hz
and the measurement repeated in free field with SP after the first fitting. In case of unilateral
CHL and MHL cases normal functioning ear was masked during unaided threshold

measurements.

3.4 Statistics

Statistically analysis (ANOVA) was performed with SYSTAT 13 Software (Inpixon Inc.,

Version 13. Palo Alto, United States). Results are presented as mean + SD.
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4.

RESULTS

4.1 Results of Baha® Attract morphometric study

4.1.1 Bone thickness

Figure 9 shows the skull bone thickness in the recommended position of the BI300 implant in
different age groups. Average bone thickness was 3.39 + 1.05 mm in the recommended position
of the BI300 implant. In the eldest group (8 years old), the average thickness measured
3.7+£0.1 mm which was significantly thicker (ANOVA, Dunn’s Test, p<0.001) than in the
youngest age groups: group of 1 (2.8 = 0.7 mm) and 2 (2.8 £ 0.2 mm) year-old subjects.

Fig.9 Average bone thickness in the recommended position of the implant in different age

Bone thickness (mm)

groups. ANOVA, Dunn’sTest, p <0,001).
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Age Average bone
(year) | thickness (mm)
1 2.810.7

2 2.810.2

3 2.910.2

4 3.010.7

5 3.510.1

6 3.5%1.3

7 3.610.7

8 3.710.1

Dunn’s test p<0.001




4.1.2 Soft-tissue thickness

Soft tissue thickness also increases gradually with age. In the localisation of the implant,
average soft tissue thickness is 3.3+ 0.4 mm and significant difference (ANOVA, Mann—
Whitney Rank Sum Test, p <0.001) was found between the eldest and the two youngest groups,
i.e. 3.7+ 0.2 mm in the age group of 8-year-old subjects, 2.9 = 0.3 mm in the age group of 1-
year-old and 2.9 + 0.9 mm in the age group of 2-year-old subjects (Fig.10).

Age Average soft tissue

7 # (year) | thickness (mm)
e 1 2.9+0.3
£
£ 2 2.9+0.9
= 5
o 3 3.0£0.7
c s 2 @ ¥ - =w & -+ -
% ________
2 | 0 8 &8 4 3.210.5
fre] 3] @
8 5 3.3:0.6
- | 6 3.40.2
—
5]
“oa 7 3.5+0.6

N=72
0 ‘ ‘ . . ‘ . . ‘ ‘ 8 3.7+0.2
0 1 2 3 4 5 6 7 8 9
Age (year) Mann-Whitney Rank Sum Test p<0.001

Fig.10 Average soft tissue thickness in the recommended position of the implant in different
age groups. ANOVA, Mann-Whitney Rank Sum Test, p <0,001).

4.2 Results of Osia® morphometric study

4.2.1 Soft-tissue thickness

Table 2 shows the soft tissue thickness at the level of the SP and transducer. Average soft tissue
thickness in the level of the SP in the entire population was 3.7+0.6 mm, which was
significantly lower compared to the level of the transducer 6.3 +£2.2 mm (ANOVA, Mann—
Whitney Rank Sum Test, p<0.001). No difference between the left and right side was found.
In the different age groups, no significant difference was found in the level of SP, however, in

the level of transducer, soft tissue thickness slightly reduced with age.
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Table 2. Soft tissue thickness at sound processor level and transducer level in different age

groups in the area of interest.

Soft tissue thickness Age (year) Mean+SD (mm)
together 3.7+0.6
5-6 3.240.5

Sound processor level 7-8 3.2+0.1
9-10 3.6+0.5
11-12 3.6+0.6
together 6.3+2.2
5-6 7.3+2.4

Transducer level 7-8 6.8+3.1
9-10 5.9+1.6
11-12 5.6+1.7

4.2.2 Bone thickness

Average bone thickness was 4.8 + 1.6 mm in the recommended position of the BI300 implant
(EEC midline) and 4.5 + 1.2 mm at the level of the mastoid tegmen. However, at this level, the
cortical bone was found to be compact in each age group, in contrast to the recommended
position, where underlying mastoid cavity was found in 57% of cases. Significant differences
(ANOVA, Mann-Whitney Rank Sum Test, p<0.001) were found in bone thickness between
the youngest and eldest age groups, where average bone thickness was 3.5+ 1.1 mm in those

5-6 years and 4.7 +£ 0.3 mm in 11-12 years in the recommended position (Fig. 11).

4.2.3 Sigmoid sinus

Figure 12 shows the distances between the posterior wall of the external ear canal and the
anterior wall of the sigmoid sinus and the distance between the bone surface and the upper wall
of the sigmoid sinus. Average distance of the anterior wall of the sigmoid sinus and posterior
wall of the EEC was 1.3 + 0.2 cm and no significant difference (ANOVA, Mann-Whitney Rank
Sum Test, p <0,001) was found among age groups. In contrast, the distance between the bone
surface and the bony sigmoid sinus wall increased with age and this was statistically significant

(p=0.006) (Fig. 12). However, these data suggest not only compact cortical bone, but
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perisinusoidal cells spreading above the sigmoid sinus in 55% of cases (20% in 5-6 year-old,

40% in 7-8 year-old, 70% in 9-10 year-old and 90% in 11-12 year-old subjects).

Bone thickness (mm)

5-b

8-10

11-12  Age [year)

Age (vear) Mean=5D (mm)
5-6 35=1.1
7-8 3.7=0.5
9-10 4.2=1.0
11-12 4703

Fig. 11 Average bone thickness in the recommended position of the implant in different age

groups. ANOVA, Mann-Whitney Rank Sum Test, p <0,001).
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5-6 7-8 9-10 11-12
Mean | 4.8 5.9 6.4 71
<D 0.9 14 1.7 1.1

Fig. 12 Linear dimensions of the mastoid by age group. Distance between the posterior wall of

the external ear canal (left) and the anterior wall of the sigmoid sinus. No significant difference

was found between the groups. In contrast, the distance between the bone surface and the upper
wall of the sigmoid sinus (right) increased with the age (p=0.006). ANOVA, Mann-Whitney
Rank Sum Test, p <0,001.
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4.3 Surgical results
4.3.1 Baha® Attract

Surgical results are summarized in Table 3. Surgeries were performed under general anaesthesia
(in 2 subjects on the right side and 6 subjects on the left side). Based on the morphometrical
study, BI300 implants were applied and the internal magnets were inserted in one stage. The
average time of the surgical procedures was 30+4 minutes. Soft tissue reduction or cortical bone
thinning were not necessary in either case. Intraoperative bleeding was insignificant and could
be managed with a bipolar cautery. In the case of a 7-year-old patient (Table 1, patient 8), the
dura mater was visualized, therefore the implant was partially inserted, in order to avoid direct
contact of the dura. The intra- and postoperative period was uneventful in all cases. Neither

complications, nor wound healing issues were observed.

4.3.2 Osia®

Surgical results are summarized in Table 3. Two male patients with unilateral anotia were
selected (patient ,,A” 7 year old male, right side anotia, patient ,,B” 6 year old male, left side
anotia). Surgeries were performed under general anaesthesia. Similarly to Baha® Attract
surgeries, instead of retroauricular incision, the implantations were performed from a posterior
approach, i.e. incision line was in the posterior region of the temporal area, behind the future
position of the transducer. No soft tissue reduction was necessary at the level of the coil. Based
on the morphometric study, 3 mm BI1300 implants were applied. Neither the dura mater, nor the
sigmoid sinus, nor the mastoid air cells were detected after the bed for the BI300 was completely
drilled. Average surgical time was 3545 minutes. To evaluate pain and numbness, visual analog
scale (VAS) was used. Pain was tolerable in the postoperative period and ceased with the time.
Patients reported a localised numbness in the temporal area after surgery but this sensation also

reduced with the time.
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Table 3. Surgical questionaire results for Baha® Attract and Osia® implantations. Visual
analog scale was applied for questions marked with “*’: 5- debilitating pain= 0 no pain

Possible answers for questions marked with “**’ bad-poor-good-very good-excellent.

Baha® Attract Osia®
Number of patients/gender 6 male and 2 female 2 male
Age at surgery (year) H(l{c:r%nml';"tzoil%z 6and 7
Anaesthesia General General
Mean surgical time (min) 30+4 35+5
Surgical approach posterior superior posterior
Soft tissue reduction no no
Intraoperative complication no no
Wound healing problem no no
Pain * VAS 2-> 0-1 (4 weeks) VAS 3> 0-1
Numbness ** VAS 3-4->1-2 (4 weeks) VAS 4-5-> 2
Aesthetic outcome ** very good very good
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4.4 Audiological results
4.4.1 Baha® Attract audiological results

The audiological results were evaluated separately due to the different audiological indications
for surgery. Group | (n = 6) including patients with single (n = 3) or bilateral (n = 3) CHL or
MHL. In the free field audiometry of unilateral hearing loss the healthy contralateral ears were
masked with earplugs or earmuffs. Figure 13 shows the implanted side of both uni- and bilateral
CHL and MHL cases together. In this group, improvement in speech frequencies reached 51.6
+11.2 dB HL.

IMPLANTED SIDE
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Fig. 13 Audiological results of Group I. Average pure tone threshold of six patients. Mean
values are presented on each test frequencies. Abbreviations: AC: air conduction hearing
threshold, BC: bone conduction hearing threshold; AIDED: hearing threshold with sound
processor. The unaided preoperative (ACpreop) and postoperative (ACpostop) AC thresholds
are the same, therefore they overlap in the figure. The preoperative BC threshold and the
postoperative hearing threshold measured with the Baha® implant system are also
overlapping, confirming the complete air-bone gap (ABG) closure achieved during surgery,

i.e., the therapeutic efficacy.
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Group 1l consisted of patients with SSD (n = 2). In those cases, the objective assessment of the
true hearing improvement by surgery is difficult, because only contralateral cochlea function
(i.e. cross-hearing) can be investigated. Therefore, in aided free field tests, the contralateral BC
is not masked, and aided PTA threshold represents cross-hearing. In such cases, subjective
feedback of the patient is more likely to represent the success of the implant surgery, because
the implantation restores only the possibility of bilateral perception, deteriorated by the
shadowing effect of the head (Fig. 14).

IMPLANTED SIDE
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Fig.14 Audiological results of Group Il. Average pure tone threshold of two patients. Mean
values are shown on each test frequencies. Abbreviations: AC: air conduction hearing
threshold, BC: bone conduction hearing threshold; AIDED: hearing threshold with sound
processor. The preoperative (ACpreop) and postoperative (ACpostop) AC thresholds are the

same, therefore they overlap in the figure.
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Hearing Level (dB)

4.4.2 Osia® audiological results

Figure 15 shows PTA tests of the two Osia implantees. Preoperative audiogram showed CHL

in both cases with normal BC and increased AC thresholds with approximately 70 dB ABG.

Aided thresholds showed significant 20-30 dB improvement along the test frequencies.
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Fig. 15 Pure tone udiometry (PTA) of the implanted side of Osia® patient,,A” and Osia patient

,,B”. Bone conduction (BC) was normal along the test frequencies. ~70 dB air-bone gap (ABG)

was seen in unaided situation. Green mark represents free field aided thesholds with Osia® 2

sound processor.
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S. DISCUSSION

Early implantation of a proper implantable hearing aid in childhood can support effective
hearing rehabilitation. Moreover, implantable hearing devices can be effective in those cases,
where conventional hearing aids would fail: patients with craniofacial malformation, ear canal
atresia, or chronic otitis media with recurrent discharge can overwhelmingly benefit from a BCI
[29]. However, it is important to note, that surgery in pediatric cases can be difficult due to the
altered anatomy and dimensions of the juvenile skull [26]. The “implant team” has to consider
the type and severity of the hearing loss, as well as the morphological property of the implant
area during planning, and chose the safest option that ideally matches the patients’ needs with
regards to their hearing loss. Previously, percutaneous Baha® Connect systems provided
excellent audiological performance especially on high frequencies, and overall resonance
transmission was better than passive transcutaneous Attract due to direct transmission through
the abutment [15]. However, especially in childhood, percutaneous solutions are not ideal;
considering age-specific features such as higher water and lower mineral content in the bones,
osseointegration is uncertain in young patients. This significantly increases the chances of
implant loss, which has been confirmed by several studies. Roman et al. estimate the incidence
of implant loss in the pediatric population to be 40%. For children between the ages of five and
ten, this value is only 8%. This value is around 1% in the adult population [30]. Amonoo-Kuofi
also reported relatively high, 50% complication rate, even ~13% implant loss in children with
Connect system [31]. Kraai et al found a serious complication in 44% of all cases, and traumatic
implant loss which required abutment removal in three cases (n = 31, mean age 8.2 years, 23
months — 16.8 years) [32]. Beside osseointegration problems that lead to implant instability,
soft tissue hypertrophy and peri-implant skin infection also prohibit the proper use of the
hearing aid [20]. Considering these disadvantages of percutaneous Baha® Connect, decisions
have shifted to transcutaneous solutions in the last decade. Since transcutaneous implants (i.e.
passive Baha® Attract and active Osia® 2) remain hidden under the temporal tissue flap,
possibility of trauma or soft tissue problems are significantly lower. However, it does not mean
that transcutaneous BCI surgery does not require caution. To reduce intraoperative
complications such as dura or sigmoid sinus exposure, accurate positioning of BI300 implant
and choosing the ideal size of implant size are crucial. Although preoperative cranial CT for
surgical planning, especially in young children, is controversial due to unnecessary irradiation

and anaesthesia.
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Implantation of BI300 does not generally require preoperative CT, and in the clinical practice,
number of CT prior to Baha® surgery is low. In addition, overall number of cranial CT scans
in early childhood is limited, and studies that could aid the prediction of the ideal implant size
in children and determine the position of BI300 are scarce. However, “blind implantation”, even
when Attract® and Osia® surgery requires minimal bone work can lead to intraoperative
complications. The aim of our studies was to analyse several cranial CT scans of children to
map the retroauricular area in different age groups to help planning Baha® Attract and Osia®
surgery; therefore, bone thickness, soft tissue thickness, and position of sigmoid sinus were

determined.

Although, especially in childhood, most common indications of BCls are external ear
canal/middle ear malformations and chronic otitis media, patients from non-otological cases
were also selected to create an average population in both studies, similarly to other researcher
groups [33-34]. The idea behind our patient selection (i.e., otological and non-otological cases
together) was, that previous study of pediatric uni- and bilateral ear canal atresia patients
indicated that neither age nor diagnosis of atresia reliably predict a lower chance of
identification of adequate bone thickness at typical implant sites, and no significant difference
in bone thickness was found on the affected site compared to the non-affected side [35].
Moreover, SSD patients do not necessarily have any anatomical abnormality. In addition,
hidden anatomical variations, different degree of mastoid air cell opacification, variation in
mastoid pneumatisation resembles ventilation disorder also occurred in patient with no previous

history of known ear problem, as we also perceived during the analysis.

Since the Baha® Attract and Osia® are slightly different in structure and in recommended
position of BI300, morphometric data from our Attract study (analyzed CT scans performed
prior Attract Surgery) did not usedin the Osia study. However, bone thickness as well as soft
tissue thickness results correlated well in both cases.

5.1 Soft tissue thickness

Appropriate soft tissue thickness is more critical in case of Baha® Attract. Since it is a
passive transcutaneous system, vibration is transmitted from the SP to the implanted magnet
interface trough the soft tissue. However, different magnet types with different magnet strength
(M1 to M5, 1-lowest strength and 5- highest strength) can be used, direct compression,
resonance and consequent heating cause erythema, discomfort, numbness or pain, which

adversely affect the use of the system. These problems are relatively frequent, even if Baha
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SoftWear Pad is used, which is evenly spreading pressure and maximising the contact surface
to improve comfort and performance. Moreover, studies show that flap thickness below 3 mm
may adversely affect the risk of soft tissue complication due to pressure, vibration and heat
[36]. Additionally, skin flap, covering the magnet becomes thinner due to compression with the
time and increase the risk of tissue necrosis [37]. In contrast, too thick skin flap (>6 mm tissue
thickness) requires soft tissue reduction, otherwise the possibility that the SP accidentally falls
off will be high. In case of Osia®, to ensure a stable link between SP and coil, soft tissue
thickness should be under 9 mm at the level of the SP, similarly to Attract. Soft tissue thickness
of 3-6 mm is considered to be ideal [38]. In contrast with the passive Baha® Attract, magnet
strength in the Osia® system is only necessary to hold the SP in place, the vibration is generated
in the implanted transducer, so magnet force, vibration and consequent heating does not occur;

therefore, the skin complications caused by strong magnet compression are reduced [39-41].

Predicted position of the Osia SP almost similar to the position of Attract magnet and SP.
Both studies showed that average soft tissue at the magnet level was significantly below 6 mm
in each age group, therefore soft tissue reduction could be avoided in children. It has also been
proven, that soft tissue thickness slowly increases with the age at this level, and average tissue
thickness at 5 years, which is the minimum age for implantation, is above 3 mm. Moreover,
clear data correlation was seen in our two BCI studies, since average tissue thickness and
progression in thickness with the age was the same in the two different study populations. At
the level of Osia® transducer, thicker tissue can reduce sound transmission with passive devices
and lead to increased loads placed on the transducer to compensate for losses. Reduced tissue
thickness in the older group may be due to the increasing size of the whole temporal area [42-
43].

5.2 Bone thickness

Size and shape of the mastoid process develops continuously with age [42-43]. However, most
studies focus on the volume and shape of the mastoid cavity, which is important when large
portions of the implant or the transducer have to be recessed. In a previous study of Rahne et
al., many child mastoids were analysed to predict the probability of fitting Bonebridge in
different age groups and to find the most ideal transducer shape. Nowadays, implantation
softwares are also accessible to help preoperative planning of more robust implants (i.e.
Bonebridge). These 3D methods provide full detail of temporal bone density and volumetry
[33, 44-45]. Schilde et al. also highlighted that interindividual variation of temporal bone shape
underlines the necessity of radiological preoperative planning in these cases [46]. An
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indisputable advantage of Baha® systems and the new Osia® system is that implantation needs

minimal bone work.

The recommended placement of Baha® Attract based on the guidelines is the retroauricular
space, at the upper level of the pinna, 5-6 cm from the external ear canal [27]. In contrast, ideal
position of the Osia® system is determined by the size of the transducer, which needs space
behind the pinna and limits the position of the magnet and coil, as well as the SP. To
accommodate differing bone thickness, different size (3 and 4 mm) BI300 titanium implants

can be chosen.

In our study, bone thickness was measured at different levels of the retroauricular space. Both
studies showed, that 3 mm BI300 is safe even in young children around the age of 5; and a 4
mm implant can be used in children aged 11-12 in the recommended position. The question
often arises, when the implantation is safe in younger patients. For example, in the Central
European market, the only requirement for Osia® is body weight of at least 7 kg, which refers
to a normally developing 6-12 month old child, corresponding to the WHO Child Growth
Standards [47]. Although, children under 5 years were not examined in our Osia® study, our
Attract study indicates, that bone thickness remains below 3 mm close to the tegmen region. In
the level of ear canal midline, which is the recommended level of Osia® implant, further
investigation is necessary. Therefore, a3 mm implant is presumably too long for children below
the age of 5 years, and dural exposition can be an issue. It is important to note, that a study of
Vyskocil indicated, that dura or sinus compression with Bonebridge did not increase the
possibility of postoperative complications [48], however, we believe, it is better to avoid direct
contact with these anatomical landmarks wherever it is possible. Moreover, thin soft tissue can
be an issue for very young patients since the thickness of the magnet in case of the Attract and

size and thickness of Osia® transducer is bigger than magnet and housing of cochlear implants.

The possibility of entering the mastoid cavity in Osia® surgery increases with age due to the
development of the air cells [42, 43]. Osseointegration in these cases is also questionable,
however, as the Osia® system is transcutaneous, the possibility of tangential shear force, which
can displace the system, is low compared to the percutaneous Baha® Connect. Alternatively,
positioning of the BI300 closer to the tegmen, where bone is more likely compact is advised.
This can also be a good solution in cases, where the mastoid has previously been operated on,
or where the possibility of future mastoidectomy is high. In case of Attract, recommended

position of BI300 is outside of the mastoid cavity region.
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5.3 Sigmoid sinus

For safety purposes, knowing the position of the sigmoid sinus is also important during
Osia® surgery. At the level of the recommended EEC midline the distance between the
posterior wall of EEC and the anterior bony wall of the sigmoid sinus was relatively constant.
However, the space between the sigmoid wall and the bone surface significantly increased,
mainly due to developing mastoid cells. It is important to note that all our measurements were
performed on a healthy population, without any severe malformations. In the study of
Granstrom et al., possible dura and sigmoid sinus contact was found with 3 and 4 mm
Branemark type (Nobel Biocare) implants in 26 and 11% of all 129 insertion cases, respectively.
However, the age group was between 1 and 15 years, and a large number of patients had severe
craniofacial malformations, which may influence mastoid cell formation and bone thickness
[36]. Average bone thickness measured in 26 cases was also lower than in our study (2.5+0.8
mm); however, the mean age of our study population was higher. Considering these findings, a
3 mm implant is the safest option for use in children.

5.4 Baha® Attract and Osia surgeries

Our Department was always in the forefront of the Hungarian surgical hearing rehabilitation
program and contributed to the development of Baha surgeries [49-50]. Based on a former
morphometrical study of the temporal area, a modified surgical approach was presented for
Baha® Attract surgery. This minimal invasive, “posterosuperior incision” technique
significantly shortens surgical time since it reduces the possibility of vessel injury and
contributes to lower postoperative complication such as numbness due to minimalised surgical
approach [28, 50]. In the presented patient series, Baha® Attract surgical time was shorter
compared to what is found in the literature (mean 47-57 min) and no severe postoperative
complication was observed in the 6-month follow-up period [51]. In case of Osia® surgery,
similar approach was applied, but with a longer incision to ensure enough wide space for the
implant fixation. Except mild protrusion of the skin at the level of the transducer, no other
aesthetical problem or wound healing complication was observed during the surgical follow-
up. In terms of BI300, 3 mm implants were used in all the cases based on the two studies.
Neither dural exposure nor sigmoid sinus injury nor any other kind of bleeding was experienced

during the surgery.
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5.5 Audiological results

Compared to unaided thresholds, aided PTAs showed significant improvement when using
either BCI. Functional gain in our study was comparable with the results of other groups that
tested Attract and Osia systems [52-54]. However direct comparison of audiological
performances between the two systems was not investigated. On one hand, Baha® Attract study
was performed from 2013-2017, and patients were fitted with older series of Baha SPs. On the
other hand, the limited number of patients in the different groups did not allow correct statistical

analysis.

6. LIMITATION OF THE STUDIES

The limitation of our studies is the small sample size due to limited number of pediatric cranial
CT scans; therefore, creation of much younger age groups or subgroups with different

abnormalities within the age groups would be challenging.

7. CONCLUSIONS

Both studies provide a basis of guidance Baha® Attract and Osia® system implantation in the
pediatric population. Based on our results, 3 mm BI300 implants are likely to be the uniformly
good choice in pediatric cases. A slight superior positioning of the Osia® implant may prevent
breaching the mastoid air cells. Under the age of 5 implantation requires great care, since bone
thickness values tend to be under 3 mm, and the thin soft tissue may lead to postoperative
complications. Considering these findings, preoperative CT is not necessary for Baha® Attract
or Osia® implantation in non-complicated cases, above the age of 5. However, surgery of
patients with complex craniofacial malformation might need more precise preoperative

planning with CT.
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Bevezetés: A Baha® Attract egy 4j, implantilhaté transcutan csontvezetéses halldsjavito rendszer, amely fiatalkorban is
el8nyosebb lehet a klasszikus percutan eszkozokkel szemben. Célkitiizés: Az eszkoz alkalmazisi lehetSségeinek bemu-
tatdsa a fiatalkori halldsrehabiliticiés mttéteknél. Modszer: Klinikinkon ez iddig nyolc esetben végeztiink fiatalkorban
implanticiét (dtlag 13,2 = 3,2 év) az altalunk moédositott ,,posterosuperior” feltirasos technikdval, 5 mm-es implan-
tatummal. Az életkori sajatsigok indokoltdk, hogy kiegészit$ tanulmdanyként 72 {6, 1-8 éves gyermek koponya-CT-
felvételét elemezve megmérjiik a koponyacsont vastagsagat az implantaitum betiltetésének idedlis lokalizacijaban.
Eredmények: Az implanticiok atlag 30 perces miitéti id6vel torténtek. Intra- és posztoperativ szovédményt nem
észleltiink. A beszédprocesszorokat a negyedik héten illesztettiik. Audioldgiai eredményekben 51,58 + 11,22 SD
dBHL hallasteljesitmény, valamint 43,3 + 16,02 SD dB beszédhalldskiiszob-javuldst értiink el. A koponyacsont-vas-
tagsag dtlagosan 3,39 = 1,05 SDmm-nek adédott. Kivetkeztetés: A Baha® Attract Gj lehet8ség a fiatalkori hallasreha-
biliticibban. Az implanticiét megel6z8Een javasolt a koponyardl CT-vizsgalatot végezni, amellyel megéllapithatd a
csont vastagsaga ¢és megtervezhet$ az implantitum betiltetésének optimalis helye. Orv. Hetil., 2017, 158(8), 304—

310.

Kulcsszavak: Baha® Attract, csontvezetés, transcutan, gyermekkori alkalmazas

Pediatric hearing rehabilitation with the Baha® Attract implant system

Introduction: Baha® Attract is a new transcutaneous bone-conduction hearing aid, which is more preferable in child-
hood than the conventional percutaneous systems. Azm: Our aim was to demonstrate the possibilities of application
in childhood. Method: Eight children have undergone surgeries (mean age of 13,2+3,2 years; “posterosuperior” inci-
sion technique, 5 mm implants). The thickness of the skull bone was determined in 72 children (1-8 years old) at the
recommended implant site, based on CT scans. Resuits: The average duration of surgeries was 30 minutes. There
were no intra- and postoperative complications observed. Sound processors were fitted at the postoperative 4" week.
Hearing measurements proved 51.58+11.22SD dBHL gain in warble tone thresholds, and 43,3+16,02SD dB in
speech discrimination thresholds. The skull bone thickness was measured as 3,39+1,058D mm. Conclusion: The Baha
Attract system is a new tool for hearing rehabilitation in pediatric population. Preoperative CT provides valuable

knowledge about skull bone thickness.

Keywords: Baha® Attract, bone conduction, transcutancous, childhood application

Posta, B., Jarabin, J. A., Perényi, A., Bere, Zs., Neagos, A., Toth, F, Kiss, J. G., Rovd, L. [Pediatric hearing rehabilita-
tion with the Baha® Attract implant system]. Orv. Hetil., 2017, 158(8), 304-310.

(Beérkezett: 2016. november 25.; elfogadva: 2017. janudr 2.)

A kils6 és kozépfiil velesziiletett, valamint szerzett, ve-
zetéses, illetve kevert hallascsokkenéssel jaré korképei-
nek modern fiilsebészeti megkozelitése az esetek donté
tobbségében jé eredményt adhat, azonban a hallds md-

téti javitdsa nem mindig biztositja az elvart eredményt.
Ezen esetek egy részében a hagyominyos légvezetéses
halldsjavité késziilékek sem alkalmazhatéak. Ekkor mertil
fel a csontvezetéses hallasjavitd késziilékek alkalmazasa,
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amelyek klasszikus képvisel6i a szemiivegszarba épitett

késziilékek. A kés6bb bekovetkezett paradigmavaltas

alapjit, azaz, hogy a csontvibritor kozvetlentil a kopo-
nyahoz horgonyozva tovibbitson rezgési energiat, Per

Ingvar Branemark professzor titiniumimplantitum os-

seointegraciordl tett megfigyelései adtak az 1950-es

években [1]. Az els§ direkt csontvezetéses hallokésziilék

(Baha® Connect implantitum) beiiltetése 6ta, amelyet

1977-ben Tjellstrim professzor végzett el, mir tobb mint

150 000 implantacio tortént vildgszerte [2]. Nemzetko-

zi viszonylatban az els6 gyermekkori implanticié 1983-

ban tortént, mig az elsé magyarorszagi Baha-implantici-

o6t 2003 nyarin Katona Gabor professzor végezte

Budapesten a Heim Pal Gyermekkérhazban [3].

A (részben) implantilhaté csontvezetéses halldsjavitd
rendszerek aundioldgini indikicioi o kovetkezok [4]:

1. tisztan vezetéses jelleydi halliscsokkenések, ahol a
csont-lég koz meghaladja a 30 dBHL-t;

2. domindloan vezetéses karakterd, de percepciés kom-
ponenssel is rendelkez8, kevert tipusi hallasvesztések,
ahol a csont-1ég koz szintén meghaladja a 30 dBHL-t,
de a percepcios kiiszob is érintett.

A beszédfrekvencidk (500-1000-2000-3000 Hz) at-
lagaban mért percepcios kiiszobnek megfeleléen kiilon-
boz6 erdsitési beszédprocesszorok kozil vilaszthatunk:

a) <45 dBHL csontvezetéses kiiszob — Baha 4-es/5-0s

beszédprocesszor;

b) <55 dBHL csontvezetéses kiiszob — Baha BP110/

Baha Power;
¢) <65 dBHL csontvezetéses kiiszob — Baha Cordelle
II/Baha Super Power.

3 féloldali halldsvesztés: A féloldali hallasvesztés patold-
gids dllapot, amelyben az egyik oldali fiil halliscsokke-
nése funkciondilis szempontbol nem javithato a hagyo-
manyos erésitési modszerekkel, mig az ellenoldali fil
halldsteljesitménye ép, azaz a vizsgdlt 0,25-0,5-1-2—
3 kHz tartomanyban a halldskiiszob nem haladja meg
a 20 dBHL kiiszobszintet.

Klinikopatologini szempontok

Az cl8bbi beosztast kovetve az 1-es és 2-es csoportba sorol-
hat6éak a hagyomanyos mikrosebészeti eljarasokkal nem
rekonstrudlhat6 krénikus otitisek, illetve végstadiumaik,
valamint a kiilonboz8 velesziiletett, szerzett kiilsG- és
kozéptil-malformdcidk, koztiik szimos szindrémads ere-
detd, csupan részben audiol6giai rehabilitaciot igényld
korkép (példaul Treacher—Collins-szindréma) [5].
Szdmos korfolyamat szevepelhet a nagy-, sulyos fokn félol-
dali sensovinenralis halldscsokkenés hatterében: (1) hirte-
len kialakult; (2) ismeretlen eredet; (3) malignus folya-
mat; (4) joéindulata kisagy-hid szogleti térfoglald
folyamat (Ggymint vestibularis schwannoma); (5)
demyelinisatiés kérképek (példaul sclerosis multiplex);
(6) vertebrobasilaris stroke; (7) akusztikus trauma;
(8) koponyasériilés (példdul temporalis csont harantira-
nya fracturdi); (9) perilymphafistula; (10) ototoxicus
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gyogyszerhatds; (11) labyrinthitis; (12) Meniere-
betegség; (13) autoimmun kérfolyamat (példaul Cogan-
szindroma, Wegener-granulomatosis, lupus, Takayasu-
arteritis, szisztémas sclerosis, valamint egyéb autoimmun
reumatologiai betegségek stb.) [6].

Rebabiliticios szempontok

Az I-es csoport esetében a terdpids cél a hangvezetd rend-
szer zavarabol adodé vezetéses komponens megkeriilése,
azaz funkciondlisan a csont-1ég koz zdrdsa.

A minimalis hangerdsitést igénylS 2-es csoporthoz tar-
tozé esetekben a percepciés komponens korrekcidja
szintén fontos feladatunk, amelyet a kiilonb6z§ beszéd-
processzorok megvilasztasaval optimalizalhatunk.

Mivel a beszéd informaciotartalma jelentés mértékben
a felharmonikusokban kédolt, igy a fejet megkeriils és
ekozben gyengiil6 magas frekvenciaja domén érintettsé-
ge jol érzékelhetd beszédmegértés-romlishoz vezet fél-
oldali hallasvesztésben. A hasznos auditoros jelek tovab-
bitasa a fej fizikailag ellentétes oldalara (Baha altal
biztositott csontvezetéses athallas Gtjan) nem rehabilital-
ja a beteg térbeli halldsit, hanglokaliziciés képességét,
csupan a fej drnyékolbhatisat igyekszik kikiiszobolni.
Eppen ezért ez utébbi indikciés korben jelenleg szintén
koncepciéviltis zajlik, egyre hangstlyozva a cochlearis
implantatumok valédi binauralis hallast visszaadd szere-
pének fontossigat.

1977-ben tortént bevezetése 6ta a direkt csontveze-
tést alkalmazdé rendszerek kiillonboz6, moédositott percu-
tan abutment kapcsolaton keresztiil valésitottik meg az
implantitumcsavar és a beszédprocesszor kapcsolatit
(Ggynevezett Baha Connect rendszerek) (1. A) dbra).

A klasszikus, jol megalapozott implanticios sebészi
technikdkat a lagyrész-redukcié mellett kiilonb6z8 bér-
lebenyek alkalmazasa jellemezte. A lagyrész-redukcid
egy stabil, immobilis epidermisszel fedett csontfelszin
kialakitasat tette lehetGvé az implantatum koriili tertile-
ten, amelynek célja a posztoperativ szévédmények csok-
kentése volt [7].

Ezen lagyrész-szov6dmények el6fordulasi gyakorisa-
ganak csokkentését tiizték ki célul a késébbi technikai
fejlesztések, amelyek egyarant jelentették az implanti-
tumcsavar felszinének modositdsat, valamint az abut-
ment fizikai formajanak Gjratervezését [8]. Ezek kovet-
keztében lerovidiilt az implantatum elsé megterhelésének
lehetséges ideje, valamint csokkent a posztoperativ id6-
szakban el6fordulé lagyrész-szovédmények el6fordu-
lasa.

A kés6bbi, nagy esetszdmon elvégzett, fiiggetlen fel-
mérések valtozé incidenciaja, kiillonbozé sulyossagu pe-
riimplant szovédmények eléforduldsat tartak fel, ame-
lyek koziil kiemelend$ az implantaitum koriili szévetek
gyulladisa, illetve a kornyezd bdr/ligyrész talnovése
[9]. Emellett a percutan rendszerek esetében alkalma-
zott abutmentet ért oldaliranyt fizikai er6behatds a rela-
tive nagy er6kar miatt az implantitum csontos rogziilé-
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1. abra

sének fracturijihoz vezethet, amely az implantitum
clvesztését okozhatja. Mindezek miatt a paciensek, f6leg
gyerekkortiak esetében, gyakoribb dpolast és szorosabb
obszervaciot igényelnek. A Connect rendszerek tovabbi
hdtranyat az esztétikai szempontok jelentették [10].

A koncepcidvaltast a lagyrészeken at, magneses Gton
megvalosulé  vibraciés energiatovabbitds jelentette,
amely megsziintetve a bért permanensen penetralo, tita-
niumabutment jelenlétét, minimalizalta, csaknem kikd-
szObolte a lagyrész-komplikaciok és az azokbodl eredd
jarulékos hitranyok el6forduldsat.

Szamos uttord kisérlet, majd tovabbi fejlesztés el6zte
meg a legjabb, immdaron transcutan rendszer, a Baha®
Attract megjelenését. Ez, hasonldéan a kordbbiakhoz,
a BI300 implant komponensre épiilt, ugyanakkor az
abutment funkciéjit egy magneses korong helyettesiti,
amely az implantitumcsavarhoz egy pontban rogziil a
bdr alatt [11]. Ezen tulajdonsagai miatt gyerekkori alkal-
mazdsa jelentSs el6nyokkel birhat. Reinfeldt és misai

1. tablazat | Implantilt betegeink részletes adatai

Beteg Eletkor Diagnozis Implantalt Beszédprocesszor
(év) oldal
1. 15,1  Atresia et microtia Bal BP100
L.s.
17,1 SSD L. s. Bal BP100
3. 154 Treacher—Collins-  Bal BP100
szindréma
4. 11,5 Atresia l. s. Bal BP100
5. 11,6 SSD L. Bal Baha4
6. 13,2 COM Bal Baha5
7. 14,8 COM Jobb Baha5
8. 7,0 Atresia et microtia  Jobb BP100

l.s.

COM = otitis media chronica; SSD = (single-sided deafness) féloldali
siketség.

| Baha Connect (A) és Attract (B) rendszerek (Copyright © 2016 Cochlear Ltd. Minden jog fenntartva. Engedéllyel dtvéve)

osszetoglaldja alapjan ezek az 0 rendszerek feloszthatok
ugynevezett aktiv (transzducer implantalva) és passziv
(mignes implantdlva) transcutan implantitumokra [1].
EI&bbi aktiv tipustak kozé tartozik a MED-EL® Bone-
bridge™, amelynek serdiil6kori alkalmazdsirél és ered-
ményeir§l hazai viszonylatban részletesen beszamolt
Katona Gabor professzor [12, 13]. A passziv implantatu-
mok kozé sorolhaté a Sophono® (Sophono Inc. owned
by Medtronic, Amerikai Egyesiilt Allamok) késziilék,
illetve a Baha Attract (Cochlear Ltd., Ausztrilia) implan-
titum. Az utébbi bemutatdsira 2013-ban keriilt sor
(1. B) abra).

Az implantatumok gyerekkori alkalmazasanak kritéri-
umai, egyes orszagonként viltozva, a minimum Otéves
életkor és/vagy 3 millimétert meghalad6 koponyacsont-
vastagsig [14]. Hazai és nemzetkozi viszonylatban is
nagy oromiinkre szolgilt, hogy a Baha Attract ,,closed-
market release” bevezetésére klinikinkon Kkertlhetett
sor. Jelen tanulmanyunk célja, hogy bemutassuk a Baha
Attract rendszerrel fiatalkorban szerzett sebészi, vala-
mint audioldgiai tapasztalatainkat.

Mobdszer

Klinikdnkon 6sszesen 35 {6 Baha Attract implanticiéjat
végeztiik el, amelybdl nyolc esetben a paciens fiatalkora
volt (1. tablizat). A betegek atlagéletkora 13,2 + 3.2 év
volt (7 és 17 év kozott), a fiti és lany arany 6:2 volt. Rész-
letes betegadatainkat az 1. tdblizatban tintettik fel.
A vizsgilatba bevontak koziil egy beteg miitétjét (8. be-
teg) kiilfoldi centrumban, szakmai egytittmikodés kere-
tein beliil végezték.

A mitéteket a betegek életkora miatt kivétel nélkiil
intratrachealis narkézisban végeztiik. A hivatalosan ajan-
lott, 8-9 cm hossztsagu, ,,C alak” retrosupraauricularis
metszés [ 15] helyett minden mdtét esetében a klinikdn-
kon megtervezett, 3—4 cm-re leroviditett, ,,modositott
posterosuperior” metszést alkalmaztuk (2. abra). El6ze-
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2. dbra Baha Attract implanticié mitéti képei. A) Implantitumagy kialakitdsa faréval. B) A kialakitott implantaitumdgy mélységének ellenbrzése. C) Az im-
plantitum behelyezése. D) Rogzitjiik a belsé mdgneskorongot az implantitum felszinén

tes anatomiai, cadaverszektoranalizis-vizsgalataink alap-
jan a fontosabb ér- és idegképletek sérilése igy a leg-
nagyobb valészintséggel eclkeriilhetévé valik [16]. A
mutéteket 5 mm-es implantitummal végeztiik. A bete-
gek kovetési ideje minimum hat honap volt. A beszéd-
processzorokat a posztoperativ negyedik héten illesztet-
tik. A rehabiliticiét biztositd beszédprocesszorok
megoszlasa az 1. tablazatban lithaté.

Audiometriai vizsgalatok késziiltek mind a preopera-
tiv, mind a posztoperativ id&szakban, nem rehabilitalt,
illetve rehabilitilt statuszban. A vizsgalatba bevont ala-
nyok mindegyike jol kooperalt a tisztahang-kiiszob, vala-
mint a szabad hangtérben elvégzett tigynevezett ,,warble
tone” vizsgalatokhoz. Az 1. tablizat 8. betege életkord-
bol adéddan nem adott megbizhato vilaszokat a beszéd-
audiometriai vizsgalatok szamprébaihoz.

A beteganyag életkori sajatossigabdl adodik, hogy
meghatarozé szemponttd valik a koponyacsont vastagsa-
ga. Tanulmanyunkat igy egy klinikoradiol6giai mérésso-
rozattal egészitettiik ki, amelyben 72 {6, 1-8 éves gyer-
mek koponyacsont-vastagsagat mértilk meg a Baha
implantitumecsavar javasolt betiltetési helyének megfele-
16 lokalizacidjaban. Vizsgalatainkhoz nativ koponya-CT-
felvételeket hasznaltunk, a lagyrész- és csontvastagsigo-
kat GEPACS értékel6/clemzé radiolégiai szoftverrel
mértik meg (3. dbra).

3. abra Nativ koponya-CT-felvételen GEPACS szoftver alkalmazasaval
megmérjik a ligyrész- és csontvastagsigokat
/
Eredmények

A miitéteket két esetben jobb, mig hat esetben bal olda-
lon végeztik. Az implantitumcsavar és a belsé magneses
interface behelyezésére minden egyes esetben egy 1épés-
ben kerilt sor. A mttéti id§ atlagosan 30 perc volt.
Lagyrész-redukcio, valamint a corticalis csont elvékonyi-
tdsa egy esetben sem vilt sziikségessé. A kis mennyiség
intraoperativ vérzéseket bipoldris eszkozzel sziintettiik
meg. A hétéves paciens (1. tablizat, 8. beteg) esetében
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4. ibra Az 1. csoport audiolégiai eredményei

AC = légvezetéses hallaskiiszob; BC = csontvezetéses halldskii-
sz6b; AIDED = Baha halldsjavité rendszert viselve.

A preoperativ (ACpreop) és a posztoperativ (ACpostop) légve-
zetéses halldskiiszob megegyezik, ezért az dbrin egymast atfe-
dden dbrazolédnak.

A mitét elStti csontvezetéses kiiszob és a Baha implantitum
rendszerrel mért posztoperativ halldskiiszob szintén egymadst
atfedGen dbrizolodik, amely igazolja a miitét sordn megvaldsult
teljes csont-1ég koz zarddast, azaz a terdpids hatdsossigot

az implantdtumfurat kialakitdsa soran a dura mater lat6-
térbe keriilt, igy az implantitumot csak részlegesen he-
lyeztiikk be, elkeriilve a dura mater-implantitumcsavar
direkt kontaktusit. Az intra- és posztoperativ id@szak
minden esetben eseménytelentl zajlott. Szovédményt,
sebgyogyuldsi zavart nem észleltiink.

Audiologini evedmenyek

Az audiometriai eredményeket a mdtétek eltéré indika-
ciéi alapjan kiilon-kiilon értékeltikk. Az I. csoportba
(n = 6) soroltuk az egy- (n = 3) vagy kétoldali (n = 3)
vezetéses, illetve kevert jellegl halldscsokkenés diagné-
zissal operalt egyéneket. Szabad hangteres vizsgalataik
soran, féloldali hallascsokkenés esetén, a jol hallé cont-
ralateralis fiilet filldugoval, illetve fiiltokkal maszkoltuk.
Az igy kapott eredményeket egytitt elemeztiik a kétolda-

Csontvastagsag (mm)

Eletkor (év)
6. dbra
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5. dbra A II. csoport audiolégiai eredményei
AC = légvezetéses hallaskiiszob; BC = csontvezetéses halldskii-
sz6b; AIDED = Baha halldsjavité rendszert viselve.
A preoperativ (ACpreop) és a posztoperativ (ACpostop) 1égve-
zetéses halldskiiszob megegyezik, ezért az dbrin egymadst atfe-
déen dbrazolédnak

li hallascsokkenésben szenvedd betegek implantalt fiilé-
nek mérési eredményeivel (4. abra). Ebben a csoportban
a beszédfrekvencidkon mért hallasteljesitmény-javulds
dtlagosan 51,58 + 11,22 SD dBHL volt. A beszédhallds-
kiiszob ennek megfelel6en atlagosan 43,3 + 16,02 SD
dB-lel javult.

Ezzel szemben kiilon csoportot alkottak (II. csoport)
a féloldali siketség (SSD) specidlis indikacidjaval operalt
betegek (n = 2). Itt a mdtét dltal nyajtott valddi hallastel-
jesitmény-javulas objektiv értékelése nehézkes, hiszen
csak egyetlen jol m(ikddé cochledval szimolhatunk. Igy
a szabad hangteres vizsgdlataik soran a jol hallé ellenol-
dali filet nincs értelme maszkolnunk. A hallaskiiszob-
ben, tovabba a beszédhallaskiiszobben elért javulas tehdt
eltdlozza a rehabiliticiés eredményt. Helyesebb, ha a
beteg szubjektiv visszajelzéseit figyelembe véve értékel-
jik a mttét sikerét, ugyanis az csak a fej fizikai két olda-
lardl allitja helyre a hangok percepcidjanak lehetSségét,
amelyet jelent8sen karosit a fej drnyékol6hatdsa (tigyne-
vezett head shadow effect) (5. dbra).

Eletkor (év)

| Nativ koponya-CT-vizsgalat axidlis szeletein mért lagyrész- és csontvastagsigok
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Klinikoradiologini evedmények

A csontvastagsig-vizsgalatba bevont 72 gyermek atlagos
koponyacsont-vastagsiga a CT-vizsgalat axialis szeletein
mérve dtlagosan 3,39 = 1,05 SD mm volt (6. dbra). Az
eredményeket felnGttkortt betegek anyagaval Osszeha-
sonlitva szignifikins eltérést taldlunk (6,33 + 0,64 SD
mm).

Megbeszélés

Tapasztalataink alapjan a Baha Attract rendszer bizton-
saggal és jo funkciondlis eredményekkel alkalmazhaté
fiatal-, valamint felnSttkorban egyardnt. Audioldgiai
eredményeink kiemelkedGen j6 rehabilitacios hatékony-
sagrol adtak tanubizonysigot. Az altalunk elért
51,58 + 11,22 SD dBHL hallasteljesitmény, valamint
43,3 + 16,02 SD dB beszédhallaskiiszob atlagos javulasa
megegyezik a nemzetkozi irodalomban fellelheté ada-
tokkal [17, 18].

A csonthoz horgonyzott halldsjavité implantitum-
rendszerek gyermekkori alkalmazasinak feltétele a betol-
tott minimum Otéves életkor és/vagy a 3 millimétert
meghalad6 koponyacsont-vastagsig. Az életkori sajatos-
sagokat figyelembe véve, mint példdul a csontozat maga-
sabb viz- és alacsonyabb dsvinyianyag-tartalma, otéves
kor alatt bizonytalan, legtobbszor elégtelen az osseoin-
tegricio folyamata. Ez szignifikins mértékben megnove-
li az implantitum elvesztésének esélyét, amelyet szimos
tanulmdny igazolt. Roman és mtsai Gsszefoglaldjukban
atlagosan 40%-ra becsiilik az implantatumvesztés elGfor-
duldsat az otéves kor alatti gyermekek populdcidjaban.
Az ot és tiz év kozotti gyermekeknél ez az érték mar
csupan 8%. Tizéves kor felett mar a felnSttpopuliciéban
mért 1% koriili értékeket kapjuk [5].

Egyes szerz6k ugynevezett ,sleeper” Baha implanti-
tumok egyidejd betiltetését is javasoljak, hogy az esetle-
gesen bekovetkezd osseointegracids zavar vagy késGbbi
traumds implantitumvesztés esetén miel6bb biztositani
lehessen a hallas rehabilitdciéjat [19, 20]. Sajit beteg-
anyagunkban ezt nem lattuk indokoltnak, mivel az atlag-
¢életkor szerint alakulé szovédményrata esetiinkben mér
elérte a felndSttpopulacioban varhaté értéket (13,2
+ 3,2 év; 6 és 17 év kozott). A vizsgilatba bevont esetek
populacios életkoratlagatdl jelentSsen eltérd 8. betegnél
(1. tablazat) a mitét kozben észlelt j6 csontszerkezet
miatt nem merdlt fel sleeper implant behelyezése.

Amonoo-Kunofi és mtsai tanulmanyukban 24 {6 6t év
alatti gyermek adatait kozolték, akik Baha Connect im-
plantatumrendszert kaptak. Eredményeik alapjan a bete-
gek 50%-dban minor (bdrirriticid, fert6zés), valamint
42%-4ban major komplikiciok (szoveti talnovés, trau-
ma) jelentkeztek. Beteganyagukban hirom {6 esetében
tapasztaltak implantitumvesztést [21]. Kraai és mtsai
44%-ban talaltak stlyos szovédményt. Harom esetben
traumds implantitumvesztés tortént, mig az abutment
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eltavolitasa szintén harom esetben valt sziikségessé (n =
31, atlagéletkor 8,2 év, 23 honap—16,8 év) [22].

A Baha Connect rendszerek esetében, gyerekkorban
az osseointegracié mellett, tovibbi meghatiroz6 ténye-
zG6 a bérhigiénia, amely miatt a sziil6k részérdl folyama-
tos figyelmet és napi apolast igényel. Az esetleges trauma
kapcsan haté oldaliranyt erék forgatonyomatéka a relati-
ve hosszabb er6kar miatt fokozott kockazatot jelent
Connect rendszereknél, amely tiikr6z6dik a statisztikai
eredményekben is. Ezen szempontokat figyelembe véve,
az Attract implantitumrendszerek nem igényelnek
posztoperativ gondozast, valamint esetiikben a percutan
abutmentet helyettesit§ magneses interface rejtett, vé-
dett helyzete, a potencidlisan kisebb forgatonyomaték
mellett jelent&sen csokken a poszttraumds implantitum-
vesztés esélye.

Az implanticié sikerességében tovabbi fontos szem-
pont a koponyacsont és a lagyrészek megfelel$ vastagsa-
ga. Tanulmanyunkban felhasznalt CT-felvételek alapjin
jol lathaté, hogy a mért koponyacsont- és ligyrész-vas-
tagsigok egyes esetekben jelentésen elmaradhatnak a
populiciés atlagtél, akir még otéves életkor felett is.
Granstrom (2000, n = 129) jelentds esetszamot vizsgalod
tanulmanydban 45%-ban taldlta érintettnek implanticié
sordn a dura matert, a sinus sigmoideust vagy a mastoid
cellulakat, amely véleményiik szerint 6,2%-ban legalibb
részben magyarazta az implantacié sikertelenségét [23].
Ezért hasznosnak tartjuk az implanticiét megel6z6 ko-
ponya-CT-vizsgalat elvégzését, lehetSleg cone beam
CT- (CBCT-) technoldgiit alkalmazva, amellyel lehetd-
vé valik a rontgensugar dozisinak mérséklése. E techni-
kakkal jol demonstrilhaté a koponyacsont és a lagyré-
szek vastagsiga, tovaibbd megtervezhet$ az implantitum
betiltetésének optimalis helye [24].

Mtéti beavatkozdsaink sordn az alkalmazott médosi-
tott posterosuperior metszés szignifikins mértékben
csokkentette mind az intraoperativ vérzések el6fordulasi
gyakorisagat, mértékét, tovabba gyorsitotta, javitotta a
posztoperativ sebgyégyulas folyamatit. El§zetes anaté-
miai, cadaver-szektoranalizises vizsgalataink alapjan igy
elkeriilhet6vé valt a fontosabb ér- és idegképletek iatro-
gén sériilése. Ezdltal az implantitum feletti bdrlebeny
vitalitdsa javult, valamint jelent&sen csokkent az operdlt
teriilet bérének érzéketlensége [16]. Ez 6sszhangban
van korabbi megfigyelésiinkkel, amelyben a periimplant
tertiilet vascularis, illetve neuralis integritisinak meg&rzé-
sét kiemelten fontos tényezének taldltuk a posztoperativ
sebgyogyulis folyamatiban. A lagyrészek invaziv sebészi
beavatkozasait kovetSen sériil a mikrocirkulacios rezerv
kapacitas, amely posztoperativ szovédmények forrasa le-

het [25].

Kovetkeztetés

A Baha Attract rendszer megbizhatéan, j6 funkcionalis
eredménnyel hasznalhaté gyermekek, illetve fiatalkortak
esctében. Ugyanakkor dltala jelent&sen csokkenthets a
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specialis életkori sajitossagokbdl ad6dd szovédmények
el6fordulasa. Kivalo rehabiliticios hatékonysiggal, egyre
béviils indikacids teriileten biztositja az életmindség ja-
vuldsat fiatal gyermekkorban is.

Anyagi tamogatds: A kozlemény megirasa, illetve a kap-
csolodd kutatébmunka anyagi timogatasban nem része-
stlt.

Szerzoi munkamegosztds: P. B.: A radiologiai elemzések
elvégzése, a kézirat megszovegezése. J. J. A.: Az audiol6-
giai vizsgalatok lefolytatdsa, az eredmények értékelése,
a kézirat megszovegezése. P. A.: A radioldgiai elemzések
clvégzése. B. Zs.: Miitétek elvégzése, statisztikai elemzés.
A. N.: Mitétek elvégzése. T. F.: Beszédprocesszorok
pszichoakusztikai programozisa. K. J. G.: A hipotézisek
kidolgozdsa, audioldgiai elemzés. R. L.: A hipotézisek ki-
dolgozasa, miitétek elvégzése. A cikk végleges valtozatat
valamennyi szerzé elolvasta és jovahagyta.

Erdekeltségek: A szerz6knek nincsenek érdekeltségeik.

Ko6szonetnyilvanitas

A szerz6k koszonetiiket fejezik ki a vizsgalatokban részt vevé audiolo-
gai szakasszisztenseknek.
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Abstract

Purpose Continuous technological advances result in the availability of new bone conduction hearing implants, of which
their suitability for pediatric patients is of major concern. The Cochlear™0sia® 2 is a new active osseointegrated steady-state
implant system that uses digital piezoelectric stimulation to treat hearing loss. The implant in the United States was approved
for patients aged 12 years and above, whereas the CE mark is independent of age, the only requirement is body weight of
at least 7 kg. Therefore, further clinical studies are required to assess device characteristics in younger patients. The aim of
our study was to perform a morphometric study among 5—12-year-old children, and to develop a surgical protocol for Osia
2 system implantation based on these findings.

Methods We examined retrospectively cranial CT scans of 5-12-year-old patients from our clinical database. We measured
the bone and soft-tissue thickness in the region of interest, and the position of the sigmoid sinus. 3D printed temporal bones
were also used for planning.

Results Soft-tissue thickness varied between 3.2 +£0.5 mm and 3.6 + 0.6 mm and bone thickness varied between 3.5+ 1.1 mm
and 4.7 +0.3 mm. The sigmoid sinus was located 1.3 +0.2 cm posterior to the ear canal, and the anterior distance was
48+09t0o7.1+1.1 mm.

Conclusions Our morphometric studies showed that patients aged 5—12 have different anatomical dimensions compared to
adults, but that implantation of the Osia 2 system is feasible in these patients using an altered implant positioning recom-
mended by our data. The Cochlear™ Osia® 2 is, therefore, an option for hearing rehabilitation in younger pediatrics.

Keywords Osia - Conductive hearing loss - Mixed-type hearing loss - Pediatric surgery

Introduction

Since osseointegration was developed [1, 2] and the first
direct bone conduction hearing aid was implanted by Profes-
sor Tjellstrom in 1977, the application of bone conduction
implants (BCI) has increased exponentially, and extensive
development of the device has begun [3-6]. Considering
the needs and advantages of early hearing rehabilitation,
pediatric application of BCI is also evolving. However,
date of surgery, type of implanted system, applied surgical
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techniques, and complication management in small children
is always a major concern [7]. Therefore, stable, safe, high-
power implants and straight-forward surgery adapted for the
pediatric population is necessary.

The Cochlear Osia 2 system is a new active, transcutane-
ous, osseointegrated steady-state implant system that uses
digital piezoelectric stimulation (Fig. 1). The Osia system
is intended for adults and children with conductive or mixed
hearing loss (up to 55 dB HL) and single-sided sensorineural
deafness (SSD). The piezoelectric transducer is fixed to the
bone via the BI300 titanium implant, and signal is trans-
ferred between implant and sound processor (SP) via a digi-
tal RF link [8, 9]. The Osia system grants high-power output
and improved high frequency gain for optimizing speech
perception and compared to Baha® 5 Power it provides
significantly higher functional gain at higher frequencies
(5-7kHz) [10, 11]. Since it is transcutaneous, the possibility
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Fig.1 Osia 2 system implant with size parameters (top left) and manufacturer recommended position (bottom left panels and panels A-D).
Copyright © Cochlear Ltd. All rights reserved. Illustrations provided courtesy of and with permission from Cochlear

of trauma and soft-tissue complications is lower compared to
percutaneous BCls, and it is aesthetically more feasible [12].
Considering the audiological and safety benefits of active
transcutaneous systems, early application of these devices in
the pediatric population would be advantageous. At present,
the implant in the United States is approved for patients aged
12 years and above, whereas the CE mark is independent of
age, the only requirement is body weight of at least 7 kg.
Since children are smaller and have morphological differ-
ences, i.e., thinner soft-tissue and bone structure compared
to adults [13, 14], further clinical study of the implant area is
required. Intraoperative complications, such as exposing the
dura, injury of the sigmoid sinus and consequent bleeding,
or entering the mastoid cavity can also be avoided via pru-
dent implantation technique. Therefore, knowledge of age-
dependent anatomy is essential. The aim of our study was to
perform a morphometric investigation among 5—12-year-old
children to develop a safe surgical protocol for implantation
of the Osia 2 system.

Materials and methods

The ethical approval for this study was obtained from the
Institutional Review Board (Human Investigation Review
Board, University of Szeged, Albert Szent-Gyorgyi Clini-
cal Centre (Reference number: 164/2020). In this retrospec-
tive study high resolution cranial CT scans with a minimum
of 0.625 mm slice thickness (0.4 mm in a proportion of
cases) of 40 children between the ages of 5 and 12 years
were collected from our clinical database and systematically
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analysed. The indication of cranial CT were the following:
polytrauma/whole body CT (with no trauma in the region of
interests) (n=15); uni- or bilateral external ear canal atre-
sia without additional severe craniofacial malformation or
syndrome (n=06); temporal CT prior to ear surgery (n=38),
and preoperative cranial CT for neurosurgery patients or
cranial CT for patients with particular neurological disor-
der (n=11). Scans from individuals with any form of head
trauma including temporal region or severe complex cranio-
facial malformations were excluded. Different attributions of
the retroauricular/temporoparietal region were measured in
four specified age groups (56 years; 7-8 years; 9-10 years,
and 11-12 years). The number of patients in each group
was 10, and both male and female candidates were selected.

All output of CT data were converted into Digital Imag-
ing and Communications in Medicine (DICOM) files, and
exported to RadiAnt DICOM viewer 2020.2 (Medixant,
Poznan, Poland) for morphometrical studies. Based on
the recommended position and dimensions of the implant
(Fig. 1) soft tissue and bone thickness was determined. To
achieve a reproducible measuring method, fix points were
assigned: lower margin of the orbita, zygomatic arch and the
external ear canal (EEC) midline. Implant parameters were
marked on the reference lines defined by the fix points. Bone
and soft-tissue thicknesses were calculated in a multi-plane
view along the mentioned reference lines (Fig. 2) Three
adjacent sample points were taken and average skin and
bone thickness was determined in each session. With this
method, soft-tissue thickness was assigned in the level of the
SP and in the level of the transducer, while bone thickness
was calculated in the level of transducer/possible position of
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Fig.2 3D CT reconstruction of a 5-year-old male. Picture A: sche-
matic position of the implant Picture B: reference lines determined
by fix points: lower margin of the orbita, zygomatic arch and the ear
canal midline (blue line). Green reference line shows the mid-axis

BI300 implant, i.e., EEC midline. Besides the recommended
BI300 position, bone thickness was also measured superior
to the EEC midline to collect information of bone structure
and to determine whether alternative placement of the tita-
nium implant would be feasible. For safety purposes, sig-
moid sinus distance from the posterior wall of the EEC, and
bone thickness above the sinus was also observed. Both the
left and right temporal areas were analysed of each patient.
For further planning, representative samples were printed in
3D to verify our measuring technique.

Data were collected and statistically analysed with SYS-
TAT 13 Software (Inpixon Inc., Version 13. Palo Alto,
United States). Results are presented as mean + SD.

Results

Soft-tissue thickness

Table 1 shows the soft-tissue thickness at the level of the SP
and transducer. Average soft-tissue thickness in the level

of the implant. Picture C: multiplane view of cranial CT scans: fix
points were set in each view. Soft tissue and bone thickness were cal-
culated in the region of interest

Table 1 Soft-tissue thickness at sound processor level and transducer
level in different age groups in the area of interest

Soft-tissue thickness Age (year) Mean+SD (mm)

Sound processor level Together 3.7+0.6
5-6 32+05
7-8 32+0.1
9-10 3.6+0.5
11-12 3.6+0.6

Transducer level Together 6.3+2.2
5-6 73+2.4
7-8 6.8+3.1
9-10 59+1.6
11-12 5.6+1.7

of the SP in the entire population was 3.7 + 0.6 mm, which
was significantly lower compared to the level of the trans-
ducer 6.3 +2.2 mm (ANOVA, Mann—Whitney Rank Sum
Test, p<0.001). No difference between the left and right
side was found. In the different age groups, no significant
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difference was found in the level of SP, however, in the level
of transducer, soft-tissue thickness slightly reduced with age.

Bone thickness

Average bone thickness was 4.8 +1.6 mm in the recom-
mended position of the BI300 implant (EEC midline) and
4.5+ 1.2 mm at the level of the tegmen. However, at this
level compact cortical bone was found in each age group,
in contrast to the recommended position, where underlying
mastoid cavity was found in 57% of cases. Significant dif-
ferences were found in bone thickness between the young-
est and eldest age groups, where average bone thickness
was 3.5+ 1.1 mm in those 5-6 years and 4.7 +0.3 mm in
11-12 years (ANOVA, Mann—Whitney Rank Sum Test,
p<0.001) in the recommended position (Fig. 3).

Fig.3 Average bone thickness *

Age (year) Mean+SD (mm)
5-6 35+1.1
7-8 3.7+0.5
9-10 42+1.0
11-12 4.7+0.3

Sigmoid sinus

Average distance of the anterior wall of the sigmoid sinus
and posterior wall of the EEC was 1.3 +0.2 cm and no sig-
nificant difference was found among age groups. In con-
trast, the distance between the bone surface and the bony
sigmoid sinus wall increased with age and this was statisti-
cally significant (p =0.006) (Fig. 4). However, these data
suggest not only compact cortical bone, but perisinusoidal

in the recommended position
of the implant in different age
groups. (ANOVA, Mann—Whit-
ney Rank Sum Test, p <0.001)

Bone thickness (mm)

5-6 7-8

I

Distance external ear canal-sigmoid (cm)

Fig.4 Linear dimensions of the mastoid by age group. Distance
between the posterior wall of the external ear canal (left) and the
anterior wall of the sigmoid sinus (right). No significant difference
was found between the groups. In contrast, the distance between
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5-6 7-8 9-10 11-12  Age (year)
Mean 1.3 14 1.3 14
SD 0.1 0.2 0.2 1.1

9-10

Age (year) | Mean+SD (mm)
5-6 3.5+1.1
7-8 3.7+0.5
9-10 4.2+1.0
11-12 4.7+0.3
11-12  Age (year)
*

o
)

.

}_

}_

Distance surface-sigmoid (mm)
N

o

5-6 7-8 9-10 11-12 Age (year)
Mean 4.8 5.9 6.4 7.1
SD 0.9 1.4 1.7 1.1

the bone surface and the upper wall of the sigmoid sinus increased
with the age (p=0.006). ANOVA, Mann—Whitney Rank Sum Test,
p<0.001)
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cells spreading above the sinus in 55% of cases (20% in
5-6 years, 40% in 7-8 years, 70% in 9-10 years and 90% in
11-12 years).

Discussion

Early implantation of a hearing intervention in childhood
can support effective hearing rehabilitation; however, sur-
gery can be difficult due to the altered anatomy and dimen-
sion of the juvenile skull [14]. Preoperative CT for surgical
planning, especially in young children, can be challenging
and anaesthesia may be necessary. The aim of our study
was to analyse several cranial CT scans of children between
5 and 12 years of age, to map the retroauricular area in dif-
ferent age groups and to help planning Osia implantation.

Implantation of Baha, more specifically implantation of
BI300 does not essentially require preoperative CT in most
of the cases, and the overall number of cranial CT scans in
early childhood is small. Moreover, studies, help to predict
the ideal implant size in children and determine the position
of BI300, are rare. Although, especially in childhood, most
common indication of BClIs are external ear canal/middle
ear malformation and chronic otitis media; patients from
non-otological cases were also selected to create an average
population, similarly to other researcher groups [15, 16].
The idea behind our patient selection (i.e., otological and
non-otological cases together) was, that previous study of
pediatric uni- and bilateral ear canal atresia patients indi-
cated that neither age nor diagnosis of atresia reliably predict
a lower chance of identifying adequate bone thickness at
typical implant sites, and no significant difference in bone
thickness was found on the affected site compared to non-
affected side [17]. Moreover, SSD patients do not necessar-
ily have any anatomical involvement. In addition, hidden
anatomical variations, different degree of mastoid air cell
opacification, variation in mastoid pneumatisation resembles
ventilation disorder also occurred in patient with no previous
history of known ear problem, as we also perceived during
the analysis.

To ensure a stable link between SP and coil in the Osia
system, soft-tissue thickness should be under 9 mm at the
level of the SP, Similar to Attract, 3—6 mm soft-tissue thick-
ness is ideal [18]. In the Osia system the vibration is gener-
ated in the implanted transducer, so magnet force, vibra-
tion and consequent heating does not occur; therefore, the
skin complications caused by strong magnet compression
are reduced [19-21]. Since soft-tissue thickness was sig-
nificantly below 9 mm in each age group, soft-tissue reduc-
tion could be avoided in children. In case of Attract, 3 mm
flap thickness may adversely affect the risk of soft-tissue
complication due to pressure, vibration and heat [22]. With
the Osia system, the arrangement of the transducer and coil

has solved this problem. In contrast with the passive Baha
Attract, magnet strength in the Osia system is only necessary
to hold the SP in place. At the transducer level, thicker tissue
can reduce sound transmission with passive devices and lead
to increased loads placed on the transducer to compensate
for losses. Reduced tissue thickness in the older group may
be due to the increasing size of the whole temporal area
[23, 24].

It is also known that the size and shape of the mastoid
develops continuously with age [23, 24]. However, most
studies focus on the volume and shape of the mastoid cav-
ity, which is important when large portions of the implant
or the transducer have to be recessed. In a previous study of
Rahne et al., many child mastoids were analysed to predict
the probability of fitting Bonebridge in different age groups
and to find the most ideal transducer shape. Nowadays,
implantation softwares are also accessible to help preopera-
tive planning of more robust implants (i.e., Bonebridge).
These 3D methods give full detail of temporal bone density
and volumetry [16, 25, 26]. Schilde et al. also highlighted
that interindividual variation of temporal bone shape under-
lines the necessity of radiological preoperative planning in
these cases [27]. An indisputable advantage of Baha sys-
tems, and the new Osia system, is that implantation needs
minimal bone work. The ideal position of the Osia system
is determined by the size of the transducer, which needs
space behind the pinna and limits the position of the mag-
net and coil, as well as the SP. To accommodate differing
bone thickness, different size (3 and 4 mm) BI300 titanium
implants can be chosen. In our study, bone thickness was
determined at different levels of the retroauricular space.
Based on our results, the 3 mm BI300 is safe even in young
children around the age of 5; and a 4 mm implant can be
used in children aged 11-12. The possibility of entering the
mastoid cavity increases with age due to the development of
the air cells [23, 24]. Osseointegration in these cases is ques-
tionable, however, as the Osia system is transcutaneous, the
possibility of tangential shear force, which can displace the
system, is low compared to the percutaneous Baha Connect.
Alternatively, positioning of the BI300 closer to the tegmen,
where bone is more likely compact is advised. This can also
be a good solution in cases, where the mastoid has previ-
ously been operated on, or where the possibility of future
mastoidectomy is high.

For safety purposes, knowing the position of sigmoid
sinus is also important. At the level of the recommended
EEC midline the distance between the posterior wall of
EEC and the anterior bony wall of the sigmoid sinus was
relatively constant. However, the space between the sigmoid
wall and the bone surface significantly increased, mainly due
to developing mastoid cells. It is important to note that all
our measurements were performed on a healthy population,
without any severe malformations. In the study of Granstrom
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et al., possible dura and sigmoid sinus contact was found
with 3 and 4 mm Branemark type (Nobel Biocare) implants
in 26 and 11% of all 129 insertion cases, respectively. How-
ever, the age group was between 1 and 15 years, and a large
number of patients had severe craniofacial malformations,
which may influence mastoid cell formation and bone thick-
ness [22]. Average bone thickness measured in 26 cases was
also lower than in our study (2.5 + 0.8 mm); however, the
mean age of our study population was higher. Considering
these findings, a 3 mm implant is the safest option for use
in children.

The limitations of our study is the small sample size due
to limited number of pediatric cranial CT scans; therefore,
creation of much younger age groups or subgroups with dif-
ferent abnormalities within the age groups is challenging.

Conclusion

Our study provides a basis for guiding Osia system implanta-
tion in the pediatric population. Based on our results, 3 mm
BI300 implants are likely to be the best choice in pediatric
cases, and a slight superior positioning of the implant may
prevent breaching the mastoid air cells. Considering these
findings, preoperative CT is unnecessary for Osia implanta-
tion in non-complicated cases. However, surgery of patients
with complex craniofacial malformation might need more
precise preoperative planning with CT imaging.
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Osia 2 - Uj, csontvezetéses implantatum:
az elso, gyermekeken szerzett tapasztalatok

Katona Gabor dr.', Csakanyi Zsuzsanna dr.!, Posta Balint dr.%, Rové Laszl6 dr.%,

Bere Zséfia dr.?

'Heim PAL ORszAGOS GYERMEKGYOGYASZATI INTEZET, FUL-ORR-GEGEGYOGYASZATI OszTALY, BUDAPEST
2S7EGEDI TUDOMANYEGYETEM, FUL-ORR-GEGESZETI ES FE|-NYAKSEBESZETI KLINIKA, SZEGED

OSSZEFOGLALO

A vezetéses és a kevert nagyothalldsok egyes eseteiben, va-
lamint az egyoldali siketségben indikéltak az implantalhatd,
csontvezetéses halldkészllékek. Az elsé ilyen eszkdzt, a BA-
HA-t 2003-ban vezettik be Magyarorszagon, azéta tobb in-
tézményben tébb szaz sikeres beavatkozas tortént. A passziv
rendszereket (BAHA, Ponto) kévette az elsé aktiv implantacids
eszkdz, a Bonebridge (BB) 2013-ban, majd 2019-ben meg-
jelent a legljabb, digitdlis jelatvitelt, piezoelektromos transz-
ducert alkalmazé Osia rendszer: A kdzleményben az elsé két,
magyarorszagi gyermekeken végzett implantaciérél szamolunk
be, amely két intézmény egylttmiikodése eredményeként
valésult meg,

KULCSSZAVAK

OsIA, VEZETESES ES KEVERT HALLASCSOKKENES, GYERMEKKORI ALKALMAZAS

Angol cim?

SUMMARY

In some cases of conductive and mixed hearing loss and in single
sided deafness the special bone conduction (BC) implantable
hearing aids are indicated. The very first such a device was intro-
duced in Hungary in 2003, since then many hundreds of successful
implantations has been performed in special implant centers.
After the passive bone conduction devices (BAHA, Ponto) the
first active BC implant, the Bonebridge showed up in 2013 in
Hungary, and in 2019 came the brand new Osia system, which
uses a digital signal processing and piezoelectric transduction.
In this study the authors present the very first two Hungarian
procedures in kids, which were resulted a cooperation of two
Hungarian implant centers.

KEYWORDS

OslA, CONDUCTIVE AND MIXED HEARING LOSS, PEDIATRIC SURGERY

Bevezetés

A csontvezetéses implantacios hallékésziilékek a hangot rezgéssé
(vibraciéva) transzformaljak, és egy integralt implantatumon ke-
resztiil a koponyacsontba, illetve a cochleaba tovabbitjak, megke-
riilve a kiilsé halléjaratot és a kozépfiilet. A passziv csontvezetéses
implantacios késziilékek egy kiilsé processzor-vibrator részbdl és
egy csontba integralt (titanium) implantatumbdl dlinak. Az el8bbi
fogja fel a hangot és alakitja at vibraciéva, az utobbi — atvéve a rez-
gést —adja at azt, passzivan, a koponyacsonton keresztiil a belsé
fiilnek. A kapcsolat a processzor és az implantatum koézott lehet
kozvetlen, a bdr és a lagy részek penetracidjan at (perkutan),
egy kapcsolédé egységen, az Un. abutmenten keresztiil, illetve
kozvetett (transzkutan) a két egység kozotti magneses kapcesolat
altal. Utobbi esetben a kiilsé és a belsé egységet egy-egy mag-
nes tartja ossze, kozottiik a bor és a lagy részek épek. Mindkét
rendszer biztonsagos és hatékony hangatvitelt eredményez, és
jelentds hallasjavulashoz vezet vezetéses, kevert nagyothallasban
és egyoldali siketségben egyarant (1, 2).

A passziv csontvezetéses implantaciok (BAHA Connect, BAHA
Attract, Ponto) esetében a hallasjavitas, a beszédértés javulasa
az alacsony frekvenciakon a legjobb. A hangatvitel a transzkutan
BAHA Attract esetében csokkentebb a lagy részek rezgést mér-
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sékld, attenualé hatasa miatt. Ez féként a magasabb frekvencia-
kon, 3000 Hz felett nyilvanul meg, ami rontja a hallaskomfortot.
Az aktiv csontvezetéses implantatumoknal (Bonebridge, Osia)
a hangot felvevé processzor és a vibraciot kelté egység térben
elkiilonil, utdbbi az ép bdr és lagy részek ala kerdil, igy azok atte-
nualé hatasa nem érvényesiil, ezaltal a hangatvitel tokéletesebb.
Hazankban az elsé, csontvezetéses implantaciét a Heim Pal Or-
szagos Gyermekgyodgyaszati Intézetben végeztiik el 2003-ban,
egy svédorszagi tanulmanyut utan, egy akkor 4 éves, kétoldali
halléjarati atresias, Treacher Collins-szindrémds kislanyon (3). Ez-
utan a Heim Pal Orszagos Gyermekgydgyaszati Intézetben, majd
a négy egyetemi fiil-orr-gégészeti és fej-nyaksebészeti klinikan
tobb szaz implantaciéra keriilt sor. A BAHA Connect rendszer
bevezetését kovette a BAHA Attract, majd a Bonebridge, a Vib-
rant Soundbridge, a Ponto, késébb a DACS, a MET és a power
stapes (4, 5).

A csontvezetéses implantaciok fejlédése — a bérproblémakat
kikiiszoboélendd, illetve a jobb hallasélményt megcélzandé — a
transzkutan, aktiv implantatumok iranyaba mozdult el. A Bone-
bridge implantatum utan néhany évvel megjelent az osseointeg-
racién alapuld, a BAHA eldnyeit megtart6, annak hianyossagait
kikiiszobolé Osia rendszer. Nemzetkozi bevezetését egy tobb
orszagot és tobb intézményt bevond klinikai vizsgalat el6zte meg,
amelybe hazankbdl a Szegedi Tudomanyegyetem munkacsoport-
jat hivtak meg. Az elsé, felnStteken szerzett tapasztalatokat Bere
Zséfia ismertette a 2019-es, a floridai Miamiban tartott nemzet-
kozi OSSEO-kongresszuson. A munkacsoport az elsd, felnétteken
szerzett tapasztalatokrél, valamint az implantaciéval 6sszefliggé
morfolégiai vizsgalatokrél kézleményekben szamolt be (6, 7).
A két intézmény koézotti munkakapcesolat eredményekeént, 202 |
oktéberében végezhettiik el gyermekeken az elsé két Osia 2
implantaciét.
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Az Osia rendszer ismertetése

Az elsé aktiv csontvezetéses implantatum a MedEl cég Bonebridge
késziiléke volt. Ez — megtartva a magneses kapcsolat és az ép bér
kozmetikai elényeit — kikiiszobolte a lagy részek okozta akusztikus
csillapitas hatranyait, aktiv elektromagnetikus kapcsolatot létesitve
akiilsé processzor és a beiiltetett implantatum kozott. A vibraciét
ennél az eszk6znél az implantatumot rogzitd acélcsavarok viszik a
csontra. Az eszk6z 2018-ban kapott FDA-engedélyt.

Uj kategériat jelent az aktiv csontvezetéses implantatumok kozétt
a Cochlear cég osseointegralt késziiléke, az Osia 2. Ennél az esz-
koznél a korabban a BAHA kifejlesztése soran bevalt, egypontos
titaniumcsavaros implantatumot (BI300) alkalmaztak, és ezt kap-
csoltak dssze az Ujonnan kifejlesztett piezoelektromos aktuatorral,
amelyet egybeépitettek a vevéstimulatorral, vevStekerccsel és a
magnessel (/. dbra). Mindez az ép bdr ala kertill, tehat kozmetikailag
is kedvezé hatasu. A jelatvitel digitalis, elektromagneses médon
torténik, a rezgést egy piezoelektromos transzducer biztositja.
A piezoelektromos technolégiat az ipar és a gydgyaszat szamos
terlletén haszndljak. Magat a jelenséget, a piezoelektromossagot
Jacques és Pierre Curie fedezték fel 1880-ban, amikor észrevet-
ték, hogy bizonyos anyagok, kristalyok felszinén meghatarozott
iranyd nyomasra elektromos toltések jelennek meg. A kévetkezé
évben felfedezték ennek forditottjat is, azaz elektromos hatasra
bizonyos anyagok mechanikai elmozduléssal reagalnak. A jelenség
az adott anyag természetébdl adédik, rendkiviil gyors, és szinte
idékorlat nélkil ismételhetd. Az Osia rendszer ezt a jelensé-
get hasznalja ki a rendkiviil preciz rezgésatvitelnél. Az enyhén
meghajlitott implantatum piezoelektromos felszine csatlakozik
a beililtetett titaniumcsavarhoz, mintegy ellenstlyt képezve, és
ezaltal felerdsitve a digitalis jelként érkezé stimulust. A cochlearis
implantatumokhoz kifejlesztett processzor tartalmazza a kiilsé
magnest, és 6sszekéti az intakt béron keresztiil az atado- és a
vevétekercset. Mivel a transzmisszié elektromagneses digitalis
jelatadas, attenuacié lényegében nem Iép fel, a hangzas messze
jobb, mint a korabban alkalmazott eszk6zoknél. Kiilonosen all
ez a magas frekvencidkra. Az Osia rendszer 2019-ben kapott
FDA-engedélyt, és elfogadtik az egyoldali siketség és a vezetéses
és kevert nagyothallas rehabilitaciés eszkézeként (8).

Esetbemutatasok

Az els6 betegiink B. Matyds, 7 éves, jobb oldali halléjdrati atre-
sids kisfit. Féléves kora 6ta BAHA5-visel softbanddel. A készii-
léket megszokta, egész nap hordta, segitségével joI megtanult
beszélni, az iskoldaban kit(ing tanulo. A BAHA késziilék cseréje
és a miitét is esedékessé vdlt, és a BAHA helyett vdllalkozott az
Osia 2 implantdciora. Az elézetes kivizsgdlds sordn a rutinvér-
kép, a vizelet-, az aneszteziolégiai és audioldgiai vizsgdlat (tisz-
tahangkiiszob-vizsgdlat és beszédértés-vizsgdlat az ép oldal
maszkoldsaval) mellett koponya-HRCT-vizsgdlatot is végeztiink
a miitét tervezésének segitésére. A CT-képeket felhaszndlva a
miitét el6tt a szegedi laboratériumban elkészittettiik a gyermek
tempordlis csontjanak 3D nyomtatott szilikonmodelljét. igy
pontosan azonosithattuk a dura mater és a sinus sigmoideus
helyzetét, megtervezhettiik az implantatum helyét.

A mitétre a szegedi Fiil-Orr-Gégészeti és Fej-Nyaksebészeti
Klinika hibrid miitdjében keriilt sor (op. dr. Katona, dr. Csdkd-
nyi), intratrachealis narcosisban. Az implantatum templdtja-
nak segitségével a béron rajzolatot készitettiink, majd ivelt,
retroauricularis metszéssel feltartuk a mastoid planumot. A
prepardcié sordn figyelemmel voltunk a retroauriculds teriilet
vaszkularizdciéjdra, a nagyobb ereket megkiméltiik, kikeriil-
tik. A BAHA-miitéteknél folytatott gyakorlatnak megfeleléen

3. abra: Rontgenkép az implantatumral

a koponyacsontba beiiltettiik a titdniumcsavart, majd a perios-
teum alatt zsebet készitve, a helyére csdsztattuk az implanta-
tumot, és azt a titdncsavarhoz csavarral rogzitettiik (2. dbra).
A subcutis redukciéjara nem volt sziikség, a sebet két rétegben
zartuk. Maga a miitét 42 percig tartott, majd a végén a miité-
ben rendelkezésre dll6 CBCT-vel ellendriztiik az implantatum

KATONA ES MTSAI
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4. abra: A: Szabad hangtérben végzett tisztahangkiisz6b-vizsgalat az Osia 2 processzor aktivalasa utan ké-

sziilékkel és anélkiil; B: Beszédértés- (SRT-) vizsgalat késziilékkel és anélkiil, szabad hangtérben. Az ép oldalt

mindkét esetben maszkoltuk

helyzetét. A beteg mdsnap, kotéscsere utan otthondba tdvo-
zott, majd | hét mulva eltavolitottuk a varratokat, és a teljes
sebgyégyuldst kovetben, a miitét utdn 3 héttel megtortént a
processzor aktivdldsa, bedllitdsa. A bedllitds utdn a gyermek
elkezdte hordani a késziiléket, amit attél kezdve egész nap vi-
selt. Ellen6rzé vizsgdlatra 2 hénap utdn jelentkezett (3. dbra).
Az ép fiil maszkoldsa mellett, szabad hangtérben, a késziilék-
kel és anélkiil végeztiik el a tisztahangkiiszob-vizsgdlatot és
a beszédértési vizsgdlatot (4A és B dbra). Méréseink alapjan
az egész frekvenciasdvban (a magas hangokndl is!) dtlagosan
20-30 dB hallaskiiszob-javulds volt észlelhetd, és noha ezt a
beszédvizsgdlattal nem sikeriilt egyértelmdien igazolni, a gyer-
mek szubjektive nagyon elégedett volt a késziilékével, ame-
lyet a magaval hozott kis rajzaval is kifejezett (5A és B dbra).

A kontroll 6ta tovabbi 2 honap telt el, telefonos érdeklédé-
siinkre a sziil6k kozolték, hogy a gyermek egész nap hordja a
késziiléket, nagyon jol hall vele.

Két héttel az els6 miitét utdn egy mdsik, 6 éves, ezuttal bal
oldali halléjarati atresids kisfiu miitétét is elvégeztiik, ezuttal
forditott operatdri feldllasban. A lefolyds és a kimenetel az elsé
miitéthez hasonlé volt.

Megbeszélés

Az elsé aktiv csontvezetéses implantacids hallékésziilék a MedEl
cég Bonebridge eszkéze volt. Ez a hallaskomfort szempontja-
bdl fontos elérelépést jelentett. A Bonebridge implantatumot

5. abra A: B. Matyas, 7 éves kisfia halléjarati atresia, Osia 2 implantatummal; B: a kisfit rajza az implantacioé és

a késziilék aktivalasa utan
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2010-ben mutattak be az amsterdami ESPO-kongresszuson, az
elsé hazai mitétre 201 3-ban, az amerikai premier elétt, Pécsett
kerdilt sor (9), majd serdiilékén a Heim Pal Orszagos Gyermek-
gyogyaszati Intézetben is bevezettiik (10). Jelenleg minden —
implantacidkat végzé — intézményben folynak ilyen m(itétek. A
BB a BAHA Attracthoz hasonléan transzkutan impulzusatadason
alapul, azaz nem kell a bért penetralni. Ez a korabbi BAHA Con-
nect rendszerhez képest lényeges momentum, mivel a legtobb
szovédmény az implantatum kérdli, nem folytonos bdr és lagy
részek infekciéjabdl, a lagy részek ,,tulnévekedésébdl” adodott.
A BAHA Attract passziv rendszer, tehat a kiilsé processzor végzi
a hangfelfogason és feldolgozason kiviil a vibracié kialakitasat
is. Ezért a magneses kapcsolatnak meglehetésen erdsnek kell
lennie, hogy az impulzusatadason tdl magat a processzort is a
helyén tartsa. Igy a két (kiilsé és bels8) magnes kozé szorult
bdr-subcutis terllet folyamatos, relative erés nyomasnak van
kitéve, ami bdrirritacidval, nyomas okozta fajdalommal jarhat.
Tovabbi probléma, hogy a processzor nem kézvetlendl a fejre
simul, hanem egy kis 6sszekotd egységgel rogziil a magneshez,
ezaltal a processzor és a fej sikja kozt nyiréerd keletkezik, ami
ugyancsak rontja a stabilitast, és esztétikailag sem kedvezé. A
Bonebridge e problémakat elkeriili, és az aktiv mivolta miatt
kisebb erejli magnes is elegendd a stabil rogziiléséhez. Mivel a fej
sikjaban helyezkedik el, a nyiréeré is Iényegesen kisebb, a viselése
is esztétikusabb. Az altala elért atlagos hallasnyereséget (func-
tional gain) az irodalom 24-43 dB-ben adja meg (I |). Hatranya
ugyanakkor, hogy a beiiltetett transzducer relative nagy méretti
(volt), és igy csak nagyobb mastoid liregbe volt elhelyezhetd, azaz
csak nagyobb gyermeknél volt biztonsaggal alkalmazhaté. A nagy
transzducer-bediltetés kiilonésen nem volt elényds az operalt fi-
lekbe, ahol a mastoid lireg mérete bizonytalan volt. E probléman
a cég az Ujabb, BC 602 implantatumaval probalt segiteni, amelynél
a beiiltetett egység lényegesen kisebb méretiivé valt.

Az Osia rendszer a fentiekhez képest tovabblépett. Az elsé val-
tozataban (Osia |) az aktuator és a tekercs még kiilon egység
volt, és egy kis kabel kototte 6ssze Sket, az Osia 2-nél ezt mar
egybeépitették. Az indikacié mara nyilvanvaléva valt: vezetéses
és kevert nagyothallasban ajanlott, ahol a csontvezetéses hallaskdi-
sz6b atlaga (500-1000-2000-4000 Hz) nem rosszabb, mint 55 dB.
Ugyancsak indikalt egyoldali siketség esetén, ha az ép oldalon a
csontvezetéses kiiszob atlaga a 20 dB-t nem haladja meg (12).
Rauch és munkatdrsai 6sszehasonlitottak a kétoldali és az egyol-
dali Osia 2 implantacié beszédértésre gyakorolt hatasat, és Ugy
talaltak, hogy nincs érdemi kiilonbség a két csoport kozott (12).
Megjegyzendd, hogy mindodssze 7 ilyen (kétoldalt implantalt)
betegiik volt, tehat az eredmény statisztikailag nem szignifikans.
Ugyanezen freiburgi munkacsoport 22 felnétt betegen nyert ta-
pasztalata alapjan az atlagos miitéti idé 64,423 perc volt, ez
Iényegében megegyezik az altalunk végzett muitétek idejével. A
csontvezetési kiiszob a mUtétek utan nem valtozott, mint ahogy
mi sem figyeltiink meg ilyen valtozast. A tisztahang-kiszob ja-
vulasa — 6sszehasonlitva a BAHA késziilék hasznalatanak ered-
ményeivel — elsésorban a magasabb frekvenciakon kifejezett. A
beszédértés (speech reception threshold, SRT) is kismérték-
ben jobbnak bizonyult az Osia esetén, mint a BAHA-nal (6, 12).
Pla-Gil és munkatdrsai 20 betegen végzett vizsgalataik alapjan
megallapitottak, hogy a zajban és csendes kornyezetben mért
tisztahang-kiiszob, valamint a beszédértés tekintetében az Osia
rendszer a BAHA 5 Power Connect rendszerrel azonos ered-
ményeket produkal (13). Utébbi perkutan, direkt csontvezetéses

rendszer, nagy teljesitmény(i processzorral kiegészitve, tehat az
audiolégiai elényok mellett a perkutan médszer minden hatra-
nyaval is rendelkezik.

A nemzetkézi szakirodalomban az elmult év soran jelentek meg
az elsé hiradasok az Osia implantaciés rendszerrdl, dontéen
10-30 felnétt betegen szerzett tapasztalatokrél. Serdiilékon
nyert eredményekrdl tudomasunk szerint még nem jelent meg
beszamolé. A korabbi csontvezetéses implantacidkkal szemben
az Osia rendszernek szamos elénye van: a piezoelektromos jel-
atvitel nagyfoku stabilitast, igen hosszd implantatum-élettarta-
mot garantal. A frekvenciaatvitel a digitalis transzmisszié miatt

e

jelent8sen jobb a megeléz6 eszkdzokénél. Az osseointegracion
alapulé régzités egyrészt stabilabb, mint az acélcsavaros rogzités,
masrészt mivel egy ponton adja at az implantatum a csontnak a
rezgést, kisebb a torzitas. Az egypontos implantacié lehetévé
teszi a médszer alkalmazasat operalt fiilnél, kisebb mastoidnal
is, lényegében a BAHA-mlitéttel azonos médon.

A Szegedi Tudomanyegyetem Fiil-Orr-Gégészeti és Fej-Nyak-
sebészeti Klinikajanak, valamint a Heim Pal Orszagos Gyer-
mekgydgyaszati Intézet Fiil-orr-gégegyogyaszati Osztalyanak
egylittm(ikodése és tapasztalatainak egyesitése lehetévé tette
kisgyermekeknél is ezen Gj médszer bevezetését a klinikai gya-
korlatba.
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